
FOSSIL FOrtA.NII'EAA OF LATE CRETACEOUS AND .;AhLY TERTIARY TIMES, 

AND THEIR SIGNIFICA-NCE AS STRATIGRAPHIC INDICES. 



FOSSIL FORAMINIFERA OF LATE CRETACEOUS AND EARLY TERTIARY TIMES, 

AND THEIR SIGNIFICANCE AS STRATIGRAPHIC INDICES. 

ii,B The following remarks explain how the enclosed 
publications came to be written, and what they 

are claimed to shoes. References to the publications 
are by roman figures, fol1o^*ed by arable ones here 
special pages are indicated. 

i. During the last five years (1921 -1926) of my service in India, I 
commanded a unit, the "Frontier Brigade, Royal Artillery ", ^*ith 

headquarters -at Kohat, and detachments distributed over about 400 miles 
of hill country west of the .Indus, from Chakdara in the north to Chaman 
in the south. :;hile holding this command, I did my best (at the suggest- 
ion of Dr.G.E,Pilgrim, then on the Staff of the Geological Survey of 
India) to study, whenever off duty, the local geology, of which little 
seas knc-m. (especially as regards the northern half of the Kohat district) 
to the authorities in Calcutta. 

2. I soon discovered that ine the older beds (Jurassic and Cretaceous) 
-ere only rarely fossiliferous, and ^bile the post -Eocene beds were 

almost completely unfossiliferous, the Eocene itself was represented by a 
richly fossiliferous and widespread group of sediments, divisible into a 
number of well- marked successive zones. I therefore concentrated attention 
mainly upon these, -'with special reference to their contained foraminifers, 
.which, owing to their wide distribution and relatively short vertical 
ranges, mere the most useful forms for establishing stratigraphic correla- 
tions. 

3. At first I relied largely upon assistance kindly given by the Staff 
of the Geological Survey of India at Calcutta, to whom I sent my col- 

lections of fossils for identification_ by their Palaeontologist. my part, 
at first, lay in making the collections, noting the manner in -hick the 
species succeeded each other, and comparing their appearances at Kohat 'with 
their reported appearances in other regions. As a result, I drew up my 

first paper (I), which -as read before the Indian Science Congress in 1924 

and then published by the Asiatic Society of :Bengal. In this paper I dealt 

mainly with the local Eocene sequence round Lohat, and tentatively correlat- 

ed its central portion ^ith I'. Ir.E.S.Finfold's "Chharat" series of the north- 

ern Punjab, on the other side of the Indus. This correlation is accepted 

by all subsequent -orkers . I also showed that it is this Chharat group 

tzich immediately overlies the great Gypsum and Salt deposits at Bahadur 

Ehel, on the road between Kohat and Bunnu. 

4. It mearrnhile appeared, ho -ever, that I had reached the limits of the 

assistance which the geologists at Calcutta could give me. They had 

identified -hat they could, and had ne time to deal with "hat -as ,not im- 

mediately recognisable. They told me that, however interested in geology 

-est of the Indus, their Staff 'has toe small, and too preoccupied with econ- 

omic problems of the rest of the Indian continent, to work out my collec- 
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dons, any actual research on which 'would have to be done by myself. I 
:therefore spent my later leave periods (1924 and 1925) in Calcutta, where the then Director (Sir Edwin Pascoe) and Palaeontologists (Dr.G.L rilgrim 
and '- r.G.H.Tirrer) made me welcome, and rut their library and collections 
at my disrosal. I subsequently produced two papers (II and III) in 'which 
T redescribed Carter's genus Conulites, -with reference to new species of 
it found by myself, and dealt with Indian representatives of the echinoid 
genus Conoclyreus. Both of these papers 'were published in the Records cf 
the Geological Survey of India. 

I also managed to visit the Oliharat area, and published a formal 
stratigraphic correlation of the Chh.arat Series (IV), giving fuller 

details regarding the fossil sequence, especially the foraminifera, with 
ich I was rapidly becoming more familiar, after directly comparing my 

specimens 'with those at Calcutta. 

6. At about this time, Puttall's valuable papers on the Sind etc. Eocene' 
sequence "ere beginning to appear, and at Sir E.Pascoe's suggestion I 

published a further treatment (V) of this subject, showing how iuttall's 
and my results fitted into each other. The standard Eocene sequence, it 
will be noted, was the already known southern. one, which Puttall elaborat- 
ed; my task lay in elucidating the northern sequence by correlating its 
elements with those of the southern one. 

7. I was the more glad to issue this supplement (V) since I had just 
discovered the presence of undoubted Ranikot beds in the Kohat dis- 

trict, both at Thal and on the Samana Range, thus proving - for the first 
time - that beds of this age exist outside the narrow region in Sind to 
Which Vredenburg and other authorities had supposed them to be confined. 

8. 7efore I could deal with the Ranikot beds I was transferred to the 
home establishment, but brought my fossil collections to England, and 

presently published my first formal treatment (VI) of Ranikot foraminifera.,' 

In this paper I redescribed the supposed F.planulatus of India as a new and 
more primitive species N.nuttalli, and also described a number of other ne' 
species, thus enlarging the number of known Ranikot types. (Prior to Nut - 

tall's and my 'York, there were only two recognised Ranikot species of for- 

aminifera; unless these were found, Ranikot outcrops passed unnoticed.) 

2. I soon afterwards collaborated T-ith Mr.D.iT. ;radia of the Indian Geol. 

Survey in publishing a rarer (VII) on the awe and origin of the Gypsum 

associated with the great Salt deposits of Kohat. Mr. Wadia contributed the 

chemical arguments, and I the palaeontological portion of the paper. Our 

conclusion was that this Gypsum is of Tertiary age, not Cambrian. That- 

still believe to be the case. But I was mistaken in referring it to the 

Ranikot /Laki unconformity. my argument on that score was not conclusive, 

and later work has convinced me that the Gypsum is somewhat younger, and 

belongs to the Laki/Y hirthar transition period. "` 

10. _'.-eanwhile, I had distributed ny large collections of fossils from t he 

Samana Range (best of ichat) among various British palaeontologists 

for expert descrirtion. The Cephalopods were given to Dr.L.E,Spath, 
they 

other Rollusca to Llr.L.R.Cox, the 
- 

Corals to the late Prof.J.Gregory and 

the Echinoids to Kiss H.I:'-uir dood. The Foraminifera were reserved for 
de- 

scription by myself. The result was a joint Memoir on 
the Samara Range, 
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7as published by Sir E. Pascoe as Vol.XV of the Fal. indica (N.S.). 
'.T,I.ry contributions to this consisted of a general description together -rith 
ceclogical map and sections of the Range (VIII), and an examination cf 
the Foraminifera (IX). 

11. At about the same time, I produced a comparative study (X) of the 
'Dictloconus group of genera. These had been placed in different 

families by Cus man, but I regarded them as closely related to each other. 
I think that my opinion is no-m the generally accepted one. 

12. I next (XI) returned to the subject of the first foraminiferal genus 
described by myself (Carter's Conulites, Tuttall's Dictyoconoides); 

for Carter's original types had mean chile been found at the British Mus- 
eum (Nat.Hist.) after having been regarded as lost (XI.401). I took ad-,,. 
Vantage of this discovery of the original material, on which the genus 
-"as founded, to distinguish the species T-,ith intercalary c*horls from those 
-ithout such °-chorls, and instituted the genus Lockhartia to accomodate 
the latter (XI.403, etc.) . I also dealt with the confusion caused. by ,,,nit- 

ers mho, like van Rijsinge, identified. Dictyoconoides with Rotalia. I 

examined and figured Lamarck's original material for Rotalia, and similar 
type material kindly sent me by Professor Douvi llé and the beeper of Geol- 
ogy at the British IJuseum (Nat.hist.), sho^Ring the distinction of Rotalià 
by reason of its possessing "astral lobes ", of which n trace appears ei- 
ther in Dictv©conoides or Lockhartia. I also took the opportunity of em- 
rha.sising the -fundamental distinction between all these forms and the 
Dictyoconus group with Tnhich they had sometimes been confused. 

13. There then folloT^ed a lull in my research -cork, for I had retired ' 

from the Army, and rcas graduating at Edinburgh University with a Vie,' 
to obtaining grants from the Carnegie Trust which might enable MP to con` 
tinue research. Just before I graduated, I received a request from the 
Attock. Oil Company to deal Tr'ith ? r. E. S.Finfold' s collections from the SONN 
MOWN Punjab Salt Range, in order to establish their exact stratigraphic 
equivalence. I discovered, at once, that the Salt Range collection was,' 
divisible into tT ,ro parts, Raniket and Laki, although the existence of Ran - 
ikot'beds on the Salt Range had recently been denied in a G.S.i. pdblica- 
tion. I published, in Nature, a preliminary note (XII) of my finding'. 

14. I then (having graduated) received a grant of £250 from the Carnegie 
Trust, and returned to India to make further studies on the spot. ,I 

traversed again the Kohat, Bunnu and Attock districts, prepared a geology 

ical map of the hole northern half (about 1,000 square miles) of the 

hat district, and completed my tour by visiting Calcutta, °There the Staff' 

of the Indian Geological Survey again put their collections at my disposal 

for comparison -,ith my yrmnnv or m * material. Among the Calcutta collects 

tions I examined Sir Henry Hayden's- material from Tibet, about certain 

parts of which there had been dispute for over 30 years, some authorities 

relegating them to the Cretaceous, ^chile others referred them to the Eo -4 

eerie (Laki) . These ^corkers relied mainly upon the Molluscs, and 'hen h... 

sa- the collections I realised at sight, from the foraminifera, that they 

pertain to the Upper Ranikot. I subsequently published a note (XIII) in 

Nature, announcing this fact, c^hich has never been 
Ai sputed. 

15. Not long afterT^a.rds the Director (no7- Dr.l ercn) cf the Geol.Survey 

of India published Finfold's and my joint Memoir 
(XIV) cn the Salt 

Range. Pinfold's part in this (XIV.4 -13) ',gas limiter to describing the 



'beds, stating "here he had collected the forms, and quoting identifica- 
tions of them by myself and others. The rest of the paper Ths mine; our 
joint findings on the Salt Range Eocene sequence being based upon my iden- 
tifications of the fossils and opinions as to their stratigraphic signif- 
icance. I also described a considerable number of ne' foraminiferal spe- 
cies, and one newt genus; this additional evidence proving of immediate 
service -hen examining the Tibetan collections (xIV.68 -70). 

le. After the appearance of this Memoir, I '"as very interested to see 
collections made by the Anglo- Iranian Company in mmestern Persia. 

These mere, as their palaeontologist (I.Er.A.G.Davis) rightly thought, of 
Ranikot age, and I "'as permitted by the Company to publish my findings on 
them (XV) . It TMTas again the foraminifera TM*hich "'ere decisive. 

17. I had meanMhile received further fossil collections from Yr.Pinfold , 
then. working in. Waziristan, and engaged in discussion. regarding the 

existence of Ranikot and Laki beds in that region. I published, in prance, 
a rote (Ti) <L declaring that Ranikot beds undoubtedly.exist in voaziristan, 
but that Laki beds have not been shown to exist there. The truth of this 
orin_ion -as subsequently admitted, as regards the presence of the Eanikot , 
by Dr.Heron (cf.XVII), and confirmed, as regards the Loki, by the findin ; 
of Ete.de Cizancourt. at I call a " daziristan ridge" (1ä.493-4,496 etc,) 
seems to have emerged from the sea during Laki times. 

18. I also, at this time, dealt with some Cretaceous foraminifera from 
Texas, mhich had been sent to me by American geologists. Among these 

I found undoubted Dictyoconus. I described the same (X-VIII.773,ff. ) and 
also Orbitolina (XVIII.781,ff.), sho"*ing the fundamental distinction be- 
tvmeen these tmo genera, and sho"^*ir_g r7hat, in my opinion, are their respect- 
ive natural allies. I also discussed the true type for the genus Orbito- 
ling, since Cush man's nomination - 0.gigantea - is impossible, being a 
coral. I also found that Cushman and Ponton's Gunteria is in no 'gay af- 
filiated to Dictyoconus. 

19 I next published a study of the Upper Ehirthar fauna of India; there 
having never previously been described or even definitely named. Myt 

paper (XIX) on this subject is the only one which directly deals "ith this 

zone. Several nem species are described, and old ones redescribed in Ord - 

or to dispel misconceptions as to their true characters and affinities.' 

20. At about the same time, I "as asked by American geologists to con- 

tribute to a symposium on the geological history of the Pacific basin, 

to be read before the Sixth Pacific Science Congress. This I agreed to 

do, "ith regard to the Cretaceo- Eocene history of India. = paper (XX)- en 

that subject "as duly read before the Congress and published it their 

Ircceedings. This paper sums up the results of my work in India, shoming 

ho- correlations based upon foraminiferal identifications enable one 
to 

reconstruct the respective geographies of successive stages and zones. 

These in turn indicate -when the north-western portion of the Himalayan 
- 

axis rose (XX.493,ff.). They also indicate the respective ages and man -_ 

nere of origin of certain. Indian rivers (1ú.495-6) and suggest the reason 

for the post -Laki desiccation of the I=ohat- Potoar basin 
(Xf.494 -5). A o'-- 

oequent note (1úI) gives further comments on the subject of. river develop- 

rent, rent, ^ith regard to the Indus, Jhelum and Sutlej rivers. 

21. Since publishing these later 
papers I was disturbed by the appearance 



K V. 

an article by ITr.Iinfold, ' °rho, without shorTing me -tat he rrorosed to 
s'y, discussed the correlations of "'hat he calls the "Dunghan Limestone". 

In. this article he not only used the term "Dunghan" 77hich I recently 
hoed (XI.x.l9 -200) to be highly questionable as a zonal designation, 

but actually advocated correlations of Salt Range beds '°rith '^hich it 'Tas 
impossible for me to agree, and "hich shoed that he had never even under - 
steed -lh.a,t I wrote in our joint ITemoir on the subject. I ryas therefore 
comrelled to dissent and. sho "' (XXII) '`hat I regard as the true equivalents 
of he Salt Range Laki sequence. I had also to deny the NU idea, revived 
'C)v I'i.nfol.d, that Ranikot beds are totally missing in Baluchistan. 

22. Unfold defended his propositions - except as regards the Ranikot, 
all reference to which he dropped - and I replied (XXIII), sho-ring 

--Tat I regard as the fundamental -reaknesses of his rejoinder. 

23. 7hile the last note was in the press, the Turmah Oil Company sent 
me collections recently made by their Staff from the Dunghan region 

itself and from the 1Tehrab Tangi in Baluchistan. I discovered, from 
these, that the so- called "Dunghan Limestone ", so far from pertaining to 
a single zone in the Lo,rer Laki, ranges throughout several stages, from 
the Lo"rer I,,:aeetrichtian to the Loer Laki inclusive. '.,hat is more, it 
includes in both cases far more Ranikot bed; than Laki ones; and in the 
I:'äehrab Tangi (with r^hich Pinfold should be familiar) it contains over 
1200 feet of Ranikot beds - far more than exist on the Salt Range. In a 
letter (XXIV) indicating these facts, I avoid all reference to Yr.Pinfold, 
in order to spare him as far as possible; but this incident sho°rs hcr- 
imrossible it is for even the most able field geologist (and Pinfold is 
one of the ablest in India, and probably the most experienced. in regard 
to north -crest India) to make detailed correlations of beds unless he has 
an intimate knowledge of the contained fossils - in especial the foramin- 
ifera if dealing "ith beds of late Cretacecus or early Tertiary age. 

24. The above- mentioned publications represent my main ^cork, '°hich dir- j 

ectly bears upon the subject of this thesis. I append, however, a 
raper (XXV) in 'hich I dealt "ith a niece of Scottish geology. chile 

serving in Edinburgh (1928-1933) I found myself in military charge of the 

Island of Inchkeith, access to which ,Fras difficult to the public o^ring to 
its heavy military armament. Geological knoTrledge of Inchkeith had there- 

fore fallen out of date as compared TMith the rest of the Edinburgh dis- 

trict, having had nothing added to it since Sir A.Geikie dealt -**ith Inch - 

keith in 1860. Although these Scottish rocks - mostly igneous, -ri.th 

sediments of palaeozoic and-quaternary age - mere very different, from my 

Indian ones, I tried to do what I could with them, with the assistance of 

expert Edinburgh geologists. 

NOTE. 

I would point out that, by including all my publications, I here pre- 

sent a good deal of the preliminary '°ork which led up to my Ph.D. thesis 

on "The Eocene Beds of the Kohat District". The latter ",as, hoTMrever, es` 
sentially a special treatment (unpublished) of the Eocene (alone) of the 

northern half of the Kohat district, of which I produced a complete geol- 

ogical map at one inch to the mile. Neither that map, nor its accompany- 

ing sections, are used here. The thesis here offered has special refer- 
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ence to ny studies (II, VI, IX, X, XI, XTV, VIII XIX cf the structu-ee 
and classification of larger fcraminifera of Cretaceous as "Tell as Zoc-ene 
age. These studies, -ihich began long before I graduated and have contin- 
ued ever since, represent purely personal 'rrork, all sections having to be 
made by myself since nobody else could bring out the required features. 
Vy other rapers eho"7 the applied value of these studies -hen directed to 
gield observations of the occurrences of the forms. ]'y Ph.D. thesis re- 
rresented one considerable instance of such application, an instance of 

ro direct use is made here, although it as necessarily incorporated 
in rart in my recent -dder treatment (XX) of Indian palaeogeography. This 
and other enclosed papers sho-Ing the applied value of foraminiferal re- 
searches are, ho-ever, distinct from those researches -,hich I here submit 
ns original contributions to scientific kno d -leFe. That they are original 
cannot, I think, be disputed. I have never had the pleasure of -orking 
-Ith, much less under, another specialist on foraminifera. The only ques- 
tion is, -hether my contribution to foraminiferal knoTMTledge is sufficient-1 
ly large to deserve a D.Sc. a-ard. 

Evidence that my studies on foraminiferal structure and classification 
being used by other srecialists on foraminifera appears from time to 

time. Thus the revicTer T.Ilummer) of the latest edition of Cushmants 
Foraminifera dra-s attentions to several of my papers (X, XI and XVIII) 
-ith erecial reference to ny treatments of the genera Dictyoconus, 
Charmanina, Cushmania, Gunteria, Orbitolina and ear-ino ora. 
land Vaughan and d.Storrs Cole have also recently,t) quoted extracts from 
my discussion (XIV) cf the genue 1:iscellanea in their own treatment of it 
As sho-ing ho- geological studies interrelate, it is interesting to see 
thatimpr.G.E.Yilgrim quotes my palaeogeographical rarer (XX) in his discus- 

sin of of the migrations of early mammals; thus foraminiferal structures 
at one end of the biological scale are linked to mammal migrations at the 
other. 

qH.J.Plummer (-dth R.Wright 7arker and M.L.Thompson). Review of the 
3rd.edition, 1940, of "Foraminifera, Their Classification and 

Economic Use" by Joseph A.Cushman. The American Midland Natur- 

alist, Vol.24, Yo.1, July 1940, p.270.. 

OT.7ayland Vaughan and ii.Storrs Cole. "Preliminary Report on the Cret 

aceous and Tertiary larger Foraminifera of Trinidad, _British west 

Indies". Geol.Soc.America Special rapers No.30, Feb.25, 1941, pp. 

39-33. 

4DG.E.Pilgrim. "The Dispersal of the Artiodactyla". Biological Reviews 

Vol.16, 1941, pp.132, 142 etc. 
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Introduction. 

As a result of military service at Kohat during the last 
two years, I have come to think that there is a distinct resem- 
blance between the Nummulitic series to be seen at Bahadur 
Khel and that which exists at Kohat, and the better defined 
series at Kohat may perhaps be useful in providing a clue for 
elucidating the more obscure succession at Bahadur Khel. 

As regards the Salt, I do not propose to say very much. 
It is well known that opinions have long been divided as to its 
origin. Some, like Wynne; Drs. Christie, Pascoe and Murray 
Stuart, have ascribed an ordinary sedimentary origin to the 
Salt, regarding it as due to the desiccation of enclosed seas ; 

while others, like Mr. Oldham and Mr. Vredenburg, have been 
unable to accept this idea Alternative theories are that 
the Salt is either an intrusive hypogene rock, or due to 
the alteration of pre -existing sediments by the subterraneous - 

action of acid vapours and solutions. Opinions are also 
divided between those who, like Wynne, have thought that the 
eastern (Cis- Indus) Salt must be dissociated from that at 
Bahadur Khel, as belonging to an entirely different and infra - 
Cambrian horizon, and those who argue for the essential unity 
of the whole Punjab Salt. If the Salt is all to be regarded 
as belonging to one horizon, opinion is again divided as to 
whether the Salt is of Eocene age, and brought under Cam- 
brian rocks by some system of under- or over - thrusting to the 
east, or whether it is a pre -Cambrian formation faulted into 
juxtaposition with Eocene beds to the west. 

These questions being so vexed, I propose to leave 
them entirely alone here and merely deal with the position, in 
taxial series, of the Salt as actually found at Bahadur Khel ; a 
matter which should have an interest of its own, apart from 
the points in dispute. 

My reason for collecting as precise data as I could, in 
regard to the Nummulitic series at Kohat and Bahadur Khel, 
was that, so far as I am aware, no exact data have ever 
been collected as yet upon this horizon within this area. It is 
true that Wynne made a very well known and careful report 
upon the Trans -Indus, or Bahadur Khel, Salt Region (Memoirs. 
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Geol. Surv. Ind., Vol. XI, Pt. 2) in 1875, and also offered 
the results of a much more hurried reconnaissance from 
Khushalgarh to Thal (Records, Geol. Sun). Ind., Vol. XII. 
Pt. 2) in 1879 ; but in both cases he covered so much 
ground that, beyond clearly recording the presence of Nummu- 
litic beds both at Kohat and at Bahadur Khel, he did little to 
establish any closer correspondence. Indeed, some of his 
remarks might be taken to imply that such correspondence 
did not exist; thus he apparently regarded the Bahadur Khel 
rocks as "early" Eocene (Mena., p. 55), and the Kohat 
ones as "upper nummulitic" (Rec., p. I05), which perhaps 
obscures the fact of their close correspondence in one hori- 
zon at least, -a fact of which I am now almost certain. 
Others, too, who have followed Wynne into the Bahadur Khel 
area, seem to have been content to accept the general " Num- 
mulitic" character of the beds overlying the Salt, without 
going into any further question as to the exact position they 
might occupy in the Nummulitic series. 

The Nummulitic Series at Kohat. 

I propose to begin, therefore, by very briefly describing 
the general character of the rocks in the vicinity of Kohat. 
These run, broadly speaking, east and west. There is a 
faulted junction line at the foot of the Kohat Pass, to the 
north of Kohat. This line was referred to by Wynne long 
ago, in his reconnaissance report above mentioned, and is also 
recognised on the Geological Survey maps of this area. To the 
north of this junction line lies a mass of Mesozoic rocks. 
mostly limestone, through which the Peshawar road runs. 
I have found many eanaliculate Belemnites in certain layers of 
these rocks, but only a few and indistinct traces of Ammonites. 
Some Crinoid stems (Pentacrinus type) are associated with the 
Belemnites in one or two spots.' 

To the south of this faulted line come parallel ridges 
of Nummulitic limestone, running east and west and forming 
the foothills. Kohat itself stands upon a mass of sub -recent 

I The fauna I have found in these rocks appears to me very similar 
to that pictured from Aden (Records G.S.I., Vol. XXXVIII, pp. 336, ff., 
and plates 35 -36), which is regarded as probably Upper Jurassic (p. 340). 
The Kohat Ammonites have the external markings of Perisphinctes, 
while the Belemnites closely resemble tanganensis Futterer (also another upper oolitic type, grantianusd' Orb.). The association with Pentacrinus 
(cf. p. 340) makes a further point of resemblance. I have so far found nothing that is clearly Cretaceous near Kohat itself, although rocks of a different aspect, and probably Cretaceous, appear further to the West (e.g., the Samana range, on the crest of which I have found earlier Eocene rocks than anywhere else in these parts, showing a combination of the Ranikot Athleta noetlingi with a Cyclolites closely allied to the Upper Cretaceous medlicotti), 
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conglomerate, in a valley between these foothills. The follow- 
ing is a rough sketch of the immediate surroundings of Kohat, 
to illustrate the above remarks :- 

-was . 

$IZOTI / 1 AFRIn1 
71'30. 

Fig. 1. 

Map of Kohat (after Survey sheets 38'0 8 and 10). 

Scale inch to a mile. 

V/ 1 
Mesozoic Limestones. 

Rusty beds in above. 

Lower Laki Beds. C!G:yi 

Upper Laki Beds. 

Khirthar Limestones. 

1 Murree Sandstones. 

Wynne described a great thickness of Nummulitic lime- 
stones (which he called "Subathu ") on the higher ridges, 
well to the vest of Kohat, there being a British post at 
Mir Khweli in his day. Mir Khweli is not even marked on the 
ordnance map nowadays, however, and the post there has 
long since been given up : so I have had no opportunity of 

visiting the beds. In the immediate vicinity (7 or 8 miles 

either side) of Kohat, however, I have seen many exposures of 

the local Nummulitic series, and this I find to be very constant 
in type, and of no extreme thickness. Taking a mean of 

several sections -which do not vary much -the following is a 

rough detail of the local succession in descending order : 
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(1) Red, purple, and dark grey (sometimes 
green) sandstones and grits, with clay bands 
(Murree beds) . 400 feet. 

(2) Hard yellow nodular limestone,) with small 

Nummulites and Alveolina, often found 

forming a ragged top to the eastern foot- 

hills .. .. .. .. 60 , 

(3) Flaggy or massive grey to dark grey lime- 

stone, with larger Nummulites and big 

Assilines, which sometimes weather out 
dark red or brown .. .. .. 60 

(4) Nummulite shales darker coloured above 
than below, with many large Assilina 
exponens, and packed with N. atacieus 
(biarritzensis type), N. per /oratus (crassus 
type), N. perforates var. obesa, and Alveo- 

lina throughout. Many fragments of a large 
Gryphaea -like 3 fossil are found here, some- 
times accompanied by a small Pecten -like 
form ; otherwise molluscs are rare .. 130 

(5) Pale yellow or white clay bed packed with 
Chamidae and other molluscs, some of which 
(like Corbula) indicate comparatively 
shallow water; also small echinoids and 
corals. A well marked Patellina species, 

This uppermost Eocene bed of the Kohat area is identifiable with 
the "Alveolina" limestone mentioned by Wynne on the road to Thal 
(Rec. Geol. Surv. Ind., Vol. XII, Pt. 2). Where he speaks (p. 106) 
of finding "more solid" limestone overlying " lumpy gray or drab Alveo- 
lina limestone, which rests upon strong gray sandstones," etc., he refers 
to beds 3, 2, and 1 respectively, which there appear reversed. The 
series is quite unmistakable, for beds 4 to 8 appear in regular order 
beyond 3. I mention this, because Wynne's "Alveolina" limestone, 
which is supra -Chharat, should not be confused with that of Vredenburg, 
which is infra-Chharat. 

2 I used the term " Nummulite shale " for this bed before I had seen 
Mr. Pinfold's Punjab series. Two visits, however, to his type area 
at Chharat (see Records G.S.I., Vol. XLIX, pp. 137, ff.) have since 
convinced me that the name is correctly applied as representing a 
real correspondence. It seems to me that, in spite of many differences 
in detail, Mr. Pinf old's " Chharat" series undoubtedly corresponds to 
part of my Kohat one. Thus his "Nummulite Shales" correspond to my 
bed 4; his " Limestones and Shales" to my bed 5 ; his " Variegated 
Shales" to my beds 6 to 8 (although these beds are altogether more inter - 
stratified at Chharat than at Kohat, where 6 and 7 only appear at the top 
of 8). I agree with Mr. Pinfold that his "Variegated Shales" probably 
correspond to the Ghazij Shales, although (as shown in the text) I think 
that his " Limestones and Shales " are better regarded as an uppermost 
Laki bed than as a Khirthar one. 

3 This is the "globose oyster" of Mr. Pinfold's Nummulite shale. It 
seems to be identifiable with Oatrea vesicula,ie Lam. (Grypha;a globoso 
Sow.), a Laki horizon fossil of Sind, which similarly extends iatc 
the Khirthar (cf. Mem. Geol. Surv. Ind., Vol. XVII, Pt. I, pp. 104, 2041 
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whose exact affinities have yet to be 
decided, ranges throughout this bed, to- 
gether with N. atacicus, Assilina spira, and 
Alveolina oblonga and jayana. The bed 
may be divided into three portions as 
follows : 

(a) An upper portion ; soft clays, 
generally with molluscs 
throughout. On top there is 
often a peculiar assemblage of 
foraminifera : N. lcevigatus, N. 
lrevigatus scabra, and N. cf. 
carteri putting in a fleeting ap- 
pearance here, together with a 
mixture of crassus and exponens 
from the upper bed, and spira 
and Patellina from lower levels, 
which here overlap .. 42' 

(b) A middle portion, characteris- 
ed by thick pale yellow or white 
calcareous clay or limestone 
bands, with narrower and 
darker - coloured partings of soft- 
er clay. Molluscs and fora - 
minifera generally abound in 
these partings .. 27' 

(c) A lower portion, with much 
thinner stiff bands, and broader 
partings between. As the 
partings are often stronger 
coloured than the bands, this 
portion of the bed has more 
yellow and olive tints than the 
upper portions. A small Num- 
mulite, N. cf. ramondi, is 
almost always found frequent- 
ing this portion, and the lowest 
band or bands of it are packed 
with small Ostrea,1 and a small 
variety of Assilina spira .. 27' 

Total thickness of bed .. 96 feet. 
(6) Hard white, or pale blue, calcareous clay 

or limestone band or bands, sometimes 
showing sections of small molluscs of Plan - 
orbis type. The upper portion of this bed 
sometimes merges with the Ostrea band 
above. Thickness .. .. 4' -30 

1 Bryozoa are associated with these Ostrea. 
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(7) Lavendar coloured clays .. .. 5' --23 feet.. 

Beds 6 and 7 seem to bo alternative 
forms of each other, as they are often 

interstratified, and sometimes even replace 
each other within a short distance in the 
same exposure. 

(8) Chestnut or copper -coloured nodular clays, 

weathering to red, crimson. or eves reddish 
purple colours .. .. 320 

Whether sandstones form any part of this bed 

at Kohat I cannot say. 1 have not found 
any yet, the whole middle portion of the 
best exposure being covered with detritus. 
The upper and lower portions are there 
seen, however, and both are clay. The 
upper portion is as above. I could not 
find an unweathered portion of the lower 
part, which had weathered a dull brick 
red, like the corresponding (see below) bed 
at Bahadur Khel. The upper portion of 

this bed at Kohat, weathering often to 
purplish tints, is apt, at some distance, 
to look surprisingly like the overlying 
Murree beds. I think this explains what 
puzzled Wynne (Records Geol. Surv. lncl -, 
Vol. XII, Pt. 2, pp. 103, 105, etc.), for 
I have not yet seen the interstratification 
he speaks of. 

(9) Hard flaggy yellowish -brown limestone,' 
full of small Nummulites. The middle 
and lower thirds of this bed have thinner 
flags (4" to 9" thick) than the upper, these 
flags having olive clay partings. The 
centre line of the bed is marked by a 
bright yellow or ochre -coloured band, 2 
feet thick, with Cidarid plates, Ostrea ( ?) 

etc. Total thickness of bed .. .. 54 
(10) Yellow limestones and clays, in which 

numerous narrow (2" to 4" thick) tough 
and lumpy limestone bands of pale yellow 
or white colour are separated by bright 
ochre clays (5" to 6" thick). The bands 

This bed appears abruptly, without any of the p visage " 
elements found between the Chharat series and the " Hill " limestones 
near Fatehjang. This abruptness may indicate an unconformity. On 
the other hand, the dips are very constant throughout this section, so 
I do not like confidently to postulate an unconformity without further 
evidence. If one exists, then the dimensions of either hed R or 9 -or 
perhaps both -might have to be increased. 
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are closer packed in the lower part of this 
bed, which becomes almost a flaggy lime- 
stone. The upper middle part of the bed 
also contains 18 feet of liard brown flaggy 
limestone, similar to bed (9) above. 

This bed is fossilifero'us throughout, being 
packed with large echinoids (including a 
Çonoclypeus species not far removed from 
G. sindensis of the Upper Ranikot, also 
Hemiaster apicalis, a mid -Laki species of 
Sind, etc.), large corals (Trochosmilia, 
Montlivaltia, etc.), and large molluscs.' 
The whole fauna of this bed, although 
resembling that of bed (5) above in many 
ways, is composed of far bigger individuals,' 
probably implying more favourable condi- 
tions of existence. Foraminifera are N. 
atacicus, Assilina granulosa, and Alveolina 
oblonga (abundant). Orbitolites compla- 
natus, Lamarck, also abounds. 

Thickness of bed 
(1l) Soft olive and blue -grey clays, divided up 

as follows : 

(a) Pale olive or yellowish clays.. 63' 
(b) Thin limestone bands, 2" to 3" 

thick, with broader (6" to 9" 
thick) yellow or pale olive clay 
partings .. .. 15' 

(e) Yellow and olive clays, the 
colours getting darker towards 
the bottom, which is greyish 
olive and gypsiferous : 88' 

(d) Narrow light grey or blue 
bands, 3" to 4" thick, with olive 
partings 6" to 9" thick .. 10' 

213 

146 feet. 

Among the distinguishable genera are large Lucinae, Corbulae, 
T''elates (cf. schmideliana), Ovulas, and a very large Cerithium. Of more 
normal size are a Spondylus and Modiola (cf. subangulata). As in bed 5 
above, the fossils are generally mere casts. 

2 The fauna of bed 5 is distinctly dwarfed. Thus the Corbulae 
(internal casts) closely resemble casts associated with subexarata in 
Ghazij beds near Hindu Bagh, but are far smaller in size ; the echinoids 
Schizaster symmetricus and Micro psis venustula are also far smaller than 
specimens from the Laki of Sind, but otherwise apparently identical; 
and the Patellinae of this bed are identical with ones of apparently the 
same horizon in Baluchistan, but both are smaller than a closely allied 
variety which appears at Spintangi, etc. Perhaps the first return of 
marine conditions, after the interlude of the " Lower Chharat," was 
attended by unfavourable circumstances for its fauna, for the forms of 
bed 5 are as dwarfed as those of bed 10 are large. 
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(e) Tough, bright yellow -ochre, 
. limestone band .. .. 2'6" 

(f) Shaly olive to blue -grey gypsi- 
ferous clays, with some reddish 
brown limestone bands or lum- 
py concretions .. .. 145' 

Total :124 feet. 
(12) Nodular reddish brown clays (very similar 

to the upper part of bed (8) ), weathering 
to dark crimson or claret colour .. (base not 

seen). 

Of the above series, beds 1 to 8 are to be seen in many 
places round Kohat, and one is apt to get the impression that 
bed 8 is the lowest member of the local Eocene succession. 
The whole of the above series, however, from 1 to 12, can 
be seen exposed in the bed of a north -and -south running 
water course, about 4 miles east of the town. It is mainly 
upon the evidence of this exposure that I have fixed the 
details of beds 9 to 12, which are more clearly seen 
there than at any other spot. The presence of the series taken 
as a whole, however, can be made out for over a mile to 
the west (i.e., to within 3 miles of Kohat, where it seems to 
disappear entirely) and for 4 miles to the east ; after which 
it probably continues over the Jowaki border. 

A section of the series down the above north- and -south 
water course is given in Fig. 2 attached. 

The Series at Bahadur Khel. 
While making out this series at Kohat, it seemed that part 

of it, at any rate, could be matched very closely by the beds 
overlying the gypsum at Bahadur Khel. Tracing the beds 
along the ridge (through which the Bahadur Khel road tunnel 
passes) for about 2 miles to the east and a mile to the west, 
I found that although the overlying sandstones, which Mr. 
Wadia has identified as Kamlial, are different from the Murree 
bed (No. 1) at Kohat, and although the Kohat limestone 
and shale beds (2 to 4) are only represented by a very reduced 
and rather obscure Nummulitic limestone element at Bahadur 
Khel, yet the presence in the latter of the typical Gryphcca, 
elsewhere apparently limited to the Nummulite shale, or bed 4, 
seems to indicate that that bed at least is present at Bahadur 
Khel. Then the next bed (Kohat No. 5) can be very distinct- 
ly recognised underneath this limestone. The correspondence 
is pretty clear even over the tunnel, where the clays are 
very crushed, disintegrated, and covered with detritus, but 
is much more easily seen in a water course section through the 
same ridge (and strike) 2 miles to the east. 

I give, on the attached sheet, an enlarged section (Fig. 6) 
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of the beds there, for comparison with a similarly enlarged 
section (Fig. 5) of the corresponding portion of the series 
at Kohat. The three distinctive portions of bed No. 5 appear 
in the Bahadur Khel section much as in the Kohat one : 

and the faunal similarity, to which I will return presently, 
includes the presence of N. lrevigatus scabra in the uppermost 
portion of the bed, N. cf. ramondi in the lower, and the 
Ostrea band at the base. Besides this, the next beds below 
also appear in corresponding series ; thus bed No. 6 is clearly 
seen in this small water course at Bahadur Khel, as also 
bed No. 7. Bed No. 8 is then represented by the mass of 
brick -red clays with sandstone bands, recognised by every 
visitor to Bahadur Khel as being the lowest member of the 
series overlying the gypsum (see Wynne's Memoir, pp. 24, 
51, etc.). 

These beds, - 6, 7, and upper clay portion of 8, - are 
apparently crushed out or much reduced, shewing traces only. 
2 miles to the west, in the section over the tunnel (see attached 
Fig. 4), where the upper hard sandstone band is found in 
juxtaposition with fractured and disturbed lower elements 
of bed 5. With reference to this latter section, however, 
(Fig. 4), it is interesting to note that the extent of lining in the 
road tunnel below, taken with the dip of the rocks, implies 
that bed 5 here, as well as 2 miles to the east (Fig. 6), is still 
about the same in total thickness as at Kohat (Figs. 2 & 5). 
i.e., 90 to 100 feet. This is not otherwise easy to see, owing 
to the rather tumultuous arrangment of rocks on top of 
the hill over the tunnel. 

The Correlation of Kohat Bed No. 5. 

Having thus found an apparently corresponding series, in 
part at least, at Kohat and Bahadur Khel, I then spent some 
time in making as good a collection as possible from the 
most productive horizon (in this case, bed 5) common to both, 
collecting specimens from that level -as exactly as it could be 
determined -alone. These were sent by me, some to the 
British Museum, but mostly to the Geological Survey Offices at 
Calcutta; and the following have now been kindly identi- 
fied for me by Dr. Coggin Brown, from this "datum line" 
at Kohat and Bahadur Khel : 

Kohat. Bahadur 
Khel. Remarks. 

Species identified : 

Nummulites perforatus, + + or N.crassus. Top 
d'Orb. of bed. 

N. perforatus var. obesa . . + Top of bed. 
N. lcevigatus, Lamarck .. + + Top of bed. 
N. lcsvigatus var. scabra .. + + ? Top of bed. 
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\'. alacicus, Lelpmeric .. 
_-Issilina spira. de Roissy 
_-Ilrcolina oblonga, d'Orb. . 

Al reo! i na jacana, Verb .. 
Hemiasler digonns, d'Arch. 
Schizaster synantehi cus, 1). 

& s. 

Kohat. Rahadur 
Khel. Remarks. 

+ ? Throughout bed. 
Throughout bed. 

+ ? Throughout bed. 
Throughout bed. 

Species doubtfully identified : 

l'mum ?elites cf. carter i, + 
d'A. & H. 

N. cf. ramondi, Defr . . 

Assilina exponens, J. de C. 
Sow 

Patellina sp . . 

Micro psi.s cf. venustula, 
D. & S. 

Ceerdium greenoughi, d' A. + 
& H. 

_fatica epiglottina, Lain .. 
V e l a t e s schenideliana, 

Chemn. 

+ 

Genera identified : 

Euspatangus .. 
Linthia 
31etalia 
Micropsis 

Porocidaris .. 

Leiocidaris .. 
Trochosmilia . . 

Corbula 
Crassatella 
Cardita 
Cardiurn 
Lucina 
Chaina 
Vulsella 
Spondylus 
Ostrea (small species) 
Plicatula 
Mytilopois 
Conus 
Fusus 
Limbs of fossil crabs 

Top of bed. 

Lower part of bed. 
Top of bed. 

+ Throughout bed. 

+ ? 

+ ? + 

Many. Many. Very small speci- 
mens. 

+ Spines only. 
Spines only. + +? 

+? + 
+ - + 

Many. Many. 
+ 

+ + 
Many. Many. 
Many. Many. 

+ +? 

Many. Many. 

.. Many. Many. 
+ 

Rand at base. 
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The query marks indicate forms found by me which seem 
closely to resemble those identified by Dr. Coggin Brown. 

I admit that the identification might be closer ; but it 
tends to improve with time. The trouble is that the Bahadur 
Khel fossils are generally in a poorer state of preservation than 
the Kohat ones, making specific identifications rarer. 

Still, the whole aspect of the two sets of fauna does seem 
very similar ; and this goes to reinforce the other points of 
resemblance already noted, -i.e., the similar succession of phy- 
sical divisions within the bed, and the similar distribution of 
certain forms within those divisions ; also the presence of 
similar beds above and below (No. 4 above, and Nos. 6, 7 and 
S below). 

The strongest individual evidence of identity lies, of course, 
in the common presence at top of this bed of N. laevigatus and 
laevigatus scabra, together with the associated bulky form of 
N. perforatus (which T take to be crassus, although the Survey 
have not actually said so). There is also the Patellina form in 
this bed, both at Bahadur Khel and at Kohat, as well as N. 
cf. ramondi. Although the specific names of these last two 
types may be open to question, there can be no doubt, as the 
forms themselves are so strongly characterised, that the 
Bahadur Khel specimens belong in each case to the same 
species as the Kohat ones. 

I may also mention that I have found fragmentary expo- 
sures of apparently the same bed 5 at places between Kohat and 
Bahadur. Khel, e.g., at Banda Daud Shah, where the Nummu- 
litic limestone is overlain by Kamlial beds, underlain by red 
sandstones and clays, and shows at its base a few molluscan 
casts together with the strongly marked Patellina form. Thus 
there seems to be a continuity of the bed traceable between 
Kohat and Bahadur Khel. 

The series may really extend far further. Thus the limestone 
ridge which crosses the Bunnu -Dardoni road just west of Saidgi 
(15 miles from Bunnu, and 40 miles S.W. of Bahadur Khel) 
seems to be composed of just the same elements (beds 2 to 5 

inclusive) as the upper part of the Kohat Nummulitic series. 
Indeed, I think that the series can be traced right into Baluchi- 
stan : thus I have found the same association of N. laevigatus 
with the identical Patellina in a narrow clay bed immediately 
underlying the Nummulitic limestone scarp behind Harnai 
Railway Station (70 miles east of Quetta). Beneath this bed 
I found others containing such Laid fossils as Cardita depressa 
and Natica longi.spira, while the lower levels of the scarp above 
it contained the unmistakable Gryphcea form of Kohat bed 4, 
together with globose Nummulites to all appearance similar to 
cras$us from the same. I admit that I found what seem to be 
Orthophragmina papyracea at the top of this scarp, which is 

also of no great thickness, is in direct continuation of the rocks 
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at Spintangi, and is itself marked as " Spintangi " by Vreden- 
burg. I cannot help feeling, however, that the basal elements 
of this scarp, at any rate, are identifiable with beds 4 and 5 of 
Kohat, i.e., Pinfold's two " Upper Chharats." 

The taxial position of Kohat Beds :ì and W. 

If. then, the faunal similarity of the clay bed above the 
tunnel at Bahadur Khel to bed 5 at Kohat, together with its 
apparently similar internal structure, also its similar distribution 
of forms, and its position between similar overlying and under- 
lying beds, be taken to indicate that the identity of this datum 
line (bed 5) can be allowed, the question next comes as to 
what its exact taxial position may be in terms of more general 
reference. 

Now here, I think that a distinction should be drawn 
between the forms which only appear at the top of the bed, 
and those which are common to it as a whole ; for while the 
former, namely, the Nummulitic types perforalus, perloratus 
obesa, lcevigatus, lcevigatus scabra, and carters. are all Khirthar 
forms (vide Records Geol. Surv. Ind., Vol. XXX IV, pp. 87,88, 
94, etc.), we find that the whole fauna of the remainder of 
the bed seems to be essentially Laki. There is, indeed, only 
one apparent exception to this, which we find in the presence of 
Assilina spira, which Vredenburg regarded as a late -middle 
and upper Khirthar form (ibid. p. 94, etc.). In Europe, how- 
ever, A. spira precedes A. exponens ; so there should be little 
difficulty felt in admitting its similar early appearance in this 
country, provided that the facts show it to be associated with 
an otherwise early fauna out here. And that, I think, is what 
we do find in this case. The following may therefore be noted 
in regard to this fauna : 

N. atacicus : A typical Laki form (ibid. p. 94.) 
Alveolina oblonga : A Sparnacian form of Europe, which became 

very abundant in the Cuisian (Pal. Ind., N.S , Vol. V, 
Mem. 3, pp. 39, 42). As the Cuisian is represented by the 
Indian Ranikot (Pal. Ind., N.S., Vol. III, Mem. 1, Pt. I, 
p. xviii), the Laki is about as high as we can place this 
form. 

A lveolina jayana: Associated with Assilina leymeriei in Borneo 
(Rec. Geol. Surv. Ind., Vol. XLIV. Pt. 1, p. 55). The 
latter is the megaspheric form of Assilina granulosa, an 
essentially Laki species (Rec. Geol. Surv. Inc?., Vol. XXXIV, 
pp. 87, 94). 

Hemiaster digonus: A lower Laki form (ibid. p. 193). 
Schizaster symmetricus: A lower and middle Laki form (ibid. 

p. 193). 
Y. cf. ramondi : Probably the megaspheric form of planulatus 

(ibid pp, 194 -195) ; in which case it characterises the 
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uppermost Ranikot (p. 94), and the Laki would be as high 
as we could place it. 

lssilina exponens: An upper Laki and Khirthar form (p. 94). 
Patellina sp.: An upper Laki form in Baluchistan. 
FYI icropsis cf. venustula : A Laki species (ibid. p. 189). 
Gardium greenoughi ) These all correspond to types enumerated 
Natica epiglottina it by d'Archiac and Haime from the lower 
V elates schmideliana) Eocene (Ranikot and Laki) of Sind.' 
Euspatangus : A Laki and Khirthar genus (ibid. pp. 194 -105). 
Linthia: A Ranikot to Khirthar genus (ibid.). 
Metcilia: A Laki genus (ibid.). 
l'orocidaris : A Laki genus (ibid.). 
Leiocidaris : A Laki genus (ibid.). 
'l'rochosmilia : From the so- called " Ranikot " (i.e., including 

Laki) of Duncan. Absent from his "Khirthar" (Pal. 
Ind., Ser. XIV, Vol. I, Pt. 1 (New Pt. 2) p. 26 ; cf. p. 59). 

Corbula 
Crassatella 
Cardita 
Lucina These are all genera enumerated by d'Archiac 
Chama and Haime from the Ranikot and Laki (mostly 
Vulsella from the Laki) of Sind.' 
Spondylus 
Conus 
Fusus 

In other words, with the doubtful exception of spira itself, 
there is not a single form which is extraneous to the Laki or 
yet lower levels, while there are many that are peculiar to 
those levels. 

Laying aside, then, the question of correlating the upper 
beds, 2 to 4, which may be taken simply as " Khirthar " for 
present purposes, it seems that the bulk of bed 5 should be 
accepted as Laki. It is no doubt probable that it represents an 
uppermost Laki horizon, since so many overlapping Khirthar 
elements are found at the top of it; but it seems clear that the 
uppermost Laki is the highest position to which we can 
assign it.2 

t According to Sir H. Hayden, most of d'Archiac and Haime's 
Eocene mollusca from Sind came from the Laki beds of those parts. Only 
a few cane from the Ranikot, and none from the Khirthar. Thus identi- 
fications with those types must tend to imply pre -Khirthar horizons. 
Hayden's remark about Laki fossils being often mere casts, would also 
typically apply to fossils of the bed under examination (Rec. Geol. Sure. 
Md., Vol. XLIII, Pt. 1, pp. 14 -15). 

2 It is interesting to see that Dr. Pascoe, who apparently also 
identifies these trans -Indus Nummulitic rocks with the Chharats of 
the Punjab (vide his map of Banda Daud Shah, on Plate 84 of Mem. Geol. 
Sure Ind., Vol. XL, pt. 3, etc.), confirms the appearance of Assilina spira 
just above the Red Clay zone, e.g., at Kotehri (p. 414) 15 miles S.E. 
of Kohat, where the overlying pelecypod bed (apparently my No. 5) also 
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N.B. -It probably supplies a passage -bed between repre- 
sentatives (i.e.. Pinfold's "Lower Chharat" and Nummulite 
shale ") of the Upper Laki. and Lower Khirthar zones of Sind 

and Baluchistan, thus filling a gap at the " st ratigraphical 
break " reported between the latter by \'redWnhurg (Bee. G'eol. 

Surv. Ltd., Vol. XXXIV, p. 182, etc.). As it thus seems to 
representa new zone, I suggest for it the name " Koluit' shale... 

as overlying the Ghazij shales proper, and linking them to the 
Khirthar. 

Accepting this bed, then, as representing the uppermost 
zone of the Laki, it follows that we may expect all beds below 

this "datum line" at Kohat and Bahadur Khel to he also of 

Laki character, if not still lower. This, too, seems to be borne 
out by the fact that bed 10 at Kohat appears to contain an 
essentially Laki fauna, including the typical Laid combination 
of forms, N. atacicus and As.silina granulosa. 

Now both the character and position of bed 10, -as a 

Laki limestone which is packed with Alveoliirn. and underlies 
the local representatives of the Ghazij shales,- distinctly 
suggest that it (together with bed 9) is probably the local re- 
presentative of the mid -Laki " Alveolina limestone " of lower 
latitudes. This idea, too, seems to be corroborated by the 
echinoids found in bed 10, namely, a Conorlypeus with Ranikot 
affinities, and Hemiaster apicalis which characterises " the 
Alveolina limestone of Sind (Rec. Geol. Surv. Ind., Vol. XXXIV. 
p. 193). It seems better, therefore, to regard beds 9 and 10 
as an extension of the mid -Laki " Alveolina limestone," than 
to treat them as an obscure element with a similar fauna and 
position. 

If, therefore, beds 9 and 10 are rightly regarded as " Alveo- 
lina limestone," it then seems possible that beds 11 and 12 
may correspond to the next lower " Meting shales "; but here 
we have no fossil evidence, as yet, to go on. 

The Bahadur Khel Gypsum, and Kohat beds 9 to 11. 

I now come to some interesting facts brought out at a 
recent visit paid by Mr. Wadia to the Bahadur Khel deposits. 
On examining the gypsum underlying the red clay zone (Kohat 
bed 8), Mr. Wadia found that it was not homogeneous, but 

contains N. atacicua, N. laevigatua and Aaailina granuiosa. This mention 
of granulosa above the Red Clay zone is peculiarly interesting, as it gives 
fresh proof that bed 5, at least, should be regarded as Laki, not Khirthar. 

I suggest the name 'Kohat' because this particular bed seems to 
be better represented at Kohat than at any other place I know, except 
perhaps Chharat: and the name "Chharat" is already engaged. Any 
name, however, which Mr. Pinf old might prefer, as the original describer 
of this bed, would be gladly accepted by me. All I suggest is that 
a definite name for the bed would he a convenience. 
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consisted in great part of limestone bands in process of altera- 
tion into gypsum. This then, in the first place, implies a stri- 
king confirmation of one of Dr. Murray Stuart's most interesting 
contentions, namely that, whatever the origin of the Salt may 
be, the overlying Gypsum is not necessarily a deposit from 
evaporating marine waters, but is often a secondary product 
of reaction between sulphur- bearing lower beds and calcareous 
upper ones (see Records Geol. SUM. Ind., Vol. L, Pt. 1); 

A second suggestion arising out of Mr. Wadia's discovery 
is that the correspondence of the Bahadur Khel beds with 
those of Kohat may not end with bed 8, but that the gypseous 
masses at Bahadur Khel may quite possibly represent an 
altered form of beds 9 and 10 at Kohat ; so I would like to 
point out the following facts which tend to support this idea. 
First, that although most of the gypsified mass is very altered, 
white, soft, and largely re- arranged by solution -and re- deposi- 
tion, yet the section near the tunnel does distinctly indicate 
an original arrangement in successive bands of limestone (now 
gypsified) with partings of olive clays ; while the still unaltered 
central portions of fragments broken off the gypsified bands 
show that the original limestones must have been of light grey. 
yellowish, or brownish tints. Many fragments from the less 
pure gypsum have also a strong yellow -ochre colouring, only 
comparable to the yellows of bed 10 at Kohat. Second, that 
the lower portion of the gypsum, where seen, is found to overlie 
or be interstratified with dark olive or even blue -grey clays, 
suggesting gypsiferous bed No. 11 of the series at Kohat. 

It is also interesting to see that,'allowing for the differences 
in dip, the total thickness of the gypsum mass at Bahadur 
Khel seems to agree with that of beds 9 and 10 at Kohat. 

As regards fossils, I have not so far found any trace, in 
the Bahadur Khel gypsum, of the larger fossils so common to 
bed 10 at Kohat. Mr. Nadia and I have, however, found 
unrolled fragments of yellowish rock apparently, or at least 
possibly, in situ, which are packed with small Nummulites and 
Alveolina after the fashion of bed 9 at Kohat. These came 
from zones (g) and (i) of attached Fig. 4, and so from the part 
of the gypsum which would, in all probability, correspond to 
bed 9. 

Conclusion. 

I would suggest that the following facts, (1), the appearance 
at Bahadur Khel of a Nummulitic series similar to that at 
Kohat, and including a bed resembling in detail bed 5 at Kohat ; 

(2), the location of Kohat bed 5 as uppermost Laki at highest; 
(3), the discovery at Bahadur Khel of gypsified lower beds cor- 
responding in position, general structure, and apparent original 
nature, to the next lower beds at Kohat which contain mid - 
Laki fossils; and (4), the absence of any other, or distinctly 
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new element between these beds and the Salt ; seem to justify 
one in forming two conclusions : 

I. That the gypseous series at 13a.hadur Khel consists, partly 
at least, of altered sedimentary deposits whose original 
character was that of interstratilied limestones and clays; 
and 

II. That these, the lowest beds above the Salt, are probably 
of "Laki " character, and correspond to the mid -Laki 
" Alveolina Limestone." 

If it be true that the Bahadur Khel gypsum is an altered 
form of the mid -Laki Alveolina limestone, then the fact may 
help to identify the source of the Punjab oil. Both Dr. Pascoe 
and Mr. Pinfold have noted that the oil seems to come from a 
horizon below the "Lower Chharat" (i.e., Kohat beds 6 to 8, 
or Wynne's " Red Clay " zone). Now I have several times 
found fossils at Bahadur Khel which struck me as both feeling 
and smelling oily. There is, of course, no " dome " structure 
to collect oil there ; but if oil- producing beds do exist below 
t he red clay zone, it seems quite possible that small seepages 
might, from time to time, find their way to the surface, thus 
producing the occasional faint traces 1 have noticed. As the 
presence of the Salt seems to preclude the possibility of oil 
coming from levels below the gypsum,' the latter (or the deep - 
seated and still unaltered portion of the beds represented by 
the same) is probably the source of the oil at Bahadur Khel 
(and so one at least of the sources of oil elsewhere). 

I would therefore point out how repeatedly Wynne, in his 
great Memoir on the Trans -Indus Salt, refers to finding 
petroleum, alum, and bitumen in the gypsum and upper layers 
of salt of these regions (Mena. Geol. Sur,. Incl., Vol. XI, pt. 2, 
pp. 126 -127, 129, 136, etc.), also coal and gypsified Nummulites 
in clay beds between the Salt and the gypsum (p. 128), as well 
as limestone in. the gypsum (p. 136). 

All such references seem to accord well with the conclu- 
sions suggested in this paper ; so I would further suggest that 
prospectors for oil might consider those areas where there is 
reason to suppose that lower Laki rocks exist beneath a 
sufficient capping of upper Laki or later impervious beds to 
allow of the storage of oil. Such an area seems to me to 
exist within the triangle of ground between Fort Munro, Dehra 
Bugti, and Spintangi (see Plate 12 of Bee. Geol. Surv. Ind., Vol. 
XXXVIII, pt. 3). I mention this because I have seen what 
seem to be lower Laki lignites and limestones, capped by Ghazij 
shales, under the " Spintangi " limestones of the Harnai railway 
region, also a sulphuretted hydrogen spring and thick bed of 

I Including, of course, associated clays and other beds above the 
Salt. 
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gypsum at Spintangi itself) I therefore suspect that the large 
area of "Ghazij" shales and " Spintangi" limestone, shown 
by Vredenburg in the triangle named, may cover a lower Laki 
and oil -producing horizon. 

ADDITIONAL NOTE. 

Since the above went to press, I have been able to study 
the subject further at the Offices of the Geological Survey in 
Calcutta. The following are the results :- 

(a) It now seems that the small Assilines found asso- 
ciated with the Ostrea band at the base of bed 5 are really 
leymeriei, not spira. This does not invalidate the references 
to true spira found in this bed, but only concerns the 
supposed small variety " found at its base. If these are, 
as it now seems, really leymeriei, they further confirm the 
attribution of a Laki horizon to bed 5. 

(b) I find that Mr. Vredenburg, in an unpublished MS. 
on Indian Alveolines, regards oblonga as a species which 
does not extend into the Indian Khirthar. Its presence 
throughout bed 5, therefore, still further confirms the Laki 
character of the latter. 

(c) The Patellina form, so often mentioned in my 
article, was referred to that genus by Dr. Coggin Brown, 
following Carpenter. In that he was correct ; but I think 
that Carpenter did wrong in eliminating Carter's original 
genus Conulites. So, since my form is generically identifiable 
with Conulites cooki, while very different from other types also 
referred by Carpenter to Patellina, I now regard Conulites as 
a preferable generic name for this form, and have described 
it in a separate paper under the name Conulites kohaticus. 

(d) The Conoclypeus in bed 10 proves to be a new 
species, and has been described by me as such, in a separate 
paper, under the name Conoclypeus pilgrimi. 

(e) The association of Orbitolites complanatus with Álveo- 
lina oblonga appears to be typical of the Alveolina Lime- 
stone of both Sind and southern Thibet, while it does not 
seem to have been found at other horizons in India. This, 
therefore, further confirms the attribution of an Alveolina 
Limestone level to beds 9 and 10 at Kohat. 

Dr. Pascoe, in his Memoir referred to above, shows how constantly 
sulphuretted hydrogen traces are associated with petroliferous beds 
(cf. pp. 396, 398, etc.). He also shows the association of certain lignites 
and coals with oil (pp. 485, 487), and that these lignites, etc., are probably 
marine or estuarine (pp. 487 -488). Now the lignites I have seen in mid - 
Laid or basal Ghazij shale beds of Baluchistan (Harnai and Hindu Bagh) 
either overlie or are interstratified with limestones, and are associated 
with a mixture of brackish and marine shallow -water forms, Cerithium 
and Corbula, as well as gypsum. 
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(J) A very globose Alveoline, recently found by me 
near the base of bed 10, in its extension to the west of 
Kohat, appears to be pasticillata ; a species which indicates 
(according to Vredenburg's MSS.) a Jlcting Shale horizon. 
This rare specimen is probably a surviv nI from the horizon 
of the (locally unfossiliferous) blue-grey clays below, which 
would thus appear to correspond to the Meting Shales. 
I may add that these same blue grey clays, traced still 
further westwards to Thal, are there found to overlie, direct- 
ly, certain beds with a typical uppermost Ranikot fauna; 
namely, N. planulatus together with characteristic upper 
Ranikot corals, etc. Needless to say, this exactly agrees 
with au attribution of a " Meting Shale " horizon to the 
lowest beds at Kohat. 

Thus further data seem to confirm the fact that the 
entire Laki series is represented at Kohat, as shown in Fig. 2 
above. 

Issued October 10th, 1925. 
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Introduction. 

In 1861 Carter created the genus Conulitesr to receive certain 
Foraminifera, sent to him by Dr. Cooke from India, which could 
not in his opinion be included in the genus Orbitolina (d'Orbigny, 
1847).3 He seems also to have taken it for granted that these 
forms could not be included in Williamson's genus Patellina (1858),4 
which had been created to describe certain recent Foraminifera of 
Great Britain. 

In 1862, however, Carpenter collected these three genera into 
one, adopting Williamson's. name Patellina for the whole.5 In my 
opinion this was unfortunate. It seems to me that the differences 
between these three types are far too great to be thus regarded as 
merely specific, and Carpenter made a mistake in abolishing two of 
the three original genera. Nevertheless, as he still retained the 
original generic distinctions in the form of specific ones, it was at 
least still possible to indicate the structure of new forms by de- 
scribing them as " varieties " of one or another of Carpenter's three 

species ". 
Later on, however, it was emphasised that certain forms within 

this broadened " Patellina " group had arenaceous or sub- arenace- 

1 " Further Observations on the Structure of Foraminifera, and on the larger 
Fossilised Forms of Scinde, &c., including a new Genus and Species," by H. J. Carter, 
F.R.S. (Annals and Magazine of Natural History, 3rd Series, Vol. VIII, pages 309, 
331, 457 -458 and Pl. XV, fig. 7.) 

s Dr. Cook, of the Bombay Army, had been Medical Officer to the British Agency 
at Kelat. 

3 In his Cours Élémentaire de Palaeontologie, 1851, pages 193 -I94, d'Orbigny defines 
Orbitolina as " Orbitolites à cotes inégaux : l'un, convexe, encroute, à lignes concen 
triques ; l'autre, concave, non -encroute, montrant des loges nombreuses, par lignes 
obliques sur le cote, au pourtour." Further examination of his geno- syntypes has 
shown that this definition has to be amplified, as, e.g., was done by Carter. 

4 Ray Society. On the Recent ,Foraminiféra of Great Britain, pages 46-47, and 
figs. 86 -89 (reproduced as Fig. 11 below). By Wm. C. Williamson, F.P.S. 

6 Ray Society. Introduction to the Study of the Fornnini.,fera, pages 229 -235 Plate 
X[II, figs. 16, 17, and figs. XXXVII and XXXVIII (reproduced as Fiqs. 12, 10, and 9 
below). By Wm. B. Carpenter, M.D., F.R.S. 

(2 37 ) 
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ous tests, while others were purely calcareous ; so as Carpenter 

had already minimised the importance of the structural distinctions 
by reducing them from generic to merely specific grade, the way 

was opened for what appears to be an undue emphasis laid upon 

the chemical composition of the test, to the ignoring of physical 
structure. As things are at present, the essential differences of 

structure, which three distinct genera were originally created to 
express, are often overlooked in favour of the importance attached 
to slight differences in the chemical composition of the tests). Nor 
is this all, for the impossibility of retaining all these types within 
a single genus has led to re- subdivisions of the group being made, 
and we find that old generic names are now apt to reappear in 
impossible connections. Thus Chapman first described certain new 
forms, which he found near Cairo, as " Patellina aegyptiensis " ; 2 

but afterwards, apparently because he found them to be sub -are- 
naceous, he referred to them as " Conulites aegyptiensis "3. And 
yet his own photographs of the form4 show that it can be neither 
the one nor the other (in the original senses of those genera) since 
it has the subdivided cortical chambers found among the Orbitolinae 
alone.5 Chapman's formal definition of " Conulites ", too, would 
actually exclude the very species (cooki) which the genus " Conul- 
ites " was originally created to accommodate.' This seems to be 

1 Thus Chapman actually puts into entirely different families (Lituolidae and 
Rotaliidae) forms which he admits "represent the same morphological species of 
organism " (The Foraminifera, cf. pp. 65 -66 and 135). This seems to be mani- 
festly wrong, and it is easier to believe that the compositon of the test varied 
in closely allied forms, than that morphologically very similar types should be placed 
far apart on the mere grounds of the chemical composition of the test. Dr. Pilgrim 
has very kindly drawn my attention to the fact that Ch. Schlumberger and H. Douvillé 
agree to this, in their paper " Sur Deux Foraminifères Éocènes " (Bull. Soc., Geol. de 
France, 4th Ser., V, 1905, pp. 291 -304). They point out that the composition of the 
test should be treated as a secondary, not a primary character, since it appears to 
vary with the materials available to the organism for the construction of its supporting 
and protecting walls. 

2 Geological Magazine, Decade IV, Vol. VII, 1900, pages 3, 10 -14, and Plate II, 
figs. 1 -3. 

3 The Foraminifera, 1902, p. 157. By F. Chapman, A.L.S., F.R.M.S. 
Q Ibid., p. 275, fig. 36 ; also the figures in the Geological Magazine. In the latter 

(p. 12) Chapman himself noted that aegyptiensis had subdivided cortical chambers, 
while cooki had not. 

6 Or Orbitolininae, since I am using the term Orbitolinae throughout my article 
above as representing the sub- family rather than the genus. Chapman's aegyptiensis 
is now commonly regarded as belonging to Blankenhnrn's genus Dictyoconus, which 
belongs to the Orbitolina group. 

B The Foraminifera, p. 156. -157. It is strange that he makes the subdivision 
of its cortical chambers a generic feature of Conulites. Even Carpenter had been im- 
pressed by the absence of any such feature in cooki (op. cit., p. 234). 
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manifestly wrong. If a generic name is to be retained, it should 
surely be either in order to express the characters which it was 
originally created to express, or at least to express some other 
characters peculiar to the specimens for which the genus was 
created. The new definition of the genus should not exclude its 
own original type -form. 

Finally Zittel (1913) recognises the old genus Orbitolina, whose 
structure he describes very clearly ; 1 but he unfortunately makes 
the siliceous composition of the test a feature not only of the genus 
but of the sub -family, and gives no indication as to how those forms 
are to be placed which exhibit an identical structure in a calcareous 
test. He somewhat significantly removes Williamson's Patellina into 
an entirely different family,2 but so defines it that it cannot 
possibly continue to include Carter's Conulites. So, as he apparently 
makes no other provision for the original Conulites, but seems to 
ignore it altogether, members of that type seem to be excluded 
from his system ; or, at least, they find no clearly recognisable 
position in it. - 

The trouble seems to be, so far as the genus Conulites is concerned, 
that representatives of it do not appear to be found outside of India 
in the same way that representatives of the other two great genera 
(or families) are ; so that while European geologists are kept con- 
stantly alive to the necessity for providing in their classifications 
for Orbitolinae and Patellinae, the distinct existence of Conulites 
has been lost sight of, ever since Carpenter minimised its right to 
separate recognition. Yet the genus is very well represented in 
India, by several species, one of which is found in great numbers 
over a large geographical area. It seems necessary, therefore, that 
students of Indian geology should take serious note of the existence 
of this genus ; and that cannot be done better than by reviving, 
with slight modification, Carter's original description of it. 

Description of Genus. 

Test calcareous and finely tubulated. Form conical, with base 
varying from concave to convex. The upper surface shows a super- 
ficial skin, thickest in the middle and thinning to the sides, traversed 

1 Palaeontology, Vol. I, 1913, p. 27 and fig. 12. 
2 ¡bid, p. 33. 
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by short pillars, Below this lies a single layer of large and deep 
cortical chambers, rhomboidal in plan, not subdivided by any 
system of subsidiary partitions, and arranged in a spiral row, with 
generally a number of intercalary rows appearing between the 
whorls of the original one. The umbilical area is filled with small 
secondary chambers, disposed in layers parallel to the baso, and 
traversed by numerous vertical pillars analogous to those of the 
superficial skin. 

Thus defined, it is seen that the genus is a very well marked 
one, and easily distinguished from the types, Patellina and Orbi- 
tolina, with which it has so often been confused, but neither of 
which is adapted to receive it.l The following representatives of 
this genus appear on the North -West Frontier of India : 

Conulites kohaticus, n. slr. 

Figs. 1 to 5 (e). 

General Remarks. -This form has now been found by me in great 
slumbers, from the Jowaki border, 6 miles east of Kohat, to Thal, 
60 miles west ; in many places (notably Bahadur Khel) between 
Kohat and Latambar, 50 miles south ; near Saidgi, 15 miles west 
of Bunnu ; and on the Harnai -Spintangi line in Baluchistan ; in 
other words, over an area more than 60 miles broad by 300 deep. 
The actual distribution appears to be even more extensive. Thus 
Wynne, when describing the beds at Bahadur Khe1,2 says that 
the section there " contains the large thin rotalinae so characteristic 
of the " Subathu " nummulitic bands in the Potwar " ; and it 
seems to rae (since I kn. w the Bahadur Khel section very well) 
that he can only be referr;- g to this form. There is no other there 
that would answer to this description ; and he could not have 
failed to notice 'this c ne, which he does not otherwise mention. 

'In théir paper, mentioned in the first note on p. 238, Schlumberger and Douvillé 
show that Carter's Conulites, as represented by cooki, cannot be affiliated with aeyypt- 
iensis. They point out that cooki exhibits affinities both with Assilines and Orbitoi des, 
and suggest that the genus Conulites should be studied afresh. That is what I have tried to do here, showing how both the structure and the ontogeny of the genes indicate its true association with Nummulites and Orbitoides. The remarkable thing to my mind is that Schlumberger and Douvillé should have anticipated this finding 
on the very little material at their disposal. 

2 Item., Otol. Suev. Ind., Vol. XI, Pt. 2, page 139. 
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But in that case this form must also be found in Nummulitic rocks 
nearly 100 miles east of Kohat. Besides this, I have found numer- 
ous specimens of this identical species in the collections of the 
Geological Survey at Calcutta, which are registered as having been 
found in Lower Sind, at such places as the Dharan Pass, Maliri 
Landi, Ranikot, Trak Hill, Sumbuk Hill, the Habb River, etc./ 
Thus the form seems to have been collected almost wherever Eocene 
rocks have been found on the N. W. Frontier, over an area more 
than 150 miles broad by 600 deep. 

Description of Species. -The form is that of a depressed cone, the 
upper surface being convex with central boss, while the lower sur- 
face is generally concave. Variations in shape are generally to be 
seen at the outer margin of the test, which is sometimes thin and 
inclined downwards, sometimes thick and recurved upwards, with 
many gradations in between. 

Both surfaces are granulated. On the upper surface the granu- 
lations are large, globular, and close -packed in the region of the 
central boss, but diminish in size the further they are removed 
from it, elongating themselves radially, and assuming a spiral 
arrangement round the centre, following the course of the cortical 
chambers beneath. Finally, towards the outer margin of the test, 
the granulations disappear, and the underlying spiral rows of corti- 
cal chambers begin to show through the upper skin, which there 
becomes very thin. 

This upper skin is often found to be weathered away, especially 
at the margin where thinnest, and the spiral arrangement of the 
underlying chambers is then seen very clearly. This spiral may 
either be right- or left -handed (cf., Figs. 3 and 4). If any one row 
of chambers be traced backwards from the outer margin, it will 
be found that, on completing the whorl, some 8 or more other rows 
intervene between its two representatives. This shows that, towards 
the end, there are about 9 or 10 rows of chambers moving round 
in a combined group. Carter only figures one such intercalary row 
of chambers appearing in the cortical spire of cooki (cf. Fig. 9), 
and states that even this is exceptional, the spire in that species 
being " generally single throughout " ; so kohaticus appears to be 

i These are, respectively, specimens Nos. G.280!66 ; G. 309/99 ; G. 226 /137 ; 

G. 280/59* ; G. 226/139 ; and Rabb River No. 4. Other specimens of the same type 
from the same general area are Nos. G. 373/8 ; G. 280/100 ; and G. 226/127. I am in- 
debted to Mr. P. N. Mukerjee for helping me to find these specimens. 
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very distinct in this respect'. The cortical chambers of kohaticm 

are almost square in plan, the septa being only very slightly in- 

clined forwards, and spaced at intervals only slightly exceeding 

their own length. There are about 100 chambers to the outer 
whorl in an adult specimen. The primordial chamber appears to 
be spherical, but I have not yet been able to find it clearly exposed, 

nor to detect dimorphism. 
On the lower or concave side of the test the granulations are 

globular, uniform, and close- packed over the whole surface: The 
last chambers of the cortical series are sometimes seen (in the case 
of specimens with narrow and turned -down edges) at the outer 
margin of this surface. 

An axial section of the test [Figs. 5 to 5 (b)] shows a single layer 
of deep, rather claw- shaped chambers, blunt on top and pointed 
below, underlying the convex upper surface. These chambers are 
covered by the skin, already described, thickest at the central boss 
and thinning to the sides. Passing vertically upwards through 
this skin are a number of small pillars [faintly discernible in Fig. 5 

(a)1, the ends of which appear to provide the granulations at the 
upper surface. Below the layer of large cortical chambers, and 
filling the hollow cone formed by the same, is a mass of much smaller 
chambers, apparently disposed in horizontal layers between the 
claw -like points of the cortical chambers. These secondary cham- 
bers are traversed by numerous vertical pillars analogous to those 
of the upper surface, but much more distinctly seen owing to their 
greater length, and much more crowded owing to their emergence 
from a concave surface. These pillars are somewhat conical in 
shape, being pointed on top and thickening as they descend ; they 
do not always reach the lower surface, but are replaced by others 
if they fail to do so. The granulations on the lower surface of the 
test represent the rounded ends of these pillars as they emerge at 
that surface, 

1 A specimen with worn central boss [Figs. 4 and 4(a)]shows two intercalary rows 
of chambers appearing before the primary row has even completed two whorls ; that 
is to say, within the first Ith part of the radius of the adult test. Owing to the rate at 
which interealary rows appear, the " twist " of the primary row rapidly opens out ; so 
that, although the row itself does not widen appreciably in this species (it does widen . 

in others), there are only about 4 or 5 whorls altogether. Thus, in one specimen examin- 
ed, the first whorl was apparently represented by the first lateral chamber in the ra- 
dius, the second by the next 3, the third by the following 10, and the fourth and last 
by the outer 11. It seems from this that new intercalary rows were more freely 
developed in early than in later life. 
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A horizontal section of the test [Fig. C (c)] shows the large rec- 
tangular chambers of the cortical series in plan, at its outer margin, 
while many small dark circles in its central portion seem to repre- 
sent the sections of the vertical columns above described. It will 
be noticed that, whether seen in vertical or cross section, the large 
cortical chambers appear to be simple, without any such system of 
secondary internal partitions as exists in the genus Orbitolina.1 

Distinction, and Stratigraphie Horizon. -The above species thus 
possesses all the main characteristics of the original genus Conulites. 
These, as described or figured by Carter, are :.-(a) Conical shape ; 

(b) Superficial granulated skin, thickest at the apex and thinning to 
the sides ; (c) A single layer of large and simple cortical chambers, 
deep in vertical section and rhomboidal in plan, arranged in a spiral 
which is apt to bifurcate, or display intercalary rows ; (d) A mass 
of small secondary chambers arranged in layers parallel to the base 
and filling the umbilical part of the test ; and (e) Numerous vertical 
pillars, pointed on top, which traverse the layers of secondary 
chambers, and form crowded granulations on the surface below. 

It seems, therefore, that kohaticus is generically identifiable with 
Conulites cooki ; but a specific identification cannot be so clearly 
established. Thus Carter represents cooki as possessing a relatively 
much higher test, a convex lower surface, relatively much larger 
cortical chambers, and few ii any intercalary rows of such chambers. 
I was unable to check matters at Calcutta, since I could find no 
specimens, in the Geological Survey collections there, which were 
certified as identical with Conulites cooki.2 Carter's original speci- 
mens of cooki were, according to Chapman, mounted on Slide No. 40 
of the Carter Collection, and to be seen (in 1900) in the Geological. 
Society's Museum.3 The collections in that Museum have, how- 
ever, since been taken over by the British Museum ; so I applied 
to the latter, for direct comparison of my specimens with Carter's 

r I do not state the usual dimensions of this and other species here described, since 
such data can be obtained from the photographs at the end. 

2 Specimens in the collections at Calcutta are variously labelled " Conulites " or 
Patellina cooki," etc., never Conulites cooki. As " Conulites " they were apparently 

regarded as distinct from cooki ; as " Patellinae " they could not help being attributed 
to cook*, however much or constantly they might differ in details, since the generic 
characters themselves were reduced to specific grade. 

8 According to Chapman (Geol. Mag., as above, p. 12), the specimens of cooki on 
slide No. 40 were numbered 2 (from Kelat), 3 (from Sind), and 4 (from Arabia). This 
mention of a specimen from Arabia is interesting, as showing that the genus is not re- 
stricted to India ; but as this is the only allusion I have yet seen to an extra- Indian 
discovery of the type, I will do no more at present than simply draw attention to it. 
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Slide 40. In reply, Dr. W. D. Lang writes as follows : " I bave 

made a thorough search for Carter's Slide 40 in the Geological Society's 

Collection, which is now here, and cannot find it. Moreover, Conu- 

lites [Patellina] cooki is not mentioned in J. F. Blake's ` List of the 
Types and Figured Specimens recognized by C. D. Sherborn in the 
Collection of the Geological Society of London, verified and arranged 

with additions,' 1902. I suppose, therefore, that the slide was 

missing from the Geological Society's collection at that date.. 
So I am afraid that the type is lost, and only the figure is left on 

which to found an opinion. "1 It is possible, of course, that the 
slide may some day be found, but it does not seem very probable 
in view of Dr. Lang's remarks. So all we have at present, in regard 

to cooki, are Carter's figures and written description of it ; and since 

these all seem to represent a form specifically quite distinct from 

the type here described, we must either regard the latter as a new 

species, or else impugn, without evidence, Carter's description of 

cooki. Assuming, then, that Carter's details are as accurate as his 

more general observations, I regard my own species as distinct, and 
propose to name it kohaticus, both from the region in which I first 
collected it in large numbers, and from the zone, " Kohat 
which it peculiarly characterises. 

That zone is the highest one hitherto identified as belonging to 
the Laki stage, and corresponds to the lower portion of Mr. Pinfold's 
" Upper Chharat."2 It immediately underlies the " Nummulite 
Shale," overlies the Ghazij Shale (or Lower Chharat ") and is well 
represented in many places west of the Indus, where it is generally 
found to contain great numbers of kohaticus, undoubtedly in situ. 
The Kohat Shale was apparently a marine shallow water formation, 
since it contains Corbula, Ostrea, and limbs of crabs, etc. ; and it 
is noticeable that all trace of Conulites, seems to disappear in the 
Nummulite Shale above, where the abundant molluscs of the Kohat 
Shale are replaced by Pycnodonta [Gryphaea] cf. vesicularis which 
(i.e., Pycnodonta) indicates, according to H. Douvillé, deeper water 
than Ostrea.3 

As I have elsewhere'pointed out,'1 -there in reason to believe that 
the base of the Indian Khirthar (represented locally by the Num- 

1 Letter of 3/12/1924. 
2 Rec. Geol. Snrv. Ind., Vol. XLIX, Pt. 3, pp. 137 -160. 

3 Pal. Ind., N. S., Vol. V, Mem. 3, pp. 12 -13. 
A" Notes on the Correlation of Pinfold's Chharat Series with the Eocene Stages 

of Sind and Europe " (Trans. Mining and Geol, Inctitnte of India, Vol. XX, part 3). 
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mulite Shale) corresponds to the. base of the Lutetian in Europe ; 

so the Kohat Shale would represent an uppermost Ypresian horizon 
(the Laki, as a whole, representing the middle and upper Ypresian). 

Conulites kohaticus var. spintangiensis, n. var. 

Fig. 6. 

Variations in size and form exist, even at Kohat, between repre- 
sentatives of C. kohaticus ; and as onè goes south one finds that a 
bigger and flatter form becomes the more normal type. This appear- 
ance of flatness is due to the thickening and turning upwards of 
the outer rim of the test. The change is apparent even at Bahadur 
Khel, in beds the exact counterpart of those at Kohat ; and it is 
most noticeable of all at Spintangi, where very large forms (some 
up to 2 c.m. in diameter) are to be found. 

As individuals of the southern type are found at Kohat, however, 
while individuals typical of Kohat are found even at Spintangi, with 
every grade in between at both places, I do not feel justified in 
creating a new species to define the more southern type,1 but propose 
to class it as a variety, spintangiensis, of kohaticus. 

Stratigraphie Horizon. -The Spintangi rocks are generally regarded 
as representing an Upper Khirthar horizon. If that is correct, then 
Conulites is undoubtedly found in the Upper Khirthar. Personally, 
however, after examining the Harnai -Spintangi area, I am very 
doubtful whether the accepted opinion can be right ; I am inclined, 
for reasons which I cannot go into here, to regard the Spintangi 
rooks as probably just a special facies of the Upper Chharat (i.e., 
uppermost Laki and basal Khirthar). In any case, Conulites there 
appears among much the same associates as in the Kohat Shale, 
and has not yut been found by me in a deep water formation. 

Conulites kohaticus, var. blanfordi, n. var. 

Although many specimens of Conulites are to be seen in the 
collections of the Geological Survey at Calcutta, nearly all of them 
appear to conform either °to the true kohaticus type or to its spin - 
tangiensis variety. There are, however, a few exceptions to this, 

i I call it the " southern " type, since it is the more southern of the ones I have 
myself collected. It is noticeable, though, that the specimens from Lower Sind, still 
further south, often approximate to the normal kohaticus type rather than to the spin- 
tangiensis variety. 



246 Records of the Geological Survey of India. [Vol.. LIX. 

among which two specimens (numbered G.373/11) seem to rel)ieSCiit 

a type sufficiently distinct to be separately described. An internal 
section of one of these specimens, kindly 

made for me by Mr. Tipper, does indeed 

show the closest resemblance to the 
species kohaticus. The relative siz s .1f the 

X3 cortical and secondary chambers a'e the 
same, as also the number of cortical 

chambers to the radius. There are, however, certain iiiaikecl 

external differences which, being found in both specimens, appear 
to justify one in regarding them as belonging to a distinct 
variety of the species. Thus the test is relatively very high 

(diam. of base, 10 mm. ; height, 3z to 4 mm.), with distinctly 
pointed apex, straight sides, sharp margin, and slightly concave base. 

A singular future about these specimens is the apparent absence of 

granulations on their convex surfaces, which are covered with a smooth 
or slightly corrugated skin. This absence of granulations on the 
upper surface might, indeed, be attributed to weathering, for a 
similar absence is occasionally seen on specimens of the normal 
koha!icus ; but since both these specimens show it, while neither 
appears to be otherwise very weathered, it seems more likely that 
a smooth. upper skin is a feature of the type. In that ease, the 
great height of the test, together with the paucity of granu- 
lations on the convex side, may indicate a somewhat abnoimal 
degree of specialisation in this variety.' I propose that it should 
be named after the well -known geologist who collected these two 
specimens. 

Locality and horizon.-The specimens were collected by -Mr. 

W. T. Blauford, in 1882, from the Eocene rocks just west of Mang- 
rorah (Lat.. 30° 40' North ; Long. 70° 30' East), where such foins 
are said to be " numerous." The exact horizon is not at present 
known. 

Section of 6. 373/11. 

Conulites vredenburgi., n.. sp. 

Figs. 7 to 7(b). 

Although the vast majority of Conulites that one sees along the 
N.-W. Frontier are clearly identifiable either with kohaticus or with 
its variety spintangiensis, yet I have in one spot found in situ a 

i The development to the concave side being even more marked than usual, and 
that to the convex side even more neglected. 
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type of Conulites which does seem to differ specifically from kohaticus. 
It is a relatively small, flat form, with cortical chambers so large 
in proportion to the test as a whole. as to constitute in my opinion a 

specific difference in type. An adult of this species shows only 
about 15 cortical chambers to the radius, in axial section, as against 
25 to 30 in kohaticus and spintangiensis, so that these chambers 
are altogether larger in proportion to the test as a whole. No 
gradations seem to exist between this type and kohaticus. I give 
sections of one of the largest and least flattened specimens found of 
this species, so that the proportions of its chambers aid the shape 
of its test may be compared with the kohaticus type at a peint where 
they approach it most closely. The spire hf.s about 8 intercalary 
whorls. 

Locality. -The species appears in certain limestone bards in a 
pocket of Eocene rocks, at a spot (Lat. 30° 392' North; Long. 
67° 542' East) near Chrome Mine No. 136 at Hindu Bagh, in Balu- 
chistan. 

Horizon. -The existence of this pocket was recorded by Mr. 
Vredenburg somè years ago, and its horizon registered by him as 
" Ghazij Shale." It is a marine, or estuarine, shallow -water form- 
ation, gypsiferous, with remains of Ostrea, Cerithium chapari, Mama 
dubia, Corbula, Natica, etc.' As a Ghazij Shale formation, it would 
represent the horizon just below the Bohat Shale. I propose to 
name the species after the late Mr. Vredenburg, who first noticed 
this little pocket of Eocene rocks among the surrounding serpen- 
tines. 

Conulites :tipperi, n. sp. 

Fig. 8. 

In certain hand specimens of rock matrix, numbered G.280/77 in 
the collections at Calcutta, I found a third species of Conulites, very 
distinct from both of the foregoing. While it exhibits all the charac- 
ters of the genus, it is remarkable by reason of its extremely small 
size (3 to 4 mm. diameter), its globular form, and its relatively 

i Although containing an Eocene fauna, these beds are singularly devoid of all 
Nummulites, Assílines and Alveolines. The only other foraminifer which 1 have found 
in them, besides vredenburgi, is a small Orbitoline [s. lat., probably a Dictyoconus ; shown 
in Figs. 13 to 13(b) below], of which both the megaspheric and microspheric forms are 
found in abundance. Chapman noted a similar strange absence of Nummulites (but 
not of Alveolines) in the beds containing aegyptiensis. This suggests that the conditions 
which suited Orbitolines were inimical to Nummulites ; and so the stunted appearance 
of vredenburgi may represent its adaptation to unfavourable circumstances. 
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enormous cortical chambers which never seen to exceed in number 6 

or 7 at most, to the radius, in axial section. The base i:; generally al- 
most as convex as the upper surface ; and the granulations on it are 
noticeably largest in the middle, instead of being uniform as in the 
other two species. The spire appears to be single throughout, and in- 
creases rapidly in sip e as it nears the periphery ; so that the outermost 
cortical chambers are about half as wide again, and two to three 
times as deep, as the innermost ones. This feature is seen to some 
extent in C. vredenburgi, but it is more noticeable in the species 
now described by reason of the still smaller number of whorls in 
the latter, which renders their increase more noticeably rapid. The 
vertical pillars are well seen, in axial section, traversing the secondary 
chambers of the lower surface ; and analogous pillars are seen, more 
prominent in the centre than to the sides, rising from the cortical 
chambers to the upper surface. I propose to name the species after 
Mr. G. H. Tipper, Palæontologist of the Geological Survey, by 
whom my attention was first drawn to these rock specimens, and 
who has very kindly helped me in working on them. 

Locality. -The specimens were collected at Petiani, 10 miles west 
of Kotri (or about 14 miles west of Hyderabad, Sind). 

Horizon. -The area round Petiani was mapped by Mr. Vredenburg 
as Alveolina Limestone. The associated foraminifera in these hand 
specimens, being N. rarnondi and Assilina granulosa, certainly prove 
the horizon to be a Laki one ; but the apparent absence- of Alveo- 
lines makes it seem very improbable that these forms could belong 
to the Alveolina Limestone. The rock itself is also a shaley lime- 
stone, quite unlike the normal Alveolina Limestone matrix. There 
is, on the other hand, no record of any Eocene rocks, later than the 
Alveolina Limestone being found in the vicinity ; but the presence 
not far to the south, of a large exposure of Meting Shales, makes it 
seem possible that these specimens were collected from some lesser 
northern outcrops of the same, which were too minute to be regis- 
tered on Mr. Vredenburg's small scale map. Thus the species would 
appear to belong either to the middle or (more probably) to the lower 
levels of the Laki. 

Ontogeny, Structure, and Classification of Conulites. 
It seems possible that, in the earliest stages of growth of Conu- 

lites, the form is similarly developed on both sides of the equator, 
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without the conical bias to one side which becomes so distinct 
shortly afterwards. This appears to be indicated (1) by the more 
or less horizontal arrangement of the first few cortical chambers, as 
seen in axial section ; (2) by the central " boss " on the convex 
surface, implying a greater thickness of superficial skin produced 
in the earlier, than in the later, stages of development ; (3) by the 
fact that the granulations of the upper 'surface are at first (i.e., in 
the region of the central boss) very similar to those of the low er 
surface, but become progressively fainter in the later stages of 
growth ; and (4) by the fact that the spire has just as often a left - 
handed twist as a right- handed one. 

All these facts seem to suggest that there may b first at no bias to 
either side, but only some want of internal equilibrium which sub- 
sequently impels a development to one side or the other. If it were 
left to some accident of growth to determine to which side the cone 
should be developed, it would be easy to see why the spire should 
be sometimes left and sometimes right- handed, and also why further 
development of both skin and pillars on the rejected (or convex) side 
should be curtailed, once the bias was determined to the favoured 
(or concave) side. For the bias to one side, and the curtailment of 

development to the other, seem to be correlated. 
It seems best, therefore, from the ontogeny of Conulites as well 

as from the main facts of its structure, to regard it as a very aberrant 
genus allied to some form like Nummulites or Orbitoides which 
exhibits a bi -polar arrangement of secondary chambers on either 
side of an equatorial layer of large ones. Thus the simple but large 

' cortical chambers of Conulites may be compared with the compara- 
tively large equatorial chambers of Nummulites ; while the incrusta- 
tion on the convex surface of Conulites, together with the umbilical 

chambers on the concave surface, both traversed by numerous 

conical pillars, might represent the lateral chambers traversed by 

conical pillars of many Nummulites and all Orbitoides. The calcare- 

ous and finely tubulated nature of the test in Conulites further agrees 

with this proposed association.' 
It is true, of course, that no close affinity can be claimed. Thus 

the rhomboidal form of the cortical chambers in Conulites, and their 

spiral arrangement, forbid too close an association with Orbitoides ; 

while the same rhomboidal form of the chambers, and the tendency 

The tubulation of the test is best seen in Fig. 7 (b) below. 
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to develop numerous intercalary rows of chambers in the spire, 

emphasise its distinction from Nummulites. No doubt Conulites 
should be placed in a position parallel to those great genera, rather 
than in succession to either. Still, it appears to find its most natural 
place in the same family with them ; so I suggest that it should, 
at present, be classed as the type -genus of a new sub -family CoNU- 

LINIDAE of Zittel's family NUMMULITIDAE. 

In conclusion I wish to say how indebted I am to Dr. Pascoe, 
Director of the Geological Survey of India, for many facilities freely 
given to study in the offices, and refer to the library and collections 
of the Geological Survey in Calcutta ; to Dr. Baini Prashad, Officia' 
ting Director of the Zoological Survey of India, and Dr. C. S. Fox 
and Mr. Watkinson of the Geological Survey, who have most kindly 
taken for me all the photographs of micro -sections here produced ; 

to Mr. Tipper and Mr. Lahiri of the Geological Survey, for much 
advice and practical help ; also to many other officers of both Surveys, 
for incidental assistance of all kinds constantly given. 

This paper was written in June 1925, before it was known that anyone else was 
working on the same genus. Mr. W. L. F. Nuttall of Cambridge has, however, since 
this paper went to press, published a description of a species from the middle Khirthar 
which he identifies with Carter's cooki; and another species from the upper Ranikot, 
which he names conditi. Neither of these species is identifiable with the forms described 
here. Mr. Nuttall points out that Carter's name for the genus, Conulites, is preoccupied, 
and he substitutes for it the name Dictyoconoides. .It should therefore be understood 
that all references to Conulites in the text refer to the genus now known as Dictyoconoide.s 

4NuttalV 
For Mr. Nuttall's papers, see- 
" Two Species of Eocene Foraminifera from India," Annals and Magazine of 

Natural History, Ser. 9, vol. XVI, pp. 378 -388, October 1925. 
" -The Larger Foraminifera of the Upper Ranikot Series (Lower Eocene) of Sind, 

India ", Geological Magazine, Vol. LXIII, pp. 112 -121, March 1926. 
For Prof. H. Douvill6's remarks on the same, see- 

" La Forme Conique chez les Foraminifères, et le genre Dictyoconus Nuttall ", 
Comte Rendu Sommaire des Séances de la Société Géologique de France* ler 
février 1926, p. 19. 
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No. Q. S. I. Reg. No. 

Plate 16 1 . 397 . Conulites kchaticus. External view of 
unweathered test ; convex " surface. 
(x 6). 

2 . . 399 . The same specimen ; concave surface. 
(x 6). 

3 . . 390 . External view of the upper surface of a 
weathered test, showing rows of cortical 
chambers Note the right- handed twist 
of the spire. (x 6). 

4 . . 398 . Another specimen, with central boss 
removed, showing primary whorls. Note 
the left- handed twist of the spire. 
(x6). 

4 (a) . Sketch of primary whorls in above, showing 
2 intercalary rows of chambers. 

Plate 17 5 Axial section of another specimen, showing 
cortical and umbilical chambers, with 
pillars traversing the latter. (X 6). 

5 (a) . 1262 . As in 5, but further enlarged. Note struc- 
ture of the central boss, formed by 
thickened supra -cortical skin with travers- 
ing pillars. (X 12). 

5 (5) . 1254 . Another specimen much enlarged to show 
shape and simple character of cortical 
chambers. Note the conical pillars des- 
cending to form granulations on the lower 
surface. (X 30). 

5 (c) . 392 . Horizontal section of a test. ( X 24). 

6 Conulites kohaticus, var. spintangiensis. 
Axial section. (X 6). 

7 . Conulites vredenburgi, Axial section. 
( X 6). 

7 (a) . 505 . The same, further enlarged. (X 13). 
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No. G.S.I. Reg. No. 

7 (b) . 3)6 . The same, again enlarmd. Noto the per- 
... fomtions of the cortical chamber walls. 

(x30). 

Plate 18 8 . . 516 Conulites tipperi. Axial section. (x20). 

9 . . 3412 . Carter's diagram of Connlies cooki, as re- 
produced by Carpenter under the generic 
name " Patellina." For comparison with 
the specimens of Conulites figu :ed 
above. 

10 . 3411 . Carter's diagram of Orbitolina lenticularis, as 
reproduced by Carpenter under the generic 
name " Patellina." For comparison with 
Conulites. Note the subdivisions of the 
cortical chambers, and absence of pillars 
traversing the secondary chambers. 

Plate 19 11 . 3113 Williamson's diagrams of Patellina corrugata. 
This being the form for which the genus 
Pa`ellina was created, our ideas as to that 
genus must be based upon its characters. 
So note the apparent absence of all supra - 
cortical development of skin or granules ; 

the irregular subdivisions of the cortical 
chambers, and their arrangement in semi - 
lunar strips ; the confused filling of the 
umbilical cavity, and the total absence of 
all pillars traversing the same. 

Plate 20 12 . 1264 

I3 

Carpenter's diagrams of recent Australian 
forms also classed by him as Patellinas, 
although they again seem to represent a 
distinct genus. Whatever the affinities of 
this type may be, the cyclical arrangement 
of its cortical chambers, their great depth, 
and the massed granules in the centre of 
the base of the test, form a combination of 
characters which forbid generic identifica- 
tion with any other type here dis- 
cussed. 

An Orbitoline form (Dictyoconus ; megalso- 
pheric generation) associated with C. vre- 
denburgi near Hindu Bagh. (X 6). 
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13 (a) 394 . The same, further enlarged, for comparison 
with the Conulites type. Note the sub- 
divisions of the cortical chambers, absence 
of supra -cortica' skin, etc., and absence of 
all pillars through the umbilical region. 
(X 30). 

13 (b) 1257 Cross section of the same species, for corn. 
parison with 5 (c). Note the subdivision s 
of the cortical chambers, and their cyclical 
instead of spiral disposition as shown by 
the appearance of only one whorl in this 
section. (X 30). 
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[ FROM THE RECORDS, GEOLOGICAL SURVEY OF INDIA, VOL. LIX, 
PART 3, 1926.] 

REMARKS ON THE KNOWN INDIAN SPECIES OF CONOCLY- 

PEUS, WITH DESCRIPTIONS OF TWO NEW SPECIES 

FROM THE EOCENE _ OF NORTH -WEST INDIA. BY 

MAJOR L. M. DAVIES, R. A. (With Plates 25 to 26.) 

It does not seem that any Indian species of Conoclypeus has 
ever yet been identified with an European one. In 1889 -94 Cotteau 
recognised thre ; French species and e' ghteen foreign to France' ; 

among the latter he admitted, as distinct from each other and from 
the rest of the then known types, the six Indian species described 
by Duncan and Sladen.2 It is worth remarking that Cotteau 
rejected the earlier d. scribed. C. flemingi of d'Archiac, owing to the 
indeterminate character of the specimen upon which the species 
was founded, of which. the genus itself is uncertain3. It appears, 
from the figure given in d'Archiac and Haime's own work,4 that 
this caution is well justified. 

Since Cotteau wrote his comments, a number of new species of 
Conoclypeus have been described in other countries (though no more 
in India), and we have probably now to recognise about 40 species 
instead of the 21 of Cotteau. It does not seem, however, that any 
European or other western specimen has yet been found which 
exactly corresponds to an Indian one.5 On the other hand, the 
Indian specimens seem to form a fairly closely related group among 
themselves, to which the two new species now about to be de- 
scribed also appear to belong, without being actually identifiable 
with any of the forms already known. As I have recently been 
given, through the courtesy of the Director of the Geological Survey 
of India, the fullest opportunity of examining the original specimens 

' " Eohinides Eooènes " by G. Cotteau, Palceontologie Française, 1 -re Serie, Vol. II, 
p. 196, ff. 

2 Pal. Ind., Ser. XIV, Vol. I, Memoir 3, Fas. II and IIL - 
S Op. cit., pp. 214 -215. 
6 Ann. Foss. du Groupe Numm. de l'Inde, 1853, p. 215 and Pl. XV, fig. 1. 
6 The western forms which approach the Indian types most closely seem to be 

C. delanouei P. de Loriol, 1880, from the Eocene of Egypt, C. vilanouce Cotteau, 1800, 
from the Middle Eocene of Spain, and C. pyrenaicus Cotteau, 1856, from the iLiddle 
Eocene of France and Spain. 
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REMARKS ON THE KNOWN INDIAN SPECIES OF CONOCLY- 

PEUS, WITH DESCRIPTIONS OF TWO NEW SPECIES 

FROM THE EOCENE OF NORTH -WEST INDIA. BY 

MAJOR L. M. DAVIES, R. A. (With Plates 25 to 26.) 

It does not seem that any Indian species of Conoclypeus has 
ever yet been identified with an European one. In 1889 -94 Cotteau 
recognised thre , French species and e ghteen foreign to France' ; 

among the latter he admitted, as distinct from each other and from 
the rest of the then known types, the six Indian species described 
by Duncan and Sladen.2 It is worth remarking that Cotteau 
rejected the earlier d scribed C. flemingi of d'Archiac, owing to the 
indeterminate character of the specimen upon which the species 
was founded, of which . the genus itself is uncertain3. It appears, 
from the figure given in d'Archiac and Haime's own work,4 that 
this caution is well justified. 

Since Cotteau wrote his comments, a number of new species of 
Conoclypeus have been described in other countries (though no more 
in India), and we have probably now to recognise about 40 species 
instead of the 21 of Cotteau. It does not seem, however, that any 
European or other western specimen has yet been found which 
exactly corresponds to an Indian one.5 On the other hand, the 
Indian specimens seem to form a fairly closely related group among 
themselves, to which the two new species now about to be de- 
scribed also appear to belong, without being actually identifiable 
with any of the forms already known. As I have recently been 
given, through the courtesy of the Director of the Geological Survey 
of India, the fullest opportunity of examining the original specimens 

" Eohinides Eooènes " by G. Cotteau, Palceontologie Française, 1 -re Serie, Vol. II, 
p. 106, ff. 

2 Par. Ind., Ser. XIV, Vol. I, Memoir 3, Fas. II and IIL 
8 Op. cit., pp. 214 -215. 

Ann. Foss. du Groupe Numm. de l'Inde, 1853, p. 215 and Pl. XV, fig. 1. 
8 The western forms which approach the Indian types most closely seem to be 

C. delanousi P. de Loriol, 1880, from the Eocene of Egypt, C. vilanovice Cotteau, 1800. 
from the Middle Eocene of Spain, and C. pyrenaicus Cotteau, I856, from the l.iddle 
Eocene of Trance and Spain. 
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from which Messrs. Duncan and Sladen described their species, 

I am in a position to describe the new types wish some confidence 

in regard, at least, to their differences from those which approach 

them most closely. 

CONOCLYPLUS PILGRIM", sp. nov. 

Plate 25, figs. 1 -6, Plate 26, figs. 1 and 2. 

This form appears in considerable numbers in a particular 
limited zone of the Eocene rocks of Kohat (33° 35' 30 "; 71° 30! 

to 71° 33'), and its chief interest lies in 
General remarks. the fact that it is the first Indian type of its 
genus to be described from a large number of fairly well preserved 
specimens, collected within a small area, at an exactly definable 
stratigraphie horizon. Not only, therefore, can all its, main 
characters be ascertained with certainty, but the general constancy 
to type of the specimens, together with the impossibility of separat- 
ing them into more than one species, allows one both to judge of 

the characters which seem to be variable, and also to refer with 
some confidence even to comparatively minor details of form, where 
these seem to belong to the type rather than to the individual. The 
new type thus markedly differs from those Indian species (i.e., 
sindensis, declivis, galerus1 and rostratus) in which one or more 
features- apical system, periproct or periatome -are totally unknown, 
and which have sometimes also been obviously distorted in shape by 
rock pressure. Even the holotypes of pinguis and alveolatus, which 
are really beautiful and almost perfect specimens, seem to stand 
alone as representatives of their species ; so it is not certain to 
what degree their minor characters are specific rather than in- 
dividual. In other words, C. pinguis and C. alveolatus are at 
present the only two really well defined Indian species of this genus ; 

the new species makes a third, with the added advantages of being 
represented by a fairly large number of specimens and coming 
from an exactly definable stratigraphie zone. 

1 Cottean renamed this species C. dun.cani, to avoid confusion with C. galerua Schaf- 
hautl, 1863. Presumably duncani is therefore its correct name. As I am referring 
only to Indian species in the body of this paper, however, I am retaining the more 
familiar Indian name for the type. My references therefore are to O. galeras D. & S., 
1384, non Schafhautl, 1863. 
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The test is large, about 130 mm. long, and subconical, its height 
being about 54 per cent. of its length.' Its apex is slightly (or about 4 

Dcscrl fion of spedes. per cent. of its length) excentric to the front, and 
' the dorsal outlines descend from apex to 

ambitus in regalar curves, the anterior curve being mere convex 
thañ the posterior, but less so than those to the side,,. The ambita 
margin is somewhat tumid in front, less so at the sides, and com- 
1 a- atively sharp in the rear. 

The actinal surface is concave, and sub -oval in shape. Its 
greatest width is opposite the extremities of the anterior lateral 
petals, or about 1.5 per cent. excentric to the front, and equals 
about 80 per cent. of its length. The average concavity of the base, 
as measured in twelve specimens, equals 10 per cent. of the height 
of the test. This concavity, however, though always present, is apt 
to vary. Most specimens show a concavity of from 8 to 12 per Cent. 
of their height, but in one it is only 2 per cent., and in another 
ri much as 17 per cent. 

The apical plate is pentagonal in shape, with four large genital 
po es at the four anterior angles, and a somewhat pronounced 
tongue at the imperforate and posterior fifth. The whole plate 
is punctured with madreporite pores, with the exception of a narrow 
imperforate rim (not always distinguishable) round each genital 
pore. The ocular pores are small, and the ocular plates impinge 
slightly upon the sides of the apical plate. 

The ambalactal petals2 are wide, and slightly and evenly sunken 
through the greater part of their length. The anterior petal is 
straight ; the anterior laterals curve slightly forwards ; the posterior 
laterals are slightly and gracefully sinuous, curving outwards 
somewhat sharply for the first third of their course, rather less 
sharply through the middle third, and again inclining more out - 
warily for the last third. They terminate well above the ambitus 
(about 1-1 cm. above it in the adult). 

The poriferous zones are broad ; their breadth increases some - 
what rapidly for a short distance from the oculars, then more gra- 

This represents the average height of 12 specimens. Height seems to vary con 
siderably in this species; being as little as 50 per cent. in some and as mach as 58 per cent. 
in others, with every gradation in between. The figured specimen is higher than the 
average. 

2 t use the term " petal", for convenience, to denote the portion of the ambulacrum 

supplied 
with conjugate double porn whether tiro end of She same f sot trictted er 
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dually for the rest of the first third of the length of the petal, after 

which it remains constant through the middle third, and decreases 

again gradually through the lower third. The petal is finally 

terminated in somewhat abrupt fashion, the outer pores in the last 

3 or 4 pairs separating from each other and approaching their 
respective inner porcs, so that the groove joining the last pair is 

only about to } as long as the grooves in the middle of the petal, 
and is inclined at about 30° to 600 to the ambitus. A single 

row of pores continues from the end of the petal to the peristome, at 
each margin of the amb. As the latter nears the peristome, a narrow 

but widening and deepening granular border app:,ars at each of 

its margins. Within this border the pores become first crowded and 

irregular, and finally appear to be regularly doubled, the outer ones 

being slightly larger than the inner. 
The pairs of pores in the ambulacral petals are numerous, the 

oute° pores being longer than the inner. The grooves joining them 
are deep, and all but the last few are straight and lie p rallel to the 
ambitus. The costae between the grooves are ornamented with 
closely packed granules, not disposed in even rows as with some 
other sptcies. 

The interporiferous zones are about four -fifths of the width of 

the poriferous areas in the middle third of the petal, and widen 
by about another fifth towards the end of the petal, as the poriferous 
areas contract. Their ornamentation is crowded, uniform with that 
of the inter- radial areas, and consists of the usual small, equal, poi - 
forate and crenulate tubercles, sunken in aureoles. 

On the actinal surface the anterior amb is seen to be straight, 
while the anterior laterals are slightly convex, and the posterior 
laterals markedly' concave, to the front. On approaching the peri- 
stome the whole ambulacrum sinks, troughwise, between the ad- 
jacent inter -radial areas, and assumes a convex surface owing to 
the deepening and widening of the granular borders mentioned 
above. 

The inter -radial areas of the abactinal surface are slightly tumid 
at their junctions with the ambs, but smooth and somewhat flat 
between, with an inclination to slight depression at the median line'. 

1 In these respects C. pilgrims differs from all the types figured by Duncan and 
S. ad'n. since the latter either bave more roui red inter -radial areas (.s ni(ensis, declioie, 
p.1, plans, rostratus and alreolatus), less turn.: margins (pinguis and gareras), or lostc- 
or rile (simdensis galena, moat pingui, a d alveolatus). 
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The peristome is central or sub- central, pentagonal, transversely 
broad. 

The periproct is ovate, elongate Iongitudinally, with the smaller 
end towards the peristome. In the largest specimens its elonga- 
tion is very marked, and its position is close to the ambital area, 
which it touches but does not transgress. In the smallest and 
presumably least mature specimens, however, the periproct is marked- 
ly shorter and rounder, and partly situated on the ambitus, its plane 
being inclined to the actinal surface. Intermediate stages, in shape 
and position, are found in specimens of intermediate size.1 

The specimens were found in considerable numbers, about 4 
to 6 miles east of Kohat, in beds composed of limestone bands 

with stiff yellow calcareous clay partings. 
l'axial position of The position of these beds suggests their 

species. 
correlation with the mid -Laki " Alveolina 

Limestone " of .Sind. Thus they are underlain by a considerable 
thickness of clay beds which appear to correspond to the Lower 
Laki " Meting Shales," since local traces of vegetable remains are 
found at that level, and they are overlain by some 600 feet of beds 
with a Laid fauna on top, which seem to correspond to the " Ghazij 
Shales " etc., of Upper Laid levels.2 

The fauna of the limestones themselves also bears out their 
mid -Laki character. Thus they not only contain such typical 
Laki foraminifera as Nummulites atacicus and Assilina granulosa, 
besides many Laki molluscs, but they are crowded with Alveolina 
oblonga together with Orbitolites complanatus, a typical " Alveolina Lime- 
stone " combination as found m Sind. 3 and Southern Tibet.4 Hemiaster 
apicalis D. & S., said by Vredenburg to " characterise " the Alveolina 
Limestone of Sind,5 has also been found in these limestones. 

1 A similar movement of the periproet, away from the apes and towards the peri- 
stome, has been recorded and figured by A. Agassiz, when describing the development 
of Brissopaia lyrifera and Echinizrachnius parma (see Plates XIX. f. 1, 4, and XII L 1, 
4, 9, eto., in his Revision of the Echini, Pt. IV Structure and Embryology of-the Echini, 
in Memoirs of the Museum of Comparative Zoology, Harvard, Vol. III, p. 744, etc.) 

2 Discussed in detail in my " Notes on the Geology of Kohat," published in 
Vol. XX, Journ. As. Soc. Bengal. 

8 Thus Geological Survey of India specimens No. G. 280 -115 and G. 280 -77 (b), 
from the Alveolina Limestone of Sind, closely resemble specimens from this horizon at 
Kohat. 

4 C. Pal Ind., New Ser., Vol. V, Mein. 3, pp. 42, ff., and PL XVI. In his notes 
for a Memoir on Indian Alveolines, which he was preparing at the time of his death, Mr. 
Vredenburg stated that these forms were collected from the Alveolina Limestone cf 
Southern Tibet, 

Bea_ Geol. Sure, Ind., Vol.. XXXIV, p. 193. 
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It seems therefore that this Con.oclypeus belongs to the mid -Laki 

" Alveolina Limestone " zone. It is thus approximately associated 

with C. alveolatus, the only other member of the genus to have been 

reported as yet from the Laki ; although the zonal placing of alveo- 

latus, within the Laki, does not seem to be so exactly known. 

I am taking the liberty of naming this species after Dr. Pilgrim, 

of the Geological Survey of India, who was the first to suggest my 

studying the geology of Kohat. 

CONOCLYPEUS WARTIII, sp. nov. 

Plate 26, figs. 3 -6. 
Only one specimen is known of this form. It was collected 

some years ago by Mr. H. Warth, late of the Geological Survey 
of India, from the vicinity of Jutana (32° 

General remarks. 
432'; 73° 9'). The stratigraphie horizon from 

which it came is not recorded. Although it stands alone, however, 
the specimen is so strongly marked in every way that it seems 
undoubtedly to constitute a perfectly distinct species, and the 
Director of the Geological Survey has kindly permitted me to 
describe it. 

The test is large, bigger even than a full -grown C. pilgrims. 
Its dimensions are : length, 144 mm. ; breadth, 109 mm. ; height 

78 .mm. The apex is 78 mm. from the poste - 
Description of species. 

rior end of the test, or about 5 per cent. ex- 
centric to the front. The peristome, so far as one can judge from the 
converging ambs on the actinal surface, shoulde about 82 mm. 
from the posterior end of the test, thus being even more excentric 
forward than the apex, a singular feature for this genus. 

The base of the test is semicircular in front of the peristome, 
and pointed behind, thus being more or less kite -shaped. 

In side elevation the test is very tumid, and higher behind the 
apex than in front. The anterior profile runs almost directly for- 
ward from the apex, with a descent of only 1th of the height in Iths 
of the distance from apex to anterior margin ; after which the profile 
curves rapidly over and descends almost vertically for the next 
two quarters of the height, and then swings round in a semicircle, 
downwards and to the rear, for the last quarter. The anterior 
ambitus is thus very rounded and tumid, unlike any other Indian 
species. To rear of the apex, the profile rises slightly for 1rd of the 
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distance to the posterior margin, then swings round and downwards 
in a broad curve, and finishes with the last 4 cm. of the profile as 
a straight line descending at over 70° to the ambitus. Thus the rear 
portion of the ambitus is almost rectangular in profile, and in marked 
contr,: st to its very rounded shape in front. 

The cross elevation of the test is also peculiar, as the lines of the 
profile go out horizontally from the apex for at least the distances 
to the sides, then swing round in bold convex curves and finally 
descend, for the lower half of the total height, in vertical or even 
recurved lines ; so that the top of the shell appears to be quite 
flat, as seen from the rear (or front), and overhangs the ambitus 
on both sides. 

Thus the appearance of the test as seen from beneath, from the 
side, or from either end, is most unusual, and quite unlike that of 

any other known Indian species of this genus. 
The ambulacral petals terminate far (at least 2 cm.) above 

the ambitus, and the petal -ends are of the usual Indian type, though 
slightly more tapered and with the terminal conjugate grooves 
slightly more horizontal than in C. pilgrimi. The poriferous areas 
are very broad ; for the first half of the petal length they are about 
twice as broad as the interporiferous areas. At the ends of the petals, 
however, the interporiferous areas become nearly as broad as the 
poriferous at their widest. The poriferous areas exhibit much 
the same general plan of increase and decrease in width as is 

found in C. pilgrimi, but the terminal portion is rather more 

tapered. 
The interambulacral areas are striking in appearance, represent- 

ing a great . exaggeration of tendencies only faintly indicated in 

C. pilgrimi. Thus the petals, as with that species, are sunk evenly 
between the interambulacrals for at least three quarters of their 
length, but they are sunk far more deeply. The interambulacrals 
are also far more tumid at their junctions with the ambs, and the 
tendency to central depres3ion, noted in pilgrimi, is here so exagger- 

ated that distinct median grooves appear, giving a singular appear- 

ance to the test. 
There is also a similar, but much slighter, median depression in 

the interporiferous areas of the ambs. 
The ornamentation of the test is of the usual pattern, but the 

test is too weathered for details to be seen, e.g., on the costie between 

the conjugating grooves of pore -pairs. All one can say is that the 
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ornamentation, though close, is not quite so closely packed as in 

C. pilgrimi. 
The details of the apical disc are unfortunately indistinguishable ; 

the whole region of the peristome has been destroyed, so that no 

details can be recorded there. 
The periproct is ovate, elongated longitudinally, with narrow 

end towards the peristome. It is situated close up to the ambituR. 

Its shape and position are thus much as in C. pilgrimi, but it is 

distinctly smaller (14 by 10 mm. instead of 18 by 11 mm ; even a 

C. pilgrimi only 115 mm. long has a periproct 15 by 10 mm. in size). 

It is impossible to say exactly what the character of the actinal 
surface of this test may have been, as so much of its central portion 

has been destroyed. It was probably slightly concave. 
The Indian species of Conoclypeus, including the two new ones 

here described. ha\ e a family resemblance in the uniformly excentric 
positions of their apical discs, in the great 

Taxial position of spe- width (even exaggerated in rostratus) of the 
ties. 

poriferous as compared with the interporife- 
rous portions of their ambulacral areas, and in the nature of the con- 

jugating grooves of their pore pairs, these being uniformly hori- 
zontal (i.e., parallel to the ambitus) instead of being curved as in 

the figures of so many western types. The petals also always end 
well above the margin, and -except in alveolatus- abruptly ; they are 
also invariably equal or sub -equal in each pair. 

There is, however, an apparent tendency in these Indian types 
to modify certain details in successive zones 1:- 

(a) Thus, if we examine the proportion of petal width -measured, 
for uniformity, in the middle of the petal -to total length 
of the test, we find it to be as follows :- 

Ranikot. Laid. Khirthar. 

10.4 per cent., sindensis 

9.9 per cent., sp. . 

12.3 per cent., declivis 

14.5 por cent., alveolatus . 

15.0 per cent., pilgrimi 

16.5 per cent., pinguis. 

14.6 per cent., rostratus. 

15.6 per cent., galerus. 

1I fl ow the stratigraphie placing of Duncan and Sladen's species as given by 
Vredenbi.r_, R3cd., Geol. Su) v. Ind., Vol. XXXIV, pp. 187, 188, 190 and 194. 
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(b) Measuring the lengths of anterior, and posterior lateral, 
petals, we find the latter to exceed by the following 
proportions :- 

Ranikot. Laki. Khirthar. 

17 per cent., sindensis . 16 per cent., alveolatus . 

13 per cent., pilgrimi . 

11 per cent., pinguis. 

5 per cent., rostratus. 

8 per cent., galeras. 

(c) The relative heights of the tests, in ratio to their total 
lengths, are as follows 

Ranikot. Laki. Khirthar. 

44 per cent., sindensis 

47 per cent., sp. . 

44 per cent., declivis 

61 per cent, alveolatus 

54 per cent., pilgrimi 

58 per cent., pinguis. 

50 per cent., rostrales. 

57 per cent., galeras. 

There is thus, together with the family resemblance between the 
Indian types, an apparent general tendency. (a) to increase the pro- 
portion of petal width, (b) to level up, the petal lengths, and (c) to 
increase the relative height of the shell.' It is true that these results 
are based on the examination of only a very limited number of 

species. It is also true that d'screpancies exist ; thus rostratus 
is backward in (a) and (e) but advanced even for its stage in (b), 

while alveolatus is very advanced in respect of (c), but the general 
tendency does seem to exist, nevertheless. 

It is interesting, therefore, to note that the proportions of warthi 

are in these respects as follows : -(a) 13.5 per cent., (b) 15 per cent:, 
(c) 54 per cent. Thus although the horizon from which it came 
is not recorded, the proportions of warthi seem to indicate, in all 
three respects, that it belongs to the Laki stage. This, too, is 

probably the case ; for as warthi was fotiiid near Jutana, the 
likelihood is that it came from the Eocene rocks in that vicinity, 

L It Rill be noticed that the tendency is, in each case, to de- specialise the type. 
This may possibly be analogous to the partial de-specialisation of other types -e.g. the 
uncoiling of Ammonites -prior to their extinction. It will be remembered that Conocly. 
peus does not seem to have survived the Eocene. 
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and these seem to be limited to the Nummulitio limestone of the 
Punjab Salt Range, which I believe to be of Laki age. Thus I agree 
with Mr. Pinf old in thinking that this limestone is of infra -Khirthar 
character,' since I have found it capped, on the flanks of the 
Nilawan Ravine, by fossiliferous outliers of Laki clays. Dr. Pascoe 
is apparently also of the same opinion, as he classes this limestone 
as " Lower Nummulitic ' and "Hill Limestone," i.e., infra- Kh:rthar.s 
Throughout the Punjab Salt Range, too, including exposures at 
Jutana and in the Nilawan Ravine, this limestone seems to be 
underlain by gypseous beds with coaly layers, which seem to 
correspond to the " Meting Shales " (cf. Mena., Geol. Surv. Ind., Vol. 
XIV, pp. 105, 138, 142, 192, etc.). Besides this, the limestone 
itself is characterised by the locally abundant presenc'e of " large " 
gastropods, bivalves and echinoderms, together with O rbitolites 
and Alveolince (ibid, pp. 69, 106, etc.) All these are very definite 
indications that the Salt Range Nummulitic limestone corresponds 
to the mid -Laki " Alveolina Limestone." The great size of warthi 
also agrees well enough with its derivation from a horizon which 
has produced so many other large species, e.g., C. piligrimi 
Cerithium giganteuna, Lucina gigantea, etc. 

It seems, therefore, that C. pilgrimi certainly, and C. warthi 
almost certainly, must be regarded as characterising the Alveolina 
Limestone level of the Indian Laki series. There are thus now 
three known species of this genus attributable to each of the three 
great Indian Eocene stages. 

1 Re., Geol. Surv. Ind., Vol. XLIX, p. 150. 
2 Mein., Geol. Surv. Ind., Vol. XL, Pt. 3, pp. 343 -344. 

EXPLANATION OF PLATES. 

PLATE 25, Fig. 1.- Conoclypeus pilgrimi (G. S I. Reg. No. 3422). Longitudinal 
profile of the test, seen from the right. Half size. 

2. (G. S. I. Reg. No. 3421). -The same, seen from the left. Half 
size. 

3. (G. S. I. Reg. No. 3420).-The same, seen from the rear. 
Half size. 

4. (G. S. I. Reg. No. 3417).- Abactinal view of the same 
specimen. Half size. 

5. (G. S. I. Reg. No. 3419).- Actinal view of another specimen. 
Half size. 
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EX PIA NA "( ION OF PLATES- contd. 

PLATE 25, Fig. 6. (G. S. I. Reg. No. 1252). -Actinal view of a young specimen. 
Half niro. 

26 1. (G. S. I. Reg. No. 3418). -Abactinal view of another speci- 
men, to show shape of apical disc. Magnified ¿. 

2. (G. S. I. Reg. No. 1253).- Abactinal view of another speci- 
men, to show imperforate rims round genital pores. 
Nat. size. 

3. (G. S. I. Reg. No. 3425). -Conoclypeus warthi. Longitudinal 
profile of the test, seen from the right. Half size. 

4. (G. S. I. Reg. No. :3426). -The same, seen from the rear. 
Half size. 

5. (G. S. I. Reg. No. 3424). -Abactinal view of the same. Half 
size. 

6. (G. S. I, Reg. No. 3423). -Actinal view of the same. l:Izlf 
size. 
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MISCELLANEOUS NOT. 

Ornament of heated Tr:lc from Mohenjo Daro. 

The specimen herein described was submitted for examination by the 
Archæological Survey, Who obtained it from the excavations at Mohenjo- 

Daro in the Indus Valley. It is a broken fragment of what was originally 
a hollow circle, of the nature of a bangle. with a coihparatively small in- 
ternal diameter, probably of about 7 to 8 ems., and a depth of about 4 ems. 
The fragment received was a segment about 5 ems. in length ; the maximum 
thickness was about 1.5 ems., tapering to the top and bottom by curvature of 

the outer surface. The inner surface was smooth ; the outer surface had on it 
a pattern in relief consisting of pairs of circles and trefoils. The fragment 
had fractured at points where small circular holes pierced it from the Out- 

side to the inside, the holes being directed towards till, centre of the circle. 
There was evidence that the pattern had been carved and not moulded, 

as there were signs of the cutting tool having slipped ih a few places. 
The material had an irregular fracture, a specific gravity of 2.75 and a 

hardness of about 6. Under the microscope a thin section proved to be 
semi -transparent with fairly high relief, while a few grains irregularly 
disposed showed high polarization colours. There appeared to be an 
ill- defined cleavage and the outward appearance somewhat resembled 
felspar ; the cleavage, however, was not sufficiently distinct, and the 
specific gravity and the refractive index were too high. 

As no decision could be arrived at by physical and optical tests, a 
small fragment was broken off in such a way as not to damage the carving, 
and was analysed with the following result : 

Si0$ . 62.87 per cent. 
A1203 & Fe203 . 3.13 per cent. 
CaO . traces. 
MgO- . i . 32.57 per cent. 

98.57 

There'was not sufficient material to allow determination of the moisture 
some is present but the amount lies well within the 1.43 per cent, available 
in the .abov^ analysis. 

The analysis corresponds very closely with the composition of talc, the 
only factor against it being the hardness. A piece of ordinary Indian steatite 
was, therefore, subjected to a temperature of 11500 C. for half an hour in the 
blow burner and was found to have acquired a hardness of approximately 6. 
It had lost the slightly grey, greasy look of the original material and was pure 
white with an irregular fracture resembling the specimen under investiga- 
tion. A microscope slide was cut of this heated talc and its appearance 
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closely resembled that of the specimen under investigation. The only 
difference between the two slides was that it was impossible to cut the 
control section quite so thin before it began to break up. 

It therefore appears evident that the Mohenjo -Daro specimen had been 
carved out of natural steatite in the first instance and had then been sub- 
jected to a high temperature which induced upon it the high hardness of 6. 
This most interesting case shows the high degree of technical knowledge and 
skill among this ancient civilization, the date of the city of Mohen -jo -Daro. 
from which the specimen was recovered having been placed at about the 
third millennium B. C. 

G. V. H0BS0N, 

k G i?'c -Dí-V2 8-20 l i8-100 
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Notes on the Correlation of Pinfold's 
Chharat Series with the Eocene 

Stages of Sind and Europe. 
BY 

Major L. M. Davies, R.A. 

INTRODUCTION. 

In his article on " Structure and Stratigraphy in the 
tN. W. Punjab" (Records Geol. Surv. Ind., XLIX, Pt. 3) Mr. 

Pinf old distinguished the various rock groups with which 

he dealt by their lithological characters rather than by 
their paleontology, which he openly declared that he 
had, in the circumstances, almost entirely neglected 
(p. 137). At the same time, however, he pointed out 
(p. 138) that their palaeontology would have to be the de- 
ciding factor in any correlation of the Punjab succession 

with those of distant regions. He also showed (p. 151) 

that a satisfactory correlation of the Chharat succession 
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with the Eocene even of Baluchistan and Sind could only 

be based upon a detailed study of their contained faunas. 
The following notes are therefore offered as a prelimi- 

nary step towards effecting such a correlation. They are 

far from exhaustive, but represent a good deal of work 

among beds which are often full enough of fossils, but sel- 

dom contain any that are specifically or even generically 
determinable. It may therefore be of some use to record 
those which have actually been determined up to date. 

THE CHHARAT SUCCESSION. 

I propose to deal only with Pinf old's Eocene beds, or 

the Chharat succession, as found below the Fatehjang 
zone (p. 151). The palontology of beds above this level 

has, in any case, already been very fully dealt with by Dr. 
Pilgrim; so that there can be little doubt as to faunistic 
correlations from the Fatehjang zone upwards. 

The Chharat series is divided by Pinfold as follows : 

Upper Chharat stage . 
3. Nummulite Shales. 
2. Limestones and Shales. 

Lower Chharat stage .. i. Variegated Shales with 
Planorbis and bone 
fragments. 

Below these come the " Hill" limestones, which 
are described as " massive limestones with passage beds 
above "; a formation with which I do not propose to deal 
here. 

THE QUESTION OF CORRELATION. 

Mr. Pinfold suggests (p. 159) that the tipper Chharat 
stage may be correlated with the Spintangi Limestones or 
Khirthar, and the Lower Chharat with the Ghazij Shales 
or Laki, of the Bugti Hills. 
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CORRESPONDENCE WITH BEDS WEST OF THE INDUS. 

A visit to the Chharat type -area has convinced me 
that the Chharat stages (Upper and Lower) can be safely 
correlated with a rather more complete succession of very 
similar beds to be found at Kohat, and also with 1 esser ex- 
posures of similar beds to be seen in many other places 
west of the Indus, e.g., Banda Daud Shah, Bahadur Khel, 
etc., down to Saidgi, 15 miles west of Bunnu. Differences 
in detail exist, but the broad lines of correspondence can- 
not be mistaken ; and the triple division into Nummulite 
Shales, above marine limestones and shales, over variega- 
ted brackish or freshwater beds, can be accepted to the west 
of the Indus as well as to the east. Indeed, the upper two 
(marine) divisions of Pinfold's "Chharat " series simply 
correspond to the " Upper Nummulitic " beds of Wynne, 
as described in his Memoir on this trans -Indus area ; 

while the lower Chharat bed corresponds to Wynne's 
underlying " Red Clay " zone, the preponderance of red 
clays in this zone being more marked west of the Indus 
than at Chharat (cf. Memoirs Geol. Surv. Ind., XI, Pt. 2, 

page 24, etc). 
It seems clear that Dr. Pascoe (cf. Memoirs Geol. Surv. 

Ind., XL, Pt. 3) also accepts the Chharat succession as 

existing in many places west of the Indus, e.g. at Banda 
Daud Shah, which is one of the exposures with which I am 
also acquainted. 

PALEONTOLOGY OF CHHARAT BED 2, THE LIMESTONES 
AND SHALES. 

My own chief attention has been given to the middle 
one of Pinf old's three Chharat beds, i.e. the marine lime- 
stones and shales, underlying the Nummulite Shales. Al- 

lowing the identity of similar beds on either side of 
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the Indus, those to the west show a distinctly richer fauna, 
than is found at Chharat ; thus Dr. Pascoe mentions find- 
ing "the globose N. atacicus, N. laevigatus, A. spira, and A. 
granulosa" in limestone beds immediately overlying the 
" Red Clay Zone " (Wynne's equivalent to Pinfold's " Low- 
er Chharat ") at Kotehri, 15 miles S.E. of Kollat (Op. cit., 

p. 414). This association of forms is typical t of the zone 
immediately underlying the Nummulite Shales along the 
whole Kohat -Bahadur Khel line, and represents a richer 
foraminiferal fauna than is found at the same level 
at Chharat. 

The following, then, are the forms I have so far found 
in this particular bed -the identifications, except where 
otherwise stated, being by Dr. Coggin Brown : 

Species identified : 

Nummulites perforates, 
d'Orb. . . 

N. perforates var. obesa 
N. laevigatus, Lamarck 
N. laevigatus var. 

scabra .. .. 
N. atacicus . . 

Assilina spira, de 
Roissy.. . . 

Assilina leymeriei 

Alveolina 
d'Orb. . . 

oblonga, 

Remarks. 

or N. crassus. Top of bed. 
Top of bed. 
Top of bed. 

Top of bed. 
Throughout bed. 

Throughout bed. 
Abundant at bottom of bed. 

(Identified by myself.) 

Throughout bed. 

1 With the possible exception of A. granulosa, which I myself have not 
yet found at this level, although I have found many leymeriei (the megaspheric 
form of granulosa) at the base of the bed. A. granulosa also exists in abundance 
in the Alveolina Limestone below and its discovery by Dr. Pascoe within this 
bed itself is most interesting, as confirming the Laki character I claim for the 
lat ter. 
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Alveolina javana, Verb. 
Conulites kohaticus, 

nob. 

Hemiaster digonus. 
d'Arch. 

Schizaster symmetricus, 
D. & S. 

Species doubtfully iden- 
tified : 

Nummulites carteri, 
d'A. & H. 

N. ramondi, Defr. 
Assilina exponens, 

J. de C. Sow. 
MicroPsis venustula, 

D. & S. 
Caydium greenoughi, 

d'A. & H. 
Natica epiglottina, 

Lam. 
Velates schmideliana, 

Chemn. 

Throughout bed. 

Throughout bed. This well - 
marked form is generically 
identical with Carter's Con - 
ulites cooki,' but is specific- 
ally distinct. I described it 
as a new species, kohaticus, 
in a paper read before the 
Indian Science Congress in 
January, 1925. 

Top of bed. 
Bottom of bed. 

Top of bed. 

1 Annals and Magazine of Natural History, 3rd. Series, Vol. VIH, pages 309, 

335, 457, 458, and Pl. XV, fig. 7. 
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Genera identified : 

Euspatangus. 
Linthia. 
Metalia. 
Porocidaris. .. Spines only. 
Leiocidaris. .. Spines only. 
Trochosmilia. 
Corbula. Internal casts only, but closely 

resembling internal casts asso- 
ciated with Corbula subexarata 
in Laki beds of Baluchistan. 

Crassatella. 
Cardita. ' 

Lucina. 
Chama. 
Vulsella. 
S pondylus. 
Ostrea. .. .. Band at base of bed. Bryozoa 

are associated with these 
Ostrea. 

Plicatula. . 

Mytilobois. 
Conus. 
Fusus. 

Some limbs of fossil crabs have also been found in this 
bed, as in similar beds of Sind.' 

The above being the forms, then, as found in situ in 
this bed, the following are their correlation values, so far 
as I can determine the same : 

Species identified : 

Nummulites 5erforatus A typical Khirthar form.' 

1 Mem. Geol. Surv. Ind., Vol. XVII, Pt. i, pp. 127, 210, etc. 
2 See Vredenburg's Table, on p. 94 of Records Geol. Surv. Ind., Vol. XXXIV, 

Pt. 2. 
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N. peyfoyatus var. 
obesus . . 

N. laevigatus 

N. laevigatus var. scabra 

N. atacicus 

Assilina spira 

Assilina leymeriei 

Alveolina oblonga 

Alveolina javana 

A lower and lower- middle Khir- 
thar form.' 

A lower and middle Khirthar 
f orm.2 

A lower -middle Khirthar form,' 
if we accept its identity with 
N. vredenburgi, Prever.5 

A typical Laki form.' 
An upper -middle and lower - 

upper Khirthar form, accor- 
ding to Vredenburg. 

The megaspheric form of granu- 
losa,' an essentially Laki 
type.' 

A Sparnacian form of Europe, 
which became very abundant 
in the Ypresian.4 According 
tc Vredenburg,5 it does not 
survive the Laki in India. 

A Khirthar form, according to 
Vredenburg :5 but it is repor- 
ted to have been found asso- 

ciated with A. leymeriei in 

1 Ibid., pp. 87 -88. 

See Vredenburg's Table, on p. 94 of Records Geol. Surv. Ind., Vol. XXXIV, 
Pt. 2. 

3 Mr. Bullen Newton identified my specimens with N. laevigatus scabra of 

France, and (more doubtfully) with Vredenburg's N. douvillei (now known as 

N. vredenburgi, Prever ; for the change in name see Rec. Geol. Surv. Ind., Vol. 

XXX VI, p. 239). 
4 H. Douvillé, Pal. Ind., N.S., Vol. V, Meni. 3, pp. 39, 42 

5 In an unpublished Monograph of Indian Alveolines, by E. Vredenburg and 

H. M. Lahiri, to the MSS. of which I was kindly allowed access by the Director, 

Geological Survey of India. 
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Borneo,' just as here ; so it 
doubtless is sometimes found 
in the Laki also, -probably 
the upper Laki. 

Conulites kohaticus .. An uppermost Laki form, as 
found by me in Baluchistan. 
A larger variant, with thicker 
outer edge, appears at Spin 
Tangi, and this I have called 
s5intangiensis.2 

Hemiaster digonus .. A lower Laki form (Meting 
shales) .3 

Schizaster symmetricus A lower and middle Laki form 
(Meting shales and Alveolina 
limestone).3 

Species doubtfully identified : 

Nummulites carteri An upper - middle Khirthar form, 
according to Vredenburg.¢ 

Nummulites ramondi.. I am not quite sure how to 
place this form ; but if it is 

the one referred to ramondi 
by Redden, it is (according to 
Vredenburg) the megaspheric 
form of planulatus,5 and 
hence should be limited to 
the uppermost Ranikot.6 

t G. de P. Cotter, Rec. Geol. Surv. Ind., Vol. XLIV, Pt. t, p. 55. 
2 Mr. Bullen Newton agreed that specimens of kohaticus, and kohaticus var. 

spintangiensis, " belong to the same organism " (notes of Sept. to, 1923). Var- 
ietal differences do, however, seem to me to exist. 

3 Vredenburg, Rec. Geol. Surv. Ind., Vol. XXXIV, p. 193. 
4 Ibid., p. 88. 
5 Ibid., p. 86 and footnote 
6 See Vredenburg's Table, on p. 94r Records Geol. Surv. Ind., Vol. XXXIV 

Pt. 2. 



1926.] CORRELATION OF CHHAItAT SERIES. 203 

Assilina exponens 

Micro psis venuslula 

Cardium greenoughi 
Natica epiglottina 
Velates schmideliana 

Genera identified : 

Euspatangals 
Linthia .. 

Nletalia .. 
Porocidaris 
Leiocidaris 
Trochosmilia 

Fedden's own table, however, 
to which Vredenburg refers, 
shows ramondi in "Khirthar" 
as well as Ranikot ;1 so its 
presence in the Laki, at least, 
should apparently be allowed. 

Upper Laki, and lower and 
middle Khirthar.2 

A Laki species.' 
These all correspond to types 

enumerated by d'Archiac and 
Haime from the lower Eocene 
levels (Laki and Ranikot) of 
Sind.' 

A Laki and Khirthar genus.' 
A Ranikot, Laki ( ?), and Khir- 

thar genus.5 
A Laki genus.' 
A Laki genus.° 
A Laki genus.5 
From the so- called " Ranikot" 

(i.e., including Laki) of Dun- 

1 Mem. Geol. Suvv. Ind., Vol. XVII, Pt. r, p. 198. 

2 See Vredenburg's Table on p. 94 of Records Geol. Surv. Ind. Vol. XXXIV, 
Pt. 2. 

3 Rec. Geol. Surv. Ind., Vol. XXXIV, p. 189. 
4 Ree. Geol. Surv. Ind., Vol. XLIII, Pt. 1, pp. 14.15. It seems from Hayden's 

remarks that most of d'Archiac and Haime's Eocene mollusca from Sind came from 
the Laki stage beds of those parts. Only a few came from the Ranikot, and none 
from the Khirthar. This is interesting, for identifications with those types must 
therefore tend to imply pre -Khirthar horizons. Hayden's remarks about the 
generally bad state of preservation of Laki fossils, which are often mere casts, 
is also interesting, as it would apply typically to the fossils of the bed under 
examination. 

5 Rec. Geol. Sure. Ind., Vol XXXIV, pp. 194, 195. 
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can. Absent from his " Khir- 
thar." ' 

I omit the molluscan genera, to save space. Taken 
individually, they have no particular zonal values ; but it 
is noticeable that they are nearly all found among the 
genera named by d'Archiac and Hainle as frequenting 
the Ranikot and Laki (generally the Laki) of Sind. In 
other words they represent, broadly speaking, a Laki 
facies as found in Sind. 

The above facts may be represented in diagram on 
the opposite page. 

I extend Assilina leymeriei forwards, and Alveolina 
jayana backwards, into the " Unconformity," in order to 
account for their association as found here and in Borneo. 
They have not, apparently, been found together in any of 

the already recognised Laki or Khirthar zones of India. 
If we now remove from the table the species which 

only appear at the top of the bed, namely, N. perforates, 
N. perforatus var. obesa, N. laevigatus, N. laevigatus scabra, 
and N. carteri,2 it will be seen that the remaining fauna 
is essentially Laki, with the sole apparent exception of 

Assilina spira. 

3 Fal. Ind., Ser. XIV, Vol. I, Pt. I (New Pt. 2), p. 26; cf. p. 59. 
2 The latter three forms, namely, laevigatus, laevigatus scabra, and carteri, 

are singular in that they appear only at that one narrow horizon (i.e., at the top 
of this bed, at its junction with the Nummulite Shale), for they certainly are not 
commonly found inside the Nummulite Shale itself. Whatever the reason may be, 
I have so far invariably found these species (in the Kohat -Bahadur Khel area) 
appearing in shallow disconnected patches (yet numerous in individuals where 
they do exist), often of one type alone (e.g., all scabra, or all carteri), and always 
marking the junction line between Pinfold's two Upper Chharats. In a detritus - 
covered area, where nummulites from the upper bed have been carried over 
the lower, a localised appearance of numbers of one of these species will often 
afford an useful clue as to where the junction line between the two beds probably 
runs. 
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The presence of the latter, however, may not really be 
anomalous, for the appearance of Assilina s /,irc at low 

N. perforatus 
N. perforatus var. obesa 
N. laevigatus 
N. laevigatus scabra . . . 

N. atacicus 
Assilina spira 
Assilina leymeriei 
Alveolina oblonga 
Alveolina javana 
Conultites kohaticus 
Hemiaster digonus 
Schizaster symmetricus . 

N. carteri 
N. ramondi 
Assilina exponens 
Micropsis venustula 
Cardium greenougTii 
Natica epiglottina 
Velates schmideliana 
Euspat.angars 
Linthia 
Metalia 
Porocidaris 
Leiocidaris 
Trochosmilia 
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levels has often been reported by earlier geologists in 

Sind.1 It is also an essentially early form in Europe, 

1 E.g., Duncan, Pal. Ind., Ser. XIV, Vol. I, Pt. i (New Pt. 2), p. 8, in the 

Ranikot" (i,e., doubtless including Laki), associated with N. irregularis and 
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where it generally precedes A. exponens. Thus its recog- 
nition at lower horizons in Ind is would simply remove an 
anomaly already pointed out by Dr. Cotter.' 

If, then, we locate this bed in the " unconformity " 
between the Ghazij Shales and the Lower Khirthar, we 

seem to satisfy most requirements. It is reasonable to 
suppose that the Khirthar species N. perforatus, N. perfor- 
atus var. obesa, and N. laevigatus should slightly overlap 
on the one side, while many Laki types would naturally 
extend a good deal forward on the other ; and it is just 
here that we can allow for the association of such species 
as leymeriei and javana without conflicting with their non - 
association at other levels. 

The only difficulty then lies in understanding the 
close approach of the foraminifera laevigatus, scabra and 
carteri on the one hand to the echinoids digonus and sym- 
metricus on the other. Yet the positions of the latter have 
never been very definitely limited to lower Laki levels ; 

and as the former are both closely allied to N. laevigatus, 
it may not be difficult to antedate them together with 
that species. 

At any rate, it seems easier to locate this bed in the 
" unconformity " between Ghazij Shales and Lower Khir- 

leymeriei; Blanford, Mem. Geol. Surv. Ind., Vol. XVII, Pt. t, pp. 40, 44, 102, 140, 

195, where it is mentioned in constant association with irregularis, leymeriei, 
granulosa and ramondi. Interesting also is its association with obtusa (perforatus) 
at these levels (p. 44) ; and peculiarly interesting (in the present connection) its 
association with obtusa (per foratus), granulosa, carteri and scabra (pp, 97, 176). 
This seems to be almost the exact association of forms found at the junction of 
Pinfold's two Upper Chharat beds in the Kohat area: 

(The specific identity of obtusa and perforatus is noted on p. to of Blanford's 
Memoir; and although Vredenburg disagreed, regarding obtusus not as perforatus 
but as gizehensis, the types are admittedly very similar, and their specific distinc- 
tion is a matter of opinion rather than of demonstration.) 

1 Rec. Geol. Surv. Ind., Vol. XLIV, Pt. 1, p. 59. Note p. 6o, where he finds 
spira appearing at lower levels in Java. 
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thar, than either to produce the above foraminifera still 
further back, into the Ghazij Shales where they have never 
been seen before, or (on the other hand) to extend so 
many essentially Laki types into the Khirthar. I suggest, 
therefore, there being no clear sign of unconformity in the 
course of this bed,' that it is probably best regarded as a 
supra -Ghazij Shale and infra -Lower Khirthar one, repre- 
senting the missing zone at the unconformity noted by 
Vredenburg between the Ghazij Shales proper and the 
Lower Khirthar of southern regions.' 

Also (and this, I think, would hold good in any case) 
seeing that the greater part of this bed contains an essen- 
tially Laki fauna, with overlapping Khirthar elements 
only at the top, it seems clear that the Upper Chharat of 
Pinfold cannot be regarded, as a whole, as a Khirthar 
formation. The dividing line between Laki and Khirthar 
should be placed in the middle, not at the base, of the 
Upper Chharat.3 

CHHARAT BED No. 3, THE NUMMULITE SHALES. 

The Nummulite Shales, which form the overlying half 
of Pinfold's Upper Chharat, contain the following species : 

N. perforatus (crassus type), 
N. per foratus var. obesa, 

1 So perfect is the apparent transition between the two Upper Chharats, 
that Wynne constantly treated them as a single bed; e.g., even at Bahadur Khel, 
where they are palaeontologically as distinct as they are ever found to be. (Vide 
bed 5, Fig. 38, Plate VII, Memoirs Geol. Surv. Ind., Vol. XI, Pt. 2.) 

2 Rea. Geol. Surv. Ind., Vol. XXXIV, Pt. 3, p 182. 

- 8 Mr. Pinfold, studying the lithology of the beds, naturally placed his chief 
dividing line between the fluviatile Lower " and marine " Upper " Chharats. 
Palseontologically, however, the fluviatile interlude of the Lower Chharats is merely 
a local incident. The marine types found below the Lower Chharat at Kohat are 
essentially similar to those found above it ; the marked change in fauna comes in 

with the Nummulite Shale, -i.e., in the middle of the Upper Chharat. 
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N. atacicus (biarritzensis type), 
Assilina exponens 

This shale is in marked contrast with the underlying 
half of the Upper Chharat in containing extremely few mol- 

luscan types. At least two such, however, do exist in it. 
One (and by far the most common) is the " globose oyster " 

referred to by Mr. Pinfold,l which is identical with the 
" Gryphaea -like " form repeatedly mentioned by Wynne 2 

as characterising the same horizon West of the Indus. I 
have now found it, always at the same horizon, in beds West 
of the Indus from Kohat to Harnai ; and the type seems 
identical with what I found at Chharat. The other is a much 
smaller, Pecten -like fossil.3 I have now found it in Nummu- 
lite Shales from Kohat to Saidgi ; and although Mr. Pinf old 

does not happen to mention its existence to the East, I 
found two specimens of it in the Nummulite Shale of his 
type stream at Chharat. 

The association of N. /erforatus, A. exponens, and N. 
laevigatus (just below) would allow of a correlation with 
any part of the Lower or Middle Khirthar ; 4 but the 
abundant presence of A. exponens, together with the pre- 
sence of N. pe f orates var. obesa, seen to make it highly 
doubtful if we can correlate these shales with a level so 

high as the Spintangi is supposed to be. 
At the same time, I must admit that the seeming re- 

semblance of numerous molluscan casts, found in the rocks 
near Spintangi Railway Station, to many found in. the 

1 Rec. Geol. Surv. Ind., Vol. XLIX, Pt. 3, p. 145. 

2 Mem. Geol. Surv. Ind., Vol. XI, pt. 2. pp. 58, 18o, 181, etc. 
3 A similar association of Pecten with Ostrea seems also to characterise a 

higher level (lllanford, Op. cit., pp. 167, 181) ; although the Ostrea there is probably 
different. 

4 See Vredenburg's Table, on p. 94 of Records Geol. Surv. Ind., Vol. XXXIV, 
Pt. 2. 
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lower half of the Upper Chharats of Kohat and elsewhere, 
and the similar appearance, together with them, of numer- 
ous Conulites differing only in minor details, or as a variety, 
from those of Kohat, do give a strong and unexpected 
colour to Mr. Pinf old's suggestion. Besides this, we have 
the seeming coincidence of N. biarritzensis in the Kohat 
Shales, and the doubtful recognition of the same species 
by Vredenburg in zone 4 of his Spintangi.' There is 

also the underlying N. cf. carteri found at Kohat, which 
admittedly resembles the N. cornplanatus of zone 3 of the 
Spintangi series.2 In the absence of more details, however, 
such seeming correspondences may be deceptive ; especi- 
ally since the resemblance is not so much with the Num- 
mulite Shale as with the lower and distinctively Laki, 
portion of the Upper Chharats. An establishment of fur- 
ther correspondences might therefore only end in eliminat- 
ing the Spintangi as an Upper Khirthar series, and reduc- 
ing it to a special facies of much lower levels. So there 
seems to be little reason, in any case, for looking beyond 
the Lower or Middle Khirthar for present purposes. 

I would suggest, therefore, that the Nummulite Shale 
does not (since A . ex7onens is so very abundant in it) reach 
higher than the Middle Khirthar ; and its apparent pau- 
city of nummulite species in general seems to indicate 
that it really belongs to the Lower Khirthar.3 Its posses- 
sion of a variety of N. atacicus also seems to point in the 
same direction; 4 so does the presence of N. j5erforatus 

See Vredenburg's Table, on p. 94 of Records Geol. Sure. Ind., Vol. XXXIV, 
Pt. 2. 

2 Rec. Geol. Sure. Ind., Vol. XXXIV, Pt. 2, p. 88, note 2. 

3 There is none of that richness in types which Vredenburg repeatedly 
remarked on as specially characterising the Middle Khirthar (vide Rec. Geol. Sure. 

Ind., Vol. XXXIV, pp. 85, 87, 174, and Table on p. 94). 
4 According to Blauford (op. cit., P. 154); biarritzensis is a " Ranikot" (i.e. 

either Ranikot or Laki) form. 
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var. obesus, elsewhere mentioned by Vredenburg 1 as 
characterising the Lower rather than the Middle Khir- 
thar.' 

CHHARAT BED NO. I, THE VARIEGATED SHALES. 

The Variegated Shales of the Lower Chharat will not 
require much consideration, since they seem to belong to 
the same general faunistic group as the " Limestones and 
Shales ", or lower half of the Upper Chharat ; their separ- 
ation from the latter being purely lithological, and appar- 
ently due to a mere local replacement of marine beds by 
brackish or fresh -water ones. I am convinced of this be- 
cause the corresponding " Red Clay " zone of the Kohat- 
Bahadur Khel area is found to overlie marine limestone 
beds with a distinctly Laki fauna (N. atacicus, A. granulosa, 

See Rec. Geol. Sure. Ind., Vol. XXXVIII, Pt. 3, p. 199, where N. perforatus 
var. obesus is quoted as especially marking the Lower Khirthar. 

The " globose oyster " of Pinfold's paper is interesting in this connection. 
I have not been able to obtain any specific determination of this form from Dr. 
Coggin Brown, specimens (fragmentary) sent him being returned simply as " Gry- 
phcea ". From hundreds of fragments seen, however, I have formed a very fair 
idea of its shape, which seems to be well expressed by Blanford (op. cit.; p. 104) 
in describing a " peculiar, globose, thick, smooth oyster, with a straight hinge 
line and winged at the side, the upper valve sometimes rising into a blunt spine ". 
The globose, thick, smooth form, with side wing and blunt spine on top, is typical 
of Pinfold's fossil. It appears that this form is " very common " near Sukkur and 
Rohri, in association with granulosa, spira, vicaryi, lyelli, and possibly carteri; in 
other words, what looks quite like a mid -Upper Chharat mixture of forms. The 
mollusc itself seems to be a form of Ostrea vesicularis, Lam., (Gryphcea globosa, 
Sow.), which is one of d'Archiac and Haime's Eocene types; and therefore (vide 
note 4, on page 203) described from the Laki or yet lower levels of Sind. Thus 
this form perhaps gives further evidence that Pinfold's Nummulite Shales are 
best correlated with the Lower Khirthar. 

It is certainly surprising that so characteristic an Upper Cretaceous form as 
vesicularis should be found in Eocene beds, and perhaps the species is not really 
dentical ; I have not, for instance, seen the blunt spine " figured on any 
Cretaceous specimen. It is interesting, however, to note that vesicularis has also 
been reported from the Lower Eocene of America (Maryland Geological Survey, 
Eocene, p. 193, etc.). 
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and Alveolina oblonga, etc.). The great thickness (over 
Soo feet) of the Red Clay zone at Kohat makes it seem 
clear that it must correspond, in effect, to the whole of the 
Variegated Shales at Chharat ; and its position above 
marine Laki beds (which I have found to correspond, in 
fauna, with the mid -Laki "Alveolina Limestone " of 
Vredenburg) indicates that the Variegated Shales are 
merely a fluviatile or lacustrine Laki formation, doubt- 
less corresponding to the Ghazij Shales, just as suggested 
by Mr. Pinf old. 

I have been unable to identify the lower marine (i.e., 
Alveolina Limestone) beds at Kohat with the "Hill 
Limestones " of Chharat, which are different in character, 
being much more massive than the Kohat beds, and also 
different in contents, being without the very clearly 
marked fauna of the latter. They therefore may or may 
not correspond to the latter ; but it seems clear that the 
Variegated Shales, which do find their parallel at Kohat,1 
should be classed as Laki, on the evidence of the Kohat 
series. 

CONCLUSION. 

The correlation of Pinfold's Chharat series would thus 
be as follows : 

Upper 
Chharat 

fir;. 

Nummulite 
Shales .. Lower Khirthar 

Limestones 
and Shales 

Lower 
Chharat .. I. Variegated 

Shales 

1 r" Kohat " Shales 
(representing an 

Laki 1 unconformity in 
Sind) . 

J L Ghazij Shales. 

1 Planorbis -like forms appear in places near the top of this bed at Kohat; also 

a few bone fragments, which have the same highly glazed surface as characterises 
those from the bed at Chharat (Rec. Geol. Sure. laad., Vol, XLIX, Pt. 3, P. 144). 
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It will be seen that I propose the name " Kohat " 
shales for the middle one of Pinfold's three Chharat beds. 
I do so because that particular horizon is better repre- 
sented at Kohat than at any other place I know, except 
perhaps Chharat; and the term " Chharat " is already 
appropriated, besides being applied to lithological, rather 
than palæontological, characters. The existing designa- 
tion of this bed as " Limestones and Shales " is obviously 
unsatisfactory as defining a palæontological zone; and a 

special name for the bed (as a Laki formation, linking the 
Ghazij Shales proper to the Lower Khirthar) would, I be- 
lieve, be a convenience to stratigraphists. 

NOTE ON THE CORRELATION WITH EUROPEAN BEDS. 

The late Mr. Vredenburg, after long regarding the 
Laki formation of India as equivalent to the Lower Lute - 
tian of Europe,' came finally to regard it as altogether 
prior to the Lutetian, and as filling a gap between that 
and the. Cuisian of Europe.' He believed that a strati- 
graphic unconformity at this point (i.e., between the Cuisi- 
an and Lutetian) had been recognised by P. Lemoine, in 
giving the name "Laonnian" to certain beds at the sum- 
mit of the Ypresian of the Paris basin.' 

I understand, however, that Lemoine himself has 
definitely. repudiated Mr. Vredenburg's interpretation of his 
meaning. Apparently the author of the name " Laonnian" 
only intended it to represent a local facies, and not an 
intercalated stage at all. I understand from Dr. Stamp 

For the most part, however, this particular bed is less fossiliferous at Kohat 
than at Chharat. 

I Vide Rec. Geol. Surv. Ind., Vol. XXXIV, Pt. 3, p. 782; Vol. XXXVIII, 
Pt. 3, Plate 12; etc. 

2 Rec. Geol. Sum. Ind., Vol. LI, Pt. 3, pp. 325, 326. 
3 Géologie du Bassin de Paris, 1911, pp. 220, 225, 226, etc. 
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(who has done much work among the European beds, 
with which I am not personally acquainted at all) that 
Continental geologists are positive that there is no strati - 
graphic break whatever between the Ypresian (or Cuisian), 
and Lutetian in France. 

If, then, we follow the principle of defining a strati - 
graphic stage as commencing, in any locality, with the first 
appearance of the fauna characteristic of that stage, we- 

shall have to correlate the base of the Lutetian in Europe 
with the base of the Khirthar in India, since these are the 
respective levels at which the characteristic Lutetian spe- 
cies (laevigatus, scabra, etc.) come in for the first time in 
each region.' It would then follow from this that the 
Indian Laki is certainly pre- Lutetian. So to that extent, 
at least, Vredenburg's later opinion would be right ; and 
it is really a matter for congratulation if we can thus - 
so clearly recognise a common datum line at the bases of 
two such well -known formations as the Lutetian of France 
and the Khirthar of India. 

But how, then, should we regard the Indian Laid ? 

For a great thickness of sediments (often represented by 
over a thousand feet of limestones and clays) with 4 con- 
stant and recognisably distinct faunistic zones,2 namely : 

} P. Lemoine cites laevigatus from the base of the Lutetian (op. cit., p. 231,. 

etc.), and even defines the Lutetian as commencing with the apparition of that 
form (p. 227). I also see, from the Correlation Table opposite page 327 of Mr. R. 

Bullen Newton's book on " British Oligocene and Eocene Mollusca," that, besides . 

laevigatus and laevigatus scabra, N. perforatus is also a Lower Lutetian form in 

Prance and Spain ; and it is associated, in the basal Lutetian of Spain, with 

N. complanatus. The resemblance of this last form to N. carteri has already been . 

referred to ; so it seems that the association of laevigatus, laevigatus scabra, 

carteri and perforatus at the junction of Pinfold's two Upper Chharat beds, simply 

reproduces in India the basal Lutetian fauna of Europe. 

2 All four of these zones, in regular sequence, are represented in a north -and- 
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(4) Kohat Shales, 
(3) Ghazij Shales, 
(2) Alveolina Limestone, 
(I) Meting Shales, 

lie between the base of the Khirthar and the uppermost 
Indian beds (Ranikot) which contain N. planulatus. If I 
understand Dr. Stamp aright, the upper Ypresian beds of 

France are regarded by some as having been laid down in 

an area shut off from free communication with the general 
seas of that period. On this hypothesis, the planulatus 
there would represent a local persistence of a species which 
disappeared at the end of the Ranikot in India. The up- 
permost Ranikot, therefore, must not be placed (as sup- 

posed by Vredenburg) ` in parallel with the uppermost 
Ypresian, but well down the Ypresian scale. The whole 
thickness of the Laki would intervene between it and the 
summit of the Ypresian. 

It agrees with this -if the Indian planulatus be 
rightly identified with the European -that planulatus is 

found only at so narrow a horizon in India, namely, the 
uppermost zone of the Ranikot, instead of extending 
through a stage corresponding to the Ypresian. If the 
whole of the Laki be added to the uppermost zone of the 
Ranikot, it makes a much better equivalent to the Ypre- 
sian of Europe. 

The following may help to sum up, and make the 
above remarks about corresponding zones and stages more 
clear : 

south running nullah four miles east of Kohat Cantonment. The respective thick- 
nesses of these zones there (from top to bottom) are approximately too feet, 540 
feet, zoo feet, and 360 feet (base not seen). 

1 Pal. Ind., N.S., Vol. III, Mem, t, Pt. I, page xviii. 
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EUROPE. SIND. CHHARATS. 

Basal Lutetian .. Basal Khirthar .. 3. NumuiuliteShales. 

Ypresian . 

fKohat Shales .. 2. Limestones and 
Shales. 

Ghazij Shales .. i. Variegated Shales. 
Laki i Alveolina Lime- 

. 
I stone. 
Meting Shales. 

(unconformity) 1 

Uppermost Ranikot. 

1- See Rec. Geol. Sure. Ind., Vol. XXXIV, p. 182. The unconformity here does 
not probably represent a great thickness of missing rocks, since that at the other 
end of the Laki is now filled by the Kohat Shales, which seldom exceed roo feet in 

thickness. 
Editorial Note. While this paper was in the Press and the author home on 

leave, a paper by Mr. W. L P. Nuttall on " The Stratigraphy of the Laki series" 
appeared in the Quarterly Journal of the Geological Society, Volume ILXXXI, 
PP- 417 -452. The two papers will gain much by being read conjointly. 
Mr. Nuttall has indicated an inaccuracy in Mr. Vredenburg's mapping of the Met- 
ing area, which portrayed a N.-S. anticline exposing a core of NEeting Shales flanked 
on each side by what he concluded to be the Laki Limestone. Mr. Nuttall finds 

that there is no anticlinal structure, that the limestone to the east of the Meting 

Shale outcrop is older than the limestone to the west, and that all three stages 
form a normal sequence. The limestone to the west is the Laki Limestone whilst 
for the older limestone on the east Mr. Nuttall proposes the name of Meting Lime- 
stone. He also distinguishes a fourth stage at the base, the Basal Laki Laterite, 
and groups all four stages under the terni Laki series. Vredenburg's Laki Lime - 

stone, alluded to in the present paper, includes therefore an older and more 

fossiliferous limestone, occupying a position below the Meting Shales. 
In endeavouring to compromise with Vredenburg's correlation of the upper - 

most Ranikot with the uppermost Ypresian, Major Davies has grouped toeether 
the Laki series and the uppermost Ranikot and suggested the equivalence of the 

whole to the Ypresian of Europe. Mr. Nuttall considers his Laki series with its 
four stages as the equivalent of the Lower Eocene -ranging from Thanetian to 

Ypresian. It is unfortunate that Mr. Nuttall's paper should have appeared too 

late for Major Davies to avail himself of the conclusions and corrections therein; 

it is hoped that Major Davies will feel constrained to pub:ish a corollary to the 

useful and valuable suggestions he has made above in the light of Mr. Nuttall's 

convincing work. 
E. H. PASCOE, 

Editor. 
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Supplement to " Notes on the Correlation 
of Piufoki's Chharat Series with the 

Eocene Stages of Sind and 
Europe." 

(Published in these Transactions, vol. XX, pp. 195 -215.) 

BY 

Major L. M. Davies, R.A., F.G.S. 

At the close of my paper under the above title, which 
appeared in the February issue, 1926, of the Transactions 
of this Institute, pp. 195 -215, the Editor, Dr. Pascoe, 
added a note explaining that the paper had gone to 
Press before Dr. Nuttall's paper on the "Stratigraphy 
of the Laki Series " appeared in the Quarterly Journal o/ 
the Geological Society (vol. lxxxi, pp. 417 -452), and that I 
had therefore not been able to accommodate my conclu- 
sions to the facts brought out by Dr. Nuttall in working 
over the Sind area. The Editor kindly suggested that I 
should publish a supplement to my paper, in the light of 
Dr. Nuttall's work, and I am glad to take the opportun- 
ity of doing so. 

The correlation of the Chharat series with that at 
Kohat remains, of course, unchanged; but the broader 
question of the correlation of both with the series in Sind, 
and the still broader question of the correlation of all with 
the European succession, does require considerable altera- 
tion in detail- though I am glad to find that Dr. Nuttall 
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also concludes that the Laki as a whole should be referred 
to the Lower rather than to the Middle Eocene. I had 
thought that I stood alone in this matter. 

At the top of the series, too, no alteration seems to be 
required. There is no unconformity between the Kohat 
Shale and the succeeding basal Khirthar formation. 
This, therefore, would indicate (if we agree that the basal 
Khirthar corresponds to the basal Lutetian) that the 
uppermost Laki is the equivalent of the uppermost Ypre- 
sian. The Laki merges into the basal Khirthar just as 
the Ypresian merges into the basal Lutetian. 

So now we may consider the lower beds. The facts 
are as follows. In Sind, there is a marked unconformity 
between the Khirthars and Lakis, since the Middle Khir- 
thar is directly underlain by the Laki Limestone, followed 
(in descending series) by the Meting Shale, the Meting 
Limestone, the basal Laki Laterite, and finally the Upper 
and Lower Ranikot. In the Bolan area, however, we have a 
more complete, though rather different, series. There the 
Middle Khirthar is underlain (in descending series) by the 
Lower Khirthar, the Ghazij Shales (in great thickness, up 
to i5oo feet), and the Dunghan Limestone (which Dr. 
Nuttall correlates with the Meting Limestone of Sind, on 
the score of its possessing the characteristic fossil of the 
latter, Flosculina globosa).1 Below the Dunghan Lime- 
stone comes an unconformity ; the Ranikots are missing, 
and some 300 -700 feet below, we have, instead, beds which 
are referred to the Upper Cretaceous by Dr. T. W. Vaughan, 
on the score of their possessing Orbitoides media d'Arch., 
collected by Mr. D. Dale Condit from 5o miles N. E. of Sibi.2 

1 Op. cit., pp. 420, 427. 
2 See p. Sib, and Pl. 3o, fig. 4, of his article on " Tertiary Larger Foraminifera," 

Bull. Geol. Soc. Amer. Vol. 35, 1924. I am indebted to Dr. Nuttall for this refer- 
ence. 
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These data I gather from Dr. Nuttall's published works, 
and also from his verbal explanations to myself, since, 
I have not personally examined the Sind series; nor have 
I seen the Bolan series, for the purposes of detailed work 
except in the Harnai -Spintangi region. In that region, 
however, I have studied the junction line between the Laki 
and the Khirthar, and found that at the very top of the 
Ghazij Shale comes -in places at least, e.g. behind Harnai 
Railway Station -a reduced but unmistakable representa- 
tive of the Kohat Shale, which merges into a reduced but 
unmistakable representative of the Nummulite Shale, at 
the base of the local Khirthar. The former possesses the 
most typical forms of the Kohat Shale, such as the true 
Dictyoconoides [Conulites] kohaticus, etc., with N. laevigatus 
at the junction line. The latter possesses the typical 
Pycnodonta cf. vesicularis and N. crassus, etc. of the 
Nummulite Shale.' 

Here, then, we have some points of contact. The 
Dunghan Limestone of the Bolan series corresponds to the 
Meting Limestone of Sind, and gives us (in ascending 
series) a great thickness of Ghazij Shale, a reduced Kohat 
Shale, and a reduced Nummulite Shale, in place (also in 
ascending series) of the Meting Shale, Laki Limestone, 
and the unconformity of the Sind series, on the way up to 
the Middle Khirthar. It seems clear that the lower part 
at least of the Ghazij Shale must correspond to the Meting 
Shale and Laki Limestone of Sind.' 

See p. 208 of the paper under discussion, and Journ. Asiat. Soc. Bong. vol. XX 

(1924), p. 217. 

2 Cf. P. 42o of Dr. Nuttall's paper. Dr. Nuttall (p. 453) does not seem to think 
there is any great time interval between the Dunghan Limestone and the Ghazij 

Shale, and attributes the palaeontological break to a difference in facies. This seems 

very reasonable. An even greater palaeontological break occurs at Kohat and 
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On the other hand we find that the presence in 
the Bolan section (and here I speak from my own 
observation) of the Nummulite Shale and Kohat Shale, 
links the Bolan group to that of Kohat, and implies that the 
next lower clays, i.e. the Lower Chharat, of the northern 
section do correspond at least to the upper part of the 
Ghazij Shale of Bolan. At Kohat, these latter clays are 
seldom more than 50o feet in thickness, whereas in the 
Bolan section they are as much as 1500 feet. 

What, then, is the correlation of the next lower 
member of the Kohat section, the one I have been calling 
the "Alveolina Limestone " ? Its fauna agrees in general 
with that of the " Alveolina Limestone " of Vredenburg ; 

but the latter fauna, as Dr. Nuttall has now shown, is 
divided between an upper or " Laki," and a lower or 
"Meting" (= Dunghan) limestone.. So one may note that 
the position of the Kohat member hardly indicates a 
correlation with the latter. It seems to appear too late. 
It is separated only by 500 feet of beds, as compared with 
15oo feet, from the Kohat Shale above ; and instead of 
lying at the base of the Laki series, as both the Meting and 
Dunghan limestones do, there is a considerable thickness, 

Chharat, between the top of the locally terrestrial Ghazij Shale and the marine 
Kohat Shale. 

At Harnai the Kohat Shale only appears as an uppermost facies of the Ghazij 
Shale. The unconformity, mentioned by Vredenburg as existing at the top of the 
Ghazij Shale, may exist in ' places where the Kohat Shale is absent, but at 
Harnai, where the latter is present, the Ghazij Shale passes thereby into the 
Lower Khirthar without any unconformity. This, incidentally, raises the question 
as to whether the Kohat Shale is entitled to recognition as a separate zone. Perhaps 
in Baluchistan it is not, except as an uppermost facies of the Ghazij Shale. It is a 
very constant facies, however, over a large area, and in the northern Punjab 
the tenu has a particular value as referring to the middle element of the Chharat 
series. It represents the period of return to marine conditions, with a distinctive 
fauna, before the close of the Laki, and after the terrestrial interlude of the Lower 
Chharat. 
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-at least 30o feet, since the base is not seen -of clays 
below it. Now it agrees with this, that the characteristic 
fossil, Flosculina globosa, of the Meting -Dunghan beds, is 
not found in the "Alveolina " Limestone at Kohat. I have 
only, so far, seen a single specimen in the whole Kohat 
area, which might be referred to this species; and it . 
appeared at the base of this limestone, at its junction 
with the underlying shale. It is worth remembering, 
too, that the upper (or "Laki ") Limestone in Sind is 
richer in echinoid types than the lower (or "Meting ") 
Limestone.' The Limestone at Kohat is certainly 
rich in echinoids, and although most of them have, 
owing to their imperfect state of preservation, so far 
resisted identification, yet one species (Hemiaster abicalis) 
has been identified, and is a form which characterises 
the upper or " Laki " Limestone in Sind. In the present 
state of the evidence, then, it seems best, both on account 
of its position and in consideration of its faunistic 
character, to correlate this Kohat "Alveolina" Limestone 
with the "Laki " Limestone of Sind.' 

It seems, therefore, that the upper portion of the next 
lower clays at Kohat should, as suggested in my papers, be 
correlated with the " Meting Shale " of Sind ; but their 
far greater thickness at Kohat, on the one hand, and the 
apparent absence at Kohat of anything corresponding to 
the Meting or Dunghan Limestone, on the other, would 
seem to indicate that the section at Kohat gives us clays- 

alone as equivalents for both the Meting Shale and 
the Meting Limestone of Sind. 

It is interesting to find Ranikot beds reappearing in 

' Cf. p. 433 of Dr. Nuttall's paper. 
2 For details of the fauna of this limestone, and sketch of the section at Kohat, 

see fourra. Asiat. Soc. Bong. vol. XX, pp. 212 -213, 223 -224, and Pl. 8, fig. 2. 
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the Kohat area, both at Thal and on the Samana. Thus 
the Kohat section compares best with that of Sind in its 
lower members, and with that of Bolan in its upper 
members. 

As to the correlations with Europe, in the upper part of 

the series, as already remarked, no alteration is required. 
The upper part of the Laki corresponds, so far as we can 
see, to the upper part of the Ypresian (=Londinian or 
Cuisian, according to the terminology preferred). The 
question as to whether the Laki includes more than the 
Ypresian is hard to settle in the present state of our 
knowledge. The Laki is certainly quite a large formation; 
if we combine the elements at Kohat and Sind, it has : 

Kohat Shale roo feet. 
Ghazij Shale (upper portion) 500 
Laki Limestone.... 200 (the same thickness at 

Kohat and in Sind) 
Meting Shale 
Meting Limestone 
Basal Laki Laterite 

95 
140 e, 

25 f) 

ro6o feet. 

If we take the Bolan section alone, with its 15oo feet of 
Ghazij Shale and 14o feet of Dunghan Limestone, the total 
is still greater, or 1640 feet. It is possible, therefore, that 
the lower Laki extends into the upper Landenian ( = Spar- 
nacian, or upper Thanetian, s. lat.) of Europe. This is rather 
a doubtful proposition, however, since the actual Laki 
fauna is, so far as I know, quite compatible with the entire 
Laki being correlated with the Ypresian. We have also to 
remember the claims of lower Indian Eocene beds ; for the 
Ranikots in Sind consist of 700 -800 feet of marine lime- 
stones and clays, above 1000 -1500 feet of sandstones, 
shales and clays ' -a maximum total of about 2300 feet. 

Pal. Incl., New. Ser., vol. III, Mem. i, Part I, p. vi. 
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It seems necessary to allow a good margin for this. Now 
I have found at Thal, in the Kohat area, Upper Ranikot 
beds consisting of marine limestones and clays, and ap- 
parently ranging from Ranikot zones i to 4 -which are at 
least 500 feet thick. They are underlain by about 35o feet 
of marine sand stones, clays, and hard splintery shales, with, 
in places, a narrow band of very distinctive limestone at 
the base. On the top of the Samana (also Kohat area) the 
latter limestone appears in much greater thickness, be- 
tween Upper Ranikot beds above and fossiliferous clays 
below. The fauna of the latter clays has Ranikot affinities ; 

only a few species are identifiable, however, and the whole 
aspect is earlier than that of the Upper Ranikot. At the 
same time this fauna is already very definitely Eocene, and 
holds few, if any, species referrable to the Cretaceous.1 The 
correlation of this bed, therefore, appears to be with some 
level quite high in the Montian of Europe. But, in that 
case, we seem to require the whole of the Landenian to 
allow for the Ranikot beds at Thal; for there is a distinct 
break between the fauna of the Hangu Shale (as I propose 
to call the new Samana zone)2 and that of the Upper 
Ranikot, while a still greater break, accompanied by a 
very marked and constant unconformity, lies between the 
uppermost Ranikot and the basal Laki. 

These considerations are, of course, only of a very 
general and rather indefinite character. The fact is that 
we have, at present, no such detailed palceontological 
grounds for closely correlating the uppermost Ranikot with 

1 This is my own conclusion, based upon comparison of my Samana fossils with 
the type specimens from Sind in the Offices of the Geological Survey of India at 
Calcutta. Mr. L. R. Cox is now working through the Samana specimens, however, 
and the final opinion must depend upon the result of his work. 

2 The best exposures of it are to be seen near Hangu (71° 32f' east; 33 °32'north), 
among the foothills of the Samana Range. 
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European beds as we have for correlating the uppermost 
Laki.1 Still it does not, for the above reasons, seem very 
probable that the Laki includes more than the Ypresian. 
Nor, do I think, would Dr. Nuttall himself wish definitely 
to say that the Laki does include more than the Ypresian. 
He seems to leave a margin of doubt in the matter. I 
therefore regard it as safer, in the present state of our 
knowledge, to correlate the Laki with the Ypresian, begin- 
ning with the uppermost Ypresian ; then the uppermost 
Ranikot would (allowing for the unconformity) probably 
occupy some place high up in the Landenian of Europe. 
What we have to remember in India is that there are 
three breaks to allow for in passing upwards from the 
Cretaceous to the Laki, namely : -that between the Cardita 
beaumonti fauna and the fauna of the Hangu Shale ; that 
between the Hangu Shale and the Upper. Ranikot; and 
that between the Upper Ranikot and the early Laki. 

I do, however, now wish, as indicated above, to remove 
the uppermost Ranikot from its proposed association with 
the Laki as representing the Ypresian. My reason for so 
associating it was that I accepted Vredenburg's opinion 
that the typical uppermost Ranikot f oraminifer is identi- 
cal with N. 5lanulatus of Europe. The latter, as is well 
known, is the characteristic fossil of the Ypresian, as laevi- 

1 Dr. Morley Davies informs me that the boreal genera of Western Europe 
seem to have gradually retreated, during the lòwer Eocene, before Tethyan types 
from the east. Thus he finds that in the Montian only 42 per cent. of the described 
Ranikot genera are represented in the Anglo- Franco- Belgian basin ; but we have 
55 per cent. in the Landenian, and 78 per cent. in the Ypresian. Finally, in the 
Lutetian there is a maximum correspondence of 92 per cent. (since the remaining 8 

per cent. seem never to have extended their range so far). Exact correlation of strata 
upon palæontological grounds thus apparently becomes more possible as we ap- 
proach the Lutetian. This agrees well with the facts regarding the larger foramini- 
fera. A really close correspondence is found in the Khirthar, with Lutetian types ; 

a very fair correspondence exists in the Laki, with Ypresian species ; and a marked 
reduction in correspondences is found when we descend to the Ranikots. 
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gates is of the Lutetian ; and Indian beds containing it 
seemed to demand a place somewhere, at least, in the 
Ypresian. I have since, however, been able myself to 
compare the Indian species with the European, and find 
that the former is not really identifiable with planulatus.1 
I have therefore redescribed it as N. nuttalli. There are 
also indications that nuttalli is rather more primitive than 
planulatus. It seems best, therefore, to regard the upper- 
most Ranikot as being definitely older than the Ypresian ; 

so I have suggested that the Upper Ranikot series should 
be provisionally correlated with the middle portions of 
the Landenian of Europe, while the Lower Ranikot would 
extend from the Lower Landenian to the base of the 
Montian.2 

The following revised correlation table 3 may make 
the above suggestions more clear :- 

1 The main differences are that nuttalli has (i) a bossed and granulated centre, 
which planulatus never bas; (ii) a thicker marginal cord; (iii) coarser and simpler 
septal filaments. If the central boss does not, in some cases, appear to be granu- 
lated, the granulations will be seen if the surface of the boss be abraded. 

2 O.J.G.S., LXXXIII (1927), pp. 266 -269 ; pl. xviii, figs. 3 & 4 ; pl. xis, 
figs. 1-9. Ibid., pp. 284 -286. 

3 This table goes far beyond the original scope of my paper, which merely 
concerned the correlations of the Chharats. Since the latter oilly include the basal 
Khirthar and the upper Laki, Dr. Nuttall would probably agree that those 
correlations are with the basal Lutetian and the Ypresian. The question of the 
total range of the Laki having, however, arisen, the table is extended to show how 
the demands of the pre -Laki Eocene beds seem to prevent our taking the lower 

Laki beyond the Ypresian -at least in the present state of the evidence. 



SIND. BOLAN PASS. KOHAT. CHHARAT. EUROPE. 
Middle Khirthar. Middle Khirthar. 

Lower Khirthar. Lower Khirthar.I 
Num. Shale (reduced). Nummulite Shale. 3. Nummulite Shale. Basal Lutctian. 

I 

4. 

Laki Limestone. 

Meting Shale. 

Meting Limestone. 

A Basal Laki Laterite. 

Upper Ranikot 
(zones I -4) loo' -Soo' 

Lower Ranikot 
I 000' -I 500' 

4. 
Trap. 

Kohat Shale (reduced). Kohat Shale.2 Limestones and Shales. 

Ghazij Shale Ghazij Shale Variegated Shales. 
500' (reduced) 50-55o' 

4. 
Dunghan Limestone. 

Laki Limestone. 

Meting Shale 
(increased) 

Upper Ranikot 
(zones I -4) > 500'. 

Lower Ranikot 
(reduced) 36o'. 

Hill Limestone 
(unfossiliferous). 

Hangu Shale. 

i 

Ypresian. 

Landenian. 

( Montian. 

I 

Cardita beaumonti beds. 
4. 
-700' 

Orbitcides media, d'Arch. 

v 

Banian. 

1 The Middle Khirthar has not yet been identified at Kohat. On the other band, the Lower Khirthar types seem to pass up- 
wards, at Kohat, into massive or flaggy limestones (" Bed 3 " of figs. 2 and 3 in the Journ. Asiat. Soc. Beng.) which overlie the true 
Nummulite Shale. These upper representatives of the lower Khirthar do not contain the typical Pycnodonta cf. vesicularis of the Num- 
mulite Shale, and are not found at Chharat. 

2 With reference to the Bryozoa and Crabs mentioned on p. zoo of my paper, as being found in the Kohat Shale, the former has 
now been identified by Mr. A. G. Davis as Conopeum [Membranopora] lacroixi, Busk. The Crab fragments are not specifically determin- 
able, but Mr. Withers refers one to the genus Callianassa; while another is affiliated to the genus Xanthopsis. 
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I. INTRODUCTION. 

ACCORDING to the late E. Vredenburg (28 a),2 the Ranikot Series 
is of very limited occurrence, and is entirely unknown outside of a 
relatively small area in Western Sind.' It apparently crops out 
in Sind in three disconnected patches : one being in the Laki Range, 
another in the Band Vera plain north -west of Kotri, and the third 
in the neighbourhood of Jhirak. Only the second and third of 
these outcrops show the Upper (and fossiliferous) Ranikot Beds. 

In his map of the area (28 b) Vredenburg shows these three 
blocks of Ranikot Beds as lying between longitudes 67° 40' -68° 20' 
east, and latitudes 24° 40' -26° 20' north (25° 50' north, in the 
ease of the Upper Ranikot Beds). Later on (28 c), he repeats 
that ' beds of lower eocene age are not known anywhere else in 
India outside the limited area briefly described above.' ` In all 
instances,' he goes on to say, where certain stratigraphical groups 
have been assimilated with the Ranikot, closer investigation has 
shown that they should be regarded as middle eocene.' This 
was written in 1909 ; and Vredenburg seems to have held to 
these opinions to the end of his life, as regards India, although 
he admitted as ` most important,' in 1923, the discovery by Bankim 
Behari Gupta of three species of Ranikot gastropods in the lower 
beds of the Laungshe Shales in Burma, at a spot a mile and a half 
south of Yeshin, 94° 8' long. east, 21° 52' lat. north (30). 

II. THE BEDS AT THAL. 

This being the state of affairs as regards known exposures of 
Ranikot Beds, I was interested to find some derived Nummulites 
at Thal (70° 33' long. east, 33° 22' lat. north), which were speci- 

1 The last geologist to deal with this area was A. B. Wynne, who paid a 
hurried visit to Thal in 1879, and published a reconnaissance report (31 a). 

2 Numbers within parentheses refer to the Bibliography, § VI, pp. 286 -88. 
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fically identifiable with specimens from the uppermost Ranikot 
Beds of Sind, labelled as ' N. planulatus' in the Offices of the 
Geological Survey of India at Calcutta. That was in the latter 
part of 1924; and, on returning from Calcutta, I again visited the 
spot where these loose Nummulites had been obtained, and traced 
them to the beds from which they were derived. These latter 
were found to underlie certain Laki Beds observed east of Thal, 
and to be very rich in fossil corals. 

I have not, so far, been able to make a complete geological map 
of the Thal area; but the following summary of facts may be of 
service. 

Lower Ranikot Series. 
(1) The Mesozoic (Cretaceous and Jurassic) deposits of 

Kádimak Mountain; north -west of Thal, are succeeded by about 
150 feet of hard, splintery, pink, green, and purple calcareous 
shales. These shales are generally unfossiliferous ; but occasionally 
some obscure impressions, as of plant- remains of a grassy or long - 
bladed type, are to be seen in them. Sometimes a band of peculiar 
pseudo- brecciated limestone, about 12 to 15 feet thick, intervenes 
between these shales and the Mesozoic deposits below.' This 
limestone is important, for it seems to be indistinguishable in type 
from a much thicker mass of limestone, to be seen on the Samana, 
superimposed upon beds yielding fossils which, although they 
appear to belong to a lower horizon than the fossiliferous Ranikot 
Beds, are yet definitely Eocene. The occurrence of a reduced 
representative of this limestone at Thal, therefore, seems to show 
that it and all beds above it at Thal are of post - Cretaceous date. 

(2) About 200 feet of dun -coloured sandstones, with subordinate 
greenish and yellowish clay partings, overlie the above- mentioned 
splintery pink and green shales.2 These sandstones weather to an 
intense, often metallic, black. In the clay partings, and sometimes 
in the sandstones themselves, are to be seen occasional fossils, as, 
for example, turreted gastropods, Pecten -like pelecypods, and large 
Ostrea, etc 3 Some of the gastropods resemble types seen in the 
lowest Eocene deposits found on the Samana, as mentioned above, 
while others seem to be of Upper Ranikot types. The fauna thus 
appears to be a mixed one. The only species definitely identified 
up to the present is Ampullina (Cromncium) pervicina Cossmann 
& Pissarro. This mollusc is found in the uppermost Ranikot 

It was probably an exposure of this limestone (often very like a conglo- 
merate) the appearance of which, in conjunction with greenish and purple' 
clays from b e l o w the Nummulitic limestones, so greatly puzzled Wynne 
(31 b), since he confused it with the sub- recent valley conglomerates of much 
later date. 

2 The thickness of this series, and of the underlying shales, can be estimated 
with some confidence, since, owing to their relative hardness, they stand out 
in their totality in several places. In this they differ from the next succeeding 
beds, which, while much thicker, are softer, and have not yet been seen as 
a whole. 

Wynne noted the presence of oysters in these sandstones (31 c). 

T2 
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Beds of Sind, but here seems to appear a good deal earlier. The. 
Ostrea are accompanied by, and the upper portions of the sand- 
stones are sometimes crowded with, small foraminifera, described 
below, among which the most familiar forms are Siderolites. 
sniscella (A. d'Archiac & J. Hahne) and Alveolina oblonga. 
A. d'Orbigny. 

These sandstones, together with the underlying variegated 
shales, seem to correspond Ethically to the Lower Ranikot Beds. 
of Sind, and perhaps are equivalent to the later portions of the 
same. According to Vred.enburg (28 d), the Lower Ranikot Beds 
of Sind consist principally of sandstones and clays, often of 
brightly variegated colours, principally brown and red.' 

Upper Ranikot Series. 

(3) Among the foot -hills between Kadimak Mountain and Thal 
village are to be seen a number of small outliers, consisting of beds 
full of corals.' The state of preservation of these corals (mostly 
compound) is very fair, but only one species has so far been 
definitely identified. It is Astroccenia blanfordi Duncan, an 
Upper Ranikot type (zones 2 to 4). It seems, from the position 
of these outliers, and from the apparent absence (or at least 
scarcity) of associated foraminif era in them, that they belong to 
some very low level in the Upper Ranikot formation. The evi- 
dence as yet is too limited to admit of certainty in zoning, but 
I would provisionally refer these northern outliers to zone 1 of the 
Upper Ranikot Series .2 Perhaps part of zone 2 is also included. 

Immediately north -east of Thal Fort, near where the railway 
crosses the Kohat Thal road, an extensive mass of clay beds begins . 
to appear, which also seems directly to overlie the black -weathering 
sandstones. Unfortunately, the actual junction -line is not seen, so 
the total thickness of the clays can only be surmised ; and the 
uncertainty is increased by the fact that the dip and strike of the 
beds vary considerably along the railway- cutting where the series 
is best exposed. The total thickness, however, can hardly be less. 
than 500 feet, and may well be considerably more. These beds, 
consisting of clays with subordinate limestone- bands, seem to 
possess a character of their own, not very like either the Upper or 
the Lower Ranikot deposits of Sind; and the major portion of the 
mass is not fossiliferous. In the lowest visible portion of the series, 
however, fossils are to be found, and the following molluscs have 
been identified in them :- Senzicassis phillipsi A. d'Archiac ' & 

1 These are probably the well- preserved corals' noted by Wynne (31 ci), 
although he does not observe that the coral -beds overlie the black 
weathering sandstones. As regarde Wynne's reference to Kadimak JI ountain, 
I have visited the spot where Mr. McLeod reported seeing loose ammonites (it 
is easily found from Wynne's description), and brought back an ammonite 
which Dr. L. F. Spath identified as an `Astiemroa' (Olcostephanus), indicating 
an uppermost Valanginian horizon. 

The positions of these outliers are marked by the small circles, with the 
letter ` C' inside them, on the accompanying map (fig. 6, p. 285). 
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J. Haime and Turritella diastropha Cossmann & Pissarro. Both 
-of these, according to Vredenburg, characterize the lowest layers 
(zone 1) of the Upper Ranikot Series in Sind. Together with 
them was also found Mesalia mecquenemi Cossmann & Pissarro, 
which apparently occurs throughout the Upper Ranikot zones 2, 3, 
and 4 in Sind. It seems to be a species with a long geological 
range, however, since it (or a closely allied variety) is also found 
in the lowest Eocene deposits on the Samana. 

Thus all four of the forms identified from the lowest layers 
.overlying the black- weathering sandstones at Thal are Ranikot 
species. Two of them have only been found before in the lowest 
zone of the Upper Ranikot, and the others have a long geological 
Tange. It seems best, therefore, to correlate this level approxi- 
mately with zone 1 of the Upper Ranikot in Sind. 

Uppermost Ranikot Beds. 
(4) Following upon the first fossiliferous portion of the upper 

-clay and limestone series comes a considerable extent of unfossi- 
liferous layers, which seem to comprise the greater part of the 
whole, and must be at least 400 feet thick. This unfossiliferous 
middle portion is finally succeeded by some 50 feet of fossiliferous 
beds- still, lithically, of much the same character, -which then 
.extend along the cutting for about half a mile, and abound with 
the foraminifer hitherto designated `N. planulatus,' which so 
specially characterizes the Uppermost Ranikot zone of Sind. They 

-also contain a number of other foraminifera, and numerous small 
-corals. This terminates the Eocene series in the cutting ; for the 
planulatus'- bearing beds are locally- succeeded, most uncon- 

formably, by alluvium and sub -recent deposits. Similar beds, 
however, with the same fauna, are to be seen cropping out east of, 
'Thal- mostly on the left bank (that is, on the east) of the 
Ishkalai stream.' In none of the exposures that I have seen is 
there any appearance of contact between the upper planulatus'- 

I The ' Shakalli' stream of Wynne's reconnaissance (31 e). It is noticeable 
that he says nothing about these beds. The railway- cutting section, of 
course, was not exposed in his day ; but it is strange that he did not observe 
the rich uppermost Ranikot Beds, when he crossed to the east of the Ishkalai, 
for he mentions the greenish -gray' (P blue -grey) clays andAlveolina- beanng 
limestone, which there immediately overlie the Raiiikot Beds. It is true that 
-the Ranikot exposures are very narrow, and lie at the very base of the series 
south -east of the Ishkalai, so they might easily be overlooked by anyone 

,covering the ground in a hurry. It may be mentioned here that ' Murree' 
Beds do not (so far as I have yet seen) exist at Thal. What Wynne (31 e) 

-called 'Murree' Beds here are Lower Siwalik deposits (Kamlial and Chinji). 
These are fossiliferous (Wynne himself found bones in them) and recognizably 
.different in lithology from the true Murree Beds (seen in abundance between 
Hangu and Kohat). Wynne, however, not only confused Kamlial and Chinji 
deposits with Murree Beds, but Loki Beds (Lower Chharat) as well, in his paper 
on this area. They certainly are all often deceptively similar in this region, 
-and Wynne's was only a rapid ' reconnaissance,' giving him no time to 
familiarize himself with the details of the local series, a knowledge of which 
makes confusion impossible. 
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bearing beds and the black- weathering sandstones. Those sand- 
stones do not appear at all east of the Ishkalai, and are probably 
buried deep underground there. On the other hand, these eastern 
`planulatus' -bed exposures seem always, like those in the cutting, 
to indicate the topmost zone of the local Ranikot Series, since they 
are here (east of the Ishkalai) uniformly succeeded by blue -grey 
clays of quite a different aspect, which are similar to beds that 
I have referred to the Meting Shale in other parts of the same 
district; and these in turn are overlain by limestones containing a 
Laki fauna, which apparently correspond to the `Laki limestone 
of the Kohat section, although the Thal member is certainly less 
fossiliferous than the one found at Kohat.1 

A few molluscs appear in these uppermost Ranikot Beds, but 
they are too badly preserved to admit of identification. Most of 
the corals, also, still remain to be identified. This is not, however, 
due to their state of, preservation, which is generally good, but to 
the fact that they seldom seem to conform exactly to already 
described types. The following, however, have been identified 
Isastrcea punctata Duncan, Dip loria flexuosissima A. d'Archiac, 
and Astroccenia cellulata Duncan. All three of these are species 
that characterize the uppermost Ranikot Series in Sind. In 
addition to them, the following Sind species (also of the uppermost 
Ranikot) are represented by closely allied varieties:- Astroccenia 
nana Reuss and A. ramosa Sowerby. 

I made the above identifications at Calcutta, where I was 
allowed (by courtesy of the Director of the Geological Survey of 
India) to compare the Thal specimens directly with the type - 
specimens from Sind. The Palæontologist to the Survey, Mr. G. 
H. Tipper, also kindly checked my findings, whenever a form 
seemed to be identifiable: and I only quote, as identical, those 
coral species about which neither of us had any doubt. 

Faunistic Correspondence with Sind. 
Omitting, therefore, the two varieties (of nana and ramose), we 

thus have the following eight Ranikot species (four molluscs and 
four corals) the exact counterparts of which are found at Thal:- 
Ampullina (Crommium) pervicina 

Cossmann & Pissarro. 
Semicassis phillipsi A. d'Archiac & 

J. Haime. 
Turritella diastropha Cossmann & 

Pissarro. 

Mesalia mecquenemi Cossmann & 
Pissarro. 

Astroccenia blanfordi Duncan. 
Isastræa punctata Duncan. 
Diploria ftexuosissima A. d'Archiac. 
Astroccenia cellulata Duncan. 

Besides these, we also find the following eight foraminiferal 
species at Thal, which are all typical of the Upper Ranikot 
Series:- 

The entire Laki section is exposed at Keimt; and its relations with the 
Chharat Beds of the Punjab and the Laki horizons of Sind have been dis- 
cussed elsewhere: see (7) & (8). 
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Nummulites planulatus Nuttall, non Sider°lites miscella (A. d'Archiac Sr. 

Lamarck. J. Haime). 
Assilina ranilcoti Nuttall. Dictyoconoides conditi Nuttall. 
Operculina canalifera A. d'Arcbiac Dictyoconoides haimei sp. nov. 

(pars). Discocyclina ranikotensi8 sp. nov. 
Alveolina oblonga A. d'Orbigny. 

There can thus be little doubt that Ranikot Beds exist at Thal; 
and the discovery has its interest, since it shows that Upper Ranikot 
Beds were deposited more than 500 miles north of the northern- 
most exposures hitherto found of the same.' The evidence also 
is strongest in regard to the uppermost Ranikot zone -for, narrow 
as the latter is at Thal, it is the one most constantly exposed, and 
it contains eleven species (that is, the last three corals and all the 
foraminifera named above) in common with the uppermost Ranikot 
of Sind.2 The correlation of this horizon is, therefore, fairly 
satisfactory, despite the associated appearance at Thal of a con- 
siderable number of new species (mostly corals), the admixture of 
which may partly be due to the considerable difference in latitude 
between the Thal beds and those of Sind. 

III. DESCRIPTION OF THE FORAMINIFERA. 

I have now, through the courtesy of the Keeper of the Depart- 
ment of Geology at the British Museum (Natural History), been 
enabled to compare the Thal foraminifera, also certain Sind ones 
kindly lent by the Director of the Geological Survey of India, 
with the collections of European foraminifera in the Museum 
at South Kensington. Dr. W. L. F. Nuttall has also very 
kindly allowed me to compare my specimens with his material 
from Sind, now in the Sedgwick Museum at Cambridge. The 

1 That intermediate exposures of Ranikot Beds will be found, is now 
rendered very probable; and Mr. Tipper showed me a specimen (unregistered) 
of rock -matrix at the Offices of the Geological Survey of India which appears 
to represent such a discovery. It was collected by Colonel A. L. Duke, M.B., 
from a spot 29° 55' lat. north, 69° 6' long. east, and it contains such typical 
Ranikot forms as large Operculina sindensis (described below ; the ' O. cana - 
lifera' of Dr. Nuttall's paper), Siderolites miscella, and Discocyclina rani - 
kotensis (described below). This spot (Zrind) is fairly midway between 
the hitherto known Sind exposures and the beds at Thal, being about 4° 
north of the former and 3;° south of the latter. It is also intermediate in 
longitude. 

2 Another species, quite common in the uppermost Ranikot Beds at Thal, 
is a small Ostracod apparently identical with Bairdia subdeltoidea Munster 
(19). The specimen figured by T. Rupert Jones (19 a) is No. I. 1450 at the 
Natural History Museum, South Kensington. It is from the Bracklesham 
Belosepia Bed, and is indistinguishable from the Thal forms (which average 
1.6 X1 mm. ; whereas the other specimens from Bracklesham are much 
smaller). Exactly similar (but smaller, about 1.2 X 0.8 mm.) forms were 
shown to me by Mr. T. H. Withers at the Natural History Museum, which 
bad been washed out of the basal Senonian (Coniacian) Chalk zone of Micraster 
cor- testudinarium, immediately above the Turonian. Thus the species ap- 
parently ranges from at least the Senonian to the Lutetian (Bracklesham). 
According to Zittel (33), the genus ranges from the Ordovician to recent 
times. 
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results of these comparisons are described below. It will be 
seen that the Indian form, so often designated in the past 
Nwmmulites planulatus (Lamarck), is not identifiable with that 
species, but seems to be distinct and rather more primitive in type. 
It is therefore redescribed as N. nuttalli. Similarly, the form 
hitherto referred to Operculina canalifera is not strictly identifi- 
able with A. d'Archiac's species, and so is redescribed as O. sindensis. 
It has strong affinities with N. nuttalli. The megalospheric 
companion of N. nuttalli and the microspheric companion of 
Siderolites iniscella, which have never before been described, seem 
to occur at Thal, and are described as N. thalieus and S. stampi 
respectively. N. globulus Leymerie and N. lucasi Defrance are 
represented by closely allied forms at Thal, which are described as 
N globulus var. indices and N. wadiai respectively. The typical 
Upper Ranikot Discocycline form reappears at Thal, and is de- 
scribed as D. ranikotensis : its affinities seem to be with D. archiaci 
(Schlumberger). No less than three species of the genus Dictyo- 
conoides are found in the uppermost Ranikot Beds at Thal. One 
is D. conditi Nuttall, and the other two seem to belong to types 
described long ago as 'Rotelia newboldi' by A. d'Archiac & 
J. Hahne, which have thus been rediscovered at Thal. As those 
authors suspected, two distinct species are included in their 
`newboldi', and these have been redescribed as D. newboldi and 
D. haimei. The latter was also found by me in Dr. Nuttall's 
collections at Cambridge, so it adds a further link to the correlation 
of the Thal beds with those of Sind. The genus Dictyoconoides 
(Carter's ` Conulites'), after being neglected for over 60 years, is 
thus now represented by a considerable number of Indian species. 
Two have been described by Dr. Nuttall (cooki and conditi) and 
five by myself (kohaticus, vredenburgi, tipperi, newboldi, and 
haimei) .1 An eighth species, older than any of the others, appears 
on the Samana Range, and will be described later in a paper on the 
geology of that area. It is now clear that successive forms of this 
genus show a progressive diminution in the relative size of the 
cortical chambers ; a progressive increase in the number of whorls 
to the spire ; and, from the Middle Laki Series onwards, a sudden 
appearance of intercalary whorls in the spire and a rapid increase 
in their number. Stability was reached in late Laki time, the 
Middle Bhirthar form (cooki) differing little, in these matters, 
from the uppermost Laki form (kohaticus). 

Genus NUMMULITES Lamarck. 
NUMMULITES NUTTALLI sp. nov. (Pl. XVIII, figs. 3 & 4; Pl. XIX, 

figs. 7 -9.) 
1926. Nummulites planulatus (Lamarck) Naftali (23 a). 

Although so often designated N planulatus ',2 this form was 

1 For cooki and conditi respectively, see (22) and (23f ) ; for the first three 
of my species, see (9). 

2 For instance, by Vredenburg (27 a) (28 e) (29) ; by Cotter (5) ; and by 
Nuttall as above. 
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neither figured nor described until Dr. W. L. F. Nuttall dealt with 
it recently, in the course of his work on Ranikot foraminifera. 
Dr. Nuttall notes that the septal filaments of the true (that is, the 
European) planulatus are generally more flexed than those of the 
Indian form ; and also that, in the latter, there are fewer whorls 
in a given radius than are found in the former. He considers, 
however, that the Indian species is identifiable with the European 
despite these differences. My own comparisons of the two types 
have led to a different conclusion ; for it seems to me that, despite 
many points of resemblance, the differences are too marked and 
constant to admit of the species being regarded as identical. The 
chief distinctions are that the Indian form always has more or less 
bossed and granulated poles, whereas granules are never seen on 
planulatus ; it also has a much thicker marginal cord, and 
stronger and straighter septal filaments than are normal to planu- 
latus. Remembering these points of difference, one would have 
little difficulty in separating specimens of the Indian type from 
the European, if dealing with a mixed collection. In equatorial 
section, the shape of the chambers is very similar in the two types ; 

but the spire of the Indian form opens out more rapidly for the 
first six whorls. In meridian (axial) section, the marginal cord is 
seen to be much thicker in the Indian species ; the walls also are 
thicker, coarser, and less regular in outline ; and the presence of 
pillars, in the polar regions of the test, is most marked. This develop- 
ment of pillars is, of course, altogether unknown in planulatus.1 
The pillars may or may not be continuous through successive walls 
of the test; and sometimes they are less concentrated at the poles 
than at others; but their presence is characteristic of the Indian 
species.2 

The foregoing remarks apply to specimens from Sind, which are 
here regarded as representing the Indian species. The Sind speci- 
mens are, on the whole, those most like planulatus, although they 
generally exceed planulatus considerably in size. The more rapidly 
opening spire, and, above all, the coarser and simpler septal fila- 
ments, are 'primitive features, which may point to the Indian 
species being an older one than planulatus. The presence of 
pillars is not, of itself, either a particularly primitive condition or 
the reverse ; it seems to be correlated with the presence of a con- 

e The fact that N. planulatus is entirely smooth is taken into account by 
Hisakatsu Yabe & Shoshiro Hanzawa in discussing the affinities of their 
new species N. amakusensis (32). A granulated species does, however, exist 
in Europe, which, although treated as specifically distinct from N. planulatus, 
is regarded by Prof. Douvillé as exactly similar to N. planulatus, except for 
the presence of granules : this is N. aquitanicus Benoist. It appears together 
with N. planulatus in the beds at Gan (12 a). N. nuttalli, however, is almost 
as distinct from N. aquitanicus as from N. planulatus : it has a more distinct 
polar boss, with granules more concentrated in the region of that boss (a 
primitive arrangement, where granules are found) ; a thicker marginal cord ; 
and, usually, a more pronounced `gutter' or depression between the whorls. 
The whole aspect is different. 

2 If not at first visible, the pillars of N. nuttalli will be seen if the poles of 
the test be abraded. 
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siderable development of secondary skeleton, and a canal- system 
to nourish the same.1 I propose to name the species after 
Dr. Nuttall, who was the first geologist to figure and describe it, 
and whose work on Indian Eocene foraminifera has clone so much, 
of late, to advance our knowledge of the same. 

Pl. XVIII, fig. 3 shows a polar view of N nuttalli, for com- 
parison with fig. 1, which shows a similar view of N. planulatus 
from Cuise. The most characteristic features of the one species 
are never seen in the other -for example, the granulated poles and 
thick marginal cord of N. nuttalli, on the one hand, and the 
relatively complicated arrangements of the septal filaments of 
N. planulatus, on the other. Fig. 4 gives a meridian section of 
N. nuttalli, showing its rugged, thick -set, and irregular structure, 
with strongly developed polar pillars and stout marginal cord, for 
comparison with the delicate structure and regular outlines of 
N. planulatus, as also seen in meridian section in fig. 2. Another 
meridian section of N. nuttalli, showing a relatively flatter form 
with shorter and more scattered pillars, is illustrated in fig. 9 of 
Pl. XIX, together with two more specimens of N. nuttalli from 
Sind (figs. 7 & 8), which show the species at its nearest approach 
to N. planulatus. Reference may also be made to Dr. Nuttall's 
figures : especially to his text -figure, showing the equatorial section 
of the type. Details regarding the relative height of chambers 
and number of septa have already been given by Dr. Nuttall, and 
need not be duplicated here. As regards other dimensions, the 
specimens from Sind are arranged in lots in the Museum at 
Calcutta, from ` Size 1' (Reg. No. K. 6 /975) to ' Size 10' (Reg. 
No. K. 6/984). The measurements of these (in millimetres) are 
as follows :- 

Reg. No. Size. 

No. of 
specimens 
measured. 

- 

Average 
Diameter. Thickness. 

Percentage 
of 

Thickness. 

K. 6/976... 2 4 6.6 2.34 35 
K. 6/977... 3 5 8.4 2.50 30 
K. 6/978... 4 4 9.45 2.72 29 
K. 6/979... 5 4 1012 2.62 26 
K. 6/980... 6 6 10.83 2.49 23 
K. 6/981... 7 5 12.2 2.86 23 
K. 6/982... 8 4 12.35 2.69 22 
K. 6/983... 9 4 14.05 2.825 ' 20 
K. 6/984... 10 1 15.5 3.00 19 

Thus the smaller forms, which are probably in many cases those 
of immature individuals, are distinctly stouter in proportion than 
the larger forms. (According to Dr. Nuttall, the average Sind 
specimen has a diameter of 1F2 mm. and a thickness of 2.6 mm., 
which fits in well with the above measurements, giving a thickness 
ratio of 23 per cent.) 

1 The relation of canal - system to secondary skeleton is remarked on by 
Carpenter (4a). His figures, also, repeatedly show pillars taking their origin 
along the course of the canal -system (4 b). It is not possible to discuss the 
matter here, but I have often seen evidence of an apparent connexion between 
pillars and canals in sections examined under the microscope. 
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NUMMIILITES NUTTALLI var. KOHATICUS nov. (Pl. XIX, figs. 
1-6.) 

The above -mentioned differences between N. nuttalli and 
N. planulatus are seen still more clearly when we examine the 
representatives of 1Y. nuttalli found in the northern beds at Thal 
and on the Samana. There the species is generally represented by 
smaller and relatively flatter forms, with more obviously granulated 
poles, and a marginal cord which appears in even stronger relief 
upon the general surface of the test. Some of the northern speci- 
mens, however, are quite as big as the average from Sind, and are 
indistinguishable from the same in any respect but that of the 
flatness of the test. It seems impossible, therefore, to separate 
the northern specimens specifically from those of Sind ; but 
their relative thinness is so constant a feature that it may entitle 
the former to rank as a distinct variety. I propose, therefore, to 
name it kohaticus, after the district in which it is found. The 
following are the measurements in millimetres of ten specimens 
from Thal :- 

Diameter. Thickness. 
11.00 1.90 
10.75 1.85 

9.60 1.50 
9.30 1.70 
9.20 1.70 
9.00 1.80 
8.75 1.90 
8.70 1.70 
8.00 1.45 
7.70 1.20 

These figures give an average diameter of 9.2 mm. and thick- 
ness of 1'67 min. The average proportion of thickness to 
diameter is thus about 18 per cent. It will be seen that the 
Thal forms are equivalent to sizes 2 to 6 from Sind; the latter 
of which is about the average for Sind, according to Dr. Nuttall. 
It is also apparent that the Thal specimens are always thinner than 
the average for the same diameter from Sind: Even if we allow 
for the fact that only the largest specimens from Thal and Sind 
are adults, and that therefore the Thal specimens should be com- 
pared, for relative thickness, with considerably larger specimens 
from Sind, the former are still seen to be relatively rather thinner 
than the latter. To this greater compression of the test seems to 
be due the greater prominence of the marginal cord on the Thal 
forms ; also the depression between the whorls which approximates 
them to the type canalifera.' 

Figs. 1 & 2 (Pl. XIX) illustrate young specimens of var. 
kohaticus from Thal; figs. 3 -6 show adult specimens of the same, 
with varying degrees of protrusion of the last whorl. 

NUMMULITES THALICUS sp. nov. (Pl. XX, figs. 1 -4.) 
The megaspheric form of N. nuttalli has never yet been 

described, although certain specimens referred to N. ramondi by 
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Fedden & Rupert Jones (16) were thought by Vredenburg (27 b) 
to represent the megasphere in question. Dr, Nuttall says 
(23 b) that he himself dicl not find it. 

There is, however, a form in the uppermost beds at Thal which 
may be the associate of N. nuttalli. It is a fairly small type. 
Ten adults measured vary from 2'S to 38 mm. in diameter. The 
average diameter is 3.25 mm. and the average thickness 1.64 mm.: 
the latter is thus almost exactly half of the former. The meridian 
section is lozenge- shaped, with rounded corners. A group of about 
seven or eight fairly prominent tubercles is seen at each pole -in 
the adult; and about twenty -seven to thirty almost straight 
septal filaments radiate thence to the periphery. These filaments 
generally stand out prominently on the surface of the test, and 
sometimes show faint signs of being granulated. A well -marked 
rim is formed by the marginal cord at the periphery; and the 
adult test is closed in by a thickening at the margin, where the 
cord descends to join its inner limb. 

The equatorial section of the test shows a double protoconch, of 
which the first chamber averages 0.4 mm. in diameter, and is (in 
sectional area) a little more than twice as big as the second. The 
spire contains from just over three to three and a half whorls. 
The marginal cord is of very uniform thickness, equal to about a 
third to a quarter of the height of the subjacent chambers. The 
chambers have the rounded tops, with faint inclination to an angle 
at the upper posterior portion, of the chambers of N. nuttalli; 
and are from once and a half to twice as high as broad. The 
partitions (septa) are very slightly inclined to the radius (about 
15'), and are almost straight, being slightly more inclined at their 
upper ends than below. The chambers per whorl, in six equatorial 
sections cut, number as follows :- 

Number of Whorl. 
1st. 2nd. 3rd. Diameter. 

Figured specimen ... 9i 17. 27 * whorl ... 3'75 mm. 
2nd do. 9 17 26 z whorl ... 3'25 
3rd do. ... 10 18 25 1 whorl ... 3.5 
4th do. ... 101, 19 30- whorl ... 3.2 
5th do. ... 8.¡ 171 24 whorl... 3.2 
6th do. ... 93 174 26 whorl ... 3.8 

In meridian section the walls are seen to be thick, somewhat 
pinched in below the marginal cord, and not unlike those of 
N. nuttalli- allowing for the stouter form of N. thalicus. The 
pillars (which do not appear well in the figured specimen) are 
generally concentrated at the poles. 

It is not yet certain that this form is really the megalospherie 
generation of N. nuttalli. It is the only suitable megaspherie form 
in the same beds, and (conversely) N. nuttalli is the only suitable 
and associated microspheric form to which it might belong. The 
centralized arrangement of pillars and the shape of the chambers 
in equatorial section seem to agree very well. But it is noticeable 
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that the marginal cord is not so thick, relatively, as that of 
N. 9ruttalli. 

I propose that the species be named after the only spot in which 
it has so far been found. Pl. XX, fig. 4 gives a polar view of a 
young specimen, and fig. 3 the same view of an adult. Fig. 1 
shows an equatorial section,1 and fig. 2 a meridian section. 

NIIMMULITES TBALICIIS var. GWYN/E nov. (Pl. XX, fig. 5,) 

Together with N. thalicus are found occasionally forms of much 
the same size and general appearance, which are apt to be con- 
fused with it, and may belong simply to a variant of that species. 
They show a similar collection of granules at the poles, a similar 
number of radiating septal filaments, and a similar raised marginal 
rim. The tests, however, are much flatter than those of the typical 
N. thalicus (although intermediate forms exist) ; also the septal 
filaments are rather more falciform, and show a stronger tendency 
to granulation. A more striking difference lies in the fact that 
the outermost whorl is not truly enveloping: its inner margin 
can be seen, in the form of a shoulder, overriding the penultimate 
whorl in an open spiral, from the pole to the point on the periphery 
where the spire finally closes in. Thus the type, in old age, approxi- 
mates to the structure of an Assilina. 

An equatorial section is almost exactly like that of N. thalicus. 
The number of the whorls is the same, also the'number of chambers 
to each whorl, namely, about 10 ; 18 ; 26 chambers, with a quarter - 
whorl in addition. The shape of the chambers is also the same, 
except that they are slightly taller than those of the typical 
N. thalicus, owing to the somewhat larger diameter of the test. 
The largest specimen found measures 43 x1.7 mm. ; the average 
dimensions are 3.55 x 1.25 mm. ; the flattest specimen measures 
3.6 x 0.9 mm. Thus the thickness varies from rather over a third 
down to a quarter of the diameter. 

Pl. XX, fig. 5 shows a polar view of this variety. The equa- 
torial section is not illustrated, owing to its similarity to that of 
thalicus. 

NIJMMIILITES GLOBULES Leymerie, var. INDICIIS nov. (Pl. XX, 
figs. 6-10.) 

1846. Nummulites globulus Leymerie (20). 
1919. Nummui tes,globulus Leymerie, Douvillé (120). 

Accompanying N. nuttalli in the uppermost Ranikot Beds at 
Thal is another microspheric Nummulite; a much smaller and rela- 
tively stouter form, with a large white spot at each pole, marking 
the end of a stout central pillar or close -set group of pillars. There 
is often a slight depression at the centre of the pole. The largest 
specimen found measures 4.3 x 2.15 mm. The average dimensions 
of ten measured specimens are 3.67 x 1.81 mm. Considerable 

I The first primordial chamber is not usually so compressed as it appears 
in this section. 
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variation is seen in the relative thickness of the test, which ranges 
from about 45 to 56 per cent. of the diameter. In the adult form, 
about thirty septal filaments can be counted, passing from the 
periphery towards the poles. These filaments leave the periphery 
at an angle of about 50° to 70° to a tangent to the same : they 
are but slightly curved for the first two -thirds of their course, 
after which they bend more sharply inwards towards the poses. 
In side view, the test is lenticular, with flattened poles and a sharp 
margin. 

In equatorial section, the spire is seen to contain about seven 
and a half whorls in specimens of 4 mm. diameter. The following 
are the numbers of chambers counted in the whorls of five sections 
prepared 

1st. 
2 

? 

? 

? 

? 

2nd. 
? 

? 

? 

? 

? 

3rd. 
? 

15 
13 

? 

? 

Number of whorl. 
4th. 5th. 
18 21 
16 18 
17i 211, 
18 23- 
16 21 

6th. 
24 
23 
27 
26 
25 

7th. 
30 
26 
27 
27 
26 

8th. 
30 

Diameter of 
test. 

4.15 mm. 
4.1 
4.0 
3.8 
3.4 

The chambers of the last whorl in the adult are generally more 
widely spaced than the normal ; so they are usually about equal in 
number to those of the penultimate whorl. The widths of the 
2nd to 7th whorls are, respectively, about 0.113, 0.180, 0.282, 
0.372, 0.526, and 0.617 mm. ; thus they increase fairly regularly 
in size. 

The chambers are normally somewhat square -topped, with a 
slightly drawn -out upper posterior angle. In all but the last whorl 
(where the partitions are more widely spaced) the chambers are 
about Lwice as high as broad. The partitions are almost straight 
in their lower portions, and usually lie at an angle of about 20° 
to 30° to the radius : their upper portions are recurved somewhat 
sharply to the marginal cord. The thickness of the cord is, on an 
average, equal to about two -fifths to a third of the height of the 
subjacent chambers, and increases evenly in size from the centre 
to the periphery. 

In meridian section, the walls of the test are seen to be very 
thick, and inclined to be pinched in below the marginal cord. 
The contained chamber- spaces are thus very narrow and V- shaped. 
The polar pillars afford remarkably dense and opaque sides to the 
test. 

The form seems to be specifically identifiable with N. globulus. 
Prof. H. Douvillé, who has re- examined Leymerie's types, says 
that they vary from 3 to 4 mm. in diameter and 2 to 3 mm. in 
thickness. They show about eight whorls in a diameter of 4 mm., 
and about thirty -two to forty chambers in the last whorl. The 
chamber- partitions are said to be strongly curved. A thick pillar 
or pustule at each pole may either protrude in relief or be 
somewhat depressed at the surface. 

The Thal form thus seems to agree fairly well with N. globulus; 
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but its chambers are not so crowded, and its chamber -partitions 
are straighter.. I propose to regard it as a distinct variety, indicus, 
of the species globulus. Figs. 8 & 9 (Pl. XX) show polar views 
of young specimens ; fig. 10 gives a polar view of an adult. Fig. 6 
shows the equatorial section of a form 4.05 mm. in diameter, 
with about seven and a half whorls. Fig. 7 shows the meridian 
section of a rather flatter form than the normal. 

NUMMULITES WADIAI sp. nov. (Pl. XXI, figs. 17 8618 ; Pl. XXII, 
figs. 7-9.) 

One of the commonest foraminifera in the black -weathering 
sandstones at Thal i is a small megaspheric Nummulite, which 
seems to be very similar to N. lucasi Defrance (25) (1) (2 h) (3) 
(10 a) (12 cl) (15 a). The form is lenticular, with a sharp pro- 
jecting margin. The largest specimen found measures 2.75 by 
1.4 mm., the average diameter being 2.4 mm. and the average 
thickness 1.15 mm. There are usually about twenty radiating, 
slightly falciform, septal filaments. The equatorial section shows 
a large double protoconch, the first chamber of which is about 
0.14 to 0.16 mm. in diameter, and about twice as big (in sectional 
area) as the second. The spire has from about three and a half to 
four and a half whorls. In four sections prepared, the numbers of 
chambers in the whorls are seen to be as follows 

Number of whorl. 
1st. 2nd. 3rd. 4th. 5th. 

9 161 21 t whorl. 
8 16 19 29 ¡ whorl 
8 15 21 1 whorl. 
9 16 rest obscure. 

The species is marked by the rapid increase in size of the 
first whorl, the subequal size of the remaining whorls, the sub - 
equal thickness of the marginal cord (usually equal to about 
a quarter to a fifth of the subjacent chamber- height), and 
the flat -topped appearance of the chambers (usually one and a 
quarter to one and a half times as high as broad). The earlier 
septa are somewhat curved; the later septa are almost straight, 
inclined at only about 20° to the radius, and with little added 
curvature where they join the succeeding whorl. Meridian sections 
show a number of pillars radiating to the surface : these are most 
numerous in the polar regions of the test, but not restricted to the 
same. On the outer surface, the pillars are but faintly seen, and 
seem to be quite irregularly disposed. Sometimes they appear on 
the septal filaments ; sometimes, singly or in little groups, between 
the filaments. 

A small piece of rock, crowded with N. wadiai and other foraminifera, 
was kindly examined for me by Mr. W. Campbell Smith. He finds the matrix 
to be a highly ferruginous sandstone or limonite with minute grains of quartz, 
and no calcite. It was probably a shallow -water coastal deposit. 
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These characters are not exactly matched by those of any 
European species hitherto described,' although N. lucasi appears 
to be closely affiliated. Thus Prof. Douvillé figures (15 b) a mega - 
spheric N. lucasi from Bos d'Arros, which has a spire of four and 
a half whorls, with 7, 15, 18, and 24 chambers respectively to its 
four completed whorls. The first whorl, as in the Thal form, 
increases rapidly in size, the other whorls being subequal; the 
marginal cord also has the same relative thickness, and the chambers 
the same flat tops and the same relative proportions as are found 
in the Thal type. Specific identity, however, can hardly be 
claimed. Apart from minor points of difference (for instance, that 
N. lucasi A is rather larger, and its septa more inclined to the 
radius), the pillars of lucasi are characteristically arranged upon 
the septal filaments, where they traverse the marginal cord. No 
such arrangement is found in the type under consideration -which 
must therefore, despite the above- mentioned resemblances, be 
regarded as distinct. I propose to name it after Mr: D. N. 
Wadia, of the Geological Survey of India. 

Pl. XXI, fig. 18 shows the equatorial section of a young form, 
and fig. 17 the meridian section of an adult. Figs. 8 & 9 (Pl. XXII) 
give polar views of young forms, and fig. 7 the polar view of an 
adult. 

Genus ASSILINA A. d'Orbigny. 
ASSILINA RANIuoTI Nuttall. (Pl. XXI, fig. 16.) 

1926. Assilina ranikoti Nuttall (23 c). 

This species is not so common at Thal as it is in Sind, but a 
certain number of specimens have been found in the uppermost 
beds at Thal, which seem to be indistinguishable from Dr. Nuttall's 
Ranikot species. Pl. XXÌ, fig. 16 shows a polar view of one of 
these. 

Genus OPERCULINA A. d'Orbigny. 

OPERCULINA SINDENSIS sp. no' . (Pl. XIX, figs. 10 -13.) 
1853. Operenlina canalifera (pars) A. d'Archiac. A. d'Archiac Bs J. Haime (2 a). 
1926. Operculina canalifera A. d'Archiac. Nuttall (23 cl). 

This form has repeatedly been designated O. canalifera, but the 
Indian representatives of it have never been described or figured - 
at least, since A. d'Archiac & J. Haime's work -until Dr. Nuttall 
dealt with them recently. As found in Sind, the type is generally 
quite distinct from N. nuttalli ; but the fact should be noted that it 
is not strictly an Operculine, since its whorls are enveloping. This 
is seen from the fact that the septal filaments of the outer whorls 

1 Thus N. parvulus (37 cl) possesses a much smaller protoconeh, and a more 
crowded spire with a different number of chambers per whorl (that is, 7, 12, 15, 
20, and 25 chambers respectively to five whorls). N. mamtilla (17) (15 c) also 
shows a different spire (8, 15, 18, 21, and 26 chambers respectively to five 
whorls), and is further distinguished by possessing a thickened polar pustule 
instead of numerous pillars. Other European species differ still more markedly. 
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pass over the marginal cords of the inner whorls.' The strong 
relief in which the marginal cord appears, together with the `gutter' 
between the whorls, can be attributed to the extreme compression 
of the walls of the test. A similar character has been noted, above, 
in regard to the northern variety (that is, Numamzulites Icohaticus) 
of N. nuttalli ; and it is, in actual fact, often very difficult to dis- 
tinguish between representatives of N. kohaticus found at Thal 
and those of ' Operculina canalifera' appearing in the same beds. 
The same bossed and granulated poles are seen in both ; the same 
type of septal filaments ; and the same stout marginal cord, with 
gutter' between the whorls. Apart from the rate of opening of 

the spire (a variable feature) there is no means of distinguishing 
between the types. 

It is hard to resist the conclusion that, at Thal, the Operculine 
only represents an extreme variant of the Nummulite. In Sind, 
however, the latter is less compressed, and so the two forms are 
more easily kept apart.2 

As regards the name of the .Operculine, it is not certain that it 
can be referred to canalifera. A. d'Archiac & J. Haime's forms 
seem to have been considerably smaller ones ; and those authors 
expressly say that the septa of canalifera are granulated. This 
feature is never seen in the forms under consideration. I propose, 
therefore, that the type be called O. sindensis, after the district in 
which its distinction from N. nuttalli is most clearly seen. 

Figs. 10 & 11 (Pl. XIX) give polar views of young specimens, 
fig. 12 the same of an adult. Fig. 13 shows the meridian section of 
an adult, for comparison with the meridian sections of N. nuttalli. 
Unfortunately, the polar pillars do not show very well, and much 
of the test has broken away owing to the extreme thinness and 
elongation of the section. It seems, however, that fig. 9 (of 
N. nuttalli) is not far removed from the O. sindensis section. 
Fig. 13 makes it clear that the whorls of O. sindensis ate fully 
enveloping, like those of a Nummulite ; and Mr. Lahiri, of the 
Geological Survey of India, informs me that the late Mr. E. 
Vredrenburg was wont, latterly at least, to refer to the type as 
Nummaulites canalifera. 

It is possible that A. d'Archiac & J. Haime confused two types 
in describing O. canalifera. One of their forms (2 b) looks very 
like O. sindensis. But, since the authors say that they have 
omitted the septal granulations on some of the forms which they 
illustrate (2 c), it is hard to be sure that they have not done so 
elsewhere as well. 

It is probable that O. sindensis is not restricted to India. 
Dainelli (6 a) figures a number of small spécimens which seem 

r I accept it as an Operculine, since some writers regard the rate of opening 
of the spire as being the only criterion. According to Ph. de la Harpe, how- 
ever, the whorls of a true Operculine do not embrace at all (18). 

2 And yet the forms are sometimes confused, even in Sind. I found a perfect 
specimen of N. nuttalli in a collection (Reg. No. B. 6/987 at Calcutta) sup- 
posed to contain Sind ' O. canalifera' alone. 

Q. J. G. S. No. 330. u 
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very like the Sind type .1 They show a spire of about five to six 
whorls, with very similar chambers. Their poles are granulated 
(6 b) ; and the septal filaments, which are not apparently granu- 
lated, are seen to pass from the outer whorls over the marginal 
cords of the inner whorls (6 o). His fig. 18 shows a specimen with 
the three outer whorls subequal, which seems to afford a link with 
certain large forms (up to 20 mm. in diameter) in the British 
Museum (Natural History) : Nos. P. 645 & P. 646 from Cairo, 
and P. 887 from Beni Hassan. The latter are also very like 
Operculina sindensis as to poles, filaments, and marginal cord; 
but their spire (of six to seven whorls) has the last three whorls 
subequal. Prof. Douvillé also figures a megaspheric form, which 
may be the companion of this species. It has apparently the same 
external characters, and a spire of about five to six whorls (13). 

OPERCULINA cf. CANALIFERA A. d'Archiac. (Pl. XX, figs. 11 -13.) 
1863. Opereulina canalifera A. d'Archiac. A. d'Archiac & J. Haime (2d). 

A few specimens, which may be the O. canalifera described by 
A. d'Archiac & J. Haime, are found in the uppermost Ranikot 
Beds at Thal. These are relatively small forms (the figured 
specimens measure 5.6 X 1.1 mm. and 4.5 x 1.0 mm. respectively), 
with granulated poles and granulated falciform septa. The granules 
on the septa are largest in the region of the marginal cord, and 
decrease in size as they pass down the septa. The thick cord, with 
gutter' between the whorls, is quite as distinct in this form as in 

O. sindensis; but the type seems (unlike O. sindensis) to represent 
a true Opereuline, since the septal filaments are not continued over 
the marginal cord ; so the whorls apparently are not enveloping. 
An equatorial section shows that the spire has about two and a half 
to three whorls; and the septa are generally curved throughout, so 

that the chambers have narrower and more pointed tops than those 
of Nienzmulites nuttalli and O. sindensis. The form is megalo- 
spheric, with two subequal primary chambers, each about 0.25 mm. 
in diameter. There are about nine chambers to the first whorl, 
.eighteen to the second, and sixteen in the first half of the third 
whorl. The chambers are about four to five times as high as they 
are broad. Figs. 11 & 13 in Pl. XX give polar views of two 
specimens, and fig. 12 an equatorial section. 

A rather similar form is figured by Prof. H. Douvillé, and re- 
ferred by him to O. hardiei A. d'Archaic & J. Haime (11 a). It 
.appears in Thibetan deposits, near Kampa Dzong, together with 
forms referred by Douvillé to O. canalifera and Siderolites 
miscella. This ' O. hardiei,' however, shows a less continuously 
prominent marginal cord than the forms from Thal; it therefore 
does not possess a ' gutter' between the whorls, as seen in the latter, 
nor does it show similar bossed and granulated poles. 

1 It is noticeable that, besides the forms which he refers to ` Operculina 
.canalifera,' Dainelli figures two other species, O. tellini Marinelli, and 
O. marinelli Dainelli, which show just as pronounced ' gutters' between the 
whorls as those of O. sindensis (6 d). 
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Genus SIDEROLITES Lamarck. 

.SIDEROLITES MISCELLA (A. d'Archaic & J. Haime). (Pl. XX, 
fig. 9.) 

1853. Nummulites miscella A. d'Archiac & J. Haime (2 e). 
1928. Siderolites miscella (A. d'Archiac & J. Hahne). Nuttall (23 e). 

This is one of the commonest forms found at Thal. It is very 
numerous in the uppermost Ranikot Beds, in company. with 
Nummulites nuttalli, and it is also found in the black -weathering 
sandstone series (Lower Ranikot). The Thal 'specimens are very 
similar to those of Sind, but the average diameter is rather less, 
the relative thickness a little greater, and the whorl- chambers 
not so high. The largest Thal specimen found measures 
3.7 x 2.15 mm. ; twenty others average 2.6 x F5 mm. ; but the 
majority are only about 2 mm. in diameter. 

Internal sections of the test show considerable variation. Some 
conform to Dr. Nuttall's text -figure, which has twelve chambers 
in the first whorl and twenty -three in the second; others, with 
narrower whorls, show a greater number of chambers per whorl, 
since the shape of the chambers appears to remain constant. Thus 
the forms with the largest number of chambers seem to be the 
smallest in size. Three equatorial preparations showthe- following 
characters :- 

Number of Whorl. Diameter of 
1st. 2nd. Remainder. Test. 
6i 15i á whorl. 3.1 mm. 
84 18 f whorl. 2.8 mm. 

12 23 f whorl. 2.4 mm. 

The protoconch is double, and the first chamber is fairly constant 
in size, about 0.34 to 0.36 mm. in diameter. The second chamber 
of the protoconch is subequal to the first, but may be slightly 
smaller or slightly bigger than it. The whorl- chambers are one 
and a half times to twice as high as broad, and have rounded tops 
with an angle at the upper posterior portion. 

It is not certain that this species is correctly referred to 
A. d'Archiac & J. Hairne's S. miscella. These authors speak of the 
protoconch in S. miscella as being `excessively small,' a character 
which hardly agrees with this form; and they say that the size of 
S. miscella does not exceed 2 mm., which this form. does by far. Prof. 
Douvillé identifies certain Thibetan forms with S. miscella (11 b). 
They agree, he says, with the description given by A. d'Archiac 
.& J. Haime, and possess large granules at the poles and smaller ones . 

along the septa. Possibly the Thibetan forms are identical with 
those from Sind and Thal, but the latter appear to be larger. and 
show rows of granules between the pillars as well as upon them. 
Unfortunately, the types of A. d'Archiac & .1. Haime are lost ; so 
provisionally I accept Dr. Nuttall's identification of the Sind 

u2 
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specimens with S. miscella. In any case, the Thal specimens seem 
to be specifically identifiable with those from Sind. 

Fig. 9 in Pl. XX shows a polar view of a specimen from the 
uppermost Ranikot Beds at Thal ; and the following three text - 
figures illustrate the three equatorial sections mentioned above. 
Fig. 2 shows the whole section ; the others show only the chambers 
of the protoconch and first whorl concerned. 

Fig. 1. x 10. Fig. 2. x 10. Fig. 3. x 10. 

SIDEROLITES STAMPI sp. nov. (Pl. XXI, figs. 1 -8.) 

The microspheric companion of the last- considered type has never 
been described, but seems to be represented at Thal (in the upper- 
most Ranikot Beds only) by large flat forms, of very irregular 
outline, crowded with wavy septal filaments and covered with 
close -packed little granules. The youngest specimens are lenticular, 
and resemble S. miscella in appearance. The granules are rather 
more, prominent at the poles' than elsewhere, but spread over the 
whole surface of the test in radiating rows, lying both between 
and upon the septal filaments. The largest specimen collected 
measures 11.7 x 2.1 mm., and the average dimensions of ten adults 
are 10.5 x 1.8 mm. Internal sections show a very irregular spire 
of about six to seven whorls. One equatorial section shows 
10, 14, 20, 28, and 37 chambers respectively, in the 2nd to 6th 
whorls inclusive. The chamber -partitions are crowded and 
strongly arched throughout, so that the chambers are claw- shaped, 
with pointed tops, and height averaging four to five times their 
width. The marginal sheet, like that of S. miscella, is very thin, 
and only equal to about an eighth of the height of the subjacent 
chambers. 

According to Prof. Douvillé, Sidero lites differs from N2 MMU- 
lites in possessing perforated chamber -partitions as well as 
perforated walls (10b). In one equatorial section, there seems to 
be definite evidence that the chamber -partitions of this species are 
regularly perforated, like the walls. 

I propose to call the species after Prof. L. Dudley Stamp. 
Figs 4-7 in Pl. XXI show polar views of young specimens, 
figs. 1 -3 the same of adults. Fig. 8 gives an equatorial view of 
an adult. , 
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Genus DICTYOCONOIDES Nuttall. 

DICTYOCONOIDES CONDITI Nuttall. (Pl. XXI, figs. 10 -12 & 
Pl. XXII, fig. 5.) 

1926. Dictyoconoides conditi Nuttall (23f). 

This species, found by Dr. Nuttall in the higher zones of the 
Upper Ranikot Beds of Sind, is common in the uppermost Ranikot 
horizon at Thal. The Thal specimens are rather smaller than 
those of Sind; the largest found measures 2.15 x 1.2 mm., and 
the average of ten adults is 1.7 x 1.1 mm. ; but meridian sections 
show the internal characters to be identical. I would, however, 
slightly amend Dr. Nuttall's description, since the species is much 
better represented at Thal than in Sind, and I have thus been 
able to examine many more specimens than Dr. Nuttall could. 
The spire is not limited to four whorls -there are sometimes five. 
And, although a meridian section does generally show four pillars 
traversing the umbilical region, it may show portions of as many 
as six; for, as an external view of the base shows, there are about 
twenty -four pillars in the umbilical cavity, and a meridian section 
may cut through any number from three to six of these, although 
the most probable number is about four. The broad ends of the 
chamber -partitions, abutting against the umbilical pillars, give a 
remarkable aspect to the meridian section of this species. 

The upper surface of the Thal specimens is generally quite 
smooth, or very slightly roughened, not granulated. It shows 
a rather crowded spire of four to five whorls. The base shows a 
ring of about twenty -four large chambers round the edge ; while 
twenty to twenty -six pillars of different sizes occupy the umbilical 
region. 

Figs. 10 & 11 in Pl. XXI show views of the base, and fig. 12 one 
of the upper part of the test. Fig. 5 in Pl. XXII illustrates a 
meridian section, for comparison with Dr. Nuttall's fig. 7. 

DICTvoc ONO [DES ivEwBOLDI (A. d'Archiac & J. Haime). 
(Pl. XXII, figs. 1-4.) 

1853. Rotalin newboldi A. d'Archiac & J. Haime (2f). 

This species was described by A. d'Archiac & J. Haime from 
the ` Yellow limestone of the Hala Range,' apparently in 
company with Operculina can alifera. According to those 
authors, the largest specimens only attain 1 mm. in diameter. 
Specimens from Thal, however, average about 1.4 x 0.75 min., 
and the largest exceed 2 mm. in diameter. The spire has, as the 
authors say, about three and a half whorls, being much less 
crowded than that of D. conditi ; and the test is biconvex, with 
a sharp margin. A meridian ,._section shows chambers somewhat 
rectangular in shape, from about once and a half to twice and a 
half as deep as high, and increasing rapidly in size with each 
whorl. The umbilical area is filled with a varying number of 
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pillars. A distinct marginal canal is seen in some sections, 
following the spire at the junction -line of the successive whorls. 
À similar feature exists in Polystomella, and has been noted in 
other species of this genus. The ends of the chamber -partitions 
tend to be clubbed, as in Dictyoconoides conditi, but their arrange- 
ment is far less regular in this species. A. d'Archiac & J. Haime 
give no meridian section of their form, but their fig. 17 e shows a 
typical upper view of the test ; 17 b a typical side view ; and 17 a 
a view of the base, such as is often seen in somewhat weathered 
specimens from Thal. Their fig. 17 d should, it seems, be discarded 
as impossible to regard as exact. The chambers shown in it are 
far too high and crowded to suit such a spire as that illustrated in 
figs. 17 b & 17 e, and the illustration is either very inaccurate or 
introduced in error. 

Fig. 1 in Pl. XXII shows a meridian section of the test. Fig. 2 
gives an apical view, for comparison with A. d'Archiac & J. 
Haime's fig. 17c. Figs. 3 & 4 are views of the base : the former 
is not unlike A. d'Archiac & J. Haime's fig. 17 a ; and the latter 
shows the eight to ten large triangular chambers seen, in the best - 
preserved specimens, occupying the greater part of the base of the 
test, from the margins inwards, leaving a very reduced umbilical 
region in the centre. 

DICTYOCONOIDES RAIMEI sp. nov. (Pl. XXI, figs. 13 -15 & 
Pl. XXII, fig. 6.) 

1853. Rotalia newboldi (pars) A. d'Archiac & J. Haime (2g). 

A. d'Archiac & J. Haime recognized that they were probably 
dealing with more than one species, in describing R. newboldi, 
since some of their forms showed granules, and some were fiat on 
one side. This is matched at Thal by the appearance of two very 
similar species in the same uppermost Ranikot Beds. One of 
these, biconvex, with a sharp projecting rim and smooth upper 
surface showing three and a half underlying whorls, agrees with 
those authors' actual figures, and so has been referred to 
R. newboldi above. The other species is flat on one side, more 
strongly convex on the other, and is furnished on the convex side 
either with granules or bars, or with both granules and bars 
together. 

I propose, therefore, to name this species after one of its 
original describers, Prof. Jules Haime. The base of this species 
is covered with small subequal granules, framed in a narrow 
smooth rim round the margin of the test. Its appearance is thus 
distinct both from D. conditi and from D. newboldi. A meridian 
section shows only about two to three whorls, and much shallower 
chambers than are found in D. newboldi. The umbilical region is 
comparatively large, and crowded with tall thin pillars. 

The largest specimens of D. lsaimei from Thal are just over 
2 mm. in diameter and 1 mm. in height. The average measurements 
for ten specimens are 1.64 x 0.97 mm. 
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Dr. Nuttall having kindly shown me his collections from Sind, 
now at Cambridge, I have been enabled not only to verify the 
identity of his Dictyoconoides conditi with my specimens from 
Thal, but also to identify some specimens of D. haimei among 
his undescribed material from the same Sind horizon. 

Fig. 13 in Pl. XXI gives a basal view of D. haimei, fig. 15 an 
apical view with granules, and fig. 14 an apical view with granules 
and bars. There is a great range of variation in the ornamen- 
tation of the upper surface of this species ; but, the other 
characters being very uniform, it does not seem feasible to 
subdivide the type. Fig. 6 in Pl. XXII shows a meridian section of 
the test, for comparison with those of D. newboldi and D. conditi. 

Genus DISCOCYCLINA Gümbel. 

DISCOCYCLINA RANIKOTENSIS sp. nov. (Pl. XXII, figs. 10 -12.) 
1926. Discocycline sp. ind. Nuttall (23g). 

A large flat Discocycline, with polar bosses, is abundant in the 
uppermost Ranikot Beds at Thal; and it also appears, adhering 
to specimens of Nummulites nuttalli from Sind, in the collections 
of the Geological Survey of India at Calcutta. It thus appears to 
be a typical uppermost Ranikot form. Unfortunately, although 
specimens are very numerous at Thal, they seem always to be 
broken round. the rim, so that it is not possible to state the full 
dimensions of the test ; but forms which must have been at least 
15 mm. in diameter average 1.75 mm. in thickness at the poles, 
while the sides are about 1 ram. in thickness at the margins of the 
polar bosses, and about 0.4 to 0.5 mm. thick towards the outer 
rim. The polar bosses themselves are about 2 to. 2.5 mm. wide. 
The type here described is microspheric. 

The equatorial layer of chambers varies in thickness from 15 
to 20 p. in the centre of the test to 40-45 p, at a distance of 
about 6 mm. from the centre. The chambers, in equatorial 
section, are about 50 to 60 p high by about 30 to 40 p broad near 
the centre of the test, and about 80 to 120 p high by about 40 p 
broad in the outer cycles. The pillars, which are conical in shape, 
are about 90 to 100,a in diameter at the surface, and proportion- 
ately less nearer the equatorial layer. They are fairly evenly 
spaced, and subequal at the surface. In tangential section, the 
rosettes are seen to consist of five to seven petals; and the septa 
between the pillars incline to be curved, so that their combinations 
produce a distinctly sinuous appearance. The related megaspheric 
form shows a first primordial chamber about 260 p in diameter, 
almost completely surrounded by a second which is about 560 to 
660p in diameter. 

The form differs from D. pratti (Michelin, 1846) in possessing 
much thicker and more crowded pillars, and its associated megalo- 
spheric form has a much larger protoconch (26a). It agrees with 
D. archiaci (Schluinberger, 1903) as to size and crowding of 



282 MAJOR L. M. DAVIES ON THE [vol. lxxxiii, 

pillars ; but it has more curved septa between the pillars (26 b) (14). 
The first primordial chamber of its megalospheric form is of the 
same size as that of Discocyclina archiaci; but its second chamber 
is considerably larger (about 600 µ instead of 400 µ). At the same 
time, its second chamber is far smaller than that figured by 
Dr. Nuttall as pertaining to D. archiaci var. balnchistanensis (21 b). 

The species thus appears to be distinct, 
Fig. 4. x 20. although it has affinities with D. archiaci. I 

propose that it be called ranikotensis, after the 
beds which it characterizes. Fig. 4 shows the 
shape of the associated megalospheric Foto 
conch, as seen in equatorial section. 

Genus ALVEOLINA Defiance. 

ALVEOLINA OBLONGA A. d'Orbigny. 
1826. Alveolina oblonga A. d'Orbigny (24). 
1916. Alveolina oblonga A. d'Orbigny. H. Douvillé (11 o). 
1925. Alveolina oblonga A. d'Orbigny. W. L. F. Nuttall (21 b). 

Dr. Nuttall has shown that this species, as found in the Laki 
formation of India, is of considerable size. The average length, 

Fig. 5.- Meridian section of Alveolina oblonga, from the 
Lower Banikot Beds of Thal. X 85. 

he tells us, is 7 mm., and the average width 3 mm. At the same 
time, he shows that a much smaller form of the species, with a 
length of 2 to 3 mm., is common in certain Upper Banikot Beds 
of Sind. Similarly, Prof. Douvillé, who figures specimens of 
A. oblonga from Thibet, and says that they are exactly similar 
to specimens from the Ypresian deposits of Cuise, records their 
size as being 3 to 4 mm. by 2 mm. 

Mr. Lahiri, of the Geological Survey of India, has kindly drawn 
my attention to the fact that certain specimens from Kotri, in the 
collections at Calcutta, measure from 3 to 3.2 mm. in length by 
P5 to 1.6 mm. in thickness -their shape varying from fusiform to 
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cylindrical with rounded ends. Specimen No. G 
3 x 1.5 rum., and has six to seven major chamber 

Specimens apparently agreeing with the above 
at Thal as follows :- 

283 

.280 /115 measures 
s. 
have been found 

Horizon. Length. Thickness. 

mm. mm. 

Nwmber 
of whorls. 

Number of chambers 
per mm. in 

the outermost whorl. 

Uppermost 1 ( 2.4 13 10 18 
Ranikot f 2.2 1.1 8 16 -18 

Lower r 3.5 1.8 
Ranikot I I 2.4 1.2 9 13 -15 

(black- 2.2 1.1 8 14 -15 
weathering I 2.1 0.9 6 -7 14 -15 
sandstones) l 2.0 1.0 

The number of major chambers in these forms seems to vary 
from six to eight. 

These specimens thus seem to belong to the species oblonga. 
The proportions of the test are the same ; the form of the test 
agrees with that of specimens from Kotri in varying from 
fusiform to cylindrical with rounded ends ; there is no appearance 
of fiosculinization; the lamina between whorls is always thin in 
the equatorial region ; and the minor chambers are either square 
in section, or but very little higher than broad. The uppermost 
Ranikot forms at Thal have fourteen to eighteen chambers to 
the mm. in the outermost whorls : this agrees with Prof. 
Douvillé's Thibetan specimens, which have fifteen to eighteen 
chambers in their outermost whorls. The Lower Ranikot forms 
at Thal show thirteen to fifteen chambers in their outermost 
whorls, which is the number shown by Dr. Nuttall's Laki 
:specimens. It is true that there are only about six to ten whorls 
in the Thal forms, as against eleven to fifteen in the larger forms 
from the Laki Series and Thibet; but, for forms of equal size, the 
number of whorls is very similar. It seems clear, therefore, that 
the Thal specimens belong to the species A. oblonga; and it is 
interesting to note that the type -forms of Cuise apparently stand 
midway in size between the large forms of the Indian Laki Series 
.and the small forms of the Indian Ranikot Series. Fig. 5 shows 
a meridian section of a specimen from the Lower Ranikot Beds 
(black- weathering sandstone) at Thal. 

IV. DISTRIBUTION OP THE FORAMINIFERA. 

The following table shows the distribution of the various species 
in the Thal beds. Those forms the names of which are preceded 
by an asterisk are specifically identifiable with Ranik ©t forms of 
Sind; those marked § have been reported from the Yellow lime- 
stone of the Hala Range', and are probably also of Ranikot age :- 
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Thal. 

Lower 
Ranikot 

Sandstones. 

Uppermost 
Ranikot 

Beds. 

*Nummulites nuttalli var. kolatiaus sp. nov. & var .. -------- 
Nummulites Maims sp. nov. 
Nummulites tlealicus var. g¢oyncs nov ................... 
Nummulites globules Leymerie var. indiens nov....... 
Nummulites wadiai sp. nov......... .. ... 

*Assilina ranikoti Nuttall 
*Operculina sindensis sp. nov. 
§Opsrculina cf. canalifera A. d'Archiac 
Siderolites miseella (A. d'Archiac & J. Halme) 
Siderolites stampi sp. nov.... 

Dictgoconoides conditi Nuttall ............... 
§Dictgoconoides newboldi (A. d'Archiac & J. Haine) 
*Dictyoconoides hai,nei sp. nov. 

rani kotensis sp. nov . 
*Alveolince oblonga A. d'Orbigny ..................... 

V. THE AGE OF THE RANIROT SERIES. 

It has been suggested by Dr. Nuttall that the Laki Beds of 
India extend into the Thanetian (sensu lato), and that the 
Ranikot Beds are equivalent to the lowest Eocene (Montian and 
Lower Landenian). My own view is very similar, although I 
incline at present to correlate the Laki formation with the Ypresian 
alone. There is a constant and great unconformity between the 
uppermost Ranikot Beds and the lowest Laki Beds, however ; so the 
former should most probably be placed well down in the Landenian, 
whether the Laki Series extends into the Landenian or not. 

Exact correlation of Indian deposits with European ones is not 
very easy in the lowest Eocene ; correlation becomes easier as we 
approach the Lutetian.l It is noticeable, however, that all the 
characters of the Ranikot foraminifera indicate a very early 
Eocene horizon. Thus the megalospheric forms of Nummulites 
and kindred genera, found in these beds. all show a primitive 
double protoconch. The septal filaments of the Nummulites, also, 
are of the simplest kind -radiating, straight, or falciform. The 
granules of the Nummulites are either concentrated towards the 
poles or else collected into polar pustules -a distinctly primitive 
arrangement. The genus Siderolites, in Europe, seems to 
characterize Cretaceous rather than Eocene levels ; so its abun- 
dance in the Ranikot Beds appears to indicate a low horizon. 
The long -lived Lower Eocene species Alveolina oblonga is repre- 
sented in the Ranikot Series only by very small forms, as if the 

As I have elsewhere (8) shown grounds for believing, the basal Khirthar 
Beds of India can be closely correlated with the basal Lutetian of Europe. 
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conditions best suited to it had not yet been established. All 
these facts seem to indicate a pre -Ypresian correlation. 

The species Nummulites nuttalli is interesting. The shapeof 
its chambers, and its possession of ` transverse trabecules', etc.,. 
recall N. planulatus of Europe. Its associated megalospheric 

Fig. 6.- Geological sketch-map of the neighbourhood 
qf Thal, on the scale qf 1: 126,720. 
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type, N. thalicus, is very similar in internal section to N. subexilis 
(12 b), which accompanies what Douvillé calls a degraded form 
(N. exilis) of N. planulatus. N. nuttalli is also closely allied 
to a species (Operculina sindensis, of the same beds) which, in a 
somewhat modified form, is found in the Lower Eocene of Egypt 
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and Europe. In each case, however, the Indian type seems to be 
the older one. Nummulites nuttalli has pillars more concentrated 
at the poles than those of the granulated N. planulatus (N. agui 
tandems); N. tlzalicus has fewer whorls than N. subexilis; 
Operculina sindensis has not the subequal outer whorls of the 
European and Egyptian ' O. canalifera', etc. 

Whatever the explanation may be, the Indian group of forms 
seems to represent conditions less specialized and diversified than 
those implied by the European forms ; so, again a pre -Ypresian 
horizon appears to be indicated. Provisionally, therefore, I would 
correlate the Upper Ranikot Beds with the middle portions of the 
'Landenian of Europe, while the Lower Ranikot Series would 
extend from the Lower Landenian to the base of the Montian. 

My thanks are due to the Director of the Geological Survey of 
India, for repeated facilities accorded to me for working in the 
Offices of that Survey at Calcutta, and for the loan of specimens 
of foranainifera from Sind, which I was allowed to bring to 
England.; to the Keeper of Geology at the British Museum 
(Natural History), for facilities to work in the rooms of the 
Museum and access given to the collections of that Museum; to 
Dr. W. L. F. Nuttall for access to his Sind collections in the 
Sedgwick Museum at Cambridge and for constant suggestions, 
references, and advice ; to Dr. A. Morley Davies and Dr. O. M. B. 
Bulman of the Imperial College of Science & Technology, South 
Kensington, for criticisms and for the photographing of specimens, 
respectively ; also to many members of the staffs both of the 
Geological Survey of India and of the British Museum (Natural 
History), for incidental assistance of all kinds constantly given." 
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EXPLANATION OF PLATES XVIII-XXII. 

PLATE XVIII. 

Fig. 1. Nummulites planulatus (Lamarck). Cuise, Compiègne, north -east 
of Paris. M. Cossmann, April 1888. Brit. Mus. (Nat. Hist.) 
specimen. Reg. No. P. 3932. X 71. (See p. 268.) 

2. Nummulites planulatus (Lamarck), as above. Inner whorls only 
outer whorls broken away in sectioning. X 81. 

3. Nummulites nuttalli sp. nov. Holotype. Geological Survey of 
India. Reg. No. K. 6/977. From Jhirak (Sind). X 71. (See 
p. 266.) 

4. Nummulites nuttalli. Geological Survey of India. Reg. No. 
B. 6/977. From Jhirak (Sind). X 81. (See p. 266.) 

PLATE XIX. 

Figs. 1 -6. Nummulites nuttalli var. kohaticus nov. Holotype, fig. 6. Upper- 
most Ranikot Beds, Thal ( N.W.F.P.). Author's collection. x 4. 
(See p. 269.) 

7 & 8. Nummulites nuttalli sp. nov. Geological Survey of India. Reg. 
No. K. 6/981. From Jhirak (Sind). X 4. 

Fig. 9. Nummulites nuttalli. Geological Survey of India. Reg. No. 
K. 6/981. From Jhirak (Sind). x 

Figs. 10 -12. Operculina sindensis sp. nov. Holotype, fig. 11. Geological 
Survey of India. Reg. No. K. 6/987. X 4. (See p. 274.) 

Fig. 13. Operculina sindensis. Geological Survey of India. Reg. No. K. 6/987. 
X 82. 

PLATE XX. 

Fig. 1. Nummulites thalicus sp. nov. Uppermost Ranikot Beds, Thal 
( N.W.F.P.). Author's collection. X 15. (See p. 269.) 

2. Nummulites thalicus. Uppermost Ranikot Beds, Thal (N.W.F.P.). 
Author's collection. X 16. 

Figs. 3 & 4. Nummulites thalicus. Holotype, fig. 3. Uppermost Ranikot 
Beds, Thal ( N.W.F.P.). Author's collection. X 8. 

Fig. 5. Nummulites thalicus var. gwynffi nov. Holotype. Uppermost 
Ranikot Beds, Thal ( N.W.F.P.). Author's collection. X 8. (See 
p. 271.) 

Figs. 6 & 7. Nummulites globulus Leymerie var. indiens nov. Uppermost 
Ranikot Beds, Thal ( N.W.F.P.). Author's collection. X 15. 
(See p. 271.) 

8 -10. Nummulites globulus Leymerie var. indicus. Holotype, fig. 10. 
Uppermost Ranikot Beds, Thal (N.W.F.P.). Author's collection. 
X 8. 

11 -13. Operculina cf. canalifera A. d'Archiac. Uppermost Ranikot 
Beds, Thal ( N.W.F.P.). Author's collection. X 8. (See p. 276.) 

PLATE VET. 

Figs. 1 -8. Siderolites stampi sp. nov. Holotype, fig. 1. Upper Ranikot 
Beds, Thal ( N.W.F.P.). Author's collection. X 4. (See p. 278.) 

Fig. 9. Siderolites miscella (A. d'Archiac & J. Heime). Uppermost Ranikot 
Beds, Thal ( N.W.F.P.). Author's collection. X 8. (See p. 277.) 
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Figs. 10 -12. Dictyoconoides conditi Nuttall. Uppermost Ranikot Beds, Thal 
( N.W.F.P.). Author's collection. X 8. (See p. 279.) 

13 -15. Dictyoconoides haimei sp. nov. Holotype, fig. 14. Uppermost 
Ranikot Beds, Thal ( N.W.F.P.). Author's collection. X 8. (See 
p. 280.) 

Fig. 16. A8silina ranikoti Nuttall. Uppermost Ranikot Beds, Thal 
( N.W.F.P.). Author's collection. X 8. (See p. 274.) 

17. Nummulites wadiai sp. nov. Lower Ranikot sandstones of Kurram 
Picquet Hill, Thal ( N.W.F.P.). Author's collection. X 30. (See 
p. 273.) 

18. Nummulites wadiai sp. nov. Lower Ranikot sandstones of Kurram 
Picquet Hill, Thal ( N.W.F.P.). Author's collection. X 48. (See 
p. 273.) 

PLATE XXII. 

Fig. 1. Dictyoconoides newboldi (A. d'Archiae & J. Haime). Uppermost 
Ranikot Beds, Thal (N.W.F.P.). Author's collection. X 30. 
(See p. 279.) 

Figs. 2-4. Dictyoconoides newboldi (A. d'Archiac & J. Haime). Uppermost 
Ranikot Beds, Thal (N.W.F.P.). Author's collection. X 8. (See 
p. 279.) 

Fig. 5. Dictyoconoides conditi Nuttall. Uppermost Ranikot Beds, Thal 
( N.W.F.P.). Author's collection. X 30. (See p. 279.) 

6. Dictyoconoides haimei sp. nov. Uppermost Ranikot Beds, Thal 
( N.W.F.P.). Author's collection. X 30. (See p. 280.) 

Figs. 7 -9. Nummulites wadiai sp. nov. Holotype, fig. 7. Lower Ranikot 
sandstones of Kurram Picquet Hill, Thal ( N.W.F.P.). Author's 
collection. X 8. (See p. 273.) 

Fig. 10. Discocyclina ranikotensis sp. nov. Uppermost Ranikot Beds, Thal 
( N.W.F.P.). Author's collection. X 30. (See p. 281.) 

11. Discocyclina ranikotensis. Holotype. Uppermost Ranikot Beds, 
Thal ( N.W.F.P.). Author's collection. X 5. 

12. Discocyclina ranikotensis. Uppermost Ranikot Beds, Thal 
( N.W.F.P.). Author's collection. X 45. 

DISOUSSIoN. 

Mr. D. N. WADIA said that the paper was of importance, as 
giving one additional proof of the already established fact that, in 
the Indian region, there exists no unconformity whatever between 
the Cretaceous and the Eocene Systems. The Author's work 
shows that the post -Danian- pre -Thanetian interval was bridged over 
by continuous fossi liferons sedimentation. Vredenburg had tried to 
prove an unconformity between these stages in some parts of India, 
as significant as that of the rest of the world; but later work had 
shown that in the Kampa -Dzong system of the Tibetan Himalayas 
there are beds which lie astride of the Upper Cretaceous and basal 
Eocene, and such is also the case in Baluchistan and in parts of the 
Punjab. 

Dr. W. L. F. NuTTALL congratulated the Author on the com- 
pletion of his work, which was an important contribution to Indian 
Tertiary Geology. Regarding the foraminifera in the specimens 
from Thal, he had brought forward evidence to show that the 
Indian form so far assigned to Hununulites planulatus (Lamarck) 
was a distinct species. The types of Operculina canalifera 
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A. d'Archiac were lost, so that it was. difficult to be certain of 
d'Archiac's interpretation of this species. The speaker was not 
convinced that the new species of .Discocyelina was the same as 
that which he hiinsélf had recorded from the Upper Ranikot of 
Sind. 

Prof. L. D..STAan? referred to the interest and importance of 
the Author's -separation as a new species' of the form preciously 
referred to .11Ticmnralites planulatus. He remarked that the 
Eocene nummulites of Burma, on casual examination, seemed 
often to show close affinities with European forms ; but a great 
number had developed a characteristic surface -ornamentation 
which necessitated their separation. The environmental con- 
ditions in the Burmese Gulf seemed to have been such as to have 
encouraged similar modifications in nummulites at successive - 
stages. A noteworthy feature of the forms from Thal described 
by the Author appeared to be an accentuation of surface- ornament, 
when compared even with the allied forms from Sind. The 
speaker asked whether the conditions during the deposition of 
the Ranikot and later beds at Thal might not have been such as to 
have resulted in the marked development of surface- ornamentation 
-producing in. fact `local races'. 

The AumROR; in reply to the last speaker, said that Indian 
nummulites from the Lower -Eocene did seem, on the whole, to be 

than European forms from, corresponding levels. 
When not granulated; the Indian forms were generally provided 
with polar pustules. . 

In answer to Dr.. Nuttall; he agreed- that, A. d'Archiac & 
J. Haime's types being lost, we could only go by their descriptions 
and figures of Operculina canalifera. It was possible that they 
had included several species under that name, which would account 
for the wide distribution of which they speak ; but, considering 
that they definitely quoted the presence of granules on the septa 
as a specific character of O. canalifera," and showed the granules 
in . at least one of their .figures, it hardly seemed safe to identify 
with O. canalifera a form which never displays that character - 
especially when another form is found,_in the same beds, apparently 
agreeing with O. canalifera in every respect: 

With regard to the Discocycline fermi -it was quite possible that 
his (the Author's) species might. prove' tó be distinct from that 
which Dr. Nuttall found, indeterminable. The Author had, how- 
ever, seen specimens at Calcutta, fromthe(uppermostRanikot Beds 
of Sind, which appeared to be indistinguishable from the Thal 
species. 
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The Age and Origin of the Gypsum 
associated with the Salt Deposits of 

Kohat, North =West Frontier. 
BY 

D. N. Wadia, M.A., B.Sc. (Bomb.), F.G.S., F.R.G.S., Geological 
Survey of India, and Lt. -Col. L. M. Davies, R.A., F.G.S. 

The gypsum deposits of Kohat, with their associat- 
ed salt -beds, 50o to 1,000 feet thick, have Introduction. 
been the subject of discussion for the la st 

seventy years. There is nothing intrinsically remarkable 
in such an association of gypsum and salt, were not their 
relations altogether obscured in almost every outcrop seen, 
and at times rendered enigmatic by a number of irregu- 
larities, by which the series is brought into intimate strati - 
graphic contact with late Tertiary rocks in some places and 
Cambrian rocks in others, or both simultaneously. At 
others again, the upper as well as the lower boundary of 
the series is marked by planes of discordance which may 
be faults or unconformities, besides a great deal of local 
contortion and faulting that has introduced anomalous re- 
lations between the salt and the gypsum. Hence have 
arisen the widely divergent views that have been pro- 
pounded, in regard to the age and origin of the gypsum, 
by the many geologists who have had occasion to examine 
this area in the field. The subject has gained fresh 
interest since the suggestion, by some of the later geo- 
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logists,1 that the Kohat salt series is a continuation of 

the salt deposits of the Punjab Salt Range, with which it 
possesses also a common origin. A voluminous literature 
has gathered round the subject, which it is not necessary 
to cite here, for a review of it, together with a lucid expo- 

sition of the whole problem, is presented by Sir Edwin 
Pascoe in his memoir 2 on Petroleum in the Punjab. 

The present position of the controversy is summarised 
by Sir Edwin Pascoe in the memoir above 

Controversy regard- 
ing the age And origin cited. He advances the following con - 
of the gypsum and clusions which emerge, to a certain ex- 
salt 

tent, from the observations of Dr. Koken 
and Noetling, 3 and later from those of Sir T. H. Holland 
and Prof. R. Zuber,' but which were later corroborated, 
and in some measure extended, by his own more detailed 
examination of these deposits during his survey of the 
Punjab oil -belt. It should be observed here, however, that 
the views of geologists like Oldham, Middlemiss, Wynne, 
Vredenberg, M. Stuart, and Fox are directly opposed to 
one or the other of these later conclusions :- 

(I) That the gypsum and salt deposits of Kohat áre 
a westerly continuation of the Saline series 
of the Salt Range, which owed its origin 
to sedimentary precipitation in a desiccating 
sea. 

(z) That the age of the whole Saline series is Eocene, 
during which period the eastern arm of the 

1. Mr. Middlemiss discussed this probability as long ago as 1891. 
2 Mein. Geol. Sun.,. India, Vol. XL. 1920, p. 352. 
a. Geológisches Mitheil. aus der Salt Range. -Geolog. Zentr. IV. 1903. "4 General Report, Geol. Sure. Ind., 5902-3, p. á6 and Imperial Gazetteer of 

India, Vol. I, p. 22, 1907. . ..l 
5 Jahrb. der Kais. -Kön. Geol. Reiches. Vol. LXIV, p. 327, 1914. 
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Nummulitic sea of N. W. India finally dis- 
appeared. 

These later deductions were, indeed, of the nature 
of hypotheses, based upon general observations of the 
stratigraphy and geotectonics of the Salt Range mountains, 
and lacked conclusive internal evidence. This deficiency is 
now, to a certain extent, supplied in an unexpected manner 
by the discovery made by the present writers that a 
large part of the gypsum in the. Kohat area is not an 
original formation, but is a transformed Nummulitic lime- 
stone ; * although this transformation was more or less a 
contemporary process, and was brought about by the same 
set of conditions which led to the deposition of the under- 
lying salt and a part of the associated gypsum in direct 
contact with it. The discovery of a whole series of gypsi- 
fied marl beds and Alveolina- bearing limestone (which is 

almost but not quite wholly gypsified), intimately associat- 
ed with secondarily formed dolomite occurring in the midst 
of the gypsum series overlying the salt, affords new evi- 
dence supporting the view of Tertiary age and sedimentary 
deposition of the saline series of Kohat ; and it has also an 
interest of its own regarding the mode of formation of 
a large mass of secondary gypsum.. 

It should be admitted, however, that the underlying 
salt is not in normal conformable relation with this gypsum. 
But it is the opinion of the present authors that this 
appearance of unconformity between the two series of beds 
has arisen from the highly plastic nature of these deposits, 
and that there is no evidence to show that the unconfor- 
mity is any greater than that which could easily be produced 
by any minor slipping resulting from the crumpling up 
of such incompetent strata as gypsum and salt under the 
powerful compressional stresses' the rocks of these regions 
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have undergone. Again the effect of solution of the salt at 

the junction -plane by percolating waters producing an 

uneven contact, simulating unconformable contact, has also 

to be borne in mind. 
During a brief visit to Waziristan in 1923, the first 

author found proofs of the presence of 
The present dis- limestone and marl intercalations in the 

covery. 
gypsum series overlying the salt mass 

near Bahadur Khel, showing all gradations of alteration 
from a limestone to gypsum. The second author subse- 

quently identified this gypsum zone, on stratigraphic 
grounds, with the Laki limestone of Sind. The grounds 
for this correlation have been stated in a paper entitled 
" Notes on the Geology of Kohat."1 

Further evidence obtained since then, both in the field 

and by work in the laboratory, has enabled us to reach 
the conclusions outlined below :- 

(i) That a by no means insignificant quantity of lime- 
stone and dolomite is present, intimately associated with 
the upper portion of the gypsum zone of Bahadur Khel, 
either in the form of thin bands or lenticles of marl or 
dolomitic limestone, or, what is the more usual mode of 
occurrence, in the form of small cores or " islands " of the 
latter in the midst of the gypsum masses, in a manner 
suggesting that these portions have escaped the alteration 
of the surrounding rock -body. The interbedded clay part- 
ings of the original limestone are intact, but are charged 
with veins of selenite. 

(2) These altered beds of Bahadur Khel are most 
probably the equivalents of the richly fossiliferous group of 
limestones occurring in the Kohat section, the Lower 

Journ. Asiat. Soc. Beng. Vol. XX. 1924, p. 207-224. 
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Eocene or Laki age of which has been established by Lt. Col. 
Davies on good fossil evidence. The stratigraphic position 
of the two groups is identical as regards the overlying and 
underlying succession, as exposed in perfect natural sections 
in the two areas. 

(3) These secondary gypsum beds are restricted to the 
upper portion of the main gypsum zone of Bahadur Khel.. 
They overlie an older series of more compact gypsum 
which appears to consist of original chemical deposits, as 
suggested by Sir Edwin Pascoe.' There is internal petrologi- 
cal evidence to show that the former (upper) set originated 
through the transformation of marine calcareous sediments 
of the sea -floor, as they were being laid down, or immediate- 
ly subsequent to their deposition, by the agency of concen- 
trated solutions of magnesium salts of the sea, in an 
enclosed gulf or lagoon. The underlying beds of mas- 
sive gypsum and rock -salt indicate a period of extreme 
desiccation, during which the calcium and sodium salts were 
precipitated, (but not the magnesium salts, which were yet 
retained in solutions), followed by one of gradual freshening, 
during which foraminif era and other organisms were 
brought by inroads from the open sea. This in turn was 
succeeded by a terrestrial interlude, represented by the 
red clay and conglomerate zone ; and that was succeed- 
ed again by a return to marine conditions represented 
by the ( shallow water) limestones and shales of the 
" Kohat shale," which passes upwards into the (deeper. 

water) " Nummulite shale." 
The conversion of limestone into gypsum was thus 

a contemporaneous or pene- contemporaneous process. 
There are no grounds for ascribing this to a superficial or 

1 Mem. Geol. Surv. Ind., Vol. XL, p. 476, et. seq. 
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meteoric change under the action of sulphatic waters de- 
rived from salt containing pyrites, as was suggested some 
years ago by M. Stuart,' in regard to the production of the 
main mass of the gypsum, however well such a process may 
explain the production of subsidiary bands of gypsum 
where the salt is faulted into contact with later Tertiary 
rocks. 

The stratigraphic relations of the altered beds are seen 
in the subjoined table of strata which are 

The stratigraphie 
evidence. well exposed in the road- cuttings im- 

mediately north of the Bahadur Khel 
salt quarries :- 

i Rec. Geol. Surv. Ind., Vol. L, pp. 63 and 66. 



KOHAT SECTION. BAHADUR KHEL SECTION. 

z` 

o 

Murree series. 
Unconformity 

Yellow nodular limestone 
with small nummulites 
and alveolines. 6o feet. 

Grey flaggy or massive 
limestone with N. biar- 
ritzensis and Ass. ex- 
ponens, etc. 6o feet. - 

Nummulite shale, with N. 
biarritzensis, N. obesa, A. 
exponens, Pycnodonta cf. 
vesicularis, etc. 130 feet. 

Kohat shale, with N. laevi- 
gains, etc. at summit ; 

N. atacicus, Dictyoco- 
noides kohaticus, Alv. 
oblonga, A. jayana, etc. 
throughout ; and N. cf. 
ramondi, Ass. lemeriei, 
etc. at base. roo feet. 

Light grey, often white 
limestone, with Planorbis 
remains. 4 -3o feet. 

Blue shales. 5-25 feet. 
Red clays with glazed bone 

fragments. 5w feet. 

Yellow limestones and 
bright yellow clays, with 
fauna of " Laki lime- 
stone" facies (e.g. N. 
atacicus, Ass. granulosa, 
Alv. oblonga, Orbitoliles 
complanatus, Hemiaster 
apicalis, etc.). zoo feet. 

Clays and limestones, 
locally unfossiliferous. 
Blue -grey clays pre- 
dominate at base. 32o 
feet. 

Unconformity 

Base not visible at Kohat. 
W.S.W. it rests uncon- 
formably on Upper Rani - 
kot with N. nuttalli, 
N. chalices, etc. 

Kamlial beds. 
Unconformity. 

Nummulite shale with A. ex -- 
ponens, Pycnodonta cf. vesicu- 
laris, etc. (much reduced and 
with marked unconformity 
above). ro -8o feet. 

Kohat shale, with N. laevigatus 
etc., at summit ; N. atacicus, 
Dictyoconoides kohaticus, Alv. 
oblonga, A. jayana, etc., 
throughout ; and N. cf. ra- 
mondi, Ass. lemeriei, etc., at 
base. go feet. 

Light grey limestones, with 
Planorbis remains. 4 -ro feet. 

Blue shales. 4 -12 feet. 
Red clays, with subordinate red 

and coarse sandstone (con -. 
glomeratic on top) in upper- 
most portion. 320 feet. 

Gypsum, laminated or thin - 
bedded, with puckered and 
crumpled bedding. Numerous 
bands, streaks and " cores " 
of limestone (dolomitised) and 
marl. Subordinate clay part- 
ings. 15o feet. 

Olive clays with selenite veins. 
70 feet. 

Compact, white or grey, crystal- 
line gypsum. 130 feet. 

Blue -grey clays (seen in local 
pockets only). 10 -30 feet. 

-Unconformity ? or Thrust ? or 
natural solution -plane ?. 

Rock -salt, crystalline, bedded, 
grey -coloured and bituminous, 
with some gypsum. ? goo feet. 



209 TRANS. MINING & GEOL. INST. OF INDIA. [VOL. XXIV, 

The sequence at Kohat is the more complete one, 
and, being also richly fossiliferous, it is clearly identifiable 
as to horizons, some of which are easily referable to those 
of the Chharat 1 and Bahadur Khel sequences. 2 The beds 
immediately overlying the upper gypsum zone at Bahadur 
Khel are exactly matched by the beds overlying the Laki 
limestone of Kohat, both in their lithological charac- 
ters and in their specific fossil contents. The bed designa- 
ted " Laki limestone " is, at Kohat, a richly fossili- 
ferous limestone, zoo feet thick, containing numerous Alveo- 

lina oblonga, Nummulites atacicus, Assilina granulosa, and 
Orbitolites complanatus, besides many molluscs and echinoids 
of types corresponding with the fauna of the Laki limestone 
of Dr. Nutta11,3 which is equivalent to part of the Ghazij 
shales of the Bolan section. At Bahadur Khel this bed is 

represented by a group of crumpled and disturbed gypsum 
and manly strata with a few lenses and pockets of dolomi- 
tic limestone lying in situ in the heart of the gypsum. 
Its aggregate thickness is about 130 feet. The probability 
of this correlation is suggested not only by the parallelism 
of the two series in the beds overlying the gypsum horizon ; 

it also extends to the beds below the gypsified zone, 
for the grey and olive shales (in which Wynne has record- 
ed the finding of Nummulites 4) are matched by the blue - 
grey shales found at Kohat directly underlying the Laki 
limestone. 

This latter shale as a rule rests over the lower and 
much more compact gypsum beds ; but along the highly 
disturbed, if not disrupted, junction of the latter with the 

1 Piniold: Rec. Geol. Sun,. Ind., Vol. XLIX, p. 137, et seq. 
Davies : Trans. Min. Geol. Inst. Ind. Vol. XX, p. 195, et seq., 1926. 

s Quart. Journ. Geol. Soc. Vol. LXXXI, p. 417, et seq. 
4 wvnne: Mens. Geol. Surv. Ind., Vol. XI, pp. 108, 11z, 144, 161. 
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rock -salt, pockets and lenticles of this shale re- appear 
occasionally at the plane of contact of the lower gypsum 
with the salt. 

The serial correspondence is thus made almost perfect 
if we regard the gypsum in the Bahadur Khel section as a 
local facies of the Laki limestone. All that is then missing 
at Bahadur Khel is the uppermost portion of the Eocene 
series found at Kohat ( viz., the beds overlying the 
Nummulite shale) ; all that is additional is the salt at the 
base of the series. In the Kohat area the base of the salt 
appears to be occupied by Ranikot beds, the lower mem- 
bers of which seem to indicate proximity to the coast 
by showing traces of ripple -marks and of some long -bladed 
grassy plant remains. 

Dr. L. L. Fermor, in objecting to the above views, has 
remarked that there is no room in the Kohat section for a 
Saline series in the Eocene between the top of the Ranikot 
and the base of the Laki. With regard to this we have to 
draw attention to the marked unconformity in the section 
given above ; one of us has shown the existence of a 
pronounced and constant break at this horizon, clearly 
noticeable at Thal and even more marked on the Samana. 
This unconformity is in fact as marked a feature in the 
Kohat area as in Sind. In the whole of the Punjab it is 

denoted by a bed of laterite of almost universal occurrence 
at the base of the Laki series. The unconformity is 

accompanied by a striking change in the fauna between 
the upper Ranikot and lowermost Laki. Now this un- 
conformity lies at the very level of the salt deposits ; to 
our mind this break in the deposition elsewhere was 
filled in the Bahadur Khel area by the precipitation of 
salt in a desiccating sea. 

An objection has also been raised that there is no salt 
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in the sections seen near Kohat proper. It is, however, 

a characteristic of the Laki series of the Kohat area 

and also of those of the Hindubagh, Harnai, and Bolan 

areas of Baluchistan, that they contain, almost always, 

disseminated gypsum indicating shallow lagoon conditions 

of deposition, the waters of which were subject to periodic 

drying up. Suitable conditions for salt deposition may not, 
again, be present at all parts of the sea -bed, and the 
salt deposits must therefore be of sporadic occurrence. 
This is illustrated by the Caspian basin, where no deposi- 

tion of salt occurs on any part of its wide extent, except 
in the Kara Bogaz gulf and other bays of its eastern shore ; 

the process of gypsum deposition at some places, and saline 
deposition at others, is going on at present. 

The presence of fossils in the gypsum beds is certainly 
very rare ; indubitable cases of such have, 

Fossil evidence. however, been found, and their scarcity 
is accounted for by the well -known observation that, in 
limestones undergoing gypsification, the first parts of the 
rock to be attacked: are the fossils, these being replaced 
by an aggregate of fibrous gypsum. 

Fossil evidence has been collected by us, apparently 
in situ, along the line of outcrops, in the shape of a rubbly 
mass of unrolled fragments, some of which are full of 
alveolines. Their perfectly fresh and unworn aspect for- 
bids belief in a distant source of origin, or any degree 
whatever of rolling or transport. Their sedimentary nature 
is also indicated by the elevated position occupied by some 
of these fragments, on - the highest parts of the outcrop, 
where, if not in situ, they could have been brought by no 
other than human agency. Practically no gravel, or debris, 

1 Morley Davies : Introduction to Palæontology, p. 345. 
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besides this is seen although a considerable mass of strata 
intervenes between the gypsum and the nearest other 
fossiliferous beds. 

On comparing these nummulite- bearing rock frag- 
ments with the sharply ridged and furrowed surface into 
which the gypsum ( owing to the enclosed unchanged lime- 
stone within it) weathers, it becomes apparent that these 
detached fragments are probably the residual scree- debris 
left by the sub -aerial weathering of the rock, whereby the 
more easily soluble gypsum is removed, leaving the less 
soluble limestone "cores" behind, strewing the ground 
along the outcrop. 

Finally, the contained fossils themselves confirm the 
belief both that the cores truly belong to the formation in 
which they are found, and that the latter belong to the 
Laki limestone horizon. Thus some of the contained alveo- 
lines are much stouter than any hitherto seen in the Kohat 
shale, and they are also distinctly flosculinised. It is per- 
haps difficult to be absolutely certain as to the species of 
these alveolines, owing to the paucity of the material; but 
they are more elliptical in section, with a more crowded 
spire, exhibiting many more whorls near the periphery 
than are found in Flosculina globosa Leymerie, the charac- 
teristic form occurring in the Meting limestone. They 
appear (so far as the evidence goes) to correspond very 
closely to Alveolina ovicula Nuttall, a fossil of the lower 
Ghazij shale of the Bolan section.' Thus they agree well 
enough with a Laki limestone horizon. 

As was to be expected, chemical examination shows 
that these Alveolina- bearing limestone " cores " contain 
little or no magnesia. They are not dolomitised, because 

1 Nuttall : Op. cit., pp. 432, 439. PL XXIV. figs. 9 -Io. 
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they are not gypsified. The fossils themselves, however, 

are at times partially replaced by gypsum ( see photomicro- 
graph, Plate z o) . 

In their lithological characters, these upper gypsum beds 
(laminated and less massive with their 

Petrological large proportion of crystalline selenite), 
evidence. 

which directly underlie the Red Clay, are 
different from the thicker, purer and more compact alabas- 
ter- like gypsum which lies below them, and immediately 
succeeds the crystalline salt which lies at the centre of the 
Bahadur Khel anticline. This older gypsum we believe with 
Sir Edwin Pascoe to be in all probability derived by sedi- 
mentary, i.e. chemical, precipitation from a desiccating sea 
or lagoon.1 The newer beds on the other hand are coarsely 
crystalline, containing large plates of transparent selenite ; 

they are thinly bedded with frequent shale intercala- 
tions, and eventually pass upwards into the Red Clay zone. 

The bedding- planes of this latter set of gypsum strata 
are usually a little contorted and obscure, showing pucker- 
ing on a minute scale, as if they had been subjected to 
squeezing while in a plastic state ; the gypsum, limestone and 
clay are often welded together into one confused aggre- 
gate in which it is difficult to separate the individual laminae. 

The squeezing and disturbance of the bedding- planes 
are readily explicable by and in fact con - 

Volume changes. 
stitute evidence for, the chemical trans- 

formation this rock has undergone. For, a bodily change 
of limestone (specific gravity 2.7) into gypsum (specific 
gravity 2.3) involves theoretically an expansion of the 
volume of the rock of about io to II per cent. and the 
resulting increase in bulk would necessitate a crumpling of 

1 Pascoe: Op. cit., p. 476. 
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the thin pliant rock -beds to accommodate themselves to 
their former space. Since, however, we do not know the 
state of hydration of the sulphates when first precipita- 
ted, the exact quantitative measure of the volume changes 
cannot be quite certain. 

As already stated, the upper gypseous series contains 
numerous calcareo- magnesian intercala- 

Formation of Bolo- taons, closely and intricately mixed up mite in gypsum. 
with the gypsum. Some of these are argil - 

laceous while others have a composition best expressed by 
the term marl. Prom the weathered surface of the gypsum 
buff- coloured ribs and miniature ridges of a harder compact . 
material project out (see photograph, Plate 12), which are 
found to have the composition of dolomitic limestone, 
almost approaching true dolomite. Dolomite is also the 
prevailing constituent of the more centrally situated lumps 
and masses within the gypsum body. Now the association . 
of so much MgCO3 in the alteration- product of .a non - 
magnesian limestone is a most significant fact, and has 
suggested the main thesis of this paper. It indicates that 
in the production of gypsum out of limestone, the forma- 
tion of dolomite was a concomitant process, and that the 
change took place while the sediments were still under 
marine conditions. 

There are no igneous rocks in this area ; there is thus. 
no extraneous source for the supply of magnesia; so the 
dolomitisation of the limestone cannot be referred to sub- 
sequent metasomatism. Presumably, therefore, the mag- 
nesium carbonate is the result of the action of magnesian 
sea -salts on the calcareous sediments and was deposited 
simultaneously with the precipitation .. of the gypsum beds 
themselves. 

The clay components of the original series have segre- 
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gated in nests and lentictilar seams in the gypsum. The 

specific gravity of samples of this gypsum varies from 

2.29 to 2.34 (that of pure gypsum being 2.39), due to the 
presence of clay. A qualitative separation of a sample of 

specific gravity 2.34 gave 3o per cent. of carbonates, 59 

per cent. of sulphates and zi per cent. of clayey residue. 
All states of the alteration of the original limestone 

and marl into gypsum are witnessed. 
Close association of This is well seen in a series of specimens 

gypsum and dolo- 
mite. systematically collected from the entire 

width of the gypsum outcrop at Bahadur 
Khel, at intervals of every 6 feet. Wynne mentions the 
occurrence of masses of pure limestone (at one place 

of magnesian limestone also) associated with gypsum,' 
while it is a well -known fact that much dolomite in beds 

and scattered masses is found wherever gypsum occurs 

in the whole of the Salt Range. Crystalline, massive 
and fibrous varieties of gypsum are seen in intimate 
contact with and penetrating the gypsum and dolomite. 

The new- formed gypsum is full of minute crystals of 

clear, colourless dolomite in every one 
Micro- sections of 

gypsum. of the large number of micro -sections 
prepared. A polished section of a hand - 

specimen, picked up almost at random, will reveal this 
triple association perfectly. Application of dilute HC1 

with a camel -hair brush on the polished surface picks 
out the wisps and "islands " of carbonate rock in the 
surrounding gypsum, indicating by the energy of the 
effervescence the degree of change undergone in different 
parts of the section (see photograph, Plate 12). 

Under the microscope the most interesting constituent 

Wynne: Op. cit., p. ig8,et-seq. 
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is the newly formed dolomite, seen in a large crop of per- 
fectly euhedral rhombohedra, dispersed through the gyp- 
sum. The unaltered calcitic residue is clastic and granu- 
lar, but the dolomite (determined micro -chemically by Lem- 
berg reaction) is remarkable for its freshness and idiomor- 
phic outline. It is perfectly clear and transparent, and re- 
tains its colourlessness even after io minutes' immersion in 
Lemberg's solution. 

With regard to the actual process of gypsification, we 
can form some idea from the facts already 

G` psia °anon con - gathered. Thus the addition and wide temporaneous with de- 

P o ition 
of Laki lime- distribution of magnesium in the upper, 

secondary gypsum negatives the theory of 
any recent superficial sulphatisation of limestone by sulphur - 
ous waters as suggested by Murray Stuart, but suggests the 
action of magnesium sulphate salts as the main agent of 
change- action such as can only take place in sea waters. 
There is undoubtedly some local alteration of limestone 
debris into selenite and gypsum going on at present, where 
the latter comes into contact with pyritous salt ; but this 
change is restricted to small local patches in the immediate 
vicinity of markedly pyritic salt. There are no consider- 
able sulphurous springs or actively circulating sulphatic 
waters at present in this area ; and the amount of dissemi- 
nated pyrites in the vicinity is far too small to account for 

the transformation of so massive and widely distributed - -a 

formation as the gypsum of this region. The cause, we be- 

lieve, is more deep- seated, and must be sought in the phy- 
sical conditions prevailing at the sea -bed while the mate - 
Tial of the Laki limestone was being laid down, immediate- 
ly after the deposition of the massive beds of rock -salt 
(500 -1,000 feet) with their associated gypsum had been 
completed. The lagoon or enclosed sea must have still re- 
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tained its concentration to a sufficiently high degree, espe- 

Magnesian sea -salt cially in the chloride and sulphate salts of 
the main agents of magnesia, to react on the calcareous sedi- 
change- sulphatisa- 
tion and dolomitisa- ments then being laid down on its floor. 
tion. That the latter salt is chiefly operative 
in the contemporaneous formation of gypsum and dolomite 

out of calcareous sediments has been more or less decisively 

indicated by recent work on coral atolls in different parts 
of the world and by the experiments of C. Klement.' 
Klement treated several madreporarian and other corals 

with a concentrated solution of magnesium salts and sodi- 

um chloride and found, after two days of immersion (at go° 

C.) from 30 to 41 per cent. of MgCO3 in the altered corals 
The reaction may be roughly expressed by the equation :- 

2CaCO3 +MgSO4 = CaSO4 +MgCO3,CaCO3, 

although the actual processes in nature must have been of 

a much more complex description, as Pfaff's experiments 
show. 2 

In a few cases, as in the Raibl beds of the Southern 
Tyrol, 3 bands of dolomite are found in association with 
gypsum in such a way as to leave little doubt that they are 
due to simultaneous production during the concentration of 

sea water by evaporation in a closed lagoon in which lime 
deposits already existed. To several gypsum deposits of 
the world have been ascribed a similar secondary but still 
contemporaneous origin. Recent" research on the observed . 
extensive dolomitisation of coral atolls by E. W. Skeats,4 

1 Klement : Tscherm. Mittheil. n. I. XIV., pp. 536-7, 1895. 
2 r. W. Pfaff : Neues Jahrb. fur Min. etc. 9, Beilageband (1894 -5), p. 487, and 

Zentralbi. Geol. Minnl. u. Pal. p. 659. 1903. 
3 Skeats: Dolomites of the Southern Tyrols. Quart. Journ. Geol. Soc. Vol. 

LXI, p. 137, 1905. 
Bull. Mus. Comp. Zool., Vol. 42, p. 125, 1903. 
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E. Steidtmann,' P. M. van Tuy1,2 suggests the fact that 
the origin of dolomite is due to the replacement of the CaCO3. 

by the magnesian salts of the sea under tropical lagoon 
conditions -the formation of CaSO4 being an intermediate 
step. F. W. Clarke 3 states that this view is now generally 
accepted for the origin of dolomite. 

Whether the great mass of secondary gypsum, 150 -200 
feet thick, and separated by numerous clay partings can be 
explained or not by the usual supposition of chemical alter- 
ation of a limestone due to percolating waters -a theory 
which appears very improbable in the present instance -we 
still have to account for the interstitial presence of magne- 
sium carbonate within the gypsum, and the associated dolo- 
mite. These magnesium salts, like the sodium salts over 
which they come, are most naturally explained as precipi- 
tates from the same waters concentrating in a closed 
basin. 

Indeed it is these magnesium salts in the gypsum, for 
which we can find no other more valid explanation, which 
form the crux of our argument. In our opinion they form . 

the natural connecting link between the gypsum and its un- 
derlying rock -salt, and unite the whole series of deposits 

containing salt, marl, gypsum and dolo- 
Magnesium salts the 

connecting link be mite into one cycle ( partial and interrup 
tween gypsum and ted) of chemical deposits. It is again 
salt' the continued prevalence of the more 
soluble salts of magnesium into the succeeding series of de- 
posits, which removes all significance from the apparent un- 
conf ormity separating the gypsum and salt. This new 
piece of evidence, however slender it may be, goes to show 

1 Journal of Geology, Vol. 19, p. 335, 1911. 

2 Ann. Rep. Iowa Geol. Sure., Vol. 25, p. 320, 1909. 
3 Clarke : Data of Geo- Chemistry, p. 578. 
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that the current and more generally accepted view that the 
Tertiary gypsum of Bahadur Khel has come to lie in a for- 

tuitous juxta- position with a pre- Cambrian salt deposit, is 

a little far -fetched and gratuitous and should at least de- 

mand more assuring evidence than that derived from ana- 

logous conditions present in the adjacent Salt Range 

mountains. 
As a subsidiary cause it is probable that sulphur in the 

presence of bituminous compounds must have contributed 
a share in the gypsification. The Laki was the period du- 

ring which sulphur and hydrocarbons were widely prevalent 
in the N. W Punjab, and the formation of sulphates by the 
action of oxidised H2S on calcareous silts then accumula- 
ting would also account for the irregular and sporadic altera- 
tion of some manly strata. A quantity of bituminous mat- 
ter is enclosed in the gypsum as well as in the upper part of 

the salt at Bahadur Khel. 
Incidentally, one can give at least a plausible explana- 

tion of the frequent occurrence of perfect 
The bi- pyramidal 

quartz crystals. bi- pyramidal crystals of quartz in the 
gypsum of several parts of the Salt Range 

and Kohat by the solution and redeposition in a crystalline 
form 'of the colloidal silica of siliceous organisms present in 
the original foraminiferal debris. Similar euhedral quartz 
crystals have also been noted in the dolomites of the 
Tyrol, and to them have been ascribed a like origin. 

The subject of the epigenetic nature of the Bahadur 
Khel gypsum has been treated at this length because of the 
possible important bearing which the fresh evidence may 
have upon the question of the age of the salt deposits in the 
adjacent Kalabagh area and, more remotely, of the cis- 

Pascoe : op. cit., p. 480. 
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Indus Salt Range area. In any case the discovery that 
part of the gypsum overlying the Bahadur Khel salt depo- 
sits is an original Nummulitic limestone, the stratigraphie 
horizon of which is capable of very exact definition, carries 
us some steps further towards fixing the homotaxis -of the 
salt -gypsum assemblages of the Kohat area, notwithstand- 
ing the fact that the junction between the two is apparent- 
ly a disrupted one. 

Since the above was written, a paper on the " Tertiary 
Stratigraphy and Orogeny of the Northern Punjab " by 
Mr. R. V. Anderson 1 of the geological staff of the White- 
hall Petroleum Corporation, has appeared in the Bullet- 
ins of the Geological Society of America (Vol. 38, No. 4: 
Dec. 1927 ; pp. 665 -720). In this paper Mr. Anderson, 
and the other geologists who were his collaborators, con- 
tend that the Eastern or Punj ab Salt Range " Saline series " 
is of Tertiary age and has been overthrust by the Cambri- 
an strata which now cover them. Among other evidences 
for this belief, Mr. Anderson mentions two observations : 

(1) the discovery " in well -bedded and laminated calcareous 
shale in the upper part of the Saline stage in Khewra 
gorge" of "poorly preserved impressions of leaves of a Ter- 
tiary or, at earliest, Mesozoic type." These have been 
determined by Dr. R. W. Chaney, of the Carnegie Institution, 
to be dicotyledonous leaves, one of which "is very probab- 
ly oak ( Quercus) and its size and margin strongly suggest 
the Oligocene species, Quercus clarnensis, from Western 
America " (p. 672) ; 2 (2) The observation, in the eastern 

1 R. V. Anderson : Tertiary Stratigraphy and Orogeny of the Northern 
Punjab. Bulletin, Geol. Soc. America, Vol. 38, pp. 665 -720, 1927. 

2 Editor. Some doubt remains as to the vegetable character of these mark- 
ings. See: General Report, Geological Survey of India for 1929, Records, Vol. 
LXIII. 
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extremity of the Range, of an overthrust of the Purple 

Sandstone, underlying the Neobolus beds of Cambrian age 

-the oldest rock -formation seen in the Punjab Salt Range 

-on the Siwaliks of Miocene -Pliocene age. 

Should the occurrence of badly preserved supposed 

Tertiary plant fossils in the Salt Marl be corroborated by 

the finding of better types of fossils, during the survey op- 

erations that are at present in progress in this part, the dis- 

covery reported by Mr. Anderson will prove to be a mo- 

mentous one regarding the structure and stratigraphy of 

the Salt Range Mountains,' and will likewise have a 

decisive bearing on the age of the Kohat salt series. 
In the meantime, and however matters may go as 

regards evidence of the age of the Salt itself, we claim to 
have established the fact that the gypsum of the Kohat 
area is inseparably connected with the Laki beds among 
which it is found. The upper portions of the gypsum not 
only show evidence of being a gypsified and dolomitised 
fossiliferous limestone of Laki age, but the gypsum as a 

whole occupies the position, in series, of the Laki lime- 
stones of the Kohat area, lying as it does between blue - 
grey clays below and Lower Chharat clays above. Those 
who attribute a Cambrian age to the Salt at Kohat have, 
therefore, to dwell upon the =conformity below the gyp- 
sum, for we have at least established the fact that the 
gypsum itself represents a deposit of Lower Eocene age. 

EXPLANATION OF PLATES. 

Plate 9. Sketch of the section exposed near Baha- 
dur Khel Salt Mines. (Scale i in. =too 
feet. approx.) 

io. Fig. i. Fossil Alveolina in gypsified limestone 
from the upper gypsum beds. 

1 C. S. Fog: Rec. Geol. Surn. Ind., Vol. LXI., pp. 147 -179. 1928. 
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Plate ro. Fig. 2. Less completely altered limestone patch 
in gypsum. 

rr. Less completely altered limestone patch 
in gypsum, showing formation of gyp- 
sum, which has almost replaced a fossil. 

12. Pigs. i & z. Weathered gypsum showing residual dolo- 

mite in projecting ribs and miniature 
ridges. 

13. Junction of Nummulite Shale and Red 
Clay zone in the Bahadur Khel section. 

14.. Junction of Red Clay, Upper Gypsum 
beds, and Massive Gypsum in the Baha- 
dur Khel section. 
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Trans., Vol. XXIV, Pl. 10. 

FIG. I. 

FIG. 2. 
PLOtomicro-.by D. N. Wadia. 

FIG. T. Fossil Alveolina in gypsified limestone from the upper gypsum 
beds. G= gypsum. 

FIG. 2. Less completely altered limestone patch in gypsum. G= gypsum. 
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Photonzicro by D. N. Wadia. 

Less completely altered limestone patch in gypsum, showing formation of 
gypsum which has almost replaced a fossil. 
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FIG. I. 

FIG. 2. 
Photogr. by K. F. Watkinsor 

FIGS. I and 2. 

Weathered gypsum showing residual dolomite in projecting ribs and miniature 
ridges. x I /2. 
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1sVMTR+Já.ITE 5 C 

Photogr. by D. N. Naden. 

Junction of Nummulite Shale, Kohat Shale, and Red Clay zone in the Bahadur Khel 
Section. 
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THE FOSSIL FAUNA OF THE SAMANA RANGE 
AND SOME NEIGHBOURING AREAS. 

PART I. 

AN INTRODUCTORY NOTE. 
BY 

LIEUT.'COLONEL L. M. DAVIES, R.A., F.G.S. 

(With Plates I to IV.) 

1. GENERAL DESCRIPTION OF THE SAMANA RANGE. 

(a) SITUATION, BOUNDARIES, AND SHAPE OF THE RANGE. 

THE Samana range lies halfway between Kohat and Thal. It is situated 
a few miles to the north of the central portion of the Kohat -Thal road, 

and its axis runs roughly parallel to that road. It extends from longitude 70° 48' 
to 71° 7' east, and latitude 33° 30' to 33° 37' north. It is bounded on the north 
by the Khanki river ; on the west by the Chagru Kotal, and the Shinawari 
and Chagru streams, which separate it from the Kharappa range ; on the 
south by the alluvial plains of the Lower Miranzai valley ; and on the east by 
two small horseshoe -like folds of Eocene rocks (Laki and Khirthar) which close 

the neck of the valley, just east of Hangu, between the Khanki river on the 
north and the later Tertiary beds to the south. Throughout its length (i.e., 

for nearly 20 miles) the Samana range forms the northern border of the Miran- 

zai valley, shutting off the latter from the Orakzai country to the north. 
Structurally, the Samana range is only the semi- detached eastern portion 

of a much longer range, which extends far to the west along the southern flank 

of the Khanki river. The western portions of the combined range, however, 

are so intermingled with, and confused by, other ridges and mountain masses, 

that the Samana range- although clearly only an appendage -bears a distinct- 
ly individual character, which has been recognised by the special name given 

to it. 
In plan, the range is shaped rather like an elongated claw or talon, lying 

on its side, with concave edge to the north, broad roots to the west, and pointed 
end to the east. 

(b) FORMER OBSERVERS 

In 1879 Mr. A. B. Wynne, of the Geological Survey of India, made a hurried 
" Geological Reconnaissance from the Indus at Khushalgarh to the Kurram at 
Thal " (Rec., Geol. Surv. Ind., vol. XII, pt. 2, pp. 100 -114), in the course 

of which, although he was unable to set foot himself on the Samana range 
(which was not then occupied by British troops), he managed to obtain evidence 
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2 TAT, FOSSIL FAUNA OF THE SAM ANA RANGE. 

-by studying the detritus brought down by streams from the Samana -of the 

existence of " Mesozoic " beds in the range (p. 109). At the same time Wynne 

closely examined, and described in some detail, the rocks found to the south 

of the Samana range, classifying them as " Subathu ", i.e., what is now general- 

ly called Laki and Rhirthar. 
In 1891 the Samana range was permanently occupied by our troops, Fort 

Lockhart and the minor posts of Saragarhi and Gulistan being built for defen- 

sive purposes along its crest. Certain geological observations were made at 
this time by Mr. C. L. Griesbach of the Geological Survey of India, who accom- 

panied the Miranzai expedition (Ree., Geol. Surv. Ind., vol. XXV, Pt. 2, 

pp. 59 -109 ; Pls. 1 and 2). Griesbach recorded (p. 81) the following local 

succession of beds (in descending order) 

1. Fans and recent gravel deposits. 
2. Olive and reddish brown clays 
3. Limestone with nummulites . 

4. Hard white limestone . 

5. Grey limestone ; fossil traces* 
6. Quartz sandstone series 

Eocene. 

. Numulitic ? 

Cretaceous. 

7. Limestone and shales with fossils . Jurassic ? 

* On p. 86, Griesbach states that these fossiliferons limestones have `° subordinate sandstone beds ". 

Griesbach's figure (section 3, Pl. 1) shows the beds of the Samana range . 

dipping uniformly to the south. It seems clear from this that he was dealing_ 
with the eastern portion of the range, for the beds further west generally dip 
to the north. It is also clear that he failed to notice a faulted junction line, . 

to the east, between the newer and older Eocene beds. Griesbach's beds 4 and 
5 are actually displaced by that fault ; 4 being older than 5, although seen in . 

juxtaposition with 3 to the north of Hangu. Griesbach's lowest beds (Jurassic) 
are only seen at the base of the northern slopes of the section given by- him ;_ 

and this again indicates that he was dealing with the eastern end of the Samana 
range. 

During this campaign a number of fossils from the Samana were sent to 
the Geological Survey Office by Major Mainwaring. These were regarded as 
being either of Cenomanian or Gault age ; and Mr. C. S. Middlemiss stated that, , 

in his opinion, they were of similar age to a fauna collected by himself from a 
Cretaceous band lying immediately above the Giumal sandstone of Hazara. 
(tem., Geol. Surv. Ind., vol. XXVI, p. 38). Dr. G. de P. Cotter has since 
worked on the Hazara fauna (Ree., Geol. Surv. Ind., vol. LIX, Pt. 4, pp. 
405 -409), and confirmed the presenc.3 in the same of Douvilleiceras mammillatum 
(Schlotheim). Since this species is also extremely common at one of the 
Samana horizons, it seems clear that Middlemiss was right in drawing attention 
to the resemblance between the Samana fauna and that of Hazara ; and Main- - 

waring's fossils (which cannot now be traced) were doubtless collected from the 
Gault bed of the Samana series. A detailed comparison of the Samaria Cepha- 
lopods with those of the Hazara has now been made byLDr. L. F. Spath, and is =- found in part V. 
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In 1897, during the general unrest on the North -West Frontier, the Orak- 
zais attacked the Samana posts in great strength, destroying the little tower 
of Saragarhi and killing its gallant defenders to a man. The punitive force 
under Sir William Lockhart, which relieved the remaining Samana garrisons 
and carried the war into the Tirah, was accompanied by Mr. (afterwards Sir 
Henry) Hayden, of the Geological Survey of India, who made the fullest 
geological observations possible, under the limitations of a frontier campaign, 
regarding the ground passed over by Sir William's troops. 

Unfortunately . Hayden also does not seem to have visited the main body 
of the Samana range ; but he passed over the Chagru Kotal at its extreme 
western extremity (where the preliminary severe fighting took place for the 
possession of the Dargai heights), and recorded the fact that the lowest beds 
of the Samana series are to be seen there. He also correlated these beds 
with Griesbach's horizon 7 of the eastern section. He was unable to find any 
good fossil remains on the Samana itself, so could not define any precise strati - 
graphic horizons, but was of the opinion that the main mass of the Samana 
range consists of Jurassic and Cretaceous rocks, which pass under beds to the 
south which are either very early Eocene or very high Cretaceous. Still further 
to the south come the undoubted Eocene beds already described by Wynne, 
to whose remarks regarding them Hayden apparently had nothing to add. 

Some fossils found by Hayden in the Waran valley, considerably to the 
north of the Samana, were regarded by Dr. Noetling as Cenomanian types. 
The bed, however, from which they were collected, does not seem to correspond 
exactly to any Samana bed ; so the fossils collected in 1897 do not seem to 
add anything to our knowledge of the Samana itself. 

Hayden's paper on the geology of the Tirah campaign route (Mem., Geol. 

Surv. Ind., vol. XXVIII, pp. 96 -117) was published. No subsequent 
remarks on the Samana seem to have been published by any more recent 
geological visitor. 

(e) STRUCTURE OF THE RANGE. 

The structure of the Samana range is very simple. It consists of a single 
anticline, the axis of which rises from ground level at its extreme eastern end, 
mounts steadily up for about the first third of its length, then dips gradually 
downwards for the middle third until close to Fort Lockhart, and finally risen 
again through the remainder of its course. Denudation has more or less 

equalised the heights along the top of the range, so that the youngest beds. 
now seen on the crest are to be found at its eastern end, and in a localised patch 
where Fort Lockhart stands. At the same time, the oldest beds on the crest 
are to be seen at the extreme western end of the range, where the towering 
mass of the " Samana Suk " (facing the corresponding Narik Suk at the eastern 
end of the Kharappa range) is composed of beds only to be seen near the very 
bottom of the series under Fort Lockhart ; while the beds of the Chagru Kotal, 
below the scarp of the Suk, represent elements generally buried far underground 
m the central and eastern portions of the range, or only exposed on the northern 
flanks of the . same. 
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As a result of this double flexure, in the vertical plane, of the axis of the 

Samana, there are two strongly marked faults which cut completely across 

the range, _ on either side of its middle section. The western fault, which 

passes a little to the east of Fort Lockhart, is perhaps the more strongly marked 

of the two the entire mass of the middle section of the range, at this end of it, 

having dropped about 200 feet below its counterpart to the west, and slipped 

about 400 yards to the south of it. This fault can be clearly traced for about 
4 miles in a north- and -south direction, traversing not only the central mass 

of the range, but the . semi- detached foothills to the south as well. The eastern 
fault almost exactly coincides with the 71st parallel of longitude : here, also, 
the middle section of the range is seen to have dropped below the . general level, 
Cretaceous beds to the west of the fault being brought into juxtaposition with 
Jurassic beds to the east. The dislocation here is more . marked on the northern 
slopes of the range than , on the southern. 

I have : mentioned that the . Samana range consists of a single anticline : 

the northern slopes of this anticline are, . for the most part, less steep than the 
southern (a feature . shared, as Hayden. pointed out, by other mountain ranges 
of the Tirah), with the result that longitudinal cracks, parallel to the . axis, 
seem to have been : even more developed : to the, south than to the north. Thus 
the southern foothills of the range (the only ones accessible to the British 
subject at present, since the northern ones are in tribal territory) which are 
formed out of the southern limb of the anticline, are separated from the main 
mass of the range by more or less deep transverse troughs, which interrupt 
all continuity . between, at least, the upper elements of the Samana series, as 
respectively found on crest and foothills, in all but the extreme eastern end 
of the range. Since the _ facies of the beds changes - somewhat from north to 
south,: this is apt to interfere with efforts to find the point where the change 
occurs ; but there can seldom-- be any doubt as to the actual correspondence 
of the beds. 

In addition to these axial denudations, there are of course numerous 
channels cut at right angles to the same, representing the drainage down the 
slopes of the hill features. These serve both to enlarge the axial clefts and to 
cut through the main range and the foothills on the flanks of the same ; so 
that a large part of the topography of the Samana . consists of wedge- shaped 
masses of rock jutting out from the main range towards the foothills, and vice 
versa. In the geological map of the area, this feature becomes,, very apparent. 

(d) STRATIGRAPHY OF THE RANGE. 

The stratigraphy of the Samana range is as simple as its general structure, 
consisting as it does of great alternating : masses , of sandstones and limestones, 
with subordinate clay elements. fossils, however (as is usually the case with 
the Mesozoic rocks oí these regions), are relatively very scarce, and often too 
indefinite : to be specifically, or even generically, identified where they do exist. 
Lithologically, also, the successive masses of limestone or sandstone are apt to be surprisingly alike, even when very different in age ; so that a degree of 
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caution is necessary in correlating similar rock masses which are not directly 
connected with each other laterally. ' Certain features do exist, however, as 
will be mentioned presently, which afford very reliable " datum lines " for the 
geological mapping of the area : and some of these features can be distinguished 
at considerable distances, so that a larger area has been, at least approximately, 
mapped for the purposes of this paper than could actually be visited in person. 

(e) THE GEOLOGICAL SEQUENCE. 

(1) Lowest Samana beds. 

The lowest beds of the Samana series are best seen, as explained above, 
at the extreme western end of the range. They are described by Hayden as 
consisting of " reddish sandstones, with bands of shale and shaley limestone, 
containing sections of brachiopod shells, and in places remains of ostrea " (p. 102). 

The details of these beds are approximately as follows : 

(j) 60' Sandstones with subordinate shale partings. 

(i) 60' Limestones with subordinate shale partings. 
(h) 180' Sandstones, with subordinate shales and limestones. 

(g) 200' Limestones. 
(f) 20' Olive clays with stiff reddish -brown bands. 

(e) 100' Reddish-brown sandstones, and buff to grey limestones, with subordinate 
blue -grey shale partings. 

(d) 10' Red clays. 

(c) 60' Buff to grey limestones, with subordinate reddish -brown sandstones and blue- 
grey shale partings. 

(b) 10' Blue -grey .shales. 

(a) 30' Black- weathering, flaggy bads, forming a marked band along the hillsides. 

Still lower beds are also exposed -here, but I was not able to examine them, 
owing to lack of time. I managed, however, to extract specimens of a small 
brachiopod' frequenting some ° pale greenish shales near the top of the above 
series. These have now been identified by Miss H. Muir -Wood as being Rhyn- 

chonelloidea varians Schlotheim, cf. var. arcuata Quenstedt, and probably indi- 
cate a Callovian horizon. The form, however, has an extensive range, from 
the Bathonian onwards ; so one cannot really say more about the beds contain- 
ing it than that they are certainly Jurassic. At the same time, since the 
horizon is probably Callovian, and may possibly be Bathonian, and a great 
thickness of beds is seen below, it is possible that the complete Samana sequence 
may reach to the base of the Jurassic, if it does not include part of the Trias. 

(2) Samana Suk limestone (Upper Jurassic). 

Above these lower beds lies a great mass of dark grey (almost black) 
limestone, from 400 to 500 feet thick. This limestone can nearly always be 
distinguished from those of higher levels both by its darker colour and by its 
generally coarse, almost granular, texture. Traces of ammonites (which un- 
fortunately could not be extracted), belemnites both bastate and lanceolate, 
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sections of large brachiopods, and many fragmentary crinoid remains (includ- 

ing Pentacrinus) are to be seen in various parts of it, especially among its 

upper layers ; but I have so far seen little which seemed, in the field, to be 

-even generically determinable with certainty. It is this limestone which forms 

the Samana Suk, a huge platform of rock with 500 -foot precipice below, which 

affords a striking feature at the western end of the Samana range. From its 

summit the operations were directed, which led to the capture of the opposing 

heights of Dargai on the 20th October 1897. In the central parts of the Samana 
-this limestone is generally seen forming escarpments in the lower parts of the 
valleys cut by denudation into the southern flanks of the range. Placed as 

this limestone is, between what are probably Callovian beds below and (as we 

shall next see) a Neocomian horizon above, it is probably to be referred to the 
Upper Jurassic. 

It is worth noting that Griesbach also referred this formation to the 
Upper Jurassic, and the succeeding great quartzitic series (my bed (4) below) 
-to the Lower Cretaceous (op. cit., p. 84). 

(3) Belemnite bed (Neocomian). 

The uppermost layers of the above -mentioned limestone often weather to a 
browner tint than its lower portions, and the whole is generally surmounted 
by a band, about 30 to 50 feet thick, of glauconitic sandstone. This band is, 
in places, crowded with belemnite remains which, however, seem to be in- 
determinable as to species. The guards are all of one type, -cylindrical in cross 
section, without any longitudinal grooves, very long and lanceolate. The al- 
veolar cavity is never seen, and the state of preservation seems always to be 
poor. The age of this belemnite bed is not very certain, but is probably 
Neocomian. From a similar bed on Kadimak mountain near Thal, 30 miles 
to the west, I obtained an ammonite since identified by Dr. L. F. Spath as 
being an " Astieria " (Olcostephanus), indicating a lowest Hauterivian horizon. 
'The soil afforded by this bed, capping the ledge so often formed by the hard 
'upper layers of the black limestone mass below, seems to be very fertile, and is 
-nearly always covered with a relatively thick mass of vegetation, including 
many trees. This affords the first of the general " datum lines " referred to 
above, as being useful for mapping purposes. The great limestone scarp, sur- 
mounted by a narrow but relatively dense line of vegetation, is distinguishable 
from other limestone scarps, lesser and not so capped, at a distance of several 
miles across intervening and inaccessible valleys, and affords a good indication 
as to the continuations of the local series. 

(4) Main Sandstone series, concluding with Middle (or Upper ?) Albian. 
Above the glauconitic belemnite bed comes a great thickness (up to 700 

feet or more) of white quartzitic sandstones. These sandstones are coarse 
-grained ; and become marked, on weathering, with haematite and limonite bands. 
Fragments, when broken off the parent rock, show numerous red, yellow, or purple bands, parallel to the joint faces or surface cracks of the boulders from 
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which the fragments were taken. Blocks of this stone are thus often very 
ornamental ; and many vividly banded specimens are to be seen along the 
bridle path leading from Patdarband to Fort Lockhart, since this path is, for 
half its total length, cut out of the sandstone layers of this great series, up 
the strike of which it winds. About the centre, or a little above the centre, 
of , the series, the sandstones for about 200 feet lie in massive flags, with thin 
clay partings. These flags are apt to break oú in rectangular masses after 
the manner of limestones, so that a continuous scarp is here formed which, 
from a distance, closely resembles the limestone scarps above and below it : 
it is, however, simply part of the sandstone mass. Neither in the . white sand- 
stones themselves nor in the clay partings have I been able to find any traces 
of fossils. Near the top of the series, however, a change becomes apparent, 
and the white sandstones merge upwards into about 30 feet of . greenish sand- 
stone : finally the latter in turn becomes very coarse and gritty, the uppermost 
5 or 6 feet of it being full of large rounded grains of quartz, sometimes inters- 
persed with thin yellow calcareous bands, and often crowded with fossil casts . 
of all sorts, which are phosphatic' and of very dark colour. Glauconite is also . 

found here. These topmost and fossiliferous grits, by the dark colours which they 
display, serve to afford another of the general " datum lines " so useful in 
mapping this area. For, thin as the fossiliferous layer actually is, the detritus 
from it, discharged over the light coloured sandstones below, forms character- 
istic sooty smears which are distinguishable at great distances, and betray the , 

continuations of this series among its associates on distant slopes. The fossils . 

of this bed are, for the most part, very badly preserved ; but they represent 
many species of ammonites, belemnites, pelecypods, gastropods, brachiopods 
and echinoids. These, so far as they can be described, are dealt with below. 

The principal fossil of these grits is Douvilleiceras mammillatum (Schlotheim), . 

fragments of which are to be seen in great abundance in every exposure of the 
bed. It seems, therefore, that the main sandstone series of the Samana ter- 
minates with the Middle (or Upper ?) Albian. 

According to Griesbach (op. cit., p. 84), a similar sandstone to this " forms 

the great mass of the base of the Takht- i- Sulaiman range, some 120 miles 

south -east of the Samana ridge ". Actually, the Takht -i- Sulaiman (31° 30' N. ; 

70° 0' E.) is about 150 miles S.S.W. of the Samana ; but Griesbach's identification 
of the bed at its base with the main sandstone series of the Samana seems to- 

be worth noting. 

(5) Lower Lithographic limestone (Chikkim ?). 

The next bed in the ascending series consists of about 150 feet of light - 
coloured flaggy limestones. These are very fine grained and homogeneous - 
often lithographic -in texture, and vary in tint from pale grey to faintly yellow, 

greenish or almost white aspect. Abrupt as the change is, from the grits just 
below to this fine- grained limestone, there appears to be no structural uncon- 
formity between the two. There is no apparent change, that is in the dip 

1 The fact that these fossils are phosphatic has kindly been confirmed for me by Dr. G. T. Prior, )?.R.5., the Keeper 
of the Mineral Department of the Natural History Museum at South Kensington. 

C 
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of the beds. At the same time, the existence of a considerable unconformity 

in age seems to be clearly indicated. Thus, fossils exactly similar to those - 

of the underlying grits sometimes appear imbedded in the first few inches 

of the succeeding limestone, which is otherwise entirely destitute of fossil 

remains so far as I have been able to see ; and examination of these imbedded= 

specimens shows that they contain a gritty packing exactly similar to the 

matrix of the lower bed. Clearly, therefore, they were derived from the latter ; 

so it seems that the grits were considerably denuded before the fine -grained. 

limestone was laid down. Since the fauna of the grits can be fairly closely 

correlated with the " Gault " band of the Hazara, it seems that this succeeding 

Samana bed may perhaps be correlated with the Chikkim series, which succeeds. 

the Gault in the northern Himalayas. According to Middleniiss, the " Grey 

Limestone " which succeeds the Gault in the Hazara " is of a pale neutral, 
grey colour, weathering white. It is very well and rather finely bedded, and' 
of a compact amorphous structure " (op. cit., p. 39). The succession, therefore, 
appears to be of the same nature. 

(6) Variegated bed, 

There now succeeds a very variable bed, generally consisting, in the middle 
parts of the Samana range, of about 50 feet of white quartzitic sandstones of 
the same type as (4), but often speckled with numerous rusty spots up to a 
tenth of an inch in diameter, which may be due to the decomposition of pyrites.. 
In the eastern parts of the range this bed becomes much reduced, and even. 
disappears altogether. Among the foothills to the south, on the other hand, 
it becomes of a mixed character, only the lower 20 to 30 feet consisting 
of sandstones, while above these are found 30 to 60 feet of soft olive clays.. 
Both the sandstones and the clays seem to be entirely unfossiliferous. 

(7) Upper Lithographic limestone (Uppermost Cretaceous ?). 

Above this again comes another 150 feet of compact or homogeneous 
almost lithographic limestone. In texture this is very similar to (5), hand 
specimens of the two often being apparently identical. The colour, however, 
is generally darker ; and the whole formation is massive, rather than 
flaggy, forming much more abrupt scarps on the hillsides, and most awkward' 
ground to traverse when found on the crest of the range, being then split up 
into endless great boulders pitted with potholes. Where bed . (6) is missing, 
the distinction on the ground between beds (5) and (7) remains unmistakeable, 
even where the two are in direct contact ; for the massive nature of bed (7) 
causes it to retain its identity and form its own topographical features q_uite.. 
independently of bed (5), with which it never merges. These beds (5) and (7) 
probably correspond to the " Hard white limestone " quoted as No. 4 of 
Griesbach's Samana. succession. In the eastern parts of the range -the portion. 
which Griesbach visited -the sandstone bed (6) is often missing altogether, 
and beds (5) and (7) are seen in juxtaposition. They are the lightest coloured. 
limestones' on the Samana, and apparently quite unfossiliferous. 
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(8) Hangu sandstone (Basal Eocene ?). 

The next bed consists of 140 feet of white quartzitic sandstone, indistin- 
guishable from that of beds (4) and (6). Its texture is the same, it weathers 
in the same way, and it is sometimes covered with large rusty spots like 
parts of bed (6). Whatever the conditions may have been which produced 
this type of sandstone, they appear to have been recurrent in this region 
throughout the Cretaceous and into the basal Eocene. In its uppermost layers 
this bed shows marked signs of merging conformably into the one above it. 
Although still quite unfossiliferous, it becomes so strongly calcareous as to 
appear inseparable from the fossiliferous clays above. In the latitude of the 
southern foothills (near Hangu) its manly uppermost layers also contain small 
imbedded sub -angular blocks of grey limestone, the significance of which will 
be discussed when considering bed (10). In consequence of this apparent 
conformity with the next succeeding beds, I am inclined to group this bed (8) 

together with the latter, and so regard it as Eocene. 

(9) Hangu shale (Lower Ranikot ?). 

We now come to what is perhaps the most interesting bed on the Samana, 
a band of yellowish clays varying from 2 or 3 up to 15 or 20 feet thick, which 

is packed with well preserved fossils. Relatively small as the bed is, it is very 
constant throughout this area ; for although it sometimes seems to be missing, 

this is probably only due to its being locally squeezed out, since it will reappear 
a little further on in the same strike, probably all the thicker for the local 

distortion. This bed is generally much better developed among the southern 

foothills than on the Samana range itself ; its average thickness being at least 

10 feet to the south, while only about 2 or 3 below Fort Lockhart. It is parti- 

cularly well developed in the vicinity of Hangu village itself. Where the latter 
abuts against the shrine -topped hill immediately to the west of it, the ground 

is literally covered, in patches, with small fossils weathered out from the clays 

of this bed on that hill ; and it is strange that neither Wynne, Griesbach nor 

'Hayden had their attention drawn to this very accessible exposure when they 
visited this area. The local Pathan, however, has little interest in fossils ; 

and even the children of the village are completely apathetic towards objects 

which I found English children at Fort Lockhart collecting as playthings. Be- 

- ing one of the higher members of the Samana sequence, all lateral continuity 
between this bed as found below Fort Lockhart, and its equivalents among 

the foothills, has been destroyed by the axial clefts which were mentioned above 

when discussing the structure of the Samana. There is, however, no doubt 

as to the correspondence of these exposures. Not only are they exactly similar 

in type, but they also appear in the same sequence above bed (8), and contain 

the same assemblage of fossils, species for species. Finally, the exposures 

among the foothills can be traced to the east until they sweep over the axis 

of the range in continuation of the strike of the exposures under Fort Lockhart. 

I emphasise this point because of the peculiar nature of the next succeeding 

bed, No. (10), which is different in its southern and northern facies, so that 
D 
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the evidence for its identity depends partly at least upon the identity of bed (9), 

and affects in turn the taxial position of the latter. Thus most of the fossil 

specimens from . which the species of bed (9) have been described were collected 

from exposures found among the foothills, while the taxial location of the bed 

is best seen from its position at Fort Lockhart, where the overyling sequence 

is more complete than anywhere else. As we shall see presently, some 200 

feet of limestone, at Fort Lockhart, separate this bed from fossiliferous Upper 

Ranikot exposures ; so its very position indicates . that it is definitely older, 

though perhaps not very much older, than the. same. The absence of cephalo- 

pods on the one hand, and larger foraminifera on the other, also seems to 
indicate .a , position near the border line between Cretaceous and Eocene. Mr. 

L. R. Cox has now examined the molluscan fauna of `this bed in detail ; and 
he finds that, while a few species are identifiable with Upper . Ranikot types, 
these appear to be types with a considerable vertical range, and the great 
majority of species in bed (9) are new. It seems difficult, therefore,. to identify 
the bed with any known Upper Ranikot horizon, and it is perhaps best referred 
to the Lower Ranikot. It could hardly be older, since the fauna has no affinity 
with that of the Cardita beaumonti beds. If bed (9) is correctly referred to the 
Lower Ranikot, of course, it represents a new fossiliferous horizon for Indian 
geology. 

Professor J. W. Gregory describes the corals of bed (9) ; and also, for 
purposes of comparison, the coral fauna of richly fossiliferous beds at Thal, 
which belong to the Upper Ranikot (cf. Davies, " The Ranikot Beds at Thal ", 
Quart. Journ. Geol. Soc., vol. LXXXIII, Pt. 2, pp. 260 -290). 

(10) Lockhart limestone and Hangu breccia. 

The next bed consists, in the region of Fort Lockhart, of 200 feet of massive 
grey limestone, full of the remains of small corals. Sometimes the first 20 
or 30 feet of this bed are less massive than the rest, being of a blue -black, shaley 
type, readily splintering into laminae when struck, and ochreous on weathered 
surfaces. Elsewhere, however, and also above these softer lower portions, the 
bed is much more compact, lighter grey in colour, and no fossils weather out 
from it ; although fossil sections can be seen in the mass, and micro -sections 
of the rock show it to abound with lithothamnium and small foraminifera. 
The upper portions of this bed often resemble bed (7), but can be distinguished 
from the latter by their slightly coarser texture and the presence of these fossil 
remains. Denudation has almost every where removed the uppermost layers of 
this limestone, which are now only to be seen behind Fort Lockhart (where 
they are succeeded by the next described bed). These uppermost layers are 
there seen to consist of dark grey crystalline limestone packed with foramini- 
fera and echinoid spines, and interspersed with bands and lenticles of black 
impure chert, containing a few fish teeth. 

Among the southern foothills bed (10) has a strangely different aspect, 
there appearing as a massive breccia, full of sub -angular fragments which vary 
from the size of a mustard seed to that of a man's head. These fragments 



THE FOSSIL' FAUNA OF THE 'SANTANA. ;RANGE.' 11 

are apparently all of one type, containing the same kinds of fossils as the 
limestone at Fort Lockhart, and are of the same . colour and texture as that 
limestone. They are very loosely assembled in a matrix of lighter colour, 
against which they stand out distinctly, like pock marks, on smooth rock 
surfaces. Where . the rocks are much weathered, the matrix appears to suffer 
most, and the enclosed fragments can be extracted in their entirety, thus- 
proving ; their separate identity. *. These brecciated masses are of rather _striking 
appearance, being over 100 feet thick and covering several square miles in the 
vicinity of Hangu. In spite of the difference between the aspect of the southern 
mass and that of the northern one, there seems to be no doubt that the Hangu 
breccia is simply a local facies of the limestone at Fort Lockhart. Thus, it is 
similarly situated, immediately above bed (9) ; and while the limestone at Fort 
Lockhart . clearly merges. in places, with bed (9), and its lower : shaly portions 
contain the same fossils as the latter, the Hangu breccia is also linked closely 
to bed (9), since the uppermost layers of bed (8), below the clays of bed (9), 
there contain (as we have seen), , angular fragments of limestone, showing that 
the : breccia had locally begun to be formed even before bed (9) was deposited. 
The Hangu breccia also assumes, in places, the : exact aspect of the massive 
Lockhart limestone ; perfect local transition being seen between the two . types; 
It can also be followed to the north, over the eastern portion of the range, 
where it merges imperceptibly with what appears to be the continuation of 
the Lockhart bed. What the cause of the difference in facies may have been; 
it is perhaps difficult to. say. Thin sections show that the matrix of the 
brecciated portions contains essentially the same fossils as the enclosed pebbles, 
namely, lithothamnium and small foraminifera. The breccia thus appears to 
be of a _ primary and autoclastic type. Whatever the cause of its formation 
may have been, however, that cause must have continued throughout a con- 
siderable period of ' time for the breccias are over 100- feet thick, and may origin- 
ally have , been - much thicker -since their upper portions, together with any 
immediately succeeding beds, have everywhere been removed by denudation. 
The lateral extent of the ' breccia facies seems to be pretty considerable. It 
thins off to the west ; but I have seen representatives of it, 15 to 20 feet thick, 
on the S.W. slopes of Kadimak mountain at Thal (35 miles west of Hangu 
village), where it underlies 350 feet of clays and sandstones, which are capped 
in turn by Upper Ranikot beds with the fauna of Vredenburg's " zone 1 " 
of the same. All direct lateral contact between the Thal breccia and that 
at Hangu is lost under the alluvium of the intervening valleys ; but the appear- 

s` Since the above went to press, I have shown a hand specimen of the Hangu breccia, bed (10), to Mr. D. Balsillie of 
the Royal Scottish Museum, Edinburgh, who writes to me as follows :- 

" The specimen of brecciated limestone shows on the broken surface small rounded, elliptical, and irregular, fragments 
of ( ?) altered basic lava. I have long been familiar with similar types of occurrence among the Lower Carbo- 
niferous rocks of East Fife. The suggestion therefore that the character of the Hangu Breccia may be contin- 
gent, in some manner, upon contemporaneous volcanic manifestations, should not be lost sight of. Indications 
of explosive activity subsequent to the outpourings of the Deccan Traps might be carefully looked for. The 
precise mode of fragmentation can only be a matter of speculation pending further scrutiny of the evidence in 
the field." 

The point seems to be worth mentioning ; the possible significance of these minute extraneous bodies in the breccia 
having escaped me. It will be remembered that Wynne found trap flows, and what appeared to be the core of a 
denuded volcanic vent, near Thal, only about 30 miles to west of the Samana (Too. cit., p. 111, etc.). 

D 2 
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ance at Thal of a similar, if reduced, breccia definitely underlying pre -Upper 

Ranikot beds, goes to confirm the Lower Ranikot date here allotted to, at least,. 

the lower portions of this bed in the Samana region. 

These last three beds, (8) to (10), represent, I believe, the " Grey limestone 

fossil traces " quoted as No. 5 of Griesbach's Samana succession. There is no 

other local limestone which would answer to this description, and Griesbach 

noted the association of " subordinate sandstone beds " with this limestone. 

We see, however, that Griesbach places his " Grey limestone " below an unfossi- 

liferous " hard white limestone ", which nowhere actually exists above it ; while 

he altogether omits to notice the unfossiliferous light coloured limestone -my 
bed (5) -which does exist below it. The explanation seems to be that Gries- 

bach, who did not visit the rest of the range, was misled by a distorted sequence 
to be seen where he crossed the range to the east. One and a half miles N.N.W. 
of Hangu, just where Griesbach speaks of seeing his bed 4 (op. cit., pp. 84 --85), 
there is a faulted region where a horse -shoe -shaped mass of Laki and Khirthar 
rocks has been crushed against the older beds of the Samana. Griesbach's 
bed 4 (my " Lithographic limestone ") is there seen in immediate contact 
with these undoubted Nummulitic rocks, beneath which it seems to pass ; while 
his " Grey limestone with fossil traces " (my bed (10)) appears beyond, and 
seems to pass beneath the other in turn. The " White " limestone, however, 
has simply been pushed up from below, in a secondary anticline, while the 
" Grey " limestone is really an outlier ; detritus collected at its southern margin 
obscuring the fact that it overlies, instead of passing under, the " White " 
limestone. Indeed the " White " limestone is seen again, below the " Grey " 
limestone, on the further side of the local syncline ; but it is nipped in just 
where the Tutimela track (spoken of by Griesbach) passes, and might easily 
be overlooked by a person crossing in a hurry, or else mistaken for part of the 
overlying formation. The bed next seen is then the enormous quartz sand- 
stone series " described by Griesbach as No. 6, which there forms the crest of 
the range as he says ; while the massive Upper Jurassic limestone, forming 
part of Griesbach's No. 7, appears low on the northern slopes of the mountain, 
also as stated by him. 

(11) Upper Ranikot beds. 

As already remarked, there is only one spot (so far as I know) where the - 
uppermost layers of the last described bed, and its immediate successors, are 
now to be seen. This is on the crest of the range, close behind Fort Lockhart, 
where a small outlier still exists of the original superimposed beds. Every- 
where else, on the Samana, denudation seems to have removed the latter ; 
and it will probably not be long before this outlier itself goes the way of the rest. By its shape, nature and position, it affords a most convenient butt for the musketry practice of the garrison ; and it has already been largely cut about to provide the necessary shelter for markers, etc., who would be bard. put to it to dig cover for themselves in the massive underlying Lockhart limestone. These later beds consist of about 70 feet of clays, shales, and.. 



THE FOSSIL FAUNA OF THE SAMANA RANGE 13 

impure limestone bands, the latter containing foraminifera and a few small 
molluscs. 

One of these molluscs is Corbula samanaensis, a species described by Mr. 
L. R. Cox from the fauna of the underlying Hangu shale, and which therefore 
appears at two horizons on the Samana. The foraminifera are relatively 
scarce, but appear all to be of Upper Ranikot types. The presence of un- 
mistakeable Nummulites nuttalli and N. thalicus would seem to show that the 
horizon represented is high in the Upper Ranikot. Whether it represents the 
highest zone (Vredenburg's " zone 4 ") or not, however, is somewhat uncertain, 
both because of the poorness of the fauna (zone 4 is elsewhere very rich both 
in species and in individuals) and also because the species themselves are 
somewhat more rugged or primitive in aspect than specimens found, say, at 
Thal. This may be due either to the fact that the species had not yet fully 
established themselves, or simply to local disturbed conditions of sedimenta- 
tion. Thin sections of these limestone bands show them to be largely composed 
of broken and recemented fragments of rock : this feature is, indeed, often 
obvious to the naked eye, for the rock often has a distinctly brecciated appear- 
ance. This seems to indicate the transference to the north of conditions 
formerly existing in the latitude of Hangu. 

(12) Breccia cap. 

The highest and latest bed of the Samana sequence consists of a cap of 

limestone breccia, which forms the top of the Upper Ranikot outlier mentioned 
above, and has doubtless assisted in preserving the latter. It is probably also 

of Upper Ranikot age, and is only mentioned separately here because of its 
peculiar physical character. In appearance, this cap is exactly similar to the 
Hangu breccia (bed (10)). The likeness is most striking ; yet there seems to 
be no doubt that this is really a later bed, representing a complete transfer of 

conditions formerly existing in the latitude of Hangu to that of Fort Lockhart. 
Thus there is no evidence of an overthrust, or of this bed being in any but its 
natural position on top of group (11) ; also Operculines are present in this 
bed, which do not appear in the Hangu breccia, as well as Nummulites of 

similar types to those of bed (11). The thickness of the cap is about 30 feet. 

This terminates the true Samana series. Younger beds than the Ranikot 
are not found in situ on any part of the range. Where later Eocene rocks are 
seen in juxtaposition with Samana beds, the conditions always testify to dis- 
location and crushing. Even the topographical map of the area shows this, 
since hill features formed of younger Eocene rocks always display severely 
contorted folds wherever they abut against the normal Samana beds. The 
marked unconformity, therefore, which has everywhere else (so far) been found 
between the Upper Ranikot and the Laki formation, seems to quite as distinct, 
on the Samana as elsewhere. 
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Has this widespread unconformity 'any significance in relation to the great 

salt deposits, as found at Bahadur Khel ? Mr. D. N. Wadia, of the Geological 

Survey of India, and I have found that the uppermost layers of the gypsum 

mass overlying the salt at Bahadur Khel are intimately associated with beds 

of Lower Laki age. Hence the salt appears to belong to the period immediate - 

ly preceding ' the deposition of the Lower Laki. ' If the interval between the 

Upper Ranikot and the Lower Laki was a period of desiccation of inland seas 

over what is now the Punjab and - North -West: Frontier of India, it might 

explain both the widespread unconformity between the Ranikot and the Laki, 

and also the appearance of salt deposits at that: horizon.. One' thing is certain : 

some sort of unconformity must be looked for, if the formation of the salt is to 

be explained by the desiccation of marine waters ; and no unconformity is so 

suitable, both in its extent 'and in its apparent date, as that between. the Upper 
Ranikot and the Lower , Laki -an unconformity which saw, practically, the 
entire replacement of the ' larger foraminifera of the marine waters of North - 
West India. 
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Mrs. C. Douglas Roe of the 2 /8th Gurkha Rifles, lately stationed on the Samana, 
to Captain J. Brookman of the ' 20th Burma Rifles, who was the Assistant 
Commissioner at Hangu, and Captain G. D. Sanderson of the Police. To their 
kind hospitality and constant assistance in arranging for escorts .I owe most of 
the opportunities. I have enjoyed of visiting or seeing practically every part 
of the range,. and so preparing a , description of the whole: of it, instead of con- 
fining myself to the Hangu- Patdarband -Fort Lockhart route, which is all that 
the military visitor to the Samana normally sees. 

. ' REMARKS REGARDING MAP, SECTIONS, AND PHOTOGRAPHS OF BEDS. 

MAP OF THE SAMANA. 

As _regards the accompanying map : The central and southern portions of 
the Samana range were visited on many occasions, and so are mapped with 
very fair accuracy as to detail. The extreme eastern and western limits of the 
range, on the contrary, were only visited on one occasion each, so the map 
has there ' been filled in more hastily. The 'northern slopes' of the range, lying 
in tribal territory, could not be visited at all, but were ' sketched in by observa- 
tion from various points along the crest. This was made possible by the ease 
with which certain. Samana horizons (as explained above) can be recognised 
from a distance. It follows, however, that the northern portions of the map 
only show the extensions of the beds in an approximate manner, so as to indicate the structure of the range. (The same general remark applies to the topographical maps of the area, which ' are very accurate from the crest of the range southwards, but are filled in more approximately to the ' north.) 
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SECTIONS OF THE SAMANA. 

Two sections are given. One, taken across the axis in the region of the 
Tutimela track, shows the structure of the range north of Hangu, where Gries- 
bach saw it, and may explain how he came to mistake the order of the beds, as 
mentioned above. The other section, which exhibits the complete Samana seri- 
es, is taken across the main body of the range, at Fort Lockhart. It shows 
a slight syncline developed in the central portion of the Samana anticline, 
where the latter is much extended ; also the presence of slip faults on the 
southern slopes of the range. Faults of this nature are very numerous, but 
the three shown in the section are peculiarly well marked, one of them passing 
under Fort Lockhart itself. 

PHOTOGRAPHS. 

A few photographs are reproduced, of the uppermost beds of the Samana 
series, as seen in the vicinity of Fort Lockhart. They show little detail, owing 
to the detritus- covered nature of the slopes, but may serve to indicate the 
constancy and narrowness of the Hangu shale, which is seldom more than 
2 or 3 feet thick in those parts. Some of the photographs also show the differ- 

ence between the lower (impure and flaggy) and middle (more pure and mas- 

sive) portions of the Lockhart limestone, as there found overlying the Hangu 
shale. 
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THE FOSSIL FAUNA OF THE SAMANA RANGE 
AND SOME NEIGHBOURING AREAS. 

PART VI. 

THE PALAEOCENE FORAMINIFERA. 
BY 

LIEUT.- COLONEL L. M. DAVIES, R.A., F.G.S. 

(With plate X.) 

1. GENERAL REMARKS. 

FORAMINIFERA have not yet been detected in the first nine beds of the 
Samana series ; but they appear suddenly, in great numbers, near the base 

of bed (10), and are to be found at all succeeding levels of the series. Many 
genera seem to be present, especially of Zittel's families Miliolidæ and Textu- 
lariidæ, which appear in great numbers from the first. Rotalidæ also appear 
from the first, being represented by several species of the remarkable genus 
Dictyoconoides, and also very common are several minute nautiloid forms which 
seem to belong to the genus Nonionina. The smallest of these forms persists 
into bed (12). 

At the top of bed (10) the foraminiferal fauna changes considerably. The 
Dictyoconoides and most of their small associates disappear abruptly, and are 
replaced by nummulites, operculines, and occasional discocyclines, in bed (11). 

Molluscs and echinoid fragments are also found in some layers of bed (11). 

With the advent of bed (12) the fauna changes again. The molluscs and 
most of the large foraminifera of bed (11) disappear ; and smaller foramini- 
fera, of the general types common to bed (10), again become abundant. Occa- 
sional Nummulitinæ, however, are to be seen in bed (12). 

The limestones of bed (11) are distinguished from those of beds (10) and 
(12) by the abundance of quartz grains in them, as well as by the relatively 
large foraminifera which they contain. It seems clear that bed (11), with its 
molluscs and N. nuttalli, represents a relatively shallow water interlude be- 

tween the deeper water conditions of beds (10) and (12) ; but the internal 
evidence of the rocks, together with the external appearance of conformity, 
seems to indicate that beds (10) to (12) form a connected series during which 
local conditions changed only in minor ways. Brecciated conditions exist 
throughout (at first to the south, afterwards to the north as well) , Litho - 

thamacilcm is found in every section ; echinoid spines, etc., appear in the 
( 67 ) 
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uppermost parts of bed (10), in bed (11), and in the lower parts at least of 

bed (12) ; and the general appearance of the smaller foraminiferal contents of 

these beds remains much the same throughout. 

2. DESCRIPTION OF SPECIES. 

Genus : NUMMULITES Lamarck. 

NUMMULITES NUTTALLI Davies. (Pl. X, figs. 12 -14). 

1926. Nummulites planulatus (Lamarck), Nuttall, Geol. Mag., vol. LVIII, pp. 114- 
115 and text -fig. 1 ; Pl. X, figs. 1 -2. 

1927. Nummulites nuttalli, Davies, Quart. Journ. Geol. Soc., vol. LXXXIII, pp. 266-- 

271; Pl. XVIII, figs. 3 -4 ; PL XIX, figs. 1 -9. 
1928. Nummulites Nuttalli Davies, H. Douvillé, Compte rendu somm. des Séances de 

la Soc. géol. de France, 2 April 1928, p. 93 and text -fig. 

This species, often referred to as N. planulatus by students of Indian 

-geology, has only thrice heretofore been actually figured and described, name- 

ly, once as N. planulatus by Dr. W. L. F. Nuttall, once as a new species N. 

nuttalli by myself, and once as N. Nuttalli by Prof. H. Douvillé. The form 

resembles N. planulatus in several respects, e.g., in the shape of its chambers 
as seen in equatorial section, and in possessing transverse trabecules, etc., It 
differs from N. planulatus, however, in the more rapidly opening nature of its 
spire ; in the possession of pillars (mostly concentrated towards the poles) ; 

in the possession of a thicker and coarser marginal cord, producing a more or 
less well marked " gutter " between the whorls ; in having thicker and coarser 
walls to the test ; in exhibiting coarser and simpler septal filaments ; and (as 

Professor Douvillé shows) in exhibiting a polygonal network on the surface 
of the marginal cord. Fig. 14 shows a polar view of a specimen from bed (11) 
on the Samana, and figs. 12 and 13 sections parallel to the meridian of other 
specimens from the same bed. These sections show the typical marginal cord 
of the species, its thick walls, and the pillars grouped towards the centre 
of the test. 

The Samana specimens approximate to the smaller, coarser, and relative- 
ly flatter northern variety of nuttalli, named kohaticus by me when comparing 
the Thal forms with those of Sind.; but they differ from all types of nuttalli 
hitherto known in possessing a rather less crowded spire, with only about 
40 -44 chambers to the outer whorl instead of about 46 -50, in forms of about 
7 -8 mm. diameter. The mesh over the marginal cord, spoken of by Prof. 
Douvillé, is peculiarly well marked on the Samana specimens. 

NUMMULITES THALICUS Davies. (Pl. X, fig. 11). 

1927. Nummulites tludicus, Davies, Quart. Journ. Geol. Soc., vol. LXXXIII, pp. 269- 
271 ; Pl. XX, figs. 1-4. 

This form accompanies N. nuttalli in the uppermost Ranikot beds at Thal ; 
and I pointed out, when describing it, that both its external and internal 
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:characters suggest that it may be the megaspheric companion of nuttalli. It 
is interesting, therefore, to find what appears to be the same form accompany- 
ing N. nuttalli in bed (11) on the Samana. Figure 11, Plate X, shows a polar 

-view of a specimen from the Samana, with the characteristic grouping of a 
few pillars at ° the pole of the test, and almost straight septal filaments radiat- 
ing from the pole to the periphery. The equatorial section of a specimen 
from the Samana shows a close resemblance to sections of specimens from 
Thal. Thus there is a large double protoconch, and just over three whorls 
to the spire ; the numbers of chambers in successive whorls being 92, 171 and 24 
respectively. The chambers are about one and a half times to twice as high 
as broad, with rounded tops, and faint inclination to an angle at the upper 

.posterior portion. The septa are almost straight, and only very little inclin- 
. ed to the radius. The marginal cord is of very uniform thickness, equalling 
about a quarter to one fifth of the height of the subjacent chambers. 

The chief apparent difference seen in the section of the Samana form is 
that the first chamber of the double protoconch is appreciably smaller than 
the average as found at- Thal, being only about 3 mm. instead of about 4 
mm. in diameter ; hence it is only about half as big again, instead of more 

- than twice as big, in sectional area, as the second chamber. The outermost 
whorl is also rather less crowded than the average at Thal, although occasional 

"specimens with only 24 chambers to the third whorl are also found at Thal. 
It does not seem justifiable, however, to separate the Samana type from 

thalicus, which it otherwise so closely resembles, merely on account of the 
size of the first chamber of the protoconch. 

If, then, the specific identity of the Samana specimens with N. thalicus 

'be allowed, it strengthens the case for regarding thalicus as the megaspheric 

form of nuttalli. Once again thalicus appears associated with nuttalli ; and it 
also seems that, just as the Samana specimens of nuttalli differ from the nor- 

mal in possessing a less crowded outermost whorl, so do the Samana repre- 

sentatives of thalicus differ from the normal in the same respect. 

N.B. -It must be admitted, however, that the network, noted by Prof. 

' Douvillé as being found on the marginal cord of N. nuttalli, has not yet been 

-detected on the relatively much less developed cord of N. thalicus. Since 

'Prof. Douvill' first drew my attention to the existence of this network on the 

- marginal cord of specimens of N. nuttalli var. kohaticus from Thal, I have 

'been carefully through my collections again in order to note the signs of its 

presence. It is only to be seen on the periphery of the test, and only where 

"the cord there is in a good state of preservation. It clearly appears, how - 

-ever, not only on tests of N. nuttalli var. kohaticus from Thal., but also on 

N. nuttalli from Sind, and on specimens referred to N. nuttalli by me from bed 

-01) on the Samana. It thus seems to be a very constant character of N. 

nuttalli itself ; but I have not yet been able to find it on the types which I 

have been most inclined (on other grounds) to affiliate to N. nuttalli, namely, 

N. thalicus and Operculina sindensis (really a large Nummulites, sometimes 

difficult to distinguish from N nuttalli). 
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Genus : OPERCULINA A. d'Orbigny. 

OPERCULINA cf. CANALIFERA A. d'Archiac. (Pl. X, figs. 1 -2). 
1850. Operculina canalifera, d'Archiac (Hist. du Progrès de la Géologie, vol. III, p. 245). 

1853. Operculina canalifera d'Archiac, d'Archiac and Haime (Descr. des An. foss. du 

Groupe numm. de l'Inde, pp. 182, 346 ; Pl. XXV, figs. 15 -15a). 

1927. Opercu lina cf. canalifera d'Archiac, Davies, Quart. Journ. Geol. Soc., 

vol. LXXXIII, p. 276 ; Pl. XX, figs. 11 -13. 

The microspheric form usually referred to O. canalifera by Indian geolo- 

gists, which has recently been re- described by me as O. sindensis, does not . 

seem to be found on the Samana ; at least, not in its fully developed condi- 

tion as an extreme variant of Nummulites nuttalli. On the other hand a 

smaller, and megaspheric, form does occur in bed - (11) on the Samana, which 
is fairly . common there, and is identifiable with specimens at Thal which I 
have hesitatingly referred to O. canalifera. The Samana forms have much the 
same proportions as the Thal ones, but are sometimes rather larger, measur- 
ing about 6 mm. in diameter to 24 -3 whorls, as against 5.2 mm. to about 22 

whorls. An equatorial section shows the presence of two subequal primary 
chambers, very similar to those of the Thal type, but perhaps slightly smaller, 
or about .22 mm. in diameter instead of .25 mm. The shape of the chambers 
is the same ; also the proportionate thickness of the marginal cord. The 
number of chambers in each whorl appears to be much the same. As with 
the Thal form, a well marked " gutter " is seen between the whorls, on the 
external surface of the test ; the whorls are not embracing ; and the septal 
partitions are granulated- although the granulations are neither so large nor 
so well preserved on any Samana specimen found by me as on the Thal speci- 
mens. As with the Thal specimens, the granulations are largest in the vici- 
nity of the marginal cord, and decrease in size as they pass down the septa ; 

the poles also are granulated. 
Figure 2, Plate X, shows a polar view of a large specimen, rather frag- 

mentary, but better preserved than most. Figure 1 shows a meridian section 
of a very young specimen, only about 1.3 mm. in diameter. 

It seems possible that this northern ( Samana and Thal) form is the mega - 
spheric representative of the Operculina sp. described by Dr. Nuttall as ac- 
companying N. nuttalli and O. sindensis in the lower limestone terrace at 
Jh.irk. That Operculine is said to be microspheric, with an average dia- meter of 8 mm. and thickness of. 1 mm. Its internal characters appear to be similar to those of the northern form ; its whorls do not seem to embrace ; and its septal partitions are said, particularly in the young stage, to bear in- distinct granules (Geol. Mag., vol. LXII, pp. 118 -119 ; Pl. XI, figs. 5 -6). Dr. Nuttall considers the type to be closely related to the European Lower Eocene species O. granulosa Leymerie (Mem. Soc. géol. France, ser. II, vol. I, p. 359 ; Pl. XIII, figs. 12a -c). In any case I cannot help thinking that it was some such form as this, and not the huge O. sindensis, which d'Archiac and Haime described as O. canalifera. 
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Genus DISCOCYCLINA Gümbel. 

DISCOCYCLINA sp. (Pl. X, fig. 10). 

Occasional discocyclines are to be seen in bed (11) of the Samana series, 
where they accompany N. nuttalli, N. thalicus and O. cf. canalifera. One of 
these discocyclines is shown, for purposes of record, in figure 10 of Plate X. 
It does not resemble the form described by me as D. ranikotensis from the up- 
permost Ranikot beds at Thal, but is a much smaller and more lenticular 
type. Its external appearance recalls a still smaller discocycline to be seen 
in the Lower Ranikot beds at Thal ; but, owing to lack of material, I have 
been unable as yet to determine , fully the internal characters either of the 
Samana species or of the Thal one. 

Genus : DICTYOCONOIDES Nuttall. 

1861. Conulites, Carter, Ann. & Mag. Nat. Hist., 3rd Series, vol. VIII, pp. 309 , 

331, 457 158. 

1862. Patellina Williamson, Carpenter, Ray Society : Introduction to the Study of 

the Foraminifera, pp. 229 -235, etc. 

1924. Conulites Carter, Davies, Journ. As. Soc. Bengal, vol. XX, No. 6, p. 223. 

1925. Conulites Carter, Davies, Proc. Twelfth Ind. Sc. Congress, p. 220. 

1925. Dictyoconoides, Nuttall, Ann. & Mag. Nat. Hist., Ser. 9, vol. XVI, pp. 378 - 
388. 

1926. Conulites Carter, Davies, Trans., Min. & Geol. Inst. of India, vol. XX, pp. 

199, 202, 205, 209. 

1926. Dictyoconoides Nuttall, H. Douvillé, Bull. Soc. géol. de France, t. XXVI, pp. 

24-26. 
1926. Dictyoconoides Nuttall, Nuttall. Geol. Mag., vol. LXIII, pp. 112 -121. 
1926. Dictyoconoides Nuttall, . Nuttall, Rec., Geol. Surv. Ind., vol. LIX, pp. 117- 

119, 121, 129, etc. 

1926. Conulites Carter (= Dictyoconoides Nuttall), Davies, Rec., Geol. Surv. Ind., 

vol. LIX, pp. 237 -250. 
1927. Dictyoconoides Nuttall, Davies, Quart. Journ. Geol. Soc., vol. LXXXIII, pp. 

265 -266, 279 -281, 284. 

1927. Dictyoconoides Nuttall, G. Stefanini, Atti. della Soc. dei Naturalistie e Matematici 

di Modena, ser. VI, vol. V -VI, fas. II, pp. 84-86. 

1927. Dictyoconoides [ Conulites], Davies, Trans., Min. & Geol. Inst. of India, voL 

XXI, p. 315. 

1928. Dictyoconoides Nuttall, H. Douvillé, Compte rendu somm. des Séances de la Soc. 

géol. de France,. 2 April 1928, p. 94. 

This interesting genus, first described by Carter who designated it Conti- 

lites, was neglected for many years in consequence of Carpenter's treatment 

of it as inclusive within Williamson's genus Patellina (which Carpenter ex- 

panded so as to include some of the most widely different fossil types). With- 

in the last few years, however, Dr. W. L. F. Nuttall and 'I have laboured to, 

vindicate the right of Carter's type to recognition as a distinct genus. In- 

deed, it is not too much to say that it belongs not only to a different genus 



72 THE FOSSIL FAUNA OF THE SAMANA RANGE. 

but even to a different family from the forms with which it was associated by 

Carpenter under the term Patellina. Dr. Nuttall, however, has renamed the 

genus Dictyoconoides, since Carter's name for it- Conulites -is preoccupied. 

According to Professor H. Douvillé, the genus Dictyoconoides is closely 

related to the Calcarines, in which case it seems that we should include it in -. 

Zittel's family of Rotalidæ. The earliest species of Dictyoconoides are, indeed, 

closely similar to Rotalia itself, with which they -and 'even later species 

have repeatedly been confused in the past. The spire of Dictyoconoides is, 

rotaliform, and the septa between successive chambers are pierced at the 

base by communicating passages, as with Rotalia. The development of lateral 

structures is, however, far greater -in later species at least -in Dictyoconoides 

than in Rotalia, and approximates the former to Calcarina. The umbilical 

region, in Dictyoconoide?, is always crowded with vertical pillars, penetrating 

successive horizontal layers of shell substance ; and the cortical region is 

also generally crowded with pillars penetrating accumulations of shell substance 
which are thickest over the central parts of the test. The chamber walls of 

the spire are always open -and, in some species, widely open -on the inner 
or umbilical surface ; and indications are also to be seen of a spiral canal 
following the junction line of successive whorls along the cortical surface 
of the spire. Cortical pillars seem generally to take their origin along the 
course of this canal, just as the umbilical pillars seem generally to take their 
origin along the course of the umbilical openings of the spiral chambers. Simi- 
larly placed canals and pillars are to be seen in Calcarina, and have been 
figured by Carpenter in such bilaterally symmetrical types as Orhitoides and 
Cycloclypeus. 

Thus the general appearance of the test, the accumulation both on the 
cortical surface and in the umbilical region of successive irregular layers of 
shell substance, the appearance of numerous pillars traversing the same, and 
the lateral canal system along whose course the pillars so largely take their 
origin, all approximate this genus to Calcarina. It differs from Calcarina in 
not developing the characteristic spines of the latter ; in having finer pores, 
which do not coalesce ; in having the septal partitions between successive 
chambers pierced by single large orifices instead of by rows of holes ; and in 
showing, in later species at least, a great development of intercalary whorls 
in the spire. 

These differences are interesting, as being largely related to the develop- 
ment of lateral structures ; with the one genus mostly on the cortical, and 
with the other altogether in the umbilical, region of the test. In Calcarina, 
great spines or clublike processes are developed chiefly on the cortical surface ; 
in Dictyoconoides, the umbilical region of the test is progressively enlarged by 
the addition of extra whorls to the spire, and (finally) by the development of 
intercalary whorls in the same. Measurement of the spiral chambers, as seen 
in meridian sections of Dictyoconoides, shows that those chambers, alter very little 
if at all in depth, in successive species of the genus. Thus the thickness of 
the spiral series remains about 35 -55 mm. in the latest species of Dictyo- 
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conoides as in the earliest. But the progressive increase in the number of 
whorls to the spire progressively increases the capacity of the umbilical region, 
and its proportions as compared with the test as a whole ; so that the relative 
age of a species can almost be determined by comparing the proportion which 
the area of its umbilical development bears, in meridian section, to the area 
of the test as a whole. Thus, in early species of Dictyoconoides, the spire 
forms, in meridian section, the principal part of the test ; in the later species, 
the - spire becomes relatively insignificant in size, being reduced, in meridian 
section, to a comparatively narrow cortical layer surmounting a great expanse 
of umbilical structure. 

Unlike Calcarina, Dictyoconoides seems to be a fossil form only, and to 
be extremely limited both geographically and stratigraphically. Although 
found in abundance in the Eocene beds of north -west India, the genus has 
not yet been recorded (so far as I know) from any beds but Eocene ones ; 

and only very rarely indeed from any beds outside of India. Its presence 
has, however, been reported in Arabia ; and Professor G. Stefanini has recent- 
ly found it in Middle Eocene beds of northern Somaliland. He tells me that 
these African forms, which are of large size (up to 20 mm. in diameter), re- 
semble the latest Indian forms and not the earlier ones, which would agree 
well enough with the Middle Eocene age of the beds in which they are found. 

Figure 5 of Plate X shows part of the meridian section of D. kohaticus 
Davies, which is one of the later species of the genus since it comes from the 
uppermost Laki. Figures 6 -9 show meridian sections of the species found 
on the Samana, and are probably the earliest representatives of the genus 
yet known. Comparison of figures 6 -9 with figure 5 will show how greatly 
the genus changed during the course of the Lower Eocene. Intermediate 
forms are represented by D. tipperi Davies (6 -7 whorls) from beds of un- 
certain age (probably Lower Laki), and D. vredenburgi Davies (15 -16 whorls) 
from the Middle Laki ; D. vredenburgi being the earliest known species to ex- 
hibit the development of intercalary whorls in the spire. The youngest form 
to be described from Indian beds is the one which Dr. Nuttall refers to D. 
cooki (Carter). It comes from the Middle Khirthar, and differs from kohaticus 

in its greater size, in the greater number of whorls and intercalary whorls in 

its spire, and the greater proportion of meridian section occupied by its um 
bilical development. That proportion is, indeed, considerably greater in cooki 

than in kohaticus ; for the test of cooki is not only larger but also more 

convex on both surfaces, thus involving a considerable relative increase in 

the amount of umbilical development. 
As I pointed out when first describing Dictyoconoides, the spire has as 

often a right -handed twist as a left -handed one. This fact, together with the 

appearance of lateral layers and pillars on the supra -cortical surface as well 

as in the umbilical region of the test, would seem to link this genus to bila- 

terally symmetrical types -some of which, like Siderolites, belong to this same 

family of Rotalid. Figure 4, Plate X, is reproduced from Carpenter's work, 

to show the lateral canal with pillars rising from the same, as observed by 
Q 
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him in Orbitoides. If we compare the large cortical chambers near the top 

of the photograph of D. kohaticus (figure 5) with the large equatorial chambers 

along the bottom of figure 4, we see that short pillars rise to the upper surface 

of kohaticus from the junction line of successive whorls of the spire, much 

as represented in figure 4. This is, as already remarked, a very common 

feature in Dictyoconoides (cf. figure 6 on the same plate, and figure 8, plate 

18, of Vol. LIX, 'Rec., Geol. Surv. Ind., showing the meridian section of D. 

tipperi). Certain of the large cortical chambers in figure 5 are seen to - be 

obscured by dark films. These films represent the septal partitions between 

adjoining chambers of the whorls concerned ; the partitions in these cases 

happening to lie in the plane of the section. It is noticeable that, in each 

case, a single oblong aperture appears at the base of the partition ; showing 

that, as remarked above, communication between successive chambers is afforded 

by a single elongated aperture. 

DICTYOCONOIDES NEWBOLDI (A. d'Archiac & J. Hahne). (Plate X, fig. 8). 

1853. Rotalia Newboldi, A. d'Archiac and J. Haime, Descr. des An. foss. du Groupe 

numm. de l'Inde, p. 347 ; Pl. XXXVI, figs. 17a-c. 
1927. Dictyoconoides newboldi (A. d'Archiac and J. Haime), Davies, Quart. Journ. 

Geol. Soc., vol. LXXXIII, pp. 279 -280 ; Pl. XXII, figs. 1 -4. 

This species, referred to Rotalia by d'Archiac and Haime, is certain- 
ly very similar in general appearance to members of that genus. Meridian 
sections of the test, however, show that the internal structure is essentially 
similar to that of other forms, which seem to be undoubted Dictyoconoides : 
thus the umbilical region is filled with distinct vertical pillars ; while the 
large cortical chambers are formed by successive arched walls, each of which 
tapers more or -less to embrace its predecessor at its upper end, and develops 
a more or less clubbed appearance at its lower extremity. The seeming 
absence of supra- cortical pillars certainly affiliates this species to Rotalia ; 
but a similar character is seen in D. conditi in these same beds, and also in 
D. kohaticus var. blanfordi of a later horizon, neither of which could well be 
confused with Rotalia. Traces of supra- cortical skin are also clearly seen in 
some sections of newboldi, as in conditi. 

D. newboldi is, on the whole, the most primitive of all species of the genus 
hitherto described. It is distinguished from all others by showing, in meri- 
dian section, the smallest umbilical region, and the fewest whorls to the spire. 
Its cortical chambers increase rapidly in size ; have very flat tops ; and show 
sharp angles at their upper external margins. Owing to this assemblage of 
characters, D. newboldi has the most convex base of all hitherto described 
species of this genus, and usually exhibits a very sharp peripheral margin. 

The species appears in great numbers in the uppermost Ranikot beds 
at Thal, where it accompanies D. haimei as on the " Hala range " of d'Ar- 
chiac and Hahne. On the Samana it is found, together with D. haimei, 
throughout bed (10). 
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Figure 8, Plate X, shows, a meridian.. section of a young: specimen from the 
uppermost layers of bed (10). 

DICTYOCONOIDES HAIMEI Davies. (Plate X, figs. 6 -7). 
1853. Rotalia Newboldi (pars), A. d'Archiac and J. Haime, Descr. des An. foss. du 

Groupe numm. de l'Inde, p. 347. 

1927. Dictyoconoides haimei, Davies, Quart. Journ. Geol. Soc., vol. LXXXIII, pp. 
280 -281 ; Pl. XXI, figs. 13 -15 ; Pl. XXII, fig. 6. 

As I showed when describing this species, it was apparently confused 
with newboldi by Messrs. d'Archiac and Haime, who themselves suspected 
that they might be treating two species as one. Although of similar size to 
newboldi it is, nevertheless, very markedly and constantly different, being of 
the general type which afterwards appeared in progressively modified form in 
successive beds. It has a relatively flat base, and a considerable umbilical 
area crowded with numerous but distinctly separated pillars. Unlike the 
other two species so often found with it, it also shows well marked pillars on 
its, upper surface ; indeed these supra- cortical pillars are often considerably 
stouter (although of course much shorter) than the umbilical ones, and frequently 
coalesce into winding bars or ribs on the upper surface of the test, in a way 
never seen in any other known species of the genus. Such a specimen is shown 
in fig. 14, Pl. XXI, of the Q. J. G. S. paper noted above. 

Although only seen in thin sections in bed (10) on the Samana, the species 
seems to be represented there in a form indistinguishable from specimens found 
at Thal. . Some specimens in bed (10), of what are apparently immature forms, 
were at first taken by me to represent a distinct species from haimei (see 
p. 266 of the above Q. J. G. S. paper)'; but the -distinction was mainly one 
of size and slightly different shape, and has since been obliterated by the dis- 
covery, of larger forms leading up to ones apparently indistinguishable from 
haimei. 

Meridian sections show that the walls of the cortical chambers are not so 

distinctly clubbed in this species as in newboldi and conditi but are rather 
claw- shaped, having a rounded outer edge and sharp inner one. This is the 
characteristic form in later species (cf. figure 5, Pl. X). 

The great size of the protoconch in haimei is very noticeable. In speci- 

mens from bed (10) on the Samana, the diameter of the protoconch is about 

28 mm. Among the Thal specimens, the protoconch is still larger ; the sec- 

tion figured when describing the species having a protoconch 42 mm. in dia- 

meter. Thus it seems that, in each case hitherto examined, the size of the 

protoconch in megaspheric specimens from the Samana is smaller than that 
of corresponding specimens from the uppermost Ranikot beds at Thal. 

Name of Species. Size of Protoconch. 
Samana. Thal. 

Nummulites thalicus . .3 .4 

Operculina cf. canalifera . . . . 22 25 

Dictyoconoides haimei . . 28 '42 
Q2 
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D. haimei is now known to accompany D. newboldi on the " Hala range 

of d'Archiac and Hahne ; in the uppermost Ranikot beds at Thal ; and 

throughout bed (10) on the Samana range. It is also to be seen in Dr. Nut - 

tall's collections, now in the Sedgwick Museum at Cambridge, from the upper- 

most Ranikot beds of Sind. 

Figure 6, Plate X, shows a meridian section of an adult specimen of D. 

haimei from bed (10), with 3 -4 whorls to the spire. Figure 7 shows a similar 

section of a younger specimen, with 2 -3 whorls to the spire. The pillars 

on the cortical surface of the latter specimen have apparently been crushed 

by impact against the fossil lying immediately above. It will be noticed that 
sections 6, 7 and 9 from bed (10) all show the specimen of Dictyoconoides con- 

cerned to be injured by impact against an adjoining fossil. This seems to 

indicate some crushing together, in situ, of the tests contained in the rock, 

before the latter solidified. 

DICTYOCONOIDES CONDITI Nuttall, var. ROEtE 110V. (Plate X, fig. 9). 

1926. Dictyoconoides conditi, Nuttall, Geol. May., vol. LXIII, p. 119 ; Pl. XI, figs; 

7-8. 
1927. Dictyoconoides conditi Nuttall, Davies, Quart. Jours. Geol. Soc., vol. LXXXIII, 

p. 279 ; Pl. XXI, figs. 10-12 ; Pl. XXII, fig. 5. 

This species, originally described by Dr. W. L. F. Nuttall from the higher 
zones of the Upper Ranikot beds of Sind, and accompanied by D. haimei in 
the same, was found by me in great numbers and better state of preservation 
in the uppermost Ranikot beds at Thal, together with D. haimei. and D. new - 
boldi. In some respects D. conditi is a more advanced type than either of 
the others, having 5 or 6 whorls to the spire instead of only 3 or 4 as in the 
others. It does not, however, point the road to succeeding types, being pecu- 
liarly specialised on lines of its own. Thus while traces of supra -cortical skin 
remain, and are often clearly seen in meridian sections of the test, all trace 
of supra -cortical pillars seems to have disappeared, at the same time that 
the umbilical region of the test witnesses an abnormal development of pillars._ 
These umbilical pillars are not sub -equal and fairly well separated, as in most 
other species of Dictyoconoides, but are comparatively few and of uneven size 
(those in the centre being generally the largest), and close packed to the 
exclusion of all intermediate cavities. This gives to the meridian section of 
the test a peculiarly massive aspect, which clearly distinguishes the species 
from its associates ; and this distinction is further emphasised (in uppermost 
Ranikot forms from Sind and Thal) by the elegance and regularity of the crescent 
shaped cortical chambers, the walls of which are evenly and gracefully curv- 
ed, and broadly expanded in a row at their bases, where they abut against 
the umbilical mass of pillars below. 

This species, on the Samana, has only hitherto been found. in the upper- 
most layers of bed (10), where it joins the other two species which continue 
from lower levels in that bed. Some of the specimens of conditi, seen in these 
uppermost layers of bed. (10), seem to be scarcely so highly specialised as 
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members of the species found at Thal and in Sind : thus the umbilical pillars 
do not always appear as a solid mass ; they are sometimes rather more slender 
and numerous, and traces of cavities are then. seen between them. In other 
specimens, however, the pillars are quite as massive and closely packed as in 
forms found at Thal ; so it scarcely seems right to create a separate species 
for the less massive individuals. The unequal size of the pillars -the thickest 
being found towards the centre of the test -is seen in all ; and the tendency 
to coalesce is clearly marked. The variability seen in the Samana forms may, 
however, indicate that the species is there found in an earlier and less stable 
condition. 

Another peculiarity of the Samana representatives of conditi is that their 
cortical chambers have not, in meridian section, the regular crescent shape 
seen in specimens of conditi from uppermost Ranikot beds of Thal and Sind, 
but are relatively flat -topped, with a fairly sharp angle at the upper and 
outer margin. Since this seems to represent a fairly constant difference from 
Dr. Nuttall's specific types, I propose to separate the Samana forms as a 
distinct variety, roece, of conditi. The largest specimen found by me mea- 
sures 2.5 by 1.35 mm., and shows at least 6 whorls. Figure 9, Plate X, shown 
a younger specimen, measuring 1.4 by 0.8 mm., with 4 -5 whorls. 

The appearance of D. conditi, in a somewhat imperfectly stabilised con- 
dition, in the uppermost layers of bed (10) on the Samana, may serve to show 
that that bed is -as other circumstances indicate- rather older, even in its 
latest parts, than the uppermost Ranikot. The presence in it, however, of 

all three Ranikot species of Dictyoconoides, seems to stamp bed (10) as being 
an essentially Ranikot formation. 

Genus : NoNIONn A d'Orbigny. 

NONIONINA ? sp. (Plate X, fig. 3). 

This minute nautiloid form seems to be worth noting, if only because of 

its constancy throughout beds (10) to (12) of the Samana series. Only the 
internal section of the form is known, and its very genus is uncertain ; so I 
am not giving it a specific name. The protoconch is single, and about 23p.. 

in diameter. The first whorl contains 6 chambers ; and a test with first 

whorl completed measures about 09 mm. The second whorl is seldom com- 

pleted, but contains about 9 chambers when it is ; and a test with two com- 

plete whorls measures a little over 2 mm. The more usual adult size is about 

17 mm , with 1 to 11 whorls, and containing about 12 to 14 chambers al- 

together (excluding the protoconch). The chambers show a sharp angle at 

the upper posterior portion, and are separated by boldly curved septa. They 

vary in relative height, the early chambers being about 1 times as high as 

they are wide, and the last chambers sometimes as much as 3 times as high 

as wide. The thickness of the spiral sheet is about 8-10p., and that of the 

chamber partitions about 4 -5;a. The chamber partitions are faintly clubbed 

at their lower ends, where they are perforated by a fairly large communicat- 

ing passage (about 6v, in height) between adjoining chambers. 
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J. Hofker has recently shown (" On Heterogainy in Foraminifera ", 
Tijdschr. Neol. Dierk. Ver., dl. XIX, afi. 3, 1925) that the megaspheric genera- 

tion in foraminifera often has two stages ; an early one with relatively small 
central chambers being succeeded, during a process of maturation, by a later 
form with larger central chambers, which is' able to produce by isogamy the 
microspheric, or sexual, generation. The little foraminifer now being de- 
scribed seems to display this process, since it is accompanied by forms seem- 

ingly identical in all respects except for some variation in the size of the pro - 
toconch. 

Figure 3, Plate X, shows an equatorial section of this form, magnified 180 

diameters. This particular specimen was taken from the lower part of bed 
(10), near Hangu. 

3. DISCUSSION OF AGE OF SAMANA BEDS (8) TO (12). 

As remarked above, the discovery, in the Lockhart limestone, of all the 
three well- marked species of Dictyoconoides which are found in the uppermost 
Ranikot beds of Thal and Sind, seems to stamp bed (10) of the Samana series 
as being a distinctively Ranikot formation. The fact, however, that D. con - 
diti has only been found in the uppermost layers of bed (10), and then only 
in an imperfectly stabilised condition, would seem to indicate that bed (10), 
as a whole, represents a pre- uppermost Ranikot age. This is further indicat- 
ed by the absence from bed (10) of such a characteristic uppermost Ranikot 
type as N. nuttalli, , which only appears in bed (11) of the Samana ; and also 
by the fact that a very reduced representative of Samana bed (10) has been 
found by me at Thal, where it underlies the entire Upper Ranikot and part 
of the Lower Ranikot as well (cf. Quart. Journ. Geol. Soc., vol. LXXXIII, 
pp. 261, ff. ; and Trans., Min. & Geol. Inst. of . India, vol. XXI, p. 319). 

This last fact seems to show that the lower part at least of the Lockhart 
limestone, or Samana .bed (10), dates from the Lower Ranikot ; so that the 
bed as a whole probably represents the passage of a considerable period of 
time, commencing at some level in the Lower Ranikot, and perhaps finishing 
at some level in the Upper Ranikot. From this, again, it would appear that 
the Hangu shale, or Samana bed (9), belongs to the Lower Ranikot ; an in- 
ference which its contents seem to confirm. 

The exact position in the Lower Ranikot to which the Hangu shale should 
be referred cannot at present be determined, since the Hangu shale itself is 
the only really fossiliferous Lower Ranikot horizon yet discovered. It pro- 
bably- judging from the position of the Lockhart limestone layer at Thal - 
does not represent a level very far down in the Lower Ranikot, but belongs 
to the upper rather than to the lower half of the same. The Lockhart lime- 
stone, therefore, or Samana bed (10), seems best regarded as representing the 
uppermost portion of the Lower Ranikot together, perhaps, with some of the 
lower zones of the Upper Ranikot. The succeeding bed (11) appears to be 
nearly the equivalent of the uppermost Ranikot beds as found elsewhere, but 
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is itself perhaps slightly older than the same. Thus, while it holds such 
typical uppermost Ranikot forms as N. nuttalli and N. thalicus, yet those 
forms are relatively very scarce ; and its fauna in general is far less rich, 
both in types and in individuals, than that of the uppermost Ranikot beds 
of Thal or Sind. The most eccentric types, such as O. sindensis, do not appear 
at all, and were perhaps not yet in existence ; instead of the characteristic 
Discocyclina ranikotensis we find a much smaller form, recalling a type found 
in the uppermost zones of the Lower Ranikot beds at Thal ; and, if we are 
to see any significance in the somewhat less crowded spires of N. nuttalli and 
N. thalicus as found on the Samana, that again would seem to indicate a 
rather primitive condition of the fauna. It seems clear, therefore, that bed 
(11) of the Samana series can hardly be placed later than the uppermost Rani - 
kot elsewhere, and perhaps represents a horizon slightly older, if anything, 
than the uppermost Ranikot beds of Thal and Sind. 

I would therefore classify the last five beds of the Samana series ap- 
proximately as follows :- 

Bed (8), the Hangu sandstone : Lower Ranikot. It probably belongs to the lower or 
middle portion of the Lower Ranikot. 

Bed (9), the Hangu shale : Lower Ranikot. It probably represents some horizon fairly 
high in the Lower Ranikot ; most likely in the upper half of the same. 

Bed (10), the Hangu breccia (or Lockhart limestone) : Lower and Upper Ranikot. It 
probably represents the uppermost portions of the Lower Ranikot, and lower zones 

of the Upper Ranikot. 
Bed (11), Upper Ranikot beds : Upper Ranikot. This probably represents some level 

almost, but perhaps not quite, as late as the uppermost Ranikot elsewhere. 

Bed (12), the Breccia cap : Upper Ranikot. Much the same age as bed (11) ; perhaps 

equivalent to the uppermost Ranikot elsewhere. 



PLATE X. 

Fig. ]. Meridian section of young Operculina cf. canalifera (X45). From bed (11) (p. 70). 

G. S. I. No. 14, 532. 

Fig. 2. Polar view of adult Operculina cf. canalifera (X 8). From bed (11) (p. 70). 

G. S. I. No. 14, 533. 

Fig. 3. Equatorial section of adult Nonionina sp. (x180). From lower part of bed (10) 

(p. 77). G. S. I. No. 14, 540. 

Fig. 4. Reproduction of Carpenter's diagram showing internal structure, canal system and 

pillars, as observed by him in Orbitoides (Ray Society : Introduction to the Study 

of the Foraminifera, Plate XX, fig. 2) (p. 73). 

Fig. 5. Meridian section of adult Dictyoconoides kohaticus, from uppermost Laki beds at 
Kohat (x30) -(p. 73). G. S. I. No. 14, 535. 

Fig. 6. Meridian section of adult Dictyoconoides haimei (x30). From upper part of bed (10) 

(p. 75). G. S. I. No. 14, 537. 
Fig. 7. Meridian section of young Dictyoconoides haimei (X 30). From upper part of bed (10) 

(p. 75). G. S. I. No. 14, 538. 

Fig. 8. Meridian section of young Dictyoconoides newboldi (X 45). From upper part of bed 
(10) (p. 74). G. S. I. No. 14, 536. 

Fig. 9. Meridian section of young Dictyoconoides conditi var. roea nov. (X 45). Holotype. 
From upper part of bed (10) (p. 76). G. S. I. No. 14, 539. 

Fig. 10. Polar view of adult Discocyclina sp. (X 8). From bed (11) (p. 71) G. S. I. 
No. 14, 534. 

Fig. 11. Polar view of adult Nummulites thabicus (x8). From bed (11) (p. 68). G. S. I. 
No. 14, 531. 

Fig. 12. Meridian section of young Nummulites nuttalli (X 24). From bed (11) (p. 68). 
G. S. I. No. 14, 528. 

Fig.13. Meridian section of young Nummulites nuttalli (X 24). From bed (11) (p. 68). 
G. S. I. No. 14, 529. 

Fig. 14. Polar view of adult Nummulites nuttalli (X 6). From bed (11) (p. 68). G. S. I. 
No. 14, 530. 
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I. HISTORICAL RETROSPECT. 

In January 1900, F. CHAPMAN (7a) * figured and described a conical foraminifer found 
in Middle Eocene beds on a plateau between Cairo and Suez, in Lat. 30° 17' 55" N. ; Long. 
32° 18' 14" E. He referred this form to CARPENTER'S (4) very catholic "genus " Patellina,f 
while giving to it the new specific name egyptiensis. 

Soon after this, BLANCKENHORN (3) showed reason for doubting whether egyptiensis 
could be identified generically with some of the types included in CARPENTER'S Patellina; 
and he created (3a) a new genus, Dictyoconos, in order to receive egyptiensis and some other 
forms which he regarded as closely similar to it. This new genus was accepted as valid, but 
the spelling of its name amended to read Dictyoconus, by Professor H. DouvILL, in a com- 
munication to the Geological Society of France (21, 22)4 

Since, however, one of the types included by BLANCKENHORN in his new genus was 
CARTER'S Conulites (5, 6), which CARPENTER had included in his Patellina, CHAPMAN himself 
preferred, on grounds of priority, to refer egyptiensis to Conulites when he published his 
general work on the Foraminifera in 1902 (8a). In doing this, he was followed by Dr AIRAGHI 

(1, 2), who described certain Italian fossils, which he supposed to be identifiable with CHAPMAN'S 

species, as Conulites egyptiensis, early in 1904. 
A little later, Messrs PREVER and SILVESTRI (38) also identified the Italian form with 

egyptiensis; but they were rightly dissatisfied with the reference of egyptiensis to CARTER'S 

Conulites. The latter genus has, of recent years, been studied afresh by Dr W. L. F. NUTTALL 

(33a, 34a) and myself (14, 16a), and is now known to be allied to the Rotalia; whereas 
egyptiensis is not only built upon quite a different plan, but actually has a porcellanous test 
instead of a hyaline one, and so belongs not only to a different genus but almost to a different 
sub -order. CHAPMAN'S egyptiensis could not, therefore, be referred to CARTER'S Conulites; 
but PREVER and SILVESTRI were not, at that time, content to let it remain in BLANCKENHORN'S 

* Numbers within parentheses refer to the Bibliography. 
t An enlargement of Williamson's Patellina (47). 

Professor DOUVILLÉ had already, a few months before, independently noted some of the peculiarities of this new form (20). 
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genus Dictyoconus, since they regarded the latter as having been insufficiently limited and 
defined. They accordingly created the genus Chapmania, in order to receive both egyptiensis 

and the Italian form which had been identified with it. 
For accepting this identification, however, Messrs PREVER and SILVESTRI were soon 

afterwards criticised by Messrs SCHLUMBERGER and DouvILLÉ (39), who showed that egypti- 
ensis is generically distinct from the Italian form thus associated with it. They therefore 
proposed that the Italian form alone should represent PREVER and SILVESTRI'S genus 
Chapmania, while CHAPMAN'S egyptiensis should be restored to its place as representing 
BLANCKENHORN'S genus Dictyoconus, which, in their opinion, had been adequately defined by 
its author. In order to make doubly sure for the future, SCHLUMBERGER and DOTJVILLÉ also 
redescribed and figured CHAPMAN'S egyptiensis (39a) ; and the latter species is accordingly 
accepted by most workers to -day as the genolectotype, if not the genoholotype, of BLANCKEN- 

HORN'S Dictyoconus. SILVESTRI himself soon afterwards referred CHAPMAN'S egyptiensis to 
the genus Dictyoconus (41), and renamed the Italian species Chapmania gassinensis (42) on 
account of the differences which had been shown to exist between it and egyptiensis. 

At the same time, too, that they vindicated the generic position of egyptiensis, Messrs 
SCHLUMBERGER and DotVILLÉ drew attention to what they regarded as an essential affinity 
in structure which exists between that form and LAMARCK'S genus Lituola (30). They also 
described a new form, from the Middle Eocene beds of France, which seemed to them to be 
very similar to Lituola, but with unsymmetrical instead of symmetrical early coils, and gave 
to it the specific name of roberti, while the genus Lituonella was created (39b) in order to receive 
it. No intermediate link, however, was indicated as lying between Lituonella and Dictyoconus. 

Matters stood like this until 1912, in which year Dr RICHARD SCHUBERT (40) published 
the results of his own studies of this group of forms. The principal interest of his paper lies 
in the fact that he indicated the existence of what had until then apparently been lacking, 
namely, a form intermediate between Lituonella and Dictyoconus. Such a form he found in 
the genus Coskinolina, from the Middle Eocene beds of the Istrian -Dalmatian coast, which had 
been indifferently indicated by STACHE (45) in 1875. SCHUBERT redescribed and figured 
this form in a manner which, although it left a certain amount to be desired, certainly went 
to bear out his opinion that it stood fairly intermediate between Lituonella and Dictyoconus. 
For the rest, he accepted SCHLUMBERGER and DouvILL's views as to the position of Lituola; 
and he regarded PREVER and SILVESTRI'S genus Chapmania as a type lying in parallel with 
Dictyoconus. His suggested grouping of these forms was (40a) as follows: - 

Lituola sp. A. 

Lituonella roberti 

Coskinolina liburnica 

Chapmania Dictyoconus 
gassinensis egyptiensis. 

SCHUBERT'S paper seems hardly to have attracted the attention which it deserved. At any rate, in the edition of ZITTEL'S "Paleontology," which appeared soon afterwards (50), we 
find no apparent notice taken either of SCHUBERT'S paper or of the others, mentioned above, which preceded it. The only genus of all this group, to which we find even an implied reference made in that edition of ZITTEL'S work, is LAMARCK'S Lituola, the name of which is borrowed to found a family (50a). 
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Since then, however, H. DouvILLÉ has repeatedly (23, 24, 26) referred to SCHUBERT'S 
paper, and treated Coskinolina as a valid genus; but, at the same time, he has figured as a 
representative of Coskinolina an Egyptian form which seems to me, by the axial section (26a) 
which he gives of it, to possess subdivided cortical chambers, a feature which appears to be 
peculiar to Dictyoconus alone among the above -mentioned genera. Similarly Dr WENDELL P. 
WOODRING (48), in his treatment of this group of forms, refers to Coskinolina as a genus 
differing from Dictyoconus in showing a greater development of the early spiral portion of the 
test; but he says nothing about the absence of any subdivisions of its marginal chambers, 
although the importance of this absence was rightly emphasised by SCHUBERT (40b), since it 
is, in fact, the feature which serves to place Coskinolina so squarely midway between Lituonella 
and Dictyoconus.* 

A little before this, Professor J. A. CUSHMAN had found a peculiar fossil in Upper Eocene 
beds of the West Indies, and referred it (9) to Dictyoconus; but A. SILVESTRI subsequently 
showed it to belong to a new and distinct type, and created (44a) the genus Cushmania in 
order to receive it. Meanwhile, W. P. WOODRING and C. A. MATLEY had found true repre- 
sentatives of Dictyoconus in Middle and Upper Eocene beds of the same region (republic of 
Haiti, and the island of Jamaica) (49); and H. DouvILLÉ has recently (28) confirmed the fact 
that certain forms from Florida, which had been referred to Orbitoltina, really pertain to 
Dictyoconus. In a recent letter to myself, Professor J. A. CUSHMAN states that forms referred 
to Coskinolina and Lituonella have also been found in Florida.t 

The latest general treatment of this group of forms, so far as I am aware, is by Professor 
CUSHMAN. In his recent work on the Foraminifera (12), CUSHMAN takes full cognisance of 
all the genera mentioned above; but he adopts a different grouping to that which had been 
advocated by SCHLUMBERGER and DouvILLÉ, and which SCHUBERT had accepted and amplified. 
Thus CUSHMAN now dissociates Lituola from the other forms, and places it in his family of 
Lituolidæ (12a). He separates Coskinolina and Lituonella from Dictyoconus, and places them 
in the family of Valvulinidm (12b); Coskinolina being derived from Lituonella, which is traced 
back (11e, 12c) through Cribrobulimina (10, 11), Arenobulimina (10a, 11a), Valvulina (36), 
Verneuilina (37), and Textularia (19) to Spiroplectammina (11b). He relegates Dictyoconus, 
Chapmania, and Cushmania to a third family, the Orbitolinidm (12d). This separation of the 
group into three distinct families seems to be chiefly based upon the arrangement of the early 
chambers of the test, which is described as being planispiral in the Lituolidæ, triserial followed 
by spiral in the Valvulinidm, and spiral in the Orbitolinidæ. Since, however, forms which 
otherwise appear to have much in common are thus separated far apart, and associated with 
others which seem in many ways to be very different, the question suggests itself as to whether 
the differences thus emphasised between the early characters of the test in these several forms 
are (a) as unmistakable, and (b) as important, as they are treated as being, in this recent 
work. Thus one seldom finds it easy to be certain what the exact arrangement is, of the 
minute earliest cells of these foraminifera (the microspheric forms being the ones upon whose 

characters Professor CUSHMAN relies for his classification, owing to the more complete series 

of stages found in the microspheric, as compared with the megaspheric, representatives of the 
species). In the microspheric forms examined by myself, I would be extremely reluctant to 

state exactly what arrangement was assumed by the earliest cells of all; and in the above - 

mentioned letter (kindly written in answer to certain questions) Professor CUSHMAN seems to 

* Examination of these forms shows that the degree of development of the primordial spire varies considerably within each 

genus. The degree of such development may therefore be treated as a specific character, but hardly as a generic one. 

t There may be some doubt as to the accuracy of these identifications. 
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admit some doubt that the earliest arrangements of cells have been clearly demonstrated. 
Besides this it is generally held that the earlier stages in ontogeny are apt to disappear, by 
tachygenesis, in the more highly developed representatives of groups of allied forms; so the 
absence of the earliest triserial arrangement of cells in Dictyoconus may, even if clearly estab- 
lished, afford no sufficient reason for denying to that genus a place in the same family group 
with Coskinolina and Lituonella. 

It is interesting therefore to find, as I endeavour to explain below, that representatives 
of Dietyoconus, Lituonella, and a perfectly intermediate form which I identify with Coskinolina, 
are to be seen lying mixed indiscriminately together in the limestone bands of a small pocket 
of Eocene rocks in Northern Baluchistan; their external characters being deceptively similar, 
and their internal ones indicating a fundamental affinity. 

II. THE BALUCHISTAN BEDS. 

When visiting the small military post at Hindu Bagh in Baluchistan, a few years ago, I 
took the opportunity of examining some Eocene rocks, classified by the Geological Survey of 
India as belonging to the Ghazij Shale,* which lie near the Chrome Company's Mine, No. 136 
(approximately Lat. 30° 39f' N.; Long. 67° 542' E.). As I have shown elsewhere (15b, 17), 
these beds would, as part of the Ghazij Shale, be of Lower Eocene (Ypresian) age; and 
although Nummulites are strangely rare in them, and Alveolines seem to be totally absent, the 
Lower Eocene character of these particular beds has been more or less confirmed by my 
discovery in them of a Nummulite closely resembling N. mamilla, FICHTEL and MOLL (29). It 
will be remembered that this is a Lower Eocene type in Europe (25a). Dr NUTTALL has 
doubtfully referred to this species forms found by him in the Dunghan and Laki Limestones 
of the Laki series (32a, 35a); and I have found the same form (represented by larger specimens) 
at a rather higher level, namely, the base of the Kohat Shale, which is the uppermost zone of 
the Laki. I at first, with some hesitation, referred this Kohat Shale type to DEFRANCE'S 
species ramondi (13a, 15a, 46a); but Professor H. DouvILLÉ, to whom I subsequently sent 
some specimens of it, informs me that they more probably represent FICHTEL and MOLL'S 
mamila. The specimens from Hindu Bagh are smaller than those from the Kohat Shale, and 
agree closely in size and proportions (2.8 mm. x1.7 mm.) with those reported by NUTTALL 
from the lower and middle Laki horizons of Sind. It seems pretty certain, therefore, that the 
Geological Survey of India have made no mistake in referring these particular beds to the 
Ghazij Shale. 

The beds, which consist principally of clays with a few intercalated limestone bands, 
were found to be highly fossiliferous; the clays containing numerous specimens of Ostrea, 
Globularia [Ampullina], Corbula, "Mactra " cf. dubia D'ARCHIAC and HAIME, Pyrazus sp., a 
large Cardium sp., and many other molluscan forms; T while the somewhat coarse limestone 
bands are full of foraminifera. As is nearly always the case with the Laki beds of the North - 
West frontier of India, these Hindu Bagh clays are full of disseminated fragments of gypsum. 
Some further details, regarding the beds themselves, will be given later on, when referring to 
the map and sections reproduced in text -figs. 7 to 9 below; for the present it is sufficient to 
say that hand specimens of the limestones were brought away, and a collection was made of 
the larger foraminifera which had weathered out of the same and were lying at their base. 

* Data taken from a geological map of the area, kindly supplied by the Director of the Survey at Calcutta. I understand that the geologist who mapped this area for the Survey was the late Mr E. W. VREDENBURG. t A collection of these forms, brought away by me, is now being examined by Mr L. R. Cox of the Natural History Museum, South Kensington, who will probably publish the result of his work on them in a separate paper. 
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Thin sections of the limestones show that the smaller foraminifera belong chiefly to 
ZITTEL'S families Miliolidæ and Textularidæ (subfamilies Miliolinæ, Textularinæ, and Nodo- 
sarinæ) ; while the larger types belong for the most part to CARTER'S genus Conulites (since 
renamed Dictyoconoides by Dr W. L. F. NUTTALL (33b), the name Conulites being preoccupied), 
and to the group of forms represented by Dictyoconus and Lituonella. Besides these types, 
the only other large foraminifer so far found in these limestone bands is an occasional N. 
cf. mamilla, important for stratigraphic reasons, as explained above. 

III. WORK ON THE HINDU BAGH FORAMINIFERA. 

The Conulites were the first forms to be studied by me, since I was engaged at the time 
upon a review of that genus. I described the Hindu Bagh representatives as a new species, 
Conulites (= Dictyoconoides) vredenburgi,* in a paper subsequently published by the Geological 
Survey of India (14a). In the course of this paper I also figured some sections of certain of 
the other large forms, which exhibited all the characters of BLANCKENHORN'S Dictyoconus 
(14b), in order to show the marked differences which exist between that type and CARTER'S 
Conulites; differences analogous to those which had been regarded by CARPENTER as possessing 
merely specific value, when illustrating his conception of Patellina. 

Later on I made a fuller examination of the forms which I had referred to Dictyoconus, 
and submitted a paper describing the same under the new specific name indicus, to be read 
before the geological section of the Indian Science Congress in 1927. An abstract of this 
paper appeared in the Proceedings of that Congress, briefly describing the type, and referring 
to the already published illustrations of it (18). 

Early in the following year, 1928, I gave some of my Hindu Bagh forms, together with 
specimens from other Indian Eocene beds, to Professor H. DouvILLÉ. The latter subsequently 
referred to these in a Note presented to the Geological Society of France, in the course of 
which he remarked that my Hindu Bagh forms were practically indistinguishable from 
Lituonella roberti (27a). 

This drew my attention again to the Hindu Bagh collection, for the specimens sectioned 
by myself could not possibly be referred to Lituonella. At the same time, I noted that general 
sections of the rock gave internal views of rather smaller forms which might well be Lituonella, 
and certainly were not Dictyoconus. I therefore made a re- examination of the free specimens 
which had weathered out of the limestone bands; for I had up to then, owing to the extra- 
ordinary similarity in external appearance of all these more conical specimens, supposed that 
the smaller ones were merely young representatives of the same type as the bigger ones, and 
so had sectioned the latter alone, under the impression that they alone were adults. 

Sections of the smaller free specimens showed sometimes the characters of Dictyoconus, 
but more often those of Lituonella; and, what seemed to be of considerable further interest, 
a small but definite proportion of the free specimens proved to belong to a third genus, exactly 
intermediate between Dictyoconus and Lituonella, which I take to be Coskinolina. 

IV. ANALYSIS OF THE THREE ALLIED TYPES. 

(a) Their External Characters. 

In general shape and external appearance the three Baluchistan types are closely similar. 

Each is represented sometimes by a more or less pillar -like form, with relatively small base, 

* Incidentally, this form tends to confirm the Ghazij Shale age of these beds, being intermediate in type between the lower 

Laki D. tipperi (14c) and the uppermost Laki D. kohaticus (14d). 
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and sometimes by a much more bulky form, of about the same height, but with much larger 
and generally more convex base. These two are probably the megaspheric and microspheric 
representatives of each type, since signs of a measurable protoconch have hitherto only been 
found in axial sections of the less bulky forms. The protoconch lies within the unsymmetri- 
cally coiled primary layers of the test; it is therefore difficult to tell, before sectioning, exactly 
where it will be found, and it is easily missed when sectioning. A good axial section -one, 
that is, which not only shows the protoconch but also the test as a whole (in other words, 
which is so oriented that the plane of the section passes through the centre of the protoconch 
and also through the axis of the specimen) -is not easy to secure. At least one such section 
has, however, been obtained to illustrate each of the three Hindu Bagh types. The early 
layers, containing the protoconch, are twisted into a more or less pronounced bulb lying 
rather to one side of the apex of the test in all specimens, thus giving to the latter a rather 
Phrygian cap -like appearance. 

(b) Their Fundamental Structure. 
The fundamental structure of the test is the same in all the specimens. Once the initial 

coiled stage is past, the test is built up by the addition of saucer -like cups, of more or less 
increasing diameter, attached one below another. Each of these cups consists of the following 
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FIG. 4. -aa, Outer wall ; b b, Imperforate marginal trough ; c e, Marginal 
ridge, with adjoining perforations and buttresses (the latter being of 
semi -lunar section below and circular above) dd, Central shield, with 
perforations and buttresses. 

main parts : a central hollow shield is bordered by a raised fold, or marginal ridge, which 
separates it to some extent from a marginal trough which encircles the shield, and is itself 
closed by a somewhat convex outer wall, the upper edge of which is welded to the bottom 
of the preceding cup. This outer wall, and the bottom of the marginal trough, are always 
imperforate. The central shield, however, is always riddled with perforations; and a row 
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of more closely set perforations coincides with the inner edge of the marginal ridge, which 
separates the central shield from the marginal trough. 

At the margins of these perforations, portions of the central shield seem to be bent up- 
wards, providing pillar -like buttresses between the cups. The lower parts of these buttresses 
partially embrace the adjoining perforations, and so have a kidney, or semi -lunar, shape in 
cross -section, near their base. It is noticeable that the row of perforations adjoining the 
marginal ridge is flanked on the outer side by a regular row of these buttresses, each of which 
partially embraces the adjoining perforation. 

The central shield, and the buttresses rising from it, have a characteristic spongy texture, 
which becomes apparent in very thin axial sections. It is best seen in the lower part of 
fig. 9, Pl. II. The floor and outer wall of the marginal trough seem to be more compact. 

(c) Special Characters of Lituonella. 
The above is not only the fundamental structure, common to all three types and to 

megaspheric and microspheric forms of each, but it is also the complete structure in the case 
of the simplest genus, Lituonella. The other two genera differ from Lituonella only in respect 
of certain added features to be found in their marginal troughs; that of Lituonella alone being 
perfectly plain. 

When the outer skin of Lituonella is weathered or abraded, the underlying marginal 
troughs come to light as a succession of simple transverse belts; or hollow tubes, if not filled 
with sediment. These belts, or tubes, are not subdivided in any way; and are separated 
only by the horizontal lines, or plates, representing the floors of successive troughs. See 
fig. 4, Pl. I, which shows a Lituonella with partially abraded surface. 

(d) Special Characters of Coskinolina. 
The intermediate form, which I identify with Coskinolina, is distinguished from Lituonella 

by exhibiting radial partitions, set vertically, which traverse the marginal trough, dividing 
the latter into chamberlets which resemble a ring of pigeon -holes opening inwards. These 
partitions take their origin from the backs of the pillars flanking the row of holes adjoining 
the marginal ridge. Since these pillars, near their base, are semi -lunar in shape, this gives 
to the partitions, as seen in horizontal section just above the floor of the marginal trough, a 
characteristically forked appearance. Since these partitions are vertical ones, they are best 
seen in horizontal sections of the test. In axial sections, they are only to be seen when they 
happen to lie in the plane of the section concerned, when they appear as dark films filling the 
marginal trough in one or more of the numerous cups exposed by the section. Otherwise the 
axial section of Coskinolina is indistinguishable from that of Lituonella, although their cross - 
(i.e. horizontal -) sections are very different. 

When the skin of Coskinolina happens to be thin, or when it is weathered, abraded, or 
treated with acid, the marginal trough is seen to be divided up into boldly marked rectangles 
by vertical lines representing these vertical partitions. The surface of the test, when the 
skin is removed, displays rows of rectangles breaking joint like the layers of masonry in a 

wall. See fig. 6, Pl. I. 
(e) Special Characters of Dictyoconus. 

All the above -mentioned features, found in the form which I refer to Coskinolina, are 

also to be seen in Dictyoconus, together with additions peculiar to that genus alone among 

these three. As in Coskinolina, the marginal trough of Dictyoconus is divided into chamberlets 
by vertical partitions; these partitions being forked at their inner ends, since they radiate 
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outwards from the backs of the buttresses flanking the row of holes adjoining the marginal 
ridge. The chamberlets, however, are no longer plain and unfurnished in Dictyoconus as 

they are in Coskinolina. On the contrary, a remarkable development is seen, in Dictyoconus, 
of both vertical and transverse plates which take their origin from the outer wall of the 
marginal trough, and pass inwards for varying distances into the body of the trough, thus 
subdividing and re- subdividing the recesses (so to speak) of each pigeon -hole into a mass of 
increasingly numerous smaller and yet smaller pigeon -holes. A fairly common arrangement 
seems to consist of one vertical and one horizontal plate, in the centre of the chamberlet, 
dividing the latter into four major subdivisions for about half of its length (i.e. for the outer 
half of the marginal trough) ; while a lesser vertical plate lies on each side of the main vertical 
one, and a lesser horizontal plate on each side of the main horizontal one, thus re- subdividing 

5.- Diagram showing the structure of a chamberlet in the marginal trough of Dictyoconus ; the outer wall and floor of the trough 
and the partitions at the sides of the chamberlet being treated as transparent : a-a, Outer ends of the main partitions ; a', Inner, 
and forked, lower end of a main partition (N.B. -The upper ends are not forked) ; a ", Ditto, of a cup above, breaking joint with 
the partitions below ; P, Perforation in central shield of overlying cup, communicating with central shield and marginal trough of 
this cup ; P', Similar perforation in this cup, communicating with the cup below ; Q, Communication between this chamberlet and 
inner and upper parts of the test; Q', Similar communication for one of the chamberlets of the next cup; b, Outer end of a primary 
vertical plate, subdividing this chamberlet from the outer wall inwards ; b', Inner end of the same plate ; c, Outer end of a primary 
horizontal plate ; c', Inner end of the same ; d-d, Outer ends of secondary vertical plates ; d'-d', Inner ends of the same ; e-e, Outer 
ends of secondary horizontal plates ; e' -e', Inner ends of the same. 

each major subdivision into four lesser ones for about half of its length in turn (i.e. for the 
outermost quarter of the marginal trough). There is, however, no exact regularity to be 
seen. Sometimes a chamberlet is found to contain more than one primary vertical or hori- 
zontal plate; sometimes more than one lesser vertical or horizontal plate can be seen to one 
side or the other of the principal one; sometimes a third series of plates, shorter than either 
of the others, is to be seen flanking those representing the second series, and thus still further 
subdividing the outermost region of the marginal trough. As a result of this elaborate system 
of subdivisions of the marginal trough in both planes, the sections of Dictyoconus, both axial 
and horizontal, are easily distinguished from those of either of the other two genera. Both 
axial and horizontal sections of Dictyoconus are characterised by the appearance of numerous 
dark lines of various lengths passing from the outer wall into the body of the marginal trough, 
against a varyingly darkened background which occupies the outer portions of the marginal 
trough. These lines represent the plates lying at right angles to the plane of the section in 
question, while the darkening of the area in which they lie is caused by the plates which lie 
in approximately the same plane as the section itself. 

Further: as soon as the outer surface of the test of Dictyoconus becomes at all weathered, 
or is deliberately abraded, it takes on a characteristic appearance which easily distinguishes 
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it from either of the other two genera. Thus it first, on the margins of the injured area 
(where the injury is shallowest), is seen to break up into a multitude of minute cellules, 
representing the ultimate re- subdivisions of the outermost region of the marginal trough; 
then, where the injury becomes deeper, these minute subdivisions fuse together to form larger 
ones, bounded by the longer plates which alone penetrate farther into the body of the mar- 
ginal trough. See fig. 10, Pl. I.* 
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Fro. 6.- Diagram showing the shape of part of the living animal, as inferred from the test oflDictyoconus. Much of the marginal trough 

is represented as cut away, in order to show the connections of the trough with the rest of the animal. 
In Coskinolina, the parts of the animal filling the marginal trough would be represented by protruding bulbs similar to the above, 

except that the bulbs would be simple, uncrenulated blocks. 
In Lituonella, the bulbs would be joined together laterally, so as to form continuous rings surrounding the central mass of sarcode. 
z-z, Extrusions of sarcode from the base of the test. The perforations in the central shield of the last cup afford the only means 

of communication for the animal, in this group of forms, with the outside world. 

One other point remains to be mentioned in this connection. Sections of Dictyoconus 
show that the floor and outer wall of its marginal trough are much thinner than the corre- 
sponding parts in the other two genera. This is the more noticeable, since the thickness of 
features in other parts of the test is much the same in Dictyoconus as in the other genera; 
the sudden reduction in thickness is confined to the region of the marginal trough. This 
seems to emphasise the physiological distinction of the marginal trough, in which the generic 
differences between these three forms are found, from the umbilical region of the test, which seems 
to remain unchanged; and it also seems to be correlated with the appearance, in Dictyoconus, 
of numerous horizontal and vertical plates in the outer region of the marginal trough. The 
material to form these plates has to be found from that secreted by the living animal; and it 

* In D. egyptiensis, as Messrs SCHLVmBERGER and Douvur.E have shown, these minute subdivisions of the marginal trough 
can sometimes be seen through the skin, giving a finely mottled appearance to the outer surface of the test (39e). 
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one -sixth of its total height. The junction of its sides and base is generally marked by a 
sharper and more extruded angle than characterises the megaspheric form. 

Dimensions. -Ten of the largest specimens of each kind, megaspheric and microspheric, 
found at Hindu Bagh, measure as follows:- 

Megaspheric Form. 

Height. Diam. 
of Base. 

mm. mm. 

Microspheric Form. 

Height. Diam. 
of Base. 

mm. mm. 
2.9 by 2.4 2.6 by 3.3 
2.8 2.3 2.4 3.1 
2.8 2.3 2.4 3.0 
2.8 2.2 2.4 3.0 
2.7 2.3 2.4 2.9 
2.5 2.3 2.3 3.2 
2.5 2.1 2.3 2.8 
2.5 2.1 2.2 3.2 
2.5 2.0 2.1 3.2 
2.4 1.9 2.1 3.0 

26.4 21.9 23.2 30.7 

Average 2.64 mm by 2.19 mm. Average 2.32 mm. by 3.07 mm. 

The external aspect of the test is marked by corrugations representing the successive 
cups of which it is composed. These corrugations are about 14 to 15 mm. in thickness. 
The perforations in the central shield are about 08 to -09 mm. in diameter, and spaced about 
twice that amount apart from centre to centre; while the marginal trough is about -2 mm. 
in width, and the perforations and buttresses on its inner margin are spaced about -15 mm. 
apart. The thickness of the outer wall is about 35 to 40,2; that of the floor of the marginal 
trough is about 26 to 30,a; and that of the floor of the central shield about 45 to 50,2. 

Affinities.-As already noted, Professor H. DOUVILLÉ considered this form to be very 
similar to his and SCHLUMBERGER'S species roberti; but examination of specimens of L. roberti, 
which he has kindly sent me from St Palais (Royan), seems to show that the two forms are 
not absolutely identical. The generic characters are unquestionably the same; but the 
French specimens, while often very like the Indian ones, are generally stouter and more 
rounded than the latter, have a bigger primordial bulb in proportion to the test as a whole, 
and are built upon an altogether bigger scale. Fig. 1, Pl. I, shows a typical L. roberti for 
comparison with the Indian form. A good axial section of L. roberti is given by Dr SILVESTRI 

(43b), which also shows the great proportion often borne by the primitive spire to the test as 
a whole, in that species. The same section shows the cups in roberti to be about -3 mm. in 
depth, and the marginal trough about 35 to -45 mm. in width. Thus the scale is everywhere 
nearly doubled; and the walls in the French form are also about twice as thick as those of 
the Indian one. It seems, therefore, that the Indian species is best regarded as distinct from 
roberti, and I propose to call it douvillei after the eminent co- author of the genus Lituonella, 
who was himself the first to point out that this form really belongs to that genus. 

Holotype (microspheric form), specimen shown in fig. 4, PL I. 

Selected Paratype (megaspheric form), specimen shown in fig. 3, Pl. I. 
Figures. -Figs. 3 and 4, Pl. I, as above. Fig. 5 shows a base view. Figs. 1 and 2, Pl. II, 

show cross- sections of L. douvillei. Note the plain, undivided marginal trough characteristic 
of this genus. Fig. 3 gives an axial section, showing the megaspheric protoconch and part 
of one of the large chambers adjoining it. Note the clear, empty, and unshaded peripheral 
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one -sixth of its total height. The junction of its sides and base is generally marked by a 
sharper and more extruded angle than characterises the megaspheric form. 

Dimensions. -Ten of the largest specimens of each kind, megaspheric and microspheric, 
found at Hindu Bagh, measure as follows :- 

Megaspheric Form. 

Height. Diam. 
of Base. 

mm. mm. 

Microspheric Form. 

Height. Diam. 
of Base. 

mm. mm. 
2.9 by 2.4 2.6 by 3.3 
2.8 2.3 2.4 3.1 
2.8 2.3 2.4 3.0 
2.8 If 2.2 2.4 3.0 
2.7 2.3 2.4 2.9 
2.5 2.3 2.3 If 3.2 
2.5 2.1 2.3 2.8 
2.5 2.1 2.2 3.2 
2.5 2.0 2.1 3.2 
2.4 1.9 2.1 3.0 

26.4 21.9 23.2 30.7 

Average 2.64 mm. by 2.19 mm. Average 2.32 mm. by 3.07 mm. 

The external aspect of the test is marked by corrugations representing the successive 
cups of which it is composed. These corrugations are about 14 to 15 mm. in thickness. 
The perforations in the central shield are about 08 to 09 mm. in diameter, and spaced about 
twice that amount apart from centre to centre; while the marginal trough is about 2 mm. 
in width, and the perforations and buttresses on its inner margin are spaced about 15 mm. 
apart. The thickness of the outer wall is about 35 to 40,u ; that of the floor of the marginal 
trough is about 26 to 30,u ; and that of the floor of the central shield about 45 to 50,u. 

Affinities. -As already noted, Professor H. DOUVILLÉ considered this form to be very 
similar to his and SCHLUMBERGER'S species roberti; but examination of specimens of L. roberti, 
which he has kindly sent me from St Palais (Royan), seems to show that the two forms are 
not absolutely identical. The generic characters are unquestionably the same; but the 
French specimens, while often very like the Indian ones, are generally stouter and more 
rounded than the latter, have a bigger primordial bulb in proportion to the test as a whole, 
and are built upon an altogether bigger scale. Fig. 1, Pl. I, shows a typical L. roberti for 
comparison with the Indian form. A good axial section of L. roberti is given by Dr SILVESTRI 

(43b), which also shows the great proportion often borne by the primitive spire to the test as 
a whole, in that species. The same section shows the cups in roberti to be about 3 mm. in 
depth, and the marginal trough about 35 to 45 mm. in width. Thus the scale is everywhere 
nearly doubled; and the walls in the French form are also about twice as thick as those of 
the Indian one. It seems, therefore, that the Indian species is best regarded as distinct from 
roberti, and I propose to call it douvillei after the eminent co- author of the genus Lituonella, 

who was himself the first to point out that this form really belongs to that genus. 

Holotype (microspheric form), specimen shown in fig. 4, Pl. I. 

Selected Paratype (megaspheric form), specimen shown in fig. 3, Pl. I. 
Figures. -Figs. 3 and 4, Pl. I, as above. Fig. 5 shows a base view. Figs. 1 and 2, Pl. II, 

show cross- sections of L. douvillei. Note the plain, undivided marginal trough characteristic 
of this genus. Fig. 3 gives an axial section, showing the megaspheric protoconch and part 
of one of the large chambers adjoining it. Note the clear, empty, and unshaded peripheral 
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chambers of this section. Fig. 14 shows a much enlarged portion of the marginal trough, as 

seen in cross- section. Note the thick outer wall (partly broken away), the plain undivided 

marginal trough, and the semi -lunar pillars lining the inner edge of the marginal trough. 

Some of these pillars, or buttresses, seem to have a tendency to extend themselves across the 
marginal trough, towards the outer wall, as if prepared to give rise to the partitions which 

characterise the next genus. 

Genus COSKINOLINA, Stache, 1875 (45). 

Coskinolina balsilliei, n. sp. 

(PL I, figs. 6 -9; Pl. II, figs. 4 -6, 15.) 

Diagnosis. -This species is represented, at Hindu Bagh, by far fewer individuals than 
L. douvillei; and its members, both megaspheric and microspheric, resemble the corresponding 
forms of douvillei so closely that it can only be distinguished from the latter species on the 
score of its purely generic characters. Sufficient representatives of it have, however, been 
found to establish the fact that it does exist as a distinct and constant type. The statements 
given above regarding the shape and proportions of megaspheric and microspheric forms of 
L. douvillei apply equally to the corresponding forms of this species. The only qualification 
to be made is, that occasional abnormally slender forms will probably be found to belong to 
this species. 

Dimensions. -The following are the measurements of ten of the largest specimens of each 
kind, megaspheric and microspheric, found of this species :- 

Megaspheric Form. 

Height. Diam. 
of Base. 

mm. mm. 

Microspheric Form. 

Height. Diam. 
of Base. 

mm. mm. 
3.0 by 2.0 2.8 by 3.5 
2.8 2.7 2.8 3.0 
2.6 2.2 2.7 3.3 
2.5 1.8 2.4 2.8 
2.4 2.0 2.4 2.5 
2.4 1.8 2.3 1, 3.1 
2.3 2.1 2.3 3.0 
2.3 2.0 2.3 2.8 
2.0 1.7 2.3 2.5 
1.9 1.7 1.7 2.5 

24.2 20.0 24.0 29.0 

Average 2.42 mm. by 2.0 mm. Average 2.4 mm. by 2.9 mm. 

The internal measurements of this species -depth of its cups, width of its marginal 
troughs, thicknesses of its walls and floors, and size and spacings of its perforations -also 
seem to be identical with those of douvillei; differences between individuals level up on the 
general average. The only qualification to be made here is, that the outer wall of this species 
is sometimes abnormally thin; and, when this is the case, the specimen concerned can at once 
be distinguished from douvillei by the appearance, through its outer wall, of the internal 
partitions of its marginal trough. In all other cases, where the outer wall is of about the 
same thickness as that of douvillei, it is impossible to separate these species by external 
examination alone. Unless the specimens can be subjected to radio examination, it becomes 
necessary to abrade parts of their surfaces, or treat them with acid, in order to determine 
whether their marginal troughs are, or are not, furnished with partitions. 
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A, finities. -I can find no generic point of difference between the characters of this species 
and those of Coskinolina liburnica figured by SCHUBERT (op. cit. (40), pl. x, figs. 1 -3, and 6. 

I am doubtful about SCHUBERT'S other figures, which may be of Lituonella; his fig. 9 certainly 
shows a Lituonella). I do not think, however, that this Indian species can be identified with 
liburnica, which seems to be a rather larger form, with smaller and less crowded perforations 
to its central shield, and with thicker partitions across its marginal trough. I propose, 
therefore, to treat this species as a new one, and to name it after Mr D. BALSILLIE of the Royal 
Scottish Museum, in Edinburgh, who has kindly helped me in many ways during my work on 
these forms. 

Holotype (microspheric form), specimen shown in fig. 7, PL I. 
Selected Paratype (megaspheric form), specimen shown in fig. 8, Pl. I. 
Figures. -Figs. 6 to 8, Pl. I, as above. Fig. 9 shows a base view. Figs. 4 and 5, Plate II, 

show cross -sections of this species. Note the regular partitions, subdividing the marginal 
trough into a ring of chamberlets opening inwards, which distinguish this genus from 
Lituonella. Note, too, the forked inner ends of these partitions, due to their taking their 
origin from the pillars lining the inner edge of the marginal trough. Fig. 6, on this Plate, 
shows an axial section of C. balsilliei. It is distinguishable from Lituonella (fig. 3) only by 
the cloudy state of certain of its cortical chambers, caused by certain marginal partitions which 
happened to lie in the plane of the section. Fig. 15 shows a much enlarged portion of the 
marginal trough, as seen in cross -section, for more detailed comparison with Lituonella 
(fig. 14). In this case the outer wall is seen to be quite as thick as that of Lituonella, and 
the marginal trough is also of about the same width. The partitions crossing the marginal 
trough afford the only means of distinguishing this type from Lituonella; and the pillars 
from which these partitions take their origin are spaced at about the same distance apart as 
the corresponding pillars in Lituonella. 

Genus DICTYOCONUS, Blanckenhorn, 1900 (3a). 

Dictyoconus indicus, n. sp. 

(Pl. I, figs. 10 -13; Pl. II, figs. 7 -11, 13, 16.) 

1926. Dictyoconus sp., Davies (14b). 
1927. Dictyoconus indicus, Davies (18). 

Diagnosis. -Fully grown members of this species attain a far greater size than any repre- 
sentatives of L. douvillei or C. balsilliei; but younger individuals are often indistinguishable, 
externally, from members of those species. The adult megaspheric form is relatively tall 
(height 20 per cent. greater than the diameter of its base), has comparatively flat or only 
slightly convex base and sides, and a bluntly rounded top. The primordial bulb is of about 
the same size as that of L. douvillei or C. balsilliei, and lies rather to one side of the apex. 
The base and sides meet at a slightly obtuse angle, with a fairly sharp line at their junction. 
The adult microspheric form is relatively very massive, with a base whose mean diameter is 

about 75 per cent. greater than the height of the test. Its base is generally convex, with a 

tendency to be concave in the middle. Its sides are generally concave, and its apex rather 
sharp. Its primordial bulb is slightly smaller than that of the megaspheric form, and lies 

to one side of the apex. The junction of base and sides is generally well extruded, and often 
turned upwards as well as outwards. The surface of the adult test is often very smooth, the 
corrugations representing successive cups being usually less pronounced than in the other 
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two species, although younger specimens are often indistinguishable in this respect from 

members of the other species. 
Dimensions. -Ten of the largest specimens of each kind, megaspheric and microspheric, 

found of this species, measure as follows: - 
Megaspheric Form. Microspheric Form. 

Height. 
Diam. Height. Diaau. 

of Base. of Base. 
mm. mm. mm. mm. 
3.8 by 3.2 4.0 by 6.5 
3.8 2.9 3.8 6.9 
3.7 3.1 3.8 6.3 
3.7 3.1 3.8 6.2 
3.7 3.1 3.7 5.9 
3.7 3.0 3.6 5.5 
3.6 2.8 3.5 6.2 
3.4 2.5 3.4 6.6 
3.3 2.8 3.3 7.1 
3.3 2.8 3.0 6.0 

36.0 29.3 

Average 3.6 mm. by 2.93-mm. 

35.9 63.2 

Average 3.59 mm. by 6.32 mm. 

The cups in this species are about 14 to 15 mm. in height, as in L. douvillei and C. 

balstilliei. The perforations in its central shield are about 085 to 1 mm. in diameter, and 
spaced about twice that distance apart from centre to centre. The marginal trough is about 
2 mm. in width; and the perforations and buttresses on its inner margin are spaced about 
154 mm. apart. The floor of its central shield is about 45 to 50,u in thickness. In all these 
respects this species resembles the other two. Its outer wall, however, and the floor of its 
marginal trough, are only about 15 to 171u in thickness, or barely one -third and one -half of 
the respective thicknesses of the same parts in L. douvillei. The horizontal and vertical 
plates in the chamberlets of its marginal trough, also the partitions between those chamberlets, 
are all about 15 to 17,u in thickness. 

Affinities.-In many respects this species closely resembles D. egyptiensis (Chapman), 
specimens of which have kindly been given to me by Professor H. DouvILLÉ and Dr W. L. F. 
NUTTALL. The Egyptian form, however, attains a much greater size, and its internal charac- 
ters are built upon a bigger scale (39d, 43a, 44c) (height of cups and width of marginal trough 
about 50 per cent. greater in the adult); it tends to have an even smoother surface; and it 
has a more pointed apex, with little or no sign of that primordial bulb which is a constant 
feature in the Indian form. D. codon Woodring and D. puilboreauensis Woodring (49a) 
(probably the microspheric and megaspheric forms respectively of the same species) are of 
much the same size as the Indian type, and their internal dimensions (height of cups about 
12 mm.; width of marginal trough about 2 mm.) are also much the same. But they are 
relatively lower and flatter in shape, and show little or no development of primordial spire. 
The species from the Island of Corfu, described by Dr SILVESTRI (44b) and referred by him 
to D. puilboreauensis Woodring, also appears to be lower and flatter than the Indian type 
here described, and seems to have little or no development of primordial spire. Its internal 
dimensions are also distinctly smaller (height of cups about 115 mm., and width of marginal 
trough about 115 to 15 mm.) than those of the Indian form. For these reasons I am inclined 
to regard this Indian form, which also belongs to rather older beds than any of the others, 
as a new species; and ,I propose to call it indicus, since it is the first representative of this 
interesting genus to be found so far east. 
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Holotype (microspheric form), specimen shown iii fig. 13, Pl. I. 
Selected Paratype (megaspheric form), specimen shown in fig. 12, Pl. 1. 
Figures. -Figs. 10, 12, and 13, Pl. I, have already been referred to. Fig. 11 shows a 

base view. Fig. 14 is of D. egyptiensis, for comparison with indicus. Note the smoother 
skin of egyptiensis, and the absence of a distinct primordial bulb such as appears on the top 
(right -hand side) of fig. 13. Pl. II shows two cross -sections of D. indicus (figs. 7 -8), and 
three axial sections showing its megaspheric protoconch (figs. 9 -11). Note the close simi- 
larity in umbilical characters, i.e. in the region of the central shield, between these sections 
and those of L. douvillei and C. balsilliei; and compare with the generic differences seen in 
the region of their marginal troughs. Fig. 11 is an indifferent section in other respects, but 
passes through the approximate centre of the protoconch, the true size of which is best shown 
by it. Fig. 13 gives an enlarged view of the primordial part of fig. 9, and has already been 
commented on. Fig. 16 shows an enlarged portion of the marginal trough of indicus, for 
comparison with the similar views of balsilliei and douvillei (figs. 15 and 14). Note the simi- 
larity in width of the marginal trough, in these three types; and the similar spacing in them 
all of the semi -lunar pillars, flanking the row of holes on the inner side of the marginal trough, 
from which the partitions of the chamberlets take, origin in Dictyoconus and Coskinolina. 
Note also the three series of plates seen in some chamberlets of this section of indicus. Fig. 12 
shows a cross -section of D. puilboreauensis Woodring, for comparison with the Indian form. 
The internal characters of this section are very like those of indicus, but the perforations of 
its central shield are smaller. 

VI. GENERAL REMARKS. 

(a) Possible Evidence of Saltation. 

Examination of these three allied types, thus found associated together at Hindu Bagh, 
raises the question as to how we are to account for their similarities and differences. The 
former are certainly striking. Three forms (representing types which have, in Europe and 
elsewhere, been referred to three distinct genera) are seen to resemble each other so closely 
in all other respects that the generic differences themselves afford the only means of distin- 
guishing them apart. 

Allowing, then, the possibility if not the probability that these three forms belong to a 
single stock, how are we to suppose that their generic differences arose? Could it have been 
by the gradual accumulation, through a long period, of minute successive variations? 

The circumstances hardly seem to point to this. Occasion does not seem to have been 
given for the accumulation of progressive differences, for there seems to have been little or no 
segregation apart of these types, which are here found mixed indiscriminately together within 
the same narrow limestone bands. And why should slow progressive changes always and 
only have affected generic characters, leaving all others unaffected? It hardly seems possible, 
on the other hand, that convergence could have produced this close resemblance in all other 
details, while leaving the generic differences untouched. 

Is it possible, then, that we see here an instance of Mendelian change in this group of 
forms? Experimenters claim to have shown that wingless flies can be produced by a single 
mutation, and eyeless animals by a change in a single factor (31). May not, therefore, Mendelian 
changes account for the constant major differences between these three otherwise closely 
similar forms, which lived side by side under identical conditions? 

It is true, of course, that if this was really the case, the differences between these three 
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able relation between these older beds and the underlying ultra basic igneous formation. 
The age of these red beds is shown by the appearance in them of indifferently preserved 
foraminifera which, so far as their characters can be made out, closely resemble the Laki 
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types N. atacicus Leymerie, Assilina granulosa d'Archiac, and Alveolina subpyrenaica Ley - 

merie; a characteristically Lower Laki facies (32b). I would provisionally class these beds 

as belonging either to the Meting or Laki Limestone. They also contain many small gastro- 

pods, not as yet identified, enclosed in calcareous nodules. Locally, these older (red) beds 

are bent into a syncline, the southern limb of which is vertical, and appears to have faulted 
relationships with the adjoining serpentines. 

The later, or Ghazij Shale, beds are also bent into a syncline, the southern limb of which 
is vertical and cut diagonally across by the older beds and by the serpentines. The northern 
limb of the Ghazij Shale series dips at a low angle, and contains some lignite bands in its 
lower parts. Most of this area has been covered over in sub -recent times by a capping of 
detrital matter, the cemented layers of which are now being removed by denudation to expose 
these older beds below. 
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DESCRIPTION OF FIGURES. 

PLATE I. 

FIG. 1. Lituonella roberti Schlumberger and Douvillé. From Saint -Palais (le Bureau), near Royan. Metatype. 
x 12. 

FIG. 2. Limestone from Hindu Bagh, showing foraminifera weathering out. x 6. 

FIG. 3. Lituonella douvillei, n. sp. Megaspheric form. British Museum (Nat. Hist.), registered No. P. 27169. 
From Hindu Bagh. x 12. 

FIG. 4. Lituonella douvillei, n. sp. Holotype. Microspheric form. British Museum (Nat. Hist.), registered 
No. P. 27168. From Hindu Bagh. x 12. 

FIG. 5. Lituonella douvillei, n. sp. Microspheric form. From Hindu Bagh. x 12. 
FIG. 6. Coskinolina balsilliei, n. sp. Microspheric form. From Hindu Bagh. X 12. 
FIG. 7. Coskinolina balsilliei, n. sp. Holotype. Microspheric form. British Museum (Nat. Hist.), registered 

No. P. 27166. From Hindu Bagh. X 
FIG. 8. Coskinolina balsilliei, n. sp. 

From Hindu Bagh. X 12. 
FIG. 9. Coskinolina balsilliei, n. sp. 
FIG. 10. Dictyoconus indicus, n. sp. 
FIG. 11. Dictyoconus indicus, n. sp. 
FIG. 12. Dictyoconus indicus, n. sp. 

From Hindu Bagh. X 12. 
FIG. 13. Dictyoconus indicus, n. sp. Holotype. Microspheric form. British Museum (Nat. Hist.), registered 

No. P. 27164. From Hindu Bagh. X 12. 
FIG. 14. Dictyoconus egyptiensis (Chapman). From the Gebel Geneffe, near Suez, Egypt. Metatype. X 12. 

12. 
Megaspheric form. 

Megaspheric form. 
Megaspheric form. 
Microspheric form. 
Megaspheric form. 

British Museum (Nat. Hist.), registered No. P. 27167. 

From Hindu Bagh. x 12. 
From Hindu Bagh. X 12. 
From Hindu Bagh. X 12. 
British Museum (Nat. Hist.), registered No. P. 27165. 

PLATE II. 
FIGS. 1 -3. Lituonella douvillei, n. sp. Megaspheric forms. From Hindu Bagh. X 18. 
FIGS. 4 -6. Coskinolina balsilliei, n. sp. Megaspheric forms. From Hindu Bagh. X 18. 
FIGS. 7 -11. Dictyoconus indicus, n. sp. Megaspheric forms. From Hindu Bagh. X 18. 
FIG. 12. Dictyoconus puilboreauensis Woodring. From Mount Puilboreau, Haiti. 

Topotype. x 18. 
Scripps Institution, No. K. 696. 

FIG. 13. Dictyoconus indicus, n. sp. Megaspheric form. From Hindu Bagh. X 72. 
FIG. 14. Lituonella douvillei, n. sp. Megaspheric form. From Hindu Bagh. X 72. 
FIG. 15. Coskinolina balsilliei, n. sp. Megaspheric form. From Hindu Bagh. X 72. 
FIG. 16. Dictyoconus indiens, n. sp. Megaspheric form. From Hindu Bagh. X 72. 

Note. -The holotypes and certain selected paratypes of the new species described in this paper a re being handed 
over to the British Museum (Natural History) at Cromwell Road, South Kensington. The Keeper of Geology at 
that Museum has kindly registered these specimens under his above -quoted serial numbers. 
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ABSTRACT. 

The author recalls the various opinions which have been expressed as to the relationships of 
BLANOKENHORN'S genus Dictyoconus to other foraminiferal types. He shows how Dictyoconus 
has been affiliated to the genera Lituola, Lituonella, and Coskinolina by such authorities as 
Messrs SCHLUMBERGER, DouvILLÉ, and SCHUBERT in the past ; but has since been dissociated 
from them by Professor CUSHMAN in his recent monograph on the Foraminifera. The author 
then discusses the grounds for this dissociation, which seem to him to be inadequate; and he 
describes his discovery, in certain Lower Eocene beds of Northern Baluchistan, India, of 
numerous specimens of Dictyoconus, Coskinolina, and Lituonella, mixed indiscriminately 
together within the same narrow limestone bands, and deceptively similar in external 
appearance. He describes the differences between these genera -differences which are 
confined to the peripheral portion of the test -and shows how sections of the three Indian 
forms reveal the closest agreement in their internal characters as a whole; their generic 
characters alone affording the means of distinguishing between them. He therefore regards 
these Indian forms as affording clear evidence of the close affiliation of these three genera. 
These Indian forms, which are the first representatives of their respective genera to be found 
so far east, are very similar to such western forms as Dictyoconus egyptiensis (Chapman), 
Coskinolina liburnica Stache, and Lituonella roberti Schlumberger and Douvillé; but they 
have individual peculiarities of their own, and so are described by the author as three new 
species. 
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ABSTRACT. 

The author recalls the facts regarding the rediscovery, in recent years, of CARTER'S 
genus Conulites (= Dictyoconoides Nuttall). He shows how, of seven species which have been 
referred to this genus, three always have numerous intercalary whorls in their spires, and 
four never have any such whorls. The association of these two groups together within a 
single genus has, so far as he himself is concerned, been due to the uncertainty hitherto 
existing regarding the type species cooki, whose spire was stated by CARTER sometimes to 
show an intercalary whorl, but generally to be " single throughout." CARTER'S original 
specimens, which had long been mislaid, have recently been found, however, and they all 
prove to belong to now familiar types, which invariably contain numerous intercalary 
whorls in their spires. The author therefore separates the four species which do not possess 
such whorls into a new genus, Lockhartia. 

The author next discusses the supposed identity of Dictyoconoides with Rotalia, and 
shows that the Rotalia must be judged by their type species R. trochidiformis. He shows 
that this species, among other characteristic features, invariably displays the structures 
called " astral lobes " by CARPENTER and BRADY, and is distinguished by the same from both 
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Dictyoconoides and Lockhartia; while it is further distinguished from Dictyoconoides by the 

absence of intercalary whorls in its spire. 
The author then compares the development of Rotalid forms, like the above, with that 

of plano- spiral ones like Nummulites and Assilines; and he finally shows the fundamental 

difference in structure between all these spirally wound types and those with an " end -on" 

development, like the Dictyoconus group of forms, with which some of them have been confused 

in the past. 

I. THE GENERA DICTYOCONOIDES NUTTALL AND LOCKHARTIA NOV. 

(a) General Remarks. 

(i) Rediscovery of Carter's Genus Conulites (= Dictyoconoides Nuttall) . 

About ten years ago, while stationed on the North -West Frontier of India in command 
of a widely dispersed unit which manned guns at fourteen different forts and permanent 
camps, from Chakdara in the north to Chaman in the south (see text -fig. 1), I did what I 
could, during visits to those posts, to examine and compare the geology of the areas round 
them. Among the fossils -found, I was particularly interested in some relatively large 
foraminifera, rather resembling Nummulites, but always more or less conical, with pillars 
concentrated at the apex on the more convex side, but thickly massed all over the other 
face; while the convex side was also distinguished by having a very thin skin, easily abraded, 
beneath which a remarkable multilocular spire appeared, exhibiting many intercalary whorls. 
The form was widely dispersed, appearing in " Chharat " beds (lower to middle Eocene) 
from Kohat in east Thal west, as far south the Quetta district. 
A distinct species of the same genus also appeared at Hindu Bagh. 

Unable to identify these forms in the field, I sent specimens to London, Calcutta, and 
America. The late Mr R. BULLEN NEWTON referred them to Lepidorbitoides (letter of 
10/9/1923) ; Indian and American palmontologists called them Patellina. Not satisfied 
with these determinations, I went on leave to Calcutta, where the Director of the Geological 
Survey of India kindly gave me every facility for studying the matter myself. I soon agreed 
that the forms were what CARPENTER called Patellina (7) *; but I found that they were 
generically identifiable only with what CARTER had described as Conulites, from Khelat in 
Baluchistan (8), and were very different from other forms, representatives of which I had 
also found at Hindu Bagh, which CARTER called Orbitolina (8a), but which CARPENTER had 
grouped together with CARTER'S Conulites and WILLIAMSON'S (50) Patellina. 

I therefore prepared a short paper, which I subsequently read before the Indian Science 
Congress in January 1925 (16), describing the forms I had found, and insisting upon the 
separate identity of CARTER'S Conulites from these so- called Orbitolina. In the meantime 
I was trying to find CARTER'S original species Conulites cooki. This I felt unable to identify 
with my principal species, which I called C. kohaticus in my paper for the Science Congress, 
since CARTER definitely said that the spire of C. cooki was " generally single throughout " (8b), 
whereas that of all my specimens invariably contained numerous intercalary whorls. CHAP - 
MAN had said (9) that CARTER'S original specimens of C. cooki were mounted on " slide 40" 
of his collection in the Geological Society's Museum; so, as this collection had since been 
taken over by the British Museum (Natural History), I applied to the latter for details, 
but was told (letter of 3/12/1924) that the slide could not be found. 

I then rewrote my paper, to give all the facts known to date regarding CARTER'S 

* Numbers within parentheses refer to the Bibliography. 
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Conulites (adding a new species, tipperi, discovered in the meantime, but known only from 
internal sections). This paper was accepted for publication by the Geological Survey of 
India (17) ; but before it left the press, two papers by Dr W. L. F. NUTTALL appeared (36), (37), 
dealing with this same genus, which he had also rediscovered in Sind- neither of us mean- 
while knowing anything of the other's work. NUTTALL renamed the genus Dictyoconoides 
(36a), since he found that CARTER'S name Conulites was preoccupied. My own paper, being 
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then ready for final printing off, could not be extensively altered; but I added a note (17a) 
explaining that it had been written before NUTTALL'S papers appeared, and stating that the 
genus described by me as CARTER'S Conulites was the one now known as NUTTALL'S Dictyo- 
conoides. The title of the paper was also amended so as to indicate the same fact. I recall 
this, because I have since been taxed with unwillingness to accept NUTTALL'S term Dictyo- 
conoides (44). The idea is without foundation. I have never seen any reason to question 
either the necessity for, or the legitimacy of, Dr NUTTALL'S new name for the genus. I only 
regret that NUTTALL selected a name so like Dictyoconus, the very type from which (in view 
of past confusion) one should be so careful to distinguish Dictyoconoides. 

On two points, however, I could -not follow Dr NUTTALL. He believed that he had 
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rediscovered the identical species described by CARTER. This I doubted; for although 
his forms agreed better than mine did with CARTER'S massive- looking sections, their spires 
contained quite as many intercalary whorls as the spires of my forms did. NUTTALL 

apparently overlooked these whorls, for he says nothing about them in his description of 
the form. Professor H. DouvILLÉ, however, to whom NUTTALL sent some of his specimens, 
remarked on these whorls at once, and strongly emphasised their singularity, writing a 
special supplement to NUTTALL'S description in order to bring out the point (24). See 
especially his fig. 1, on pl. ii, which shows these whorls beautifully. 

NUTTALL had also, it appeared, seen some specimens of D. kohaticus which I had sent to 
the British Museum (Natural History), and he identified them with his Sind D. cooki (36b). 
Here I could not agree;' for although the two types are very closely allied, my form is always 
less massive than his. It never presents the same combination of a relatively high spire 
with a convex base, which is so characteristic of the Sind specimens. Professor DouvILL 
(letter of 6/3/1927) accepted my claim to the separate recognition of kohaticus; and NUTTALL 
also apparently now admits it, since he refers the recently discovered Somaliland forms 
to kohaticus and not to cooki-a distinction fully borne out by his illustrations of the 
material (38). 

Distribution of Dictyoconoides kohaticus and D. cooki. 

Accepting, then, the distinction between these two types, which seems now to be gener- 
ally allowed, it may be noted that D. kohaticus appears to be much the more widely distributed 
one. It extends all over the North -West Frontier of India, is abundant in Somaliland, 
and has also been found in Irak (48). NUTTALL'S D. cooki, on the other hand, has not yet 
(to my knowledge) been found outside of Sind. Both D. kohaticus and D. cooki belong to 
the Khirthar, or Lutetian; the typical kohaticus apparently pertaining to the lower, and 
cooki to the middle, parts of the same. A variety of kohaticus, however, which I have named 
spintangiensis (17g), and which is relatively rare in the lower beds, becomes very abundant 
higher up. It is relatively flatter and bigger than the typical D. kohaticus. 

The Variety spintangiensis. 
Mr VAN RIJSINGE and some others have advocated suppressing this variety on the 

grounds that they have found intermediate forms between it and the normal D. kohaticus 
(44a). This is no new discovery. I specially emphasised the existence of such forms when 
proposing the varietal name; in fact, as I said at the time, it was precisely because inter- 
mediate forms did exist that I made spintangiensis a mere variety of D. kohaticus, and not a 
separate species (17g). If varieties may not be proposed where intermediate forms exist, 
it will be difficult to distinguish a " variety " from a " species." Indeed, Mr VAN RIJSINGE 
himself seems to confuse the two ideas, for he sometimes calls spintangiensis a " variety " 
and sometimes a "new species" (precisely what I myself said it was not). See p. 130 of his 
paper. So I would point out that, at Spin Tangi, the normal D. kohaticus predominates in 
the lower beds and the variety spintangiensis in the upper; and it is the upper fauna which 
most closely resembles that which NUTTALL and BRIGHTON have described from Somaliland. 

The Remaining Species. 
The other forms found by NUTTALL and myself, and referred to this genus, have all 

been smaller in size and older in age than the above two species. They are, respectively, 
vredenburgi Davies, from the upper Laki; tipperi Davies, from the lower Laki; conditi 
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rediscovered the identical species described by CARTER. This I doubted; for although 
his forms agreed better than mine did with CARTER'S massive- looking sections, their spires 
contained quite as many intercalary whorls as the spires of my forms did. NUTTALL 

apparently overlooked these whorls, for he says nothing about them in his description of 
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(letter of 6/3/1927) accepted my claim to the separate recognition of kohaticus; and NUTTALL 
also apparently now admits it, since he refers the recently discovered Somaliland forms 
to kohaticus and not to cooki -a distinction fully borne out by his illustrations of the 
material (38). 

Distribution of Dictyoconoides kohaticus and D. cooki. 

Accepting, then, the distinction between these two types, which seems now to be gener- 
ally allowed, it may be noted that D. kohaticus appears to be much the more widely distributed 
one. It extends all over the North -West Frontier of India, is abundant in Somaliland, 
and has also been found in Irak (48). NUTTALL'S D. cooki, on the other hand, has not yet 
(to my knowledge) been found outside of Sind. Both D. kohaticus and D. cooki belong to 
the Khirthar, or Lutetian; the typical kohaticus apparently pertaining to the lower, and 
cooki to the middle, parts of the same. A variety of kohaticus, however, which I have named 
spintangiensis (17g), and which is relatively rare in the lower beds, becomes very abundant 
higher up. It is relatively flatter and bigger than the typical D. kohaticus. 

The Variety spintangiensis. 
Mr VAN RIJSINGE and some others have advocated suppressing this variety on the 

grounds that they have found intermediate forms between it and the normal D. kohaticus 
(44a). This is no new discovery. I specially emphasised the existence of such forms when 
proposing the varietal name; in fact, as I said at the time, it was precisely because inter- 
mediate forms did exist that I made spintangiensis a mere variety of D. kohaticus, and not a 
separate species (17g). If varieties may not be proposed where intermediate forms exist, 
it will be difficult to distinguish a "variety" from a "species." Indeed, Mr VAN RIJSINGE 
himself seems to confuse the two ideas, for he sometimes calls spintangiensis a "variety" 
and sometimes a "new species " (precisely what I myself said it was not). See p. 130 of his 
paper. So I would point out that, at Spin Tangi, the normal D. kohaticus predominates in 
the lower beds and the variety spintangiensis in the upper; and it is the upper fauna which 
most closely resembles that which NUTTALL and BRIGHTON have described from Somaliland. 

The Remaining Species. 
The other forms found by NUTTALL and myself, and referred to this genus, have all 

been smaller in size and older in age than the above two species. They are, respectively, 
vredenburgi Davies, from the upper Laki; tipperi Davies, from the lower Laki; conditi 
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only their form, and the fact that they are undoubted CARTER specimens, to go on in assuming 
that they are part of the original cooki material; but their resemblance to CARTER'S figures 
seems to show that they must be so. I have photographed them for comparison with 
CARTER'S figures, so that readers may judge for themselves. These three, and two others 
which do not seem to have been figured, being indifferently preserved, are all D. kohaticus. 
No other type of Dictyoconoides is present. 

(iv) Selection of Lectotype. 

It seems clear, therefore, that CARTER described his genus and species on the strength 
of a mixed collection of the types now separated apart as Dictyoconoides cooki and D. kohaticus; 
the latter (which, as we have seen, is the more widely distributed type) coming from Dr 
COOK'S collection made in the Valley of Khelat, and the former from its own limited area 
in Sind. To which should we apply the name cooki? 

The species was certainly named after Dr COOK, on the strength of his specimens sent 
from Khelat (not to be confused with Kohat, which is over 400 miles farther north) ; but 
it is clear from CARTER'S remarks when describing the species that he had previously noted 
the genus, which appeared in his Sind collections, and that he had only deferred describing 
it owing to his doubts regarding its external appearance, which were not removed until 
Dr COOK'S collection arrived. It is also clear that the pebble from Sind represents the only 
specimen individually referred to in CARTER'S description (p. 331) ; it was that specimen 
alone which gave him (as he says) his means of describing the internal characters of the 
type. It is obviously, therefore, the original of his internal sections, showing a form with 
high spire and convex base; and it is the only one of these apparently figured specimens 
which is accompanied_ by a list further certifying it as one of CARTER'S Conulites cooki. 

On the whole, therefore, one seems to be justified in regarding this specimen as the best 
accredited one in the CARTER collection, and the one which- although only a section - 
contributed most, individually, towards the original description of the type. I propose, 
therefore, to select it as the lectotype of the species; so that NUTTALL'S identification of his 
Sind form with CARTER'S C. cooki can now be regarded as confirmed. 

(v) The Narrowing of the Genus Dictyoconoides. 
More important, however, than deciding whether NUTTALL'S D. cooki or my D. kohaticus 

should be regarded as the original C. cooki, is the fact now made clear that the matter has lain 
between these two closely allied species, either of which would, for practical purposes, have 
done as well as the other for deciding the generic properties. No unfamiliar species has 
come to light in the CARTER collection. The expectancy of a type which sometimes shows 
intercalary whorls in the spire and sometimes does not, has disappeared. The generic name 
is committed to forms which, pace CARTER'S remark, invariably show numerous intercalary 
whorls in their spires. (How CARTER made such a mistake is not clear; the majority of 
his remarks on this form were most shrewd and accurate, considering that it was an entirely 
new and unfamiliar type being described for the first time.) Since, therefore, the term 
Dictyoconoides can now be regarded as typically applied to forms whose spires are never 
(in the adult) single throughout, we are no longer prevented from removing to another genus 
those species (namely tipperi, conditi, haimei, and newboldi) whose . spires are invariably single 
throughout. 

This I propose to do. Few generic differences could be more striking or decisive than 
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that between a species like haimei, whose spire has only a single terminal pylome (or exit), 
and one like vredenburgi (the earliest known true Dictyoconoides), whose spire invariably 
displays numerous terminal exits, simultaneously opening at points all round its circumference 
(see text -fig. 2 and Pl. II, figs. 3 -4). 

The development of a multiple- spired test seems also to be correlated with a reduction 
in relative size of the spiral chambers, and an increase in the relative size of the umbilical 
area. Thus, in a single- spired form, the spiral series increases in size about equally in hori- 
zontal and vertical planes, and we get a relatively stout test in consequence. In a multiple - 
spired form, on the other hand, the series increases in size mainly by lateral subdivision; 
hence it remains fairly shallow, while developing a large superficial area (see text -fig. 3), 

Normal Rotalid. Dietyoconoides. 

TEXT-FIG. 2. 

Dictyoconoides. 

TEXT-FIG. 3.- Diagrammatic comparison of growth in 
Dietyoconoides and other Rotalid forms. 

and we get a flatter test with correspondingly great umbilical development. Comparison 
of axial sections of single- and multiple- spired forms brings these differences out rather clearly 
(cf. Pl. II, figs. 6 -7, with fig. 2 and Pl. I, figs. 4, 6, and 9, etc.). 

(vi) The New Genus Lockhartia. 

Having thus restricted the term Dictyoconoides to species with multiple spires, it remains 
to name those with a single spire, which I included with Dictyoconoides while doubt remained 
as to the spire of CARTER'S cooki. These simpler forms are most abundant in the Palæocene, 
just as Dictyoconoides is most common in the middle Eocene. Both groups are represented 
in the lower Eocene, but neither is so common there. Since it was in the Palocene that 
this simpler genus more particularly flourished, I propose to call it Lockhartia, after the 
Lockhart Limestone of the Samana Range, which is so full of it. As genotype, I select the 
species haimei which is found throughout that limestone. The holotype of this species is 
now in the possession of the Geological Survey of India, and is numbered 13551 in their 
collections. 

(vii) The Question of " Slide 40." 

Among the recovered CARTER specimens is a slide numbered 40 (Brit. Mus. No. P. 28573) 
which is obviously the one referred to by CHAPMAN (9) as exhibiting specimens of Conulites 
cooki from Arabia, Sind, and Khelat. On this slide are mounted thirteen fossils (a fourteenth 
having apparently dropped off and been lost), most of which belong to the Dictyoconus group 
( Dictyoconus, Coskinolina, etc., and one Algal form by mistake), and all of which CARTER 

labelled as " Orbitolina " from Sind, Khelat, and Arabia. On his accompanying list, CARTER 

again refers to this slide as exhibiting " Orbitolina "; nowhere does he hint at any repre- 
sentative of C. cooki being mounted on it. In view of these facts, as also in view of the 



404 LIEUT.- COLONEL L. M. DAVIES ON THE GENERA 

clear way in which CARTER dissociated " Orbitolina " from C. cooki in his description of the 
latter, it is not easy to understand why CHAPMAN quoted this slide as containing Conulites 

cooki. The discovery of this slide makes it clear that I myself was wrong when (following 

CHAPMAN) I stated that Dictyoconoides had been found in Arabia (17b). The Arabian speci- 

men on slide 40 is not a Dictyoconoides at all; it is a variant, not before seen by me, of the 
genus Lituonella, and belongs to the Dictyoconus group of forms. 

(b) Palceontological Details. 

(i) Genus DICTYOCONOIDES Nuttall. 

Geno- holotype, D. cooki (Carter). 

Lectotype of D. cooki, Brit. Mus. (Nat. Hist.), Specimen No. P. 28572. 

Generic Description. 

Test calcareous and finely tubulated. It varies in shape from a fairly high cone with 
convex base (type species) to a rather lower cone with concave base, or an extremely depressed 
cone with upturned edges and convex base. The form is trochoid, with all the whorls visible 
on the upper surface, and only the terminal ends-of the whorls visible round the periphery 
of the lower surface. The whorls are multilocular, the chambers being separated from each 
other by almost straight double septa, each pierced by a single oblong or semi -lunar slot 
where it abuts against the wall of the preceding whorl. 

The apex of the cone is typically crowded with pillars, developing from the junction 
points of whorls with septa. These pillars become elongated along the septa, diminish in 
size outwards from the pole, and are generally absent from the outer parts of the test in 
adult forms. Pillars are uniformly crowded in the umbilical region of the test, and are seen 
covering all the base with the exception of the periphery. 

The chamber walls are partially embracing (as in Assilines) above, but are open towards 
the umbilicus, where their terminal ends are claw- shaped and recurved upwards. Lateral 
structures, which seem to take the form of irregular filaments of shell substance, are developed 
on both surfaces of the test. On the upper surface they are best developed at the pole, 
where they serve to cover the protoconch fairly thickly, but they apparently cease to be 
developed over the outer whorls. On the lower surface they continue regularly to be de- 
veloped to the end of growth. The umbilical pillars, which are generally continuous, 
penetrate these filaments in succession. 

The genus is characterised by a remarkable development of intercalary whorls in the 
spire, which begin to appear from an early stage in growth. The result is seen in a relatively 
great superficial area of test, with numerous relatively shallow chambers covering a great 
umbilical development. Terminal chambers, with their pylomes, become numerous instead 
of single, and are more or less regularly spaced -one to each whorl -round the periphery of 
the test. This characteristic appears to be unique among Rotalid foraminifera. 

Summary of Species. 

The genus Dictyoconoides, as thus defined, forms a relatively small and compact group, 
containing at present only three species. The central position in the group is held by the 
species D. kohaticus, which stands midway between the various extremes of size and shape 
which the group displays. D. vredenburgi is the smallest and earliest known representative 
of the genus; D. cooki (the type species) and D. kohaticus var. spintangiensis are the latest 
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and largest. The former of these last two has a relatively high and massive test; the latter 
is very flattened and expanded. In being flat, the variety spintangiensis revives the 
characteristics of D. vredenburgi, which is also relatively low and flattened in shape; but 
while thus, in a sense, reverting to an earlier type, spintangiensis retains the relatively large 
size common to all the latest representatives of this genus. 

Dictyoconoides cooki (Carter). 

Lectotype, Brit. Mus. (Nat. Hist.), Specimen No. P. 28572. 

(Pl. I, figs. 9, 12c and e.) 

1861. Conulites Cooki (pars), Carter (8c). 
1862. Patellina Cooki (Carter), Carpenter (7a). 
1925. Dictyoconoides cooki (Carter), Nuttall (36c). 
1926. Dictyoconoides Cooki (Carter), Douvillé (24a). 

As already remarked, this is both the type species of the genus and also the most massive 
representative of it, the combination of a relatively high spire and convex base being peculiar 
to this species. It seems to be restricted both geographically and stratigraphically, having 
hitherto been found only in the middle Khirthar of Sind. Detailed descriptions have already 
been given of it by NUTTALL and DouvILL, and need not be repeated here. I will merely 
recall the facts that, according to NUTTALL, its pores are 5 µ apart, and its size varies between 
3 to 4.5 mm. in height and 8 to 15 mm. in diameter of base. A specimen figured by Pro- 
fessor DouvILLÉ, 8 mm. in diameter of base, shows 11 intercalary whorls in its spire. 

Dictyoconoides kohaticus (Davies). 

Lectotype, Geol. Surv. India, Specimen No. 13044. 

(Pl. I, figs. 2, 6, 8, 10, 11, 12 (less c and e), 13, 14 ; Pl. II, fig. 1.) 

1861. Conulites Cooki (pars), Carter (8d). 
1862. Patellina Cooki (Carter), Carpenter (7e). 
1924. Conulites kohaticus Davies (15). 
1925. (16). 
1925. Dictyoconoides cooki (Carter), Nuttall (36b). 
1926. Conulites kohaticus Davies (17c). 
1929. Dictyoconoides sp., P. Viennot and E. J. White (48). 
1930. Rotalia kohaticus (Davies), C. van Rijsinge (44b). 
1930. Dictyoconoides kohaticus (Davies), Davies (22f). 
1931. Nuttall and Brighton (38). 

This species, as already remarked, differs from D. cooki only in being less massive. In its 
typical form, i.e. with fairly high spire and concave base, it is slightly older than D. cooki. I 
have already described it in detail, so need not repeat that description here; but since I 
omitted to select a type specimen, I now select the one first figured by me (17h) to serve as 
lectotype. Its registered number is quoted above. 

A variety of this species, which I have called spintangiensis, reaches a higher level and 
appears to be a contemporary of D. cooki. It is even more distinct from cooki, having a very 
flattened and widespread spire. The largest specimen in my possession measures 20 mm. 
across the base; NUTTALL and BRIGHTON record one measuring 21.3 mm. (38a). I have 
counted over 20 intercalary whorls in such specimens. 

TRANS. ROY. SOC. EDIN., VOL. LVII, PART II, 1932 -33 (NO. 13). 60 
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Dictyoconoides vredenburgi (Davies). 

Lectotype, Geol. Surv. India, Specimen No. 15316. 

(Pl. I, figs. 1, 3, 4, 5, 7; Pl. II, figs. 2, 3; Pl. III, fig. 14.) 

1926. Conulites vredenburgi Davies (17d). 
1930. Dictyoconoides vredenburgi (Davies), C. van Rijsinge (44e). 

This species is the smallest in size, and the first to appear, of the genus as known at 
present. First described from the Ghazij Shale (lower Eocene) of Hindu Bagh in the Quetta - 
Pishin District, it has never yet been seen anywhere else. Since I gave few details when 
originally describing this species, and figures of internal sections only, I now add external 
views of two specimens and quote the following particulars as to size, etc.:- 

Diameter of 
Base. 

Height of 
Test. 

No. of Inter - 
calary Whorls. 

Largest specimen measured. . . 6.7 mm. 1.5 mm. About 12 
Smallest 2.0 0.6 4 
5 largest specimens averaged . . 6.24 1.36 11 -12 
5 smallest . . 2.8 0.84 ? 

Average dimensions of 33 specimens . 4.6 1.1 10 -11 

I also now select, as lectotype, the specimen figured in Pl. I, figs. 1 and 3. It will be 
found in the collections of the Geological Survey of India, under the number quoted above, 
in their Type Fossil Register. 

In order to show how clearly even a young member of this, the earliest known species 
of the genus -Dictyoconoides (as now restricted by me), exhibits the generic characteristic, 
and how easily it can be distinguished from Lockhartia, I show on Pl. II a photograph of an 
immature D. vredenburgi, measuring 3.6 mm. across the base (fig. 3), for comparison with a 
photograph of L. haimei (fig. 4). The multiple spire (already showing 8 intercalary whorls) 
of the former makes confusion impossible. 

(ii) Genus LOCKHARTIA nov. 

Geno- holotype, L. haimei (Davies). 

Holotype of L. haimei, Geol. Surv. India, Specimen No. 13551. 

Generic Description. 
This genus mainly differs from Dictyoconoides in not developing intercalary whorls in the 

spire. It thereby conforms to the normal Rotalid structure. In other respects, however, 
it agrees with Dictyoconoides, being more closely allied to that genus than any other Rotalid 
form yet known to me. 

The test is calcareous and tubulated; trochoid in form; varying in shape from stoutly 
lenticular to convex on one side, flat on the other. The spire is sharply differentiated, as in 
Dictyoconoides, from the umbilical region of the test, against the crowded pillars of which 
the chamber walls abut. The umbilical pillars are continuous, as in Dictyoconoides, and 
traverse successive layers of shell substance. 
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There are, as already remarked, four known species of this genus. These fall from the 
first into two well- marked groups; the one being represented by L. haimei and L. tipperi, 
and the other by L. newboldi and L. conditi. The former group is the most like Dictyoconoides; 
the whorls of its members are only partially embracing on the upper surface, granules appear 
on their upper surfaces as well as on the lower, and the inner ends of their chamber walls 
are claw- shaped and recurved where they adjoin the umbilical pillars. The other group 
(L. newboldi and L. conditi) has whorls more fully enveloping on their upper surfaces, which 
are also typically smooth and ungranulated, and the inner ends of their chamber walls are 
flattened and expanded where they abut against the umbilical pillars. These differences are 
well shown by figs. 6 and 7 of Pl. II. 

The genus ranges throughout the Ranikot (i.e. Palæocene), being represented by L. 
haimei and L. newboldi alone at first. Towards the end of the Ranikot, L. conditi appears 
(being first represented by the variety roeae, which I described from the beds near Fort Lock- 
hart, on the Samana (22g)), and rapidly becomes very abundant, soon eclipsing the two older 
forms in point of numbers. At the close of the Ranikot comes the marked unconformity, 
which I have repeatedly stressed in my papers on North -West Indian stratigraphy -(18), (19c), 
(20), (22d). It was then, as my friend Mr WADIA and I hold (49), that the great Salt deposits 
of those parts were accumulated. This unconformity sees the apparently abrupt extinction 
of the three older species of Lockhartia. The succeeding Laki (lower Eocene) beds, of the 
subsequent marine transgression, bring with them the widespread species L. tipperi, the 
largest and latest known member of this genus to appear. It is affiliated to L. haimei, and 
perhaps derived from it. Messrs NUTTALL and BRIGHTON have reported the appearance, in 
middle Eocene beds of Somaliland, of a species which they identify with L. newboldi. I am 
not sure that this identification is correct; if it is, it would seem that one of the earliest species 
of this genus outlived all the others. 

Lockhartia haimei (Davies). 

Holotype, Geol. Surv. India, Specimen No. 13551. 

(Pl. II, figs. 4, 5, 6.) 

1853. Rotalia Newboldi (pars), d'Archiac and Haime (1). 

1927. Dictyoconoides haimei Davies (19). 
1930. Davies (22). 

This species, the type of the genus, has already been fully described elsewhere, so little 
need be added here. It appears throughout the Lockhart Limestone (lower and upper 
Ranikot) and is remarkable by reason of its enormous protoconch, which may indicate 
excessive vitality. The large protoconch is, of course, a specific and not a generic character. 
This is the first known species to show the chamber structure which is afterwards characteristic 
of all the Dictyoconoides. 

Lockhartia tipperi (Davies). 

1926. Conulites tipperi Davies (17e). 
1931. Dictyoconoides tipperi (Davies), Nuttall and Brighton (38b). 

Nothing need be added to the descriptions already given of this form. It is the latest 
known species of the genus to appear and is apparently peculiar to the lower Eocene. Its 
distribution seems nevertheless to have been wide -from India to Somaliland. 
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Lockhartia conditi (Nuttall). 

(Pl. II, fig. 7; Pl. IV, fig. 7.) 

1926. Dictyoconoides conditi Nuttall (37a). 

1927. Davies (19a). 

1930. (22a). 

A very peculiar and highly specialised member of this genus. As I have shown elsewhere 

(22b), it does not point, as L. haimei does, towards later forms, being peculiarly specialised 

on lines of its own. Its enormous umbilical pillars cannot be matched by any other known 

form, and the fineness of its pores is also remarkable. It has already been fully described. 

Lockhartia newboldi (d'Archiac and Haime). 

1853. Rotalia Newboldi (pars) d'Archiac and Haime (la). 
1927. Dictyoconoides newboldi (d'Archaic and Haime), Davies (19b). 

1930. (22c). 

1931. Nuttall and Brighton (38c). 

One of the two earliest known species of this genus, and (if NUTTALL and BRIGHTON are 
correct in their identification) the one which apparently outlived all others. Its structure, 
which has already been fully described, affiliates it to L. conditi rather than to the other two 
species, since it has a smooth upper surface, and clubbed and expanded umbilical ends to its 
chamber walls. 

II. THE GENUS ROTALIA LAMARCK. 

(a) General Remarks. 

(i) The Supposed Identity of Dictyoconoides and Rotalia. 

Mr C. VAN. RIJSINGE has recently (44c) declared his belief that Dictyoconoides is insepar- 
able from the genus Rotalia. He calls kohaticus itself Rotalia kohaticus (44b). He claims 
to have discovered the existence of an umbilical canal system in kohaticus and vredenburgi, 
which is identical with that found in certain species referred by HOFKER to Rotalia, and so 
apparently he can see no reason for admitting the generic distinction of Dictyoconoides. 

I confess that I find it difficult to follow Mr VAN RIJSINGE. On page 122 of his paper 
he states that, in the family Rotaliidae, this canal system is shown by "Rotalia alone "; 
but in the very next line he states that " The family of the Calcarinidae also shows this char- 
acteristic." Within the latter family, he then tell us that " the genera Calcarina, Baculo- 
gypsina, Arnaudiella, and Pellatispira . . . have a typical Rotalid canal -system "; and he 
further states that this same canal system is also " typically shown " in the Polystomellidae 
(p. 123). He then remarks that " The family of the Rotaliidae thus " (sic) " includes the 
subfamilies Rotaliinae, Calcarininae and Pólystomellinae." So apparently his Calcarininae 
belongs both to his Calcarinidae and to his Rotaliidae, unless he means that he would remove 
it from the one to the other. In any case, it would seem that Rotalia is not, after all, the only 
genus of his " Rotaliidae" to possess this system; and if whole subfamilies with their included 
genera can thus possess it and still remain distinct, it is difficult to see why the discovery of 
such a system in Dictyoconoides should force us to regard that genus as identical with Rotalia. 

I am also very doubtful as to the existence of this (umbilical) canal system either in 
Dictyoconoides or in Rotalia, although it may exist in certain species which HOFKER and others 
have (as I believe wrongly) referred to Rotalia. As regards Dictyoconoides, I have never seen 
such a system indicated in any section, or photograph of a section, made by myself or by any- 
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one else; it appears only in two drawings (44d) published by VAN RIJSINGE.* Apparently 
this umbilical canal has, even by VAN RIJSINGE, never been seen in meridian sections (and 
his drawings of meridian sections show no trace of it), which is rather remarkable. Can he 
have mistaken some parasitic borings for canals? Professor DoUVILLÉ has shown how such 
mistakes can be made (25), and it seems extraordinary that the vast majority of thin sections 
should show no trace of this canal system if it really existed. What is more, there seems to be 
no function for a canal system lying along the umbilical line of open chamber mouths. Any- 
thing in the nature of a tube across this would not facilitate communication but block it, 
and such an obstruction would inevitably be seen in thin meridian sections. 

Incidentally, VAN RIJSINGE makes no attempt to prove that any other Rotalid form 
possesses the remarkable intercalary whorls of Dictyoconoides; and although he (p. 130) 
emphatically rejects the idea that secondary chambers can exist in the umbilical region of 
Dictyoconoides, and draws a figure (pl. V) of this region which represents it as containing only 
an open framework of crossed rods, he nevertheless declares (p. 135) that Dictyoconoides 
possesses a " closed umbilicus." 

His arguments are not easy to follow; and since he does not discuss the question of type 
species, there can be no finality about his paper. Apparently NUTTALL and BRIGHTON, who 
refer to his article, cannot accept his proposed identification, although their reasons for 
rejecting it seem to me rather indefinite. They merely state that Dictyoconoides seems to 
them a more specialised form than Rotalia, with a more restricted stratigraphical range (38a). 
That may well be so; but where -if that is all -are we to draw the line between the two genera? 

(ii) The Genotype of Rotalia. 
It order properly to compare Dictyoconoides with Rotalia, we 

first determine the type species of the latter. This I now propose to do. The literature 
of the subject takes us back to the year 1770, when GUETTARD described and figured a certain 
"Hélicite rayonnée " (27). It was apparently a lenticular form -perhaps a small Nummulite 
with mammillated centre and radiating filaments. Thirty -one years later, LAMARCK de- 
scribed a new genus, to be known as Rotalites (30). He defined it as follows:- 

" Coq. orbiculaire, déprimée, discoïde, multiloculaire, lisse en dessous, à rides rayon - 
nantes en dessus avec des points tuberculeux et inégaux au centre, à bord carmé, 
et ayant une ouverture marginale, petite et trigone." 

As representing this genus he quoted a " Fossile de Grignon," to be seen in the " Cabinet 
du C. DEFRANCE "; and he referred the reader to GUETTARD'S " Hélicite rayonnée " for figures 
of the species, to which he gave the name tuberculosa. 

It is not easy to identify this fprm now, since it is difficult to say what specimens were 
referred to. It seems unlikely that any specimens in DEFRANCE'S collection were the 
actual ones figured by GUETTARD thirty -one years before. We cannot even be sure that they 
belonged to the same species or genus, for GUETTARD noted no such dissimilarity between 
the two sides of his "Hélicites " as LAMARCK notes between the upper and lower surfaces of 
his Rotalites. Hence all that we can say is, that LAMARCK saw a resemblance between 
GUETTARD'S figures and the upper aspect (only) of some fossils which he called tuberculosa. 
It is improbable that we will ever identify the form on so poor a clue as that.t 

* I omit his text -fig. 6, since it represents a branch passing down a septal face from the whorl junction above. I have 
myself seen and photographed such markings, but they are traceable to the cortical suture itself and apparently have nothing 
to do with an umbilical system. 

t Professor BIGOT tells me (letter of 12/5/1932) that no specimens in DEFEANcE's collection are labelled Rotalites tuberculosa. 
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Three years later (1804) LAMARCK for the first time published the name Rotalia as a 

generic designation (31). He identified this term to some extent, however, with the 
previously published Rotalites, since the forms to which he applied it were all fossil ones, 

and the convention of the day allotted names ending in " ites " -like " Nummulites " -to 
genera supposed to be extinct. Under this designation LAMARCK described four new species, 
namely trochidiformis, lenticulina, depressa, and discorbula, as included in the genus, which 
he now defined as being represented by 

"très- petites coquilles en spirale orbiculaire, convexes ou un peu coniques en dessus, 
dont les tours sont contigus et distincts, et dont la base, qui est la partie la plus 
large de la coquille, est aplatie, tuberculeuse ou granuleuse, et garni de rayons 
onduleux. Ces rayons sont les interstices des saillies que font les loges du dernier 
tour de la spirale. 

L'ouverture de la coquille est celle de sa dernière loge: elle est marginale, 
trigone, et semble renversée ou dirigée vers la base. Les cloisons transversales qui 
séparent les loges sont dirigées comme les rayons vers le centre ou l'axe de la coquille; 
en sorte que les loges sont légèrement coniques." 

It is clear that this generic description is different from the last. The shell is here 
described as being granulated and having radiating lines (formed by the depressions between 
successive chamber swellings) on the lower surface of the test, which shows the last whorl 
only; while the upper surface is more convex, apparently devoid of granules, and shows 
all the whorls in close contact with each other. Formerly it was the upper surface which 
was said to be granulated, and the lower one to be smooth. We also see that the species 
tuberculosa is no longer mentioned. What becomes of it is not clear. We never hear of it 
again. 

Of the four species which are here described only two, trochidiformis and discorbula, 
are figured by LAMARCK (31b). These figures, together with the descriptions, also make it 
clear that trochidiformis is the only one of the four species which agrees with the generic 
description in possessing a granulated lower surface. It seems obvious, therefore, that 
R. trochidiformis was the species upon which the generic description was mainly founded. 
It is pre- eminently the representative of the genus, as now redescribed and given the 
alternative name of Rotalia. We may therefore note its description in full, as first given 
by LAMARCK: 

" Rotalites ( trochidiformis) conoidea ; anfractibus carinatus ; 
latere inferiore granulato, n. 

L.n. Grignon. Très -petite coquille dont la largeur n'a guère plus de 3 milli- 
mètres. Elle est orbiculaire, un peu conoïde en dessus, et composée de trois 
quatre tours de spire éminemment carénés. Sa base est large, aplatie, granuleuse, 
presque ridée, et rayonnante par la saillie des loges. Il y a des individus qui tournent 
de droite à gauche et d'autres de gauche à droite. 

Mon cabinet et celui de M. DEFRANCE." 

LAMARCK'S figures (see Pl. II, figs. 10ab, which reproduce them) show a form with 
smooth upper surface displaying a spire of several whorls, and a granulated lower surface 
dissected by about ten radiating lines and bounded by a smooth outer rim. It is noticeable 
that the last chamber shows a constriction half -way between the centre and the periphery; 
although LAMARCK makes no comment on this, it apparently corresponds to something seen 
by the artist. 

DEFRANCE (23b) and DE BLAINVILLE (2) also figured this species, and in greater detail 
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(see Pl. II, figs. 11 -11e below). They show that the granules on the base tend to align 
themselves along the margins of the furrows between successive whorls (a character sub- 
sequently remarked on by LAMARCK, who says that the granules give these furrows the 
appearance of little bushes -" petits arbuscules " (34)). DEFRANCE also shows the existence 
of some irregularity about half -way between the centre and the periphery of the test; for the 
furrows are not continuous, but dislocated at mid- radius. 

It seems clear that R. trochidiformis is the species which pre- eminently represents 
LAMARCK'S genus Rotalia. It is the first to be described and figured under that heading, 
and the only species mentioned at the time which fully matches the original description of 
the genus. It is true that the term Rotalia was at first regarded as a mere equivalent of 
Rotalites, and that another species had previously been named as representing Rotalites; but 
the latter species had never been recognisably indicated, and its own author had not only 
abandoned it but had also completely revised the generic description which he had drawn 
up to suit it. The revised generic description, with its alternative name of Rotalia, clearly 
applies to the species trochidiformis and not to tuberculosa. 

We consequently find that all writers during the next few years, while completely 
ignoring the ill -fated species tuberculosa, treat trochidiformis as the leading representative 
of the genus Rotalites. DEFRANCE (23) and DE BLAINVILLE (2a) presently show a tendency 
to replace the other three species (i.e. lenticulina, depressa, and discorbula) by new ones; 
D'ORBIGNY (39) does so very emphatically, retaining trochidiformis alone of the species 
described by LAMARCK, but adding to it no less than fifty -four species of living foraminifera. 
Since he thus maintained that the genus was still in existence, D'ORBIGNY referred to it 
under its alternative name of Rotalia. Similarly, LAMARCK himself, after (1822) having 
quoted trochidiformis as the sole example of the genus Rotalites (32), subsequently (1832) 
added five of D'ORBIGNY'S living species to it and called it Rotalia trochidiformis (34a). By 
LAMARCK'S own action, therefore, in subsequently ignoring -or else transferring to other 
genera -all other species originally included in Rotalites or Rotalia, and finally discarding 
the very term Rotalites, it is made still more clear that the only species which can be regarded 
(under modern rules of zoological nomenclature) as the type of Rotalia is trochidiformis. 

It follows, therefore, that, provided this species can be identified, we must repudiate 
all efforts made by subsequent writers to replace R. trochidiformis by species which they 
have considered to be better types of what they would call Rotalia- species which were 
either unknown to science when LAMARCK proposed that genus or else were ignored by him 
when proposing it. 

Among these actions which cannot be endorsed we may mention that of D'ORBIGNY 

who, in his " Prodrome" (1850), removed R. trochidiformis from the position of priority which 
he had formerly (1826) allowed it (39a) among the representatives of Rotalia, and gave (40) 

the first place to one of his own species which he had formerly placed in a different sub -genus. 
Far more reprehensible was the action of CARPENTER and his colleagues (7b), and then of 
BRADY (3), who (in 1862 and 1884 respectively) removed R. trochidiformis altogether from 
the genus of which it was the first representative, and treated it as a subordinate member 
of a new genus, Discorbina; while they proposed that another species (beccarii) of a generically 
different type should be regarded as the true representative of LAMARCK'S Rotalia. To 
endorse such an action would perpetuate both a synonym and a homonym, and we seem 
compelled to set our faces against it. In any case, when otherwise excellent authorities like 
HOFKER follow CARPENTER and BRADY In treating other species as the true types of Rotalia 
(28), it must be realised that the characters which they impute to Rotalia are not those of 
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the type species of Rotalia; they are the characters of species which all authorities seem to 
have agreed in regarding as generically distinct from R. trochtidif orrais. 

Before beccarii (or any other species) can be treated as even inclusive among the Rotalia 
(s. str.), it must be shown to be generically identifiable with R. trochidiformis. If not so 

identifiable, it must be referred to some other genus; perhaps beccarii itself should be returned 
to D'ORBIGNY'S genus Turbinulina, of which D'ORBIGNY quoted it as a leading type (39b). 

Thus we see that the canal system, on which HOFKER and VAN RIJSINGE lay such stress 
when writing of Rotalia, cannot after all be regarded as a characteristic of Rotalia; for 
CARPENTER, BRADY, and HOFKER himself all agree that such a system is not found in Dis- 
corbina-to which genus they have relegated R. trochidiformis. 

(iii) Material Examined. 

It now remains for us to see what exactly are the characters of Rotalia trochidiformis. 
The following material, registered as R. trochidiformis, was kindly lent to me for examination 
by the Keeper of Geology, British Museum (Natural History) : 30 specimens from Chaussy, 
from the T. RUPERT JONES collection (1881) ; also 15 other specimens from Chaussy and 12 
from Parnes, from other collections. Professor H. DouvILLÉ, who most kindly searched the 
Paris museums for available specimens, sent me 10 from Chaussy (from Dr BEZANÇON'S 

collection at the Icole des Mines), and 23 from Hauteville (also from the collections at the 
École des Mines). Professor A. BIGOT, the Director of the Muséum d'Histoire Naturelle at 
Caen, most kindly capped my opportunities for examining this species by sending, for my 
inspection at the British Museum, the original type specimens of LAMARCK, being 30 
individuals from Grignon, in the DEFRANCE collection at Caen. The totals examined (apart 
from a number of less well accredited or preserved specimens at the British Museum) have 
thus been 30 from Grignon (type material), 55 from Chaussy, 12 from Fames, and 23 from 
Hauteville; total 120. With very few exceptions, these all seem to me to belong to the 
same species, although the Hauteville forms show some minor differences from the others, 
as detailed below. Having been allowed to section a number of the specimens from the 
British Museum and the L5+ cole des Mines, I have been able to study the internal structure 
of the species as well as its external aspect. 

Localities of Collection. 
The little villages of Grignon, Chaussy, Fames, and Hauteville, although well known in 

French geological literature, are seldom shown on even the largest topographical maps of 
France. I therefore give their respective co- ordinates below. These co- ordinates have been 
very kindly checked for me by Mr J. BARTHOLOMEW of the Geographical Institute, Edin- 
burgh (letters of 22 and 26/1/32). The meridians are Greenwich ones. 

Grignon Lat. 48° 51' N.; Long. 1° 57' E. 
Chaussy 49° 7' N.; 1° 42' E. 
Fames 49° 13' N.; 1° 45' E. 
Hauteville 49° 25' N.; 1° 28' E. 

The first three are in the Paris basin, to west and north -west of Paris (Grignon being a 
few miles west of Versailles, and the other two near Magny). Hauteville is in the Cotentin, 
near Valognes, a good deal farther west. LAMARCK, DEFRANCE, and D'ORBIGNY, the chief 
early students of R. trochidiformis, all mention Grignon (the type locality) and Valognes, or 
Hauteville near Valognes, among the chief places where the species can be collected. LAMARCK 
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and D'ORBIGNY also mention Fames. Chaussy, Professor DouvILLÉ tells me (letter of 
10/1/1932), is a classic locality for the middle Lutetian; it is near Parnes. The beds at 
Grignon, Chaussy, and Parues all seem to belong to the same horizon, and the R. trochidi- 
formis specimens from them are indistinguishable from each other. I understand from 
Professor DouvILLÉ that the Hauteville beds are of about the same age as the others, but 
include several horizons, of which the highest probably reaches the Auversian. The speci- 
mens from there may accordingly belong to more than one zone. As Professor DouvILLÉ 
also remarks, the middle Eocene sea, entering the Paris basin from the west, would have 
been deeper to the west; and many species are found there which do not reach the Paris 
basin. So it is natural enough that a different race or variety of R. trochidiformis should be 
found in the west. 

The DEFRANCE Specimens. 

These constitute the great bulk of the original type material of this species, and are 
remarkably well preserved, considering their age. The set has been photographed for this 
paper, so a brief description will be sufficient here. As CUSHMAN, who saw them in 1927, 
recorded (12a), there are 30 specimens in the set, all mounted on one slide, which is 
labelled R. trochidiformis in LAMARCK'S own handwriting. CUSHMAN'S figures, however, 
which are drawings and not photographs (12), cannot be identified with any particular 
specimens on this slide, and are probably sketched from other material, since they seem to 
have been published before he saw this slide (vide his remarks on p. 122). In any case, I 
believe that my illustrations are the first photographs to be published of this particular set 
of specimens. As the general photograph (Pl. III, fig. 1) shows, the specimens are arranged 
in two rows -13 in the upper and 17 in the lower. They are graded in size, and show the 
progressive development of granules, etc. Practically all the specimens belong without 
doubt to the same species (a few, showing upper surfaces only, may be questioned; and one 
-second from the left in the lower row -which has 16 or 17 chambers instead of about 8 

to its last whorl at a diameter of 1.4 mm., is almost certainly an alien). With true judgment, 
most of the specimens have been mounted to show the lower surface, which is much the most 
important one in dealing with this species. Some dirt, which I dared not try to remove, 
appears on all the specimens, but shows less than expected in the photographs. The chief 
damage suffered by the collection has been due (as Dr THOMAS pointed out to me) to the 
use of a very powerful gum to mount the specimens. This gum has, in shrinking, torn away 
the upper surfaces of all the larger specimens. This is regrettable, but incidentally shows 
the perfectly enveloping nature of the whorls, which can be peeled off so neatly as separate 
coats. This removal of the outer layers exposes the perforations on the surfaces of the 
inner ones. These are of much the same size as the perforations of the lower surfaces of the 
tests, which still appear clearly under the microscope, mostly unchoked in spite of their minute 
size and one and a quarter centuries' exposure to the air. 

LAMARCK'S Specimen. 

Besides DEFRANCE'S collection was LAMARCK'S own, which he mentioned as also contain- 
ing R. trochidiformis. This collection is now in the Muséum d'Histoire Naturelle at Geneva, 
and it has been excellently photographed and described by Dr JULES FAVRE (26). Apparently 
there were once three specimens of R. trochidiformis in LAMARCK'S collection, but only one 
now remains. It is fairly large (3 mm. diameter) and is labelled trochidiformis in LAMARCK'S 

TRANS. ROY. SOC. EDIN., VOL. LVII, PART II, 1932 -33 (NO. 13). 61 
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own handwriting. It is, however, considerably damaged, and its lower surface has been filed 

down and polished -an operation which has obliterated the important external features of 

the middle of the base. Sufficient indications remain to convince me that the specimen is a 

true R. trochidiformis; but it would be impossible to study the species properly from such 
a mutilated fragment, and it is fortunate that the DEFRANCE collection contains so many and 
better preserved representatives of this species. Dr FAVRE has, however, not only consented 
(letter of 22/12/1931) to my reproducing his photographs of this specimen but has also 
most kindly sent me his original prints. I have therefore been able to enlarge them from 
5 diameters to 10, in order to bring out all the detail possible regarding this specimen. 

Main Results of Examination. 

Examination of the types confirms the general accuracy of LAMARCK'S and DEFRANCE'S 

descriptions and figures. It also brings out the importance of a feature which they over- 
looked in their descriptions but vaguely indicated in their 

oikr- 
illustrations, namely, the " astral lobes " which CARPENTER 

(7c) and BRADY (3a) attributed to Discorbina (the genus 

¡ 4 M-a in which they placed R. trochidiformis). These lobes are ;, A.L. marked off in R. trochidiformis by a transverse furrow (fold i' or crease) across each chamber floor. This furrow divides 
A j ac. the chamber into two portions, an outer and an inner one; 

2]:F ` and it was the inner portion (generally more turgid than 
the outer) which those authors called the " astral " (or 
" asterigerine ") lobe, since the inward inclination of the 
furrow gave each lobe a pointed appearance (see text - 
fig. 4) . 

Viewed from below, these lobes appear in stronger relief (owing to their turgid character) 
than the main or outer portions of the chambers. Internal sections show that the lobes are 
crowded with pillars, and so are virtually part of the umbilical region of the test, which is 
thus deeply invaded by the lower chamber wall in a manner never seen in Dictyoconoides or 
Lockhartia. Indeed, it is only in the later whorls of R. trochidiformis that the lower chamber 
wall seems to be parted at all; for the first whorl or two it seems to pass completely across the 
umbilicus, although it becomes very thin 
and irregular while doing so. 

Pillars, which are rare or imperfectly 
developed in early whorls, are always con- 
fined to the lower surface of the test in 
R. trochidiformis. They begin to form 
along the edges of the astral and septal 
furrows (see text -fig. 4). These furrows ' / Umbilicus first become crenulated or wrinkled, then Spire granulated, and soon crowded with gran- 
ules; Spire which spread therefrom over the 
whole base of the test (excepting the mar- 
ginal band, which is always smooth) until both furrows and lobes may finally be lost to 
sight under them. A specimen whose base is thus crowded over with pillars and granules 
may appear deceptively like Lockhartia; but an axial section will show the profile of the 
astral lobes, formed by its deeply penetrating lower chamber wall (see text -fig. 5). 

TEXT -FIG. 4. -R.F. radial furrows ; A.F. astral 
furrows; M.F. marginal furrow ; P. pylome; 
M.B. marginal band A.L. astral lobes; O.C. 
outer chambers. 

LOCKINARTIA. ROTA.LIA_ 

T 
Umbi 

Ilíws 
IrIÍ¢zm¢dinfiv. Atv,cl. 

TEXT -FIG. 5. 
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(iv) Selection of Lectotype. 

No individual specimen has yet been selected as the type of Rotalia trochidiformis. Owing 
to its condition, it would not be justifiable to select the very damaged specimen in the LAMARCK 

collection, when so much better ones exist in the equally well certified and original DEFRANCE 

material. Of the latter, after careful consideration of all points, I propose to select the fourth 
specimen from the left, of the lower row (containing 17), "as the lectotype. It is one of the 
smaller specimens, which is regrettable in itself, but I select it for the following main reasons:- 

1. It is the largest intact specimen in the collection, all larger ones having been torn 
open by the powerful gum applied to them. 

2. It shows the essential characters of the type very clearly. In larger specimens the 
astral lobes tend to become obscured by the increasing mass of granules. This specimen 
shows clearly both the characteristic lobes and also the characteristic preliminary disposition 
of the granules. 

(b) Palceontological Details. 

(i) Genus ROTALIA Lamarck. 

Geno- lectotype, R. trochidiformis Lamarck. 

Lectotype of R. trochidiformis, DEFRANCE Collection, Specimen shown on 
Pl. III, figs. 4, 5, and 7. 

Generic Description. 

Judging from its type species, R. trochidiformis, the essentials of this genus appear to 
be as follows:- 

Test calcareous and coarsely tabulated. Its shape varies from stoutly lenticular to 
convex on one side and flat on the other. Its structure is trochoid, all the whorls being seen 
on the upper surface, and the last whorl only on the lower surface. The spire is multilocular 
and single throughout. The spiral chambers are separated by double septa, radially disposed, 
and formed by the puckering upwards of the chamber floor. The pylome is single and elon- 
gated, and traverses the radial septum where it abuts against the preceding whorl. 

The whorls are typically enveloping (as in Nummulites) on the upper surface; and prob- 
ably on the lower surface as well, at first. They eventually part, however, on the lower 
surface of the test, where the chamber wall is characteristically very thin. This lower wall 
of the chamber develops transverse septa as well as radial ones, each transverse septum 
starting from the rear part of the chamber and passing forward, with an inclination towards 
the centre of the test, so as to separate the inner portion of the chamber from the rest of it. 
The portion thus separated off constitutes the " astral lobe " of CARPENTER and BRADY. 

In the type species, the upper surface of the test remains smooth throughout life; but 
the lower surface progressively develops tubercles and short pillars, irregular in character, and 
generally limited to the level of their own respective whorls, which soon become very numerous 
and crowd the whole central parts of the test, including the region of the astral lobes. This 
seems to indicate that the astral lobes belong to the umbilical parts of the test rather than to 
the spiral region where the sarcode is mainly accommodated. 

(I am not inclined to stress pillars as a generic character in this form -as they are in 
Dietyoconoides and Lockhartia -until I have seen whether pillars accompany astral lobes in 
other species besides R. trochidiformis. The study of Nummulites shows that pillars can be a 
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very variable quantity within a genus, and the chamber structure of this form seems to me 

to be more important than its pillars. Its astral lobes seem to link it to Asterigervna and 

Amphistegina.) 
Rotalia is thus distinguished from Dictyoconoides by the single nature of its spire; and from 

both Dictyoconoides and Lockhartia by the nature of its lower chamber wall, which penetrates 
deeply into the umbilical region of the test and there develops the lateral chambers herein 
called " astral lobes." 

Rotalia trochidiformis Lamarck. 

Lectotype, DEFRANCE Collection, Specimen shown on Pl. III, figs. 4, 5, and 7. 

(Pl. II, figs. 8, 10 -15; Pl. III, figs. 1, 3 -13; Pl. IV, figs. 3 -6, 9 -11.) 

1804. Rotalites (or Rotalia) trochidiformis Lamarck (31a). 
1806. Rotalites trochidiformis Lamarck, Lamarck (31e). 

1811. Parkinson (41). 

1822. Lamarck (32). 

1823. (33). 

1824. Rotalia (et Rotalites) trochidiformis Lamarck, Bronn (4). 

1824. Rotalites trochidiformis Lamarck, Defrance (23). 

1825 -7. de Blainville (2). 

1826. Rotalia trochidiformis Lamarck, 
1827. Rotalites trochidiformis Lamarck, 
1827. 
1827. 

d'Orbigny (39e). 
Defrance (23a -b). 
Lamarck (34b). 
Crouch (11). 

1832. Rotalia trochidiformis Lamarck, Lamarck (34). 
1834 -7. Rotalites trochidiformis Lamarck, Cuvier (14). 
1839. Rotulites trochidiformis Lamarck, Brown (5). 
1843. Rotalia trochidiformis Lamarck, Brown (6). 
1845 -6. Rotalina trochidiformis (Lamarck), Reuss (43). 
1850. Rotalia trochiliformis Lamarck, Mantell (35). 
1850. Rotalia trochiformis Lamarck, d'Orbigny (40). 
1862. Discorbina trochidiformis (Lamarck), Carpenter, Parker and Jones (7c). 
1878. Jones (29). 
1882. Rotulina saxorum d'Orbigny, Terquem (47). 
1883. Rotalia trochidiformis Lamarck, Schwager (46). 
1884. Discorbina trochidiformis (Lamarck), Brady (3b). 
1885. Rotalia trochidiformis Lamarck, Quenstedt (42). 
1927. Cushman (12b). 
1928. (13). 

Test calcareous and coarsely tubulated. As its name implies, it is trochoid in form. Its 
shape varies from stoutly lenticular to hemispherical with flat, or only slightly convex, base. 
The peripheral border is always fairly sharp. 

The upper surface of the test is very smooth, but the whorls of the spire can generally be 
traced on it by reason of a slightly thickened suture which follows their junction. The chamber 
partitions are usually only to be seen towards the outermost part of the spire, where the covering 
shell material is youngest and thinnest. This obscuring, in unweathered specimens, of the 
earliest parts of the spire, all of which might otherwise be seen on the upper surface of the test, 
is shown by internal sections to be due to the enveloping nature of the whorls. The earlier 
parts of the spire are covered by as many layers of shell material as there have been whorls 
to succeed them. 

The lower surface of the test (which, owing to its trochoid form, shows the last whorl 
only) is much the most strongly marked, and affords the principal characters by which the 
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species can be identified without sectioning. It shows a characteristically granulated disc, 
divided into segments by radial furrows, and surrounded by a narrow smooth marginal band. 
These furrows are produced by the puckering up of the chamber floor to form double septa 
between successive chambers. The granules are most crowded in the middle of the disc and 
along the flanks of the radial furrows. They are also largest in the middle of the disc, where 
they lengthen into pillars and sometimes merge into each other laterally to form irregular 
bars and ribs. 

The last formed chambers are the freest from granules, and best show the structures 
called " astral lobes," etc., by CARPENTER and BRADY. These lobes are formed by the partial 
separation of the umbilical portion of the chamber from the rest of the chamber by a furrow 
which passes across the chamber floor. This furrow, which may be called the astral one, starts 
from a point fairly high up (i.e. nearer the periphery) in rear of the chamber and traces a 
rather sinuous course to a point lower down (or nearer the umbilicus) in front of the chamber. 
Sections of the test show that this furrow (formed, like the radial ones, by a puckering up of 
the chamber floor) is usually much deeper at the beginning than at the end of its course. 
The astral lobe, or portion of the chamber separated off by this furrow, is generally more 
turgid or convex (as seen from below) than the rest of the chamber, and soon develops 
larger and coarser pillars on its surface. 

Axial sections show that the whorls are completely enveloping on the upper surface; 
and a " marginal cord," very like that of Nummulites, is commonly developed at the periphery 
(see Pl. IV, figs. 5 and 11). The chamber wall, which is relatively thick on the upper surface, is 
much thinner below, and extends far into the umbilical region of the test. In the earliest whorls 
it probably extends right across the umbilicus, but is very thin and irregular there; in later 
whorls it parts at the axis, its inner ends being detached, slightly clubbed and turned upwards. 
An umbilical gap, therefore, is only found in the later whorls, and is relatively narrow. 

Pillars seem, at first, to be rare or non -existent; but soon appear and rapidly multiply, 
filling both the umbilical gap and also the region of the astral lobes, which may be regarded 
as an intermediate area, since it would seem to be too crowded with pillars to have much 
function as a chamber zone. These pillars do not usually pass from one whorl to another, 
as in Dictyoconoides and Lockhartia, but are mostly discontinuous or limited to the level of 
their own whorl. Sometimes they develop peculiarly dense ends, which further serve to 
distinguish the pillars of one whorl from those of another. On the other hand, the pillars 
often blend with each other laterally, in a way not seen in the Dictyoconoides group, to form a 
solid mass of shell substance. 

The following are some dimensions of the test, based upon measurements of about 
80 specimens :- 

Diameter of Base. No. of Chambers 
to Last Whorl. 

Width of 
Marginal Band. 

Diameter across 
Astral Lobes. 

1.2 mm. 8 0.06 mm. 0.6 mm. 
1.5 9 -10 0.07 0.7 
2.0 10 -11 0.10 1.0 
2.5 11 -12 0.13 1.3 
3.0 13 -14 0.15 1.5 
3.5 14 -15 0.17 1.7 
4.0 15 -16 0.20 2.0 
4.3 17 0.22 2.2 
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Thus the width of the marginal band is about 1 /10th of the radius; but it may, in places, 

be as much as 1 /8th. The umbilical region of the test, if we include the astral lobes, occupies 
the middle half of the diameter, so that the spire occupies the outer half of the radius. The 

height of the test was found to be always about 4 /7ths of the diameter of the base, whatever 
the size of the specimen (from F2 to 4.3 mm. diam. of base) ; it varied in individuals from 
4/6k to 4/7k. The pores are about 10 to 12 µ in diameter and are spaced about two diameters 

apart, from centre to centre. 
The protoconch is about 120 µ in diameter (see text -fig. 6). The first 

four whorls measure respectively about 0.6, 1.2, 2.3 and 3.6 mm. in diameter. 
They normally contain about 5, 8, 12 and 14 chambers respectively. The 
first chamber, however, after the protoconch, is abnormally large, being 
about equal in size to the protoconch and much bigger than the next 
succeeding chamber. It is possible that the protoconch is double; in which 

TEXT -FIG. 6. -First case the numbers of chambers in the first four whorls would be about 6 -7, 
whorls of Rotalia 
trochidiformis (Brit. 9 -10, 12 -13 and 14 -15 respectively. 
Mue. specimen No. The aperture (pylome) is long and wedge- shaped, extending across 
P. 28656). x20. 

most of the upper part of the chamber partition, just below its line of 
contact with the preceding whorl (see last chamber on the left of fig. 8, Pl. IV). 

Rotalia trochidiformis var. hautevillensis nov. 

Holotype, École des Mines, Paris, Specimen shown on Pl. IV, figs. 1 and 2. 

(Pl. IV, figs. 1, 2, and 8.) 

A certain number of the specimens from Hauteville, near Valognes in the Cotentin, 
sent by Professor H. DouvILLÉ from the collections at the École des Mines, Paris, differ 
rather markedly from the normal R. trochidiformis of the Paris basin. They are larger and 
coarser in type, the biggest seen by me attaining a diameter of 5 mm. across the base. Internal 
sections show that the whorls are less fully embracing -that is, they are reduced in thickness 
where they envelop -on the upper surface of the test, and the spire in consequence appears 
clearly on the upper surface. The spire itself is also more closely wound 
than that of the normal R. trochidiformis, the first five whorls being com- 
pleted at diameters of 0.4, 1.1, 2.0, 3.1, and 4.3 mm. respectively. These 
whorls contain about 4, 7, 12, 15, and 18 chambers respectively. The only 
protoconch I have seen measured about 150 t.t. in diameter (see text -fig. 7). 
Granules cover the base very uniformly in the larger specimens, and the 
marginal band is relatively thinner and not so distinctly marked off as in normal R. 
trochidiformis. 

Other specimens from Hauteville seem to be indistinguishable from normal R. trochidi- 
formis; and, having no further information, I cannot say whether the varietal individuals 
come from the same horizon as the others or from a different one (the local beds ranging from 
middle Lutetian to Auversian). Thus the differences here noted may either indicate a more 
neritic facies among contemporary forms or a slightly later horizon among successive ones. 

I understand that Professor DouvILL regards these rather abnormal R. trochidiformis 
specimens as representing a distinct "race" of the species, but no more. He may be right; 
and if I call it a "variety" it is only because I myself do not distinguish between races and 
varieties, but use the latter term to cover any recognisable and constant departures from the 
normal of less than specific value. 

TEXT-FIG. 7. - First 
chambers of the 
variety hautevil- 
lensis. x 20. 
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Geographical and Stratigraphical Distribution. 

All the specimens of R. trochidiformis hitherto seen by me come from the middle Eocene 
(Lutetian to basal Auversian) of north -west France. I understand from Mr E. HERON - 
ALLEN that it has been reported from the middle Eocene of southern England. One would 
certainly expect to find it there; but I have so far failed to recognise it in material from those 
parts which was said to contain it. The only evidence I have yet found of its existence out- 
side of France is in SCHWAGER'S work (46), where he figures as well as reports it from the 
Eocene of Egypt. Although his figures (reproduced on Pl. II, fig. 12) are rather schematic, 
they do seem to represent what is probably this species. It is, of course, very unlikely that 
such a well- marked and locally abundant species as R. trochidiformis should be confined to 
so limited an area as the Paris basin and the Cotentin; and now that it has been more 
fully figured and described, one may perhaps hope to hear of its more reliable identifications 
elsewhere. 

Notes on Some Other Types. 

It is clear that BRADY, following CARPENTER and his colleagues, considered the possession 
of " astral lobes " to be one of the principal characteristics of the genus Discorbina. I 
therefore examined the " Challenger" types (kindly shown me by Mr M. BURTON, of the 
Zoological Section of the British Museum (Natural History)) in order to see the actual specimens 
which BRADY referred to this genus. Most of these forms (which are very small and can only 
be examined externally, since no internal sections seem to have been prepared) are disappoint- 
ing. I could see little evidence of any reason for the inclusion of many of them in one genus; 
no recognisable property that I could see -except of the most general character -being 
common to all. Astral lobes, even of the most elementary kind, only appeared in a small 
number of the species here grouped together. It was interesting, however, to note the varia- 
tions in the development of the lobes shown by those species which did possess them. Thus 
in some (e.g. polystomelloides * and rugosa) the astral furrow completely traverses the chamber 
from rear to front, as in R. trochidiformis. In others (e.g. vesicularis, rosacea, globularis, and 
vilardeboana) the astral furrow only proceeds for part of the way across the floor, so that the 
lobe is never completely marked off from the rest of the chamber. In several species (e.g. 
rosacea, vesicularis, and turbo) the astral furrow is inclined sharply towards the centre of the 
test; in others (e.g. globularis) the inclination is much less sharp, and the furrow may not only 
be short but broad and shallow as well. In all cases, however (so far as I have yet seen), the 
astral furrows have this common property, that they commence from the rear of the chamber 
and incline more or less towards the axis of the test. The amount of the inclination and the 
distance proceeded vary in different species, as also does the quality of the furrow as 
regards its width and depth. 

To sum up: BRADY'S Discorbina seems to me to be a very heterogeneous collection of 
forms; but some of the species he put into it do show signs of the astral lobes upon which he 
laid such stress (as I think rightly). It is highly probable that these forms themselves belong 
to more than one genus, owing to their distinctions in other respects; but the apparently 
systematic method of developing these astral lobes, by furrows commencing from the begin- 
ning of the chamber itself, and inclining more or less towards the axis of the test, seems to 
justify us in regarding the lobes as a systematic feature, with some definite -if obscure - 
physiological basis. 

* According to HOMIER (28), polystomelloides has a canal system, and that would separate it generically from R. trochidi- 
formis ; but BRADY'S polystomelloides look to me different from HoFKER's figures (28a), and it is possible that different types 
have been called by the same name by these two authors. 
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I show, in text -fig. 8, what appear to me to be the differences in chamber walls (taking a 

section out of the middle of each chamber) between the species Lockhartia haimei, L. conditi, 

and Rotalia trochidiformis, as well as two of BRADY'S species. These latter are rather hypo- 

thetical, since they have not been seen in section as here represented. (N.B. -The astral 

furrow in rosacea has been drawn rather too long. 

It should not quite reach the umbilical margin of 

the chamber floor.) 

Genus LOCKHARTIA: 

L_ hainzei. conditi. 

Genus RO?ALlA: 
R. Z-zochidifvzTnzs. 

Genus ? 

gZabulari.r 

TEXT-FIG. 8. 

Affiliations, etc., of Species. 

I show, in text -fig. 9, the apparent affiliations 
and stratigraphie range (so far as at present known) 
of the species -dealt with in this paper. I have 
tried to convey, by the relative widths of the shaded 
blocks, an idea of the comparative numbers and TEXT -FIG. 9. 

extent of geographical distribution of the species concerned at various periods. The table is, 
in some respects, hypothetical and schematised, especially as regards the beginnings and 
endings of specific histories, which I have generally represented by tapering ends to the shaded 
blocks. In the case of L. conditi there is some actual evidence for this; in other cases the 
evidence as to how rapidly the forms came into existence, or went out of it, is missing, 
except at the post -Ranikot unconformity, where forms do abruptly disappear. 

SuVasta-d Affiliations of tha `Three Genera. 

ROTALIA LOCKHART1A DICTYOCONOIDES 

Lutetian 
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III. DEVELOPMENT AND CLASSIFICATION. 

(a) Development. 

(i) Of the Rotalids. 
The species Rotalia trochtidiformis, as is so commonly the case among spirally coiled 

foraminifera with dissimilar faces, shows an equal number of right- handed spires and left - 
handed ones. Why, may we ask, is this? Why should so many foraminiferal species show 
such indifference as to the direction in which their members coil their spires, when no such 
indifference is seen, e.g., among gastropods? 

It seems to me, as I have pointed out before (17f), (22e), when dealing with Dictyoconoides, 
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that this indifference indicates that the individual begins life without bias to either side- 
in other words, it starts as a bilaterally disposed organism, with some internal factor of 
instability which makes it subsequently develop to one side at the expense of the other, but 
to one side as readily as the other. 

Suppose an original cell, or protoconch, round which a succession of subsequent cells 
is symmetrically (or equatorially) coiled, as in Nummulites or Assilines. This spire will 
appear to be right- or left- handed according as it is viewed from one side (or pole) or the 
other. But suppose that the coil inclines to the right while winding: an umbilicus will then 
be developed to that side, and, if this is relatively crowded with secondary material, the 
spire will be most easily examined from the left, or convex and less crowded, side -in which 
case the spire will seem to have a left- handed twist. The reverse would be the case if the 
coil inclined to the left pole while winding; it would then be best seen from the right, and 
would seem to have a right -handed twist. It is not therefore (in my opinion) a case of the 
direction of coiling being reversed in certain individuals, but rather of the spire inclining to 
one side or the other while proceeding in a given direction. 

This postulate, however, of internal instability leading to specialisation towards one 
pole or the other (without initial preference for either pole) implies that the differences 
which appear between the two faces (or polar aspects) of the test are related to the pro- 
gressive specialisation of the individual towards one particular pole. They would have been 
reversed had it, like 50 per cent. of its immediate relatives, inclined towards the other pole, 
and are based upon no original dissimilarity between two sides of the creature. 

This bilateral similarity in earliest life (which I infer from the readiness shown among 
Rotalid forms to coil either to right or left) seems to be further indicated in Dictyoconoides 
(whose pillars are developed from the earliest stages of existence) by the crowding of pillars 
at the apex of the test, and their progressive diminution outwards from the apex, repre- 
senting the results of increasing specialisation of the test towards the umbilical pole. 

In R. trochidiformis (whose pillars do not seem to be a primitive character of the test) 
pillars never appear on the upper surface of the test, and are only doubtfully indicated at 
first even in the umbilical region. On the other hand, we seem to see how increasing 
specialisation towards the umbilical pole leads progressively to the thinning and final breaking 
of the enveloping wall on that side, and to the correlated development in that region first of 
an intermediate and then of an open umbilical region, both filled with pillars. 

In the one species, pillars gradually disappear from the upper surface of the test; in 
the other they gradually develop on the lower surface. In both cases an early bilateral 
similarity (both faces pillared in the one species, both smooth in the other) disappears in 
later life. In each case the last whorls of the adult spire are smooth above and granulated 
below -a matter of convergence which may sometimes be rather deceptive. In either case 
the total structure of the form seems to be best understood when we remember that the 
differentiation between the two sides of the test is progressive, and is most clearly marked in 
the outermost parts of the test. 

No doubt, as with flat -fish in the vertebrate phylum, the early bilateral similarity is suited 
to an early free -swimming stage of existence, and the later specialisation to one side to a 
final existence on the sea floor. 

(ii) Of the Dictyoconus Group. 

It is interesting to compare these hyaline Rotalid forms with the porcellanous ones 
described in my last paper read before this Society (21). In the latter, an early spiral stage 
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is soon 
each 

succeeded by a rectilinear one; successive 
with its central shield and marginal trough, 

b' á 

" cups " being added one below the other, 
and minor structures peculiar to the same. 

Specialisation to life on the sea floor 
ceases, in these forms, once the 
rectilinear habit is assumed, for it 
can then go no further. Even in 
the spiral stage one can see the 
various parts of the cup, and even 
the detailed structure of the mar- 
ginal trough, already in being; so it 
is clear that there is never any 
specialisation to one pole, such as 
distinguishes the Rotalids. It is not 
a case of the coil inclining to one 
side or the other, but of its ceasing 
to coil. The irregularity of the early 
spire, in the Dictyoconus group, was 

in that paper (21a). Diagrammatically, the 
and its allies may be represented by text- 

TEXT-FIG. 10.- Diagram to illustrate structural 
of : a, Nummulites, Assilines, etc. ; b' -b ", Ro 
e' -c ", Dictyoconus group. 

commented on 
development of 
fig. 10c'. 

It will be seen that in this type also there is an original instability -a 
tendency to incline towards one pole or the other; but this does not, as in 
the case of the Rotalids, harden into a permanent bias towards the pole 
first favoured (thus deciding the whole future structure of the test). On 
the contrary, the inclination "wobbles" from one pole to the other; and 
soon assumes a middle course, favouring neither pole, and ceasing even to 
coil. The equator, so to speak, straightens itself out; and it is the end 
of the equator, not one of the poles, which finally officiates as the " base" 
of the test. 

by me 
Dictyoconus 

design 
tauds ; 

(b) The Question of Classification. 

I emphasise these points because, being connected with development, they are funda- 
mental. Thus we find that some of the most careful systematic workers on the foraminifera, 
like CARPENTER and his colleagues, have, since they failed to distinguish the development of 
the test, actually put into the same genus Rotalid forms with members of the Dictyoconus 
group (7) ; and their error survives, in modified form, to this day, as we may see by reference 
to CHAPMAN'S and CUSHMAN'S general works on the foraminifera (10), (12c), (13a). Nor is 
the mistake unnatural when we consider the adult test alone, as these writers have done. In 
both cases we may see a more or less conical form with flattened base; the upper, or more 
convex, surface being relatively smooth, and closely underlain by a layer of large chambers 
(spirally disposed in the Rotalids, cyclically in Dictyoconus) ; while the base, in both cases, 
shows a central region surrounded by the ring of large chambers already mentioned. Vertical 
sections of the test show that this central region extends upwards in a cone towards the apex 
of the test, inside the surrounding layer of spirally or cyclically disposed large chambers. 
What wonder, then, that the two groups of forms have been regarded as rather intimately 
related to each other? 

MM. SCHLUMBERGER and DouVILLÉ have, however, reminded us (45) of the importance 
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(which CARPENTER himself long ago pointed out! (7)) of distinguishing between hyaline tests 
and porcellanous ones; and it is significant that while the Rotalids are hyaline the others are 
porcellanous. If the distinction between those two types of shell material is fundamental, we 

seem forced to admit that the apparent resemblances between the adult tests must, in any 
case, be due to convergence and not to close affiliation. 

Ontogeny confirms this. It shows us that, from the beginning, a different scheme of 
development is pursued. The Rotalid continues coiling to the end of its existence. Its 
central part, or umbilicus, coincides with its axis of revolution; and it is filled, if filled at all, 
with lateral appendages to its main line of growth -a line which coils its way round the 
umbilicus, and below a cortical surface formed of lateral appendages to the other side. In 
Dictyoconus, however, the development is essentially " end on." Its successive chambers, or 
"cups" (see the diagrams in my last paper), are from the start far more individualistic and 
distinct from each other than the successive chambers of forms like Nummulites and Rotalids. 
Although the succession of cups does, at first, coil round an axis in Dictyoconus -due, perhaps, 
to an early free -swimming stage of existence -the cups never seem to become finally committed 
to this method of progression; they never seem to develop lateral extensions towards the 
axis of this rotation, they " wobble " from one pole of it to the other, and they finally abandon 
it very early in life for that rectilinear progression which seems best suited to their individual- 
istic nature. We may remember in this connection that, owing to the porcellanous character 
of its test, a member of the Dictyoconus group could not (like the hyaline -shelled Rotalids) 
send out pseudopodia in all directions; as I pointed out in my last paper, it could only com- 
municate with the outer world through the perforated central shield of its last formed cup. 
In other words, this central part of the base in Dictyoconus, which has been treated by various 
writers as if it corresponded with the central part of the base in Rotalids, is really analogous 
to the pylome at the end of the spire in the latter; it is exclusively devoted to the function 
(of communicating from chamber to chamber, and finally with the outer world) which is mainly 
(though not exclusively) performed by the large septal aperture of the chamber in Rotalids, 
found outside the umbilicus in those forms. 

Note in this connection how the main aperture, in our coiled forms, inclines towards the 
last preceding whorl. This draws it away from the centre of the chamber. In the " end-on" 
adult Dictyoconus there is no accompanying whorl, but only one straight sequence of chambers; 
and the apertural region, having no cause for bias to any side, centralises itself. 

These facts simply confirm and illustrate what was said above. The spiral Rotalid 
grows and lives, so to speak, round its umbilicus. The rectilinear Dictyoconus, on the other 
hand, lives in the middle of its shell. Its umbilicus is no axis round which it revolves in 
growth; it is the very heart of its being, the central course of its growth and existence. To 
associate Dictyoconus with the Rotalids, therefore, involves ignoring not only their essential 
difference in shell texture, but also their fundamental difference in structure. 
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DESCRIPTION OF FIGURES. 

PLATE I. 

Fig. 1. Dictyoconoides vredenburgi (Davies). LECTOTYPE. Geol. Surv. India, reg. No. 15316. From Hindu 
Bagh. Base view. x 10. (T. C. DAY, photo.) 

Fig. 2. Dictyoconoides kohaticus (Davies). Brit. Mus. (Nat. Hist.), reg. No. P. 22631. From Kohat. Section 
parallel to base. Shows multiple spire, with terminal chambers spaced round the periphery. Note the crowded 
but distinct character of the umbilical pillars. x 10. 

Fig. 3. Same specimen as fig. 1. Apical view. Shows pillars crowded at the pole and thinning outwards ; 

also multiple spire with terminal chambers spaced round the periphery. x 10. (T. C. DAY, photo.) 
Fig. 4. Dictyoconoides vredenburgi (Davies). From Hindu Bagh. Meridian (axial) section. Shows the rela- 

tively large cortical chambers ; also non -embracing character of whorls on upper surface, recurved nature of inner 
ends of chamber walls, and continuous nature of umbilical pillars traversing successive layers of shell substance. 
x 10. (Reproduced by courtesy of the Director, Geol. Surv. India.) 

Fig. 5. Dictyoconoides vredenburgi (Davies). Brit. Mus. (Nat. Hist.), reg. No. P. 22898. From Hindu Bagh. 
Base view. Shows multiple spire, with 9 terminal chambers spaced round the periphery. Young individual. x 10. 

Fig. 6. Dictyoconoides kohaticus (Davies) var. spintangiensis Davies. From Spin Tangi. Meridian section. 
Shows the characteristically numerous spire, and great development of umbilical structure. x 10. (Courtesy of 
the Director, Geol. Surv. India.) 

Fig. 7. Same specimen as fig. 5. Apical view. Shows multiple spire, and pillars crowded at the pole. x 10. 
Fig. 8. Dictyoconoides kohaticus (Davies). Brit. Mus. (Nat. Hist.), reg. No. P. 29855. From CARTER collection, 

and probable original of his figs. 7, 7a -b, 7f (reproduced here as figs. 12, 12a -b, 12f). Compare with 12a. From 
Valley of Khelat. x 5. 

Fig. 9. Dictyoconoides cooki (Carter). LECTOTYPE. Brit. Mus. (Nat. Hist.), reg. No. P. 28572. From CARTER 
collection. Original of CARTER'S figs. 7c and e, reproduced here as 12c and e. From Sind. Note the great height 
of test combined with convex base. x 10. 

Fig. 10. Same specimen as fig. 8. Compare with fig. 12. x 5. 
Fig. 11. Dictyoconoides kohaticus (Davies). Brit. Mus. (Nat. Hist.), reg. No. P. 29858. From CARTER collection, 

and probable original of his fig. 7d (reproduced here as 12d). From Valley of Khelat. x 5. 
Figs. 12 -12g. Reproduction of CARTER'S figs. 7 -7g, as shown on pl. xv, Ann. Mag. Nat. Hist., Ser. 3, vol. viii. 

(Courtesy of the Editors, Ann. Mag. Nat. Hist.) 
Fig. 13. Same specimen as fig. 8. Compare with figs. 12b and f. x 5. 
Fig. 14. Dictyoconoides kohaticus (Davies). Brit. Mus. (Nat. Hist.), reg. No. P. 29859. From CARTER collection, 

and probable original of his fig. 7g (reproduced here as 12g). From Valley of Khelat. x 5. 

PLATE II. 

Fig. 1. Dictyoconoides kohaticus (Davies). From Kohat. Meridian section. Shows accumulation of shell 
substance at the apex, with pillars rising through it at whorl junctions. Three darkened chambers towards the 
right, where the section passes through septal partitions, show a narrow elongated pylome where each partition meets 
the preceding chamber wall. "Note the irregular lines issuing from junctions of chamber walls, either representing 
or simulating branches from a cortical canal system. x 30. 

Fig. 2. Enlargement of fig. 4, pl. i. x 20. 
Fig. 3. Enlargement of fig. 5, pl. i. x 20. 
Fig. 4. Lockhartia haimei (Davies). From Thal. Base view. Compare its single terminal chamber with 

9 terminal chambers of young D. vredenburgi (fig. 3). x 20. (Reproduced by courtesy of the Council, Geol. Soc. 
Lond.) 

Fig. 5. Lockhartia haimei (Davies). HOLOTYPE. Geol. Surv. India, reg. No. 13551. From Thal. Apical view. 
Shows single spire and coarsely granulated pole. x 20. (Courtesy of the Council, Geol. Soc. Lond.) 

Fig. 6. Lockhartia haimei (Davies). From Lockhart Limestone, Samana Range. Meridian section. Shows 
chamber walls partially embracing above, recurved and claw- shaped below. Note the large protoconch, and 
numerous thin umbilical pillars. x 30. (Courtesy of the Director, Geol. Surv. India.) 

Fig. 7. Lockhartia conditi (Nuttall). From Thal. Meridian section. Shows chamber walls embracing above, 
flattened and expanded below. Note the massive umbilical pillars. x 20. (Courtesy of the Council, Geol. Soc. 
Lond.) 
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Fig. 8. Rotalia trochidiformis Lamarck. Side, base and apical views of solitary specimen in LAMARCK'S collec- 

tion at Geneva. Note abraded lower surface of the specimen. x 10. (Reproduced and enlarged, by kind per- 

mission of Dr J. FAVRE, from his photographs of it (26).) 
Fig. 9. Reproduction of GUETTARD'S figures (27) of " Hélicites rayonnées," which LAMARCK quoted (30) as 

illustrating Rotalites tuberculosa. 
Fig. 10. Reproduction of LAMARCK'S figs. 8a -b, illustrating Rotalia [Rotalites] trochidiformis (31), (31e). 

Fig. 11. Reproduction of DEFRANCE'S illustrations of Rotalia [Rotalites] trochidiformis (23e). 

Fig. 12. Reproduction of SCHWAGER'S illustrations (46) of Egyptian fossils referred to R. trochidiformis. 
Fig. 13. Rotalia trochidiformis Lamarck. Brit. Mus. (Nat. Hist.), reg. No. P. 28646. From Parnes, France. 

Decorticated specimen. x 10. 
Fig. 14. Rotalia trochidiformis Lamarck. Brit. Mus. (Nat. Hist.), reg. No. P. 28654. From Chaussy, France. 

Decorticated specimen. x 10. 
Fig. 15. Rotalia trochidiformis Lamarck. Brit. Mus. (Nat. 'list.), reg. No. P. 28647. From Parues, France. 

Specimen with abraded lower surface ; astral lobes have disappeared, owing to their greater convexity. x 20. 

PLATE III. 

Fig. 1. Complete set of original type specimens (30 in all) of R. trochidiformis Lamarck, mounted- on a slide 
labelled by LAMARCK, in DEFRANCE'S collection at Caen. The LECTOTYPE is the fourth specimen from the bottom 
of the right -hand row (containing 17). It lies on a line joining the bottom specimen of the left -hand row (containing 
13) to the letter " h " in " trochidiforme." x 3. 

Fig. 2. Back of the slide, showing LAMARCK'S handwriting. Natural size. 
Fig. 3. Rotalia trochidiformis Lamarck. Largest specimen on the slide (middle of row containing 17). Note 

how granules covering the base hide the astral lobes. x 10. 
Fig. 4. Rotalia trochidiformis Lamarck. LECTOTYPE. Note the astral lobes, also granules developing at, and 

spreading outwards from, the astral and radial furrows. x 10. 
Fig. 5. Another photograph of same subject as fig. 4. x 10. 
Fig. 6. Rotalia trochidiformis Lamarck. 7th specimen from bottom of the right -hand row (containing 17) ; 

opposite the " m " in " trochidiforme." It shows an intermediate stage between figs. 5 and 3. x 10. 
Fig. 7. Same subject as figs. 4 and 5, enlarged to 20 diameters. Note perforations of the base, between the 

granules ; also the imperforate marginal band. 
Fig. 8. Same subject as fig. 3, enlarged to 20 diameters. 
Fig. 9. Rotalia trochidiformis Lamarck. Bottom specimen but one of left -hand row (containing 13). x 10. 
Fig. 10. Rotalia trochidiformis Lamarck. Bottom specimen of left -hand row. x 10. 
Fig. 11. Rotalia trochidiformis Lamarck. Dr BEZANÇON'S collection, École des Mines, Paris. From Chaussy, 

France. Section parallel to base. Note how the umbilical pillars fuze together laterally, and compare with 
Dictyoconoides (pl. i, fig. 2). x 20. (T. C. DAY, photo.) 

Fig. 12. Rotalia trochidiformis Lamarck. Brit. Mus. (Nat. Hist.), reg. No. P. 28653. From Chaussy, France. 
Meridian section. Shows chamber walls enveloping above, and penetrating deeply into umbilicus below ; also 
pillars crowding umbilical regions and often fusing laterally into each other. Note the discontinuous nature and 
dense ends of these pillars. x 20. (T. C. DAY, photo.) 

Fig. 13. Rotalia trochidiformis Lamarck. Brit. Mus. (Nat. Hist.), reg. No. P. 934. From Parnes, France. 
Apical view. Shows the smooth surface, with faintly indicated single spire. x 20. 

Fig. 14. Dictyoconoides vredenburgi (Davies). Enlargement of fig. 7, pl. i. Compare the multiple spire of this 
genus with the single spire of Rotalia (fig. 13). x 20. 

PLATE IV. 

Fig. 1. Rotalia trochidiformis Lamarck, var. hautevillensis nov. HOLOTYPE. From Hauteville, France ; now 
in the École des Mines, Paris. Apical view. Note the closer wound spire of this variety ; and its clearer definition 
owing to thinning of its enveloping whorls. x 10. (T. C. DAY, photo.) 

Fig. 2. Same specimen as fig. 1. Base view. Shows crowding of pillars over the base, and reduced definition 
of the marginal band. x 10. (T. C. DAY, photo.) 

Fig. 3. Rotalia trochidiformis Lamarck. Brit. Mus. (Nat. Hist.), reg. No. P. 27275. T. RUPERT JONES 
collection. From Chaussy, France. Base view. x 20. 

Fig. 4. Rotalia trochidiformis Lamarck. Brit. Mus. (Nat. Hist.), reg. No. P. 27278. T. R. JONES collection. 
From Chaussy, France. Meridian section of young specimen, showing rather arrested development. Note incipient 



428 LIEUT. -COLONEL L. M. DAVIES ON THE GENERA DICTYOCONOIDES, ETC. 

pillars in umbilical region of 2nd whorl ; also thin and irregular nature of wall -which has not yet parted -in 
umbilical region of 3rd whorl. x 20. (T. C. DAY, photo.) 

Fig. 5. Rotalia trochidiformis Lamarck. Brit. Mus. (Nat. Hist.), reg. No. P. 28644. From Parnes, France. 
Meridian section of adult. Note how chamber walls envelop above, develop a " marginal cord " at the periphery, 
and become thin and irregular in the umbilical region -where a definite opening appears at the last whorl. A deep 
astral furrow appears to right of the test, and a shallower one to left. Pillars crowd the umbilical regions -in- 
cluding the astral lobes -and are discontinuous, develop dense ends, and tend to merge together laterally. x 25. 
(T. C. DAY, photo.) 

Fig. 6. Rotalia trochidiformis Lamarck. Brit. Mus. (Nat. Hist.), reg. No. P. 27276. T. R. JONES collection. 
From Chaussy, France. Base view. Astral lobes obscured in all but last few chambers. x 20. 

Fig. 7. Lockhartia conditi (Nuttall). Same as fig. 7, pl. ii, further magnified for comparison with fig. 8. x 30. 
Fig. 8. Rotalia trochidiformis Lamarck, var. hautevillensis nov. Meridian section of specimen from Hauteville, 

now in the École des Mines, Paris. Note the thinning of enveloping walls on the upper surface. The last two 
whorls show an opening at the umbilicus ; astral furrows are indicated -a deep one to right, shallower ones to 
left ; and the last chamber on the left shows its pylome clearly marked. Compare the umbilical structure of this 
genus with that of Lockhartia (fig. 7) which has no equivalent to astral lobes. x 30. (T. C. DAY, photo.) 

Fig. 9. Rotalia trochidiformis Lamarck. Same specimen as fig. 13, pl. iii. Base view. Astral lobe only 
distinguishable in last formed chamber. x 20. 

Fig. 10. Rotalia trochidiformis Lamarck. Brit. Mus. (Nat. Hist.), reg. No. P. 27277. T. R. JONES collection. 
From Chaussy, France. x 20. 

Fig. 11. Portion of fig. 5, further enlarged to show enveloping whorls and detail of " marginal cord." x 85. 
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ri 
(Reprinted from NATURE, Vol. 135, page 188, February 2, 1935.) 

Eocene Beds of the Punjab Salt Range 

Mx. E. S. PIN-FOLD and I have recently made a 
special examination, on behalf of the Attock Oil 
Company, of the Eocene beds of the Punjab Salt 
Range, with the view of determining their exact age. 
It will be remembered that opinions as to this have 
varied greatly in the past, some geologists referring 
them to the Laki, others to the Khirthar, while others 
again have shelved the question of their precise age 
by calling them "Hill" limestones or "Nummulitic 
beds ", etc. 

I have now found, on examining fossils collected 
from these Eocene beds by Mr. `Pinfold, that the 
beds are actually divisible into two distinct portions, 
the lower one belonging to the Ranikot and the upper 
to the Loki. Having lately received permission 
from the Attock Oil Company to publish our results, 
Mr. Pinfold and I hope shortly to produce a paper 
in which the relevant field and palaeontological 
evidence will be discussed in detail. 

L. M. DAVIES. 
8 Garscube Terrace, 

Edinburgh 12. 
Jan. 16. 

Printed in Great Britain by FTSHeR, KNIGHT & Co., LTD., St. Albans 



(Reprinted from NATURE, Vol 139, page 414, March 6, 1937) 

Extent of the Ranikot Sea 
Wrrx reference to my preliminary note' on the 

results of work by Mr. Pinfold and myself on the 
Eocene beds of the Punjab Salt Range, we have now 
determined the fact that, of the six sections of the 
local Eocene, the lower three (Dhak Pass Beds, 
Khairabad Limestone and Patala Shales) are all of 

- 

Upper Ranikot age ; the Patala Shales representing 
of elements than have yet been found 

elsewhere. ee upper sections (Nammal Shales, 
Sakesar Limestb. _ _,,,e Bhadrar Beds) are of Lower 
to Middle Laki age, t nformity between Rani- 
kot and Laki being rather le: . e Salt Range than 
elsewhere. Our paper on this giving full 
pakeontological details, will appear in du: se as the 
first part of vol. 24 (N.S.) of the Palaeontologia .. 'ca. 

We have meanwhile studied the Eocene rocks 
Waziristan, and the Kohat and Attock Districts, in 
order to determine the further extensions of these 
beds to the north and north -west. I also examined 
the late Sir Henry Hayden's collections from the 
Cretaceous and Eocene beds of Kampa Dzong in 
Tibet, due north of Calcutta. Certain of these beds 
were referred to the Danian by Prof. H. Douvillé 
in 1916 ; but Dr. G. de P. Cotter, of the Geological 
Survey of India, afterwards argued that they more 
probably belong to the Laki. I found that they are 
really of Upper Ranikot age, their foraminiferal fauna 
agreeing in closest detail with that of the Khairabad 
Limestone of the Punjab Salt Range. 

It has thus become obvious that the Ranikot Sea, 
once thought to have been limited to a small area 
in western Sind, not only reached northwards as far 
as the Tirah, but also extended thence to the east 
over the whole length of the Himalayas, as far, at 
least, as the longitude of Calcutta. The peculiarly 
rich and characteristic Ranikot foraminiferal fauna 
has not, however, yet been traced far to the west ; 

and its distinction from the contemporary faunas of 
Europe indicates that Indian waters formed a 
separate zoological province in Palæocene times. 
Many European species appear in the succeeding 
Laki, however, and the foraminiferal fauna of 
the Khirthar is very similar to that of the Lute - 
tian. Thus the isolation of Indian waters during 
the early Tertiary appears to have been limited to 
the Palteocene. 

XIII 

L. M. DAVIES. 
8 Garseube Terrace, 

Edinburgh, 12. 
Jan. 29. 

NATURE, 135, 188 (Feb. 2, 1935). 

Printed in Great Britain by FISHER. KNIGHT & Co.. Lm.. St. Albans. 
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ABSTRACT. 

The authors record their discovery of Ranikot beds on the Punjab Salt 
Range. The relevant field and palæontological evidence is discussed, and it 
is shown that the Ranikot deposits are succeeded by Laki ones, a well marked 
unconformity separating these two sections of the local Nummulitic sequence. 
A detailed study is offered of the fossils found in both sections, with particular 
regard to the larger foraminifera, of which a new genus and twelve new species 
are described. 
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THE EOCENE BEDS OF THE PUNJAB SALT 
RANGE. 

BY 

LT. -COL. L. M. DAVIES, M.A., F.G.S., 

AND 

E. S. PINFOLD, M.A., F.G.S. 

(With Plates I -VII, Text -figs. 1 -4, and Fossil Distribution Table.) 

INTRODUCTION. 

BY 

LT. -COL. L. M. DA VIES. 

THE late Mr. E. W. Vredenburg, of 

out some time agog that deposits 
sexist outside of a relatively small area 
the presence of such early Eocene beds 
under closer investigation. 

This statement was perfectly correct at the time ; but I subse- 
quently succeeded2 in establishing, on good fossil evidence, the presence of both 
Lower and Upper Ranikot beds at Thal (33° 22' : 70° 33') at the western end 
nf the Miranzai valley some 500 miles north of Sind. Shortly after this, 
Mr. D. N. Wadia, of the Geological Survey of India, declared his conviction that 
Ranikot beds are present in Kashmir3 ; but since his opinion was based upon 
Ethological considerations only, and fossil confirmation has apparently not yet 
been found, that matter is in my opinion still open to doubt. Further work 
of my own, however, presently proved the extension of Ranikot beds over the 
'Samana Range to the east of Thal and over the Orakzai border, and included the 
discovery in that region of the lowest really fossiliferous Ranikot beds -the 
Hangu shales -yet found. in India4. It thus became clear that a considerable 
arm of the Ranikot sea must have extended well to the north of Sind, across the 
Kohat district and into the Tirah. 

Not long after that, Mr. E. R. Gee of the Geological Survey of India asked 
me to identify some foraminifera which he had found in the Salt Marl of the Punjab 
,Salt Range. Most of these I found to belong to Ranikot species ; and I pointed 
out in my consequent report, which was partially quoted by the Directors, 

the Geological Survey of India, pointed 
of Ranikot age had never been shown to 
in western Sind ; all attempts to prove 
elsewhere in India having broken down 

1 Pal. Ind., N. S. Vol. III, Mem. 1, pp. y, xviii-xix, (1909). 
, Quart. Journ. Geol. Soc. Land., Vol. LXXXIII, pp. 260 -290 ; Pls. XVIII -XXII, (1927). 
, Mem. Geol. Sure. Ind., LI, pp. 185, 197, 257, 259 -260, eto., (1928). 
4 Pal. Ind., N. S., Vol. XV, (1930). 
2 Rec. Geol. Surv. Ind., LXVI, p. 32, (1932). 
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it seems clear that it was the arrival of my findings, together with the fossil identi- 
fications upon which they were based, which actually decided this purely 
Paleontological question. 

At the same time it was obvious that although I had identified the fossils 
in question, Mr. Pinfold alone could say where, and under what conditions, he 
had found them. I therefore invited him to collaborate in producing a paper 
in which our joint discoveries might be adequately presented. To this he agreed, 
and the following paper is the result. The field description is altogether 
Mr. Pinfold's, while I accept entire responsibility for the more purely palæontologicaI 
part of the paper. Delay in publication has been due to our further combined 
work which has been aimed at ascertaining the nature of the beds which were 
not represented in the original collection, and obtaining more exact information 
regarding the details and lateral variations of the sequence as a whole. 

Besides working on the Salt Range collections, I visited India during the 
latter part of 1935 and most of 1936 in order to examine the Attock Oil Company's 
sections east of the Indus, and to map the hitherto geologically unsurveyed 
portions of the Kohat district. The main results of this visit will, it is 

hoped, appear in a later publication ; but I have meanwhile been enabled to 
'amplify the present paper to the extent of comparing the distributions of fossils 
on the Salt Range with their distributions as lately observed in the ' Kohat 
district and on the Kala Chitta Range'. 

I have also been enabled, by courtesy of the Director of the Geological Survey 
'of India, to examine Sir IL Hayden's collections from the Eocene (supposed 
Danian) beds at Kampa Dzong in Thibet, due north of Calcutta ; and so add to 
this paper an appendix dealing with the same, since it now appears that the 
Ranikot sea not only reached' the, Salt Range but traversed practically the whole 
length of the Himalayas in addition. 

1 The references made in the text to the sequence found on the Kala Chitta Range refer chiefly to a section lying about 
al miles north of Domel; with co- ordinates 33° 42' : 72° ny. 
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I. -FIELD DESCRIPTION. 

BY 

E. S. PINFOLD. 

General Remarks. 

Colonel Davies' examination of the first collection sent to him established 

the presence of both Ranikot and Laki deposits in the Eocene of the Salt Range,.. 

but the boundary between the two stages, and their relations, were still undeter- 
mined, and several points in the correlation of the limestones in the cores from they 

deep, test on the Khaur oil -field remained in doubt. A more detailed examina- 
tion of some Salt Range sections was therefore made during the cold season 

of 1934 -35 ; as a consequence of this work it became possible to define the 
limits of the Ranikot and Laki, and to establish the presence of an unconformity 
between the two, thus confirming Colonel Davies' prediction. 

Most of the subject matter of this field description has been discussed from 
time to time with Mr. E. R. Gee of the Geological Survey of India and 
Mr. P. Evans, geologist to The Burmah Oil Co., Ltd., both of whom have had much 
experience of the Lower Tertiary rocks of the Salt Range. Their generous 
assistance in the preparation of this field description is gratefully acknowledged. 

. The map (Plate I) has been re -drawn for publication by Mr. T. O. Morris, 
Geologist to the Indo -Burma Petroleum Co., Ltd. 

A summary of Mr. Gee's observations is given in the General Report of the 
Director, Geological Survey of India, for 19341. In this Mr. Gee points out 
that the nummulitic rocks of the Salt Range include six divisions. These 
with the names then or subsequently assigned to them, and the approximate. 
thicknesses (excluding exceptional local developments) are as follows :- 

Bhadrar beds (shales, clays, marls, limestones) 100 -300 feet 
Sakesar limestone 200 -500 
Nammal limestones and shales 100 -200 
Patala shales . 100 -250 
Khairabad limestone . 50 -500 
Dhak Pass beds (sandstones, shales, hæmatite) 20 -100 

Colonel Davies' detailed examination of the fossils has shown that the three 
lower divisions are of Ranikot age, and the three upper ones are Laki. There 
is much lateral variation in each of these divisions, but all except the uppermost 
one are well developed in the neighbourhood of Nammal. 

RANIKOT. 

1. The Dhak Pass beds. 

The lowest division is very well developed in the Dhak Pass, north -west of 
Nammal (32° 40' : 71° 49'). A ferruginous pisolite occurs between the Eocene 
and the Jurassic sandstones, shales and limestones ; this is the ` hæmatite bed 

1 Fermor, L. L., Rec. Geol. Surv. Ind., LXIX, pp. 63 -72, (1935). 
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of Wynne" and others. Mr. Gee has pointed out that this possibly represents 
the old land surface on which the Tertiary deposits were laid down. In these 
sections the pisolite has a thickness of 5 to 15 feet, and can often be seen stretching 
for long distances across country. It forms a most useful marker bed and without 
it the lowest shales and sandstones of the Eocene might sometimes be difficult 
to distinguish from the underlying Mesozoic deposits which are of closely similar 
Ethology. 

The Dhak Pass beds include sandstones, shales, carbonaceous shales, and 
less commonly thin limestones. Very rapid lateral variation is exhibited by 
this division. Fossils - are locally abundant. The molluscan remains collected 
have been referred to Mr. L. R. Cox, of the British Museum (Nat. Hist.), and 
the following species have been identified by him from this horizon : 

MOLLUSCA : 

Cassidaria cf. archiaci, Cossmann & Pissarro. 
Crassatella cf. blanfordi, Cossmann & Pissarro. 
Crassatella salsensis, d'Archiac & Haime. 
Crommium dolium (d'Archiac & Haime). 
Crommium rouaulti, d'Archiac & Haime. 
Diplodonta cf. hindu, Cox. 

B+uspirocrommiurn oweni (d'Archiac & Haime). 
Liotia imperforata, Cossmann & Pissarro. 
Lucina noorpoorensis, d'Archiac & Haime. 
Lucina vredenburgi, Cossmann & Pissarro. 
Megalocyprcea ranikotensis, Schilder. 
Neoathleta cf. sihurenis (d'Archiac & Haime). 

Ostrea pharaonom, Oppenheim, var. aviculina, Mayer -Eymar. 
Pachycrommium flemingi (d'Archiac & Haime). 
Protocypraea kohatica, Cox. 

Terebellum distortum, d'Archiac & Haime. 

V elates noetlingi, Cossmann (Sr Pissarro. 
Velates perversos (Gmelin). 

The following Brachiopod was associated with the above, and has been identified 
by Miss H. M. Muir -Wood of the British Museum (Nat. Hist.) : 

MOLLUSCOIDEA : 

` Terebratula ' flemingi, Davidson.2 (N.B. This is not a true Terebratula, 
which is a Pliocene genus, but cannot at present be given a nearer 
generic designation). 

The following have been identified by Colonel Davies from this horizon 

FORAMINIFERA : 

Operculina cf. canalifera, d'Archiac. 
Operculina subsalsa, sp. nov. 

Wynne, A. B., Meru. Geol. Surv. Ind., XIV, pp. 101, etc., (1878). 
ß Davidson, T., Quart Journ Geol. Soc. Lo,ul., Vol. XVIII, p. 26 ; Pl. I, figs. 1.2, (1861) ; also Wynne, op. cit., p. 104, 

(1878). 

C 
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Miscellanea miscella (d'Archiac & Haime). 

Lockhartia haimei (Davies). 

Lockhartia conditi (Nuttall). 
Lepidocyclina (Polylepidina) punjabensis, sp. nov. 

ARTHROPOD A: 

Bairdia subdeltoidea (Münster). 

The lithology of this bed is similar to that of the Hangu shale' of the Samana 
Range, and Mr. Gee has suggested2 that the basal Ranikot of the Salt Range 
should be correlated with the Hangu shale. The rich faunas collected from these 
formations do not, however, show much in common, and suggest that the incursion 
of the Ranikot sea into the Salt Range area may have been at a somewhat later 
date than its invasion of the region to the north -west. 

2. The Khairabad limestone. 

Above the shells fossil bed is a well marked calcareous formation to which 
Mr. Gee has given the name Khairabad limestone after the village of Khairabad 
(32° 53' : 71° 36'). For the most part this is a nodular limestone, but shale 
beds occur especially in the lower and uppermost portions. In the eastern 
part of the range the bed is thin, but in the Nammal region (see Plate s II) the 
thickness is about 200 feet increasing northwards to at least 500 feet, and accord- 
ing to Messrs. Gee and Evans possibly much more. 

The calcareous nodules in the shales are similar in character to those of the 
limestone, and are made up almost entirely of foraminiferal tests. The upper 
parts of this formation have proved to be the richest, in foraminiferal species, 
of all levels of the Salt Range Eocene sequence. Colonel Davies has identified 
the following as commonly found together at this horizon : 

Nummulites nuttalli, Davies. 
Nummulites thalicus, Davies. 
Nummulites sindensis (Davies). 
Nummulites globules, Leymerie. 
Nummulites cf. mamilla (Fichtel & Moll). 
Assilina dandotica, sp. nov. 
Assilina subspinosa, sp. nov. 
Operculina of. canalifera, d'Archiac. 
Operculina subsalsa, sp. nov. 
Operculina patalensis, sp. nov. 
Operculina jiwani, sp. nov. 
Miscellanea miscella (d'Archiac & Haime). 
Miscellanea stampi (Davies). 
Lockhartia haimei (Davies). 
Lockhartia newboldi (d'Archiac & Haime). 
Lockhartia conditi (Nuttall). 

Davies, L. M., Pal. Ind., N. S., Vol. XV, pp. 9.10, (1930). 
2 Fermor, L. L., Ree. Geol. Surv. Ind., LXIX, p. 71, (1935). 
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Lockhartia tipperi (Davies). . 

Dictyoconoides flemingi, sp. nov. 
Lepidocyclina (Polylepidina) punjabensis, sp. nov. 
Discocyclina ranikotensis, Davies. 
Alveolina vredenburgi, sp. nov. 
Alveolina ovoidea, d'Orbigny (small Ranikot type). 
Alveolina globosa, Leymerie (small Ranikot type). 

The following echinoderms, also identified by Colonel Davies, appear in the 
uppermost beds of this formation : 

Conoclypeus sp., Duncan & Sladen. 
Eurhodia morrisi (d'Archiac) var. salsensis, nov. 
Hemiaster elongates, Duncan & Sladen. 
Plesiolampas ovalis, Duncan & Sladen. 
Plesiolampas placenta, Duncan & Sladen. 

Mr. Cox has identified the following molluscs from this formation : 

From near its base : 

Lucina cf. bellardi, d'Archiac & Haime. 
Lucina vredenburgi, Cossmann & Pissarro. 
M egalocyprcea ranikotensis, Schilder. 

Velates noetlingi, Cossmann & Pissarro. 

From its uppermost levels : 

Campanile cf. brookmani, Cox. 

Lucina (Pseudomiltha) mutabilis, Lamarck. 

Lucina noorpoorensis, d'Archiac & Haime. 

Ostrea pharaonum, Oppenheim, var. aviculina, Mayer -Eymar. 

Spondylus cf. radula, Lamarck. 

Velates perversos (Gmelin). 

Lithologically, this limestone is distinguished from the Sakesar limestone by 

its more consistently nodular character, by the presence of marcasite, and by the 

absence of chert. It is usually yellow to brown on weathered surfaces, due to 

the decomposition of the contained iron minerals. 

3. The Patala shales. 

The next higher formation is composed mainly of dark gray shales, and has 

been named by us after the Patala nullah in which it is well developed. The 

shales are sometimes carbonaceous, and in the eastern end of the range, according 

to Messrs. Gee and Evans, include the coal seam worked at Dandot and elsewhere. 

In the more western sections fossils are abundant in certain beds. Besides shale 

the stage includes some limestone and sandstone. In the Patala nullah one of 

the lowest beds is full of well preserved Operculina salsa and Lepidocyclina 

(Polylepidina) punjabensis, together with many other small foraminifera and 

numerous entomostraca. A slightly higher bed contains fish teeth which have 

been referred to Dr. E. I. White of the British Museum (Nat. Hist.), and he reports- 

them to be those of a Pycnodont and of a form similar to Lamna appendiculata 
c2 
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(a late Cretaceous species). Slightly higher are limestones distinguished by their 
ferruginous character ; these form a good marker horizon to beyond the Dhak 
Pass. The lower part of these is crowded with Operculina patalensis and 
Lockhartia newboldi, whilst Discocyclina ranikotensis and globose Ostrea are abun- 
dant near the top ; other forms like Assilina dandotica are numerous throughout. 
It is at about this level, approximately the middle of the Patala shale, that a marked 
change in the foraminiferal fauna takes place, earlier types like Miscellanea mis- 
cella, Lockhartia haimei and L. (Polylepidina) punjabensis becoming extremely 
scarce, if not, locally extinct, while later ones . like O. patalensis, Assilina dandotica, 
Discocyclina . ranikotensis, etc., become increasingly numerous and dominate the 
whole assemblage. N. nuttalli is one of the species which has not yet been found 
above this level. One of these higher fossil beds contains the following : 

MOLLUSCA (identified by Mr. Cox) : 

Cerithium cf. angiostoma (d'Archiac & Haime). 
Corbula cf. harpa, d'Archiac & Haime. 
Crassatella salsensis, d'Archiac & Haime. 
Mesalia fasciata, Lamarck. 
Ostrea pharaonum, Oppenheim, var. aviculina, Mayer -Eymar. 
Sassia cf. permutabilis, Cossmann & Pissarro. 
Teredo intestinoides, Cossmann & Pissarro. 
Turritella cf. diastropha, Cossmann & Pissarro. 
Turritella halcensis, 
Turritella hollandi, Cossmann & Pissarro. 
Turritella ranikoti, Vredenburg. 
Velates perversus (Gmelin). 
V enericardia semi-infiata, Cossmann & Pissarro. 

FORAMINIFERA (identified by Col. Davies) : 

Nummulites globulus, Leymerie. 
Assilina dandotica, sp. nov. 
Operculina patalensis, sp. nov. 
Lockhartia newboldi (d'Archiac & Haime). 
Discocyclina ranikotensis, Davies. 

The following have also been identified by Colonel Davies, from abou t the middle of the Patala shales : 

ECHINOIDEA : 

Dictyopleurus ziczac, Duncan & Sladen. 

HEXACORALLA : 

Astroccenia blanfordi, Duncan. 
Trochocyathus cf. epithecata (Duncan). 

AiLTHROPODA : 

Bairdia subdeltoidea, Münster. 
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A fossil crab, from the Patala shale at Kalabagh, was designated by 
Mr. T. H. Withers of the British Museum (Nat. Hist.) as : 

Plagiolophus cf. wetherelli, Bell. 

Mr. Withers states that it is almost identical with P. wetherelli from the 
Ypresian beds of Sheppey, England. 

In the highest fossiliferous Ranikot of the Patala nullah Col. Davies has 
identified the following foraminifera : 

Nummulites globulus, Leymerie. 
Nummulites lahirii, sp. nov. 
Assilina dandotica, sp. nov. 
Operculina cf. canalifera, d'Archiac (rare). 
Operculina salsa, sp. nov. 
Operculina patalensis, sp. nov. 
Discocyclina ranilcotensis, Davies. 

Notwithstanding the presence of numerous N. lahirii, externally resembling 
N. atacicus, this assemblage is distinctly Ranikot rather than Laki in its general. 

.character. 
In an apparently similar position near Kalabagh there is a limestone in 

which Col. Davies has recognised : 

Nummulites cf. sindensis (Davies). 

Nummulites globulus, Leymerie. 

Nummulites cf. mamilla (Fichtel & Moll). 

Nummulites lahirii, sp. nov. 

Assilina dandotica, sp. nov. 

Assilina subspinosa, sp. nov. 

Operculina cf. canalifera, d'Archiac. 

Operculina salsa, sp. nov. 

Operculina patalensis, sp. nov. 

Miscellanea miscella (d'Archiac & Haime). 

Alveolina globosa, Leymerie (small Ranikot type). 

The ` alum shales ' below this limestone are richly fossiliferous and full of 

Patala shale forms, while occasionally thin limestone bands at or near their base 

resemble the Khairabad limestone in their contained fossils. The whole is under- 

lain by a well developed ferruginous pisolite, which in turn overlies greensands 

and belemnite shales. 

Further south -west, near Makarwal (32° 53': 71° 9') olive shales similar 

in lithology to the shales of Kalabagh and containing Patala shale fossils, are 

underlain by nodular limestone about loo feet in thickness, which is possibly the 

Khairabad limestone. Below this are sandstones alld shales with coal, which 

Mr. Gee considers are equivalent to the lowest Ranikot beds of the cis -Indus 

region. 
South of Danclot (32° 39' : 72° 58'), in a section isolated by faulting from 

the main scarp, the Laki limestones are underlain by highly fossiliferous Ranikot 

,clays of different character from those of the adjacent outcrops in the main range. 
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The following forms have been recognised by Colonel Davies from. the Dandot 

locality : 

Nummulites thalicus, Davies. 

Assilina dandotica, sp. nov. 

Operculina salsa, sp. nov. 

Operculina subsalsa, sp. nov. 

Miscellanea miscella ( d'Archiac & Haime). 

Lockhartia haimei (Davies). 
Lockhartia, newboldi (d'Archiac & Haime). 

Lockhartia conditi (Nuttall). 
Lepidocyclina (Polylepidina) punjabensis, sp. nov. 

There is also a peculiarly rich fauna of Ostracods, which is being examined 

by Miss M. H. Latham of Glasgow University. The general assemblage is that 
of the lower part of the Patala shales. 

LAKI. 

4. The Nammal limestones and shales. 

This division consists of limestones, marls and shales in varying proportions. 
Neither in lithology nor in the fossils is there any very clear -cut distinction between 
the Nammal and Sakesar divisions of the Laki, but in the Nammal neighbourhood 
and further north -west there is a considerable development of light grey shales 
at the base of the Laid. In the Patala section the lowest 200 feet is almost 
entirely composed of grey shales, and these are overlain by 200 feet of alternating 
limestones and shales. These are here all included in the Nammal division, 
but Messrs. Gee and Evans now think that it might be better to restrict 
the Nammal division to the lower 200 feet and to the corresponding beds in the 
Nammal gorge. 

In the Patala nullah, limestones about 300 feet above the base yield the 
first examples of Assilina granulosa (as now restricted by Col. Davies) and Num- 
mulites atacicus, which are characteristically post -Ranikot species, the remaining 
fauna of these beds showing Ranikot affinities unusual at this horizon in other 
localities. A more typically Laki assemblage occurs at about the same horizon 
in the Nammal gorge, and persists to the north as far as Kalabagh. It consists 
of a thin bed made up almost entirely of the tests of : 

Nummulites atacicus, Leymerie. 
Nummulites irregularis, Deshayes. 
Nummulites subirregularis, De la Harpe. 
Assilina granulosa ( d'Archiac). 

Together with these are a number of long -ranging forms, common to both 
Ranikot and Laki, such as : 

Nummulites lahirii, sp. nov. 
Lockhartia tipperi (Davies). 
Discocyclina ranikotensis, Davies ; etc. 

Alveolines are frequently abundant in the marls adjacent to this fossil bed. 
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In eastern sections, the beds at the base of the Laki show a more uniform 
distribution of fossils through their extent. In several sections near Choa Saidan 
Shah (32° 43' : 72° 59') the base of the Laki is an oyster bed made up of the tests 
of Ostrea flemingi. 

5. The Sakesar limestone. 

The beds last described are succeeded by the massive limestone which forms 
the great plateaus and high cliffs of the Salt Range. This limestone is 240 feet 
thick in the Patala nullah, and attains a thickness of 400 feet or more in other 
localities. Its lithology is more constant than that of the Nammal stage, and 
the bulk of the formation is made up of limestone, with a considerable develop- 
ment of chert, particularly in the higher beds. 

The most abundant foraminifera in this formation are found by Col. Davies 
to be : 

Nummulites cf. mamilla (Fichte] & Moll). 

Nummulites atacicus, Leymerie. 
Assilina granulosa (d'Archiac). 
Assilina spinosa, sp. nov. 

Lockhartia newboldi (d'Archiac & Haime). 

Lockhartia tipperi (Davies). 

Alveolina oblonga, d'Orbigny. 
Alveolina ovoidea, d'Orbigny. 
Alveolina globosa, Leymerie. 

Less common and hitherto only seen in the lowest parts of this formation 

and in the upper levels of the Nammal shales, is a new genus and species described 

by Colonel Davies as Sakesaria cotteri. 

As in the Nammal stage, the fossils are variable in their occurrence. In the 

sections near Nammal they are confined to the .higher parts of the limestones, 

but in sections further north and east they are more evenly distributed through- 

out the bed. 
In sections to the east a highly fossiliferous manly layer occurs about 60 feet 

below the top of the limestone. 

The following echinoids and molluscs have been identified by Col. Davies 

and Mr. Cox respectively, from the Sakesar limestone : 

ECHINOIDEA : 

Conoclypeus warthi, Davies. 

Echinocyamus nummuliticus, Duncan & Sladen. 

MOLLUSC A : 

Lucina noorpoorensis, d'Archiac & Haime. 

Ostrea flemingi, d'Archiac & Haime. 

Ostrea (Liostrea) cf. rouaulti [Mallada ?], Cox. 

Spondylus cf. radula, Lamarck. 

Velates perversus (Gmelin). 

Venericardia cf. subcomplanata (d'Archiac & Haime). 
Vicetia metingensis, Vredenburg. 
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6. The Bhadrar beds.. 

Mr. Gee has pointed outs- that in the eastern part of the Range the Sakesar 

limestone is ` overlain by from 50 to 80 feet of fine green shales and thin limestone 

with numerous foraminifera ', and has drawn attention to their resemblance to 

certain of the Chharat strata of the Potwar. These beds were also referred to 

by Dr. Cotter.2 They have subsequently been termed by Messrs. Gee and Evans. 

the Bhadrar beds. Orbitolites complanatus -which has so far been found no- 

where else on the Salt Range - appears at this horizon, together with Assilina cf. 

pustulosa, a combination recalling the highest Laki beds (the Shekhan limestone) 

of the, Kohat district. Colonel Davies, however, regards the Bhadrar beds as 

being still rather older than the Shekhan limestone. 

In the north -western part of the Range, bright red clays with some porcel- 

laneous limestone beds at their base intervene between the Sakesar limestone. 

and the sandstones of the Upper Tertiary. The lower beds are well exposed 

near Jaba (32° 52' : 71° 41') and further north the red clays are seen. 'These 

are similar in Ethological character to the Lower Chharat shales of the Attock 
district, with which deposits the red clays of the Salt Range appear to be equi- 

valent. Messrs. Gee and Evans agree with this correlation. 
Massive gypsum occurs at the base of these beds between Jaba and Mari 

Indus (32° 58' : 71° 35') and is similar to the gypsum deposits occurring locally 
at the base of the Lower Chharat shales in the Attock and Kohat districts which 
are believed to belong to the brackish and fresh -water stage which succeeds . the 
marine limestones of the Lower Eocene, and it seems reasonable to suppose that 
all these gypsum masses are closely related. The Sakesar limestone is absent or 
poorly developed north -west of Jaba, and it is suggested that this is due either 
to the presence of an unconformity or to obscure strike faulting or to a combina- 
tion of these features. Messrs. Gee and Evans believe, however, that here,. 
and in at least some of the other gypsum occurrences, the gypsum is of secondary 
origin and that north -west of Jaba the .Sakesar limestone has been converted 
into gypsum ; they consider that the disposition of the outcrops and the pres- 
ence of what is regarded as partially altered limestone within the gypsum support 
this interpretation. If this gypsum is, as they hold, due to alteration, it is 
not necessarily identifiable with what is probably sedimentary gypsum overlying 
the Shekhan limestone of the Kohat district. 

SIWALIK. 
The Eocene deposits are overlain by the sandstones and shales of the Upper 

Tertiary. The presence of a major unconformity is indicated by the absence 
of the Khirthar and most of the Murree beds, and by the occurrence of abundant 
derived fossils in the basal conglomerate, but it is very seldom that any discordance 
of dip can be observed between the Siwalik beds and the underlying ones. The 
Siwalik deposits of this region ha\ e been described by Dr. Pilgrim in several papers, 

' Fermor, L. L., Bee. Geol. Surv. Ind., LXVI, p. 1.16, (1932). 
2 1 fen. Geol. Surv. Ind., LV, p. 96, (1933). 
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2 Jim. Geol. Sun. Ind., LV, p. 96, (1933). 
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II.- PALAEONTOLOGY. 

BY 

LT.-CoL. L. M. DAVIES. 

General Remarks. 

It is unnecessary to go again over the ground covered by 14 Tr. Pinfold ; but 
I would like to emphasise my impression of certain features of Salt Range Eocene 

stratigraphy, before commencing detailed descriptions of fossil species. The fol- 

lowing are the points which I would make : 

1. The first three Eocene stages described by Mr. Pinfold, and referred by 
me to the Ranikot, form practically an unit. A number of foraminiferal species 
continue throughout ; and there is a gradual transition in the case of other species, 
older forms overlapping newer ones, so that although the general facies changes 
considerably it does so very gradually. 

2. This Ranikot sequence seems to hold good over the entire extent of the 
Salt Range studied by us, i.e., from Kalabagh to Dandot. Some of the sections 
examined were widely separated from each other, so it is possible that appearances 
may be deceptive ; but the fact remains that, wherever any considerable thickness 
of Ranikot beds was examined, a sequence of forms was found which seemed to 
fit in with some part of a common standard sequence. This is the more strik- 
ing, since nothing of the sort can be said . regarding the overlying Laki beds, 
whose contents differ greatly from place to place, and allow of no such seemingly 
close correlations being made between the elements of disconnected sections. 
Thus, apart from the facts that Nummulites irregularis and Discocyclina rani - 
kotensis may be limited to the Nammal shales, while Orbitolites complanatus and 
Assilina cf. pustulosa have only so far appeared in the Bhadrar beds (from which 
Alveolina globosa seems to be absent), it is hard to say what horizon the fauna 
of any particular outcrop may indicate ; a seeming sequence in one section being 
sometimes reversed in another. 

3. Since, for some reason, the Ranikot sequence does appear to be very 
constant over a considerable area, it is worth noting that the main levels of 
faunistic change do not seem to coincide with those of lithological change, but 
are found in the middles, respectively, of the Khairabad limestone and the Patala 
shales. A number of new forms begin to come in successively, at or about the former horizon ; and quite a number of the most characteristic Ranikot types 
seem to disappear at the latter horizon, or soon after it. In between these two horizons -that is, at about the junction of the Khairabad limestone with the Patala shales -we find the richest fauna of the Ranikot ; and it is this peculiarly rich Salt Range level (top of the Khairabad limestone and base of the Patala shales) which correlates best with the highest Ranikot levels of Sind as described 

. 
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by Vredenburg, and of the Kohat district as observed by myself. This is where 
we find the most abundant N. nuttalli, which was taken as his uppermost Ranikot 
zone fossil by Vredenburg (who called it N. planulatus) ;1 and the presence of 
N. nuttalli in considerable numbers always seems to be stratigraphi.cally very 
limited. 

4. Dr. Nuttall2 found Vredenburg's uppermost Ranikot zone represented by 
the limestone terrace at Jherruck ; but stated3 that younger beds appear under 
the Ranikot -Laki unconformable junction as the latter is traced from the Laki 
Range southwards to Hilaia (i.e., approximately from latitude 26° N. down to 
24?° N.) and that he found near Hilaia about 120 feet of Ranikot beds younger 
than any described by Vredenburg. In these he did not find any N. nuttalli, 
but saw many O. canalifera (my N. sindensis) and M. miscella.4 So these Hilaia 
beds may correspond with part of the Patala shales, but perhaps not with the 
upper levels of the same ; and certainly not with the uppermost zone with its 
influx of N. lahirii. 

5. In any case, the Patala shales of the Punjab Salt Range seem to represent 
a: Ranikot level higher than any known to Vredenburg, or known to Nuttall from 
anywhere but the extreme southern limits of Sind. It would appear that, at 
the close of the Ranikot period, considerable anticlinal folds were raised up in 
north -western India, from the crests of which the youngest Ranikot beds were 
removed before the deposition of the succeeding Laki. Certain parts of the 
Salt Range -e.g., the vicinities of the Patala nullah and of Kalabagh -may 
represent what were some of the deepest points in the synclinal troughs between 
these folds, since we there find the youngest Ranikot beds yet discovered. 

6. The Bhadrar beds, or highest levels of the Salt Range Laki, afford some 

approach to the Shekhan limestone, which is the highest member of the Laki 
sequence of the Kohat district, by showing the presence of Assilina cf. pustulosa 
and occasional Orbitolites complanatus at the same time that Alveolina globosa 

seems to be absent. There is nevertheless a marked difference between the 
general fauna of the Bhadrar beds and that of the Shekhan limestone ; for while 

the former is clearly related to the underlying beds by showing locally numerous 
A. spinosa, A. subspinosa and L. tipperi, none of which have yet been seen in 
the Shekhan limestone, the fauna of the Shekhan limestone is affiliated to the 
overlying Khirthar beds by showing much more numerous O. complanatus (which 
continues far into the Khirthar) and many Dictyoconus -group forms which are 
also very common in the Khirthar but have never been seen on the Salt Range. 
I am inclined, therefore, to regard the Bhadrar beds as representing a somewhat 
older horizon than the Shekhan limestone. In other words, just as later Ranikot 
deposits appear on the Salt Range than are found in the Kohat district, so is a 

rather later. Laki formation found in. the Kohat district, than survives on the 
Salt Range. 

i,Yee synonymy of iV. nutt;zlli on p. Ili below. 

2 Rec. Geol. Slay. Incd., LXV, p. 312, (11131). 
8 Ibid., pp. 307, 311. 

Ibid., p. 313. 

D2 
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Description of Species. 

Sub -kingdom PROTOZOA. 

Class : SARCODINA. 

Order : FORAMINIFERA. 

Family : NUMMULITIDAE. 

The majority of larger foraminiferal species from the Salt Range belong to 

the sub -families Nummulitinae and Rotalinae. Although these two sub -families 

-the one composed of planispiral, the other of trochoid, forms -are usually 

placed well apart in other works, such marked similarities exist in the essential 

structure of all their members as to imply close affiliation throughout. I am 

therefore including both sub -families in the family Nummulitidae ; the genus 

Nummulites itself being regarded as the central form of the whole, by reference 
to which the differences between the genera are best defined and the affiliations 

of the sub -families understood. A third sub -family which belongs to the Num,- 

mulitidae, namely the Heterostegininae, is very sparsely represented on the Salt 
Range. Although planispiral in habit, it is regarded as being the furthest re- 
moved from the central type owing to the subdividing of its chambers, which 
constitutes a marked structural departure. 

Sub -family : NUMMULITINAE. 

This section of the family includes the type genus Nummulites1 and those 
of its nearest allies which preserve the planispiral mode of development. Generic 
distinctions from the type are found in modifications of lateral features alone 
(Assilina), of lateral features and spire (Operculina), or of the supplementary 
skeleton (Miscellanea). 

Genus : NUMMULITES, Lamarck, 1801. 

(The terms Nummulites and Alveolina are here used instead of Camerina 
and Borelis, since the adoption of the latter, although in accordance with modern 
Rules of Zoological Nomenclature, seems to increase the confusion which those 
rules were intended to reduce. The rules are invaluable for removing synonyms 
from descriptive papers which now appear in great numbers ; but it is not always 
advantageous to revise old names along the same lines.2 A new name has 
little place in literature ; a long- accepted name may have a very large place. 
To revive forgotten terms in place of classic ones like Nummulites and Alveolina 
whose significance cannot possibly be mistaken, seems inadvisable. The latter 
terms must continue to be met with in the great mass of literature in which 

1 Since this went to press I have received copies of recent papers by S. Hanzawa and T. W. Vaughan, from which it appears that the former separates Nummulites with widely opening spires into a new genus Operculinoides (Science Reports, 281zoku Imp. Univ., Ser. II, Vol. XVIII, p. 18, 1935), and the latter accepts that genus as valid (Proc. U. S. r'ational'Muaeum, Vol. 83, pp. 487, ff., 1935). 
2 The late Mr. E. W. Vredenburg, of the Geological Survey of India, made a similar remark in an unpublished memoir in which he said : ` When a well known and universally adopted name is not pre-occupied, it should not be altered in favour of some forgotten older designation the discovery of which can only be of historic interest.' 
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they are embedded, and every student of the subject must therefore familiarise 
himself with them in any case ; so it would seem better to place them on the 
Official List than to establish permanent synonyms by reviving such still -born 
terms as Carterina and Borelis.) 

The test of a Nummulite is composed of two main elements as follows :- 
1. An inner, continuous, involute and polythalamous ` Spiral Sheet ' or skele- 

ton, which forms the basis of the test. Each successive chamber partition is 
formed of a double fold of this sheet, which descends onto and embraces the 
sides of the last preceding whorl ; a single crescent- shaped opening being left 
at the margin of the same in order to communicate between the two adjacent 
chambers. Continuations of this fold, after it bifurcates in order to pass down 
the opposite sides of the underlying whorl, are termed ` Septal Filaments ', as 
distinct from the ` Septum ' or undivided portion of the fold above the opening. 
The septa and septal filaments are imperforate, but the other parts of the spiral 
sheet are everywhere finely perforate. 

The septal filaments, which usually extend to the poles of the test, are of 

varying character, and afford the means of subdividing the genus into various 
groups of species. The simpler septal filaments, which pass more or less directly 
to the poles without anastomosing with their neighbours by the way, are often 
provided with ` Transverse Trabecules ', or lateral offshoots like the teeth of a 
double comb. These perhaps serve to strengthen the walls of the test ; they 
seem to be absent in species whose septal filaments anastomose freely (as in the 
genotype, N. laevigatus) forming a complicated meshwork, or ` Reticulation ', 
which may serve the same purpose. 

The initial portion of the spiral sheet is formed by the primordial cell or 

pair of cells, which may either be megalospheric (` A ' generation) or microspheric 

(` B ' generation). 
2. The second main element of the test is afforded by the ` Supplementary 

Skeleton ', which is formed over the spiral sheet and reinforces the same. Being 

only developed on the outer surface of the spiral sheet, it does not affect the septa 
nor the inner aspect of the walls and roofs of the chambers, but only the floors 

of the chambers. 
This supplementary skeleton is everywhere riddled with perforations contin- 

uous with the perforations of the spiral sheet. It also has the property of 

developing masses of very fine tubes in local bunches, styled ` Pillars '. These 
are generally developed where the underlying spiral sheet forms a marked bend, 
and so are very common on the periphery of whorls (where the wall bends sharply 
round) and along the courses of the septa and septal filaments. They are com- 

monest of all at the poles of the test (where the underlying convolutions of the 
spiral sheet are most crowded) and are there often so closely packed as to anas- 
tomose and form what are called ` Polar Pustules '. 

Along the periphery of the whorls, the supplementary skeleton forms a 

peculiar structure which Carter' called the ` Spicular Cord', but is now better 

1 Ann. Mag. Nat. Mat., (2), Vol. X, pp. 171 -176 ; PI. IV, figs. 4 -5, (1852) ; and (3), Vol. VIII, pp. 311- 317, 322 -328, 

3673 -68, 469.470 ; Pl. xVII, figs. 10 -11, (1861). 
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known as the ` Marginal Cord '. This takes the shape of a mass of elongated 

lenticles or bars (called ` Spicules ' by Carter'), wedge -like in section, which are 

pressed together laterally to form an arch across from one side of the test to the 

other. In meridian section, this structure has a fan -like appearance. It is 

noticeable that the marginal cord (which is found in the Rotalinae as well as 

in the Nummulitinae) is best developed in forms with the sharpest periphery. 

Where the periphery is very rounded, as in the more globose Nummulites, it is 

sometimes doubtful if the cord exists at all. 

A ` Canal System ' is said by many writers to traverse the marginal cord 
and to pass down between the two walls of each septum. I have never been 
able to trace this canal system with any great assurance, and its existence has 
latterly been questioned by so good an authority as Prof. H. Douvillé.2 I there- 
fore say no more about it here. It has been described in most detail by Car - 
penter3 in the past, and by Hofker4 in recent years. 

N.B. -when discussing the proportions of chambers of spiral forms, in the following pages, I call the radial measure- 
ment the ` height ', the measurement parallel to the axis the ` breadth ', and the circumferential (or tangential) measurement 
the length'. Thus the height and breadth are seen in meridian section, the height and length in equatorial section. 

Again : in the synonymies given before eáeh specific description, I reproduce the actual generic and specific names ex- 
actly as given by the authors concerned ; but the immediately following references to original authorships follow the modern 
convention. Thus d Àrchiac and Haime's reference to ` Alveolina sphceroidea, Carter 'S is quoted as ` Alveolina sphceroidea 
(Lamarck) ',6 for -as d'Archiac and Haime showed in their own synonymy -Carter thought to identify the form with 
Lamarck's ` Melonites ephceroidea ', and merely changed its generic reference. This does not, by modern convention, justify 
the attachment of Carter's name to the combined Linnwan designation : and so I have modernised references to this extent 
to avoid confusing the reader. 

NUMMULITES NUTTALLI, Davies. 

(Plate III, figs. 1 -2, 9 ; Plate VI, figs. 19 -20 ; Text -fig. 1 (B.)) 

Holotype, G. S. I. Type No. 13544. 

1876. Nummulites irregularis, Deshayes ; Blanford, Rec. Geol. Surv. Ind., IX, p. 12. 
1879. Nummulites irregularis, Deshayes ; Blanford," Mem. Geol. Surv. Ind., XVII, 

p. 40. 

1880. Nummulites irregularis, Deshayes ; Duncan,' Pal. Ind., Ser. XIV, Vol. I, p. 8. 
1906. Nummulites planulatus (Lamarck) (B) ; Vredenburg,7 Rec. Geol. Surv. hid., 

XXXIV, pp. 86, 94, 173, 187 -188. 
1907. Nummulites planulatus (Lamarck) ; Vredenburg, Rec. Geol. Surv. Ind., XXXV, 

p. 62. 

1909. Nummulites planulatus (Lamarck) ; Vredenburg, Pal. Ind., N. S., Vol. III, Mem. 
No. 1, pp. ix, xi- xviii. 

1926. Nummulites planulatus (Lamarck) ; Nuttall, Geol. Mag. Lond., Vol. LXIII, pp. 
114 -115 and Text -fig. 1 ; Pl. X, figs. 1 -2. 

1926. Nummulites planulatus (Lamarck) ; Cotter, Rec. Geol. Surv. Ind., LIX, p. 4.15. 

I Ibid. (See footnote on p. 17.) 
2 ' Centenaire Soc. géol. France, Livre jubilaire ', Vol. I, pp. 257 -262 ; Pls. XXXI -XXXIV, (1930). 
" `Introduction to the Study of the Foraminifers', (1862). 

` Foraminifera of the Siboga Expedition ', (1927). 
a ` Descr. An. foss. Gr. 'nutum. Inde ', p. 348, (1855). 
s P. 59 below. 
7 Specimens of N. nutialli referred to N. irregularis by the older palaeontologists of the Indian Geological Survey, and to N. planulatus by Vredenburg, are numbered H. 43/187 in the G. S. L collections at Calcutta. 
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1927. Nummulites nuttalli, sp. nov. ; Davies, Quart. Journ. Geol. Soc. Lond., Vol. 

LXXXIII, pp. 266 -271 ; Pl. XVIII, figs. 3 -4 ; Pl. XIX, figs. 1 -9. 

1927. Nummulites nuttalli, Davies ; Davies, Trans. Min. Geol. Inst. Ind., Vol. XXI, 
p.321. 

1928. Nummulites nuttalli, Davies ; Douvillé, C. R. S. S. Soc. géol. France, p. 93 and 
Text -fig. 

1930. Nummulites nuttalli , Davies ; Davies, Pal. Ind., N. S., Vol. XV, p. 68 ; Pl. X, 

figs. 12 -14. 

1931. Nummulites nuttalli, Davies ; Nuttall, Rec. Geol. Surv. Ind., LXV, pp. 307, 310, 

312 -313. 

1934. Camerina nuttalli, Davies ; Caudri, ` Tertiary Deposits of Soemba ' pp. 56 -59 ; 

Pl. I, fig. 9. 

This specie, which has long been regarded as the most distinctive fora- 
minifer of the Upper Ranikot, is the central member of a group of forms which 
peculiarly characterises that stage. It is unnecessary to recapitulate here the 
description of N. nuttalli given in earlier papers, but certain features may be 
emphasised which bear upon its affinities to its nearest allies. One of these is 
the presence of transverse trabecules, ' which are not always visible, but may 
become very apparent under special conditions of weathering.1 The most re- 
markable feature about this species, however, is the reticulation of its marginal 
cord, to which Prof. Douvillé was the first to draw attention.2 This reticulation 
is well seen on the holotype.3 Meridian sections of the form show the presence 
of a very thick marginal cord (see Pl. VI, fig. 19, below), and equatorial sections 
prove that this cord is often subdivided longitudinally as well as equatorially 
(Pl. VI, fig. 20). Thus the marginal cord of this species seems to be composed 

of a peripheral mass of close -set vertical pillars in lieu of close -set transverse 
wedges ; and that is probably what gives to the cord its external appearance of 

reticulation. This feature is further discussed below (p. 41) since it bears directly 
upon the relationship of N. nuttalli to M. stampi. 

Again, the angle of opening of the spire of N. nuttalli varies considerably ; 

and although it is usually easy to distinguish N. nuttalli from N. sindensis, the 
most perfect transitional series can sometimes be formed from one to the other.4 
In Sind, the two species have usually been referred to two different genera ; but 
on the Salt Range, as in the Kohat district, their blending is unmistakeable. 

Distribution. -This species characterises the uppermost beds of the Ranikot 
sequence found in the Kohat district, and the uppermost beds of the more north- 
ern Ranikot outcrops found in Sind. Further to the south, however, in Sind, 
some later. Ranikot sediments are preserved, and from these N. nuttalli is absent 
(see p. 15 above). On the Salt Range, N. nuttalli is found from about the middle 
of the Khairabad limestone to the middle of the Patala shales, being most nu- 
merous near the junction of those two formations. It mainly appears in collec- 
tions from the north -western parts of the Range (Patala to Kalabagh) and is 

i Davies, L. M., Pal. Ind., N. S., Vol. XV, Pl. X, fig. 14, (1930). 
2 Loc. cit., ut supra, (1928). 
3 Davies, L. M., Quart. Journ. Geol. Soc. Lond., Vol. LXXXIII, Pl. XVIII, fig. 3, (1927). 
° Ibid., Pl. XIX, compare figs. 1 -8 with figs. 10 -12, (1927). 
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relatively rare in those from eastern sections, although found at Kollar Kahar 

together with other uppermost Khairabad limestone types. On the Kala Chitta 

Range, N. nuttalli has been found in the upper parts of the 80 ft. limestone, and 

lower levels of the overlying shales. 

NUMRIULITLS THALICUS, Davies. 

Holotype, G. S. I. Type No. 13546. 

1879. Nummulites ramondi, Defiance ; Fedden, Meni. Geol. Surv. Ind., XVII, p. 198. 

1906. Nummulites planulatus (Lamarck) (A) ; Vredenburg, Bee. Geol. Surv. Ind., XXXIV, 

p. 86. 

1927. Nummulites thalicus, sp. nov. ; Davies, Quart. Journ. Geol. Soc. Lond., Vol. 

LXXXIII, pp. 269 -271 ; Pl. XX, figs. 1 -5. 

1930. Nummulites thalicus, Davies ; Davies, Pal. Ind., N. S., Vol. XV, pp. 68 -69 ; Pl. X, 

fig. 11. 

I have nothing to add here to the descriptions of N. thalicus given in earlier 
papers, but quote certain fresh details below (p. 44) when comparing this 
species with M. miscella. Like N. nuttalli, N. thalicus varies considerably ; 

and certain rather large and flattened representatives of it, the outermost parts 
of whose spires are sometimes imperfectly enveloping, were separated by me 
as a distinct variety, N. thalicus var. gwynae,1 when originally describing the 
species. I regard this variety of N. thalicus as being, in all probability, the 
megalospheric companion of N. sindensis. 

Distribution. -N. thalicus appears to be somewhat rare in Sind, for it is 
not among the forms described by Dr. Nuttall. It seems, however, to be the 
Sind species referred to N. ramondi by Fedden and T. Rupert Jones, and recog- 
nised as the megalospheric companion of N. nuttalli by Vredenburg ; and I have 
found it in the Sind collections of the Geol. Survey of India at Calcutta (a specimen 
of N. thalicus var. gwynae is attached to the type, G. S. I. No. 2393, of Duncan's 
Cyclolites crenulata from Sind). N. thalicus is also relatively rare in the Kohat 
district, but has been found accompanying N. nuttalli fairly consistently from 
Fort Lockhart to Thal. On the Salt Range it is similarly rare, but has never- 
theless been found from low in the Khairabad limestone up to about the middle 
of the Patala shales. It generally appears in collections from the north- western 
parts of that Range (Nammal to Kalabagh) but is also present in collections from 
Dandot. On the Kala Chitta Range it is again relatively rare, but appears in 
the lower parts of the shales overlying the 80 ft. limestone. 

This constant paucity in numbers of a megalospheric form as compared 
with its microspheric ally, even when both types appear together, seems difficult 
to explain. It may possibly be correlated with the fact that the megalospheric 
M. miscella often appears in great numbers in the same sediments, together with 
relatively rare M. stampi. If the contention be correct, as here offered (pp. 
40 -42 below), that the latter two forms are pathological representatives of the 
former pair, then the paucity of N. thalicus may be due to the fact that the 

1 Quart. Journ. Geol. Soc. Lond., Vol. LXXXIII, p. 271 ; Pl. XX, fig. 5, (1927). 
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megalospheric Nummulite was more prone than the microspheric one to adopt 
the Miscellanea structure. 

NUMMULITES SINDENSIS (Davies). 

(Plate IV, fig. 21.) 

Holotype, G. S. I. Type No. 13549. 

1916. Operculina canalifera, d'Archiac ; Douvillé, Pal. Ind., N. S., Vol. V, Mem. 3, 
pp. 36 -37 ; Pl. XV, figs. 6 -8. 

1926. Operculina canalifera, d'Archiac ; Nuttall, Geol. Mag. Lond., Vol. LXIII, pp. 117- 
118 ; Pl. XI, figs. 1 -2. 

1927. Operculina sindensis, sp. nov. ; Davies, Quart Journ. Geol. Soc. Load., Vol. 
LXXXIII, pp. 274 -276 ; Pl. XIX, figs. 10 -13. 

1931. Operculina canalifera, d'Archiac ; Nuttall, Rec. Geol. Surv. Ind., LXV, pp. 307, 
312 -313. 

Little need be added to the descriptions already given of this form, but 
I would emphasise certain facts to which I referred when describing it, namely, 
that it not only possesses completely enveloping whorls (as proved by meridian 
sections) but septal filaments as well (since filaments from the outer whorls are 
clearly seen over -riding the marginal cords, etc., of inner ones) ; and perfect 
transitional series can be formed between it and N. nuttalli. I called it an 
Operculine in 1927, in deference to those writers who regard the rate of opening 
of the spire as the only criterion distinguishing an Operculine from a Nummulite ; 

but since I now reject that view, and regard the absence of septal filaments as 
the first step in separating Assilina and Operculina from Nummiclites, I regard 
this species as a Nummulite.' 

The close relationship of this form to N. nuttalli is further indicated by the 
similar tendency which it shows to adopt Miscellanea structure. I give an 
illustration (Pl. IV, fig. 21) to show this, and return to the subject later (p. 41 

below). 
Distribution. --N. sindensis has been found in the uppermost Ranikot beds 

both of Sind and the Kohat district (Thal). On the Salt Range it generally 
appears in company with N. nuttalli, from about the middle of the Khairabad 
limestone to the middle of the Patala shales, and is similarly most abundant at 
about the junction of those two formations. As with N. nuttalli, it has been 
found in collections from Kalabagh to Kallar Kahar ; the only difference in dis- 
tribution being that I have doubtfully identified it in the uppermost Patala shale 
limestone, with N. lahirii, at Kalabagh. On the Kala Chitta Range, N. sindensis 
appears at the same levels as N. nuttalli. 

It is interesting to find, as shown in the Appendix on the Kampa Dzong 
beds (p. 69 below), that this species is found as far east as Thibet, and is there 

Unmistakeable N. sindensis numbered K. 6/987, in the G. S. I. collections at Calcutta, were labelled by Vredenburg 
` Nummulites canalifera from zone 4 of the Upper Ranikot at Jherruck in Sind '. So Vredenburg, like myself, regarded 
this form as a Nummulite and not as an Operculine. According to S. Hanzawa, who cites my original description of this 
species, it pertains to his new genus Operculinoides (Science Reports, Tôhoku Imp. Univ., Ser. II, Vol. XVIII, pp. 1819, 
1935). It. should probably therefore be styled Opercutinoides sindensis. 

E 
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1879. Nummulites ramondi, Defrance (pars) ; Fedden, Meni. Geol. Surv. Ind., XVII, 

P. 198. 

1924. Nummulites mamilla (Fichtel and Moll) ; Douvillé, C. R. Acad. Sci. Paris, Vol. 

CLXXVIII, pp. 38 -39. 

1925. Nummulites mamilla ( ?) (Fichtel and Moll) ; Nuttall, Quart. Journ. Geol. Soc. 

Lend., Vol. LXXXI, pp. 445 -446 ; Pl. XXVII, figs. 1 -3. 

1926. Nummulites ( ?) mamilla (Fichtel and Moll) ; Nuttall, Geol. Mag. Lond,., Vol. 

LXIII, pp. 497 -498, 500, 502. 

The identity of the little species originally described as Nautilus Mammilla 
by Fichtel and Moll is rather doubtful. Their figure c might be taken to indicate 
either a microspheric form or a megalospheric one with relatively small proto- 
conch (about 0.15 mm. in size). The test was apparently about 3 mm. in diam- 
eter (fig. a), with very sharp border, and ratio of thickness to diameter as low 

as 1 : 3, (fig. d). It apparently had a small but distinct and prominent polar 
pustule (figs. b and d), and rather over 6 whorls to the spire, with about 24 chambers 
in the last one (fig. c.) The marginal cord is represented as thin, and the septa 
as inclined well forward. 

D'Archiac and Haime expressly identified with this a rather stouter form 
measuring about 3.0 by 1.5 mm., which they preferred to designate a variety of 

N. ramondi, Defrance ; and Fedden, who followed them, reported finding the 
species in Ranikot and ` Khirthar ' beds of Sind. Douvillé has, however, shown' 
that N. ramondi is a synonym of Assilina leymerie, its type being not a Nummu- 
lite but an Assiline. We are therefore left with the option of either accepting 
the term N. mamilla for this form or of finding a new designation for it. 

Nuttall has doubtfully applied the name N. mamilla to a small megalospheric 
Nummulite found by him in Sind, and since a very similar type is found in Mr. 

Pinfold's Salt Range collections, I provisionally apply the term to it also. The 
latter generally appears in thin sections of limestone, its characters being as 

follows : The diameter seldom exceeds 3 mm., and it has well marked polar 
pustules. It is relatively stout, the ratio of thickness to diameter being about 
1 : 1.7. The adult usually has 5 whorls, whose sizes vary between 0.7 to 0.9 

mm. ; 1.1 to 1.4 mm. ; 1.6 to F9 mm. ; 2.1 to 2.3 mm. and 2.5 to 2.7 mm. re- 
spectively. Few good equatorial sections have been seen, but the protoconch 
is double, the first cell measuring from 0.25 to 0.35 mm., and the second rather 
less. The chambers number about 8 to 10, 16 to 18 and 22 to 24 respectively 
in the first three whorls. The spacing of the whorls is very uniform, and the 
marginal cord comparatively thin. The septa are gently curved, with a medium 
inclination forward. 

Distribution. -As Nuttall remarks, it is difficult to distinguish this form from 
other small megalospheric types ; but the species as described above is common 
in all the Laki beds of the Salt Range, particularly the later ones (Sakesar lime- 
stone and Bhadrar beds) ; and either the same form or a closely related variety 
is found in the Ranikot beds, from the top of the Khairabad limestone upwards. 
The Ranikot representatives chiefly appear in collections from Kalabagh to Chamil 

Mém. Carte geol. dét. France, p. 55, (1919). 

E2 
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(accompanying N. ,globulus), and the Laki ones from the Nammal gorge to Dandot. 

I cannot identify this form with most of those called N. aff. guettardi by Nuttall,' 
since he says that the latter are generally devoid of a median pustule. Nuttall 
found N. cf. mamilla in the three chief limestones (Laki, Meting and Dunghan) 

of Sind and Baluchistan, and it similarly appears in the Shekhan limestone of 

the Kohat district. It was the principal Nummulite found in association with 

D. vredenburgi and the Dictyoconus -group forms described from the uppermost; 
Laki beds near Hindu Bagh in northern Baluchistan.2 

NUMVIULITES ATACICLTS, Leymerle. 

(Plate III, figs. 4, 8, 10.) 

1846. Nummulites atacicus, sp. nov. ; Leymerie, Mém. Soc. géol. France, (2), Vol. I, 
pp. 358 -359 ; Pl. XIII, figs. 13a -13e. 

1853. Nummulites biaritzensis, d'Archiac (pars) ; d'Archiac and Haime, ` Descr. An. 

foss. Gr. nutum. Inde ', pp. 131 -133 ; Pl. VIII, figs. 5 -5a. 

1879. Nummulites biaritzensis, d'Archiac ; Fedden, Mem. Geol. Surv. Ind., XVII, p. 199. 

1880. Nummulites Biaritzensis, d'Archiac ; Duncan, Pal. Ind., Ser. XIV, Vol. I, p. 10. 

1905. Nummulites atacicus, Leymerie ; Doncieux, Ann. Univ. Lyon, N. S., Vol. I, fast. 
17, pp. 114 -116. 

1906. Nummulites atacicus, Leymerie ; Vredenburg, Rec. Geol. Surv. Ind., XXXIV, 
pp. 86 -87, 94, 173. 

1911. Nummulites atacicus, Leymerie ; Boussac, Mém. Carte. géol. dét. France, pp. 28 -32. 
Text -fig. 7 ; Pl. II, fig. 26 ; Pl. III, fig. 15 ; Pl. V, fig. 14. 

1919. Nummulites atacicus, Leymerie ; Douvillé, Mém. Carte. géol. dét. France, pp. 38 -41, 
Text -fig. 2 ; Pl. III, figs. 1 -6. 

1924. Nummulites atacicus, Leymerie ; Davies, Journ. Asiat. Soc. Bengal, N. S., Vol. XX, 
pp. 210 -211, 216, 218, 220. 

1925. Nummulites atacicus, Leymerie ; Nuttall, Quart. Journ. Geol. Soc. Lond., Vol. 
LXXXI, pp. 444 -445 ; Pl. XXV, figs. 1 -6. 

1926. Nummulites atacicus, Leymerie ; Nuttall, Rec. Geol. Surv. Ind., LIX, pp. 120, 
129 -130. 

1926 Nummulites atacicus, Leymerie ; Davies, Trans. Min. Geol. Inst. Ind., Vol. XX, 
pp. 205,. etc. 

1926. Nummulites atacicus, Leymerie ; Nuttall, Geol. May. Lond., Vol. LXIII, pp. 497- 
498, etc. 

D'Archiac and Haime identified the form called by them N. biaritzensis in 
1853, with Leymerie's N. atacicus, but preferred what they regarded as the earlier 
designation for it. Douvillé and Boussac have, however, since shown that the 
term N.. biaritzana was originally applied by d'Archiac, in 1837, to a different 
and younger form (possibly N. vascus) ; so this designation cannot be legitimately 
applied to Leymerie's N. atacicus. The term N. biaritzensis is therefore now 
generally abandoned with reference to Leymerie's species ; but the older Indian 
palaeontologists for some time followed d'Archiac and Haime's lead, and reported 

Geol. Mag. Lond., Vol. LXIII, pp. 115 -116, (1926). 
2 Davies, L. M., Trans. Roy. Soc. Edin., Vol. LVI, p. 488, (1930). 
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N. atacicus under the designation of N. biaritzensis from the ` Khirthar ' (meaning 
Khirthar and /or Laki) beds of Sind. 

The representatives of this species, as collected on the Salt Range, are quite 
typical, and I could see no difference between them and forms from the Kohat 
district referred to in my previous papers. The largest Salt Range specimen 
seen measured 14.25 by 3.75 mm , and the ratio of thickness to diameter averaged. 

about 1 : 2.9, which is almost identical with that quoted by Nuttall for his Sind 
and Baluchistan specimens. Other features also seem to be normal, so need 
not be recapitulated here ; but I show on Plate III an external aspect, and 
typical meridian and equatorial sections, for comparison with similar views of 

N. irregularis and the new species N. lahirii (described below). 
Distribution. -N. atacicus has never hitherto been seen in Ranikot beds, 

and the Salt Range collections afford no exception to that fact. It is very 
common, however, in the Laki ; and according to Nuttall it continues into the 
lower part of the Middle Khirthar as well. On the Salt Range, it appears in 
all the Laki formations, becoming most abundant in the later ones (Sakesar 
limestone and Bhadrar beds). It is still very common in the Shekhan limestone 
of the Kohat district, and survives in reduced numbers in the succeeding Kohat 
shale. 

NUMMULITES LAHIRII, sp. nov. 

(Plate III, figs. 12 -15.) 

Holoty pe, G. S. I. Type No. 15799. 

In the uppermost layers of the Patala shales, in the Patala nullah itself, 

is found a Nummulite externally resembling N. atacicus but internally distinct 

from that species. The adult usually measures 7 to 8 mm. in diameter, the 
largest one hitherto seen measuring 9 mm. The ratio of thickness to diameter 

varies from 1 : 2.7 to 1 : 3.8, and averages about 1 : 3.3. It is thus flatter than 
the normal N. atacicus. A small group of polar pillars is always present, and 

sometimes appears clearly on the surface as a pustule (Pl. III, fig. 13), although 

normally invisible (fig. 14) until the poles are abraded. Septal filaments are 

usually more simply radiating than those of N. atacicus, but are only seen faintly 
by transparence unless the test is weathered ; the surface of an unweathered 
specimen being normally smooth and opaque. 

Meridian sections show the walls of the test to be relatively thicker than 
those of N. atacicus ; and more closely embracing at the poles, but further apart 
at the equator where the chamber height is consequently greater. The result 
appears in equatorial section, where the spire is seen to be much looser than that 
of N. atacicus, with only about 6 or 7 whorls instead of 10 in a radius of 3 mm. 

The last whorl at that radius usually has about 45 chambers as against 50 in 
N. atacicus ; yet the chambers are relatively as well as absolutely higher than 
those of N. atacicus, owing to the widely opening nature of the spire in this 

species, and much more falciform owing to the strongly recurved nature of the 
upper portions of the septa. The lower portions of the septa are almost normal 
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to the underlying whorl. The equatorial section of this species thus shows an 

aspect intermediate between the equatorial sections of N. irregularis and N. 

atacicus ; but since it does not seem to be identifiable with either of the latter, 

I regard this form as distinct from both, and propose to call it N. lahirii after 

Mr. H. M. Lahiri of the Geological Survey of India, who assisted the late Mr. 

Vredenburg in working on Indian foraminifera. 

Distribution. -This species first appears (so far as is known at present) in 

considerable numbers in the uppermost levels of the Patala shales in the Patala 

nullah and at Kalabagh. It continues into the Laki, and is found in the fossil - 

iferous beds of the Nammal shales, e.g., at Jaba in the north -west, and Choa 

Saidan Shah in the east. It is not yet certain whether it survives into the 

Sakesar limestone, but it is present in the hand specimens (G. S. I. No. G.- 280/77) 

of rock from Petiani in which I first saw and described Lockhartia tipperi. 

NUMMULITES IRREGULARIS, Deshayes. 

(Plate III, figs. 5, 16 -17, 19.) 

1838. Nummulites irregularis, sp. nov. ; Deshayes, Mém. Soc. géol. France, (1), Vol. III, 
pp. 67-68 ; Pl. V, figs. 15 -16. 

1853. Nummulites irregularis, Deshayes ; d'Archiac and Haime, ` Descr. An. foss. Gr. 

numm. Inde ', pp. 138 -139 ; Pl. VIII, figs. 16 -19a. 

1883. Nummulites irregulcris, Deshayes ; De la Harpe, Mém. Soc. pal. suisse, Vol. X, 

p. 154 ; Pl. IV, figs. 16 -34 ; Pl. V, figs. 1 -2. 

1906. Nummulites irregularis, Deshayes (pars) ; Vredenburg, Rec. Geol. 

XXXIV, p. 94. 

1911. Nummulites irregularis, Deshayes (B) ; Boussac, Mém. Carte géol. dét. France, pp. 

18 -21 ; Pl. I, figs. 17, 21 -22. 

1919. Nummulites irregularis, Deshayes ; Douvillé, Mém. Carte géol. dét. France, pp. 68- 

69 ; Pl. V, figs. 22 -29 ; Pl. VI, fig. 4 ; Pl. VII, figs. 1 -2. 

1925. Nummulites irregularis, Deshayes ; Nuttall, Quart. 'Town. Geol. Soc. Lond., Vol. 

LXXXI, p. 446 ; Pl. XXVI, figs. 6 -7. 

1926. Nummulites irregularis, Deshayes ; Nuttall, Geol. Mag. Lond., Vol. LXIII, pp. 497- 

502. 

1935. Nummulites irregularis, Deshayes ; De Cizancourt, Bull. Soc. géol. France. (5), 

Vol. IV, pp. 749 -751 ; Pl. XLIV, Fig. 3. 

Many N. irregularis appear in certain of Mr. Pinfold's collections. Their 
diameter ranges from 11.5 to 25.5 mm., and thickness from 1.1 to 2.3 mm. The 
average size of adults measured came to 17.2 by 1.9 mm. The ratio of thickness 
to diameter varies from 1 : 6 down to 1 : 14, averaging about 1 : 9. The test 
is usually smooth, but the last whorl is sometimes marked off in a way which 
recalls N. sindensis ; and polar pillars, which are always present, are sometimes 
clearly visible on the surface (vide Pl. III, fig. 16). Septal filaments are thin 
and whirling, and not usually visible unless exposed by weathering ; but are 
occasionally seen by transparence. Owing to the thinness of the test and its 
usually uneven shape, it is difficult to obtain an equatorial section showing the 
whole spire ; but about 8 whorls can sometimes be seen between radii measuring 

and 62 mm., whereas in other cases only about 5 whorls appear between the 



THE EOCENE BEDS OF THE PUNJAB SALT RANGE. 27 

same limits. The septa, as Nuttall remarked, vary both in number and inclina- 
tion ; but about 40 appear in a whorl 3 mm. distant from the centre, and 60 in 
a whorl 42 mm. from the centre. The upper halves of the septa are usually 
strongly recurved, and the lower halves tend to be normal to the underlying 
whorl. Their ends are slightly clubbed. 

Distribution.- According to Dr. Nuttall, this species is found at practically 
all Laki levels in Baluchistan. On the Salt Range it has only been found in 
the Nammal shales, or lower part of the Laki, at the two extremities of the area 
examined by us, i.e., from Jaba to Kalabagh on the west and at Choa Saidan 
Shah on the east. When it does appear, it seems to do so in great numbers. 
Further north, it appears at the base of the Laki sequence in the eastern parts 
of the Kohat district (Tarkhobi, etc.), in beds with a very similar fauna to that 
of the Nammal shales. 

Remarks. -Both N. irregularis and N. atacicus have been classed by good 
authorities as smooth forms without pillars.' Douvillé, however, has shown 
that the latter normally possesses a buried polar pustule,2 which is apt to break 
up into pillars in an allied form which he calls N. granifer.3 Indian represent- 
atives of N. atacicus and N. irregularis, inseparable from the European forms 
in other respects, normally have buried pillars near the poles. I do not consider 
that the presence of these pillars (seldom seen on the surface of the adult test) 
justifies proposing new specific names for the Indian forms. The Indian N. 
atacicus is much nearer to the European N. atacicus than to the European N. 
granifer (which is far more obviously granulated) ; and the normal Indian N. 
irregularis is externally indistinguishable from the European one. Mme. de Cizan- 

court figures a granulated N. irregularis from the Syrian desert (ut supra). 

NUMMULITES SUBIRREGULARIS, De la Harpe. 

(Plate III, figs. 6 -7, 11, 18.) 

1883. Nummulites subirregularis, sp. nov. ; De la Harpe, Mém. Soc. pal. suisse, Vol. X, 
pp. 158 -159 ; Pl. V, figs. 3 -14a. 

1911. Nummulites irregularis, Deshayes (A) ; Boussac, Mém. Carte géol. dit. France, 
pp. 18 -21. 

1915. Nummulites subirregularis, De la Harpe ; Dainelli, ` L 'Eocene Friulano ', p. 172 ; 

Pl. XIX, figs. 8 -9, 15. 

1929. Nummulites subirregularis, De la Harpe ; Llueca, ` Los Numulitidos de Espana 
p. 83 and Text -fig. 4. 

This species, although fairly well known in Europe, has not previously been 
described from India. Externally, it is very like N. irregularis, from young 
members of which it can hardly be distinguished. Measured specimens from 
the Salt Range have varied between 5 and 7 mm. in diameter, and from 0.8 to 
1.2 mm. in thickness ; the average adult size being about 6.0 by 1.1 mm. There 
are usually from 4 to 5 whorls, the numbers of chambers in the four that are 

1 Boussac, J., op. cit., pp. 18 -21, 28 -32, etc., (1911). 

2 Ibid., pp. 37, 40, etc., (1919). 

3 Ibid., p. 45 ; P1. I, figs. 39 -41 ; P1. II, figs. 5 -8, (1919). 



28 THE EOCENE BEDS OF THE PUNJAB SALT RANGE. 

usually completed being about 6, 15, 28 and 36 respectively, but varying con- 

siderably. The sizes of the four whorls are also very variable, being from 1.0 

to 1.5 mm. ; 2.1 to 3.2 mm. ; 3.2 to 5.0 mm. and 4.2 to 6.5 min. respectively. 

A specimen with five complete whorls measured 6.8 mm. The septa are more 

regular than those of N. irregularis, but show the same general characters. The 

protoconch is from 0.4 to 0.6 mm. in diameter, and often irregular in shape. It 
generally appears to be single ; but since its wall is extremely thin, it is possible 

that it is really composed of two cells, the boundary between which has been 

reabsorbed. 
Distribution. -N. subirregularis appears in considerable numbers, accompany- 

ing N. irregularis wherever the latter has been found on the Salt Range, and also 

in the eastern parts of the Kohat district. 
Remarks.- Before I received collections containing N. subirregularis, Mr. E. A. 

Eames of the Burmah Oil Company reported finding it in material from the Salt 
Range. Mr. Eames was therefore the first to recognise the presence of this spe- 
cies in India. 

Genus : ASSILINA, d'Orbigny, 1826. 

This genus is distinguished from Nummulites by the absence of septal fila- 
ments. The whorls may or may not be fully enveloping, but they are so closely 
embracing that no space is left between them either for sarcode or for filaments 
traversing the same. - Owing to the absence, in Assilina, of septal filaments 
obscuring the underlying structure, the inner whorls and their septa are often 
clearly distinguishable on the surface of the test. 

Discussion. -The definitions of this genus given in most systematic works 
are far from satisfactory. Carter was probably the first to refer to essentials 
when he said' that the chief distinction between Nummulites and Assilines lay 
in the absence, from the latter, of ` chambers above and below the central plane ' ; 

for these lateral chambers, whose presence he noted in meridian sections of Num- 
mulites, consist of spaces subdivided by septal filaments between the successive 
lateral walls of the test. Where septal filaments exist, Carter's lateral ` cham- 
bers ' exist ; and that, as he rightly insisted, is only in Nummulites. 

Douvillé expresses the same fact by saying that the spiral sheet is envelop- 
ing in Assilina, but not the chambers.2 It is not certain, however, that the 
spiral sheet is always fully enveloping in this genus ; and it seems better to refer 
to the absence of septal filaments than to the absence of chambers, since the 
former imply the latter, and are themselves such an important feature in Num- 
mulites. 

ASSILINA DANDOTICA, sp. nov. 
(Plate IV, figs. 1 -3, 6 -8.) 

Holotype, G. S. I. Type No. 15811. 
This stout little species, with peculiarly massive test, can only be distin- 

guished from Nummulites and referred to Assilina on the grounds named above. 
3 Ann. Mag. Nat. ¿118t., (2), Vol. XI, p. 164, (1853). 
2 MM. Carte géol. dit. France. p. 71, (1919). 
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Meridian sections show the whorls to be fully enveloping ; but they are so closely 
embracing as to allow of no development of septal filaments in between. As 
a consequence, almost the entire spire can be traced on the outer surface of the 
test, in spite of the deeply buried nature of all but the last whorl. 

The form is discoid with sharp periphery, resembling an elongated hexagon 
in meridian section. There is sometimes a slight depression at the pole. The 
surface is covered with regularly distributed granules ; these are relatively small 
near the periphery, where they indicate cord and septa separately, but are both 

-coarser and closer -set over the middle parts of the test, where they chiefly 
emphasise the junction points of septa with the marginal cord. 

The largest specimen seen measured 3.0 by 1.1 mm., but the average is 

only about 24 by 4 mm. The ratio of thickness to diameter varies from 1 : 2z. 

to 1 : 32, and averages 1 : 3. 

The form is megalospheric, the protoconch being double, with second cell 
noticeably smaller than the first, which is about 0.1 mm. in diameter (varying 
from 0.08 to 0.12 mm.). There are usually a little over 4 whorls, whose diameters 
are about 0.40 to 0.45 mm. ; 0.60 to 0.80 mm. ; ]. 20 to 1.30 mm. and 1.70 to 
2.00 grim. respectively. The chambers in the same are about 8, 14, 19 and 26 

respectively. The septa are for the most part erect and but little inclined to 
the radius, except in their uppermost quarter which is recurved. The chambers are 
thus almost rectangular in shape, and about twice as high as long. In meridian 
section, the chamber is seen to envelop only about the uppermost quarter of the 

whorl's relief, and to be narrowly tapered on top although broadly 
rounded at bottom. The marginal cord is only about 30 to 40p. in thickness.. 

Distribution. -This species appears in collections from the upper parts of 
the Khairabad limestone, and continues throughout the Patala shales, in the 
later levels of which it becomes numerous. It has been found throughout the 
Salt Range area studied by us, from Kalabagh to Dandot, wherever these latest 
Ranikot beds are exposed. It does not seem to survive the Ranikot, although 
a similar form which may be related to it is found in the Nammal shales. (Un- 

fortunately I have not yet found sufficiently well preserved specimens of the 
latter to determine its exact properties ; but it is rather larger and more lentic- 
ular than the Ranikot type here described, and has a more open spire.) I 
propose to call this Ranikot species Assilina dandotica after the village of Dandot, . 
in some exposures near which it is very abundant and well preserved. The 
species has only been doubtfully recognised, as yet, in other areas ; but it seems 
to appear spasmodically in the uppermost Ranikot beds of the Kala Chitta. 
Range and of the Kohat district (e.g., at Thal). 

ASSILINA GRANULOSA (d'Archiac). 

(Plate IV, figs. 4 -5, 9 -10.) 

1847. Nurninulina granulosa, sp. nov. (pars) ; d'Archiac, Bull. Soc. géol. Frane, (2),. 

Vol. IV, p. 1010. 

1848. Nummulites granulosa, d'Archiac (pars) ; d'Archiac, Ména. Soc. géol. France, (2),, 

Vol. III, pp. 415 -416 ; Pl. IX, fig. 21. 

F 
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1853. Nummulites granulosa, d'Archiac (pars) ; d'Archiac & Haime, ` Descr. An. foss. 

Gr. numm. Inde ', pp. 151 -153, 181 ; Pl. X, figs. 11 -12, 16 -17. 

1906. Assilina granulosa (d'Archiac) (pars) ; Vredenburg, Rec. Geol. Surv. Ind , XXXIV, 

pp. 86 -87, 94, 173, 197. 

1919. Assilina granulosa ( d'Archiac) ; Douvillé Mén. Carte. géol. dét. France, pp. 72 -75 ; 

Pl. IV, figs. 15 -17. 

1925. Assilina granulosa (d'Archiac) (pars) ; Nuttall, Quart, Journ. Geol. Soc. Lond., 

Vol. LXXXI, pp. 441 -443 ; Pl. XXVI, figs. 1, 5. 

1926. Assilina granulosa (d'Archiac) ; Doncieux, Ann. Univ. Lyon, N. S., Vol. I, fast. 

45, pp. 48 -51 ; Pl. V, figs. 27 -29. 

1926. Assilina granulosa (d'Archiac) (pars) ; Nuttall, Geol. Mag. Lond., Vol. LXIII, 
pp. 498, 500 -502. 

The types at Calcutta of what Jones and Fedden called ` N. granulosa' 
prove, on examination, to be A. papillata and A. subpapillata (Nos. H. 43/175 

and H. 43/176) and A. spinosa and A. subspinosa (No. H. 43/183). The 
former is a Khirthar couple ; and the latter a Ranikot and Laki one, described 
below as two new species. I therefore omit from the above synonymy the 
references to ` N. granulosa ' made by the older pale ontologists of the Indian 
Geological Survey (Blanford, Fedden and Duncan), since it is uncertain that they 
referred to the form here described. 

As d'Archiac admitted, in his memoir with Haime on Indian fossils, he had 
included Sowerby's A. exponensl among the forms first described by him as A. 
granulosa. Comparison of fig. 19 on Plate IX of his Memoir of 1848 with fig. 1 

on Plate X of the Monograph of 1853 will show how he subsequently recognised 
as A. exponens what he had once included in A. granulosa.. He and Haime 
also reduced the specified size of. A. granulosa from 30 mm., as originally stated 
by d'Archiac, to 18 mm. or less. 

The form was still rather a large one, however ; and since it seems that the 
Indian fossils which d'Archiac referred to this species came mostly from ` Kalibag ' 
(Kalabagh) in the Punjab, which lies within the area studied by Mr. Pinfold and 
myself, it is fairly easy to identify the Indian type which d'Archiac referred to A. 
granulosa, since good exposures are found at Kalabagh and Mari Indus of 
fossiliferous Nammal shales with numerous N. irregularis, and accompanying 
Assilines of fairly large size and apparently only one type. I propose, therefore 
to regard this rather large and smooth Kalabagh Assiline as the Indian 
equivalent of A. granulosa. Confirmation seems to be found in the fact that 
this Indian form is identical with the type figured by Douvillé as best represent- 
ing A. granulosa in southern France. 

The largest specimen seen in Mr. Pinford's collections measured 15.0 by 
1.6 mm. ; the average adult diameter being about 9 to 10 mm. (This agrees 
with Douvillé's figures, which are of forms 9 to 11 mm. in diameter ; but it is 

' larger than the average cited by Nuttall, who seems to have included in his 
summary a number of types which I would now hesitate to identify with this 

Sowerby, J. de C., Trans. Geol. Soc. Lond., (2), Vol. V, Pl. LXI, figs. 14e -14f (non 14a -14b), (1840). 
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species.) The ratio of thickness to diameter varies from 1 : 6 down to 1 : 10, 
with average about 1 : 8. 

The shape is fiat, with fairly sharp margin, and usually a slight thinning 
of the central parts. Whorls and septa -especially the latter -are marked by 
granules on the surface of the test ; these granules becoming concentrated at 
the pole into a small bunch, which sometimes appears as a slight swelling in the 
middle of the general faint depression. In some specimens these external mark- 
ings are very clearly seen, in others they are so faint as to be almost invisible. 

Meridian sections show that the whorls are completely enveloping at first, 
but apparently not so afterwards ; although it is possible that attenuated exten- 
sions of the later whorls may still reach the poles. The chambers, as seen in 
meridian section, are about twice as high as broad, and enclose no more than the 
underlying marginal cord. 

Equatorial sections show about 9 or 10 whorls in a diameter of 6 mm., the 
number of chambers in the last of these being about 40 to 45. The diameters 
of the first ten whorls appear to be about 0.06 mm. ; 0.12 mm. ; 0.25 mm. ; 

0.50 mm. ; 0.90 mm. ; 1.30 mm. ; 2.10 mm. ; 3.30 mm. ; 4.60 mm. and 6.00 
mm. respectively. The septa are almost radial and straight for the first four - 
fifths of their height, and only recurved in the uppermost fifth. The chambers 
are about twice as high as long ; and the marginal cord in the later whorls is 

about 0.12 mm. thick (varying from 0.10 mm. to 0.14 mm.). 

Distribution. -This species (in the narrowed sense here given to it) is very 
common on the Salt Range, appearing in company with N. irregularis in the 
Nammal shales and continuing through the greater part, if not all, of the Sakesar 
limestone. It also appears in company with N. irregularis in the lowest Laki 
exposures at Tarkhobi, etc., in the eastern parts of the Kohat district. I have 
not yet found it, however, in the Bhadrar beds of the Salt Range (further collec- 

tions from which have kindly been shown me at Calcutta by Mr. Gee of the 
Geological Survey of India),1 or in the Shekhan limestone of the Kohat district, 
or at any succeeding level. 

ASSILINA SPINOSA, Sp. nov. 

(Plate IV, figs. 11 -12, 16 -17.) 

Holotype, G. S. I. Type No. 15821. 

1844. ; Carter, Journ. Bomb. Br. Roy. Asiat. Soc., Vol. II, p. 43 ; 

PI. VIII, figs. 12 -12b. 

1879. Nummulites granulosa, d'Archiac (pars) ; Fedden,2 Mem. Geol. Sure. Ind., 
XVII, p. 199. 

Many representatives are found on the Salt Range of a species of Assiline 

smaller and stouter than the typical A. granulosa, and with close -set granules 

covering the whole central parts of the test so as generally to obscure all but 

Mr. Gee's collections from these beds do not show any O. complanatus (which is perhaps rather rare at this level, al. 
though abundant in the Shekhan limestone), but contain many A. cf. pustulosa, N. atacicus, A. subspinosa, and L. tipped 
(the last two species not having yet been found in the Shekhan limestone). 

2 Noted from examination of Fedden's original types at Calcutta (G. S. I. No. H. 43/183, pars). 

F 2 
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the outermost whorl and its septa. The last whorl itself, however, is usually 

well marked by a fairly prominent marginal cord and prominent septa. The 

largest specimen seen measured 8.0 by 1.4 mm.; but the usual adult diameter 

is from 6 to 7 mm. The ratio of thickness to diameter is about 1 : 54, varying 

from 1 : 4 to 1 : 54. 

Meridian sections show a relatively stouter form than A. granulosa, with 

thicker walls and coarser granules. The central depression is more marked, 

and the periphery is not quite so sharp. All the whorls seem to be fully en- 

veloping, but the inner extensions of the outer ones are very attenuated. The 

chambers are also much wider than those of A. granulosa, the proportion of 

width to height varying from 2 : 3 up to 1 : 1. The thickness of the marginal 
cord is usually about 0.12 mm. 

Equatorial sections show about 9 whorls in a diameter of 5 mm., the whorl 
sizes being respectively about 0.08 mm. ; 0.14 mm. ; 0.30 mm. ; 0.60 mm. ; 

1.14 mm. ; 1.75 mm. ; 2.56 mm. ; 3.60 mm. and 5.00 mm. These measurements 
are not far removed from those of A. granulosa. The septa, however, are 
generally more sloping than those of A. granulosa, and more widely spaced ; so 

that the equatorial aspect is sufficiently distinct. Thus the chambers only 
average about 14 times as high as long, and so are much less crowded, there 
being only about 25 to 30 chambers in the 9th whorl instead of about 35 to 40 
as in A. granulosa. 

This form is no doubt related to A. granulosa ; but its differences seem to 
be sufficiently marked and constant to demand separate recognition. It is also, 
quite certainly, the microspheric companion of a megalospheric form which Nuttall, 
like myself, has found it impossible to identify with A. leymeriei (the megalo- 
spheric companion of A. granulosa). I therefore propose to treat it as a new 
species, under the name A. spinosa. 

Distribution. -A. spinosa appears in collections from the Sakesar limestone, 
from Chamil to Dandot, and in the Bhadrar beds near Nurpur, Sehti and Kallar. 
Kahar. I have not yet seen it in collections from the western parts of the 
Salt Range, or from horizons lower than the Sakesar limestone. That it existed 
at an earlier date is implied by the presence of its megalospheric companion from 
the upper parts of the Khairabad limestone onwards ; and it appears together 
with N. lahirii in specimens (G. S. I. No. G. 280/77) of early Laki rocks from 
Petiani. It is also probably the Assiline, of similar size and proportions, figured 
by Carter in association with M. miscella at Jherruck in Sind. Its range would 
therefore seem to be from the uppermost Ranikot to the Bhadrar beds, both 
inclusive ; its first appearance being prior to that of true A. granulosa, which 
still seems to be confined to the Laki. 

Remarks. -Although A. spinosa and its megalospheric companion still appear 
in the Bhadrar beds of the Salt Range, and are sometimes extremely abundant 
in them, I have seen no signs of either in the Shekhan limestone of any part of 
the Kohat district. It must therefore be extremely rare, if it exists at all, in that limestone. _',.This is one of my reasons, at present, for regarding the Shekhan 
limestone as being of later date even than the Bhadrar beds. The fauna of 
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the latter, although making some approach to that of the Shekhan limestone, 
is still much more closely related to the fauna of the Sakesar limestone, whose 
facies is very different. 

ASSILINA SUBSPINOSA, sp. nov. 

(Plate IV, figs. 19 -20, 23 -26.) 

Holotype, G. S. I. Type No. 15825. 

1879. Nummulites granulosa, d arch. (pars) ; Fedden, Mem. Geol. Surv. Ind., XVII, 
P. 199. 

1906. Assilina miscella ( d'Arch. & Haime) ; Vredenburg, Rec. Geol. Surv. Ind., XXXIV, 
pp. 86, 94, 187 -188. 

1909. Assilina miscella (d'Arch. & Haime) ; Vredenburg, Pal. Ind., N. S., Vol. III, 
Mem. 1, pp. xii-xv 

1926. Assilina ranilcoti, sp. 
Pl. X, figs. 7-8. 

1931. Assilina ranikotensis, 

nov. (pars) ; Nuttall, Geol. Mag. Lond., Vol. LXIII, p. 117 ; 

Nuttall ; Nuttall, Rec. Geol. Surv. Ind., LXV, pp. 307-313. 

When dealing with the Upper Ranikot series of Sind, Dr. Nuttall described 
and figured as a new species, A. ranikoti, various forms which seem to me to 
belong to more than one species. His figures 9 -11 may well pertain to a small 
microspheric form, such as he states A. ranilcoti to be ; but his figures 7 and 8 

seem to me very different from the others, and correspond closely with a mega - 
lospheric form which appears in abundance in certain of the collections from the 
Salt Range. Since Nuttall cited the form shown in his figure 9 as the holotype 
of A. ranikoti (or A. ranikotensis, as he afterwards called it) it seems that the 
Salt Range species, which is not identifiable with his fig. 9, should be redescribed 
under a new name. 

The largest specimen hitherto seen measures 4.5 mm., but the usual adult 
size is about 2.8 mm., varying from about 2.2 to 3.4 mm. The average thick- 
ness is about 0.9 mm., varying from 0.7 to 1.1 mm. The average ratio of thick- 
ness to diameter is about 1 : 3. The form is discoid with sharp periphery. 
The species is characterised by having large and prominent granules closely 
massed over the central parts of the test, while the outermost whorl is relatively 
smooth and shows more or less distinct traces of marginal cord and septa. This 
characteristic is actually better seen on Nuttall's figures (Nos. 7 and 8) than my 
own, and links this megalospheric form to A. spinosa (which is quite different 
from the little microspheric form shown in Nuttall's fig. 9). 

The protoconch is double and subequal, the diameter of the first cell being 
usually about 0.18 mm. (varying from 0.12 to 0.24 mm.). As with A. spinosa, 
all the whorls are probably enveloping, although the walls of the outer ones are 
very attenuated over the central parts of the test. Meridian sections show the 
central granules standing out like spines ; and the chambers in these sections 
are seen to be relatively broad (breadth equalling 3 to 4 of the height), and 
enclose very little of the preceding whorl. Equatorial sections show rather over 
4 whorls, whose sizes are about 0.6 mm ; 1.1 mm. ; 1.7 mm. and 2.4 mm. 
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respectively. The septa are very similar to those of A. spinosa, and the 

chambers are usually about 11 times . as high as long ; the numbers of 

chambers in the four whorls being about 7, 14, 19 and 23 respectively. 

Distribution. -Fedden and T. Rupert Jones bracketted this form together 
with A. spinosa among the Sind types referred by them to A. granulosa. Vre- 

denburg, who misidentified it with M. miscella, quoted it as the type fossil for 

zone 3 of his Upper Ranikot sequence in Sind. Nuttall, who pointed out Vre- 

denburg's mistake, also found it in Sind. (Reference to Vredenburg's original 
types shows that it was to my A. subspinosa, and not to Nuttall's A. ranikoti, 
that he referred when talking of ` A. miscella '.) I myself have now found this 
species in the uppermost Ranikot beds at Thai, and in collections from various 
levels of the Salt Range, from the upper parts of the Khairabad limestone to 
the Bhadrar beds inclusive. The Ranikot representatives of it mainly appear 
in collections from the western parts of the Salt Range, from Kalabagh to Chamil ; 

while the Laki representatives of it seem generally to appear in company with 
A. spinosa (from young specimens of which it can hardly be distinguished) in 
the eastern parts of the Range, from Chamil -where there is an overlap with 
the Ranikot forms -to Dandot. 

ASSILINA cf. PUSTULOSA, Doncieux. 

(Plate IV, figs. 13 -15, 18, 22.) 

1924. Assilina granulosa (d'Archiac) ; Davies, Journ. Asiat. Soc. Bengal, (N. S.), Vol. 
XX, p. 213. 

1925. Assilina granulosa (d'Archiac) (pars) ; Nuttall, Quart. Journ. Geol. Soc. Lond., . 
Vol. LXXXI, Pl. XXVI, fig. 2. 

1926. Assilina pustulosa, sp. nov. ; Doncieux, Ann. Univ. Lyon, N. S., Vol. I, Faso. 
45, pp. 52 -53 ; Pl. V, figs. 36 -43 ; Pl. VI, fig. 1. 

1929. Assilina pustulosa, Doncieux ; Llueca, ` Los Numulitidos de España,' PL 
XVIII, fig. 9, etc. 

Certain Assilines from . the Salt Range, which might be confused with A. 
spinosa, demand separate description. They can be distinguished from A. spinosa 
by their rather larger size (average dimensions about 9.0 by 1.3 mm. ; the ratio 
of thickness to diameter being about 1 : 7), by their smaller and more evenly 
distributed granules (radially disposed, and clearly related to the septa of under- 
lying chambers), by the deep depression at the pole, and by the more rounded 
nature of their margins. 

The meridian section of this type is most distinctive. The whorls differ 
from those of all the above described forms in being almost purely successive 
and non -enveloping. Each seems merely to be attached to its predecessor, and 
sends no apparent extensions over the inner parts of the test. As a result, the - 
meridian section of the test is excessively ` wasp- waisted ' ; the axis, or polar 
thickness, only measuring about 0.1 mm. The chambers, as seen in meridian 
section, are also very broad, their width often considerably exceeding their height. 

Equatorial sections of the test show the form to be microspheric, with about 
7 whorls between diameters of 0.3 and 6.0 mm. The numbers of chambers in 
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these are about 14, 17, 20, 23, 26, 30 and 35 respectively. The septa are usually 
straight, and but little inclined to the radius. The chamber height is usually 
a little greater than its length, but sometimes less than the same. 

Distribution. -What appear to be similar, if rather smaller, forms are de- 
scribed by Doncieux from the Corbières in southern France, and by Llueca from 
Alicante in Spain. Since the meridian section (so characteristic in the case of 
the Indian species) is not shown by either author, I am unable positively to identi- 
fy the Salt Range form with the European one ; but I provisionally refer it to 
that species in case it should not be separable from the same. The Indian form, 
as here described, is very common in the Shekhan limestone (uppermost Laki 
of the Kohat district), and is probably also represented by a specimen figured 
by Nuttall from the Ghazij shale of the Bolan Pass. On the Salt Range it has 
only so far been seen in collections from the Bhadrar beds near Sehti, Nurpur, Kallar 
Kahar and Dalwal (52 miles W. S. W. of Choa Saidan Shah). In certain ex- 
posures of Bhadrar beds near Sehti and Kallar K.ahar it is accompanied by Orbit - 
olites complanatus, a species which also seems only to appear in the Bhadrar 
beds of the Salt Range but is very common in the Shekhan limestone of the 
Kohat district. 

Genus : OPERCULINA, d'Orbigny, 1826. 

This genus is only distinguished from Assilina by the more rapidly opening 
nature of its spire. 

Discussion. -- Attempts by writers like Ph. de la Harpe' and A. Heim2 to 
make the non -enveloping nature of the whorls the criterion have not been success- 
ful ; for that criterion is just as variable, and not nearly so obvious, as the 
accepted one. At the same time, no definition exists as to the rate of opening 
of the spire which forms the border -line between Assilina and Operculina, and 
so it is sometimes difficult to say to which genus a species should be referred. 
Carter, who long ago indicated the real difference between Nummulites and 
Assilines, also recognised the essential affinity between Assilines and Operculines. 
It is much more difficult, he said, to separate Operculina from Assilina than 
Assilina from Nummulites.3 Similarly Douvillé, who gives a sound definition of 

Assilina, also seems to agree here, for he says that Operculines only differ from 
Assilines in having a more open spire and fewer whorls.4 The fewer whorls 
being a corollary of the more open spire, it seems only necessary to mention the 
latter. 

OPERCULINA cf. CANALIPERA, d'ArC1llaC. 

(Plate V, fig. 5.) 

1850. Operculina canalifera, sp. nov. ; d'Archiac, ` Hist. Progrès Géol. ', Vol. III, 
p. 245. 

1853. Operculina canalifera, d'Archiac ; d'Archiac & Haime, ` Descr. An. foss. Gr. 
numm. Inde ', p. 182 ; Pl. XII, figs. 1 a -c. 

Mém. Soc. pal. suisse, Vol. VII, (1880). 

2 Abhandl. Schweiz. Pal. Gesellschaft, Vol. XXXV, (1908). 
3 Ann. Mag. Nat. Hist., (3), Vol. VIII, pp. 366, 368 -369, (1861). 

Mém. Carte gaol. dét. France, p. 71, (1919). 
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1855. Operculina canalifera, d'Archiac ; d'Archiac & Haime, Op. cit., p. 346 ; Pl. XXXV, 

figs. 5 -5a ; Pl. XXXVI, figs. 15 -16a. 

1926. Operculina canalifera, d Archiac ; Doncieux, Ann. Univ. Lyon, N. S., Vol. I, 

fast. 45, pp. 61 -62 ; Pl. VI, figs. 22 -27 ; Pl. VII, figs. 1 -5. 

1927. Operculina cf. canalifera, d'_krchiae ; Davies, Quart. Journ, Geol. Soc. Lond., 

Vol. LXXXIII, p. 276 ; Pl. XX, figs. 11 -13. 

1930. Operculina cf. canalifera, d'Archiac ; Davies, Pal. Ind., N. S., Vol. XV, p. 70 ; 

Pl. X, figs. 1 -2. 

Forms similar to ones previously described by me as O. cf. canalifera from 
the Ranikot beds of the Kohat district, also appear in collections from the 
Ranikot beds of the Salt Range. They are not nearly so well preserved, however, 
as the ones already dealt with, so I can add nothing to the details given elsewhere. 
I will merely say that the species is most easily distinguished from the one 
described below as O. subsalsa by the greater thickness of its marginal cord, 
which serves to characterise it even when badly preserved. 

Distribution.- D'Archiac and Halme found this form in collections from the 
` Hala Range '1 (western Sind) of India, and identified it with forms from the 
Corbières of southern France. It is therefore interesting to find that Doncieux, 
when dealing with the Corbières, figures forms like this -and not like N. sindensis 
-as O. canalifera. I am not sure what the Ranikot form was which Blanford, 
Fedden and Duncan referred to O. canalifera2; it may either have been this species 
or N. sindensis. I have now found this species in the Upper Ranikot beds of 
the Kohat district, and it appears spasmodically in collections from all levels 
of the Ranikot sequence of the Salt Range. Ou the Kala Chitta Range, it 
appears in the shales overlying the 80 ft. limestone. 

OPERCULINA aff. CANALIFERA, d'Archiac. 

(Plate V, fig. 20.) 

I figure, in order to record it, a specimen found in a collection from the 
uppermost layers of the Khairabad limestone in the Majuchh nullah. It is 
much larger than the forms which I call O. cf. canalifera, which are only about 
4 to 6 mm. in diameter instead of 11 to 12 mm. (as here), has much finer granu- 
lations on the septa, and apparently none at all on the cord. The cord itself, 
however, is thick, and the size and proportions of the test and the shape, etc., of 
the septa are not unlike those quoted by d'Archiac and Haime for O. canalifera 
(which probably included both microspheric and megalospheric generations, 
whereas the little specimens called by me O. cf. canalifera are megalospheric). 
It will be noted that although rather similar in general appearance to N. sindensis, 
this large specimen is a true Operculine, the whorls being closely embracing and 
septal filaments non- existent. 

' As to this Range, see Blanford, W. T., Bec. Geol. Sure. hul., IX, p. 8 and footnote, (1876). 2I could not find their originals at Calcutta. 
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OPERCULINA SALSA, sp. nov. 

(Plate V, figs. 1, 3, 7, 10, 15.) 

Holotype, G. S. I. Type No. 15838. 
Among the Salt Range forms are numerous members, both microspheric and 

megalospheric, of a type which recalls O. ammonea Leymeriel and O. libyca 
Schwager2. In size of test and extreme thinness they come closest to the 
former ; but their appearance is much more rugged, the septa being externally 
visible over a much greater portion of the spire, the angle of opening of which 
is also distinctly wider. They are more rugged even than O. libyca, but are 
better distinguished from the latter by their thinness, since specimens of O. 
libyca only 7 mm. in diameter are said to attain a thickness of 1.2 mm. The 
number of chambers per whorl also increases more slowly in O. libyca, if Schwager's 
figures can be trusted for such details. It therefore seems impossible to identify 
this Salt Range type with either of the above species with any degree of certainty, 
and so it is here proposed to treat it as distinct from both. 

The microspheric generation, which I will call O. salsa, is externally indis- 
tinguishable from the megalospheric one except by its adult size, which sometimes 
reaches 10 .mm. diameter. At that size it has rather more than 5 completed 
whorls, whose diameters are about 0.10 mm. ; 0.35 mm. ; 1.00 mm. ; 3.00 and 
8.00 mm. respectively. The numbers of chambers in these whorls are about 
40), 8, 15, 30 and 45 respectively. The marginal cord is only about 20 to 40 tz 

in thickness ; and the septa are usually erect and normal to the underlying 
whorl for the first two- thirds of their height, and boldly recurved in the upper 
third. The test is very. thin -only from 0.5 to 0.8 mm. in thickness at most. 
Externally, the septa are faintly granulated, and there is usually a small cluster 
of granules at the pole. Owing to the difficulty of knowing, until it is sectioned, 

whether a specimen belongs to this species or to its megalospheric ally, I select 

as holotype an equatorial section of each. 
Distribution. -This form, unlike its megalospheric ally, has so far only been 

found in collections from the uppermost levels of the Ranikot sequence ; it 
appears, however, throughout the Patala shales on the Salt Range, and in the 
limestones and shales overlying the 80 ft. limestone of the Kala Chitta section. 

It only rarely appears in the western Ranikot beds (Hangu to Thal) and then 
only in the uppermost levels of the same. Although found throughout the 
Patala shales on the Salt Range, it becomes rare towards the top of the same, 

and has not yet been found in the overlying Laki. It appears in the Thibetan 
beds referred to the Ranikot in the Appendix (page 69 below). 

OPERCULINA SUBSALSA, sp. nov. 

(Plate V, figs. 2, 4, 8 -9.) 

Holotype, G. S. I. Type No. 15843. 

It is difficult to say what maximum size this form attains, since it is impossible 
to distinguish its members from young O. salsa without sectioning them. It 

Levmerie, A., Op. cit., p. 359 ; Pl. XIII, figs. lia -b, (1846). 

Schwager, C., Palceontographica, Vol. XXX, pp. 64 -65 (142 -143) ; Pl. VI (XXIX), figs. 2a -h, (1883). 

G 
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certainly, however, attains a diameter of 4.0 mm. although its usual size is about 
3.0 mm. It is very thin ; the thickness of its outer whorls being only about 
0.25 mm., although that of its polar region varies from 0.3 to 0.6 mm. 

Externally, as with O. salsa, the septa are finely granulated, and there is a 
small cluster of granules at the pole. Internally; the septa are similar to those 
of O. salsa. The protoconch is double and subequal, the first chamber measuring 
about 0.20 ram. The first two whorls measure about 0.8 mm. and 2.2 mm., 
and contain 9 to 10, and 22 to 23, chambers respectively. A specimen 4.0 mm. 
in diameter only has about 22 whorls. Thus the equatorial section of this form 
is very different from that of O. subammonea as figured by Doncieux1, since the 
latter has a single protoconch 0.04 mm. in diameter, 4 whorls to 3.5 mm. diameter, 
and fewer chambers per whorl. This seems to confirm the distinction of O. 
salsa from O. ammonea, since the microspheric generations could hardly be 
identical if the megalospheric ones are so distinct. 

O. subsalsa is distinguished from O. cf. canalifera by the smaller size of its 
protoconch (that of the latter measuring over 0.30 mm.), by the different shape 
of its spire (that of the latter opening more rapidly at first, but afterwards tending 
to stabilise or contract), and by the relative thinness of the marginal cord and 
absence of large granules on it (resulting in consequent absence of the ` gutter ' 
between whorls, which is seen in O. cf. canalifera). 

Distribution. 0. subsalsa appears at all Ranikot levels on the Salt Range. 
It is fairly common even in the Dhak Pass formation, but becomes most abundant 
from about the middle of the Khairabad limestone to the middle of the Patala 
shales ; after which its numbers decline again. Similarly, in the Kala Chitta 
section, it appears from the base of the Ranikot sequence, well below the 80 ft. 
limestone, and accompanies O. salsa above that limestone. It has not yet been 
found in any Laki beds. It is quite common in the Thibetan beds referred to 
the Ranikot in the Appendix (p. 69 below). 

OPERCULINA PATALENSIS, sp. nov. 

(Plate V, figs. 6, 17 -19, 26.) 

Holotype, G. S. I. Type No. 15847. 

In his paper on the Upper Ranikot series of Sind, Dr. Nuttall2 recorded 
finding a microspheric form 8 mm. in diameter and 1 mm. thick, which he figured 
and described as far as possible, but did not name, since he had only seen four 
specimens of it. What seems to be the megalospheric ally of this form appears 
in the Salt Range collections. Thirty adult specimens of it measured on an 
average 5.0 by 0.84 mm. The largest specimen measured 6.5 by 1.05 mm., 
and the smallest 4.0 by 0.6 mm. 

This Salt Range form, which I propose to call O. patalensis owing to its 
prevalence in the Patala shales, is relatively flat and shows prominent septa with 

Am. Univ. Lyon, N. S., Vol. I, fase. 45, pp. 57 -58 & Text -fig. 21, (1926). 
2 Geol. Mag. Land., Vol. LXIII, pp. 118 -120 ; Pl. XI, figs. 5 -6, (1926). 
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depressions_ between them. The marginal cord forms a narrow but distinct rim 
round the outermost whorl ; but it is enveloped by succeeding whorls in the 
central parts of the test, where the course of the spire is indicated by an accom- 
panying depression separating the septa of successive whorls. The cord, where 
exposed, appears to be smooth ; but the septa are granulated, and a small cluster 
of granules appears at the pole. 

Meridian sections show high, narrow chambers, widest a little above the base, 
where the walls curve inwards to grip the rim of the preceding whorl. The 
marginal cord is 0.06 to 0.10 mm. thick. Equatorial sections show the presence 
of about 5 whorls in the average adult test ; their sizes being about 0.6 mm. ; 

1.2 mm. ; 2.2 mm. ; 3.6 mm. and 5.0 mm. respectively, and the numbers of 

chambers in them about 8, 16, 20, 25 and 33. The septa are almost normal 
to the underlying whorl for the first half of their height, but become increasingly 

recurved in the upper half ; they are rather tapered towards the bottom, but 
slightly clubbed at their extremities. The protoconch is double and subequal, 
the first cell being about 0.2 mm. in diameter. 

Distribution. -On the Salt Range, this species appears at all levels from the 
middle of the Khairabad limestone to the top of the Patala shales, being most 

numerous in the lower parts of the latter. This is true of the whole area, from 

Kalabagh to Dandot. In the Kala Chitta section, it appears low in the shales 

overlying the 80 ft. limestone. From Hangu to Thal, it appears spasmodically, 

accompanying N. nuttalli in the uppermost Ranikot beds of those regions (which 

are probably equivalent to the top of the Khairabad limestone and base of the 

Patala shales). 
The species has not yet been identified in collections from Laki beds, al- 

though rather similar forms, which may be later varieties of the same stock, appear 

in early Laki levels. One of these is figured by Nuttalll from the Meting limestone 

of Sind. 

OPERCULINA JIWANI, sp. nov. 

(Plate V, figs. 11 -14, 16.) 

Holotype, G. S. I. Type No. 15852. 

1844. ; Carter, Journ. Bomb. Br. Roy. Asiat. Soc., Vol. II, p. 43; 
Pl. VIII, figs. 9 -9b. 

Often accompanying O. patalensis, but sometimes appearing alone, is a 

smaller Operculine of markedly different aspect. The largest specimens hitherto 

seen of it measure about 3.0 by 0.5 mm., the usual adult size being about 2.5 

by 0.4 mm. The form is more rugged in appearance than O. patalensis, with 

more swollen whorls divided up by more prominent granulated septa, and 

separated by a deeper spiral channel. This makes the test resemble a small. coil 

1 Quart. Journ. Geol. Sor. Loncl., Vol. LXXXI, Pl. XXVI, fig. 3, (1925). 

G2 
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of rope, the whorls being indicated in relatively high relief and traceable almost 

to the centre, where a small group of pillars marks the pole of the test. 

Meridian sections are similar to those of O. patalensis, but on a smaller 

scale. The chief thickness of the test is at the poles, the remainder being only 

about 0.30 to 0.35 mm. thick. The chambers are relatively high, tapering on 

top, and widest a little above the base, which is contracted. The marginal 

cord is usually about 40 to 50 p. thick. 

Equatorial sections show the presence of about 3 whorls in the adult test ; 

the sizes of the completed whorls being about 0.6 mm. ; 1.2 mm. and 2.1 mm. 

respectively, and the numbers of chambers in them about 8, 16 and 22. The 

septa are very regularly spaced, normal to the underlying whorl and straight 
for the first two- thirds of their height, but boldly recurved in the upper third. 
The protoconch is double and sub- equal, the first chamber being about 0.12 mm. 

in diameter (varying from 0.10 to 0.14 mm.). 

The similarities in whorl measuréments and numbers of chambers indicate 
affinity with O. patalensis ; but the difference in number of whorls, and in the 
whole aspect of the form, is so marked and constant that it seems best to treat 
it as a separate species. I therefore propose to call it O. jiwani after Jiwan. 
Dass' mine at Makarwal, in olive shales from which it is very well pre- 
served. 

Distribution. -This species, which is probably the little Opercllline 2i,- mm. 
in diameter found by Carter in association with M. miscella at Jherruck in Sind, 
has only, so far, been seen by myself in collections from the Salt Range, where 
it either accompanies O. patalensis or appears at similar horizons, i.e., from the 
upper parts of the K.hairabad limestone to the top of the Patala shales, being 
most abundant in the lower half of the latter. It is relatively common in 
collections from the western parts of the Range, from K.alabagh (and Makarwal 
further south) to Chamil ; but it has only appeared spasmodically in collections 
front more easterly regions (though present at Kallar Kahar and Ratuchha). 

Genus MISCELLANEA, Pfender, 1934. 

Structure in all respects similar to that of Nummulites as regards the spiral 
sheet ; but the supplementary skeleton is everywhere degraded into pillars. Mar- 
ginal cord, as such, disappears. 

Discussion.-This genus has recently been proposed by Mlle. J. Pfender' in 
order to accommodate certain very granular forms referred by d'Archiac and Haime 
to the genus Nummulites, and by Douvillé, Nuttall, Cotter and myself to the 
genus Siderolites. She shows clearly that the latter attribution cannot stand ; 
these forms (which appear in the early Tertiary) showing no signs of the elaborate 
tubular structure of true Siderolites (which do not seem to have survived the 
Cretaceous). 

I Bull. Soc. géol. France, (5), Vol. IV, pp. 225 -236 ; Pls. XJ.XIII, (1934). 
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Further work on the Miscellanea his led me to believe that they are so closely 
related to Nummulites as only to represent a special phase of the latter. They 
differ from Nummulites only in the fact that the entire supplementary skeleton 
of the test breaks up into granules. The accompanying figures may illustrate 
the point. Thus Text -fig. 1 (B) shows the marginal cord and adjoining walls 

(A) 63) 

I io. 1.- Diagram comparing figs. 18 & 19, Plate VI, to illustrate differences between (A) Miscellanea (B) Nummulites 

a, Supplementary skeleton degenerated into pillars. ó, Spiral sheet maintaining structure. e, Section of septum, 
d, Marginal cord. e, Spiral sheet and supplementary skeleton welded together. 

of Nummulites as seen in meridian section. The marginal cord (which is formed 
out of the supplementary skeleton, and overlies a thin compact arch of spiral 
sheet) appears as a closely- packed series of wedge -shaped structures, fan -like in 
appearance, at the margin of the test ; while the lateral walls appear relatively 
compact, the supplementary skeleton and spiral sheet being welded together into 
a relatively homogeneous mass. Text -fig. 1 (A) shows the corresponding view of 
Miscellanea. Here there is structure, localised at the margin of 
the test ; but the arch loosens, and pillars appear indifferently both over the 
margin and over the lateral parts of the test, owing to a seemingly uniform 
decomposition of the supplementary skeleton into more or less disconnected pillars. 
The spiral sheet alone seems to remain intact, at the base of the pillars, giving 
continuity to the whole and preserving the form of the test. 

In most Nummulites the wedges (or ` spicules ' as Carter called them) of the 
marginal cord do not resemble pillars, for they are extended in the opposite 
direction, taking the form of bars or elongated lenticles in the equatorial plane. 
N. nuttalli, however, is singular in that this elongate structure tends to be broken 
up, as already noted (page 19 above) ; so that the great thickness of the marginal 
cord in this species seems to evidence a peculiar concentration of pillar- forming 
energy at the periphery of the test. It seems therefore to be worth noting that 
the very granular Miscellanea of Indian Ranikot beds not only appear side by 
side with N. nuttalli and its allies, but also form an analogous group to the latter. 

Thus, among the Nummulites, N. nuttalli probably has N. thalicus for its 
megalospheric companion, and merges into N. sindensis whose companion is 
probably N. thalicus var. gwynae. Among the Miscellanea we find that M. stampi 
sometimes so closely resembles N. nuttalli as to be mistaken for it, while the mega - 
lospheric M. miscella is similar in size and shape to N. thalicus. Certain M. 
stampi with widely opening spires approach certain N. sindensis which develop 
granules along their septa and approach the Miscellanea (page 21 above) in turn ; 
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and certain M. miscella similarly approach 'N. thalicus var. gwynae. The apparent 

correspondences between the two groups may be tabulated as follows :- 
N. thalicus var. gwynae o .. o M. miscella var. 

N. sindensis 0 .. O M. stampi var. 

N. nuttalli O .. 0 M. stampi 
I I 

N. thalicus o .. o M. miscella 

This apparent correspondence between the local Miscellanea and an asso- 

ciated group of Nummulites seems to suggest their affiliation ; and equatorial 

sections of Miscellanea show, in their more tangential portions, a mass of granules 
flowing over (so to speak) from the margin of the test down the septal filaments, 

and also at right angles to the same along what appear to be ` transverse trabecules'. 
Thus the whole skeleton structure of Nummulites seems to be picked out in gran- 
ules in Miscellanea. 

If, then, these two groups of forms are related, and Miscellanea is a patho- 
logical form of Nummulites, it may be questioned whether it is right to treat it 
as a separate genus in a palaeontological work. In my opinion it is. The 
species and genera of the palaeontologist are not exact equivalents of those of the 
zoologist ; they are purely morphological ; and the absence of marginal cord, 
and the multiplication of granules at the expense of intermediate portions of the 
supplementary skeleton, make Miscellanea at least as valid a genus as O per culina, 
which is only distinguished from Assilina by such a notoriously variable quality 
as the rate of opening of the spire. 

MISCELLANEA STAMPI (Davies). 

(Plate VI, figs. 4, 6, 9 -10, 17 -18 ; and Text -fig. 1 (A).) 

Holotype, G. S. I. Type No. 13550. 

1927. Siderolites stampi, sp. nov. ; Davies, Quart. Journ. Geol. Soc. Lend., Vol. LXXXIII,. 
p. 278 ; Pl. XXI, figs. 1 -8. 

Representatives of this species found in collections from the Salt Range are 
not nearly so well preserved as those figured and described from Thal, and add 
little to our knowledge of the form. The following facts may, however, be noted 
as bearing on the relationship of this species to N. nuttalli. 

While the marginal cord of N. nuttalli is often 0.6 mm. thick, the thickness 
of the marginal arch (apparently formed of spiral sheet alone) in M. stampi is 
barely a tenth as much, when shorn of overlying granules. This makes the 
boundary between successive whorls extremely narrow in M. stampi. In spite 
of that, sections of N. nuttalli and M. stampi alike show the presence of about 
7 whorls in a diameter of 8.0 mm. The numbers of chambers in these whorls, 
however, are rather greater in M. stampi than in N. nuttalli, although there is 
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considerable variation and some overlap. Thus the numbers of chambers counted 
in M. stampi have been : ( ?), 8 -10, 14 -16, 19 -21, 25 -29, 35 -37 and 45 in the first 
7 whorls, and the corresponding numbers in N. nuttalli, : ( ?), ( ?), 10 -13, 15 -18, 
20 -24, 27 -35 and 35 -45. 

Distribution. -M. stampi was originally described from the uppermost Ranikot 
beds at Thal. On the Salt Range, its appearances are in parallel with those 
of N. nuttalli ; that is to say, from about the middle of the Khairabad limestone 
to the middle of the Patala shales, with greatest numbers round about the junc- 
tion of those two formations. It is found in collections from all sections, from 
Kalabagh to Kallar Kahar. On the Kala Chitta Range, its appearances are 
again in parallel with those of N. nuttalli ; i.e., in the upper parts of the 80 ft. 
limestone and lower parts of the overlying shales. It also appears in consider- 
able numbers in Hayden's collections from Thibet (see Appendix below). 

MISCELLANEA MISCELLA ( d'Archiac & Haime). 

(Plate VI, figs. 1 -3, 5, 7 -8.) 

1844. ; Carter, Journ. Bomb. Br. Roy. Asiat. Soc., Vol. II, p. 43 ; 

Pl. VIII, figs. 10 -10b. 

1855. Nummulites miscella, sp. nov. ; d'Archiac & Haime, ` Descr. An. foss. Gr. numm. 
Inde ', p. 345 ; Pl. XXXV, figs. 4a -4c. 

1916. Siderolites miscella ( d'Archiac & Haime) ; Douvillé, Pal. Ind. N. S., Vol. V, p. 38 ; 

Pl. XV, figs. 4 -5. 

1926. Siderolites miscella ( d'Archiac & Haime) ; Nuttall, Geol. Mag. Lond., Vol. LXIII, 
pp. 116 -117 & Text -fig. 3 ; Pl. X, figs. 5 -6. 

1926. Siderolites miscella (d'Archiac & Haime) ; Cotter, Rec. Geol. Surv. Ind., LIX, 
p. 414. 

1926. Siderolites miscella ( d'Archiac & Haime) ; Nuttall, Geol. Mag. Lond., Vol. LXIII, 
p. 498. 

1927. Siderolites miscella ( d'Archiac & Haime) ; Davies, Quart. Journ. Geol. Soc. Lond., 

Vol. LXXXIII, pp. 277 -278 & Text -figs. 1 -3 ; Pl. XX, fig. 9. 

1931. Siderolites miscella ( d'Archiac & Haime) ; Nuttall & Brighton, Geol. Mag. Lond., 

Vol. LXVIII, p. 60 ; Pl. IV, fig. 7. 

1931. Siderolites miscella ( d'Archiac & Haime) ; Nuttall, Rec. Geol. Surv. Ind., LXV, 
pp. 307 -313. 

1934. Miscellanea miscella ( d'Archiac & Haime) ; Pfender, Bull. Soc. géol. France, (5), 
Vol. IV, pp. 231 -235 & Text -figs. 1 -4 ; Pl. XI, figs. 6 -7 ; Pl. XIII, figs. 2 -4. 

This species, originally figured from Jherruck (Sind) by Carter, then de- 
scribed as a granular Nummulite by d'Archiac and Haime, and subsequently 
referred to Siderolites by later workers, has now been taken as the type of her 
genus Miscellanea by Pfender. The form has already been described several 
times, but I give below some photographs of properly oriented sections of it 
(previous internal views having been limited to outline sketches or appearances 
seen in rock sections) as well as external photographs illustrating variations of 
Salt Range specimens. 
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Since it is here suggested that M. niiscella may be a pathological form of 

N. thalicus, a considerable number of specimens and sections of both have been 

examined, with the following results 

D1. miscella : 

Largest specimen measured 3.7 by 2.1 mm. 

Ratio of thickness to diameter varied from 1 : 1.8 to 1 : 2.8. 

Protoconch double ; size of first cell 0.24 to 0.40 mm. 

Whorls up to 3 in number, measuring respectively 0.9 to 1.3 mm. ; F4 

to 2.6 mm. ; 2.1 to 3.3 mm. in diameter, while the chambers in them 

numbered 7 to 11, 16 to 20 and 22 to 32 respectively. 

N. thalicus : 

Largest specimen measured 3.8 by 2.0 mm. 

Ratio of thickness to diameter varied from 1 : F4 to 1 : 2.7. 

Protoconch double ; size of first cell 0.26 to 0.50 mm. 

Whorls usually 3 and a fraction, never 4. Completed whorls measured 

respectively 1.0 to 1.4 mm. ; 1.8 to 2.4 mm. ; 3.0 to 3.3 mm. in 

diameter, while the chambers in them numbered 8 to 11, 16 to 19 

and 25 to 30 respectively. 
Thus considerable resemblances exist between the dimensions, etc., of these 

two forms, in spite of the replacement of the relatively thick marginal cord of 

N. thalicus by a bare marginal sheet in M. iiscella. A curious difference between 
these two forms is, however, found in the fact that while the first cell of the pro - 
toconch seems always to be larger than the second in N. thalicus, it is sometimes 
the smaller of the two in M. miscella, and may be partially enveloped by the 
second. 

Wide -spired varieties of M. miscella exist (Plate VI, fig. 1) and forms whose 
last whorl seems only to be partially enveloping (fig. 2), just as corresponding 
varieties exist of N. thalicus. Internal sections of M. miscella illustrate this 
variation in the rate of opening of the spire (compare figs. 3 and 8). 

Distribution. -First figured and described from western Sind by Carter, 
d'Archiac and Haime, M. miscella has since been redescribed from Sind by 
Nuttall, from Thal by myself, and from Thibet by Douvillé and Pfender. Both 
in Sind and at Thal the beds in which it appears are unquestionably Ranikot ; 

and for reasons stated in the Appendix (pages 68 -70 below) I likewise regard the 
Thibetan beds as Ranikot. M. miscella has also been found by Nuttall and 
Brighton in collections from Lower Eocene beds of Somaliland ; and Pfender has 
shown that rock -section appearances of the same or of a closely related type 
occur in material from Lower Eocene beds of the Pyrenees, Anatolia, the eastern 
Taurus, Syria and Madagascar. On the Salt Range, M. miscella abounds from 
the lowest Ranikot levels (Dhak Pass beds) up to the lower parts (inclusive) 
of the Patala shales, after which it becomes more rare. It is still found, however, 
in the uppermost Patala shale beds at Kalabagh ; but does not seem to survive 
the Ranikot. On the Kala Chitta Range, it has been found from the base of 
the Ranikot sequence up to about the middle of the shales overlying the 80 
ft. limestone. 



THE EOCENE BEDS OF THE PUNJAB SALT RANGE. 45 

Remarks. -I doubt if the form called O. hardiei by Nuttalli is correctly 
referred to that species. It seems to be too large, and relatively too stout. 
One of Nuttall's specimens (his fig. 3) resembles the variant of M. miscella found 
on the Salt Range (cf. Plate VI, fig. 1, below). Internal sections of the form 
might help to decide its affinities. 

Sub- family : ROTALINAE. 
Structure similar to that of Assilina, but enrolment is trochoid instead of 

planispiral.2 Later whorls may or may not be fully enveloping on both sides ; 

but they are always closely embracing on the upper (convex) surface, and very 
thin and irregular while crossing the lower (concave, or umbilical) side of the 
test. Septa are similar to those of Assilines and Operculines (septal filaments 
being apparently absent) with a similar communicating passage at the base of 
each. A great development of pillars fills the umbilical region of the test, and 
finds its counterpart in a lesser development of pillars usually seen in the region 
of the apex (or opposite pole) of the test. The simplest genus is Lockhartia, 
which is here treated as the central member of this sub -family. The genus 
Rotalia, which gives the sub -family its name, does not appear on the Salt Range ; 

it differs from Lockhartia by the development of ` astral lobes '.3 The other 
members of this sub -family which do appear on the Salt Range are distinguished 
from Lockhartia either by extreme elongation with related modifications of minor 
structures (Salcesaria ; a new genus described below), or by the appearance of 

intercalary whorls in the spire (Dictyoconoides). 

Genus : LOCKHARTIA,4 Davies, 1932. 

LOCKHARTIA HAIMEI (Davies). 

(Plate VII, figs. 9 -13, 15.) 

Holotype, G. S. I. Type No. 13551. 

1855. Rotalia Newboldi, sp. nov. (pars) ; d'Archiac & Haime, ` Descr. An. foss. Gr. 

numm. Inde', p. 347. 

1927. Dictyoconoides haimei, sp. nov. ; Davies, Quart. Journ. Geol. Soc. Lond., Vol.. 

LXXXIII, pp. 280 -281 ; Pl. XXXI, figs. 13 -15 ; Pl. XXII, fig. 6. 

1930. Dictyoconoides haimei, Davies ; Davies, Pal. Ind., N. S., Vol. XV, pp. 75 -76 ; 

Pl. X, figs. 6 -7. 

1931. Dictyoconoides haimei, Davies ; Nuttall, Rec. Geol. Surv. Ind., LXV, p. 312. 

1932. Lockhartia haimei (Davies) ; Davies, Trans. Roy. Soc. Edin., Vol. LVII, p. 407 ;: 

Pl. II, figs. 4 -6. 

This species appears in considerable numbers in Mr. Pinfold's collections 

from the Salt Range. It is unnecessary to repeat descriptions given in earlier 

1 Geol. Mag. Lond., Vol. L %III, p. 118 ; Pl. XI, figs. 3 -4, (1926). 

z Evidence exists, however, that in earliest life the forms are bilaterally symmetrical. Cf. Davies, L. M.. Rec. Geol. Surv. 

Ind., LIX, pp. 248 -250, (1926), and Trans. Roy. Soc. Edin., Vol. LVII, pp. 420 -423, (1932). 
8 Davies, L. M., Trans. Roy. Soc. Edin., Vol. LVII, pp. 414 -420, (1932). 
a For analysis of this genus see Davies, L. M., Trans. Roy. Soc. Edin., Vol. LVII, pp. 406 -407, (1932). 

H 
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papers, but since considerably larger forms were found in the Salt Range collec- 

tions than had previously been seen elsewhere, the following further details as 

to measurements, etc., may be noted. 
The largest specimen seen measured 3.6 by 1.1 mm., and contained 3+ 

whorls. Other 15 large specimens averaged 2.5 by 1.0 mm. The protoconch 
is double and subequal, with both cells compressed, and an irregular diaphragm 
between. Dimensions of the first cell varied from 0.54 by 0.24 mm. down to 
0.35 by 0.20 mm. Sizes of the three completed whorls seen in the largest speci- 
mens were 1.00 to 1.45 mm. ; 1.80 to 2.40 mm. and 2.80 to 3.50 mm. The 
numbers of chambers in these whorls are about 6 to 9, 9 to 12, and 13 to 15 

respectively. The breadths of the chambers in the whorls . are about 0.40 to 
0.45 mm. in the first, 0.48 to 0.52 mm. in the second, and 0.50 to 0.55 mm. in 
the third. The pores are coarse, measuring about 25 la in diameter. It is 
noticeable that meridian sections of L. haimei, like those of R. trochidiformis,' 
often show the presence of a marginal cord exactly like that seen in the 
Nummulitinae. 

Distribution. -L. haimei seems to be the first of the Lockh,artia both to appear 
and to disappear. It is present throughout the Ranikot beds of the Kohat 
district, from the Hangu shales at the base (where it is the only fairly large 
foraminifer yet to be recognised) to the uppermost beds with N. nuttalli, etc. 
It also accompanies N. nuttalli in Sind. On the Salt Range it appears in the 
lowest fossiliferous marine beds of the Dhak Pass formation, and continues 
to appear up to about the middle of the Patala shales, after which it seems to 
become locally extinct. It has been found in collections from all localities 
examined by Mr. Pinfold, from Kalabagh to Dandot, with the sole exceptions 
of Choa Saidan Shah and Ratuchha. On the Kala Chitta Range it appears 
throughout the Ranikot sequence ; and it is also found throughout the Thibet- 
an (Kampa Dzong) beds referred by me to the Ranikot, in the Appendix to 
this paper (pages 68 -70 below). It has not yet been found in any known Laki 
beds, however, and is the only member of its genus whose appearances still seem to be entirely confined to the Ranikot. 

LOCKHARTIA NEwBOLDI (d'Archiac & Haime). 

(Plate V, fig. 23.) 

1855. Rotalia Newboldi, sp. nov. (pars) ; d'Archiac & Haime, ` Deser. An. foss. Gr. 
nutum. Inde ', p. 347 ; Pl. XXXVI, figs. 17a -17c. 

1879. Rotalia newboldi, d'Archiac & Haime ; Fedden, Mena,. Geol. Sur,. Ind., XV II, 
p. 198. 

1927. Dictyoconoides newboldi (d'Archiac & Haime) ; Davies, Quart. Journ. Geol. Soc. 
Lond., Vol. LXXXIII, pp. 279 -280 ; Pl. XXII, figs. 1 -4. 

1930. Dictyoconoides newboldi (d'Archiac & Haime) ; Davies, Pal. hid., N. S., Vol. XV, 
pp. 74 -75 ; Pl. X, fig. 8. 

' For illustration of the marginal cord of Rotalia trochidiformni see Davies, L. M., loc. cif., Pl. IV, fig. 11, (1932). 
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1931. Dictyoconoides newboldi (d'Archiac & Haime) ; Nuttall & Brighton, Geol. Mag_ 

Lond., Vol. LXVIII, p. 57 ; Pl. IV, figs. 1 -3. 

1932. Lockhartia newboldi (d'Archiac & Haime) ; Davies; Trans. Roy. Soc. Edin., Vol. 
LVII, p. 408. 

This species has already been sufficiently described in previous works. 
Specimens of it appearing in Salt Range collections do not seem to differ from 
specimens found elsewhere. 

Distribution. -D'Archiac and Haime stated that L. newboldi was very com- 
mon in all the yellow limestones of the ` Hala ' Range (probably western Sind) ; 

and although Fedden apparently failed to recognise it in Sind, it appears in 
both Lower and Upper Ranikot beds of the Kohat district, so presumably is 

not really absent further south. Nuttall and Brighton reported its presence 
both in the Middle and (less certainly) in the Lower Eocene beds of Somaliland. 
On the Salt Range, L. newboldi appears at all Eocene horizons -from the base 
of the Khairabad limestone to the Bhadrar beds inclusive. Although rare at 
first, it becomes common from the upper layers of the Khairabad limestone on- 
wards, and appears in collections from all localities examined by Mr. Pinfold, 
from Kalabagh to Dandot. On the Kala Chitta Range it appears throughout 
the Ranikot sequence, and is also found in the Thibetan beds referred to the 
Ranikot (see Appendix to this paper). 

LOCKHARTIA CONDITI (Nuttall). 

(Plate V, fig. 24.) 

1926. Dictyoconoides conditi, sp. nov. ; Nuttall, Geol. Mag. Lond., Vol. LXIII, pp. 119. 

498 ; Pl. XI, figs. 7 -8. 

1927. Dictyoconoides conditi, Nuttall ; Davies, Quart. Journ. Geol. Soc. Lond., Vol. 

LXXXIII, p. 279 ; Pl. XXI, figs. 10 -12 ; Pl. XXII, fig. 5. 

1930. Dictyoconoides conditi, Nuttall ; Davies, Pal. Ind., N. S., Vol. XV, pp. 76 -77 ;. 

Pl. X, fig. 9. 

1931. Dictyoconoides conditi, Nuttall ; Nuttall; Rec. Geol. Sun'. Ind., LXV, pp. 312- 

313. 

1932. Lockhartia conditi (Nuttall) ; Davies, Trans. Roy. Soc. Edin., Vol. LVII, p. 408 T 

Pl. II, fig. 7 ; Pl. IV, fig. 7. 

1934. Lockhartia conditi (Nuttall) ; Pfender, Bull. Soc. géol. France, (5), Vol. IV, p. 231. 

This is the most highly specialised of all the Lockhartia, the development of 
large and closely crowded pillars having eliminated all apparent traces of the 
spiral sheet from the umbilical region of the test. Nothing need be added to 
descriptions given in previous papers, since the Salt Range specimens differ in 
no material respect from specimens found in other areas. 

Distribution. - Nuttall found this species in the uppermost Ranikot beds 
of Sind ; I found it in the Upper Ranikot beds of the Kohat district ; and 
Douvillé, Pfender and I have latterly found it in the Ranikot beds of Thibet 
(see Appendix). On the Salt Range, its occurrences are rather spasmodic ; 

but it appears- sometimes at one horizon, sometimes at another -in collec- 

tions from all sections examined by Mr. Pinfold, throughout the whole sequence, 
H 
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from the Dhak Pass beds to the Bhadrar beds, both inclusive. Thus it is now 

known to have survived the Ranikot and continued far into the Laid. On the 

gala Chitta Range, it appears throughout the local Upper Ranikot sequence. 

LOCKHARTIA TIPPERI (Davies). 

(Plate VI, figs. 14 -16. Plate VII, fig. 17.) 

Lectotype, G. S. I. Type No. 13052. 

1926. Conulites tipperi, sp. nov. ; Davies, Rec. Geol. Surv. Ind., LIX, pp. 247 -248 ; 

Pl. 18, fig. 8. 

1931. Dictyoconoides tipperi (Davies) ; Nuttall & Brighton, Geol. Mag. Lond., Vol. 

LXVIII, pp. 56 -57 ; Pl. III, figs. 14 -17. 

1932. Lockhartia tipperi (Davies) ; Davies, Trans. Roy. Soc. Edin., Vol. LVII, p. 407. 

This species was originally described as seen in. hand specimens of rock from 
Petiani, about 14 miles west of Hyderabad, Sind. Its associates in those hand 
specimens (numbered G. 280/77 in the collections of the Geol. Survey of India, 
and recently re- examined by me) are N. lahirii, Assilina spinosa, A. subspinosa, 
Alveolina ovoidea, and reddened and derived fragments of apparently older 
forms like the Ranikot species here described as Alveolina vredenburgi. It 
therefore seems probable that this rock (originally registered as ` Khirthar') 
comes from low in the Meting limestone, near the base of the Laki sequence in 
Sind. 

L. tipperi has since been described, and external views of it given, by Nuttall 
and Brighton, who found it in collections from Lower Eocene beds of Somali- 
land. Their specimens, however, differ slightly from Indian ones ; so I take 
this opportunity, since the species is well represented in collections from the 
Salt Range, to give a revised account of the measurements of the Indian form, 
and figure it externally. 

The largest Indian specimen yet seen measures 4.7 by 2.0 mm. ; the average 
of twelve large ones being about 32 by 14 mm., and the usual adult size about 
3 by 14- mm. (this agrees with the Somaliland average). The ratio of thickness 
to diameter thus averages 1 : 2, but varies from 1 : 12 down to 1 : 22. A speci- 
men 4 mm. in diameter has about 9 to 10 whorls, the chambers in the outermost 
one being about 0.3 mm. high, 0.6 mm. broad, and 0.5 mm. long. A specimen 
34 mm. in diameter has about 7 whorls, of which the outermost has 23 to 24 
chambers, each about 0.25 mm. high, 0.6 mm. broad, and 0.4 mm. long. The 
upper surface of the Indian specimens is smoother than that of the Somaliland 
ones, although meridian sections of Indian ones show that pillars are always 
present along the line of whorl junctions near the apex of the test. 

Distribution. -Originally described from what are probably the lowest Laki 
(Lower Eocene) beds of Sind, this species has since been found in the Lower 
Eocene beds of Somaliland ; the similarity of the types being very close, and the 
identification satisfactory, in spite of their geographical distance apart. On 
the Salt Range, L. tipperi appears in collections from all sections examined by 
Mr. Pinfold from Kalabagh to Dandot, being chiefly found in the Ranikot beds 
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of northern sections (Kalabagh to Nammal gorge) and in the Sakesar lime- 
stone and Bhadrar beds of eastern sections (Patala to Dandot). In some cases 
<e.g., Kalabagh, Chamil and Nurpur) it appears in both Ranikot and Laki. Its 
range in these collections is from the base of the Khairabad limestone to the top 
of the Bhadrar beds, its greatest abundance being generally in the Sakesar 
limestone. Although still found, and sometimes in considerable numbers (e.g., 
near Sehti), in the Bhadrar beds, this species has never yet been seen either in the 
Shekhan limestone of the Kohat district, or at any succeeding level. Yet it 
appears in the Upper Ranikot (though not, it seems, in the Lower Ranikot) 
beds of the Kohat district, and is present throughout the (Upper) Ranikot 
sequence of the Kala Chitta Range. As the evidence now stands, therefore, the 
stratigraphie extension of L. tipperi would seem to be from the base of the 
Upper Ranikot until high in the Laki, without actually entering the uppermost 
levels of the Laki (as represented by the Shekhan limestone). 

Genus : SAKESARIA, n0V. 

Structure similar to that of Lockhartia, from which this genus differs by 
reason of extreme elongation of the axis, representing an excessive degree of 
specialisation to one pole. The umbilical space is greatly diminished, and the 
number of umbilical pillars much reduced. 

Discussion. -Only one species has yet been found to represent this genus, 
but its specialisation is so marked as to included with the Lock - 
hartia, to which its structure seems otherwise most nearly allied. I propose 
to name this genus after the Sakesar limestone, in which its type species was 
first seen. 

SAKESARIA COTTERI, sp. nov. 

(Plate VII, figs. 18, 21 -24 ; and Text -fig. 2.) 

Holotype, G. S. I. Type No. 15878. 

The thickness (or axial measurement) of the test greatly exceeds its diam- 
eter, acid the disproportion increases with growth. Thus the largest speci- 
men seen measured 4.25 by 2.0 mm., and smaller ones averaged : 

Thickness. Diameter. 

4.0 mm. by 1.90 mm. 

Ratio T : D. 

2.1 : 1 

3.5 1.75 . 2-0:1 

3.0 1.60 . 1.9:1 

2.5 140 . 1.8:1 

2.0 1.20 1.7:1 

The usual adult size is the average one of the above, i.e., 3.0 by 1.6 mm.1 

i Owing to its having these dimensions, the species is apt to be confused with associated Alveolines, which it often 
resembles in the free state, if indifferently preserved. Internal characters, however, are very distinctive, and the two types 
cannot be confused in general rock sections. 
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The protoconch is double, the first cell being usually larger than the second 

and measuring from 0.25 to 0.35 mm. The first two whorls seem to be fully 

enveloping, but extensions of later ones do not appear to reach the apex of the - 
test. There are about 6 whorls in a specimen 3.0 mm. high, the chambers being 

pear- shaped in meridian section, with the upper third of each enveloped by the, 

succeeding whorl. The outer wall of the chamber is from 0.04 to 0.08 mm. 

thick, and perforated by pores about 8 tl in diameter and 10 11 apart. On 

the umbilical side the chamber wall is clubbed ; and the umbilical region itself' 
is filled with irregular layers of shell- substance, traversed by a number of short 
pillars which are more numerous in some specimens than in others [Text -fig. 2: 

(B)]. This umbilical mass of shell- substance protrudes considerably beyond 
the limits of the main chambers of the spire, thus giving a well- rounded shape. 
to the base of the test [Text -fig. 2 (A)]. 
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FIG. 2. -(A) External aspect, and (B) Meridian section near base, of Sakesaria cotteri, sp. not. 
a, Whorls with septa. b, Protruding mass of umbilical shell substance at base. c, Flattened and expanded inner 

end of chamber wall. d, Inner end of septum. e. Pillars traversing umbilical structures. 

The whorls are subdivided into chambers by septa with communicating 
passage at the base of each, in the manner common to the Nummulitidae ; but 
the septa show a well- marked forward inclination at their base (Pl. VII, fig. 18),. 
which has not yet been seen in related genera. There are only about 10 cham- 
bers in the 5th whorl, since the diameter of the test is always relatively small, . 
and changes slowly. 

Distribution. -This species has only hitherto been found in collections from . 

the eastern parts of the Salt Range area studied by us, i.e., from what are prob- 
ably Nammal shales at Niirpur and Choa Saidan Shah, and Sakesar limestone 
at Dandot and Manhiala (33° 42' : 73° 01') near to Ratuchha. It has not yet 
been found in the Eocene beds of the Kohat district, and may possibly be con- - 
fined to the Lower 'Ali: 

Genus : DICTYOCONOIDES, Nuttall, 1925. 
For descriptions of this genus -see Nuttall,l Douvillé2 and Davies. It is 

characterised by the presence of intercalare whorls in the spire, but is otherwise - 
indistinguishable from Lockhartia.. 

s dan. Dram. Nat. Hist., (9), Vol. XVI, pp. 384 -385 ; Pl. XXI, figs. 1. -9, (1925). 
2 Bull. Soc. géol. France, (4), Vol. XXXÌ, pp. 23 -26 ; Pl. II, (1926). . 

s Rec. Get)). Sure. Ind., LIX, pp. 237 -253 ; Pis. 16 -20, (1926) ; Pal. bui., N. S., Vol. XV, pp. 71.74, (1931).); 'Trans:: Roy. Soc. Edin., Vol. LVII, pp. 398 -405, (1932). 
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DICTYOCONOIDES FLEMINGI, sp. nov. 

(Plate VI, figs. 11 -13.) . 

Holotype, G. S. I. Type No. 15883. 

Although no Dictgoconoides have previously been found at any level lower 
than very late Laki, a species undoubtedly belonging to this genus appears in 
Mr. Pinfold's collections from the Ranikot beds of the Salt Range, and I propose 
to call it D. flemingi. It is relatively small ; the largest specimen seen measur- 
ing 5.7 by 2.0 mm., and the average adult size being about 4 by 12 mm. The 
ratio of thickness to diameter varies from 1: 24 down to 1 : 4. 

The species has thus a rather smaller diameter even than D. vredenburgi, 
whose average dimensions are about 42 by 1 mm. ; but it is considerably thicker 
than the latter, and its meridian section strongly recalls that of D. kohaticus, 
which is a much later and larger form. The chief distinction, however, of 
D. flemingi lies in the greater size of its main chambers. Average chamber 
measurements, taken at a distance of 2 mm. from the pole, are respectively as 
follows for these three species :- 

Height. Breadth. Formation. 

D. kohaticus . 0.14 mm. 0.25 mm. Khirthar. 
D. vredenburgi . 0.18 0.30 Laki. 
D. flemingi 0'22 0.40 Ranikot. 

About 12 chambers can be counted in a meridian section of D. flemingi 
along a radius of 22 mm., as against 15 in D. vredenburgi and 17 in D. kohaticus ; 

.and the spire of the average adult D. flemingi seems to possess 7 or 8 intercalary 
whorls. The upper surface of D. flemingi is usually smooth and featureless, 
.except that a slight boss with occasional faint indications of granules is generally 
found at the pole. The lower surface shows a typically crowded mass of pillars, 
varying in thickness from 0.1 to 0.2 mm. each. 

Distribution. -D. flemingi appears in collections from all the central parts 
o f the Salt Range, from the Dhak Pass to Kallar Kahar, both inclusive. It has 
o nly so far been found in the Khairabad limestone, throughout which it seems to 
Tange, but which it does not (locally) seem to survive. Although constantly 
appearing in the Khairabad limestone, it never does so in great numbers (so far 
as yet seen). A similar form appears in the Thibetan beds referred by me to 
the Ranikot (vide Appendix). 

Sub -family : HETEROSTEGININ AE. 

Structure similar to that of Nummulitinae, except for the fact that the 
chambers are subdivided into chamberlets. 

Genus : HETEROSTEGINA, d'Orbigny, 1826. 

This genus resembles Operculina as regards the closely embracing and rapid- 
ly opening nature of most of the spire ; although the earliest portions of the spire 
are not only fully embracing' but may possess septal filaments as well, and so 
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resemble Nummulites. The chamberlets of one chamber generally alternate 
with those of the next, every chamberlet communicating with each of its neigh- 

bours in front and behind by a separate hole through the intervening septal 
face. 

HETEROSTEGINA cf. RUIDA, Schwager. 

(Plate V, fig. 21.) 

1883. Heterostegina ruida, sp. nov. ; Schwager, Palceontographica, Vol. XXX, pp:. 

145 -146; Pl. XXIX, figs. 6a -6e. 

Two specimens of Heterostegina were found in Mr. Pinfold's collections from 
the Sakesar limestone at Ratuchha. They seem both to belong to the same 
species, which is a very small one. The specimens measure 1.5 by 0.2 mm.. 
and 1.3 by 0.2 mm. respectively, and have prominent and strongly granulated. 
poles, and about two rapidly opening whorls to the spire. The second whorl 
has from 18 to 22 chambers ; the first of which contains about 5, and the last. 
about 20, chamberlets. The better preserved specimen is shown in the illus- 
tration (Pl. V, fig. 21). 

Schwager described a rather larger, but otherwise similar, species from 
beds of corresponding age in Egypt (Libyan, which approximates to the Laid 
of India). Schwager named his species H. ruida, and quoted its average diam- 
eter as being 3 mm. His figures indicate a form about 2.7 by 0.3 mm. in size, 
with rather over two whorls ; there being about 22 chambers in the second 
whorl, of which the first has about 5 chamberlets and the last about 15 (to judge - 
from his fig. 6c). There seems to be little, apart from the difference in size,_ 
to distinguish the Egyptian forms from the Indian ones, and so I provisionally 
refer the latter to the same species. 

Distribution. -The species seems only to be known from the Libyan beds, 
of Egypt and the Sakesar limestone of the Punjab Salt Range. 

Family : ORBITOIDIDAE. 

Sub -family : ORBITOIDINAE. 

Genus : LEPIDOCYCLINA, Gümbel, 1868.1 

Subgenus : POLYLEPIDINA, Vaughan, 1924.1 

The type species of this subgenus is L. (Polylepidina) chiapasensis Vaughan.. 
It is characterised by possessing multiple primordial cells of irregular sizes and 
arrangement ; the first four or five usually being a good deal larger than the 
others, and sometimes taking the form of two pairs of cells set transversely to 
each other in the shape of a rough cross. 

For discussion of genus and subgenus see Vaughan, T. W., in Cushman's Foraminifers, Their Classification and Economic Use ', pp. 290 -294, (1933). 
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LEPIDOCYCLINA (POLYLEPIDINA) PUNJABENSIS, sp. nov. 

(Text -fig. 3, and Plate VII, figs. 1 -8, 14, 16.) 

Holotype, G. S. I. Type No. ' 15887. 

1916. Lepidorbitoides tibetica, sp. nov. (pars) ; Douvillé, Pal. Ind., N. S., Vol. V, . 

Mena. 3, pp. 34 -35 ; Pl. XIV, Figs. 2a -3b ( ?). 

Douvillé described, as Lepidorbitoides tibetica, a concavo- convex form seen 
in Thibetan limestones which he referred to the Danian stage, but which appear 
(as shown in the Appendix, pages 68 -70 below) to be of Ranikot age. According 
to Douvillé, his L. tibetica exceeds 17 mm. in diameter, a fact which suggests 
that it is probably microspheric ; but be also examined some much smaller 
individuals, from 3 to 5 mm. in diameter, which probably included the megalo- 
spheric companion of the larger form. In some of the latter he thought that he 
could detect a double protoconch ; but since the evidence was far from clear, 
he only doubtfully referred the species to the genus Lepidorbitoides. 

Very similar, but consistently rather small, forms appear in the Ranikot 
collections from the Salt Range, their characters being as follows : Usual size 
from 4 to 7 mm., the largest specimen measuring 11 mm. Ratio of thickness to 
diameter varies from 1 : 6 to 1 : 15, some specimens being much stouter than 
others. The shape is somewhat lenticular, but concavo- convex instead of 

symmetrical ; the margin being sometimes so strongly recurved as to appear 
hook -shaped in meridian section. Both surfaces are granulated, but the gran- 
ules are more prominent on the concave surface than on the convex one.. 

Pillars forming the granules are from 0.05 to 0.08 mm. thick. 

FIG. 3.- Possible symmetrical arrangement of primordial calls in L. (Polylepidina) punjabensis, sp. nov. 

a, Double, subequal protoconch ? b, Great cell of group. c & d, Lateral sets of 3 cells each, largest in middle. 

Most, if not all, of the specimens are megalospheric. Equatorial sections 
show the presence of a seemingly heterogeneous group of primordial chambers, 
with 4 or 5 relatively large and thick -walled ones in the middle. . Of the latter, 
one seems to be considerably larger than the other 3 or 4. A symmetrical design 
may possibly be involved, as suggested in Text -fig. 3, but this requires confirma- 
tion. The primordial cells seem to be smaller in thin specimens than in thick 
ones ; the largest cell measuring about 0.15 by 0.10 mm. in a stout specimen as 
against 0.10 by 0.05 mm. in a thin one, and the next largest cell about 0.09 mm. 
as against about 0.06 mm. In meridian section, the whole primordial group 
(including these 4 or 5 thick -walled cells, and an apparently indefinite number 
of smaller and thinner -walled ones associated with them) is seen to measure 
about 0.45 mm. (radially) by 0.15 mm. (axially) in a stout specimen, and about 
0.25 mm. by 0.07 mm. in a thin one. 

I 
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Surrounding the primordial group, in the equatorial plane, is the layer of 

equatorial rings, each subdivided into arches alternating with the arches of 

the rings on either side. The rings are about 0.05 mm. in height (along the 
radius), while the length (or span) of each is about 0.10 mm. ; so the radial and 
tangential measurements of the chamber space (enclosed between the inner 
aspect of one arch above, and the outer aspects of two half- arches below) are 
about equal. There is no difference in this respect between the measurements 
of stout and thin specimens. The annular wall is about 0.01 mm. thick. 
Chambers in the same annular ring seem to communicate with each other through 

.a perforation at the base of each arched wall. 

The above facts seem to indicate that this species belongs to the genus 
Lepidocyclina, with its nearest relations in the subgenus Polylepidina. It differs 
-from L. (P.) chiapasensis in that its equatorial layer of rings does not increase 
greatly in breadth towards the periphery, and the development of lateral struc- 
tures is well maintained to the last ; but it seems unnecessary to propose a new 
subgenus on such grounds, until their importance is confirmed by further know- 
ledge regarding this group of forms. 

The question remains of the identity of the Salt Range type with the Thibet- 
an one. Both the general appearance and internal measurements of the latter 
agree so well with similar details of the former, as strongly to suggest identity. 
There is, however, a marked difference in the size of the test as a whole ; and 
this doubtless represents the difference between microspheric and megalospheric 
generations. Douvillé selects no particular holotype for his species, but by 
stating that it exceeds 17 mm. in diameter he seems to indicate the microspheric 
form in particular. That suggests the appropriateness of calling the Salt Range 
type L. (P.) subtibetica ; but since the Salt Range is far from Thibet, and it is 
possible that some difference between the species may eventually be discovered, 
it seems better to avoid the risk of confusing nomenclature, so I will call it L. 
(P.) punjabensis. 

Distribution. L. (P.) tibetica appears, as noted in the Appendix, in Upper 
Ranikot beds in Thibet. It is also probably present in the uppermost Ranikot 
beds at Thal, where I recently found specimens over 20 mm. in diameter, ap- 
parently identical with Douvillé's forms, together with megalospheric individuals 
externally identical with the Salt Range type. The latter, i.e. L. (P.) punjab- 
ensis, appears in considerable numbers in collections from the Upper Ranikot 
beds of the Salt Range, where it is present at all levels, from the base of the 
Khairabad limestone up to the middle of the Patala shales, wherever those 
horizons exist, over the whole area from Kalabagh to Dandot inclusive. It 
has not yet been found in the upper parts of the Patala shales, or at any suc- 
ceeding level. On the Kala Chitta Range, it appears from the base of the Rani - 
kot sequence up to the lower parts (inclusive). of the shales overlying the 80 ft. 
limestone. 

R,atarks. -It will be observed. that I describe and figure both stout and thin 
representatives of L. (P.) punjabensis, and select one of the former as holotype. 
'The; differences seen in the thin form appear to be correlated with the smaller 
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size of its protoconch, and so do not seem to justify our regarding it as a dis- 
tinct species or even as a distinct variety. Hofker has shown, in his discussions 
regarding what he has called ` trimorphism ' among foraminif era, r that two - 
megalospheric types -one with larger protoconch than the other -are often to 
be seen in association with the same microspheric form. It is possible that the 
two types here grouped together as L. (P.) punjabensis afford a well markedi 
instance of this trimorphism. 

Subfamily : DISCOCYCLININAE. 

Genus : DISCOCYCLINA,2 Gümbel, 1868. 

DISCOCYCLINA RANIKOTENSIS, Davies. 

(Plate III, fig. 22.) 

Holotype, G. S. I. Type No. 13552. 

1927. Discocyclina ranikotensis, sp. nov. ; Davies, Quart. Journ. Geol. Soc. Lond., Vol. 

LXXXIII, pp. 281 -282 & Text -fig. 4 ; Pl. XXII, figs. 10 -12. 

There is nothing to add to the description already given of this form, which 

is not far removed from D. archiaci (Schlumberger, 1903), except to note that 
it clearly survives the Ranikot, and that specimens of it up to 30 mm. in diam- 

eter appear in the lowest Laid beds of the Salt Range. 

Distribution. -This species appears in the uppermost Ranikot . beds at Thal, 

and I also found it at Calcutta in collections from the uppermost Ranikot beds 

of Sind. On the Salt Range it appears at all levels from the middle of the Khair- 

abad limestone to the top of the Nammal shales, but has not yet been identified 

beyond those limits. It is more common in northern Salt Range collections,. 

from Kalabagh to Patala, than in eastern ones, doubtless owing to the relatively 

poor development of both Upper Ranikot and lowest Laki to the east. It has, 
however, appeared in a small Ranikot exposure near Kallar Kahar, and in a 

Nammal shale one at Choa Saidan Shah. On the Kala Chitta Range it is rela- 

tively rare, but has been found in the lower parts of the shales overlying the 
80 ft. limestone. 

The appearance together of Lepidocyclina as represented by L. (P.) punjab- 

ensis, and ` Orthophragmina ' as represented by Discocyclina ranikotensis, in 
the Ranikot beds of the Salt Range and the Kohat district, shows to what an 

extent the situation has changed since Vredenburg reported that these two 
genera had never been found together in India.3 

1 Tijdachr. Ned. Dierk. Vereen., (2), Vol. 19, pp. 68 -70, (1925), and ` Foraminifera of the Siboga Expedition ', Pt. II, 
pp. 93 -104, (1930). 

2 For analysis, see Vaughan, T. W., in Cushman's Foraminifera' pp. 299 -300, (1933). 

8 Rec. Geol. Surv. Ind., XXXV, pp. 62 -67, (1907). 

I2 
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Family : PENEROPLIDAE. 

Subfamily : ORBITOLITINAE. 

Genus : 0RBIT0LITES,1 Lamarck, 1801. 

ORBITOLITES COMPLANATUS, Lamarck. 

1801. Orbitolites complanata, sp. nov. ; Lamarck, ` Syst. An. sans Vert.', 1st. ed., p. 

376. 

1849. Orbitolites, sp. ; Carter, Journ. Bomb. Br. Roy. Asiat. Soc., Vol. III, pp. 168 -169, 

173 ; Pl. VIII, figs. 1 -lb. 

1855. Orbitolites complanata, Lamarck ; d'Archiac & Haime, ` Descr. An. foss. Gr. 

numm. Inde ', pp. 350-351 ; Pl. XXXVI, figs. 19a -b. 

1883. Orbitulites cf. complanata, Lamarck ; Schwager, Palceontographica, Vol. XXX, 

pp. 90 -91 ; Pl. XXIV, figs. 10a-e. 

1905. Orbitolites complanatus, Lamarck ; Doncieux, Ann. Univ. Lyon, N. S., Vol. I, 

fase. 17, Pl. I, figs. 2 -5. 

1916. Orbitolites complanatus, Lamarck ; Douvillé, Pal. Ind., N. ,S., Vol. V, Mem. 3, 

pp. 43 -44 ; Pl. XVI, figs. 1 -2. 

1924. Orbitolites complanatus, Lamarck ; Davies, Journ. Asiat. Soc. Bengal, N. S., Vol. 

XX, p. 213. 

1925. Orbitolites complanata, Lamarck ; Nuttall, Quart. Journ. Geol. Soc. Lond., Vol. 

LXXXI, p. 447. 

1926. Orbitolites complant us, Lamarck Doncieux, Ann. Univ. Lyon, N. S., Vol. I, 
fase. 45, pp. 73 -75 ; Pl. VIII, figs. 2 -5. 

complanata, Lamarck ; Nuttall, Geol. Mag. Lond., Vol. LXIII, pp. 
498, 503. 

This species, the description of which is reserved for a later paper, is com- 

paratively rare in the Salt Range collections ; the only specimens seen appear 
in material from the Bhadrar beds. 

Distribution.- Carter figured' forms 24 mm. in diameter from the 
Range west of Hyderabad in Sind, and . d'Archiac and Haime described and 
figured small specimens, 6 mm. in diameter, as O. complanata from the same 
Range. Nuttall reported the species from both the Laki and Khirthar beds of 
Baluchistan and Sind, his specimens being up to 35 mm. in diameter. Douvillé 
figured specimens over 30 mm. in diameter from Eocene beds of Thibet. The 
species abounds in the Shekhan limestone (uppermost Laki of the Kohat dis 
trict) where it reaches a diameter of 24 mm., and reappears spasmodically in 
the overlying Khirthar beds. The Salt Range specimens, which are about 18 
mm. in diameter, appear in collections from the Bhadrar beds near Sehti and. 
Kallar Kahar. It may be noted that Schwager described forms 16 to 18 mm. 
in diameter from the Lower Eocene (Libyan) beds of Egypt. 

Subfamily : ALVEOLININAE. 

According to Hofker,2 the genus Alveolina must be placed among the Penerop 
lidie. I provisionally accept this verdict. 

1 For analysis, see Galloway, J. J., ' A Manual of Foraminifera', p. 145, (1933). 
2 Foraminifera of the Siboga Expedition', Pt. II, pp. 134, 137, (1930). 
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Genus : ALVEOLINA, d'Orbigny, 1826. 

Test porcellaneous, spirally coiled about an axis usually greater than its 
diameter ; each whorl being composed of separate floor as well as separate roof. 
The whorls are subdivided into chambers . by meridian septa, and the chambers 
into chamberlets by tangential septa. Each chamberlet communicates for- 
ward by a single pore through the terminating meridian septum, and laterally 
by a pore at each end of each tangential septum. 

ALVEOLINA VREDENBURGI, sp. nov. 

(Plate V, fig. 25.) 

Holotype, G. S. I. Type No. 1589.5. 

1925. Alveolina oblonga, d'Orbigny (pars) ; Nuttall, Quart. Journ. Geol. .Soc. Lond., 
Vol. LXXXI, p. 441. 

1926. Alveolina oblonga, d'Orbigny (pars) ; Doncieux, Ann. Univ. Lyon, N. S., Vol. I, 
fast. 45, p. 76 ; Pl. VIII, fig. 2. 

1926. Alveolina oblonga, d'Orbigny ; Cotter, Rec. Geol. Surv. Ind., LIX, p. 415. 
1926. Alveolina oblonga, d'Orbigny (pars) ; Nuttall, Geol. Meg. Lond., Vol. LXiII, pp. 

498 -500. 

1927. Alveolina oblonga, d'Orbigny ; Davies, Quart. Journ. Geol. Soc. Lond., Vol. 
LXXXIII, pp. 282 -283 & Text -fig. 5. 

1931. Alveolina oblonga, d'Orbigny ; Nuttall, Rec. Geol. Surv. Ind., LXV, pp. 310, 312. 

The Ranikot specimens referred by Nuttall, Cotter and myself to A. oblonga 

in the past, _ are always smaller and usually more spindle- shaped than the Laki 
ones referred by us to the same species. Since these differences again appear 
between the Ranikot and Laki forms on the Salt Range, it would seem to be 
convenient to separate the Ranikot type as a distinct species. I have already 
described it in a former paper (1927, ut supra) and shown a meridian section of it, 
but will briefly summarise its main characters. 

Its proportions and shape are very variable. The ratio of diameter to axial 
length varies from over z to less than 4. The longest specimen seen measured 
6.5 by 1.5 mm. ; but the usual length is under 4 mm., the average measure- 
ments of specimens seen by me working out at about 3.75 by 1.5 mm. The 
shape varies from cylindrical with rounded ends to very elongate with pointed 
.ends; the average being distinctly fusiform. The specimen selected as holotype 
(Pl. V, fig. 25) is characteristic as to shape, but rather above the average in 
length. 

The number of whorls is about 8 for a diameter of 1.0 mm., and 11 or 12 
for a diameter of 1.5 mm. The later whorls exhibit from 6 to 8 major chambers, 
and 17 to 19 chamberlets per 1 mm. along the meridian line. The form is 
megalospheric, the protoconch measuring about 150p.. 

Distribution.- Vredenburg (who was inclined to refer it to A. bosci) and 
Nuttall found this species in the uppermost Ranikot beds of Sind, and I found 
it in both Upper and Lower Ranikot beds at Thal. On the Salt Range, it 
appears to be most common, from Patala westwards, and has been found at 
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ALVEOLINA OVOIDEA, d'Orbigny. 
1826. Alveolina ovoidea, sp. nova; d'Orbigny, Ann. Sci. nat., Vol. VII, p. 306, No. 3. 

1846. Alveolina subpyrenaica, sp. nov. ; Leymerie, Mém. Soc. géol. France, (2), Vol. I, 
pp. 359 -360 ; Pl. XIII, figs. 9a -9c. 

1849. Fascicolites, sp. ; Carter, Journ. Bomb. Br. Roy. Asiat. Soc., Vol. III, pp. 169, 

173 ; Pl. VIII, figs. 2 -2b. 

1850. Alveolina ovoidea, d'Orbigny ; d'Orbigny, ` Prodrome ', Vol. II, p. 336, No. 690. 
1853. Alveolina ovoidea, d'Orbigny ; d'Arehiac and Haime, ` Descr. An. foss. Gr. numm. 

Inde' , p. 182. 

1853. Melonites spheroidea, Lamarck ; Carter, Ann. Mag. Nat. Hist., (2), Vol. XI, pp. 
170 -171, 177 ; Pl. VII, fig. 16. 

1854. Melonites sphceroidea, Lamarck ; Carter, Ann. Mag. Nat. Hist., (2), Vol. XIV, 
pp. 99 -101 ; Pl. III. B., figs. 1 -5. 

Alveolina spheeroidea (Lamarck) ; d'Archiac 
nutum. Inde ', p. 348. 

1879. Alveolina spheeroidea (Lamarck) ; Fedden, Mem. Geol. Surv. 
1880. Alveolina ovoidea, d'Orbigny ; Duncan, Pal. Ind., Ser. XIV, 
1883. Alveolina decipiens, sp. nov. ; Schwager, Palceontographica, 

Pl. XXVI, figs. la -1k. 

1905. Alveolina subpyrenaica, Leymerie ; 

fast. 17, p. 122. 

1916. Alveolina oblonga, d'Orbigny ; Douvillé, Pal. Ind., N. S., Vol. V, Mem. 3, pp. 
42 -43 ; Pl. XVI, figs. 3 -5. 

1925. Alveolina subpyrenaica, Leymerie ; Nuttall, Quart. Journ. Geol. Soc. Lond., Vol. 
LXXXI, pp. 434 -435 ; Pl. XXIII, figs. 1 -3 ; Pl. XXIV, fig. 3. 

1926. Alveolina subpyrenaica, Leymerie ; Doncieux, Ann. Univ. Lyon, N. S., Vol. I, 
fast. 45, pp. 77 -78 ; Pl. VIII, figs. 3 -6. 

1926. Alveolina subpyrenaica, Leymerie ; Nuttall, Geol. Mag. Lond., Vol. LXIII, pp. 
498, 500, 503. 

I retain d'Orbigny's name, A. ovoidea, for this species, although some other 
recent workers prefer Leymerie's later designation, A. subpyrenaica, on the 
grounds that d'Orbigny's original description of A. ovoidea was insufficient. 
D'Orbigny referred, however, to the figures of Deluc, and cited as locality Monto- 
lieux, in Aude, near the Montagne Noire ; so A. ovoidea was quite as well defined 
by him as A. oblonga, for which he simply quoted the figures of Parkinson' (which, 
incidentally, refer to a similar but rather later species, A. elliptica) and cited as 
locality the vicinity of Paris. Since nobody doubts that A. ovoidea and A. 
subpyrenaica refer to the same form from the same locality (Montagne Noire, etc.) 
there seems to be no reason for discarding the earlier designation. 

The representatives of this species found in the Laki beds of the Salt Range 
are large and well developed, their average dimensions being 5.0 by 3.4 mm., 
and so agreeing with the dimensions quoted by Leymerie for the species as found 
in the type area of southern France, as against the smaller average of 3.6 by 2.3 
mm. quoted by Nuttall for the species as found in Sind and Baluchistan. The 
sizes of the first ten whorls in these Salt Range specimens average respectively 
0.30 mm. ; 0.40 mm. ; 0.52 mm. ; 0.66 mm. ; 0.81 mm. ; 1.00 nun. ; 124 mm. ; 

sParkinson, J., `Organic Remains of a Former world', Pl. X, figs. 28 -31, (1811). 

1855. and Haime, ` Descr. An. foss. Gr. 

Ind., XVII, p. 198. 

Vol. I, p. 10. 

Vol. XXX, p. 103 ; 

Doncieux, Ann. Univ. Lyon, N. S., Vol. I, 
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ALVEOLINA OVOIDEA, d'Orbigny. 
1826. Alveolina ovoidea, sp. nova; d'Orbigny, Ann. Sci. nat., Vol. VII, p. 306, No. 3. 

1846. Alveolina subpyrenaica, sp. nov. ; Leymerie, Mém. Soc. géol. France, (2), Vol. I, 
pp. 359 -360 ; Pl. XIII, figs. 9a -9c. 

1849. Fascicolites, sp. ; Carter, Journ. Bomb. Br. Roy. Asiat. Soc., Vol. III, pp. 169, 

173 ; Pl. VIII, figs. 2 -2b. 

1850. Alveolina ovoidea, d'Orbigny ; d'Orbigny, ` Prodrome ', Vol. II, p. 336, No. 690. 

1853. Alveolina ovoidea, d'Orbigny ; d'Arehiac and Haime, ` Descr. An. foss. Gr. numm. 
Inde' , p. 182. 

1853. Melonites spheroidea, Lamarck ; Carter, Ann. Mag. Nat. Hist., (2), Vol. XI, pp. 
170 -171, 177 ; Pl. VII, fig. 16. 

1854. Melonites sphceroidea, Lamarck ; Carter, Ann. Mag. Nat. Hist., (2), Vol. XIV, 
pp. 99 -101 ; Pl. III. B., figs. 1 -5. 

1855. Alveolina sphceroidea (Lamarck) ; d'Archiac and Haime, ` Descr. An. foss. Gr. 
nutum. Inde ', p. 348. 

1879. Alveolina sphoroidea (Lamarck) ; Fedden, Mem. Geol. Surv. Ind., XVII, p. 198. 

1880. Alveolina ovoidea, d'Orbigny ; Duncan, Pal. Ind., Ser. XIV, Vol. I, p. 10. 

1883. Alveolina decipiens, sp. nov. ; Schwager, Palceontographica, Vol. XXX, p. 103 ; 

Pl. XXVI, figs. la -1k. 

1905. Alveolina subpyrenaica, Leymerie ; Doncieux, Ann. Univ. Lyon, N. S., Vol. I, 
fase. 17, p. 122. 

1916. Alveolina oblonga, d'Orbigny ; Douvillé, Pal. Ind., N. S., Vol. V, Mem. 3, pp. 
42 -43 ; Pl. XVI, figs. 3 -5. 

1925. Alveolina subpyrenaica, Leymerie ; Nuttall, Quart. Journ. Geol. Soc. Lond., Vol. 
LXXXI, pp. 434 -435 ; Pl. XXIII, figs. 1 -3 ; Pl. XXIV, fig. 3. 

1926. Alveolina subpyrenaica, Leymerie ; Doncieux, Ann. Univ. Lyon, N. S., Vol. I, 
fase. 45, pp. 77 -78 ; Pl. VIII, figs. 3 -6. 

1926. Alveolina subpyrenaica, Leymerie ; Nuttall, Geol. Mag. Lond., Vol. LXIII, pp. 
498, 500, 503. 

I retain d'Orbigny's name, A. ovoidea, for this species, although some other 
recent workers prefer Leymerie's later designation, A. subpyrenaica, on the 
grounds that d'Orbigny's original description of A. ovoidea was insufficient. 
D'Orbigny referred, however, to the figures of Deltic, and cited as locality Monto- 
lieux, in Aude, near the Montagne Noire ; so A. ovoidea was quite as well defined 
by him as A. oblonga, for which he simply quoted the figures of Parkinson' (which, 
incidentally, refer to a similar but rather later species, A. elliptica) and cited as 
locality the vicinity of Paris. Since nobody doubts that A. ovoidea and A. 
subpyrenaica refer to the same form from the same locality (Montagne Noire, etc.) 
there seems to be no reason for discarding the earlier designation. 

The representatives of this species found in the Laki beds of the Salt Range 
are large and well developed, their average dimensions being 5.0 by 3.4 mm., 
and so agreeing with the dimensions quoted by Leymerie for the species as found 
in the type area of southern France, as against the smaller average of 3.6 by 2.3 
mm. quoted by Nuttall for the species as found in Sind and Baluchistan. The 
sizes of the first ten whorls in these Salt Range specimens average respectively 
0.30 mm. ; 0.40 mm. ; 0.52 mm. ; 0.66 mm. ; 0.81 mm. ; 1.00 mm. ; 1.24 mm. ; 

I Parkinson, J., ` Organic Remains of a Former world', Pl. X, figs. 28 -31, (1811). 
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1.50 mm. ; 1.75 mm. and 2.00 mm. A specimen 2.5 mm. in diameter has about 
12 or 13 whorls ; with about 8 or 9 chambers, and 13 to 15 chamberlets per 1 mm. 

along the meridian, in the last whorl. The whorls are sometimes irregular, and 
variously flosculinised. 

Certain members of this species found in the Ranikot beds of the Salt Range. 

are smaller in size and approach A. vredenburgi in shape, their dimensions being. 

about 42 by 2 mm. These have about 11 or 12 whorls ; with 9 or 10 chambers, 
and 15 to 16 chamberlets per 1 mm. in the last whorl. They are distinguished 
from A. vredenburgi by their oval rather than fusiform shape, and by their 
tendency to flosculinisation ; but the differences are sometimes very small. It 
seems to be this form which Douvillé figured from Thibet ; and it is doubtless, . 

as he says, closely matched by Lower Eocene forms in France. 
Distribution. In India, this species was often reported from Sind by the 

older geologists, and Nuttall found it in all the limestones of the Laki stage of 
that and neighbouring regions (Meting and Laki limestones of Sind, and Dunghan 
limestone of Baluchistan). Nuttall did not, apparently, find it in the Ranikot 
beds of Sind ; and I have not yet seen it either in the Ranikot or in the Laki beds 
of the Kohat district (this may partly be due to the absence of late Ranikot- 
and early Laki elements over most of that district). On the Salt Range,. 
however, A. ovoidea has been found in the uppermost levels of the Khairabad 
limestone (Jaba and Majuchh), sometimes appears in calcareous bands in the 
Patala shales (Kalabagh, Nurpur, etc.), is abundant in the Sakesar limestone 
of eastern sections (ChaYnil to Dandot), and is present in the Bhadrar beds near 
Nurpur. 

ALVEOLINA GLOBOSA, Leymerie. 
1826. Alveolina Melo (Fichtel & Moll) ; d'Orbigny, Ann. Sci. nat., Vol. VII, p. 306,. 

No. 2. 

1846. Alveolina subpyrenaica, Leymerie, var. globosa, nov. ; Leymerie, Mém. Soc. géol. 
France, (2), Vol. I, p. 359 ; Pl. XIII, figs. l0a -10c. 

1850. Alveolina melo (Fichte! & Moll) ; d'Orbigny, ` Prodrome ', Vol. II, p. 336, No. 689. 
1853. Alveolina melo (Fichtel & Moll) ; d'Archiac & Haime, ` Descr. An. foss. Gr. numm.. 

Inde' , p. 182. 

1853. Alveolina melo (Fichtel & Moll) ; Carter, Ann. Mag. Nat. Hist., (2), Vol. XI, p.. 
170 ; Pl. VII, fig. 15. 

1854. Alveolina. melo (Fichtel & Moll) Carter, Ann. Mag. Nat. Hist., (2), Vol. XIV, 
p. 99. 

1855. A_ ?veolina melo (Fichtel & Moll) ; d'Archiac & Haime, ` Descr. An. foss. Gr. numen. 
Inde' , p. 348. 

1879. Alveolina melo (Fichtel & Moll) ; Fedden, Mem. Geol. Surv. Ind., XVII, p. 198. 
1880. Alveolina sphceroidea (Lamarck) ; Duncan, Pal. Ind., Ser. XIV, Vol. I, p. 10. 
1683. Alveolina pasticillata, sp. nov. ; Schwager, Palceontographica, Vol. XXX, PP- 

104-105 ; Pl. XXVI, figs. 2a -2h. 
1905. Flosculina globosa (Leymerie) ; Doncieux, Ann. Univ. Lyon, N. S., Vol. I, i'asc. 

17, p. 125. 

1925. Flosculina globosa (Leymerie) ; Nuttall, Quart. Journ. Geol. Soc. Lend., Vol.. 
LXXXI, pp. 435 -439 ; Pl. XXIII, figs. 1, 4 ; P]. XXIV, figs. 4.6, 
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1926. Alveolina subpyrenaica, Leymerie, var. globosa, Leymerie ; Doneieux, Ann. Univ.- 

Lyon, N. S., Vol. I, fase. 45, pp. 78 -80 ; Pl. VIII, figs. 5, 7. 

1926. Flosculina globosa ( Leymerie) ; Nuttall, Geol. Mag. Lond., Vol. T,XIII, pp. 4987 

500, 503. 

1931. Flosculina globosa (Leymerie) ; Nuttall, Rec. Geol. Surv. Ind., LXV, pp. 312 -313. 

We may roughly divide Eocene Alveolines into four groups as to shape - 
fusiform, cylindrical, oval and spherical ;-the last three being the most common. 
D'Orbigny seems to have recognised only three species of Alveolines-A. oblonga 
(cylindrical), A. ovoidea (oval) and A. melo (spherical) -in his 24th Stage, the 
Suessonien or early Nummulitic. Of these specific names, A. oblonga and A. 
ovoidea are both, in my opinion, valid ; but the term A. melo was borrowed by 
d'Orbigny from a minute Alveoline originally described as Nautilus Melo by 
Fichtel and Moll, which is not certainly identifiable with any Eocene species. 
(Similarly, Lamarck's Melonites sphaerica and Melonites sphceroidea are mere 
synonyms for Fichtel and Moll's Nautilus Melo.) So although d'Orbigny may 
well have intended to refer to the form which Leymerie described as A. subpyr- 
enaica var. globosa, his borrowed designation for it cannot stand, and Leymerie's 
term, although later, is the first valid one. 

It may be noted that this trio of early Eocene Alveolines -A. oblonga, A. 
ovoidea and A. globosa (the first being the least, and the last the most strongly, 
flosculinised) -could almost be treated as a single species. It is sometimes 
difficult to say whether to refer a specimen to A. oblonga or A. ovoidea. Similarly,. 
A. globosa was first described as a mere variant of A. ovoidea (Leymerie's A. 

subpyrenaica) ; and Doncieux, after placing it in a different genus, returns to that 
view to -day, while Nuttall himself (who still keeps these forms generically apart), 
notes that transitional series between them are to be found both in Europe and 
in India. It seems possible that A. oblonga, A. ovoidea and A. globosa are all 
derived from some such form as A. vredenburgi, which is known from the Lower 
Ranikot in India. 

Every gradation of shape exists on the Salt Range between A. ovoidea and 
A. globosa. The average size of the latter, as seen in Mr. Pinfold's collections . 
from the Laid beds of the Salt Range, is 4.0 by 3.7 mm. ; some of the largest 
specimens measuring 5.0 by 4.2 mm. These figures agree very closely with . 
those quoted by Nuttall for his Sind specimens. The last whorl in the average 
Salt Range form has about 11 to 12 chambers, with 11 to 13 chamberlets per 1 

mm. along the meridian line. Specimens from the Ranikot beds of the Salt 
Range are smaller, their lengths varying from 2.4 to 3.0 mm. Average dimen- 
sions of these Ranikot specimens are about 2.7 by 2.6. mm., and the largest of 
them have 10 to 11 chambers in the last whorl, with about 13 chamberlets per 
1 mm. along the meridian line. 

Distribution.- Carter, Fedden and Duncan reported this globose form from 
Sind, and according to Nuttall it characterises the Meting and Dunghan lime- 
stones (Lower Laki of Sind and Baluchistan respectively) but is absent from the 
Laid limestone (uppermost Laki of Sind). It is similarly absent from the - 
Shekhan limestone (uppermost Laid of the Kohat district). The Ranikot. 

x 
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representatives of this form were found by Nuttall in the Upper Ranikot series 

of Sind, but have not yet been found in the Ranikot beds of the Kohat district. 
On the Salt Range, this earlier type has only so far been seen in collections from 
the extreme western parts of the area studied by us ; but it there appears in some 
abundance, both in the uppermost levels of the Khairabad limestone and also 
in the Patala shales. The larger (Laki) specimens appear in collections from 
all parts of the Salt Range visited by Mr. Pinfold, from Kalabagh to Dandot, 
but only in the Sakesar limestone. They have not yet been seen by me in 
collections from the Nammal shales, nor in ones from the Bhadrar beds overlying 
the Sakesar limestone. 

Remarks. -The last three species of Alveolines discussed above .seem 
to characterise Lower Eocene levels from western Europe to India. Synonyms 
by various authors appear to be as follows : 

France. Egypt. India. 
(Cuisian, etc.). (Libyan). (Ranikot & Laki). 

A. d'Orbigny. L. Doncieux. C. Schwager. H. J. Carter. L. M. Davies. 

A. oblonga A. oblonga A. cf. oblonga A. elliptica A. oblonga 

A. ovoidea A. subpyrenaica A. decipiens A. sphaeroidea A. ovoidea 
A. melo . A. subpyrenaica 

var. globosa 

A. pasticillata A. melo A. globosa 

Sub -Kingdom ECHINODEZMATA. 

Class : ECHINOIDEA, 

Order : EXOCYCLOIDEA. 

Family : CASSIDULIDAE. 

Genus : EURHODIA, d'Archiac & Haime, 1853. 

EURHODIA MORRISI ( d'Archiac) var. SALSENSIS, nov. 

(Pl. VII, figs. 20, 25 ; and Text -fig. 4 (C).) 

Holotype, G. S. I. Type No. 15896. 
1850. Pygorhynchus Morrisi, sp. nov. ; d'Archiac, ` Hist. Progrès Géol.', Vol. III, p. 248. 
1853. Eurhodia Morrisi (d'Archiac) ; d'Archiac & Haime, ` Descr. An. foss. Gr. numm. 

Inde 
1879. Eurhodia 
1880. Eurhodia 
1882. Eurhodia 

Pt. 3, 

1906. Eurhodia 

IS. 214 ; Pl. XIV, figs. 7a -7c. 

morrisi (d'Archiac) ; Fedden, Mem. Geol. Surv. Ind., XVII, p. 200 
Morrisi (d'Archiac) ; Duncan, Pal. Ind., Ser. XIV, Vol. I, p. 8. 
:Morrisi (d'Archiac) ; Duncan & Sladen, Pal. Ind., Ser. XIV, Vol. I, 
fasc. III, pp. 69 -72 ; Pl. XVIII, figs. 1 -7. 
Morrisii (d'Archiac) & var. Duncan & Sladen ; Vredenburg, Rec. Geol. 

Surv. Ind., XXXIV, pp. 188, 195 -196. 
1909. Eurhodia Morrisii (d'Archiac) & var. Duncan & Sladen ; Vredenburg, Pal. Ind., 

N: S., Vol. III, Mem. 1, p. xvi. 
1931. Eurhodia morrisi (d'Archiac) var. Duncan & Sladen ; Nuttall, Rec. Geol. Surv. 

Ind., LXV, p. 309. 
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According to Vredenburg, the representatives of this species which were 
described by Duncan and Sladen are varietally distinct from those which were 
described by d'Archiac and Haime, an opinion which Nuttall endorses ; and 
representatives of the same species appearing in Mr. Pinfold's Salt Range collec- 
tions seem to be varietally distinct from both. The following are the relative 
proportions of . these three types : 

E. morrisi ( d'Arch.). E. morrisi (d'Arch.) var. D. and S. 

Breadth 66 per cent. of length. Breadth 64 per cent. of length. 
Height 46 per cent. of length. Height 43 per cent. of length. 

E. mOrrisi (d'Arch.), Salt Range var. 

Breadth 75 per cent. of length. 
Height 40 per cent, of length. 

Thus the Salt Range form is relatively both broader and lower than the 
others ; and although its profile is not unlike that of Duncan and Sladen's 
variety, owing to the posterior shifting of the highest part of the test, its aboral 
aspect is quite distinct owing to the posterior shifting of the broadest part of the 
test and the concealment of the periproct from above (see Text -fig. 4). 
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Fia. 4.- Diagram comparing (A) Eurhodia morrisi after d'Archiac & Haime, B) E. morrisi var. after Duncan & 

Sladen, and (C) E. morrisi var. salsensis nov. 

These modifications appear in all the Salt Range specimens hitherto seen ;. 

so I regard the latter as a distinct variety, which I propose to call E. morrisi 
var. salsensis. 

Distribution. According to Fedden, d'Archiac and Haime's specimens of 
this species came from the upper part of the Ranikot sequence in Sind ; and it 
is known that Duncan and Sladen's specimens also came from the Ranikot beds 
of Sind. Vredenburg reported finding both types in the three uppermost Rani - 
kot zones of Sind, and Nuttall confirmed as regards Duncan and Sladen's variety. 
The Salt Range specimens came from the top of the Khairabad limestone. 
According to Vredenburg, the genus Eurhodia is confined to the Ranikot in India. 

Ic 2 
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In addition to the above new variety of a known species, the following also 

appeared in collections from the uppermost layers of the Khairabad limestone : 

Conoclypeus sp., Duncan and Sladen.' 
Hemiaster elongates, Duncan and Sladen.2 

Plesiolampas ovalis, Duncan and Sladen.3 

Plesiolampas placenta, Duncan and Sladen.4 

Vredenburg states5 that these four species also characterise the Upper Rani - 

kot of Sind (zones 2 to 4), and none survive the same ; the genus Plesiolampas 
itself (like Eurhodia) being confined to the Ranikot in India. 

In collections from a rather higher level (half way up the Patala shales) I 
found : 

Dictyopleurus ziczac, Duncan and Sladen.6 

According to Vredenburg, this species characterises the uppermost zone of 

the Ranikot in Sind ; and neither it nor its genus survives the Ranikot. Thus 
the echinoid evidence, so far as it goes, seems fully to agree with that of the fora - 
minifera in referring both the Khairabad limestone and the Patala shales to the 
Ranikot. 

The only other echinoids found in these collections were from Laki beds 
(either late Nammal shale or early Sakesar limestone) at Choa Saidan Shah and 
Ratuchha, which contained : 

Echinocyamus nummuliticus, Duncan and Sladen,7 and similar beds at 
Kallar Kahar which contained : 

Conoclypeus warthi, Davies!' 
The first of these was stated by Vredenburg to be a Laki species ; and the 

second was shown by myself, when describing it, to have the characteristic propor- 
tions of a Laki species of its genus, the level from which it came being unknown 
at the time. So here again there seems to be agreement. 

Distribution of Other Groups. 

HEXACORALLA. 

Among corals, the following were found in collections from the Patala shales : 

Astrocania blanfordi, Duncan.9 
Trochocyathus cf. epithecata (Duncan).'° 

The first of these was said by Vredenburg" to characterise zones 2 and 4 of. 
the Upper Ranikot in Sind, and it has also been found in the Upper Ranikot at 

1 Pal Ind., Ser. XIV, Vol. I, Pt. 3, fase. III, pp. 52 -53 ; Pl. XII, figs. 5 -6, (1882). 
2 Ibid., pp. 78 -81 ; Pl. XIX, figs. 7 -15. 
' Ibid., pp. 58 -60 ; Pl. XIV, figs. 4 -18. 
4 Ibid., pp. 54 -56 ; Pl. XIII, figs. 4 -9 ; Pl. XIV, fig. 1. 
5 Rec. Geol. Surv. Ind., XXXIV, pp. 187 -188, 194 -196, (1906) ; Pal. Ind., N. S., Vol. III, Mem. No. 1, pp. xv -xvi, (1909). 
s Loc. cit., pp. 38 -39 ; Pl. IX, figs. 1 -3, (1882). 

Ibid., pp. 132 -137 ; Pl. XXV, figs. 14 -37, (1884). 
s Rec. Geol. Surv. Ind., LIX, pp. 363 -367 ; Pl. 26, figs. 3 -6, (1926). 
2 Pal. Ind., Ser. XIV, Vol. I, Pt. 1, pp. 41 -42 ; Pl. XV, figs. 1 -5, (1880). 

to Ibid., pp. 60 -61 ; P1. IV, figs. 4 -7. 
"Pal Ind., N. S., Vol. III, Mem. No. 1, p. xvii, (1909). 
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"Thal.' The second is harder to identify ; its calice is obscured, and only the 
base seen, to which is attached a small Assiline (A. dandotica). The coral itself 
is small and discoid, and most nearly resembles the forms described by Duncan 
:as Trochocyathus nummuliticus2 and Leptocyathus epithecata.3 Since the genus 
Leptocyathus is ignored by Zittel,4 while Duncan himself in a later work' treats 
the presence of Leptocyathus in India as doubtful, it is probable that both types 
should be referred to the genus Trochocyathus. Both were said by Duncan to 
have come from the ` Khirthar ' series of beds (at that time still including the 
Laki) ; but his sketch of the foraminifers attached to the base of the type of L. 
,epithecata strongly suggests the Ranikot species M. miscella. I therefore, while 
in Calcutta, examined Duncan's original types of these two species, and found 
that they almost certainly come from different horizons. The type of T. num- 
.muliticus is pale grey in colour, and has attached to it a small Assiline with central 
depression,' which, although poorly preserved, suggests a post -Ranikot form (e.g., 

A. subspinosa) ; the type of L. epithecata, however, is of a dark yellow -ochre 
.colour, much more characteristic of Ranikot fossils from Sind, and the foramin- 
ifer attached to it is undoubtedly M. miscella. It is therefore clear that 
Duncan's L. epithecata is really a Ranikot species, and should be included with 
his Ranikot forms. Unfortunately the calice of the type of L. epithecata was 

only partially figured by Duncan, and is no longer visible, the specimen having 
been reduced by abrasion. Its original characters are therefore largely in doubt. 
It is possible that the Salt Range form, which is illustrated below (Pl. V, fig. 19), 

is identifiable with this species, since it is only slightly larger and the number 
of its cost seems to agree fairly well. 

OSTRACODA. 

A rich entomostracan fauna is present in the Salt Range collections, the 
commonest species being Bairdia subdeltoidea, . Minster, which appears at all 

levels from the Dhak Pass beds at bottom to the Bhadrar beds at top, both inclu- 

sive. This species was previously reported by me from the Upper Ranikot 
sediments at Thal ;8 and I have since found it throughout the Ranikot sequence 

,of the Kala Chitta Range, and throughout the entire Eocene of the Kohat 
district, from the lowest Ranikot to the uppermost Khirthar. Other Salt Range 
forms are referred to the genus Cythere, Mailer, by Miss M. H. Latham of Glasgow 

University. This genus appears throughout the Salt Range Ranikot, but 
becomes extremely rare in the succeeding Laki. It is similarly found throughout 
the Ranikot beds of the Kala Chitta Range and of . the Kohat district, but has 
not as yet been seen at all in the Laki beds of those parts. It reappears, however. 

.sporadically at all levels in the Khirthar beds of the Kohat district. 

1 Gregory, J. w., Pal. Ind., N. S., Vol. XV, pp. 84, 94 ; Pl. XII, fig. 14 ; Pl. XIII, fig. 1, (1930). 
z Op cit., pp. 59.60 ; Pl. IV, figs. 1 -3, (1880). 
a Ibid., pp. 60 -61 ; Pl. IV, figs. 4 -7. 

4 Text -Book of Palaeontology', Vol. I, (1927). 
5 Journ. Linn. Soc., Zoology, Vol. XVIII, p. 23, (1884). 

6 Loe. cit., fig. 5. 
7 Cf. loc. cit., fig. 2. 
s Quart. Journ. Geol. Soc. Lond., Vol. LXXXIII, p. 265, (1927). 
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Stratigraphie Conclusions. 

The following Table sums up the facts regarding the vertical distribution, 
on the Salt Range, of the foraminifera described above. It will be seen to 
confirm the attribution of the three lower groups of sediments (Dhak Pass beds, 

Khairabad limestone and Patala shales) to the Ranikot, and the three upper 
groups (Nammal shales, Sakesar' limestone and Bhadrar beds) to the Laki. 

It now seems clear that a considerable number of foraminiferal species passed 
from the Ranikot into the Laki ; but the distinction between the two stages is 
still sufficiently well marked, and argues an unconformity agreeing with Mr. 
Pinfold's field observations. 

The more general interest of the Salt Range sequence lies, as already 
remarked (page 15 above), in the apparent presence in it of later Ranikot beds 
than have yet been found elsewhere. The uppermost layers of the Patala shales, 
with influx of N. lahirii, are probably younger even than the youngest Ranikot 
beds found in Sind by Dr. Nuttall ; and practically the whole of the Patala shales 
seems to be missing from the Eocene sequence of the Kohat district. On the 
Kola Chitta Range, however, the distribution of fossils suggests that the top of 
the 80 ft. limestone correlates with the top of the Khairabad limestone ; and 
the succeeding 400 feet of sediments, also Ranikot in age, are probably equiva- 
lent to the Patala shales. Nevertheless, since N. lahirii has not yet been found 
in the Ranikot beds of that Range, it is possible that the uppermost zone of the 
Patala shales is missing from the sequence there. 

Acknowledgments. 

Apart from references in the text to obligations of various kinds, my thanks 
are due to Dr. H. Dighton Thomas of the British Museum (Nat. Hist.) for much 
assistance in getting my specimens photographed in London, and to Dr. R. Craig 
of Edinburgh University and the late Mr. T. C. Day of Edinburgh for themselves 
photographing many of the more difficult . subjects. I am also indebted to the 
Keeper of Geology at the British Museum (Nat. Hist.), to the Professor of 
Geology at Edinburgh University, and to the Director of the Geological Survey 
of India, for facilities respectively given to work on these collections at the British 
Museum (Nat. Hist.) in London, the Grant Institute of Geology in Edinburgh, 
and the office of the Geological Survey of India, Calcutta. 

To the Carnegie Trust for the Universities of Scotland I am indebted for a 
grant towards the general expenses of my visit to India, part of the results of 
which is embodied in this paper. 



THE EOCENE BEDS OF THE PUNJAB SALT RANGE. 

TABLE SHOWING THE STRATIGRAPHIC DISTRIBUTION OF FORAMINIFERA 
REFERRED TO IN PART IL 

GENUS AND SPECIES. 

Nummulites nuttalli, Davies 

Nummulites thalicus, Davies 

Nummulites sindensis (Davies) 

Nummulites globulus. Leymerie 

Nummulites cf. mamilla (Fichtel & Moll) 

Nummulites atacicus, Leymerie 

Nummulites lahirii, sp. nov. 

Nummulites irregularis, Deshayes ... ... 

Nummulites subirregularis, De la Harpe ... 

Assilina dandotica, sp. nov. 

Assilina granulosa ( d'Archaic) 

Assilina spinosa, sp. nov. ... 

Assilina subspinosa, sp. nov. 

Assilina cf. pustulosa, Doncieux 

Operculina cf. canalifera. d'Archaic 

Operculina aff. canalifera, d'Archiac 

Operculina salsa, sp. nov. 

Operculina subsalsa, sp. nov. 

Operculina patalensis, sp. nov. 

Operculina jiwani, sp. nov. 

Miscellanea stampi (Davies) 

Miscellanea miscella (d'Archaic & Haime) 

Lockhartia haimei (Davies) 

Lockhartia newboldi (d'Archaic & Haime) 

Lockhartia conditi (Nuttall) 
Lockhartia tipperi (Davies) 

Sakesaria cotteri, gen. et. sp. nov. 

Dictyoconoides flemingi, sp. nov. ... 

Heterostegina cf. ruida, Schwager ... 

Lepidocyclina (Polylepidina) punjabensis, sp. nov. 

Discocyclina ranikotensis, Davies ... 

Orbitolites complanatus, Lamarck ... 

Alveolina vredenburgi, sp. nov. 

Alveolina oblonga, d'Orbigny 

Alveolina ovoidea, d'Orbigny ;. 

Alveolina rlebosa, Leymerie 

67 
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APPENDIX. 

Correlation of the Salt Range beds with Eocene beds of Thibet. 

From September 1903 to September 1904 the late Sir (then Mr.) H. H. Hayden of the Geolo- 

gical Survey of India was attached to the Thibetan Frontier Mission,' and the results of his work 
were detailed by bim,celf in two subsequent publications.2 In both of these he referred certain- 

beds of the geological sequence found at Bampa Dzong (due north of Calcutta) and neighbouring. 

localities to the Lower Tertiary. These beds, whose total thickness amounted to about 1,000 

feet, were described by him in his second publication as consisting of the following, in ascending . 

order, above the Upper Cretaceous (` Tüna') limestone : 

1. Ferruginous sandstones, about 200 feet thick (page 49). 

2. Hard, dark, massive limestone, thin- bedded at base, and with generally a shale band'. 

about 40 feet thick just above the middle of it. This he called the ` Gastropod . 

limestone', and stated to be about 300 feet thick (page 52). 

3. Soft, shaley and nodular limestone, full of foraminifera, which he called the ` Operculina 
limestone '. He did not state its thickness, but from his sections and photographs 
it was apparently about 150 feet thick. 

4. Fine -grained greenish, grey and black shales, which he called the ` Spondylus shales ', . 

and stated to be up to 150 feet thick (page 54). 
5. A limestone band packed with Orbitolites and Alveolina, about 50 feet thick (page 54),. 

which he called the ` Orbitolites limestone '. 
6. Sandy micaceous shales with thin sandstone flags, up to 150 feet thick (page 54), which . 

he called the ` Sandy shale '. 

From the ` Gastropod limestone ' (inclusive) upwards, Hayden classed these beds as Eocene 
(page 53) ; and he suggested that, owing to the apparent absence in them of Nummulites, they were 
I analogous to the older Tertiaries -the Lower Ranikot -of western Sind' (page 57). 

Hayden's collections were subsequently examined by Prof. H. Douvillé, whose descriptions . 

of their fauna were published by the Geol. Survey of India.3 Douvillé classed Hayden's ` Opercu- 
lina limestone ' as Danian, mainly because of the absence in it of Nummulites, and the presence. 
of what appeared to be Siderolites and Lepidorbitoides. The ` Orbitolites limestone ', 5th in the - 
above series, Douvillé classed as Lower Eocene. 

Douvillé's ` Danian ' finding did not commend itself to the staff of the Indian Geological. 
Survey, however ; and Dr. Cotter of the Survey subsequently wrote a paper,4 based upon his 
own work and that of his colleague Mr. Vredenburg, in which he claimed that ` the evidence of 
the Laki age of the so- called Danian of Tibet appears to be overwhelming ' (page 416). Appar- 
ently, however, he admitted the possibility of a somewhat earlier age, for he concluded his 
paper by saying that ` the mollusca give us overwhelming evidence in favour of an Upper. 
Ranikot to Laki age, while the evidence of the foraminifera need not necessarily be regarded as 
in disagreement ' (page 418). 

It was the latter evidence which I wished to investigate ; for much work has been done on. 
Indian foraminifera since 1916, and it has all tended to remove what then looked like evidence 
for a Danian age. Thus the apparent Siderolites are now referred to typically Ranikot Miscel -- 

'Holland, T. H., Bec. Geol. Surv. Ind., XXXII, p. 125, (1905). 
a Hayden, H. H., Reo. Geol. Surv. Ind., XXXII, pp. 160 -174 ; PL 7, (1905) ; and Mem. Geol. Surv. Ind., XXXVI, Pt. 2,.. pp. 1 -80 ; PL9. 1 -15, (1907). 
a Donvillé, H., Pal. Ind., N. 8., Vol. V, Mem. No. 3, (1916). 
4 Bee. Geol. Surv. Ind., LIX, pp. 410-418, (1926 ).. 



THE EOCENE. BEDS. OF THE PUNJAB SALT RANGE. 69 

lanai ; and the recent discovery, of. what is probably the megalospheric companion of Douvillé's 
` Lepidorbitoides tibetica ' in the Ranikot beds of the Salt Range, and of ` Lepidorbitoides tibetica 
itself in the uppermost Ranikot layers at Thal (together with evidence that the form is not really 
referable to Lepidorbitoides but to art, Eocene subgenus of Lepidocyclina), again indicated a Rani- 
kot age for these Thibetan, beds. 

While at Calcutta, therefore, I asked permission to examine Hayden's Thib4tan collections, 
and this was freely given by the Director. of the Geological Survey. As a result, I found ample 
confirmation of the Upper Ranikot age of Hayden's ` Gastropod limestone ', ` Operculina lime- 
stone ' and ` Spondylus shales ': The ` Operculina limestone ' is the richest of the three in 
foraminifera, but essentially similar . types appear in all ; the dominating form being Miscellanea 
miscella. The following table shows the foraminifera and ostracods which I found in these 
three beds, respectively... 

Nummulites sindensis . 

Nummulites thalicus var. gurynce 

Operculina cf., canalifera 
Operculina cf. salsa . 

Operculina subsalsa 
Miscellanea stampi 
Miscellanea miscella 
Lockhartia haimei 

Lockhartia newboldi 

Lockhartia conditi 
.1 ictyoconoides cf. flemingi 
Lepidocyclina (Polylepidina) tibetica . 

Lepidocyclina (Polylepidina) punjabensi . 

Bigenerina sp. 

Vernevilina sp. . 

Bairdia. subdeltoidea 

07/there sp. 

Gastropod Operculina Spondylus 
limestone. limestone. shales. 

X 
X 
X 
X 
X 

XXX: -XXX XXX 
X 

. X X 
X X X 

X 
X X 

X XXX X 
X X 
X X X 
X. X X 

. X 

I note, in the above table, the presence of Bigenerina and Verneuilina, for they are by no 

means' common in other Indian limestones that I have examined, but are very characteristic of 
the Khairabad limestone. The presence of what appear to be the same species in these Thibetan . 

beds adds to the striking resemblance which their fauna bears to the fauna of the Khairabad 

limestone. Mr. Gee, of the Geological Survey of India, to whom I mentioned the fact of this 
resemblance, tells me that Hayden's specimens of the ` Operculina limestone ' show a strong 

lithological resemblance to weathered fragments of the Khairabad limestone. It is rather 
remarkable that such close resemblances should be found, both in the fauna and in the lithology, . 

of beds geographically so far apart - practically at the opposite ends of the Himalayas. 
Hayden's Kampa Dzong beds have apparently been traced westwards from longitude 88-V 

to longitude 86° ; then comes (at present) a gap to the nearest end of the Salt Range (about long. 

73 °), whence Ranikot beds are more or less continually traceable to Thal and northern Waziristan 
(long. 70 °), and to longitude 69° in western Sind, further south. It is now clear that the Ranikot 
sea, so far from being confined to western Sind, extended some six degrees to the north and twenty 
degrees to the east. 

I have little to say here regarding the fifth and sixth members of Hayden's Eocene sequence 

-his ` Orbitolites limestone ' and ` Sandy shale'; -the former of which Douvillé referred to the 

Lower Eocene. Unlike Hayden's three lower Eocene . divisions, these cannot be closely corre- 

lated with anything found on the Salt Range. Orbitolites (large specimens of which seem to appear 

from the very base of the ` Orbitolites, limestone ') are only found in the uppermost. layers (the 
L 
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Bhadrar beds) of the Salt Range sequence, and are far smaller and less abundant there than in 

the ` Orbitolites limestone '. I will not therefore attempt a close correlation of this or the succeed- 

ing Thibetan member at present. 
With the Ranikot beds of Thibet, however, a fairly close correlation does seem to be possible. 

The faunistic assemblage shown in the above table is, as already remarked, typically a Khaira- 

bad limestone one. The scarcity of Nummulites, which impressed' previous writers, is rendered 

less remarkable by the presence of N. sindensis and undoubted N. thalicus var. gwynae (closely 

related to the megalospheric companion of N. nuttalli, and itself probably the megalospheric 

companion of N. sindensis). The abundance of Miscellanea itself implies the presence of a rich 

Nummulitic fauna, if my contention be right that Miscellanea are degenerate (or pathological) 

Nummulites. 
It is also now known that the Salt Range Eocene assemblages are quite as deficient 

in Nummulites (s. str.) in. their earlier levels as these Thibetan beds seem to be ; and -if one can 
carry so exact an identification over 15 degrees of longitude -it would only involve correlating 
the Thibetan Ranikot beds with the lower parts of the Khairabad limestone (prior to the influx 
of Assilines and D. ranikotensis, and the great expansion in numbers of Nummulites, seen in the 
later parts of that limestone). In that case, Hayden's ` Ferruginous sandstone may perhaps 
be correlated with the Dhak Pass beds of the Salt Range sequence. From Sind to the Samana 
and Salt Ranges, and from the latter to Thibet, the Lower Ranikot seems to be represented 
mainly by ferruginous sandstones. 

The Thibetan Mollusca. 

Since the foraminifera of Hayden's ` Gastropod Limestone ' to ` Spondylus Shales ' so defin- 
itely indicate their Ranikot age, I asked Mr. L. R. Cox of the British Museum (Nat. Hist.) 
whether, in his opinion, the mollusca of these beds are in agreement, or whether they favour an 
older or more recent dating. He replies as follows : 

` I have always agreed with Cotter that Douvillé's " Danian " mollusca from Tibe were 
really of Lower Eocene age, but have not previously considered whether they should be referred 
to the Ranikot or to the Laid. On going into the question I think that there is a balance of 
evidence in favour of a Ranikot age, especially as some of the Salt Range species described by 
d'Archiac and Haime, and referred to the Laki in my Trans. Roy. Soc. Edin. papers, appear from 
your later work to be of Ranikot age. As requested by you, I append a list of Douvillé's deter- 
minations, together with the names applied by me to the same species. There is not much 
evidence as to the exact age of the species referred to the Eocene by Douvillé, but the presence 
of Ostrea 'Liostrea) flemingi probably indicates a Laki age.' 

It thus appears that the molluscan evidence is not opposed to that of the foraminifera (the 
latter being quite unequivocal), and that Hayden's Kampa Dzong beds should be correlated as 
follows : 

6. Sandy shale (150 ft.) ? Laki ? Lower Chharat ? 

5. Orbitolites limestone (50 ft.). Laki. 
4. Spondulus shales (150 ft.) Upper Ranikot (Khairabad limestone). 
3. Operculina limestone (150 ft.) Upper Ranikot (Khairabad limestone). 
2. Gastropod limestone (300 ft.) Upper Ranikot (Khairabad liniestone). 
1. Ferruginous sandstone (200 ft.)... ? Lower Ranikot ? 

Tüna limestone Cretaceous. 

It is possible that the dark -coloured Spondulus Shales may be a local equivalent of the Patala 
:shales of the Salt Range, the foraminifera in the lower parts of which are identical with those in 

i Cox, L. R., Trane. Roy. Soc. Edin., Vol. LVII, pp. 25 -92 ; Pls. I-IV, (1931). 
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the upper parts of the Khairabad limestone ; but the seeming absence at Kampa Dzong of all 
typical upper Khairabad limestone and Patala shale species, while a lower Khairabad limestone 
fauna abounds, would seem to indicate either that the later Ranikot species did not reach Thibet 
or that the Spondylus Shales are merely an argillaceous facies of lower Khairabad limestone age. 

It seems safest at present to follow the fossil evidence and correlate the Spondylus Shales with the 
Rh airabad limestone. 

The following. is Mr. Cog's list of molluscan identifications, giving both Professor Douvillé's 
and his own names for them, and showing the horizons at which each species has hitherto been 
found outside of Thibet 

As determined by : 

H. Douvillé. 

Gisortia depressa (Sow.) . . 

Ovula cf. ellipsoidalis, d'A. & H. 
Terebellum distortum, d'A. & H. 

Gosavia salsensis (d'A. & H.) . 

Lyria sp. . 

Chenopus tibeticus, Douvillé . 

Chenopus (Hippocrene) colum- 

bari's (d'A. & H.). 

Drepanochilus fusoides (d'A. & 

H.) 
Campanile cf. breve, Douvillé 

Campanile brevis, Douvillé 
Natica cf. flemingi, d'A. & H. 

Velates tibeticus, Douvillé 

` DANIAN' SPECIES.1 

L. R. Cox. 

Megalocyprcea ranikotensis, 

Schilder. 
Eocypresa cf. feddeni (Vred.) . 

Terebellum distortum, d'A. & H. 

Gosavia humberti (d'A. & H.) . 

Indeterm.ináte. 
Lambis goniophara (Bellardi) . 

Hippochrenes cf. amples (Sol.). 

Indeterminate 

Campanile, sp. nov. ? 

Campanile brevis, Douvillé. 

Pachycrommium fdemingi (d'A. 

& H.). 
Velates perversus (Gmel.). 

Lima squamifera, Goldf. . Chlamys ? sp. indet. 

Chama cf. distans, Desh. . Chama sp. 

Spondylus rouaulti, d'A. & H. Spondylus rouaulti, d'A. & H. 

As determined by : 

H. Douvillé. 

Coniscalci tibetica, Douvillé . 

Vulsellopsis legumen (d'A. & H.). 

Liostrea flemingi (d'A. & H.) . 

EOCENE ' SPECIES.2 

L. R. Cox. 

Coniscala tibetica, Douvillé. 

Vulsella legumen (d'A. & H.). 

Ostrea (Liostrea) flemingi, d'A. 

& H. 

1 From beds here correlated with the Khairabad limestone. 
2 From beds here referred to the Laid. 

Range. 

Upper Ranikot. 

Upper Ranikot (Sind) ; Dhak 
Pass beds (Salt Range). 

Ranikot ? (Salt Range) ; Laki 
and Khirthar (Sind, etc.). 

Upper Ranikot (Sind) ; Mid- 

Upper Eocene (Europe, etc.). 

Ranikot ? (Salt Range) ; Laki 
(Sind) ; Khirthar (N. -W. F. 
P.). 

D. fusoides may be an Upper 
Ranikot species. 

Dhak Pass beds (Salt Range) ; 

Laki and Khirthar (Sind). 

Dhak Pass beds, Patala shales 
and Sakesar 1st (Salt Range). 

Upper Ranikot onwards (else- 

where). 

Upper Ranikot (Sind) ; Prob- 
ably also Laki. 

Ranga. 

Laki and Khirthar. 
Laki. 

L2 
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ALPHABETICAL INDEX OF SPECIES. 

A.lveolina globosa, Leymerie 

Alveolina oblonga, d'Orbigny 
Alveolina bvöîdëa, d'Orbigny 
Alvéblina vrédenburgi, sp. nov. 

PAGES. 

. 7-15, 60-62, 67 

. . 11, 58-62, 67 

7, 11, 48, 59-62, 67 

. 7, 48, 57=61, `67 

Assilina dandotica, sp. nov. 6-10, 28-29, 65, 67 

Assilina granulosa (d'Archiac) . 10-11, 29-32, 67 

Assilina cf. pustulosa, Doncieux 12=15, 31, 34-35, 67 

Assilina spinosa, sp. nov. 11, 15, 30=34, 48, 67 

Assilina subspinoscc, sp. nóv. 6, 15, 30-34, 48, 65, '67 
Astrocoenia blanfordi, Duncan . 8, 64 

Bairdia subdeltoidea (Münster) . . 6,8,65,69 
Bigérieriria,'sp. . . . 

Camp'cinile brevis, Douvillé 
Campanile cf. bröbkmani, Cog 

69 

71 

Cassid'ária cf. archiäci, Coss. & Piss. 
. . 5 

Cerithium cf. angiostoma (d'Arch. & Haime) 8 
Vóniscala 'Eibética, Doúvillé . 71 
'Conòclypéus sp., DunCan'& 'Sladen 7, 64 
Conòclÿpeus 'warthi, Dáviës . 11, '(i4 
Corbitla'cf. härpa, d'Arch. & Haime 8 
'Crassatella cf. blanfordi, Cöss. & Piss. 5 
'Cr'assátella d'Arch. & Haime 5, 8 
'Crommium doliurn (d'Àrch. & Haime) 5 
'Crommium rouaulti, d'Arch. & Haime 5 
,Cythere sp. . . 

. 65, 69 
Dictÿöconoides flerizingi, sp. nov. 

. 7, 51, 67, 69 
Dict yo''pleurus ziczac, Duncan & Sladen 

. 8. 64 
Diplodonta cf. hindu, Cox 

6 
Discocyclina rciriikoténsis, Davies 7-10, 14, 55, 67, 70 
Hcltinocyamus nummulit,icùs, Duncan & Sladen . 

. 11, 64 
Eocypraea cf. feddeni (Vrédenburg) . 

71 
Eurhodia morrisi (d'Archiac) var. salsensis, no'v. . 7. 62-63 
Euspirocrommium oweni (d'Arch. & Haime) 

5 
,Gósávia humbérti (d'Arch. & Háimé) . 

71 
Hemiaster elongatus, Duncan & Sladen 

. 7, 64 
Heterostegina cf. ruida, Schwager 

. 52, 67 
Hippochrenes cf. amplus (Sol.) . 

71 
Lambis goniophora (Bellardi) 

lepidocyclina (Polylepidina) punjabensis, sp. toy. . 

71 
6-10, 53--55, 67, 69 

Lepidocyclina (Polylepidina) tibetica (Douvillé) 53-54, 69 
Liotia imperforata, Coss. & Piss. 

5 
Lockhartia conditi (Nuttall) 

6, 10, 47 -48, 67. 69 
Lockhartia haimei (Davies) . 6-10, 45-46, 67, 69 
Lockhartia newboldi (d'Arch. & Haime) '46 -=47, 67, 69 
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PAGES. 

.L'ockhartìa tipperi (Davies) 
Lutina cf. bellardi, d'Arch. & Haime 
Butina (Pseudomiltha) mutabilis, Lamarck . 
Zucina noorpoorensis, d'Arch. & Haime 
Lutina vredenburgi, Coss. & Piss. 
Megalocypraea ranikotensis, Schilder 

7, 10 -11, 15, 26, 31, 48-49, 67 

7 

7 

. 5, 7. 11 

. 5, 7 
. 5, 7, n 

Mesalia fasciata, Lamarck . . 8 

Miscellanea miseella ( d'Arch. & Haime) 6-10, 16, 20, 32, 40 -45, 65 -69 
Miscellanea stampi (Davies) 6, 19 41-43, 67, 69 -20, 
Neoathleta cf. sihurensis (d'Arch. & Haime) 5 

Nummulites atacicus, Leymerie . 10-11, 24-27, 31, 67 . 

.Nummulites globulus, Leymerie . . 6 -9, 22, 24, 67 

Nummulités irregularis, Deshayes . 10, 14, 25-28, 31, 67 

Nummulites lahirii, sp. nov. . 9 -10, 15, 21, 25 26, 32, 48, 66 -67 
Nummulites cf. mamilla (Fichtel & Moll) . . . 6, 11, 22 -24, 67 

Nummulites nuttalli, Davies . 6, 8, 15, 18 -21, 39-43, 46, 67, 70 

Nummulites sindensis (Davies) . . 6, 15, 20-22, 26, 36, 41 -42, 67 -70 
Nummulites subirregularis, De la Harpe . . 10, 27 -28, 67 

Nummulites thalicus, Davies . 6, 10, 20, 22, 41 -44, 67 -70 
' Operculina cf. canalifera, d'Archiac 5-6, 9, 35 -38, 67, 69 

- Operculina aff. canalifera, d'Archiac . 36, 67 

, Operculina jiwani, sp. nov. . . . . 6, 39-40, 67 

, Operculina patalensis, sp. nov. . 6-9, 38 -39, 67 

Operculina salsa, sp. nov. 7 -10. 37 -38. 67, 69 

OOperculina subsalsa, sp. nov. 5 -6. 10, 36-38, 67, 69 

.Orbitolites complanatus, Lamarck 12 -15, 31. 35, 56. 67 

, Ostrea flemingi, d'Arch. & Haime . 11; 70-71 

' Ostrea pharaonum, Oppenheim, var. aviculina, Mayer -Eymar . 5 -8 
, Ostrea (Liostrea) cf. rouaulti [Mallada ?] Cox . 11 

Pachycrommium flemingi (d'Arch. & Haime) 5, 71 

Plagiolophus cf. wetherelli, Bell . . 9 

Plesiolampas. ovalis, Duncan & Sladen 7, 64 

.Plesiolampas placenta, Duncan & Sladen 7, 64 

Protocypraea kohatica, Cox 5 

.Sakesaria cotteri, sp. nov. . 11, 49 -50, 67 

Sassia cf. permutabilis, Coss. & Piss. 8 

Spondylus cf. radula, Lamarck . . 7, 11 

.Spondylus rouaulti, d'Arch. & Haime i i 
Terebellum distortum, d'Arch. & Haime 5. 71 

' Terebratula' flemingi, Davidson 5 

Teredo intestinoides, Coss. & Piss. 8 

Trochocyathus cf. epithecata (Duncan) . 8, 64 

Turritella cf. diastropha, Coss. & Piss. rs 

Turritella halaensis, Coss. & Piss. 8 

Turritella hollandi, Coss. & Piss. 8 

Turritella ranikoti, Vredenburg . 8 

IT elates noetlingi, Coss. & Piss. . 5, 7 
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PAGES. 

Velates perversus (Gmelin) . . . . 5--8, 11, 71 

Venericardia semi-inflata, Coss. & Piss. . . . . 8 

Venericardia cf. subcomplanata (d'Arch. & Haime) . . . 11 

Verneuilina sp. . . . . . . 69 

Vicetia nietingensis, Vredenburg . . . . . . 11 

Vulsella legumen (d'Arch. & Haime) . . . . 71 
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PLATE 1. 

Map showing the distribution of Eocene Beds in north -western India. 
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PLATE II. 

View of the Eocene sequence in the upper part of the Nammal gorge. 
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VIEW OF THE EOCENE SEQUENCE IN THE UPPER PART OF THE NAMMAL GORGE. 

E. R. Gee, Photo. G. S. l., Calcutta. 

LEGEND 

5. Sakesar limestone. 

4. Nammal limestones and shales. 

3. Patala shales. 

2. Khairabad limestone ; with shaley portion, 
2a, at base. 

1. Dhak Pass beds ; sandstones and impure 
limestones with shaley portion, la, below, 
and impersistent ferruginous pisolite, P, at 
the base. 

J. Jurassic limestones. 



PLATE III, 

FIG. 1. NUMMULITES NUTTALLI, Davies. From highest layers of the Khairabad limestone, 

Majuchh Nullah. X 4. G. S. I. Type No. 15789. (Page 18). 

FIG. 2. NUMMULITES NUTTALLI, Davies. From the Patala shales, Makarwal. X 4. G. S. I. 

Type No. 15790. 

FIG. 3. NUMMULITES GLOBULUS, Leymerie. From highest layers of the Khairabad limestone, 

Majuchh Nullah. X 8. G. S. I. Type No. 15795. (Page 22). 

FIG. 4. NUMMULITES ATACICUS, Leymerie. From highest layers of the Sakesar limestone, 

Jaba. X 4. G. S. I. Type No. 15796. (Page 24). 

FIG. 5. NUMMULITES IRREGULARIS, Deshayes. From the Nammal shales, Jaba. Meridian 

section. X 4. G. S. I. Type No. 15805. (Page 26) . 

FIG. 6. NUMMULITES SUBIRREGULARIS, De la Harpe. From the Nammal shales, Faba. 

Meridian section. X 8. G. S. I. Type No. 15809. (Page 27). 

FIG. 7. NUMMULITES SUBIRREGULARIS, De la Harpe. From the Nammal shales, Jaba. 
Meridian section. X 8. G. S. I. Type No. 15810. 

Fm. 8. NUMMULITES ATACICUS, Leymerie. From the Shekhan limestone, Kohat. Meridian 

section. X 8. G. S. I. Type No. 15798. 

FIG. 9. NUMMULITES NUTTALLI, Davies. From the uppermost Ranikot beds, Thal. Equa- 
torial section. X 8. G. S. I. Type No. 15791. 

FIG. 10. NUMMULITES ATACICUS, Leymerie. From highes layers of the Sakesar limestone, 
Jaba. Equatorial section. X 8. G. S. I. Type No. 15797. 

FIG. 11. NUMMULITES SUBIRREGULARIS, De la Harpe. From the Nammal shales, Jaba. x 4. 

G. S. I. Type No. 15807. 

FIG. 12. NUMMULITES LAHIRII, sp. nov. From highest bed of the Patala shales, Patala Nullah. 
Meridian section. X 8. G. S. I. Type No. 15801. (Page 25). 

FIG. 13. NUMMULITES LAHIRII, sp. nov. From the Nammal shales. Jaba. Specimen showing 
small polar pustule. X 4. G. S. I. Type No. 15802. 

FIG. 14. NUMMULITES LAHIRII, sp. nov. Holotype. From highest bed of the Patala shales, 
Patala Nullah. X 4. G. S. I. Type No. 15799. 

Fm. 15. NUMMULITES LAHIRII, sp. nov. From highest bed of the Patala shales, Patala Nullah. 
Equatorial section, showing characters intermediate between those of N. atacicus 
(Fig. 10) and N. irregularis (Fig. 19). X 8. G. S. I. Type No. 15800. 

FIG. 16. NUMMULITES IRREGÜLARIS, Deshayes. From the lowest Laki beds, Tarkhobi. Speci- 
men showing septal filaments, polar pillars, and last whorl marked off. X 3. G. 
S. I. Type No. 15806. 

FIG. 17. NUMMULITES IRREGULARIS, Deshayes. From the Nammal shales, Jaba. x 4. G. S. 
I. Type No. 15803. 

FIG. 18. NUMMULITES SUBIRREGULARIS, De la Harpe. From the Nammal shales, Jaba. Equa- 
torial section. x 8. G. S. I. Type No. 15808. 

FIG. 19, NUMMULITES IRREGULARIS, Deshayes. From the Nammal shales, Jaba. Equatorial 
section. X 5. G. S. I. Type No. 15804. 
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PLATE IV. 

FIG. 1. ASSILINA DANDOTICA, sp. nov. Holotype. From the Patala shales, Dandot. X 12 

G. S. I. Type No. 15811. (Page 28). 

G. 2. ASSILINA DANDOTICA, sp. nov. From the Patala shales, Dandot. x 12. G. S. I. FI 
Type No. 15812. 

FIG. 3. ASSILINA DANDOTICA, sp. nov. From the Patala shales, Dandot. x 12. G. S. L 

Type No. 15813. 

FIG. 4. ASSILINA GRANULOSA (d'Archiac). From the Nammal shales, Jaba. X 4. G. S. L. 

Type No. 15817. (Page 29). 

FIG. 5. ASSILINA GRANULOSA ( d'Archiac). From the Nammal shales, Jaba. X 4. G. S. I. 
Type No. 15818. 

Fm. 6. ASSILINA DANDOTICA, sp. nov. From the Patala shales, Dandot. X 12. G. S. I. 

Type No. 15814. 
FIG. 7. ASSILINA DANDOTICA, sp. nov. From the Patala shales, Dandot. Equatorial section. 

x 20. G. S. I. Type No. 15815. 

FIG. 8. ASSILINA DANDOTICA, sp. nov. From the Patala shales, Dandot. Meridian section. 

X 25. G. S. I. Type No. 15816. 

FIG. 9. ASSILINA GRANULOSA ( d'Archiac). From the Namm,al shales, Jaba. Meridian section. 

X 10. G. S. I. Type No. 15820. 

FIG. 10. ASSILINA GRANULOSA (d'Archiac). From the Nammal shales, Jaba. Equatorial 
section. X 8. G. S. I. Type No. 15819. 

FIG. 11. ASSILINA SPINOSA, sp. nov. From the Sakesar limestone, Choa Saidan Shah. Meridian 
section. X 15. G. S. L Type No. 15824. (Page 31). 

FIG. 12. ASSILINA SPINOSA, sp. nov. From the Sakesar limestone, Choa Saidan Shah. Equa- 
torial section. X 8. G. S. I. Type No. 15823. 

Fm. 13. ASSILINA cf. PUSTULOSA, Doncieux. From the Bhadrar beds, Kallar Kahar. x 4. 

G. S. I. Type No. 15832. (Page 34). 

FIG. 14. ASSILINA cf. PUSTULOSA, Doncieux. From the Shekhan limestone, Kohat. Equa- 
torial section. X 9. G. S. I. No. 15834. 

FIG. 15. ASSILINA cf. PUSTULOSA, Doncieux. From the Shekhan limestone, Kohat. Meridian 
section, showing non -enveloping whorls and consequent extreme thinness of central 
portion of test. x 10. G. S. I. Type No. 15835. 

FIG. 16. AssILINA SPINOSA, sp. nov. Holotype. From the Sakesar limestone, Choa Saidan Shah. 
X 8. G. S. I. Type No. 15821. 

FIG. 17. ASSILINA SPINOSA, sp. nov. From the Sakesar limestone, Choa Saidan Shah. x 8. 
G. S. I. Type No. 15822. 

FIG. 18. ASSILINA cf. PUSTULOSA, ` Doncieux. From the Bhadrar beds, Kallar Kahar. x 4. 
G. S. I. Type No. 15833. 

FIG. 19. ASSILINA SUBSPINOSA, sp. nov. From the Sakesar limestone, Choa Saidan Shah. X 8. 
G. S. I. Type No. 15826. (Page 33). 

Fm. 20. ASSILINA SUBSPINOSA, sp. nov. Holotype. From the Sakesar limestone, Choa Saidan 
Shah. X 8. G. S. I. Type No. 15825. 

FIG. 21. NUMMULITES SINDENSIS (Davies). From top of the Khairabad limestone, Dhak Pass. 
Specimen showing degeneration of marginal cord and septa, apparently transitional 
to structure seen in Miscellanea. X 8. G. S. I. Type No. 15794. (Page 21). 

FIG. 22. ASSILINA cf. PUSTULOSA, Doncieux. From the Bhadrar beds, Kallar Kahar. x 4. 
' G. S. I. Type No. 15831. 

FIG. 23. ASSILINA SUBSPINOSA, sp. nov. From the Sakesar limestone, Choa Saidan Shah. 
Equatorial section. X 25. G. S. I. Type No. 15829. 

FIG. 24. ASSILINA SUBSPINOSA, sp. nov. From the Sakesar limestone, Choa Saidan Shah. 
X 8. G. S. I. Type No. 15827. 

FIG. 25. ASSILINA SUBSPINOSA, sp. nov. From the Sakesar limestone, Choa Saidan Shah. 
Meridian section. X 22. G. S. I. Type No. 15830. 

FIG. 26. ASSILINA SUBSPINOSA, sp. nov. From the Sakesar limestone, Choa Saidan Shah. 
X 8. G. S. I. Type No. 15828. 
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FIG. 1. 

FIG. 2. 

FIG. 3. 

FIG. 4. 

FIG. 5. 

FIG. 6. 

FIG. 7. 

FIG. 8. 

FIG. 9. 

FIG. N. 

Fm. 11. 

FIG. 12. 

FIG. 13. 

FIG. 14. 

FIG. 15. 

FIG. 16. 

FIG. 17. 

FIG. 18. 

FIG. 19. 

FIG. 20. 

FIG. 21. 

FIG. 22. 

FIG. 23. 

FIG. 24. 

FIG. 25. 

FIG. 26. 

PLATE V. 
OPERCULINA SALSA, Sp. nOV. From the Patala shales, Dandot. X 8. G. S. I. Type. 

No. 15839. (Page 37). 

OPERCULINA SUBSALSA, sp. nov. From the Patala shales, Dandot. Meridian section. 

X 25. G. S. I. Type No. 15846. (Page 37). 

OPERCULINA SALSA, sp. nov. From lower levels of the Patala shales, Patala Nullah.. 

X 4. G. S. I. Type No. 15840. 

OPERCULINA SUBSALSA, sp. nov. Holotype. From the Patala shales, Dandot. Equa- 
torial section. X 25. G. 

OPERCULINA Cf. CANALIFERA, 

stone, Dhak Pass. X 8. 

OPERCULINA PATALENSIS, sp 
Meridian section. X 25. 

OPERCULINA SALSA, sp. nov. 
No. 15842. 

OPERCULINA SUBSALSA, Sp. 

Type No. 15845. 

OPERCULINA SUBSALSA, 

Type No. 15844. 

OPERCULINA SALSA, sp. 
torial section. X 25. 

OPERCULINA JIWANI, sp. 

S. I. Type No. 15843. 

(d'Archiac.) From highest layers of the Khairabad lime - 

G. S. I. Type No. 15836. (Page 35). 

. nov. From middle of the Patala shales, Patala Nullah. 
G. S. I. Type No. 15851. (Page 38). 

From the Patala shales, Dandot. X 8. G. S. I. Type- 

nov. From the Patala shales, Dandot. X 8. G. S. I. 

sp. nov. From the Patala shales, Dandot. X 8. G. S. I. 

nov. Holotype. 
G. S. I. Type 
nov. Holotype. 

From the Patala shales, Dandot. Equa- 
No. 15838. 
From the Patala shales, Makarwal. X 12.. 

G. S. I. Type No. 15852. (Page 39). 

OPERCULINA JIWANI, sp. nov. From the Patala shales, Makarwal. x 8. G. S. I. 
Type No. 15854. 

OPERCULINA JIWANI, sp. nov. From the Patala shales, Makarwal. Meridian section. 
X 26. G. S. I. Type No. 15856. 

OPERCULINA JIWANI, sp. nov. From the Patala shales, Makarwal. x 8. G. S. I. 
Type No. 15853. 

OPERCULINA SALSA, Sp. nov. From the Patala shales, Dandot. x 8. G. S. I. Type 
No. 15841. 

OPERCULINA JIWANI, sp. nov. From the Patala shales, Makarwal. 8. Equatorial 
section. X 16. G. S. I. Type No. 15855. 

OPERCULINA PATALENSIS, sp. nov. From middle of the Patala shales, Patala Nullah.. 
Equatorial section. X 15. G. S. I. Type No. 15850. 

OPERCULINA PATALENSIS, sp. nov. From middle of the Patala shales, Patala Nullah.. 
X 8. G. S. I. Type No. 15849. 

OPERCULINA PATALENSIS, sp. nov. From middle of the Patala shales, Patala Nullah. 
X 8. G. S. I. Type No. 15848. 

OPERCULINA aff. CANALIFERA ( d'Archiac). From highest layers of the Khairabad 
limestone, Majuchh Nullah. X 4. G. S. I. Type No. 15837. (Page 36). 

HETEROSTEGINA cf. RUIDA, Schwager. From the Sakesar limestone, Ratuchha. x 12. 
G. S. I. Type No. 15886. (Page 52). 

DISCOCYCLINA RANIKOTENSIS, Davies. From the Patala shales, Patala Nullah. X 5. 
G. S. I. Type No. 15874. (Page 55). 

LOCKHARTIA NEWBOLDI ( d'Archiac & Haime). From the Patala shales, Dandot. Base 
view. X 12. G. S. I. Type No. 15874. (Page 46). 

LOCKHAR:TIA CONDITI (Nuttall). From the Patala shales, Dandot. Base view. x 12. 
G. S. I. Type No. 15875. (Page 47). 

ALVEOLINA VREDENBURGI, sp. nov. Holotype. From the Patala shales, Makarwal. 
X 12. G. S. I. Type No. 15895. (Page 57). 

OPERCULINA PATALENSIS, sp. nov. Holotype. From middle of the Patala shales, 
Patala Nullah. X 8. G. S. I. Typt No. 15847. 
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PLATE VI. 
-FIG. 1. MISCELLANEA MISCELLA (d'Archiac & Haime). From low in the Khairabad limestone, 

Majuchh Nullah. Variant with widely opening spire. X 8. G. S. I. Type No. 

15865. (Page 43). 

FIG. 2. MISCELLANEA MISCELLA (d'Archiac & Haime). From upper layers of the Khairabad 

limestone, Majuchh Nullah. Variant with only partially enveloping outermost 

whorl, for comparison with N. thalicus var. gwynce. X 8. G. S. I. Type No. 

15866. 

FIG. 3. MISCELLANEA MISCELLA ( d'Archiac & Haime). From middle of the Khairabad lime- 

stone, Nammal Gorge. Equatorial section. Variant with widely opening spire, 

for comparison with Fig. 8. x 25. G. S. I. Type No. 15867. 

FIG. 4. MISCELLANEA STAMPI (Davies). From upper layers of the Khairabad limestone, Dhak 
Pass. X 8. G. S. I. Type No. 15857. (Page 42). 

FIG. 5. MISCELLANEA MISCELLA (d '.4rohiac & Hairoe). From low in the Patala shales, Patala 
Nullah. Normal specimen, for comparison with Figs. 1 and 2. X 8. G. S. I. 
Type No. 15862. 

FIG. 6. MISCELLANEA STAMPI (Davies). From the uppermost Ranikot beds at Thal. Equa- 
torial section. X 8. G. S. I. Type No. 15859. 

FIG. 7. MISCELLANEA MISCELLA (d'Archiac & Haime). From the uppermost Ranikot beds 
at Thal. Meridian section. x 25. G. S. I. Type No. 15864. 

FIG. 8. MISCELLANEA MISCELLA (d'Archiac & Haime). From the uppermost Ranikot beds 
at Thal. Equatorial section. Normal spire for comparison with Fig. 3. x 25. 
G. S. I. Type No. 15863. 

FIG. 9. MISCELLANEA STAMPI (Davies). From upper layers of the Khairabad limestone, Dhak 
Pass. X 8. G. S. I. Type No. 15858. 

FIG. 10. MISCELLANEA STAMPI (Davies). From upper layers of the Khairabad limestone, 
Majuchh Nullah. Variant with widely opening spire. Possibly akin to N. sindensis, 
and may show end of process seen beginning with degeneration of marginal cord in 
the latter (cf. Plate IV, Fig. 21). X 8. G. S. I. Type No. 15861. 

FIG. 11. DICTYOCONOIDES FLEMINGI, sp. nov. From upper layers of the Khairabad limestone, 
Dhak Pass. Base view. x 8. G. S. I. Type No. 15884. (Page 51). 

FIG. 12. DICTYOCONOIDES FLEMINGI, sp. nov. From upper layers of the Khairabad limestone, 
Dhak Pass. Meridian section. X 14f. G. S. I. Type No. 15885. 

FIG. 13. DICTYOCONOIDES FLEMINGI, Sp. nov. Holotype. From upper layers of the Khairabad 
limestone, Dhak Pass. Apical view. x 8. G. S. I. Type No. 15883. 

FIG. 14. LOCKHARTIA TIPPERI (Davies). From low in the Khairabad limestone, Nammal Gorge. 
Base view of young specimen. X 8. G. S. I. Type No. 15877. (Page 48). 

FIG. 15. LOOKHARTIA TIPPERI (Davies). From the Sakesar limestone, Dandot. Base view 
of adult specimen. X 8. G. S. I. Type No. 15876. 

FIG. 16. Same specimen as Fig. 15. Apical view. x 8. G. S. I. Type No. 15876. 
FIG. 17. MISCELLANEA STAMPI (Davies). Tangential portion of Fig. 6, further enlarged to 

show granules passing along the septa and along the transverse trabecules. X 25. 
G. S. I. Type No. 15859. 

FIG. 18. MISCELLANEA STAMPI (Davies). From the uppermost Ranikot beds at Thal. Peri- 
pheral portion of meridian section, for comparison with Fig. 19. (Cf. Text -fig. 1.) 
X 25. G. S. I. Type No. 15860. 

FIG. 19. NUMMULITES NUTTALLI (Davies). From the uppermost Ranikot beds at Thal. Corre- 
sponding section to Fig. 18, showing normal Nummulitic marginal cord distinct from 
lateral walls. X 25. G. S. I. Type No. 15793. (Page 18). 

FIG. 20. NUMMULITES NUTTALLI (Davies). From the uppermost Ranikot beds at Thal. Portion 
of equatorial section, showing incipient degeneration of marginal cord above arches 
of spiral sheet. X 25. (4. S. I. Type No. 15792. 
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PLATE VII. 

FIG. 1. LEPIDOCYCLINA ( POLYLEPIDINA) PUNJABENSIS, sp. nov. HOlotype. From low in the 
Patala shales, Patala Nullah. Stout specimen. Convex surface. x 8. G. S. I. 
Type No. 15887. (Page 53). 

FIG. 2. Same specimen as Fig. 1. Concave surface. x 8. G. S. I. Type No. 15887. 

FIG. 3. LEPIDOCYCLINA (POLYLEPIDINA) PUNJABENSIS, sp. nov. From the Patala. shales, 
Dandot. Thin specimen. Concave surface. x 8. G. S. I. Type No. 15891. 

FIG. 4. Same specimen as Fig. 3. Convex surface. x 8. G. S. I. Type No. 15891. 

FIG. 5. LEPIDOCYCLINA (POLYLEPIDn A) PUNJABENSIS, sp. nov. From low in the Patala shales, 
Patala Nullab. Stout specimen. Meridian section. X 25. G. S. I. Type No. 
15889. 

FIG. 6. LEPIDOCYCLINA (POLYLEPIDINA) PUNJABENSIS, sp. nov. From the Patala shales, 
Dandot. Thin specimen. _Meridian section. X 25. G. S. I. Type No. 15893. 

FIG. 7. LEPIDOCYCLINA ( POLYLEPIDINA) PUNJABENSIS, sp. nov. From low in the Patala shales, 
Patala Nullah. Stout specimen. Equatorial section. X 25. G. S. I. Type No. 
15888. 

FIG. 8. LEPIDOCYCLINA ( POLYLEPIDINA) PUNJABENSIS, sp. nov. From the Patala shales, 
Dandot. Thin specimen. Equatorial section. X 25. G. S. I. Type No. 15892. 

FIG. 9. LOCKHARTIA AATMEI (Davies). From the Patala shales, Dandot. Apical view. x 12. 
G. S. I. Type No. 15868. (Page 45). 

FIG. 10. LOCKHARTIA 1TATMRI (Davies). From the Patala shales, Dandot. Base view. x 12. 
G. S. I. Type No. 15869. 

FIG. 11. LOCKHARTIA HADIEI (Davies). From the Patala shales, Dandot. Apical view. x 12. 
G. S. I. Type No. 15870. 

FIG. 12. LOCKHARTIA HAIMEI (Davies). From the Patala shales, Dandot. Apical view. X 12. 
G. S. I. Type No. 15871. 

FIG. 13. LOCKHARTIA HAIMEI (Davies). From the Patala shales, Dandot. Meridian section, 
showing large double protoconch. X 25. G. S. I. Type No. 15873. 

Fm. 14. LEPIDOCYCLLNA ( POLYLEPIDINA) PUNJABENSIS, sp. nov. Central portion of Fig. 7 
further enlarged to show details of primordial cells. (Cf. Text -fig. 3.) X 50. G. 
S. I. Type No. 15888. 

Fm. 15. LOCS.HARTIA PrATMEI (Davies). From the Patala shales, Dandot. Section tangential 
to upper surface, showing large double protoconch. x 25. G. S. I. Type No. 
15872. 

FIG. 16. LEPIDOCYCLINA ( POLYLEPIDLNA) PUNJABENSIS, sp. nov. From low in the Patala 
shales, Patala Nullah. Stout specimen. Meridian section. x 25. G. S. I. Type 
No. 15890. 

FIG. 17. LOCKHARTIA TIPPERI (Davies). Lectotype. From the type area at Petiani. Meridian 
section. X 17. G. S. L Type No. 13052. (Page 48). 

FIG. 18. SAKESARIA COTTER!, gen. et. sp. nov. From the Sakesar limestone, Dandot. Section 
normal to axis, showing recurved lower ends of septa. x 25. G. S. I. Type No. 
15881. (Page 49). 

FIG. 19. TROCHOCYATnUS cf. EPITHECATA (Duncan). From the Patala shales, Patala Nullah. Base 
view ; Assitiraa dandoticca attached. X 4. G. S. I. Type No. 15898. (Page 64). 

FIG. 20. EURHODIA MORRISI (d'Archiac) var. SALSENSIS, nov. From highest layers of the 
Khairabad limestone, Majuchh Nullah. Oral view, showing greatest width of test 
in rear of centre of length. x1-2. G. S. I. Type No. 15897. (Page 62). 

FIG. 21. SABESARIA COTTER!, gen. et. sp. nov. From the Sakesar limestone, Dandot. Meridian 
section ; shows double protoconch, expanded ends of chamber walls, and relatively 
rare umbilical pillars. For interpretation, see Text -fig. 2 (B), which combines 
details seen in this section and in others not here published. x 25. G. S. I. Type 
No. 15882. 

FIG. 22. SACESARIA COTTER!, gen. et. sp. nov. From the Sakesar limestone, Dandot. Young 
specimen, relatively globular. x 12. G. S. I. Type No. 15880. 

FIG. 23. SAKESARIA COTTER!, gen. et. sp. nov. From the Sakesar limestone, Dandot. x 12. 
G. S. I. Type No. 15879. 

FIG. 24. SAKESARIA COTTER!, gen. et. sp. nov. Holotype. From the Sakesar limestone, Dandot. 
Adult specimen. showing axial measurement greatly exceeding diameter. Compare with Text-fig. 2 G. S. I. Type No. 15878. 

FIG. 25. EURHODIA MORRIS! (d'Archiac) var. SALSENSIS, nov. Holotype. From highest layers 
of the Khairabad limestone, Majuchh Nullah. Aboral view, showing greatest width 
of test in rear of centre of length, and. concealment of periproct from above. Com- pare with Text -fig. 4. X 1.2. G. S. I. Type No. 15896. 
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MEMOIRS OF THE GEOLOGICAL SURVEY OF INDIA- concld. 

VOL. XLVIII. Pt. 1, 1922 (price 5 Rs.) : Geological Notes on Mesopotamia with special references to Occurrences of Petroleum. Pt. 2, 1925 
(price 3 Rs. 12 As.) : The Geology of parts of the Persian Provinces of Fars, Kerman and Laristan. 

Von. XLIX. Pt. 1, 1923 (price 5 Rs. 8 As.) : The Bauxite and Aluminous Laterite Occurrences of India. Pt. 2, 1928 (price 7 Rs. 12 As.) : 

The Former Glaciation of the East Lidar Valley, Kashmir. 
Von. L. Pt. 1, 1925 (price 5 Rs. 6 As.) : Descriptions of Mollusca from the Post- Eocene Tertiary Formation of North -Western India, 

Cephalopoda, Opisthobranchiata, Siphonostomata. Pt. 2, 1928 (price 6 Rs. 10 As.) : Descriptions of Mollusca from the 
Post -Eocene Tertiary Formation of North -Western India : Gastropoda (in part) and Lamellibranchiata. 

Von. LI. Pt. 1, 1926 (price 2 Rs. 8 As.) : Indian Geological Terminology. Pt. 2, 1928 (price 7 Rs. 6 As.) : The Geology of Poonch State 
(Kashmir) and Adjacent Portions of the Punjab. 

VOL. LII. Pt. 1, 1925 (price 7 Rs. 8 As.) : On the Geological Structure of the Karanpura Coal -fields, Bihar and Orissa. Pt. 2, 1929 
(price 5 Rs. 8 As.) : The Aluminous Refractory Materials : Kyanite, Sillimanite and Corundum in Northern India. 

VoL. LIII. 1928 (price 4 Rs.) : The Structure and Correlation of the Simla Rocks. 
Von. LIV. 1929 (price 12 Rs. 4 As.) : The Geology of North Singhbhum including Parts of Ranchi and Manbhnm Districts. 
Von. LV. Pt. 1, 1930 (price 6 Rs. 2 As.) : The Geology of the part of the Mergui District west of Longitude 72° 45' E. Pt 2, 1933 

(price 5 Rs. 4 As.) : The Geology of the Attoek District. 
VoL. LVI. 1930 (price 8 Rs. 12 As.): The Jharia Coal -field. 
VoL. LVII. 1931 (price 9 Rs. 4 As.) : Coal in India. The Natural History of Indian Coal. 
VoL. LVIII. 1931 (price 6 Rs.): Coal in India. The Gondwana System and Related Formations. 
VOL. LIX. 1934 (price 8 Rs. 4 As.) : The Lower Gondwana Coalfields of India. 
Von. LXI. 1932 (price 13 Rs. 6 As.) : The Geology and Coal Resources of the Raniganj Coal -field. 
VOL. LXTT. Pt. 1, 1933 (price 4 Rs. 2 As.) : The Pyu Earthquakes of December 3rd and 4th, 1930, and subsequent Burma earthquakes 

up to January 1932. Pt. 2, 1933 (price 5 Rs. 4 As.) : Vindhyan Sedimentation in the Son Valley, Mirzapur District. 
VOL. LXIII. Pt. 1, 1933 (price 7 Rs. 8 As.) : The Geology of Sirohi State, Rajputana. Pt. 2, 1934 (price 7 Rs. 10 As.) : The Iron -Ore 

Deposits of Bihar and Orissa. 
VOL. LXIV. Pt. 1, 1933 (price 3 Rs. 14 As.) : Barytes in the Ceded Districts of the Madras Presidency : with notes on its occurrence in 

other parts of India. Pt. z, 1934 (price 3 Rs. 8 As.) : Asbestos in the Ceded Districts of the Madras Presidency : with 
notes on its occurrence in other parts of India. 

VOL. LXV. Pt. 1, 1934 (price 4 Rs. 6 As.) : The Dhubri Earthquake of 3rd July 1930. Pt. 2, 1934 (price 4 Rs. 12 As.) : The Geology 
of Central Mewar. 

Von. LXVI. Pt. 1, 1935 (price 6 Rs. 8 As.) : The Natural Gas Resources of Burma. Pt. 2, 1936 (price 6 Rs. 6 As.) : Geology of the Northern 
Slopes of the Satpuras between the Morand and Sher Rivers. 

VOL. LXVII. Pt. 1, 1934 (price 3 Rs.) : The Baluchistan Earthquakes of August 25th and 27th, 1931. 
VOL. LXVIII. Pt. 1, 1936 (price 7 Rs. 12 As.) : The Geology of South -eastern Mewar, Rajputana. Pt. 2, 1936 (price 4 Rs. 12 As.) : The 

Tertiary Igneous Rocks of the Pakokku District and the Salingyi Township of the Lower Chindwin District, Burma, 
with special reference to the Determination of the Felspars by the Fedoroff Method. 

VOL. LXIX. Pt. 1, 1937 (price 9 Rs. 8 As.) The Mineral Deposits of Eastern Singhbhum and Surrounding Areas. 
Von. LXX. An Attempt at the Correlation of the Ancient Schistose Formations of Peninsular hulks, : Pt. 1, 1936 (price 1 Re. 4 As.) ; 

Pt. 2, No. 1, 1936 (price 2 Rs. 4 As.) 
Von. 71. (In the Press) : The Geology of Gangpur State, Eastern States. 
Von. 72. Pt. 1 (In the Press) : The Geology of Parts of the Miubu, Myingyan, Pakokku and Lower Chindwin Districts, Burma. 

RECORDS OF THE GEOLOGICAL SURVEY OF INDIA. 
Vols. I To LXX, 1868 TO 1936. 

PALEONTOLOGIA INDICA. 

(SEBn s I, III, V, VI, VIII.) 
CRETACEOUS FAUNA OF SOUTHERN INDIA, by F. STOLICZKA, except VOL. I, PT. 1, by H. F. BLANFORD- 

Ser. I & III. -VoL. I. The Cephalopoda (1861 -65), pp. 216, pls. 94 (6 double) (out of print). 
V. II. The Gastropoda (1567 -68), pp. xiii, 500, pls. 28 (out of print). 

VI. III. The Pelecypoda (1870 -71), pp. xxii, 537, pls. 50. 
VIII. IV. The Brachiopoda, Cìliopoda, Echinodermata, Corals, etc. (1872-73), pp. y, 202, pls. 29. 

(SERIES II, XI, XII.) 
THE FOSSIL FLORA OF THE GONDWANA SYSTEM, by O. FEISTMANTEL, except Von. I, P. 1, by T. OLDHAM and J. MORRIS. 

VOL. I, pp. xviii, 233, pls. 72, 1863 -79. Pt. 1 (out of print) : Rájmahál Group, Rájmahál Hill, Pt. 2 : The same (continued). Pt. 3 : Plants 
from Golapilli. Pt. 4 : Outliers on the Madras Coast. 

II, pp. xli, 115, pls. 26, 1876 -78. Pt. 1 : Jurassic Flora of Kach. Pt. 2 : Flora of the Jabalpur group. 
III, pp. xi, 64+149, pls. 80 (9 double) (I- XXXI+IA- XT.VIIA). 1879 -81. Pt. 1 : The Flora of the Talchir Karharbari beds, Pt. 2. 

The Flora of the Damuda and Panchet Divisions. Pt. 3 : The same (concluded). 
IV, pp. xxvi, 25+66, pls. 35 (2 double) (I- XXI+IA- XIVA). Pt. 1 (1882) (out of print): Fossil Flora of the South Rewah Gond- 

wana basin. Pt. 2 (1886) : Fossil Flora of some of the coal -fields in Western Bengal. 

VOL. I (1873 -76). 
II, pt. 1 (1893). 

2 (1900). 
1 (1900). 

OP 
2 (1903). 

VoL. 

(SERIES IX.) 
JURASSIC FAUNA OF KACH. 

The Cephalopoda, pp. i, 247, pls. 60 (6 double), by W. WAAGEN. 
The Echinoidea of Kach, pp. 12, pis. 2, by J. W. GREGORY (out of print). 
The Corals, pp. 196, I -IX, pls. 26, by J. W. GREGORY. 
The Brachiopoda, pp. 87, pls. 15, by F. L. KITCHIN. 
Lamellibranchiata : Genus Trigonia, pp. 122, pls. 10, by F. L. Known.. 

(SFRrrs IV.) 
INDIAN PRE -TERTIARY VERTEBRATA. 

I, pp. vi, 137, pls. 26. 1865 -85. Pt. 1 (1865) The Vertebrate Fossils from the Panchet rocks, by T. II. HUXLEY. Pt. 2 (1878) : 
The Vertebrate Fossils of the Kota -Maleri Group, by SIR P. DE M. GREY EGXERTON, L. C. MIALL, and W. T. BLAND$OED. 
Pt. 3 (1879) : Reptilia and Batrachia, by R. LYDEERER. Pt. 4 (1885) (out of print) : The Labyrinthodont from the 
Bijori group, by R. LYDEKKER. Pt. 5 (1885) (out of print) : The Reptilia and Amphibia of the Moderi and Denwa groups, 
by R. LYDEKKER. 

(SERins X.) 

INDIAN TERTIARY AND POST -TERTIARY VERTEBRATA, by R. LYDEKKER, except Von, I, PT. 1, by R. B. FOOTE. 
VOL. I, pp. xxx, 300, pls. 50. 1874 -80. Pt. 1: Rhinoceros deccanensis. Pt. 2: Molarteeth and other remains of Mammalia. Pt. 3: 

Crania of Ruminants. Pt. 4 : Supplement to Pt. 3. Pt. 5 : Siwalik and Narbada Proboscidia. 
II, pp. xv, 363, pls. 45. 1881 -84. Pt. 1 : Siwalik Rhinocerotidn. Pt. 2 : Supplement to Siwalik and Narbada Proboscidia. Pt. 3. 

Siwalik and Narbada Equidas. Pt. 4 : Siwalik Camelopardalidu. Pt. 5 : Siwalik Selenodont Suina, etc. Pt. 6 : Siwalik and 
Narbada Carnivore. 

III, pp. xxiv, 264, pls. 38. 1884.86. Pt. 1 (out of print): Additional Siwalik Perissodactyla and Proboscidia. Pt. 2 (out of print): 
Siwalik and Narbada Bunodont Suina. Pt. 3 (out of print) : Rodents and new Ruminants from the Siwaliks. Pt. 4 (out 
of print) : Siwalik Birds. Pt. 5 (out of print) : Mastodon Teeth from Perim Island. Pt. 6 (out of print) : Siwalik and Narbada 
Chelonia. Pt. 7 (out of print) : Siwalik Crocodilia, Lacertilia and Ophidia. Pt. 8 (out of print) : Tertiary Fisher. 

pp IV, pt. 1 (out of print), 1886, pp. 18, pls. 6. Siwalik Mammals (Supplement). 
2 (out of print), 1886, pp. 40 (19 -58), pls. 5 (vii -xi). The Fauna of the Karnul caves (and addendum to pt.1). 
3 (out of print), 1887, pp. 7 (59 -65), pls. 2 (xii- siii). Eocene Chelonia from the Salt.range. 
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PALJEONTOLOGIA INDICA - continued. 

(SERIES VII, XIV.) 

TERTIARY AND UPPER CRETACEOUS FAUNA OF WESTERN INDIA, by P. MARTIN DUNCAN and W. PERCY SLADEN, except 

PT. 1, by F. STOLICZKA. 

Vor,.I, pp. 16+110+382+91 =599, plc. 5 +28+58+13 =104. 1871 -86. Pt. 1 (out of print): Tertiary Crabs from Sind and Kach. Pt. 1 

(new 2) : Sind Fossil Corals and Alcyonaria; by P. Martin Duncan. Pt. 3 : The Fossil Echinoidea of Sind : Fas. 1, The 

Cardia beaumonti beds ; Fas. 2, The Ranikot Series in Western Sind ; Fas. 3, The Khirthar Series ; Fas. 4, The Nari (Oligo- 

cene) Series; Fas. b, The Gaj (Miocene) Series ; Fas. G, The Makrán (Pliocene) Series ; by Duncan and Sladen. Pt. 41 The 

Fossil Echinoidea of Each and Kattywar ; by Duncan, Sladen and Blanford. 

(SEau s XIII.) 
SALT -RANGE FOSSILS, by WILLIAM WAAGEN, PH.D. 

Produetne- Limestone Group: Vol. I, Pt. 1 (1879). Pisces, Cephalopoda, pp. 72, pls. 6. 

/9 
2 (1880). Gastropoda and supplement to pt. 1, pp. 111 (73 -183), pls. 10 (1 double) 

(vii -xvi). 

,9 ,> 3 (1881). Pelecypoda, pp. 144 (185 -328), pls. 8 (xvii- xxiv). 

9. 99 
4 (1882 -85). Brachiopoda, pp. 442 (329 -770), pls. 62 (xxv- lxxxvi). 

1, Pf 5 (1885). Bryozoa- Annelid- Echinodermata, pp. 64 (771 -834), pls. 10 (Ixxxvii.xovi). 

9, 99 103 6 
7 

(1886). 
(1887). 

Ccelenterata, pp. 90 (835 -924), pls. 20 (xcvii -cxvi). 
Coelenterata, Protozoa. pp. 74 (925 -998), pls. 12 (ccvii- exxviii). 

Fossils from the Ceratite Formation : Vol. II, 1 (1895). Pisces -Ammonoidea, pp. 324, pis. 40 (out of print). 
Geological Results : 

.9 

Vol. IV, 1 

2 
(1889), 
(1891), 

pp. 1 -88, pis. 4 (out of print). 
pp. 89-242, pls. 8 (out of print). 

(SERIES XV.) 

HIMALAYAN FOSSILS. 

Upper- triassio and Hassle faunae of the exotic blocks of Malla Johar in the Bhot Mahals of Kumaou : Vol. I, pt. 1(1908), pp. 100, pls. 16 (1 double), 
by Dr. C. Diener. 

Anthracolithic Fossils of Kashmir and Spiti : Vol. I, pt. 2 (1899), pp. 96, pls. 8, by Dr. C. Diener. 
The Permocarboniferous Fauna of Chitichun No. 1 : Vol. I, pt. 3 (1897), pp. 105, pls. 13, by Dr. C. Diener. 
The Permian Fossils of the Productus Shales of Kumaon and Garhwal : Vol. I, pt. 4 (1897), pp. 54, pls. 5, by Dr. C. Diener. 
The Permian Fossils of the Central Himalayas : Vol. I, pt. 5 (1903), pp. 204, pls. 10, by Dr. C. Diener. 
The Cephalopoda of the Lower Trias : Vol. II, pt. 1 (1897), pp. 182, pls. 23, by Dr. C. Diener. 
The Cephalopoda of the Muschelkalk : Vol. II, pt. 2 (1895), pp. 118, pls. 31, by Dr. C. Diener. 
Upper Triassic Cephalopoda Faunae of the Himalaya : Vol. III, pt. 1 (1899), pp. 157, pls. 22, by Dr. E. von Mojsisovics. 
Trias Brachiopoda and Lamellibranchiata : Vol. III, pt. 2 (1899), pp. 76, pls. 12 (2 double), by Alexander Bittner. 
The Fauna of the Spiti Shales : Vol. IV. Cephalopoda : Fase. 1 (1903), pp. 132, pls. 18 ; Fasc. 2 (1910), pp. 133 -306, pis. 47 (2 double) ; 

Fase.3 (1910), pp. 307 -395, pls. 32 ; by Dr. V. Uhlig. Lamellibranchiata and Gastropods: Fase. 4 (1913), pp. 397 -456, pls. 7; by 
Dr. K. Holdhaus. Additional Notes on the Fauna of the Spiti Shales : Fasc. 5 (1914), pp. 457 -611, pls. 4 ; by Miss Paula Steiger, Ph.D. 

The Fauna of the Trepites- Limestone of Byans Vol. V, Memoir No. 1 (1906), pp. 201, pls. 17 (1 double), by Dr. C. Diener. 
The Fauna of the Himalayan Muschelkalk : Vol. V, Memoir No. 2 (1907), pp. 140, pls. 17 (2 double), by Dr. C. Diener. 
Ladinic, Carnic and Norio faunae of Spiti : Vol. V, Memoir No. 3 (1908), pp. 157, pls. 24 (3 double), by Dr. C. Diener. 
Lower Triassic Cephalopoda from Spiti, Malls Johar and Byans : Vol. VI, Memoir No. 1 (1909), pp. 186, pls. 31, by Drs. A. von Kraft and 

C. Diener. 
The Fauna of the Traumatocrinus Limestone of Painkhanda : Vol. VI, Memoir No. 2 (1909), pp. 39, pls. 5, by Dr. C. Diener. 
The Cambrian Fossils of Spiti : Vol. VII, Memoir No. 1 (1910), pp. 70, pls. 6, by F. R. C. Reed. 
Ordovician and Silurian fossils from the Central Himalayas : Vol. VII, Memoir No. 2 (1912), pp. 168, pls. 20, by F. R. C. Reed. 

(Smuts XVI.) 

BALUCHISTAN FOSSILS, by FRITZ NOETLING, PH.D., F.G.S. 

The Fauna of the Kellaways of Mazár Drik : Vol. I, pt. 1 (1895), pp. 22, pls. 13 (out of print). 
The Fauna of the (Neocomian) Belemnite Beds : Vol. I, pt. 2 (1897), pp. 6, pls. 2 (out of print). 
The Fauna of the Upper Cretaceous (Maestrichtien) Beds of the Mari Hills : Vol. I, pt. 3 (1897), pp. 79, pls. 23 (out of print). 
The price fixed for these publications is four arenas per single plate, with a minimum charge of Re. 1. 

(NEW hERSEs.) 

The Cambrian Fauna of the Eastern Salt -range : Vol. I, Memoir No. 1 (1899), pp. 14, pl. 1, by K. Redlich. Price 1. Re. 
Notes on the Morphology of the Pelecypoda : Vol. I, Memoir No. 2 (1899), pp. 58, pls. 4, by Dr. Fritz Noetling. Price 1 Re. 4 As. 
Fauna of the Miocene Beds of Burma : Vol. I, Memoir No. 3 (1901), pp. 378, pls. 25, by Dr. Fritz Noetling. Price 6 Rs. 4 As. (out of print). 
Observations sur quelques Plantes Fossiles des Lower Gondwanas : Vol. II, Memoir No. 1 (1902), pp. 39, pls. 7, by R. Zeiller. Price 1 Re. 
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(Reprinted from NATURE, Vol. 141, page 202, January 29 938-) 

Westward Extension of the Ranikot Sea 

IN a previous letteri'I showed that the Ranikot 
(Palmocene) Sea of India must have extended over 
the whole length of the Himalayas, from eastern 
Tibet to Waziristan. More recently, some interesting 
fresh evidence has been found regarding the extent 
of the Ranikot Sea ; for Mr. A. G. Davis, who is 
working for the Anglo- Iranian Oil Company, informed 
me that he had found Ranikot fossils in collections 
made by Dr. J. V. Harrison of that Company from 
a section near Shamshir -i -Quli (lat. 33° 30' N. ; long. 
47° 10' E.) on the western borders of Persia. 

These collections Mr. Davis has since shown to 
me, and I have been able to confirm his opinion, 
identifying the following species as present : Nuna- 
m'alites nuttalli Davies, N. thalicus Davies, Oper- 
culinoides cf. sinclensis (Davies), Miscellanea stampi 
(Davies), M. nssiscella (D'arch. and Haine), Sakesaria 
cf. cotteri Davies and Alveolina globosa Leymerie. 
The thickness of Upper Ranikot beds at Shamshir-i- 
Quli is at least 500 feet ; and the succeeding less 
fossiliferous beds, with forms which I referred to 
Alveolina lepidula Schwager, A. cf. oblonga D'Orbigny 
and Orbitolites cf. cornplanatus Lamarck, would seem 
to be of Laki age. Although true Ranikot fossils 
have not yet been found in any other collections 
received by Mr. Davis, the existence of the Ranikot 
at Shamshir -i -Quli is unquestionable. 

The occurrence is worth recording, since Ranikot 
beds have never before been certainly located much 
farther west than long. 68° E. Taken in conjunction 
with my discovery' last year of an abundant Upper 
Ranikot fauna in Sir Henry Hayden's collections 
from Kampa Dzong, due north of Calcutta, this 
last discovery shows that the Upper Ranikot Sea 
extended in an east -to -west direction from the 
vicinity of Lhasa to that of Bagdad. 

I am indebted, for permission to publish these 
facts, to the courtesy of the Anglo- Iranian Oil 
Company. 

L. M. DAVIES. 

R Garscube Terrace, 
Edinburgh, 12. 

Dec. 24. 

"Extent of the Ranikot Sea", 139, 414 -415 (1937). 
"Eocene Beds of the Punjab Salt Range ", Pal. Indica (N.S.), 24 

Mem. 1, Appendix, 65 -71 (1937). 
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XVI 

QUELQUES OBSERVATIONS 

SUR LES DERNIERS DÉPÔTS MARINS 

DANS LE NORD -OUEST DE L'INDE 

PAR L. M. Davies. 

J'ai trouvé récemment, dans des lames minces d'un caillou pro- 
venant d'un conglomérat au- dessous des couches du « Ranikot » 

(Paléocène) près de Thal (dans l'Inde du Nord -West), .de nom- 
breux échantillons d'Omphalocyclus macropora LAMARCK. Ce fait 
indique que des roches de l'étage Maestrichtien doivent exister 
au voisinage de cet endroit, et nous aide par conséquent à dater 
les .niveaux supérieurs des couches sans fossiles significatifs qui 
se trouvent entre l'Albien et le Paléocène au bord du Wazi- 
rista n 

Le D'' A. Silvestri, auquel j'ai fait part de cette découverte, 
m'apprend qu'il a trouvé de l'Omphalocyclus n7acropora dans le 
Crétacé du Somaliland italien; et l'on sait que la même espèce 
a été trouvée dans les couches crétaciques du Baluchistan l et 
du Tibet 2. Il en résulte qu'une partie de la mer maestrich- 
tienne s'étendrait du côté du Somaliland par le Baluchistan et 
le Waziristan jusqu'au Tibet. 

En contradiction directe avec l'avis du Dr A. M. Heron 3 du 
Geological Survey of India, j'ai' affirmé dans ma dernière com- 
munication 4 que la présence de couches du Ranikot (Paléocène) 
dans le Waziristan est indiscutable ; mais la présence, même dans 
le Waziristan du Sud, de couches du Laki (Éocène inférieur) 
n'a pas été démontrée. Dans son dernier « Annual 'Report » 5, 

le D" Heron reconnaît la présence des couches sus -dites du Rani - 
kot, se fiant apparemment à ma déclaration, car il ne cite aucune 
preuve venant de la part du Dr Coulson ; mais il n'en attribue 
pas moins au Laki les couches sans fossiles significatifs que l'on 
trouve au- dessous des couches du Khirthar (Éocène moyen) dans 
le Waziristan du Sud, parce qu'il affirme que le D'' Coulson les 

i. E. W. VREPENBURG. Rec. Geol. Surv. Ind., XXXVI, p. 172 (1908). 
2. H. Douvn.r.É. Pal. Indice, (N. S.), V, Mem. 3, pp. 13, 35 -36, pl. XIII, 

fig. 4 -5 (1916). 
3. Rec. Geol. Sur «. Ind.. LXXII, pp. 224 72 (1937). 
4. C.R.S. S. Soc. Géol. France, fasc. 1 -2, pp. 22 -23 (17 janv. 1938). 
5. Rec. Geol. Sure. Ind.. LXXIII, p. 83 (1938). 



(Reprinted from NATURE, Vol. 142, page 296, August 13, 1938.) 

Eocene Beds in Waziristan 

I SEE that Dr. Herons now accepts the fact that 
Ranikot beds exist in Waziristan. The evidence for 
this is, indeed, overwhelming, as I have pointed out 
elsewhere2. He says, however, that Dr. Coulson could 
not state whether the Khirthar overlaps on the 
Ranikot to the north of Kotkai, so perhaps I may 
be allowed to quote my own observations. 

Middle Khirthar (Lutetian) beds to the north, in 
Waziristan, unquestionably overlap on the Ranikot 
(Paleocene) ; all intermediate elements, including the 
Lower Khirthar, being locally absent. 

L. M. DAVIES. 

8 Garscube Terrace, 
Edinburgh, 12. 

June 22. 

Records Geol. Sure. Ind.., 73, 83 (March 1938). 
C.R.S.S. Soc. Géol. France, fase. 2, 22 -23 (Jan. 1938). 
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XXIX. -An Early Dictyoconus, and the Genus Orbitolina: Their Contemporaneity, Structural 
Distinction, and Respective Natural Allies. By Lieut. -Colonel L. M. Davies (late R.A.), 
M.A., Ph.D., F.G.S. (With Two Plates and Six Text- figures.) 
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BSTRACT 

I. GENUS DICTY0C0NUS BLANCKENHORN: 

(a) General Remarks . 

D. walnutensis (Carsey) 
Age of D. walnutensis 

(b) Allies of Dictyoconus 
Genera Coskinolina and Lituonella 
Genus Chapmanina. . 

Genus Cushmania . 

Genus Gunteria . 
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ABSTRACT. 

The author summarises recent reports regarding the appearance in Mesozoic rocks of 
Blanekenhorn's genus Dictyoconus, long supposed to have originated in the Middle Eocene. 
He figures and describes the best known of these Mesozoic forms, in order to place its age 
and generic attribution beyond question, and discusses the problem of its relationship to 
allied genera as affected by its early appearance. He then describes d'Orbigny's contem- 
porary (Cretaceous) genus Orbitoltina, with which Dictyoconus has often been confused, in 
order to show its radical difference in structure and the characteristics of forms which can 
be more justly regarded as related to it. He also discusses the genotype of Orbitolina, since 
the species lately quoted as such is unsuitable. 

I. GENUS DICTYOCONUS BLANCKENHORN, 1900 (p. 403). 

(a) General Remarks. 

The type of this genus is the species D. egyptiensis (Chapman, 1900, p. 11; pl. ii, figs. 1 -3) 
of Middle Eocene age; and for many years nearly all the forms referred to this genus, in 
both Old and New Worlds, were also of Middle Eocene age, although I found well- developed 
representatives of it in the uppermost levels of the Lower Eocene of India (1930, pp. 489, 
497 -499; pl. i, figs. 10 -13; pl. ii, figs. 7 -11, 13, 16). It was therefore generally supposed 
that the genus was peculiar to the Eocene, and came into existence at about the commence- 
ment of the Middle Eocene. In accordance with this belief, Dr Cushman (1933, pp. 22 -26; 
pl. ii) proposed a genealogy which began with the genus Verneuilina early in the Mesozoic; 
and ended with Dictyoconus and Gunteria in the Middle Eocene. 

Late in 1931, however, an American geologist, Mrs H. J. Plummer, had sent me some 
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fossils from the Cretaceous of Texas, among which were specimens of Mrs Carsey's species 
Orbitolina walnutensis, which I found on examination to be unmistakable Dictyoconus. 
This was most unexpected; but a paper by Dr Silvestri (to whom Mrs Plummer and Mrs 

Carsey had also sent material from these beds) appeared soon afterwards (1932) in which 
he expressed the opinion that O. walnutensis was specifically inseparable from Dictyoconus 
egyptiensis. 

I think this went too far, for Mrs Carsey's species is both smaller and simpler in structure 
than D. egyptiensis; but the generic identity, at least, seems certain. I therefore questioned 
the Cretaceous age of these fossils; but Mrs Plummer, together with her husband (Mr F. B. 
Plummer) and Mr W. S. Adkins, geologists of the University of Texas in Austin, reassured 
me on this point. Their opinion was also endorsed by Dr L. F. Spath of the British Museum 
(Nat. Hist.), to whom they referred me for confirmation. It therefore seems (as further 
explained below) that the genus Dictyoconus goes back at least as far as the Albian. 

More recently, Dr R. Lafitte told me (August 1937) that he had found what he suspected 
to be Dictyoconus in the Cretaceous rocks of Algeria, and Mlle. Pfender has since published 
an important paper (1938) showing that the genus Dictyoconus seems to appear in many 
exposures of the Cretaceous in both hemispheres (pp. 232, 234 -242; pls. xiv xv), some of 
the horizons being as old as the Valanginian. She supports Silvestri's suggestion (1932, 
p. 377; based on a section by Blanchet, 1918, pl. ii, fig. 1) that the genus may even go back 
to the Portlandian. The Cretaceous Dictyoconus specimens described by Pfender are all 
identified by her (pp. 234 -236) with D. walnutensis ( Carsey), whatever their locality or 
horizon, although the earlier forms are rather smaller than the later ones. She has not 
directly studied D. walnutensis, however, and it would be strange if the genus Dictyoconus 
were represented only by a single species for so long a period over so great an area; so I think 
it possible that further study may reveal points of difference between some of these forms. 
Although their generic identity seems practically certain, their specific identity is less assured 
since few if any of Pfender's sections are exactly oriented. They all represent appearances 
seen in general rock sections. It is interesting to find that they are often accompanied by 
what appear to be Coskinolina, from which they exhibit a minimum of differentiation. 

G. Lucas (Dec. 1938) has now also reported finding, in the Aalenian rocks of Algeria, a 
foraminifer which he regards as a Dictyoconus and describes as a new species D. cayeuxi. 
His illustrations are line drawings of imperfectly oriented sections seen in rock slides, which 
do seem to indicate the genus Dictyoconus; but it is not certain from his illustrations that 
all the characters of that genus are present, and no others. The specimens are rather larger 
and flatter than Mlle. Pfender's. If correctly assigned to the Aalenian, they would at least 
show that forms very like simple Dictyoconus were in existence as early as the Lower Jurassic 
-a fact which must seriously affect ideas as to the derivation of the type. 

It is still the case, however, despite these later discoveries, that the Texan D. walnutensis 
is the only pre- Tertiary Dictyoconus whose horizon is unquestionable at the same time that 
many free specimens of it can be obtained, making possible the determination of all its 
characters. I therefore offer the results of my own examination of this form, to supplement 
the rather incomplete descriptions previously given of it. Carsey and Silvestri are the only 
workers who have figured it; and Carsey's examination was purely superficial, while Silvestri's 
description gives relatively few details and his cross -section (pl. ii, fig. 5) -the most im- 
portant view when dealing with this group -is unfortunately the least satisfactory of his 
illustrations. I think my own cross- section (Pl. I, fig. 4) will put the reference of this species 
to Dictyoconus beyond question. 
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Dietyoconus walnutensis (Carsey). 

Pl. I, figs. 4, 6. 

Orbitolina walnutensis sp. nov.; Carsey (1926, p. 23; pl. vii, figs. lla -b; pl. viii, fig. 3). 
Carsey; Adkins (1928, p. 62). 

Orbitolina ( ?) walnutensis Carsey; Vaughan (1932, pp. 609 -610). 
Dictyoconus aegyptiensis (Chapman) var. walnutensis (Carsey); Silvestri (1932, pp. 377 -381; pl. i, figs. 10 -12; 

pl. ii, figs. 3 -5). 
Dictyoconus aegyptiensis (Chapman) var. walnutensis (Carsey); Silvestri (1932a, p. 129, f.n.). 

The average adult size of the test (both height and diameter of base) is between 14 and 
12 mm. The largest specimen seen by me measures 1.9 mm. in height by 1.65 mm. diameter 
of base. According to Mrs Carsey, the species reaches a size of 5 mm. This must be a 
misprint. Neither she nor Silvestri figures any specimen reaching 2 mm. in height; and 
Mrs Plummer, who examined Mrs Carsey's holotype at my request, states that it measures 
F3 mm. in height by 1.24 mm. diameter of base. The form is thus much smaller than most 
Eocene representatives of the genus. 

In shape, the test is a straight -sided cone, forming almost an equilateral triangle in axial 
section. The diameter of the base varies from 80 to 140 per cent. of the height of the test; 
smaller specimens being usually more obtuse than larger 
were as follows:- 

No. of 

ones. Measurements of 100 specimens 

Proportion of Base to Height: 

Specimens. Height of Test. 
Variation. Average. 

25 From 1.9 to 1.5 mm. 80 to 110% 94% 
30 1.5 1.3 83 115% 98% 
25 1.3 1.0 87 125% 105% 
20 1.0 0.4 88 140% 113% 

The surface of the test is typically smooth and featureless. Dr Silvestri's external 
views of the form (1932, pl. i, figs. 10 -12; pl. ii, fig. 3) are better than my photographs of 
the same, which I therefore do not reproduce. 

The marginal trough (adult) is about 125 to 135 it in width; chamber partitions are 
about 60 to 70 ,u apart, and the average height of an adult cup is from 70 to 75 ,u. The outer 
wall is 10 to 12 ,u thick; chamber partitions 12 to 14 ,u thick, and outer septa 10 to 12 ,u 

thick. The floor of the marginal trough is about 15 to 18 ,u thick, and that of the central 
shield 18 to 20 ,u thick. Perforations in the central shield are about 34 to 38 in in diameter, 
and spaced about two diameters apart (from centre to centre). 

Both vertical (axial) and horizontal (cross) sections show the form to be a typical 
member of the Dictyoconus group. The horizontal section displays the characteristic central 
shield of the group, with circular holes distributed fairly evenly over its extent, while a ring 
of such holes round its border marks it off from the marginal trough. Dark semi -lunar (or 
kidney- shaped) patches, seen partially surrounding some of the central holes, show the 
presence of the typical pillar- buttresses of the group. The marginal trough is subdivided 
into chambers (as in Coskinolina and Dictyoconus) by radiating partitions, each of which, 
at its inner end, abuts at its base against one of the bordering holes, which it partially 
encircles. These chambers are subdivided by a single horizontal plate (seen in axial sections) 
and a single vertical plate (appearing in cross- sections). Thus the form is a Dictyoconus, 
and not a Coskinolina; and since there is only a single subdividing plate in each plane, the 
species represents the simplest possible form of Dictyoconus. Occasional chambers, both in 
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vertical and horizontal sections, show no subdividing plates at all, and the specimen may 
be said to be partly a Coskinolina. 

It is not yet certain whether this very simple form of Dictyoconus was peculiar to the 
Mesozoic, or survived into the Eocene. An equally simple Dictyoconus was figured as 
Coskinolina cookei by M. W. Moberg (1928, pp. 166 -168; pl. iii, figs. 1 -8) from deep borings 
in Florida, the horizon of which seems to be in doubt. His fig. 4 is partly Dictyoconus, 
partly Coskinolina; his fig. 6 is a Coskinolina throughout, and figs. 7 -8 are Dictyoconus. 
This association of simple Dictyoconus with Coskinolina suggests a pre- Eocene horizon. 

Note. -Some of the peripheral chamber partitions, seen in cross -sections of Dictyoconus 
and Coskinolina, end between the perforations in the marginal ridge instead of against 
them. That is probably due to the section there passing from the upper to the lower surface 
of the floor of the cup. When traversing the upper surface, the section shows the bases 
of the upper chamber partitions ending against the tops of the holes; when traversing the 
lower surface, it shows the tops of the lower chamber partitions ending between the bottoms 
of the holes (since the chambers alternate in successive cups). 

Age of D. walnutensis. 

Dr L. F. Spath of the British Museum (Nat. Hist.) kindly sent me the following note, 
with permission to publish it :- 

"The ammonites of the Walnut formation (Oxytropidoceras) leave no doubt about its Middle 
Albian age, and the associated fossils listed by Adkins show that it is not a case of derivation 
of an isolated ammonite from older beds. Moreover, ammonites of the same genus still occur 
in the overlying Comanche Peak formation, and on top of the Edwards Limestone there follow 
the various Upper Albian formations of the Washita Division, all with plentiful ammonites and 
only gradually increasing Cenomanian elements. . . . 

"I do not know what the `ammonites' listed from the Glen Rose formation are. Adkins 
places it at the base of the Albian and since the Upper Aptian Dufrenoyia texana, Burckhardt, 
occurs in the Travis Peak formation below, this must be approximately correct." 

The U.S. Geological Survey Map (Folio No. 76) of the Austin region shows the distri- 
bution of the formations mentioned by Dr Spath, as they appear round the localities where 
Mrs Plummer collected the specimens of D. walnutensis which she sent to me. It is obvious 
that owing to what she calls the "layer- cake" arrangement of the beds (the Walnut and 
later sediments appearing as horizontally bedded outliers on the Glenrose formation), and 
the local absence of any but Albian beds, it is impossible to doubt the Albian age of 
D. walnutensis. 

(b) Allies of Dictyoconus. 

Genera Coskinolina Stache, 1875 (pp. 334 -338) and Lituonella Schlum. & Douv., 
1905 (pp. 294 -297). 

The presence of simple forms of Dictyoconus, well down in the Mesozoic, seems suggestive. 
While Dictyoconus was only known from the Eocene, Schubert (1912, p. 207), Douvillé (1926, 
pp. 21 -22), and Cushman (1933, pp. 22 -26; pl. ii; cf. Cushman and Ponton, 1933, p. 27) could 
postulate its derivation from Lituonella via Coskinolina; but I found all these three genera 
appearing together in Indian deposits, the respective forms being so closely alike in all other 
respects that their differences were purely generic ones. I therefore suggested (1930, 
pp. 499 -500) that they might all represent mutation forms within a single species. 

The evidence did not, however, indicate which of the three " genera " was the initial 
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member of the group; whether, that is to say, a Lituonella developed into Coskinolina and 

Dictyoconus by increasing complications of its marginal trough, or a Dictyoconus degenerated 
into Coskinolina and Lituonella by progressive simplifications of that trough, or a Coskinotina 
modified into Lituonella and Dictyoconus by simplification on the one hand and complication 
on the other. 

The evidence of the Mesozoic forms seems to indicate that the last suggestion comes 
nearest to the truth, for D. wainutensis and the others all represent the simplest possible form 
of Dictyoconus with minimum subdivisions of the chambers of the marginal trough. Some- 
times occasional chambers have no apparent subdivisions at all; but the chamber partitions 
themselves seem always to be present and well defined. While, therefore, the higher com- 
plications of D. egyptiensis (and other Eocene species) are not seen, the extreme simplification 
of Lituonella is even more marked by its absence. The form is either a Coskinolina or (more 
often) a very simple Dietyocanus. 

It thus seems that the Cretaceous representatives of this group differed from the Eocene 
ones in being considerably smaller, and in varying less to either side of the mean. 

Genus Chapmanina Silvestri, 1931 (p. 65). 

The singular genus Chapmanina seems to be closely related to the Dictyoconus group of 
forms. It possesses the same general organisation, with almost identical " central shield." 
Its "marginal trough" is equally well defined; and it is subdivided into chambers by 

vertical partitions at regular intervals. There are, however, some differences. 
Thus the inner edge of the floor of the marginal trough rises more abruptly, and higher, in 
Chapmanina than in the Dictyoconus group of forms-so much so, indeed, as to separate 
the sarcode in the trough almost entirely from that in the central shield. The pillars adjoining 
the perforations in the central shield also seem to be thinner, and pass further round the 
perforations, than in the Dictyoconus group (cf. Halkyard, 1919, pl. viii, fig. 7b; Silvestri, 
1925, pl. i, figs. 3-4). 

In spite of these differences, however, the general structure of Chapmanina is essentially 
similar to that of the Dictyoconus group; and it resembles most closely of all the central 
member of that group, the " genus " Coskinolina. At the same time, occasional chambers 
have an outer subdividing plate (cf. Prever and Silvestri, 1905, p. 479, figs. 3, 5) showing an 
approach to simple Dictyoconus. It is therefore interesting to find that Chapmanina is 
essentially more primitive than any of the Dictyoconus group. This primitive character I 
recognise in the evidence (totally lacking in the Dictyoconus group) of a supra-cortical 
development of successive layers of shell substance. This is best seen in vertical (i.e. axial) 
sections of the form. A thick crust, or accumulation of shell-substance, appears over the 
protoconch, and a progressively decreasing amount of this crust extends down the sides of 
the test (cf. Silvestri, 1925, p. 35, fig. 4, and pl. i, fig. 1; 1930, p. 252, fig. 11; 1931, pl. i, 
figs. 1-2; 1932a, p. 158, fig. 5, etc.). This links Chapmanina to bilaterally symmetrical 
forms, just as I have shown (1926, p. 249, etc.; 1932, p. 421, etc.) that similar features link 
Rotalid genera to planispiral ones. 

Text-fig. 1 illustrates the fact. The magnification of the two forms is much the same, 
that of Chapmanina only exceeding that of Dictyoconus in the proportion 8 : 7. The supra- 
cortical development of Chapmanina is apparent even in external views, for a thick crust 
obscures the apex of the test, though the outer whorls become clearly visible as the crust 
becomes thinner down the sides (cf. Silvestri, 1931, pl. i, fig. 1; Cushman, 1933a, key pl. xl, 
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fig. 12, etc.). No such crust is developed by any member of the Dictyoconus group, the 
first chambers in all its genera being as thinly covered as the last (cf. Davies, 1930, pl. ii, 

figs. 3, 6, 9, 10, etc.). 
It is probable that individual Chapmanina began their existence as free- swimming 

organisms, and never quite lost the traces of that habit, of which no corresponding evidence 
appears in the Dictyoconus group. That being so, the close resemblance of Chapmanina to 

FIG. 1. 

A. Chapmanina gassinensis (Silvestri). B. Dietyoconus indices Davies. 
(After Silvestri, 1925, p. 35, fig. 4.) (After Davies, 1930, pl. ii, fig. 13.) 

a. Protoconch of Chapmanina. a'. Protoconch of Dietyoconus. 
b. Supra- cortical development of Chapmanina, thickest at apex, b'. Outer skin of Dictyoconus, showing no trace of supra -cortical 

and lessening down the sides. development even in the earliest stages. 
Magnification of Chapmanina =1.14 times that of Dictyoconus. 

the Dictyoconus group in other respects must either represent an extreme case of convergence, 
or Chapmanina (despite its late appearance- Eocene and Oligocene) is really a primitive 
member of the Dictyoconus group. 

The relatively late appearance of known Chapmanina militates against my views, if 
regarded as a genetic proposition; but from the purely structural point of view I would 
suggest the following sequence:- 

Mesozoic Eocene 
1 2 3 4 

/ Lituonella 
Unknown l 

J 
Chapmanina oslcinolina 

bilaterally l (traces of 1 

C 
and/or --->- Coslcinolina symmetrical symmetry simple 

form. ) l remain) l Dietyoconus \ elaborate 
Dietyoconus 

J / 
Symmetry declining. All traces of symmetry lost. 

Genus Cushmania Silvestri, 1925 (p. 52). 

The elaborate Dictyoconus forms of the Eocene, referred to above, include the genus 
"Cushmania" which is now rightly regarded as being simply a Dictyoconus with an unusually 
large number of subdivisions of its marginal trough; there being often seven plates in each 
plane in the outer portion of each chamber in that trough (cf. Vaughan, 1928, pp. 281 -282; 
pl. xliv, figs. 1 -3). Thus the Cretaceous representatives of Dictyoconus appear to have a 
single series of subdivisions (or one plate) in each plane of the chamber; early Eocene repre- 
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sentatives normally show two such series of subdivisions (three plates) ; and later Eocene 
ones may have three series (seven plates). (See text -fig. 2.) 

The plates do not always divide out into well -graded series in this ideal fashion, but the 
tendency to do so seems clearly apparent. This is also what might be expected; for it 
represents the simplest method of progressive subdivision when new subdivisions develop 
between previous ones, and are smaller than their predecessors. 

The existence of this system of subdivision is rather enigmatic. Its more common 
appearance in the outer recesses of imperforate- walled tests seems to deprive it of functional 
significance; and it can hardly have been intended 
either to dispose of excessive calcium carbonate 
or to strengthen the test, for I have already shown 
(1930, pp. 493 -494) that the material for these 
subdividing plates was obtained at the expense of , 

Z í 3 z 3 1 3 z s 
the outer wall. Indeed, it is obvious that the 
outer wall was considerably thinner and weaker D. walnutensis. D. indices. "Cushmanìa" 
in Dictyoconus than in either Coskinolina or fontabellensis. 

Lituonella (ibid., pl. ii, figs. 14 -16). On the other Later Early Middle 
MESOZOIC. EOCENE. EOCENE. 

hand, the essentially simple and regularly pro- 
gressive nature of this subdivision suggests a mechanical cause. It may indicate a 
progressive crumpling, or wrinkling, of the outer surface of the sarcode, owing to some 
loss of internal vigour or tensional force; and in that case its marked development in 
Orbitolina and the later Dictyoconus forms may be due to lessening vitality prior to the 
extinction which seems so soon to have followed in each case. By contrast, Lituonella 
should represent peculiarly vigorous individuals whose internal energy not only prevented 
the development of such plates, but led to the reabsorption of the chamber partitions them- 
selves, with the exception of their thick inner ends which were left embracing the holes 
through the marginal ridge (ibid., pl. ii, fig. 14). Specimens of Lituonella are often very 
robust in appearance (ibid., pl. i, fig. 1); and so far as I know, Lituonella is not associated 
with the latest Dictyoconus forms. 

FIC. 2. 

Genus Gunteria Cushman and Ponton, 1933 (p. 25). 

(Pl. I, figs. 2, 5, 8, 10 -11.) 

Whether the above suggestions as to its significance are correct or not, it seems clear that 
this system of subdivision is simple in nature and of little taxonomic value. Nevertheless, 
an outer reticulation of the chambers offers a striking appearance in forms which possess it, 
and has led to the genus Dictyoconus being associated with very different genera which also 

exhibited subdivisions of their outer parts. The most seemingly reasonable instance of 

such an association is to be found in Cushman and Ponton's affiliation of their genus Gunteria 
with Dictyoconus. Gunteria looks very like a laterally flattened Dictyoconus, and was 

accepted as such by these authors. It shows a succession of cups whose peripheral portions 
are subdivided into chambers, the outer parts of which are further subdivided. A double 

row of apertures along the base affords what was taken to be the only communication of the 
form with the outer world. 

Dr Cushman most kindly sent me some paratypes of the type species (G. floridana) of 

this remarkable genus; and I was impressed by the granulation of the outer surface of the 

test, along the base lines of the cups. Cushman and Ponton call these granulations " promi- 
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vent rounded bosses " (1933, p. 26), and show them on fig. 3a of their plate. Such a feature 
never appears in the Dictyoconus group, however, and recalls hyaline forms rather than 
porcellaneous ones (to which that group belongs). Thin sections prepared from two of the 
specimens sent to me show clearly that the wall of the test is, indeed, typically perforate; 
so the genus Gunteria really belongs to the hyaline division of the foraminifera; its com- 
munications with the outer world extended all round its surface, and were not limited to its 
base as in Dictyoconus. 

Pl. I, fig. 2, shows both the outer reticulations of G. floridana which suggested its 
affiliation with Dictyoconus and the granulations which warn against that affiliation. Fig. 11 

shows the cross -section of Gunteria; comparison of it with fig. 4, which gives the cross -section 
of Dictyoconus (at a considerably higher magnification), shows how completely different are 
the characters of their outer walls, and how much thicker and coarser the whole inner structure 
of Gunteria is than that of Dictyoconus, and how very different in type. Unfortunately I 
have not sufficient material to make a proper examination of the form or to attempt a 

detailed description of it; but these facts at least show that, so far from being a simple 
modification of Dictyoconus, the genus Gunteria bears no relationship whatever to it. Gunteria 
would seem to be much more nearly related to the genus Pavonina d'Orbigny (1826, p. 260; 
pl. x, figs. 10 -11; Modèle No. 56), which has been redescribed by Parr (1933). 

I am sure that if Cushman and Ponton had seen thin sections of Gunteria they would 
at once have realised its fundamental distinction from Dictyoconus. 

(c) Proportions of Silica in Dictyoconus and Orbitolina Tests. 

Dr Cushman has, in the later (1933a) edition of his standard work, accepted (p. 125; 
cf. Cushman and Ponton, 1933, p. 27) my views (1930) on the close association of the genera 
of the Dictyoconus group, which he had previously (1928, pp. 130, 182) placed in different 
families; but he now (1933a, pp. 125, 253; cf. 1928, pp. 182 -183) dissociates Chapmanina 
from Dictyoconus on the grounds that its test is not arenaceous like the tests of Dictyoconus 
and Orbitolina. I therefore asked Mr T. C. Day, soon after the appearance of Cushman's 
later edition, to analyse the tests of Orbitolina texana, Dictyoconus walnutensis, and D. indicus 
for me; this he kindly did, and his results were as follows:- 

SiO2. 
CaCO3 
MgCO3 

A122 O3 3 

Orbitolina 
texana. 

. 5.25 
. 89.86 
. 0.115 

}064r 

95.865 

Dictyoconus 

walnutensis. 
0.26 

99.12 

} 

inclicus. 
0.67 

8932 
2.63 
F35 
2-60 

99.78 96.57 

It appears from these figures that even the Orbitolina tests had less than 6 per cent. 
of silica in their composition, while the Dictyoconus tests showed less than 1 per cent. of 
silica -and far more iron and aluminium than silica. Mr Day remarked that most of the 
silica in the Dictyoconus analyses was probably derived from the clay matrix infilling the 
specimens. It thus seems clear that Chapmanina cannot be widely removed from Dictyoconus 
on account of the less arenaceous nature of its test. 

It is interesting to note in this connection that tests of O. concava from France, kindly 
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sent me by Professor Douvillé, are much more sandy than those of the American O. texana 

(which Silvestri identified with O. concava). It seems significant that the matrix in the 

former case is almost a pure sand, and in the latter case highly calcareous. This strongly 

suggests that the animal used local materials for economy in building its test, the chemical 

composition of which was far more variable than its structural design. It bears out the 
opinion repeatedly expressed by Douvillé (1904, pp. 659 -660, etc.), Schlumberger (1905, 

p. 291), and myself (1926, p. 238), that the arenaceous nature of the test is a very subsidiary 
feature in classification. 

II. GENUS ORBITOLINA D'ORBIGNY, 1850 (p. 143). 

(a) Comparison with Dictyoconus. 

It is now certain, as we have seen, that the genus Dictyoconus -in a simple form, at 
least -was contemporary with Orbitolina. In fact, Mrs Plummer found O. texana accom- 
panying D. walnutensis in the Walnut Shales. 

There is also sufficient similarity in the structure of these two genera to explain their 
confusion by earlier workers. In each genus the test is porcellanous, conical in shape, and 
composed of successive cups added one below the other; the outer portions of the cups 
being subdivided into chambers, which are further subdivided by vertical and horizontal 
plates extending inwards from the outer wall. (This last elaboration, although the least in 
actual value, has the greatest effect in producing an aspect of similarity.) 

There, however, the resemblance ends. In the Dictyoconus group of forms the outer 
portion of the cup (or " marginal trough ") is separated from its inner portion (or " central 
shield ") by a " marginal ridge " which is pierced by a ring of perforations. The chamber 
partitions of the marginal trough terminate abruptly against these perforations, and are not 
continued over the central shield (text -fig. 3). Thus the central shield does not participate 
in the subdivisions of the marginal trough, but is designed to contain an undivided mass of 
sarcode, all parts of which communicate with all- parts of the sarcode in succeeding and 
preceding cups by means of circular holes distributed over the whole extent of its own 
surface and that of the preceding central shield. Rigidity is secured by pillar -buttresses, 
formed of portions of the central shield which bend upwards from the margins of the holes 
towards the preceding cup (cf. Davies, 1930, pp. 490 -491). 

In Orbitolina there is much less distinction of the inner (umbilical) from the outer 
(peripheral) parts of each cup, for the chambers subdividing the latter continue (in modified 
form) far into the central region of the test. Communication between the sarcode masses 
in successive cups is therefore a more complicated matter, individual sections in each cup 
communicating with particular sections above and below. The most remarkable feature 
about the structure of Orbitolina is provided by the ridges which thus subdivide the sarcode 
in each cup. These ridges are not developed upwards from the floor of the cup (like the 
pillars, etc., of the Dictyoconus group) but downwards from its roof -i.e. from the outer 
surface of the preceding cup -and take the form of numerous zigzag partitions, radiating 
and bifurcating outwards from a central complex towards the periphery. On nearing the 
periphery these partitions, which are triangular in section while crossing the umbilical parts 
of the cup (being much thicker above than below, since they are developed downwards from 
above), flatten into straight -sided vertical plates, radially disposed at fairly close intervals. 
These plates become the boundaries between the peripheral chambers when the next cup is 
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added, while the triangular spaces between the inner zigzag portions of the partitions continue 

the chambers inwards from the periphery (text -fig. 4). 

FIG. 3.- Reconstruction of lower portion of Diciyoconus test, cut 
open, and most of the wall removed, to show structure. 

a. Pillar- buttresses rising from central shield, and each partially 
encircling a perforation through the shield at its base. 

b. Vertical plates traversing marginal trough and forming chamber 
partitions. The base of each partially encloses, at its inner end, a 
perforation through the marginal ridge. 

c. Major vertical plates, subdividing outer portions of the chambers. 
d. Minor 
e. Major (in middle) and minor horizontal plates, subdividing outer 

portions of the chambers. 
f. Floor of cup. 
g. Marginal ridge, with perforations. 
h. Perforations through central shield. 

The floor of the cup is everywhere 
very thin in Orbitolina -much thinner than 
in Dictyoconus- perhaps because so much 
material is used in forming the zigzag 
ridges. Its marginal portion is imperforate, 
above the vertical plates; but its inner 
(umbilical) portions are perforated along 
zigzag lines traced between the zigzag 
ridges developed from its lower surface. 
The perforations seem to be situated at 
the bends of these zigzag lines; and so, 
since the ridges alternate in position in 
successive cups, the perforations serve to 
communicate alternately between chambers 
on either side, above and below (text -fig. 5). 

Thus Orbitolina is distinguished from 
Dictyoconus both by the subdivision of the 
sarcode in its umbilical parts, and by the 
development of partitions downwards from 
the preceding cup instead of upwards from 
the succeeding one. In Dictyoconus, the 

FIG. 4.- Reconstruction of lower portion of Orbitolina test, cut open, and most of the wall removed, to show structure. 
a. Zigzag ridge, thicker above than below, extending from central complex outwards. 
b. Vertical plate, forming lateral chamber wall, into which zigzag ridge merges on nearing periphery. 
c. Major vertical plates, subdividing outer portions of the chambers. 
d. Minor 
e. Major (in middle) and minor horizontal plates, subdividing outer portions of the chambers. 
f. Floor of cup. 
g. Vertical plates, at ends of zigzag ridges, on base of test. 
h. Zigzag ridges on base of test. 
k. Perforations connecting chambers through successive floors. 

lower surface of each cup merely affords a roof to the succeeding cup, whose internal features 
are developed upwards from its floor. In Orbitolina, the succeeding cup only provides the 



AN EARLY DICTYOCONUS, AND THE GENUS ORBITOLINA. 783 

floor for its own internal arrangements, the main features of which pre -exist as external 
structures of the antecedent cup; the only new internal features added are the plates which 

subdivide the outer parts of the peripheral chambers, and 
seem to be developed together with the outer wall. As 

we have seen, these plates are probably not an essential 
part of the structure, and may be only a senile develop- 
ment. 

Orbitolina texana (Roemer). 

(Pl. I, figs. 1, 3, 7, 9, 12.) 

Orbitulites texanus sp. nov. ; Roemer (1849, p. 392). 
Roemer; Roemer (1852, pp. 78, 86; pl. x, figs. 7a -d). 

Orbitolina texana (Roemer); Carsey (1926, p. 22; pl. vi, figs. 6a -e). 
(Roemer); Adkins (1928, p. 61). 
(Roemer); Vaughan (1932, pp. 609 -610). 

concava (Lamarck) var. texana (Roemer) ; Silvestri (1932, 
pp. 374, 380; pl. i, figs. 1 -9; pl. ii, figs. 1 -2). 

Orbitolina texana (Roemer); Cushman (1933a, key pl. xix, figs. 22a -e). 

The specific details of this form have been sufficiently 
described by the authors quoted above (particularly 
Silvestri), but I show some of my own photographs of 
it in order to illustrate the generic characters which are 
emphasised in this paper. 

Comparison of figs. 3 and 4 on Pl. I below will indicate 
at once how completely the central structure of the test 
in Orbitolina differs from that in Dictyoconus. The simple 
plate perforated with circular holes seen in fig. 4 
(Dictyoconus) is replaced in fig. 3 (Orbitolina) by a central 
complex from which radiating and bifurcating zigzag lines 
pass outwards to the periphery. These lines cease to be 
continuously traceable near the periphery; but that is 
only because the outer margins of the cups curl upwards 
(vide fig. 7), so that horizontal sections (like figs. 1 

and 3) can no longer follow the same cup, but have to 
pass with increasing rapidity through successive cups in 
the outer portions of the test. By combining the evi- 
dence of successive segments, however, it is possible to reconstruct the features of the 
peripheral region. Thus the triangular cross -sections of the ridges (thicker above than 
below) and the complementary triangular sections (broader below than above) of the chambers 
between them, as well as the alternation of chambers and ridges in successive cups, are 
clearly indicated in fig. 1; also the final straight -sided and flattened shape of the partitions 
and the correspondingly square sections of the chambers, and the ultimate reticulation of 
the chambers by plates passing inwards from the outer wall. 

Fig. 9 on Pl. I shows the straight ends assumed by the zigzag ridges near the margin 
of the test, as they appear in an external view. The prior zigzag courses of these ridges 
are not so visible in this photograph (though present) ; but they appear clearly in one of 
Silvestri's illustrations (1932, pl. i, fig. 9) of Carsey's O. whitneyi (a companion form to 
O. texana). Silvestri's figure does not, however, show the terminal straight ends of the 

e 

Fie. G.- Orbitolina. 

A. Peripheral region of test, with rectangular 
chambers and imperforate floor. 

B. Umbilical region of test, with triangular - 
sectioned continuations of peripheral chambers, 
and perforate floor. 

a b, a b. Lines traced on floor of cup by ridges 
descending onto it. They mark the flanks of 
chambers in the cup. 

c c. Outer wall of the test. 
d, d. Groups of plates subdividing outer parts 

of chambers. 
e, e. Grooves between ridges of succeeding cup. 

They mark the tops of chambers in that cup. 
f, f. Perforations through floor of cup, at bends 

of underlying grooves, communicate between 
alternate chambers above and below. 
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ridges; so his base view and mine should be studied in conjunction. One of Douvillé's 

photographs (1904, pl. xvii, fig. 1) also clearly shows these external zigzag ridges of Orbitolina. 

Some specimens of Orbitolina seem to have no ridges on their bases, although their 
internal sections show the ridges. So it is possible that the very thin but compact floor 

was first added as such, and the less compact zigzag ridges on its under surface were de- 

veloped some time afterwards -perhaps only a little before the floor of the next cup was 
added. The inverted nature of the ridges (thicker above than below) and their presence on 

many specimens without any trace of the succeeding floor, indicate that they were not de- 

veloped upwards from the latter but downwards from its predecessor. 

(b) Allies of Orbitolina. 

These zigzag ridges constitute, in my opinion, a fundamental feature in the structure 
of Orbitolina, for they seem to be related to a system of alternate communication between 
chambers in each cup and those on either side of it above and below, and so serve to link 
together forms of very different shape in which the same habit prevails, while distinguishing 
them from forms of like aspect which observe no such habit. Thus there is no sign of this 
habit in Dictyoconus, which externally resembles Orbitolina; but according to Douvillé (1904, 
pp. 656, 659, etc.; cf. 1926, p. 26, and Schlumberger, 1905, p. 304) these zig -zag ridges link 
the conical Orbitolina to the discoid Orbitolites (Lamarck, 1801, p. 376) and to Marginopora. 

Genus Marginopora Blainville, 1830 (p. 377). 

(Pl. II, fig. 10.) 

Carpenter (who called it " Orbitolites ") made a close examination of the genus Margino- 
pora, and described and figured both its sarcode and test (1862, pp. 105, 112 -126; pl. iv, 
figs. 22, 24 -25; pl. ix, figs. 7 -11). One of his illustrations of the sarcode (1862, pl. iv, fig. 25) 
shows considerable analogy with the structure of Orbitolina. According to this figure, 
which I reproduce (Pl. II, fig. 10), the animal matter crosses the growing face of the test, 
at right angles to its median plane, in the form of numerous columns (c c, c' c') which ter- 
minate in isolated chambers (a a, a' a') lining its upper and lower surfaces. These terminal 
chambers seem to be smoothly cylindrical, and so are probably separated from each other 
by straight -sided imperforate partitions; but the inner parts of the columns communicate 
to right and left with adjacent columns of the preceding layer (or annulus), the communicating 
passages of each column alternating with those of the column on either side of it in the same 
layer -a circumstance which implies that the columns in each layer are separated by zigzag 
ridges rather like those seen in Orbitolina. The columns also bifurcate, as in Orbitolina. 
The fact that isolated chambers appear at both ends of the columns is due to the symmetrical 
(discoid) shape of the test. In a specialised form like the conical Orbitolina, the chambers 
of the lower surface would retreat into the axial region of the test, where they may be 
represented by what I have called the " central complex" of Orbitolina (see text -fig. 6). 

It is obvious that if Orbitolina originated in this fashion, no supra- cortical development 
would appear in intermediate forms, since no such development appears even in perfectly 
symmetrical ones. So if Chapmanina, with its supra -cortical development, represents a 
primitive form of Dictyoconus (as suggested on p. 778 above), then the origin of Dictyoconus 
would have been quite different from that of Orbitolina; the upper structures having dis- 
appeared in the former case, the lower in the latter. Dictyoconus should (if my deductions 
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from Chapmanina are correct) be correlated with some symmetrical form 
plane -not upper surface -was occupied by chambers corresponding with the 
of Dictyoconus; while structures similar 
to the umbilical ones of Dictyoconus should 
have existed on both sides of those 
chambers. A. E. 

I cannot, at present, quote any 
symmetrical genus that conforms to this 
ideal; so the initial term is hypothetical 
in my proposed derivation of Dictyoconus, 
and the intermediate term in that of 
Orbitolina. 

785 

whose median 
peripheral ones 

ba 
d 

Genus Annulopatellina Parr and Collins, 
1930 (p. 92). 

Douvillé also (1904, pp. 653, 659) 
affiliated Orbitolina to a living Australian 
form which Carpenter (1862, p. 230; 
pl. xiii, figs. 16 -17) had described as a 
variety of Williamson's Patellina corrugata 
(1858, pp. 46 -47; pl. iii, figs. 86 -89a). 
Parr and Collins have, however, now 
redescribed this Australian form as 
Annulopatellina annularis (1930, pp. 93- 
94; pl. iv, figs. 8 -10) and shown that, 
unlike some other forms (including Orbito- 
lina) called "Patellina " by Carpenter, 
it belongs -like true Patellina -to the 
hyaline or perforate division of the foraminifera. It therefore cannot be affiliated to Orbitolina 
for the same reason that Gunteria cannot be affiliated to Dictyoconus. Nor does there seem to 
be any evidence that its internal structure resembles that of Orbitolina. 

Carpenter was, unfortunately, apt to magnify resemblances and ignore differences, so 

he often associated together the most incongruous types. His positive observations as to 
details of structure were, however, generally accurate; and since he knew practically nothing 
about the internal structure of Orbitolina, his description of Marginopora, which implies such 
resemblance to that structure, is probably quite objective and trustworthy. Assuming, 
therefore, the accuracy of his observations on Marginopora, I would suggest the following 
grouping of forms which seem to have the fundamental Orbitolina structure:- 

B. 

b a 

/üiiiiiiilm( << 

FIG. 6. 

A. Symmetrical (discoid) form like Marginopora. 
B. Intermediate form (hypothetical). 
C. Specialised (conical, and unsymmetrical) form like Orbitolina. 
a. Ultimate annulus. 
b. Penultimate annulus. 
c. Earlier annuli. 
d. Upper region, with isolated chamber- recesses. 
e. Outer face, with perforations between zigzag ridges crossing it. 
f. Lower region, with isolated chamber- recesses. 
f'. obsolescent; intermediate between f and f ". 

f ". Central complex. 
N.B. -These figures are schematic. The central complex is seldom 

apparent in axial sections, for intersections with zigzag ridges make all 
seem equally complex (cf. Pl. I, fig. 7). But in horizontal sections 
(cf. Pl. I, fig. 3) the ridges appear as such, and the central complex 
becomes distinguishable. Its vertical distribution is probably as shown 
above (fig. C). 

Cretaceous 
1 

Eocene 
2 

Neogene 
3 

Orbitolina 
2f 

Early / 
symmetrical Orbitolites . ? . Marginopora 

form 

N.B. -Of the above forms, Orbitolina alone exhibited an outer reticulation of the test. 
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(c) Conclusion. 

The proportions of silica and calcite in various tests seem to afford one of the least 
important of their distinctions (being largely due to local conditions) ; and subdivisions of 

the peripheral portions of the test are also of relatively little value (at least in porcellanous 
genera), being highly variable, and appearing in very different groups of forms. They may 
only indicate weakness or senility. On the other hand the porcellanous (imperforate) or 
hyaline (perforate) texture of the walls is probably a character of primary importance, since 
it decides whether the communications of the form shall be confined to its main apertures 
or be general, in addition, over its whole surface. Subordinate to the texture comes the 
involute or evolute, spiral or cyclical, symmetrical or unsymmetrical, method of development 
of the test; similar methods of development appearing in groups which have no immediate 
affinities with each other. In between, as a less fundamental character than texture, yet 
more significant than the method of development, come features (like the zig -zag ridges of 
Orbitolina) which, when related to a definite structural principle (as these ridges seem to be), 
afford better grounds for affiliation than the more purely adaptational characters just men- 
tioned, and apparently persist through variations in the type of development due to different 
environments or methods of existence. 

GENOTYPE OF ORBITOLINA. 

I assume, in this paper, that Orbitolina is the generic designation of the foraminiferal 
types listed as such by d'Orbigny. This has, however, become doubtful since Cushman 
(1928, p. 182; cf. 1933a, p. 174) selected O. gigantea d'Orbigny (1850, p. 279) as the genotype 
of Orbitolina, and Professor Douvillé (1933) showed that O. gigantea is a coral. If Cushman's 
selection stands, the term Orbitolina is a synonym for a coral. I accordingly visited Paris 
in 1938 in order to go into this matter, and was allowed, by courtesy of Professor C. Arambourg 
and Dr J. Cottreau, to examine d'Orbigny's collection in the Muséum National d'Histoire 
Naturelle. I found that it contained nothing to indicate the original material on which 
d'Orbigny founded his description of the genus. It is thus quite possible that the original 
material was what d'Orbigny saw in Lamarck's and d'Archiac's collections, etc.; so we are 
thrown back upon the contents of the " Prodrome " itself. The latter gives very few details 
for any of the original species, and quotes published illustrations only in the cases of 
O. lenticularis (Blumenbach, 1805, Ser. 8, No. 10, fig. 80) and O. concava (Lamarck, 1801, 
p. 376; 1816, p. 197). These illustrations, by Lamouroux (1821, pl. lxxii, figs. 13 -16) and 
Michelin (1842, pl. vii, figs. 9a c) respectively, are reproduced below (Pl. II, figs. 4 -8 for the 
former and figs. 9a c for the latter), and it will be seen that the figures of O. concava are much 
truer and less schematic than those of O. lenticularis. 

Thus O. concava seems to be the form best indicated in the " Prodrome " itself. It is 
also the best for studying the genus, being usually better preserved as well as much larger 
than O. lenticularis. It should obviously, in my opinion, be taken as the type of Orbitolina. 

A similar conclusion was expressed long ago by Parker and Jones (1860, pp. 35, 38, etc.) 
who actually called O. concava the "Type" of Orbitolina. They certainly treated several 
other forms- including O. lenticularis-as "varieties" of the same species; but their intention 
to regard O. concava as the standard representative of the group was unmistakable. 

It may be noted in this connection that de Lapparent (1930, pp. 473 -476) similarly 
thinks that O. conica, O. mamillata, O. plana, and O. concava were probably varieties of a 
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single species. However that may be, Parker and Jones's selection of O. concava as the 
" Type" singled it out as the representative of Orbitolina long before Cushman's nomination 
of O. gigantea for the same purpose; and this may obviate the unfortunate effects of a 

selection which nobody regrets more than Dr Cushman himself. Otherwise, application will 
have to be made to the International Commission to suppress the designation of O. gigantea. 

I reproduce (Pl. II, fig. 15) a photograph of a specimen of O. concava from the type area 
of Ballon, for comparison with photographs of the best preserved specimens of other species 
in the d'Orbigny collection. These show what d'Orbigny latterly, at least, regarded as 
representing Orbitolina, including O. gigantea. 
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DESCRIPTION OF PLATES. 

PLATE I. 

Fig. 1. Orbitolina texana (Roemer). From Glenrose Formation, Texas. Horizontal section, showing structure 
in outer parts of test. Bur. Econ. Geol. Austin, No. 17373. x 20. 

Fig. 2. Gunteria floridana Cushman and Ponton. PARATYPE. From 1100 feet in well of Suwannee Petr. Corp. 
near Cedar Keys, Florida. External view. Brit. Mus. (Nat. Hist.), No. P. 34170. x 8. 

Fig. 3. Orbitolina texana (Roemer). From Glenrose Formation, Texas. Horizontal sèction, showing central 
complex and zigzag ridges radiating outwards from it. Bur. Econ. Geol. Austin, No. 17374. x 20. 

Fig. 4. Dictyoconus walnutensis (Carsey). From Walnut Shales, 31- miles N.W. of Bridge over Bull Creek, 
and about 9 miles N.W. by N. of Austin. Horizontal section, showing central shield with circular perforations, 
etc., and single vertical partition in each peripheral chamber. (Compare with fig. 3 for differences between 
Dictyoconus and Orbitolina structure.) Bur. Econ. Geol. Austin, No. 17371. x 55. 

Fig. 5. Gunteria floridana Cushman and Ponton. PARATYPE. From 1100 feet in well of Suwannee Petr. Corp. 
near Cedar Keys, Florida. Young specimen. External view, prior to sectioning along line A -B. x 8. 

Fig. 6. Dictyoconus walnutensis (Carsey). From Walnut Shales, 32 miles N.W. of Bridge over Bull Creek, 
and about 9 miles N.W. by N. of Austin. Axial section, showing single horizontal partition in each peripheral 
chamber. Bur. Econ. Geol. Austin, No. 17372. x 55. 

Fig. 7. Orbitolina texana (Roemer). From Glenrose Formation, Texas. Axial section. Bur. Econ. Geol. 
Austin, No. 17375. x 25. 

Fig. 8. Gunteria floridana Cushman and Ponton. PARATYPE. From 1100 feet in well of Suwannee Petr. Corp. 
near Cedar Keys, Florida. External view, prior to sectioning. x 8. 

Fig. 9. Orbitolina texana (Roemer). From Glenrose Formation, Texas. Base view. Shows straight terminal 
portions of radiating ridges round the periphery; zigzag inner portions of ridges are less visible. Bur. Econ. Geol. 
Austin, No. 17376. x 10. 

Fig. 10. Same specimen as fig. 8, after sectioning. Perforations of outer wall visible near apex. Brit. Mus. 
(Nat. Hist.), No. P. 34172. x 30. 

Fig. 11. Same specimen as fig. 5, after sectioning along line A -B. Shows thick and perforate outer wall, and 
inner structure different from that of Dictyoconus (cf. fig. 4). Brit. Mus. (Nat. Hist.), No. 34171. x 40. 

Fig. 12. Orbitolina texana (Roemer). From Glenrose Formation, Texas. Apical view. Bur. Econ. Geol. 
Austin, No. 17377. x 10. 

PLATE II. 
Fig. 1. Orbitolina plana (d'Archiac) (1837, pp. 169 -178). From Cenomanian of La Malle (Var). Apical view. 

D'Orb. Coll., card No. 6733. x 4. 

Fig. 2. Orbitolina conoidea (Gras) (1852, pp. 34, 37, 52; pl. i, figs. 4-6). From Aptian of La Bédoule (Bassin 
du Rhône). Apical view. D'Orb. Coll., card No. 5721a. x 4. 

Fig. 3. Dr Blanchet's photograph (1918, pl. ii, fig. 1) of section of Jurassic rock from the Mont d'Or tunnel; 
regarded by Silvestri as indicating (by its central figure) the existence of Dictyoconus in the Portlandian. (Courtesy 
of the University of Grenoble.) x 21. 

Figs. 4 -8. Lamouroux' illustrations (1821, pl. lxxii, figs. 13 -16) of Orbitolina lenticularis (Blumenbach). 
Fig. 4 is his fig. 13; fig. 5 is not numbered by hint; figs. 6 -8 are his figs. 14 -16 respectively. Note the schematic 
and inexact nature of these figures. 

Figs. 9a -c. Michelin's illustrations (1842, pl. vii, figs. 9a -c) of Orbitolina concava (Lamarck). Note the 
superiority of these figures to those of Lamouroux. 

Fig. 10. Carpenter's illustration (1862, pl. iv, fig. 25), under the heading "Orbitolites," of the sarcode of 

Marginopora vertebralis Blainville (1830, p. 377): a -a', outer chambers; b -b', annular stolons (not present in 
Orbitolina); c -c', columns of sarcode crossing growing face of test, and sometimes bifurcating. Note alternating 
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communication of columns, implying presence of zigzag intermediate ridges, as in Orbitolina. (Courtesy of the 
Ray Society.) 

Fig. 11. Orbitolina. conoidea (Gras). From Aptian of Le Rimat (Ysère). Apical view. D'Orb. Coll., card 
No. 5721. x 4. 

Fig. 12. Orbitolina conoidea (Gras). Small specimen, probably megalospheric, on same card with specimen 
shown in fig. 11. Apical view. x 4. 

Fig. 13. Another small specimen on card No. 5721. Apical view. x 4. 

Fig. 14. A third small specimen on card No. 5721. Base view. x 4. 

Fig. 15. Orbitolina concava (Lamarck). From Cenomanian of Ballon (Sarthe). Apical view. Brit. Mus. 
(Nat. Hist.), No. P. 34169. x 4. 

Fig. 16. Orbitolina gigantea d'Orbigny (= Cyclolites ellipticus Michelin). From Senonian of Pérignac (Char. 
Inf.). Base impression, seen from above. D'Orb. Coll., card No. 8539. Natural size. 

Fig. 17. As fig. 16, but side view. Natural size. 
Fig. 18. Orbitolina gigantea d'Orbigny ( =Cyclolites ellipticus Michelin). From Senonian of Royan (Char. 

Inf.). Cast of specimen, seen from above. D'Orb. Coll., card No. 8539b. Natural size. 
Fig. 19. As fig. 18, but side view. Natural size. 
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I. INTRODUCTION 

THE type locality for the Upper Khirthar beds of India is the 
" Spin tangi " (or " white gorge "),1 a ravine traversing a 
prominent ridge in north -eastern Baluchistan ; so it may be 
as well to recall the main facts regarding the Eocene sequence 
there, which was said by R. D. Oldham (1890B, pp. 94-6; 
1892, pp. 21 -4) to consist, in ascending order, of Dunghan 
Limestone, Ghazij Shales and the Spintangi Group. 

(a) Dunghan Limestone 
This designation does not seem to be applicable to an 

Eocene formation. It first appears on a map (Oldham 
1890A, facing p. 58), where an area largely composed of 

1 For the co- ordinates of Spintangi, and other places mentioned in 
the text, see the geographical index on p. 224. 
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Cretaceous outcrops is coloured as "Dunghan Limestone ". 
Similarly, when first described in the text (1890B, p. 94), 
this limestone is said to form " the greater portion, if not the 
whole " of Dunghan Hill, and to be from 1500 to 1800 feet in 
thickness. Dunghan Hill appears to be entirely composed of 
Mesozoic rocks; and the "Dunghan Limestone " probably 
represents the whole Cretaceous sequence following the 
Neocomian belemnite bed, and may range from the Turonian 
to the Maestrichtian inclusive. The Geological Survey of 
India seems to have accepted Dunghan Hill as the type area 
for this formation (vide Holland and Tipper 1913 -6, p. 46), 
and referred it to the Cretaceous. Oldham himself stated 
that the Dunghan Limestone contains " characteristically 
cretaceous forms " such as " Crioceras, Baculites and Am- 
monites " (1893, p. 291) ; while the supposed " nummulites " 
in it, to which Oldham (loc. cit.) and Griesbach (1893, p. 115) 
referred, were afterwards said by Noetling (1894, p. 125; 
1897, p. 7; etc.) and Vredenburg (1908, pp. 172 -7, 191) to be 
Maestrichtian foraminifera, including Omphalocyclus macropora 
(Lamarck). Nevertheless, Nuttall (1925B, pp. 420 -1; 1926B, 
pp. 498 -9 ; etc.) applied the term " Dunghan Limestone " 
to the Lower Laki limestone which certainly exists elsewhere 
in Baluchistan; and I followed him (1927B, pp. 314, 317 -8; 
etc.), having omitted to check the origin of the term. Vreden- 
burg, who avoided the name " Dunghan " in this connexion, 
followed Griesbach in calling that Laki formation the 
" Alveolina Limestone " (1906A, p. 94 etc.) ; but this is an 
unfortunate expression, since limestones full of alveolines 
appear at several horizons in the Indian Eocene, and Nuttall 
shows (1925B, p. 419 etc.) that Vredenburg correlated the 
Baluchistan limestone with an Upper Laki limestone in Sind. 
I therefore suggest that the name " Bolan Limestone " would 
be more suitable for this Baluchistan formation. Nuttall 
shows (ibid. p. 420) that up to 200 feet of limestone of Lard 
age underlie a great thickness of Ghazij Shales in the Bolan 
pass ; and it was obviously this limestone, not that of Dunghan 
Hill, which Nuttall correlated with the Meting Limestone of 
Sind. It is possible that representatives of this limestone 
exist near Spintangi, but they should in any case be dis- 
tinguished from the main limestones of Dunghan Hill. What 
is more, the only fossils figured and described from this lime- 
stone have come from its exposures in the Bolan pass ; so 
those exposures alone offer, at present, a recorded standard 
for comparison. 

(b) Ghazij Shales 

Oldham's next term, "Ghazij Shales " (or " Ghazij 
Group "), is less open to objection. There has never been any 
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question as to the Eocene age of these shales in their type 
locality (the valley between Dunghan Hill and the Spin tangi), 
and their correspondence with similar shales found elsewhere 
in Baluchistan is certain. 

(c) The Spintangi Group 

The limestones etc. which succeed the Ghazij Shales in the 
Spin tangi itself are also undoubtedly of Eocene age; but, 
as with the lower elements of the series, Oldham gave them a 
local name, calling them the "Spintangi Group ", since he 
was not sure of their correspondence with any particular 
section of the already known Eocene sequence. A few years 
later (1893, p. 307), however, he treated this " group " as 
equivalent to the Khirthar ; but Vredenburg, who divided 
the Khirthar into Lower, Middle and Upper portions, regarded 
these Spintangi beds as representing the Upper Khirthar in 
particular. He cited N. complanatus and three more doubt- 
fully identified species as peculiar to the Upper Khirthar, 
while N. perforates and A. spira survived into its lower levels 
from the Middle Khirthar (1906A, p. 94 etc.). When geo- 
logically mapping Sind and Baluchistan, Vredenburg (1909A, 
pl. xii; 1909ß, fig. 9) showed great areas as exhibiting out- 
crops of " Spintangi " or Upper Khirthar beds. 

Vredenburg did little descriptive work on the foraminifera, 
however, and it is often difficult to identify the forms to which 
he referred. It is also certain that, owing to the relatively 
imperfect state of our knowledge of Indian fossil foraminifera 
at that time, Vredenburg was mistaken in some of his identi- 
fications ; and when Nuttall began the systematic revision 
of facts regarding Indian Tertiary foraminifera, he never 
dealt with the Upper Khirthar fauna. Although he must 
have worked over areas mapped as " Spintangi " by Vreden- 
burg, Nuttall listed only Lower and Middle Khirthar forms 
(1926A, B), passing over the Upper Khirthar to deal with the 
Oligocene. 

So far as I am aware, no subsequent worker has published 
any information regarding the Upper Khirthar, which con- 
sequently remains the least well defined section of the Indian 
Eocene, and one whose very existence might be questioned. 

II. THE SPINTANGI BEDS 

(a) The Type Locality 
It is unfortunate that little is known of the type area for 

Vredenburg's Upper Khirthar beds. The Spin tangi (about a 
mile to the north -west of which is a railway station named 
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after it) is traversed by the eastern portion of the Quetta - 
Pishin loop railway, when the latter turns southwards to join 
the main line at Sibi below the Bolan pass. The local stream 
(a tributary of the Nari river) has cut this tangi through a 
light -coloured limestone ridge, to whose aspect in bright sun- 
shine the gorge owes its name. The military road accompanies 
the railway through the gorge, since the latter affords the 
easiest passage across vertical beds striking approximately 
south -east to north -west. The largest -scale topographical 
map of the area which I could obtain was one at half an inch 
to the mile (Survey sheet No. 39 /C /N.W.), without contours, 
and dated 1891. Geological information is equally old, for 
the only existing details are still (so far as I know) those given 
by Blanford (1883) and Oldham (1890A, B, 1892, 1893). 
Blanford states that the Ghazij Shales at Spintangi are from 
500 to 1000 feet thick (1883, p. 92) ; and he notes the sulphur - 
etted hydrogen spring at their base. Oldham (1890B, p. 97) 
alone gives details of the overlying Spintangi beds, and even 
his description is almost purely lithological, since he mentions 
only two fossil genera and no fossil species. 

Military duty took me over the loop line in April 1922 and 
May 1923, and I broke the journey at Harnai and Spintangi 
in order to examine the sections there and make collections 
from them. The notes and collections then made were 
separately preserved, although I attributed no great im- 
portance to them at the time, since I thought that the Khirthar 
sequence there was equivalent to that of the Kohat district 
as seen in the Shekhan nullah, which I soon afterwards de- 
scribed (1924 -5). I noted, however, that the fauna in the 
uppermost Eocene beds at Spintangi differed to some extent 
from that of other Khirthar beds ; and although I regarded 
this as indicating no more than a local facies of similar age, 
I described one of its members as a variant, spintangiensis, 
of the species Dictyoconoides kohaticus (Davies) which abounds 
in Middle Khirthar beds elsewhere (1926A, p. 245, pl. xvii, 
fig. 6). 

When, however, I revisited the Kohat district in 1936 to 
complete my geological survey of it, I found reason to revise 
these early opinions. Thus I had shown (1924 -5, pl. viii, 
fig. 2 etc.) that the Upper Chharat beds (that is, Kohat and 
Nummulite Shales ; cf. Pinfold 1918) are succeeded, west of 
the Indus, by a considerable thickness of greyish massive 
limestone followed by yellowish nodular limestone (which I 
now call, respectively, the Lower and Upper Kohat Limestones) ; 

but I found, in 1936, that the latter is succeeded, near the village 
of Sirki Pela and elsewhere, by fragments of what obviously 
are not local representatives of the " Fateh Jang " contact 
débris zone between older and younger Tertiary beds but 
outliers of regularly bedded- shales, whose fauna distinctly 
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resembles that of the uppermost Eocene layers at Spintangi. 
I therefore began to suspect that the peculiarities at Spintangi 
had not so much a local, or geographical, value as a strati - 
graphical one ; in other words, that Vredenburg's idea of an 
Upper Khirthar zone (which Nuttall allowed, though he never 
described its fauna) might have some foundation in fact. 

I then made a more detailed examination of the forms 
collected from the uppermost parts of the Eocene sections at 
Spintangi and Harnai, and found that a large nummulite 
from the latter place is N. millecaput Boubée, which has never 
before been figured from India, while the dominant nummulite 
at Spintangi is identifiable, as is no earlier Indian nummulite, 
with N. beaumonti d'Archiac and Haime. I subsequently 
(1938) verified this fact by examining the representatives of 
N. beaumonti in d'Archiac and Haime's original collection 
in the Muséum national d'Histoire naturelle in Paris. Since 
this species has not (despite claims to the contrary) been 
found in Middle Khirthar beds, and since it is commonest 
in post -Lutetian beds of Europe, I regard its sudden appear- 
ance in considerable numbers in the uppermost Spintangi 
layers as indicating their probable correlation with the 
Auversian.' I would not place them above the Auversian 
for three reasons : (1) no typical Upper Eocene (that is, 
Priabonian, or Bartonian plus Ludian) form appears even in 
their highest levels ; (2) forms like N. obtusus and N. uroniensis, 
which do not (according to Boussac) survive the Auversian 
in Europe, appear throughout them; and (3) the uppermost 
Lutetian N. millecaput is found either in or just below their 
lower portions at Harnai. 

(b) The General Sequence 

The lowest element of the section just east of Spintangi 
railway station is afforded by an anticlinal mass of limestone 
which outcrops to the north. This is the " Galusha Hill " 
of Oldham's text (1890A, p. 57) and maps, and forms the end 
of a long spur extending from Dunghan mountain itself. 
My notes refer it to the Cretaceous ; but I collected no fossils 
from it, so cannot now check that reference. If- it is of 
Cretaceous age, a considerable unconformity must follow it, 
since the Cardita beaumonti, Ranikot, and lowest Laki elements 
would all be locally missing. The next succeeding beds are 
olive and red Ghazij Shales, the contact being marked by a 
spring, with sulphur nodules and a strong smell of H2S. 

Lemoine, who discusses the various names proposed for this zone 
(1911, pp. 199, 242, etc.), thinks that the term "Ermenonvillian" is 
the most correct. " Auversian " seems, however, to be legitimate 
and much more familiar; so I use it, since its intention is undoubted. 
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I estimated the Ghazij Shales here to be about 1000 feet 
thick. Their dip is about 40° to the south -west near their con- 
tact with the limestones at their base, but increases to about 
80° where they meet what I take to be the bottom of Oldham's 
" Spintangi Group ". Masses of tufaceous conglomerate, 
containing pebbles of nummulitic limestone, lie on the upturned 
edges of these shales. 

Succeeding the Ghazij Shales are the following beds, which 
may be said to occupy the pass, or tangi, itself. The dips 
continue to increase, from about 80° to the south -west with the 
lowest beds to about 80° to the north -east with the latest 
ones, the aspect of the section in the pass being fan -shaped, a 
feature noted by Oldham (1890B, p. 101). 

Feet 
1. Nodular limestone, with many Nummulites atacicus and other 

foraminifera, also largo echinoid fragments (Conoclypeus ?) 20 
2. Shales etc. 300 
3. Thin- bedded limestone with N. atacicus, Assilina daviesi, 

Alveolina oblonga, small Dictyoconoides kohaticus, etc. . 60 
4. Shales etc. 100 
5. White calcareous clays, with gypsum lenticles up to 20 feet 

. . . . . . 60 
6. Light grey and yellowish shales 50 
7. Prominent limestone mass, associated with molluscan casts 

of Kohat Shale aspect . . . . . . . 30 
8. Yellowish shales . 80 
9. Prominent pale grey to pinkish grey massive limestone, with 

Assilina rota n. sp. (p. 215) on top . . . . . 100 
10. Shale parting . 20 
11. Pale grey to pinkish grey massive limestone, with some shale 

partings containing many molluscs (Corbin, Pecten, etc.), 
numerous A. rota and many D. kohaticus var. spintangiensis 100 

12. Yellow nodular limestone with Nummulites beawmonti 
(numerous), N. obtusus, A. rota, D. kohaticus var. spin - 
tangiensis, Alveolina elliptica, molluscs, etc. . . . 30 

Total . 950 

After this comes a marked unconformity, the next deposits 
being a great thickness of soft, green, porous sandstones and 
red beds of Upper Tertiary age. 

From the base of the Ghazij Shales to bed 5, the profile of 
the section rises about 350 feet (measured by aneroid baro- 
meter), and from bed 5 to bed 11 another 350 feet ; after which 
it descends to the south -west. The hard, vertically dipping 
limestones of beds 9 and 11 form the central core of the ridge. 

So far as I can judge, bed 1 may represent the Shekhan 
Limestone, or uppermost Laki horizon found in northern 
latitudes. Bed 3, with its mixture of Laki types (A. daviesi de 
Cizancourt 1938) and Khirthar ones (small D. kohaticus), 
may represent a later Laki or basal Khirthar level. Beds 4 
to 6 inclusive, with their gypsum, may correspond with the 
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Lower Chharat (Lower Khirthar) beds of Kohat, which also 
show thick gypsum deposits. Beds 7 and 8 may correspond 
with the Kohat Shales, of lower Middle Khirthar age (I found 
N. laevigatus, which commonly appears in the Kohat Shales 
farther north, in the bed corresponding to bed 8 at Harnai). 
Bed 9 may represent a reduced version of the Nummulite 
Shale and Kohat Limestones (which constitute the upper 
Middle Khirthar beds of the Kohat district). Beds 10 to 12 
may be provisionally regarded as representing the Upper 
Khirthar. 

Oldham's sequence (1890B, p. 97) was given in descending 
order, and a fair correspondence can be made between his beds 
(totalling 1006 feet, and apparently measured) and mine 
(totalling 950 feet, and only estimated), as follows :- 

OLDHAM DAVIES 
1 corresponds with 
2-4 

12 
11 

5 10 
6 9 
7 -8 8 -5 
9 -10 4 -2 

11 

The gypsum, whose existence Oldham particularly notes 
(1890B, p. 98), is located near the junction of his beds 8 and 9 
and of my beds 5 and 4. 

If this correlation is correct, Oldham's " Spintangi Group " 
includes Laki elements as well as Khirthar ones. That, how- 
ever, is not surprising, since most observers have agreed that 
the Laid grades imperceptibly into the Khirthar in 
Baluchistan. 

The more immediate concern here is with the uppermost 
members of the sequence : that is, from the top of my bed 9 
to bed 12 inclusive; and (if the above correlation is correct) 
from the top of Oldham's bed 6 to bed 1 inclusive. If the 
suggested correlation with the Kohat sequence also is correct, 
the Sirki Shales of the latter would correspond approxi- 
mately with bed 10 of my Spintangi sequence, and may overlap 
parts of beds 9 and 11. 

The facts which seem to justify recognition of this as the 
latest known Indian Eocene zone are that it appears at the top 
of the Eocene sequence both in the Kohat district and in 
Baluchistan, that it alone contains true N. beaumonti, and that 
at this latest horizon alone do the other three principal forms 
(A. rota, Alv. elliptica and D. kohaticus var. spintangiensis) 
become the dominant representatives of their respective 
genera. 

The Ghazij Shales are more varied and fossiliferous at 
Harnai than at Spintangi ; but the Khirthar beds are less 
complete at Harnai, where more of the later elements were 
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removed before the deposition of the Upper Tertiary sand- 
stones. I found several representatives, however, at the top 
of the uppermost limestone at Harnai (equivalent to bed 9 
at Spintangi) of the large nummulite to which Vredenburg 
must have referred when talking of N. complanatus. These 
Harnai specimens appear to be N. millecaput Boubée (re- 
ferred by older geologists to N. complanatus Lamarck), and 
would indicate an uppermost Lutetian age. 

I therefore offer this paper on the subject. It describes the 
principal contents of the latest Eocene beds at Spintangi, with 
the object of showing what Khirthar fauna, if any, can be 
said to succeed Nuttall's " Middle Khirthar ". 

III. DETAILS OF SPECIES 

Genus NUMMULITES Lamarck 1801 

Nummulites beaumonti d'Archiac and Haime 1853 

Pl. IX, figs. 1 -9 

Nummulites Beaumonti n. sp.; d'Archiac & Haime 1853 -5, pp. 133 -4, 
181, pl. viii, figs. 1 -3. 

Nummulites Beaumonti d'Archiac & Haime; de la Harpe 1883, pp. 
180-2, pl. axxi, figs. 37-47. 

Nummulites 
50, 59, pl. vi, fig. 7. 

Nummulites Beaumonti d'Archiac & Haime; Llueca 1929, pp. 146 -7, 
text -fig. 29. 

Nummulites Beaumonti d'Archiac & Haime; Rozlozsnik 1929, pp. 
118 -23. 

Nummulites atacicus Leymerie var. Beaumonti d'Archiac & Haime; 
Cuvillier 1930, pp. 139, 236, pl. xv, figs. 3 -5, pl. xvi, fig. 16. 

Camerina cf. kelatensis (Carter) ; Caudri 1934, pp. 53 -6, 203 -7, p1. i, 
figs. 4-5, 10. 

Nummulites Beaumonti d'Archiac & Haime; Doncieux 1937, p. 211, 
pl. xii, figs. 1 -2. 

Nummulites Beaumonti d'Archiac & Haime; Flandrin 1938, pp. 58 -9, 
pl. iv, figs. 24-6. 

Lectotype. -Original of d'Archiac and Haime's first figure 
(1853 -5, pl. viii, fig. 1), a photograph of which is shown here 
(Pl. IX, fig. 1). 

D'Archiac and Haime said that their types of this species 
came from Mount Carmel and Egypt in the west, and from 
" Subathoo " (Subathu), " Cherra Poonji " (Cherra Punji) 
and near " Silhet " (Sylhet) in the east. Most of this material 
seems now to be lost, but nine specimens from Egypt, which are 
probably those which the authors thought the most important, 
still remain in their collection in the Muséum national 
d'Histoire naturelle in Paris, to which I was kindly given access 
by Professor C. Arambourg and Dr. J. Cottreau. These speci- 
mens are mounted on two cards, and seem to include the 
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originals of d'Archiac and Haime's figures ; so, with the con- 
sent of Professor Arambourg and Dr. Cottreau, I cite what 
appears to be the original of d'Archiac and Haime's first 
figure as the lectotype of the species. 

The nine original specimens vary in size from 54 by 24 mm. 
to 104 by 3 mm. (the original of d'Archiac and Haime's fig. 2), 
the average dimensions being 8 by 31 mm. The lectotype 
measures 9 by 31 min., and the stoutest form is the original of 
d'Archiac and Haime's fig. 3, which measures 81 by 44 mm. 
A specimen of average diameter (8 mm) has 12 to 13 whorls. 
The chambers are about 14 to 4 times as high as long. There 
are about 54 chambers in the tenth whorl. Chamber partitions 
are almost straight, inclined at about 10° to the radius at the 
bottom, and only slightly recurved at the top. There are three 
whorls in the outer half of a radius measuring 21 mm. 

I was allowed to prepare a meridian section of one of the less 
well -preserved specimens, and this elicited the fact that the 
species possesses buried polar pustules, which extend for about 
0.8 or 0.9 mm. from the centre along the axis on either side. 
Another feature is the presence of transverse trabecules on the 
septal filaments (faintly visible on the photograph of the 
lectotype). 

De la Harpe's description of Lybian N. beaumonti doubtless 
refers to this form, whose internal characters he represents 
fairly accurately, though he shows no polar pustules in 
meridian section. 

The Spintangi specimens agree fairly well with d'Archiac 
and Haime's species. They vary from 54 by 22 mm. to 10 by 
4- mm. in size, the average dimensions of 30 specimens being 
71 by 31 mm. The ratio of thickness to diameter seems to be 
about 1 : 21 for all sizes, although individual variations range 
from 1 : 2 down to nearly 1 : 3. The spire is very regular, 
chambers and whorls increasing slowly and evenly in size. 
Specimens of average diameter (71 mm.) have 12 or 13 whorls, 
with about 60 chambers in the last one. There are three whorls 
in the outer half of a radius measuring 21 mm. The marginal 
cord is thin, not exceeding one-sixth of the height of the 
subjacent chambers. The chambers are twice as high as long 
in the inner whorls, but their height hardly exceeds their 
length in the outer whorls. Chamber partitions are almost 
straight, nearly vertical at bottom, and only slightly recurved 
at top. The test is smoothly lenticular, with septal filaments 
almost straight at the periphery but curved round at the poles. 
Meridian sections show very characteristic buried polar 
pustules, which extend about half -way from the centre to 
the surface and are more or less abruptly succeeded by scat- 
tered polar pillars which themselves fade out before reaching 
the surface. Transverse trabecules are sometimes seen, but 
are rudimentary. 
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Distribution. -I have hitherto found this species only in the 
uppermost bed of the Spintangi section, and in collections from 
Eocene beds of Upper Siju in Assam, not far from Cher - 
rapunji, where some of d'Archiac and Haime's types were 
found. Both Dalton (1908, p. 612) and Cotter (1912, pp. 
226, 234, 236) thought they found N. beaumonti in the upper- 
most Eocene beds near Kyet -u -bok in Burma, and they were 
probably right. The species seems to have extended beyond 
Burma to the south -east, for Caudri figures very similar forms 
(as Camerina cf. kelatensis) from Soemba, and says that the 
type has also been found in Nias, Java and elsewhere in the 
Dutch East Indies. The buried polar pustules of the Dutch 
East Indian form are well shown by Caudri's meridian section 
of it (1934, pl. i, fig. 10). 

In the opposite direction, the species seems to extend to the 
western borders of the Mediterranean, for it appears, though 
rarely, in Algeria. It has not yet been found in Spain. M. 
Flandrin, who does not figure the meridian section, tells me 
(private communication) that the Algerian forms have buried 
polar pustules and agree with my descriptions of the Indian type. 

As to its vertical distribution, Llueca states that the species 
appears in the Auversian, Bartonian and Ludian ; Doncieux 
states that the Egyptian and Syrian N. beaumonti appear in the 
Upper Lutetian and Bartonian ; and Flandrin says that the 
Algerian specimens appear in the Upper Lutetian and Ledian 
(Auversian). It is clear, therefore, that the appearance of this 
species in considerable numbers at the top of the Spintangi 
sequence indicates that the " Spintangi " (Upper Khirthar) 
beds of North -West India are either latest Lutetian or post - 
Lutetian in date, and may be provisionally referred to the 
Auversian. 

Affinities.-Flandrin's illustrations (1938, pl. iv, figs. 27 -34) 
of N. contortus Deshayes from Algeria show marked resem- 
blance to N. beaumonti, and, if correctly identified, indicate 
that N. contortus is only distinguishable from the latter by its 
larger size, relative thinness and thinner marginal cord. 
Buried polar pustules are clearly seen in the meridian section 
(fig. 34). Transverse trabecules are rudimentary on these 
specimens, but are strongly developed on specimens registered 
by H. Douvillé as N. contortus from the type area of Mont 
Faudon above the village of Chaîllol in the Hautes Alpes, which 
were shown to me at the École des Mines in Paris. It seems 
possible that N. contortus (a more distinctively Priabonian 
form) was derived from N. beaumonti. On the other hand, a 
form from which N. beaumonti itself may have been derived 
abounds in the Kohat Shales (lower Middle Khirthar) of the 
Kohat- Potwar basin, and I propose to call it N. pinfoldi, after 
Mr. E. S. Pinfold of the Attock Oil Company, with whom I 
recently worked in that region. 
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I have not seen the form which Nuttall (1926A, pp. 130 -1, 
pl. i, figs. 4-5) called N. beaumonti. It may belong to the same 
group as N. beaumonti, but Nuttall says nothing about its 
possessing pillars or polar pustules, and gives no meridian 
section which might show the presence of these. In any case, 
the smaller size of his form and its more crowded spire (which 
exhibits four whorls instead of three in the outer half of a 
radius measuring 22 mm.) prohibit identification of it with 
N. beaumonti. 

Nummulites pinfoldi n. sp. Pl. X, figs. 1 -6, 8 

Nummulites cf. ramondi Defrance; Davies 1924 -5, p. 211 etc.; 1926B, 
p. 199 etc. 

Holotype.- British Museum (Natural History) No. P. 35023. 
Some hundreds of specimens of this form, which in earlier 

papers I doubtfully referred to N. ramondi, have been exam- 
ined. It is externally unlike N. beaumonti, being smaller 
and having a flattened or excavated pustule at each pole. 
It varies considerably in size, the largest specimens appearing 
in the southern parts of the Kohat district (Bahadur Khel 
etc.), smaller ones in the northern parts of the Kohat- Potwar 
basin ( Kohat, Chharat etc.), and the smallest to the west 
(Jandola etc. in Waziristan). The biggest specimen measured 
8.1 by 3.1 mm., the average dimensions of over 100 being 5j- 
by 2¡- mm. Thus, although smaller than N. beaumonti as 
found at Spintangi, the ratio of thickness to diameter is 
almost the same. The number of whorls in this Kohat Shale 
form varies from 10 to 12 at 6 mm. diameter, and there are 
about 55 chambers in the last whorl at that size, these features 
agreeing with those of the Spintangi N. beaumonti. As with the 
latter, there are three whorls in the outer half of a radius 
measuring 2-- mm. Similarly, the marginal cord is thin, the 
relative height of the chambers decreases from twice their 
length in the inner whorls to about one and a half times their 
length in the outer whorls, and the septa are almost straight, 
often nearly vertical at bottom and little recurved at top. 
Thus, in spite of the differences in external appearance, there 
are marked internal resemblances between this form and N. 
beaumonti. I cannot identify it with the latter, however, and 
as I know of no other to which it can be referred, I treat it as a 
new species. 

Distribution. -I have found N. pinfoldi in practically all out- 
crops of the Kohat Shales, but not yet at any other level. 

Affinities.-The resemblance of N. pinfoldi to N. beaumonti 
is noted above. It also resembles an earlier form, N. globulus 
Leymerie, which I described from the Upper Ranikot beds at 
Thal (1927A, pp. 271 -3, pl. xx, figs. 6 -10) and also found on the 
Salt Range (1937, pp. 22, 24, 67). This resemblance caused my 
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early references to N. pinfoldi as " N. ramondi ", a term often 
applied in the past to members of the N. globulus group. 
Thus the Upper Ranikot N. globulus (which probably survived 
far into the Laki) seems to be linked by the Middle Khirthar 
N. pinfoldi to the Upper Khirthar N. beaumonti, which 
apparently led to N. contortus. Whether genetically connected 
or not, these four species have very similar internal characters, 
and obviously represent a closely affiliated group of successive 
forms ranging from the Paleocene to the uppermost Eocene. 

Nummulites kelatensis Carter 1861. Pl. X, figs. 7, 10 -11 

Nummulites kelatensis n. sp.; Carter 1861, p. 376, pl. xv, figs. 6 -6d. 

Lectotype.- British Museum (Natural History) No. P. 33726. 
This species has not been re- identified in Indian deposits 

since Carter first described it ; but some recent workers have 
thought they found it in the Dutch East Indies, figuring forms 
which, in certain cases, seem to be really N. beaumonti. In 
order, therefore, to make sure of the characters of this species, 
I referred to Carter's collection at the British Museum (Natural 
History), and was allowed by the Keeper of Geology both to 
examine the original types of N. kelatensis and also to section 
some of them for this paper. 

are about 40 in number The largest 
measures 8.3 by 2.4 mm. and the smallest 4.8 by 1.8 mm., the 
average size being 61. by 24 mm. The form is lenticular, with 
sharp border. The septal filaments are regularly spaced and 
rather sigmoid. Small pustules, or close -set groups of pillars, 
generally (not always) appear at the poles, and polar pustules 
or pillars appear in meridian sections of the form, though 
varying in degree of development. Rather imperfect speci- 
mens were selected for sectioning, and they tended to break 
up under the process ; but it seems that there are eight to 
nine whorls in the larger specimens, about six or seven 
appearing in a radius of 3 mm., with about 45 to 50 chambers 
in the outermost whorl at that radius. There are only about 
1} whorls in the outer half of a radius measuring 21, mm. 

Distribution.- Carter found this species in collections from 
the valley of Kelat. Its horizon is doubtful, but since its 
associates are said to have been small foraminifera, apparently 
including Alveolina oblonga (called by Carter a small variety 
of Alv. elliptica), it probably belongs to the Laki. 

Affinities.-This species seems, as Carter said, to be quite 
distinct from N. beaumonti, which is also a much later form; 
but it approaches the late Ranikot and early Laki form which 
I described as N. lahirii (1937, pp. 25 -6, pl. iii, figs. 12 -15). 
It differs from the latter in being rather smaller and relatively 
stouter, with a more rapidly opening spire and fewer chambers. 
But some Laki specimens referred by me to N. lahirii approach 
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N. kelatensis very closely (cf. 1937, pl. iii, fig. 13) and may be 
transitional to it. They were collected from the base of the 
Laki series both on the Salt Range (for example, at Jaba) and 
in Sind (for example, at Petiani). 

Nummulites millecaput Boubée 1832. Pl. X, fig. 9 

Nummulites complanata n. sp.; Lamarck 1804, p. 242, no. 4. 
Nummulites millecaput n. sp.; Boubée 1832, pl. xv, figs. 1-4. 
Nummulites complanata Lamarck; d'Archiac & Haime 1853 -5, p. 87, 

pl. i, figs. 1 -3. 
Nummulina complanata Lamarck; Heim 1908, pp. 208 -12, pI. vi, figs. 

21, 25 -7. 
Nummulites millecaput Boubée ; Boussac 1911, pp. 93 -7, pl. i, figs. 7, 

15, pl. iv, fig. 15, pl. v, fig. 10. 
Nummulites millecaput Boubée; Llueca 1929, pp. 155 -8, pl. vii, figs. 

1-4, pl. viii, figs. 1 -2. 
Nummulites millecaput Boubée; Doncieux 1937, p. 217, pl. xii, figs. 

12 -13. 
Nummulites millecaput Boubée; Flandrin 1938, pp. 27 -9, pl. ii, figs. 

6-9. 

This species may have been first described by Lamarck, 
but he did not figure the specimens to which he referred and 
could not even say where they had been collected. The 
first description undoubtedly referring to this species was by 
Boubée, so later workers have generally given it Boubée's 
designation. The species is always large, but varies greatly 
in size. Heim shows a table (1908, p. 210) quoting particulars 
of forms ranging from 20 to 42 mm. in diameter, and says 
(p. 209) that the largest specimen measured 90 by 5.5 mm. 
According to Boussac, some Cretan specimens reach 120 mm. 
in diameter. Flandrin states that Algerian specimens usually 
vary from 20 to 40 mm. in diameter, the largest measuring 
72 by 5 mm. Doncieux found Syrian specimens measuring 
from 28 to 82 mm. in diameter. 

The specimens which I collected at Harnai measure from 
45 to 50 mm. in diameter, and show from 22 to 26 whorls, the 
number of chambers in an outer whorl being up to 200. 
The cord is thin, and the chamber partitions are very sloping 
throughout. The specimens agree fairly well with d'Archiac 
and Haime's smaller drawing (1853 -5, pl. i, fig. 2) of " N. 
complanata ", though their chambers are rather more crowded; 
and they correspond closely with Doncieux's photograph 
(1937, pl. xii, fig. 13) of N. millecaput. 

Distribution. -This is almost certainly the form referred 
to by Vredenburg (1906A, p. 88) as " N. complantu8, the 
largest of all the Indian nummulites ". Although I only 
found it at the top of the Harnai sequence, it may well exist 
at the corresponding level (top of bed 9) at Spintangi, my 
failure to find it there being probably due to lack of time for 
proper search and to my preoccupation with the fauna of 

Q.J.G.S. No. 382 P 
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the higher beds. It is worth noting, however, that it does not 
seem to appear in the Middle Khirthar beds of the Kohat 
district, nor did Nuttall report it from his Middle Khirthar. 
According to Flandrin (1938, p. 29), N. millecaput has a very 
limited stratigraphie range in Algeria, where it is a zone 
fossil for the upper parts of the Upper Lutetian. 

Its appearance in India seems to be equally limited. 
D'Archiac and Haime, like Nuttall, did not find it in their 
Indian collections; and although Vredenburg apparently 
found many more and much larger specimens than I did, he 
only places its appearance in one of the four zones of his 
Upper Khirthar (1906A, p. 94). Its appearance at the top of 
the Harnai sequence (and, by inference, in the upper parts of 
bed 9 at Spintangi) may therefore serve to date the same 
as uppermost Lutetian, and imply that later horizons (beds 
10 to 12 inclusive) at Spintangi may represent the Auversian. 

Affinities.-The smaller representatives of this species are 
overlapped in size by N. carteri d'Archiac and Haime, which 
Vredenburg, Nuttall and I all found at lower levels in the 
Khirthar. But d'Archiac and Haime regarded the types as 
distinct, and Vredenburg (1906A, p. 88 footnote) and R. 
Douvillé (1906, p. 67) also distinguished between them; 
for N. carteri belongs to the N. laevigatus group, and is dis- 
tinguished by its more open spire and tendency to granulation. 
Its chambers are also different in shape, the partitions being 
more boldly arched, almost vertical at bottom and more sloping 
at top. Since N. millecaput seems to appear suddenly in 
Algeria, as a zone fossil for the uppermost Lutetian, I suspect 
that its similarly sudden and limited appearance in India 
may indicate a " swarming " of that species into outlying 
areas at the close of the Lutetian. 

Nummulites obtusus (Sowerby) 1837 -40. Pl. XI, fig. 14 

For synonymy, see Nuttall 1926A, p. 137. 
This form, originally described from Cutch, was regarded by 

Boussac (1911, pp. 74-5) as an Indian variety of N. uroniensis. 
Dainelli (1915, p. 184 etc.) also identified it with N. uroniensis. 
I have found it ranging from the Kohat Shale into the 
Nummulite Shale (where it abounds), through the Kohat 
Limestones and Sirki Shales into the uppermost parts of the 
Spintangi sequence (where it is relatively rare). 

Nummulites uroniensis Heim 1908 

Nummulina uroniensis de la Harpe; Heim 1908, pp. 226 -33, pls. i, ii, 
& iii, figs. 1 -11. 

This form, described with abundance of figures by A. Heim 
(who identified it with a type described as " Nummulina 
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perforata d'Orb. var. uranensis " by de la Harpe) is probably 
represented in India by specimens which Professor H. Douvillé 
regarded as identifiable with it, when he saw my collections 
in 1930. Similar specimens appear in the Sirki Shales. This 
is probably the " N. perforatus " which Vredenburg men- 
tioned as surviving into the lower levels of the Upper 
Khirthar. 

According to Boussac (1911, pp. 75, 107), N. uroniensis, 
which he identifies with N. perforatus, is derived from N. 
laevigatus and ranges through the Upper Lutetian and the 
Auversian, becoming extinct just before the Priabonian. 

Genus ASSILINA d'Orbigny 1825 

The identification of assilines is often uncertain, owing to 
the relative paucity of their specific characters as compared 
with those of nummulites ; some general remarks about 
Khirthar forms may not, therefore, be out of place. 

One of the commonest of these is A. exponens (Sowerby), 
and its identification presents no difficulty since it is an 
Indian species, the type area being Cutch. Assilina exponens 
differs in little but size from A. granulosa (d'Archiac) which 
appears in the Laki. These are relatively massive and 
involute forms, with smooth surface, through which granules 
along the courses of cord and chamber partitions are apt to 
appear, especially in the smaller type A. granulosa (which, 
however, is much less granulated than some other assilines). 

Another common Khirthar form, equalling A. exponens in 
diameter, but more evolute and with granules abundant over 
chamber spaces as well as over cord and partitions, was de- 
scribed as A. papillata by Nuttall. Many years before that, 
a larger and still more evolute Indian form, with more pro- 
minent marginal cord but otherwise similar to A. papillata, 
had been described as A. irregularis by Carter. D'Archiac 
and Haime (1853 -5, p. 343) identified the latter with A. spira 
(de Roissy), and Nuttall (1926A, p. 142) did the same. 

From what I have seen, however, it is impossible to dis- 
tinguish, except in size, between Nuttall's A. papillata and 
Carter's A. irregularis; so if the latter is invalid by synonymy 
the former is also invalid. Yet A. papillata is distinct from 
forms figured as small A. spira by Douvillé and O'Gorman 
(1929, pl. xxxii, figs. 19 -21), and A. irregularis seems to me 
equally distinct from forms figured as full -sized A. spira by 
d'Archiac and Haime (1853 -5, pl. xi, figs. 1 -5) and by Nuttall 
(1926A, pl. vi, fig. 8). 

For the present, therefore, I prefer to retain the two Indian 
names for the Indian specimens. They represent forms 
with more excavated poles, more irregular spire, and more 
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nakedly prominent cord (when it is prominent) than appear in 
A. spira, and resemblances may be due to convergence. 
They also commonly show granules over the chamber spaces, 
which are not characteristic of A. spira. 

I do not propose to unite the terms A. papillata and A. 
irregularis (which would make the former disappear by 
synonymy) because, although the types grade into each other, 
I have only seen A. irregularis in the upper parts of the Middle 
Khirthar. It is therefore convenient to keep the term A. 
papillata for the smaller, more variable and generalized form 
which appeared first, and A. irregularis for its most evolute 
derivative. An involute derivative, from the same source, 
may be found in the form here described as A. rota. 

It is probable that true A. spira also appear in India. 
Nuttall's larger figured specimen agrees with d'Archiac and 
Haime's illustrations; and the latter said (1853 -5, pp. 156, 
181) that they found A. spira in material from Subathu. 
They were less sure about specimens from Sind, which were 
probably A. papillata. 

Assilina papillata Nuttall 1926 
Pl. XI, figs. 1, 3, 6, 8, 10 -12 

Nummulites granulosa d'Archiac (pars) ; Fedden 1879, p. 199. 
Assilina papillata n. sp.; Nuttall 1926A, pp. 144-5, pl. vi, figs. 5 -7. 

This species, as found in Sind, has been well described by 
Nuttall. It is very common in the north (Kohat -Potwar 
basin and Waziristan), where its average diameter is about 
the same (17 mm.), although specimens measuring 20 to 21 
mm. are fairly common as against the maximum of 19 mm. 
quoted for Sind ; and the northern forms seem to be relatively 
thinner than those seen by Nuttall. These are minor matters, 
but I would amend Nuttall's description in one respect, for 
he says that the thickness of the test is practically the same 
at the centre as at the periphery. This ignores the fact that 
the centre itself is nearly always excavated, as Nuttall's 
own external views indicate, and as meridian sections prove; 
for the whorls are evolute practically from the first. Equa- 
torial sections show considerable variation, the spire being 
characteristically loose and irregular, while the spacing of the 
chambers is equally inconstant. 

Fedden and Rupert Jones labelled some specimens of this 
species (Nos. H. 43/175 -176 in the collections of the Geo- 
logical Survey of India) as " Nummulina granulosa ". But 
the species is quite distinct from the Assilina granulosa /A. 
exponens group, being always more evolute, and sometimes 
showing so prominent a marginal cord as to excuse a reference 
to A. spira. 
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Distribution.- According to Nuttall, this species charac- 
terizes the later Middle Khirthar beds of Sind. In the north, 
it is common in the Upper Chharat beds (Kohat and Num- 
mulite Shales) of the Kohat -Potwar basin and Waziristan, 
and continues into the Sirki Shales. It is probably the " A. 
spira " which Vredenburg mentioned as surviving into the 
lower levels of the Upper Khirthar. I also found it in collec- 
tions from Assam (though not associated with N. beaumonti). 

Affinities.-As shown below, this species may be related to 
the more exclusively Upper Khirthar A. rota, which would 
represent a very involute modification of it. The opposite, 
or evolute, extreme is probably represented by the form 
described as A. irregularis by Carter. 

Assilina irregularis Carter 1853. Pl. XI, fig. 9 

Assilina irregularis n. sp. ; Carter 1853, p. 168, pl. vii, figs. 5-6; 1857, 
p. 540, pl. xxiii, figs. 5 -6. 

Nummulites spira de Roissy (pars); Fedden 1879, p. 199. 
Assilina spira (de Roissy) (pars); Nuttall 1926A, p. 143. 

This species, described by Carter as having a prominent 
cord, irregular spire, excavated poles, and granules faintly 
visible over the chamber spaces, seems to be related to A. 
papillata. The diameter of the largest specimens, according 
to Carter, is about eleven -twelfths of an inch, or 22 to 23 mm., 
which hardly exceeds that of undoubted A. papillata in the 
Kohat district ; and its other characters affiliate it to that 
species. Carter's collection actually contains much larger 
specimens than those first noted by him, for ones numbered 
P. 29183 -29184 from the valley of Kelat measure 35 and 27 
mm. respectively. I found specimens up to 25 mm. in dia- 
meter weathering out of the Kohat Limestones, in company 
with N. obtusus. In the collections at Calcutta, Sind specimens 
numbered II. 43/179, from 12.3 by 1.7 mm. up to 26.7 by 2.1 
mm. in size, were referred to A. spira by Fedden and Rupert 
Jones, some of these being typical A. papillata, and showing 
how the latter merges into A. irregularis. 

Distribution. -As noted above, A. irregularis is only known 
to appear late in the Middle Khirthar. It is relatively rare, 
but has been found in Sind, Baluchistan and Kohat. 

Affinities.-This form seems undoubtedly to be related to 
A. papillata, of which it is the most evolute -and therefore 
the largest and relatively the thinnest - variant. 

Assilina rota n. sp. Pl. XI, figs. 2, 4-5, 7, 13 

Holotype.- British Museum (Natural History) No. P. 35038. 
I collected over 100 specimens of this form, mostly from 

the upper parts of bed 9 to bed 12 inclusive at Spintangi and 
the rest from the Sirki Shales of the Kohat district. The 



216 L. M. DAVIES ON THE [VOL XCVi, 

largest specimen measured 18.3 by 2.8 mm., the average adult 
dimensions being ln by 2 mm. The test is decidedly involute 
at first, and as a consequence shows marked polar thickening. 
Owing to a rapid increase in the width of the chambers, 
coupled with the less involute nature of later whorls, the test 
often shows a swollen rim as well as a central boss. This 
tends to give it a wheel -like appearance, for which reason I 
propose to call the species A. rota. Owing to the involute 
nature of the test, the surface markings of this species are 
much less prominent than those of A. papillata, but they 
resemble the latter more than they do those of any other 
species. Equatorial sections show a more regular and closely. 
wound spire than that of A. papillata, there being 11 to 12 
whorls in a radius of 7 mm. ; but the considerable length of 
the chambers, and the irregularity both of whorls and chamber 
partitions, affiliate this species to A. papillata rather than to 
the A. exponens group. 

Distribution. -I have only seen this form at Spintangi, and 
in the outcrops of Sirki Shales. The presence in the latter 
of A. papillata as well as A. rota, and the absence of N. 
beaumonti, suggest that they represent an early level in the 
Upper Khirthar. 

Affinities.-Despite the difference in shape, which is notice- 
able in the field, this species finds its nearest ally in A. papillata, 
and may have been derived from it. If so, it was a very 
involute derivative, which outlived both the parent form and 
the evolute derivative A. irregularis. 

Genus DICTYOCONOIDES Nuttall 1925 

This genus seems to be very limited geographically. 
Although it is abundant in North -West India and Somaliland 
and appears as far west as Irak, it has not yet been found 
farther south or east, whether Madagascar, Burma or the 
Dutch East Indies. 

Dietyoeonoides kohatieus (Davies) 1926 

For synonymy, see Davies 1932, p. 405. 
This species has already been fully described and figured 

(see, in particular, Davies 1926A, pp. 240 -5, pls. 16 -17, figs. 
1 -5c). It is very common in the Kohat Shales, or their 
equivalents, throughout the North -West Frontier (Kohat- 
Potwar basin, Waziristan, Baluchistan and Sind). At 
Spintangi, it first appears in bed 1, together with A. daviesi de 
Cizancourt (1938, p. 23, pl. iii, figs. 18, 25 -6 ; cf. Davies 
1937, pp. 34-5, pl. iv, figs. 13 -15, 18, 22), which is a charac- 
teristic Upper Laki species of the Kohat- Potwar basin; 
so D. kohaticus probably ranges from the latest Laki or earliest 
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Khirthar times onwards. It may hardly survive the Middle 
Khirthar, however, for its representatives are rare in the 
Sirki Shales, and it seems to be entirely replaced by its variety, 
spintangiensis, in the uppermost levels at Spintangi. 

Distribution. -This is the most common of all the species 
of Dictyoconoides, and ranges through the greater part of the 
Khirthar, being very abundant in the Kohat Shales (or lower 
Middle Khirthar). It is this form which seems to pass farthest 
to the west, having been found in Irak (Viennot and White 
1929). 

Affinities.-This species may be derived from the Upper 
Ranikot form D. flemingi Davies (1937, p. 51, pl. vi, figs. 
11 -13), and its derivative seems to be the variety spin - 
tangiensis, which survives it and characterizes the Upper 
Khirthar. 

Dictyoconoides kohaticus (Davies) var. spintangiensis 
Davies 1926 

Conulites kohaticus Davies var. spintangiensis nov.; Davies 1926A, 
p. 245, pl. xvii, fig. 6. 

Rotalia kohaticus (Davies); van Rijsinge 1930, pp. 130 -2. 
Dictyoconoides kohaticus (Davies) ; Nuttall & Brighton 1931, pp. 54-6, 

pl. iii, figs. 9-13. 
Dictyoconoides kohaticus (Davies) var. spintangiensis Davies; Davies 

1932, p. 405, pl. i, fig. 6. 

This form, whose large size and depressed shape catch the 
eye in the field, is both abundant and the only representative 
of its species in the higher levels at Spintangi. Because no 
exact line can be drawn between this variety and D. kohat- 
icus, it being possible to form perfect transitional series between 
the two, I called this form a variety of D. kohaticus and not a 
distinct species. Yet van Rijsinge (1930) and Nuttall and 
Brighton (1931) thought even this unjustified. But the 
former had never seen how the types distribute themselves in 
the field, his verdict being a purely laboratory one; and the 
latter also judged from a laboratory examination of Somali- 
land forms. So I was unrepentant (1932), and felt justified 
in 1936 when I found this variety dominating the Sirki Shales 
near Kohat itself. It was the field appearance of A. rota 
(called " wheel assilines " in my notes) and large explanate 
Dictyoconoides, which first made me think that this was no 
" Fateh Jang " deposit, but a late bed in situ; and the dis- 
covery of larger and obviously well- bedded outliers with the 
same fauna soon afterwards confirmed the impression. 

However perfectly D. kohaticus and this variant grade into 
each other, a handful of Dictyoconoides from the Sirki Shales 
could be distinguished from a similar handful from the under- 
lying Kohat Shales ; and I hold that field conditions some- 
times demonstrate values not otherwise apparent. I have 
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shown in previous papers (1930, 1937, 1939) how field con- 
ditions indicate that certain structural differences usually 
ranked as generic (for example, those between Dictyoconus, 
Coskinolina and Lituonella among porcellanous forms, and 
between Nummulites, Operculinoides and Miscellanea among 
hyaline ones) appear as simultaneous aspects of the same 
species in the same beds ; yet what seem to be quite minor 
structural differences, such as those between D. kohaticus 
and its variety spintangiensis, may have an appreciable 
stratigraphical value. 

Perhaps the reason for this is that the former changes were 
more pathological in nature than the latter. Miscellanea, for 
instance, may have been an adaptation to brackish -water 
conditions. Similarly, marked differences without time value 
appear between men of highly specialized vocations, while a 
slight difference in cephalic index might have considerable 
time value. So I hold that, when dealing with fossils, field 
evidence should not be laid aside for purely laboratory con- 
siderations ; and I am glad to see that similar views are held 
by Dr. Tan Sin Hok, who describes the method of investiga- 
tion which takes into account the stratigraphie value of 
differences as " chronologic- morphologic " (1939, pp. 53-4). 

Genus ALVEOLINA d'Orbigny 1826 

Alveolina eliiptiea (Sowerby) 1837. Pl. XII, figs. 5, 7 

Fasciolites elliptica n. sp.; Sowerby 1837-40, p. 329, pl. xxiv, figs. 
17 -17a. 

Fasciolites elliptica Sowerby; Carter 1857, p. 452, p1. xviii, figs. 17 -17a. 
Alveolina elliptica (Sowerby); Carter 1861, p. 380 (cf. specimens from 

Kelat numbered P. 29988 -9 and P. 30202 -6 in the Carter collection). 
Alveolina elliptica (Sowerby) ; R. Douvillé 1906, pp. 61 -3, pl. iii, fig. 16. 
Alveolina elliptica (Sowerby) (pars); Nuttall 1925A, pp. 378 -82, p1. 

xx, figs. 1 -3. 
Alveolina elliptica (Sowerby) (pars); Nuttall 1926B, pp. 499 -500, 503. 
Fasciolites sp. ; Caudri 1934, pp. 132 -3, p1. iv, figs. 9 -10. 

This species was described by Sowerby from Captain Grant's 
collections made in Glitch. Sowerby's figures of it show a 
cylindrical form with rounded ends, measuring about 14.8 
by 7.0 mm. in size, and having 17 or 18 major chambers in the 
outer whorl, with about 12 chamberlets per 1 mm. in the same. 
Nuttall redescribed the species, figuring specimens from. the 
type locality which range from a cylindrical and unfloscu- 
linized type (figs. 1, 3) like Sowerby's, measuring 16.0 by 7.2 
mm., with about 26 or 27 whorls, and about 10 or 11 chamber - 
lets per 1 mm. in the outer whorls, to an oval and almost 
completely flosculinized type (fig. 2). Nuttall treated the 
latter as a variety of the species. Specimens at Calcutta, 
marked by Vredenburg as coming from the type locality, 
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measure about 11.0 by 6.3 and 11.5 by 7.3 mm., the former 
having four -fifths of the radius flosculinized. These are 
obviously intermediate forms, like Nuttall's fig. 5, which is 
oval in shape and has half the radius flosculinized, and is 
treated by Nuttall as another variety. 

Thus the type locality shows a mixture of forms, obviously 
related, and grading into each other, of which both Sowerby 
and Nuttall selected the cylindrical and unflosculinized extreme 
as representing the species. 

It is this cylindrical form which appears, almost exclusively, 
in the Upper Khirthar beds at Spintangi and in the Sirki 
Shales. The largest specimen collected by me from these 
strata measures 14.0 by 5.8 mm., the average size of 20 adult 
specimens being 14 by 5 mm. A specimen of this size usually 
has from 22 to 24 whorls, and about 12 major chambers to the 
outer whorl. Chamberlets vary in size, but are usually about 
12 to 14 per 1 mm. in the outer whorls. Walls between 
chamberlets are about 10 p. thick (varying from 5 to 15 E,.), 

and the floors about 60 µ thick (varying from 30 to 80 E,.). 

The protoconch is, as usual, double, the smaller cell being 
about 100 v. in diameter, and the larger cell from 200 to 300 i. 
in diameter. 

Distribution. -This form is very rare in the Kohat Shales, but 
seems to become common in later levels of the Middle Khirthar 
as represented by the deposits of Cutch, Kelat and the Bugti 
hills in Baluchistan, and Sukkur in Sind. It is the dominant 
alveoline of the Upper Khirthar beds of North -West India, and 
the only alveoline accompanying N. beaumonti in collections 
from Upper Siju in Assam. Nuttall also reports it from Sylhet, 
where some of d'Archiac and Haime's N. beaumonti were 
collected. Caudri figures forms very like it from Soemban 
deposits, where it also seems to accompany N. beaumonti, and 
I gather from her work that these deposits are the latest 
Eocene of Soemba: 

Affinities. -The nearest relations of this form are those 
described as varieties of it by Nuttall, which I redescribe here 
as Alv. elliptica var. nuttalli. This variety, and others which 
accompany it in the Kohat Potwar basin, seem to branch off 
from Alv. elliptica, however, and not lead to it. Alveolina 
elliptica is already present in the Kohat Shales, although very 
scarce among these variant forms, and its most probable 
progenitor seems to be Alv. oblonga. 

Alveolina elliptica (Sowerby) var. nuttalli nov. 
Pl. XII, figs. 1-4 

Alveolina javana Verbeek; Davies 1924 -5, pp. 211, 216, 218; 1926B, 
pp. 199, 201, 204-5 etc. 

Alveolina elliptica (Sowerby) vars. a & b ; Nuttall 1925A, pp. 382 -7, 
pl. xx, figs. 2, 4-5. 

Fasciolitea cf. ovicula (Nuttall) ; Caudri 1934, pp. 127 -30, pl. iv, figs. 1 -4. 
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Holotype.- British Museum (Natural History) No. P. 35044. 
Some hundreds of specimens were collected of this form, 

which is the commonest alveoline of the Kohat Shales of the 
Kohat Potwar basin and Waziristan. It differs from Alv. 
elliptica in being oval rather than cylindrical in shape, and often 
more or less flosculinized. The average size of specimens 
collected near Kohat itself is 8l, by 54 mm., the largest being 
1F5 by 6.5 mm. The usual proportion of length to diameter 
is between 14 : 1 and 1/ : 1. The specimens vary greatly in 
degree of flosculinization, from unflosculinized to almost 
completely flosculinized forms. The number of whorls varies 
from 12 to 28, according to the diameter of the test and the 
degree of its flosculinization. Adult specimens have from 
14 to 18 major chambers, and from 12 to 14 chamberlets per 
1 mm. in the outer whorls, though there is considerable varia- 
tion here also, from 10 to 18 chamberlets being often found. 
The smaller cell of the initial pair is about 100 to 120 µ in 
diameter, and the larger usually about 250 µ, but varying from 
180 to 360 in size in certain individuals. Chamberlet 
partitions are from 10 to 20 thick, and unflosculinized floors 
about 60 to 80 I,. thick. 

Distribution. -This form is most abundant in the Kohat 
Shales of North -West India. It also accompanies Alv. 
elliptica in Cutch, where it was first distinguished by Nuttall, 
in what are probably rather later sediments. It is com- 
paratively rare at that level, and is represented by larger 
specimens averaging, according to Nuttall, 12-1 by 7-3 mm. in 
size ; but closely similar forms have been figured by Caudri 
from Soemba. This variety seems practically confined to 
Lutetian sediments, for it becomes very rare in the Upper 
Khirthar. The forms figured by R. Douvillé (1906, pl. iii, 
fig. 18) from Madagascar are much larger (up to 17.5 by 9.0 
mm.) in size and coarser in type, and probably belong to a 
different species. 

Affinities.-This is the commonest variety of Alv. elliptica, 
which seems to have produced several aberrant types in Kohat 
Shales times. I reserve the description of the others for a later 
paper. I previously referred this form to Alv. javana Verbeek 
(1891, pp. 111 -4, figs. 4 -7; cf. Verbeek and Fennema 1896, 
vol. i, pl. ii, figs. 27 -36, pl. iii, figs. 37 -38 ; vol. ii, pp. 1137 -40), 
to which it is probably affiliated, but from which it is dis- 
tinguished by its relative stoutness, less tightly wound spire, 
and tendency to flosculinization. An analogous form is Alv. 
ovicula Nuttall (1925E, p. 439, pl. xxiv, figs. 9 -10) of the Indian 
Loki, which differs from it chiefly by its smaller size and 
relative stoutness, and may have been a variant of Alv. 
oblonga, as this was of Als. elliptica. 
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Alveolina oblonga d'Orbigny 1826. Pl. XII, fig. 6 

For synonymy, see Davies 1937, p. 58. 
The average size of Indian representatives of this species 

collected by me is about 7 by 3i mm., the largest specimen 
measuring 8.5 by 4.0 mm. The form is seldom flosculinized 
to any appreciable extent. An average -sized adult has about 
14 or 15 whorls, with 13 to 15 chamberlets per 1 mm. in the 
outer whorls. The smaller cell of the initial pair measures 
about 100 µ, and the larger one from 150 to 250 1/.. Walls 
between chamberlets are 10 to 20 µ thick, and floors about 
60 p. thick. 

A meridian section of this form (which characterizes the 
Laki, or Lower Eocene, beds of India) is shown for comparison 
with Alv. elliptica (fig. 7). It will be seen that, apart from the 
difference in size, the resemblance is marked. Indeed, the three 
alveolines here described, together with others which seem to be 
peculiar to the Middle Khirthar, may all have been varieties 
of a single physiological species. The vertical distribution of 
the forms is nevertheless well marked; the larger ones appear- 
ing in the Khirthar. The following table, quoting the numbers 
of whorls counted at similar diameters, shows the corre- 
spondence between these three Indian forms :- 

Diameter A. oblonga 

NUMBER OF WHORLS 

A. elliptica 
var. nuttalli A. elliptica 

1.0 mm. 5-6 5 -6 5-6 
2.0 9 -10 10 -11 9 -11 
3.0 13 -14 14-16 13 -16 
4.0 - 18 -20 17 -20 
5.0 - 22 -24 21 -23 
6.0 - 25 -28 24-26 
7.0 - 27 -28 

Note.- Unfloseulinized Alv. elliptica var. nuttalli are referred to in 
this table, since flosculinized ones would give distorted results. 

Genus ORBITOLITES Lamarck 1801 

Orbitolites eomplanatus Lamarck 1801 

For synonymy, see Douvillé 1916, p. 43. 
This species ranges, according to Nuttall (1925B, p. 447; 

1926B, p. 498), throughout the Laki and Lower and Middle 
Khirthar beds of India. I have found it in the Upper Laki 
and Middle Khirthar beds of the Kohat Potwar basin, and in 
the Sirki Shales. It accompanies Alv. oblonga in the Laki beds 
of Tibet (Douvillé 1916; Davies 1937). 
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IV. STRATIGRAPHICAL DISTRIBUTION OF SPECIES 

Besides the foraminifera, I saw many molluscan remains 
both in the uppermost Spintangi beds and in the Sirki Shales. 
The latter also contain some small regular echinoids, too badly 
preserved for identification, and an ostracod- Cythereis 
bowerbanki Jones (1857, p. 38, pl. vi, figs. 7 -8) -which suggests 
estuarine conditions. 

Unfortunately, my visits to the Spintangi area only allowed 
of brief examination and collection, and I was also unable to 
examine the Sirki Shales adequately, since I was trying to map 
a large unknown area in limited time. I hope, however, that 
this paper will draw attention to these Upper Khirthar beds, 
and lead to fuller description by someone who can study them 
and their contents in more detail. Meanwhile, the table 
opposite indicates the stratigraphical distribution of the forms 
referred to above. 

According to Vredenburg (1906A, pp. 88, 94) the lowest 
zone of his Upper Khirthar contains " A. spira, often of very 
large size ", and N. perforates which continues into the second 
zone, while the third zone contains N. complanatus. The first 
specific name probably indicates both A. papillata and its large 
derivative A. irregularis, the second N. uroniensis or N. 
obtusus or both, and the third N. millecaput. All these species 
characterize the Kohat Limestones, the very large assiline 
(A. irregularis) being commonest in their lower parts, while the 
very large nummulite (N. millecaput) appears only at their top. 
So the Kohat Limestones may represent the lower three zones 
of Vredenburg's Upper Khirthar, and be correlated with the 
" vast thickness of enormously massive limestones " said (p. 
88) to represent those zones on the Khirthar range. 

Vredenburg's fourth and highest zone was said to contain 
three nummulite species which he only tentatively named. 
Of these, the " N. ? biarritzensis " was probably N. beaumonti; 
the "N. ? Brongniarti" might, as regards size and " strongly 
granulated " aspect, be the associated Dictyoconoides (once 
labelled " Nummulites ? sp." at Calcutta) ; and the " N. 
? variolarius ", being very minute, might be anything. 

My conception of the Upper Khirthar is thus perhaps narrower 
than Vredenburg's, since I exclude the Kohat Limestones ; 

but it is only at their close that the faunistic facies seems to 
become definitely separable from that of the Middle Khirthar. 

The considerable development of his highest zone at Spin - 
tangi justifies Vredenburg's choice (1906B, p. 182) of that 
locality as the type one for the Upper Khirthar. 

Note. -The specimens figured in this paper, in so far as they 
belong to me, are being handed over to the British Museum 
(Natural History) in London, and will be found under the 
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registered numbers noted against them in the description of 
the plates. 

My thanks are due to Dr. R. M. Craig of Edinburgh Uni- 
versity, who most kindly took all the photographs of internal 
sections reproduced in the accompanying plates ; to Professor 
C. Arambourg and Dr. J. Cottreau for access to d'Archiac and 
Haime's collection in Paris; to the Keeper of Geology at the 
British Museum (Natural History) for access to the Carter 
collection; to the staff of the Geological Survey of India for 
access to collections by the older geologists at Calcutta ; and 
to the Carnegie Trust for a grant towards the expenses of my 
last visit to India, during which I found the Sirki Shales and 
revised my views on the Upper Khirthar. 

V. SIIMMARY 

The author quotes the evidence which indicates the existence 
of Vredenburg's " Upper Khirthar " as a separate zone of the 
Indian Eocene. He describes the type section at Spintangi, 
in Baluchistan, giving details of the fauna found in its upper 
parts and in the highest Khirthar beds of the Kohat district, 
which he calls the Sirki Shales. He shows that N. millecaput 
Boubée appears at the base of this zone, and N. beaumonti 
d'Archiac and Haime near its top. Other forms in it seem to 
be variants of Middle Khirthar types, which are also discussed. 
Nummulites beaumonti is re- described from d'Archiac and 
Haime's original material; also N. kelatensis Carter from 
Carter's collection, since the latter has been confused with 
N. beaumonti by some recent writers. 

VI. GEOGRAPHICAL INDEX 

Bahadur Khel 33 °10':70 °59' Mount Carmel 32 °45' : 35 °2' 
Bolan pass 29 °52':67 °20' Nari 29 °40' : 68 °0' 
Bugti hills 29 °0' :69 °0' Nias Island. 1°0' : 97 °30' 
Chaillol village 44 °44': 6 °12' Petiani . 25 °21' : 68 °9' 
Cherra Punji 25 °17' : 91 °47' Pishin . 30 °30': 67 °0' 
Chharat . 33 °35':72 °33' Potwar 33 °0' : 72°0' 
Cutch 23 °30' : 69 °0' Quetta . 30 °12' : 67 °0' 
Dunghan Hill 29 °52' : 68 °22' Salt Range 32 °30' : 72 °0' 
Fateh Jang 33 °35' : 72 °41' Shadi Khel . 33 °26' : 71 °32' 
Friuli . 46 °12':12 °48' Shekhan nullah . 33 °35' : 71 °30' 
Harnai . 30 °6' : 68°0' Sibi . . 29 °30' : 67 °55' 
Jaba 33 °10' : 71 °40' Siju . 25 °22': 90 °47' 
Jandola 32 °20' : 70 °7' Sirki Pela . 33 °27' :71 °4' 
Kelat 29 °0' : 66 °48' Soemba Island 10 °0'S : 120 °0' 
Khirthar Hill 27 °0' : 67°15' Spintangi . 29 °55':68 °5t' 
Kohat 33 °36' : 71 °29' Subathu . 30 °58' : 77 °2' 
Kyet -u -bok 19 °59' : 94 °40' Sukkur . 27 °42' : 68 °54' 
Laki Hill . 26 °0' :67 °50' Sylhet . 24 °53' : 91 °55' 
Meting . 25 °12' : 68 °10' Teri Banda 33 °24' : 70 °53' 
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DESCRIPTION OF PLATES IX -XII 
The originals of all figures, except that of Pl. IX, fig. 1, are in the 

collections of the British Museum (Natural History). 

PLATE IX 
FIG. 1. Nummulites beaumonti d'Archiac & Haime. Lectotype. 

Original of d'Archiac & Haime, 1853 -5, pl. viii, fig. 1. From 
Egypt. D'Archiac & Haime collection, Paris. External 
view. X 4. 

2. Nummulites beaumonti d'Archiac & Haime. From bed 12 
(Upper Khirthar) at Spintangi, Baluchistan. Lateral section, 
showing polar pustules and pillars. No. P. 35021. X 8. 

FIGS. 3 -6. Nummulites beaumonti d'Archiac & Haime. From bed 12 
(Upper Khirthar) at Spintangi, Baluchistan. External view. 
Nos. P. 35015 -35018. x 4. 

FIG. 7. Nummulites beaumonti d'Archiac & Haime. From latest 
Eocene beds, Upper Siju, Assam. Meridian section, showing 
buried polar pustules. For comparison with fig. 9. No. 
P. 35022. X 8. 

8.-Nummulites beaumonti d'Archiac & Haime. From bed 12 
(Upper Khirthar) at Spintangi, Baluchistan. Equatorial 
section. No. P. 35019. x 8. 

9. Numimulites beaumonti d'Archiac & Haime. From bed 12 
(Upper Khirthar) at Spintangi, Baluchistan. Meridian sec- 
tion, showing buried polar pustules. No. P. 35020. X 8. 

Q.J.G.S. No. 382 Q 
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PLATE X 

Fm. 1. Nummulites pinfoldi n. sp. From Kohat Shales, Chharat. 
Equatorial suction. Compare with N. beaunzonti, Pl. IX, fig. 8. 
No. P. 35027. x 8. 

2. Nummulites pinfoldi n. sp. Holotype. From Kohat Shales, 
Chharat. External view. No. P. 35023. x 4. 

3.-Nummulites pinfoldi n. sp. From Kohat Shales, Bahadur 
Khel. Meridian section of large specimen, for comparison with 
fig. 5. No. P. 35028. X 8. 

4. Nummulites pinfoldi n. sp. From Kohat Shales, Chharat. 
External view. No. P. 35024. x 4. 

5. Nummulites pinfoldi n. sp. From Kohat Shales, Chharat. 
Meridian section of relatively small and stout specimen, 
to show variation. No. P. 35029. x 8. 

6.- Nummulites pinfoldi n. sp. From Kohat Shales, Chharat. 
External view. No. P. 35025. X 4. 

7. Nummulites kelatensis Cartor. From Kelat, Baluchistan. 
Equatorial section, for comparison with N. beaumonti, Pl. 
IX, fig. 8. Carter collection, No. P. 33727. X 8. 

8. Nummulites pinfoldi n. sp. From Kohat Shales, Chharat. 
External view. No. P. 35026. x 4. 

9. Nummulites millecaput Boubée. From uppermost levels of 
Khirthar limestone at Harnai, Baluchistan. Equatorial 
view. No. P. 35030. x 2. 

10. Nummulites kelatensis Cartor. Lectotypo. From Kelat, 
Baluchistan. External view. Carter collection, No. P. 33726. 
x 4. 

11. Nummulites kelatensis Carter. From Kelat, Baluchistan. 
Meridian section. Carter collection, No. P. 33728. X 8. 

PLATE XI 

Fm. 1.- Assilina papillata Nuttall. From the Kohat Shales, Kohat. 
Equatorial section, for comparison with fig. 2. Note irregular 
spire, and granules over chamber spaces. No. P. 35036. 
x 4. 

2.- Assilina rota n. sp. From bed 11, Spintangi, Baluchistan. 
Equatorial section. Spire more regular and crowded than 
A. papillata. Note granules over chamber spaces. No. 
P. 35041. x 4. 

3. Assilina papillata Nuttall. From Kohat Shales, Kohat. 
External view. Note incipient prominence of cord. No. P. 
35035. X 2. 

4.- Assilina rota n. sp. Holotype. From bed 11, Spintangi, 
Baluchistan. External view. Central boss, swollen rim, and 
granules faintly indicated. No. P. 35038. x 2. 

5. Assilina rota n. sp. From bed 11, Spintangi, Baluchistan. 
External view. Central boss and swollen rim more marked. 
No. P. 35039. X 2. 

6. Assilina papillata Nuttall. From Kohat Shales; Kohat. 
External view. Rather involute form, perhaps tending to 
A. rota, but centre typically depressed. No. P. 35034. x 2. 7.- Assilina rota n. sp. From bed 11, Spintangi, Baluchistan. 
External view. Young specimen. Central boss prominent; 
outer rim not yet developed. No. P. 35040. x 2. 8.- Assilina papillata Nuttall. From Kohat Shales, Kohat. 
External view. Evolute type, with marginal cord prominent; 
granules faint. Compare with fig. 9. No. P. 35033. X 2. 
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FIG. 9.- Assilina irregularis Carter. From Kohat Limestones, Kohat. 
External view. Compare with fig. 8. Cord, chambers etc. 
similar; also depressed pole. Granules not seen, owing to 
weathering. Evolute extreme of A. papillata, distinguished 
by greater diameter and relative thinness. No. P. 35043. 
X 2. 

Fias. 10- 11.- Assilina papillata Nuttall. From Kohat Shales, Kohat. 
External views. Note varying prominence of cord. Poles 
always depressed. Nos. P. 35031- 35032. x 2. 

Fia. 12. Assilina papillata Nuttall. From Kohat Shales, Kohat. 
Meridian section, for comparison with fig. 13. Note evolute 
character of spire throughout, with depressed poles, and some- 
times depression below the stout cord. No. P. 35037. x 4. 

13.-Assilina rota n. sp. From bed 11, Spintangi, Baluchistan. 
Meridian section. Note involute nature of early whorls, 
and tendency to swolleñ rim owing to increase in breadth 
of later chambers. No. P. 35042. x 4. 

14.-Nummulites obtusua (Sowerby). From Kohat Limestones, 
Kohat. External view. Shows typical association with A. 
papillata -A. irregularis. No. P. 35043. X 2. 

PLATE XII 
FIG. 1.- Alveolina elliptica (Sowerby) var. nuttalli nov. From Kohat 

Shales, Kohat. Meridian section. Shows oval form, double 
protoconch, and early flosculinization. No. P. 35046. X 8. 

2.- Alveolina elliptica (Sowerby) var. nuttalli nov. Holotype. 
From Kohat Shales, Kohat. External view. Rather large 
and relatively slender specimen, approaching Alv. jayana 
Verbeek. No. P. 35044. x 4. 

3.-Alveolina elliptica (Sowerby) var. nuttalli nov. From Kohat 
Shales, Kohat. Unflosculinized specimen, for comparison 
with fig. 5. No. P. 35047. X 8. 

4.-Alveolina elliptica (Sowerby) var. nuttalli nov. From Kohat 
Shales, Kohat. Meridian section. Unfiosculinized specimen, 
for comparison with fig. '7. No. P. 35045. x 8. 

5.-Alveolina elliptica (Sowerby). From Sirki Shales, near Teri 
Banda, Kohat. Equatorial section. No. P. 35049. X 8. 

6.- Alveolina oblonga d'Orbigny. From Shekhan Limestone 
(Upper Laki) at Shadi Khel, Kohat. Meridian section, for com- 
parison with fig. 7. Note similar cylindrical shape, spacing of 
whorls and size of chamberlets. No. P. 35050. x 8. 

7.-Alveolina elliptica (Sowerby). From Sirki Shales, near 
Teri Banda, Kohat. Meridian section, for comparison with 
figs. 4 and 6. No. P. 35048. X 8. 

DISCUSSION 

Mr. P. EvANS welcomed the paper as an important contri- 
bution to the knowledge of a fauna that had so far received 
very little attention. He said that the Upper Khirthar beds 
appeared to have two type localities, the Khirthar Range in 
Sind and the Spintangi section in Baluchistan, and it would 
be of considerable interest to compare the fauna from the 
Khirthar Range with those from the areas farther north dealt 
with by the author. Vredenburg (Rec. Geol. Sun. India., 
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iv, p. 79) considered that in Sind, Upper Khirthar beds were 
almost restricted to the Khirthar Range, but recent work by 
the Burmah Oil Company's geological staff had suggested a 
wider distribution. The speaker expressed his agreement 
with the view that the ranges of Khirthar foraminifera required 
further investigation and mentioned that the Nummulites 
beaumonti widely recorded in the Burmah Oil Company's 
collections from the Middle Khirthar beds would need re- 
examination in the light of the author's work. The suggested 
occurrence of Upper Khirthar beds in Assam was of interest, 
as the highest foraminiferal beds (Kopili stage) had previously 
been regarded as Middle Khirthar, although these beds were 
overlain with apparent conformity by a very great thickness 
of almost unfossiliferous beds, which might range up into the 
Oligocene. 

The suggestion to re -name the Dunghan Limestone would 
need careful consideration and he thought that workers in 
India would be opposed to it. It had long been known that 
there had been a mistake about the Dunghans of Dunghan 
Hill (where an underlying Cretaceous limestone had been 
inadvertently included with a thick limestone of Laki age), 
but the true Dunghan Limestone had a widespread develop- 
ment (including a large outcrop in the Dunghan Hill itself) and 
the term was firmly established in general usage in India. 

The AUTHOR, in reply, said that the Spintangi section was 
actually the type locality of the Upper Khirthar beds; if 
better exposures existed, a description of their contents 
would be a distinct service. Nuttall, who worked so much in 
Sind, had ignored the Upper Khirthar. 

Cotter and Dalton both spoke of finding Nummulites beau - 
monti in the uppermost Eocene beds of Burma ; the present 
paper confirmed d'Archiac and Haime's statement that the 
species existed in Assam. 

Holland and Tipper formally recognized the Cretaceous age 
of the Dunghan Limestone in 1916. Noetling and Vredenburg 
repudiated its reference to the Eocene, showing that the 
supposed nummulites claimed by Oldham were typical 
Cretaceous forms like Omphalocyclus macropora. The term 
" Dunghan " seemed therefore misleading when applied to an 
Eocene formation, and " Bolan " was suggested as being less 
equivocal. The author doubted the existence of a thick lime- 
stone of Laki age on Dunghan Hill, since it seemed incom- 
patible with Oldham's embarrassment at finding " Crioceras, 
Baculites and Ammonites " in the upper parts of his " Dunghan 
Limestone ". Neither he nor his critics seemed to know of any 
definitely Eocene part of that formation. 

Reference to the full data contained in the paper would 
meet other points raised by Mr. Evans. 



XX 

GEOGRAPHICAL CHANGES 
IN NORTH -WEST INDIA DURING 

LATE CRETACEOUS AND EARLY 

TERTIARY TIMES 

by L. M. DAVIES 

----.;. 

Reprinted from 

PROCEEDINGS OF THE SIXTH PACIFIC SCIENCE CONGRESS (1939) 

Published 1940 



GEOGRAPHICAL CHANGES IN NORTHWEST INDIA DURING 
LATE CRETACEOUS AND EARLY TERTIARY TIMES 

By L. M. DAVIES 

WHEN the Pacific Congress met in Australia in 1923, Dr. G. E. Pilgrim con- 
tributed a paper on the Tertiary formations of India. Much work has since 
been done on the earlier Tertiary beds of that region, and an attempt is made 
in the present paper to unravel the succession of events in northwest India 
during the critical Cretaceo- Eocene period which witnessed the transition 
from typically Mesozoic to predominantly Cenozoic conditions. 

Many references are made, in this paper, to the geology of the Kohat 
district. The reason for that is that the Kohat district exhibits the linkage of 
two different series of Cretaceo- Eocene beds, one striking eastward from 
Kohat to the Himalayan region, and the other southward from Kohat to Sind. 
Transition from the one facies to the other is best seen in the northwestern 
parts of the district. It is also there that the courses of the hill ranges change; 
for the Kohat district occupies a knee bend in orogeny, the axes of ranges 
entering it from the east swinging round to emerge from it in a southward 
direction. In fact, it is evident that the local orogeny is largely derived from 
the preceding sedimentation, the courses of which it follows and emphasizes 
by compressing the beds and faulting along them. Thus a west -to -east strike 
fault runs along most of the northern border of the Kohat district, while a 
north -to -south strike fault appears in Waziristan, along the continuations of 
the Kohat ranges. Each fault follows both the strike of the beds and the local 
orogeny.1 

These facts render the Kohat district a focal one for the study of the 
geology of northwest India as a whole. Besides linking the Himalayan region to 
Sind, the Kohat district also links it to the Caspian area, the more direct 
affinities of Baluchistan and Sind being with the Persian Gulf area, to the south 
of the central Perso- Afghan block. 

THE CRETACEOUS SEQUENCE OF NORTHWEST INDIA 

The Neocomian belemnite bed. -The Cretaceous rocks of northwest India are 
not very fossiliferous, and for the most part indicate shallow -water conditions. 
The sequence begins with a glauconitic belemnite bed which is traceable from 
the Kohat district both southward to Baluchistan and eastward onto the 
Punjab Salt Range. Farther to the east the facies changes; but the horizon is 
probably represented by the uppermost levels of the Spiti2 Shales of the 
Himalayan region, which have been regarded as ranging from the Oxfordian 
to the Valanginian, inclusive (Holland and Tipper, 1913, p. 111). On the Sa- 
mana Range of the Kohat district, ammonites are not certainly known from 
this bed, and it has been rather doubtfully referred to the Hauterivian (Spath, 
1930). On the Salt Range, where later elements may have been removed, 
ammonite evidence indicates the Valanginian (Spath, 1939). Thus the age 
is in any case Neocomian. 

In Baluchistan there follows an unconformity, the next succeeding beds 
being the Parh Limestones of Turonian age; but to the north the sequence is 
fuller, as follows: 

1 This subject is dealt with, in detail, in a thesis entitled "The Eocene Beds of the Kohat 
District" (1938), in the possession of Edinburgh University. 

2 For the coordinates of Spiti, and other places mentioned in the text, see the Geo- 
graphical Index preceding the Works Cited at the end of this paper. 
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The Giumal sandstone. -On the Samana Range some 700 feet of unfos- 
siliferous, quartzitic and rather ferruginous sandstones succeed the belemnite 
bed. These can be traced eastward through Hazara to Hundes. They were 
called by Stoliczka (1866, p. 114) the "Gieumal Sandstone," and consist in 
the type region of from 200 to 600 feet of light yellow, siliceous to quartzitic 
sandstones. They there succeed the Spiti Shales and, according to Holland 
and Tipper (1913, p. 49), range from the Middle Neocomian to the base of 
the Upper Cretaceous. Traced westward from the Samana Range toward Thal, 
these sandstones locally change facies to some 450 feet of olive shales capped 
by 100 feet of pink to purple shales with plant remains; but farther to the west 
the sandstone facies seems to be resumed, for about 800 feet of sandstones and 
shales are said (Oldham, 1893, p. 294) to succeed red Neocomian grits in 
Afghan Turkestan, and to be followed in turn by Upper Cretaceous limestones. 

FIG. I. MAESTRICHTIAN SEA. 

KNOWN LOCATIONS OF O. mac/wore 0 0 
GONDWANA FAULT - TROUGHS - - - - 

The numbers on the figures refer to rivers, as follows: 1, Kurram River; 2, Proto- 
Sarasvati; 3 Narbadda; 4, Godavari; 5, Mahanadi; 6, Pre -Indus; 7, Irrawaddy; 8, Upper 
Jhelum; 9, Upper Indus. 

The Gault horizon. -The uppermost few feet of the Giumal Sandstones of 
the Samana Range become coarsely gritty, calcareous, phosphatic, and glau- 
conitic (Davies, 1930). They also become highly fossiliferous, the European 
zone species Douvilleiceras mammillatum (Scholtheim) being peculiarly abun- 
dant in them, together with other western species of Middle Albian age (Spath, 
1930). Although it is so narrow, this fossiliferous bed is traceable for a con- 
siderable distance to the east, for it is similarly found capping the Giumal 
Sandstone in the Hazara country (33° 47' : 73° 14', etc.) where it also contains 
D. mammillatum, although not in such numbers (Cotter, 1926). Westward of 
the Samana Range, however, this Gault horizon disappears, its place being 
taken by a coarse conglomerate that is never very thick, but that contains 
boulders which in the vicinity of Thal are up to 2 feet in diameter. This con- 
glomerate, which often contains belemnites, clearly indicates an unconformity; 
and the unconformity is marked on the Samana itself by the abrupt manner 
in which fine -grained limestones succeed the Gault grits, and often, in their 
lower layers, contain fossils derived from the latter. The Gault, however, like 
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the Giumal Sandstone, may reappear to the west, for H. de Cizancourt (1937, 
p. 381) states that in Afghan Turkestan the Lower Cretaceous sandstones are 
succeeded by an Albian transgression. 

The Lower Lithographic limestone. -The Cenomanian stage is not definitely 
recognizable in the Kohat district, although the general Cenomanian trans- 
gression carried marine waters over much of peninsular India- chiefly along 
the lines of the Gondwana fault troughs (which all seem to have given rise to 
considerable rivers, vide figure 1), in especial up the Narbadda Valley, -and a 
normal Cenomanian fauna appears in the Kampa Shales of Tibet (Douvillé, 
1916). It is therefore probable that the Cenomanian Sea passed by the Kohat 
and Hazara districts, but that its deposits were removed during a subsequent 
period of regression and denudation marked by the post - Albian unconformity. 
The bed immediately following the Gault on the Samana is the one which I 
(1930) called the "Lower Lithographic Limestone." I have since found that to 
the west and southwest of the Samana it changes facies and sometimes closely 
resembles the Parh Limestones of Baluchistan (I am indebted to Mr. E. S. 
Pinfold for first drawing my attention to this fact). Since the Parh Limestones 
contain Turonian ammonites (as Dr. Spath assures me), the resemblance would 
suggest that this Samana limestone is of Turonian age; and it is worth noting 
that although I found no Orbitolina actually in situ in the Kohat district, I 
repeatedly found it in thin breccias associated with this bed where it assumes 
the Parh Limestone aspect. The species is a small conical one, probably identi- 
fiable with the Lower Cenomanian O. conica d'Archiac. This would seem to 
imply that Lower Cenomanian beds must once have existed in the neighbor- 
hood, even though they are no longer found; so the unconformity between this 
limestone and the Gault may be of late Cenomanian or early Turonian age. 

The variegated bed. -Two further unconformities are indicated by what I 
have called the "Variegated Bed" (1930), which intervenes between the 
Lower and Upper Lithographic Limestones, since the junction is unconform- 
able both below and above that bed. This bed (which sometimes consists of 
about 50 feet of quartzitic sandstones, and sometimes of sandstones and olive 
shales) is occasionally missing altogether; and near Thal it is locally replaced 
by a conglomerate. 

The Upper Lithographic limestone.- Succeeding the variegated bed comes a 
second lithographic limestone, which is more massive and jointed than the 
first, so that its distinctive character is apparent on the Samana even when 
the variegated bed is missing and it is directly superimposed upon the lower 
limestone. At times this upper limestone seems to be quite unfossiliferous; but 
at other times thin sections of it are full of minute foraminifera, and (accord- 
ing to Dr. R. M. Craig) closely resemble sections of chalk beds of Europe. Near 
Thal this limestone is locally replaced by purple and green shales, with oölitic 
and other limestone bands and lenticles; but like the preceding Gault and 
Giumal Sandstone it seems to reappear farther to the west, for the latest 
Cretaceous limestones of northern Afghanistan -between Balkh and Bokhara 
-are said to consist of chalk with flints (Oldham, 1893, p. 294). According to 
H. de Cizancourt (1937, p. 382), the Maestrichtian appears in that region; 
and in a conglomerate near the base of the series succeeding this bed at Thal 
I found a pebble full of Omphalocyclus macropora (Lamarck), a fact which sug- 
gests that either this bed, or a succeeding one since removed, had been of 
Maestrichtian age. In any case, this last fact serves to link the Tibetan lime- 
stone containing O. macropora ( Douvillé, 1916) with the Baluchistan beds 
containing the same fossil (Vredenburg, 1908); and it is interesting to note 
that the Thal O. macropora is a small form, like the Tibetan variety. 
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Between Thal and Tibet comes the Chikkim Limestone, which in the type 
locality consists of outliers of light- colored compact limestone up to 600 feet 
thick (Stoliczka, 1866, p. 117) which succeed the Giumal Sandstone. This 
formation has been traced eastward to Hundes, and westward via Hazara to 
Kohat, and seems undoubtedly to correspond with one or both of the Litho- 
graphic Limestones of the Samana. I provisionally regard the upper of these 
limestones, and the upper levels of the Chikkim Limestone where largely de- 
veloped to the east, as being of Maestrichtian age. In any case, the appear- 
ances of O. macropora show that the Maestrichtian sea reached both Bal- 
uchistan and Kohat, and passed on to Tibet. 

Dr. A. Silvestri tells me (private communication) that he found O. macro - 
pora in Italian Somaliland; and the species has also been reported from Oman, 
from Luristan on the western borders of Persia, and from Asia Minor (Lees, 
1928), thus roughly indicating the main line of marine communications with 
Europe. The Maestrichtian deposits often contain Hippurites; for example, in 
Persia, Turkestan, Seistan (southern Afghanistan), Sind, Kashmir, and Nepal. 
The Hemipneustes beds of Baluchistan belong to the same age. How free the 
communications with Europe were at that time is indicated by Noetling's 
statement (1894, p. 126) that the echinoid fauna which accompanies O. macro - 
pora in Baluchistan "exhibits a most marked European character." 

The most direct route to the west from Baluchistan, and from all regions 
south of Baluchistan, must have passed south of the central portions of Af- 
ghanistan and Persia, via the present Persian Gulf, which seems already to 
have formed a well- marked depression. Thus the Persian marine fauna shows 
a mingling of Indo- Pacific species from Ariyalur with western European species 

Aix -la- Chapelle (Grabau, 1928, pp. 575 -576) ; and the differences be- 
tween the Ariyalur and Assam faunas of the Bay of Bengal region, and the 
contemporary fauna of Tibet which the latter approached so closely, may be 
explained by the relatively open -sea conditions in Assam and Ariyalur. Their 
main communications were also in opposite directions. 

The Maestrichtian transgression seems to have equaled, if it did not ex- 
ceed, the Cenomanian in extent. The collapse of the Indo- Madagascan land 
connection (Lemuria) is indicated by the presence of Indo- Pacific species in 
western Persia. Maestrichtian deposits are said to be transgressive upon much 
older beds (Cenomanian, or even Neocomian) in Luristan, Arabia, northern 
Afghanistan, and Turkestan, northern, southern, and eastern Madagascar, 
Assam, and other places. They are transgressive even in such distant regions 
as California in the Northern Hemisphere, and New Caledonia, New Zealand, 
and Chile in the Southern Hemisphere. 

The last- mentioned facts seem to render improbable a migration, at that 
time, of Indian Titanosaurs eastward to South America, just as the collapse 
of the Indo- Madagascan connection would have prohibited their passage west- 
ward. The migrations required to explain the similarities (Huene and Matley, 
1933) between the Upper Cretaceous reptiles of India, Madagascar, and South 
America should, therefore, probably be placed prior to the Maestrichtian, 
during one or more of the regressions (e.g., the Campanian) which intervened 
between the Cenomanian transgression and the Maestrichtian. Whether the 
migrations were westward via Madagascar, or eastward via Melanesia, seems 
to be an open question. The reason for such an apparently simultaneous and 
widespread transgression as the Maestrichtian is obscure. If a considerable 
portion of the ocean bed were to rise -even if it did not emerge -such trans- 
gression might be explicable. 

The oscillations of sea level in Upper Cretaceous times are, as shown above, 
indicated by the repeated unconformities seen in the upper parts of the Samana 
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sequence. Although the two Lithographic Limestones (each about 150 feet in 
thickness) together with the variegated bed only total about 350 feet, the 
unconformities related to them suggest that they may only represent residual 
fragments of much greater deposits; and the fact that the fossils found in a 
few feet of Gault grits represent a considerable portion of Albian time shows 
that the local rate of deposition may also have been slow. It is certain that 
these three small formations span the period from late Albian to Danian; and 
their details suggest at least three regressions and two transgressions, the 
latter being probably of Turonian and Maestrichtian age respectively. An 
attempt to represent the distribution of the Maestrichtian sea, over regions 
bordering India, is offered in figure 1. 

THE POST- MAESTRICHTIAN REGRESSION 

Although the Maestrichtian transgression was very pronounced, the succeed- 
ing regression was even more so; and if, as suggested above, the former was 
due to a rising of the ocean bottom, the latter might well have been due to a 
still greater sinking of that bottom, involving -as Schuchert believes (1932, 
p. 878, etc.) -the collapse of a South Altantic isthmus joining Africa to Brazil. 

This regression is well marked in all regions adjoining India, where it was 
correlated with great igneous activity (outpourings of Deccan trap, and dis- 
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FIG. 2. MONTIAN (Cbeaumanfi) SEA. 

KNOWN LOCATIONS OF C.beaumonti ® 0 
OUTFLOWS OF DECCAN TRAP, ETC. X X X 

The numbers on the figures refer to rivers, as follows: 1, Kurram River; 2, Proto- 
Sarasvati; 3, Narbadda; 4, Godavari; 5, Mahanadi; 6, Pre -Indus; 7, Irrawaddy; 8, Upper 
Jhelum; 9, Upper Indus. 

turban ces indicated by the "exotic" blocks of Kumaon in the Himalayan 
region, etc.). Similarly in Persia (Badamu, etc.) Maestrichtian beds with O. 
macropora are the latest Mesozoic marine deposits, and three eruptive series 
follow before Eocene beds appear (Kühn, 1932, pp. 168 -169). The "Larimide 
Revolution" of Dana, evidenced by disturbances ranging from Canada to 
Chile, was probably contemporaneous with the Indian convulsions. The sea 
completely withdrew from southeast India, Assam, and Burma, orogenic 
movements in the latter permanently rising the Shan Plateau and Arkaan 
Yoma. To the north of India the sea similarly retired completely from Tibet, 
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where ferruginous sandstones succeed the Maestrichtian beds. On the north- 
west also (Kohat district) the rather ferruginous Hangu Sandstone of the 
Samana sequence unconformably succeeds the Upper Lithographic Limestone. 
Near Thal this sandstone expands greatly in thickness, has a highly ferruginous 
conglomerate (with pebbles containing O. macropora) near its base, and as- 
sumes the aspect of the Pab Sandstones of Baluchistan and Sind, which sim- 
ilarly succeed Maestrichtian beds. (These sandstones may be largely due to a 
combination of rivers, carrying off the drainage of the old sea basin; vide 
figure 2.) Afghanistan, Persia, and Arabia all likewise emerged, with seeming 
completeness, from the sea. Tethys appears to have shrunk to the status of 
a purely European sea, or group of shallow seas, the exact boundaries of 
which have not yet been defined; even in England a great unconformity 
follows the Chalk. 

It seems certain that the eastern group of seas -Pacific, Indian, and 
Arabian -was completely cut off from direct access to the Mediterranean by a 
continuous continental land mass, which stretched from South Africa to 
Siberia (and perhaps thence to the New World) at the commencement of 
Tertiary times. 

The weakest part of this barrier seems to have been located in the Persian 
Gulf region, where (as we have seen) communications between the Pacific and 
the Mediterraneon had been freest in Maestrichtian times; for we find that 
the eastern sea advanced along this line when the waters again rose relatively 
to the land. The fauna then occupying the eastern waters was, in the main, 
distinct from that of Europe, although some of its members were probably 
derived from European types. Thus its most characteristic species, Cardita 
beaumonti (d'Archiac), may have been derived from the very similar C. 
ameliae Peron, which is known from the Upper Chalk of Algeria. But C. beau- 
monti is accompanied by many forms which are different from contemporary 
European types, and include the Peruvian genus Pseudoglauconia ( Douvillé, 
1928, p. 23). The distinctive character of the C. beaumonti fauna is generally 
admitted; and Douvillé showed that it has been found near Rajahmandri in 
southeast India, in Sind and Baluchistan in northwest India, and as far west 
as Luristan in western Persia. According to Douvillé (1929, p. 71), the Sind 
assemblage indicates fairly deep waters, the others indicating littoral or lagoon 
conditions. Similar beds found by Vredenburg (1901) in southern Afghanistan 
help to link the Indian ones to the Persian. It thus seems that, after the Danian 
regression, the eastern waters occupied, or reoccupied, the deepest parts of 
the preceding Maestrichtian sea bed, penetrating to northern Baluchistan and 
sending off a branch to western Persia. 

The correlation of the C. beaumonti fauna has long been in dispute. It is 
certain that the Deccan trap flows (between some of which that fauna appears) 
are mainly if not altogether of post -Maestrichtian and pre -Ranikot age, and 
most recent writers have referred them wholly to the Danian; but Professor 
Birbal Sahni has lately (1934a, 1934b, 1937, 1938) given his expert opinion 
that Tertiary plants appear between some, at least, of the flows. I therefore 
provisionally refer the C. beaumonti fauna to the Montian. Figure 2 shows my 
conception of the distribution of land and sea at that time. 

THE RANIKOT SEA 

The Lower Ranikot advance. -Following the Deccan trap and C. beaumonti 
period, the eastern sea continued its encroachment northward from Balu- 
chistan; for the later stages of the succeeding Lower Ranikot period saw the 
arrival of marine waters in the Kohat district. These obviously came from the 
south, following the course of the earlier Parh Limestones and Pab Sandstones. 
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Having arrived in the Kohat region, this invasion turned eastward, along the 
line followed by the earlier Giumal Sandstone, Gault bed, and Chikkim Lime- 
stone; for we find a similar continuity from west to east of the highly fossilif- 
erous but very thin Hangu Shales of Lower Ranikot age (Davies, Cox, Gregory; 
all 1930). Only one significant foraminifer, the characteristic Ranikot 
species Lockhartia hainzei (Davies), has been found in these shales (Davies, 
1937, p. 46), which nevertheless contain many mollusks and corals and are still 
the most richly fossiliferous deposits that are known to be of Lower Ranikot 
age. 

Near Thal itself (Kurram Picquet Hill), where the invading sea turned 
east, there is a considerable thickness (more than 700 feet) of Lower Ranikot 
sandstones and shales with small foraminifera (Davies, 1927, p. 284) and 
Ostrea, but few if any mollusks. This seems to be a purely local formation, 
and I regard it as a delta deposit. 

The Upper Ranikot Sea. -After depositing the Hangu Shales, the waters 
deepened further and continued their transgression to the east, still following 
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FIG.3. UPPER PALEOCENE (UPPER 
RANIKOT) SEA. 

KNOWN LOCATIONS OF UPPER RANIKOT BEDS 0 0 

The numbers on the figures refer to rivers, as follows: 1, Kurram River; 2, Proto- 
Sarasvati; 3, Narbadda; 4, Godavari; 5, Mahanadi; 6, Pre - Indus; 7, Irrawaddy; 8, Upper 
Jhelum; 9, Upper Indus. 

the old west -to -east course taken by the Cretaceous sea across the present 
Himalayan axis. The sea must have widened to some extent (judging from the 
known distribution of Upper Ranikot deposits) while crossing what are now 
the Kohat district and Potwar plateau (for which reason I call this section of 
the Eocene sea the "Kohat- Potwar basin ") ; although it probably narrowed 
again while passing over the region now occupied by the northwest Himalayan 
axis near Singhe -La in Zanskar, and widened once more as it continued its 
course over the region of the Manasarowar Lakes to the present Brahmaputra 
Valley. This branch reached at least as far as Kampa Dzong in Tibet. 

Conditions were remarkably uniform throughout this long west -to -east- 
running arm of the Upper Ranikot sea, to judge by the close resemblance 
existing between both the fauna and the lithology of the Kampa Dzong beds 
and the Salt Range ones (cf. Davies, 1937, p. 69, etc.); and they were probably 
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of a very estuarine character, since many streams must have discharged their 
contents into that arm. Archaeolithothamnium abounds in the Lockhart Lime- 
stone, which conformably succeeds the Hangu Shales on the Samana Range, 
and occupies the northwestern parts of the Kohat- Potwar basin; while the 
Salt Range beds, in the southeastern parts of that basin, contain some coal 
deposits. Coal deposits of the same age are also found on the eastern margin 
of the Ranikot sea, both where it made its bend in the Kohat district near 
Kalabagh, and again in Sind to the south -where what I call the "Proto- 
Sarasvati river" probably discharged its contents. It seems obvious that the 
borders of the Rankkot sea which adjoined the Punjab -Rajputana block had 
much vegetation brought down to them by streams which had traversed that 
old and probably well -wooded land surface; while the opposite (i.e., Hazara 
and Afghan) borders of the same sea had less vegetation brought down to 
them, and their deposits (e.g., at Thal) often show wind -rounded sand grains, 
which were doubtless derived from the younger lands flanking them. (I am 
indebted to Dr. R. M. Craig, of Edinburgh University, for drawing my atten- 
tion to the presence of these grains in my collections from those deposits.) 
Incidentally, the Upper Ranikot deposits locally increase to 1000 feet or more 
near Kurram Picquet Hill at Thal. It may also be noted that besides the coal 
deposits (at Makarwal, Dandot, etc.) on the Salt Range, the Upper Ranikot 
Patala Shales are there very dark in color, doubtless owing to disseminated 
carbon fragments; while the same shales become much lighter in color toward 
the other bank of the estuary (e.g., outcrops among the Kala Chitta HiIIs). 

Besides this branch of the Ranikot sea, which passed northward from 
Sind to Kohat and thence eastward to Tibet, it seems clear that the Upper 
Ranikot sea also had a branch which passed northwestward to Luristan, 
doubtless occupying the channel up which the C. beaumonti fauna had passed 
to the same region. That the Upper Ranikot sea followed the C. beaumonti 
one in this direction was suggested by Vredenburg's discovery (1901, p. 240) 
of at least one characteristic Upper Ranikot fossil (Astrocoenia blanfordi 
Duncan) in the Seistan region, and by Dr. Jayakar's discovery of another 
Ranikot fossil (Styracoteuthis orientalis Crick) in Oman (Lees, 1928, p. 609); 
and it has lately been definitely proved by the discovery of a typical Upper 
Ranikot fauna at Shamshir-i-Quli in Luristan itself (Davies, 1938b). 

Not only is the Ranikot fauna at Shamshir -i -Quli very characteristic, but 
it contains many specimens of Miscellanea stampi (Davies) and M. miscella 
(d'Arch. and Haime)- species which seem to be peculiarly related to brackish - 
water conditions. Thus the estuarine character of the waters entering this 
region from the southeast was still apparently maintained; yet the waters may 
have deepened, for there are indications that the remaining barrier between 
them and the western remains of Tethys was beginning to give way. Thus 
large Alveolina globosa Leymerie appear among the more typical Ranikot 
forms at Shamshir -i -Quli. Although A. globosa is also found in the later Ran - 
ikot beds of northwest India, it is always dwarfed there as compared with 
European specimens; so I suspect that this species was one of the first to enter 
the Ranikot sea from the west, and became dwarfed as it traveled eastward 
under unfamiliar conditions. 

It may be noted here that I found Upper Ranikot foraminifers on one of 
Carter's slides- British Museum (Nat. Hist.) No. P. 30214 -from Kelat in 
Baluchistan. Since I also (1927, p. 265) found a typical Upper Ranikot assem- 
blage in material from Zrind in northern Baluchistan, it seems certain that 
existing maps of Baluchistan ignore many Ranikot exposures. These Balu- 
chistan occurrences serve to link the classic Ranikot beds of Sind to those of 
Waziristan (Davies, 1938a -d) ; and so via the Kohat district (Davies, 1927, 
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1930), Attock district, and Punjab Salt Range to Tibet (Davies, 1937). It is 
thus now clear that, instead of being (as once supposed) limited to a small area 
in western Sind, the Upper Ranikot sea extended -by means of two long arms 
-from western Persia to eastern Tibet. 

These are the chief known deposits of the Ranikot sea; but we have already 
seen that a C. beaumonti fauna appears at Rajahmandri on the southeastern 
coast of India; and Vredenburg showed (1923) that Upper Ranikot mollusks 
have been found near Yeshin in Burma. So the Indo- Pacific sea of those times 
obviously passed northward on both sides of the Indian peninsula, although 
it penetrated much the farthest to the west, in the wake of retreating Tethys. 

Figure 3 shows what I believe to have been the approximate distribution 
of the Upper Ranikot sea. Dr. -H. G. Schenck informs me (private communica- 
tion) that he did not find Ranikot forms in eastern Persia, so the approach of 
that sea to Luristan was probably via the Persian Gulf itself. 

The Ranikot fauna. -Our main evidence, at present, on the contents of the 
Ranikot sea is derived from the deposits left by the two inland arms reaching, 
respectively, northward and eastward from Sind to Tibet, and westward and 
northward from Sind to the borders of Mesopotamia. Of these two, the Tibetan 
arm gives much the most material, for a great part of the other arm probably 
lies under the waters of the existing Persian Gulf. From both arms the indi- 
cations are that the Ranikot sea was not derived from Tethys, but rather that 
it was an offshoot from the Indo- Pacific sea, which followed and extended the 
encroachments of its immediate predecessor, the C. beaumonti sea, along the 
deeper channels vacated by the preceding Maestrichtian sea. 

The width of neither of the invading arms of the Upper Ranikot sea was 
very great; and the great length of the arms would have caused them to 
receive the drainage of vast adjoining land areas; in other words, the es- 
tuarine character of both arms would probably be accentuated. I think that 
this may explain both the remarkably constant nature of the Upper Ranikot 
fauna throughout the whole extent of these two diverging arms (which tra- 
verse about 40 degrees of longitude) and their peculiarly estuarine character. 
No such constancy of faunas from point to point, nor so well -marked an estu- 
arine character is found in succeeding deposits (cf. Davies, 1937, pp. 14, 69; 
Latham, 1938, p. 38). At the same time, it does not follow that similar con- 
stancy or estuarine character continued farther south, where the Ranikot sea 
was presumably much broader and deeper; and a great deal remains to be 
discovered regarding that sea. 

The presence of marine mollusks without accompanying large foraminifera 
in the C. beaumonti beds, their presence in abundance without such foramini- 
fera (except L. haimei) in the Lower Ranikot "Hangu Shales," and their pres- 
ence without such foraminifera even in the Upper Ranikot deposits at Yeshin, 
seem to indicate that mollusks were the pioneer invaders where the waters 
were still shallow, or their salt contents very diluted. It is perhaps significant 
that L. haimei has exceptionally large pores; the same feature is seen 
in Miscellanea, and I suspect that it was an adaptation to brackish -water 
conditions. 

The whole aspect of the Ranikot fauna is, indeed, unique. Dr. Pilgrim did 
not stress that fact in his paper, because it was not so well realized in 1923. 
It was then still supposed that the principal Ranikot nummulite was identi- 
fiable with N. planulatus (Lamarck) of Europe. This I subsequently (1927) 
showed to be incorrect; and I redescribed the form as a new species, N. nut - 
talli. What is more, that species is now known (cf. Davies, 1937) to be the 
central member of a remarkable group of closely related forms- Nummulites 
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nuttalli /N. thalicus, Miscellanea scampi / M. miscella, Operculinoides sinden.sis/ 
0. gwynae -which characterized the Upper Ranikot sea from Persia to Tibet 
but found no parallel in the Mediterranean region. Such peculiarly eastern 
foraminiferal genera as Dictyoconoides and Sakesaria also first appear in 
Ranikot beds, together with forms described by me as Polylepidina which Dr. 
Tan Sin Hok (1939) regards as closely similar to Upper Cretaceous Orbi- 
tocyclina of Cuba. No such forms are known from European deposits. Even 
when the Ranikot genera are similar to those of Europe, the species are usually 
different. 

Much the same can be said of the mollusks. As already stated, the genus 
Pseudoglauconia, elsewhere known only from later beds of Peru, first appears 
in the C. beaumonti beds of India; so also, according to Dr. L. R. Cox, does the 
genus Bellardia, which continues into the Ranikot but is not found in western 
beds until a considerably later age. Similarly the genera Strepsidura, Strepto- 
chetus, and Voluta s. str. make their first known appearance in the Lower 
Ranikot Hangu Shales; and the genera Cassidaria, Cassis, Harpa, and Sig - 
aretus first appear in the Upper Ranikot. It would therefore seem that all 
these forms may have originated in the Indo- Pacific region. Little is yet known 
regarding the Paleocene fauna of eastern Europe; but when comparing the 
Ranikot molluska with Paleocene assemblages of western Europe, Dr. Cox 
remarks (1930, p. 139) that they "are as a whole pronouncedly dissimilar." 

Concerning corals, the late Professor J. W. Gregory stated (1930, pp. 
82 -83) that "the most nearly related European faunas are those of the Middle 
and Upper Eocene and Oligocene" and "the fauna which seems nearest by its 
generic association to that of the Ranikot series is that from the Eocene of 
Borneo." 

The Ranikot beds are also distinguished by the abundance of ostracods 
found in them. Nine species, belonging to five genera, were distinguished by 
Miss M. H. Latham (1938) in collections from the Ranikot beds of the 
Kohat- Potwar basin and Waziristan, some of the species being represented by 
great numbers of individuals. Two of these species seem to be peculiar to the 
Ranikot. The other seven are all found in later beds of Europe; but only two 
of them (and no other species) have been found in later Eocene beds of India, 
where they are represented by relatively few and stunted individuals. The 
more open -sea conditions of Laki and Khirthar times apparently did not 
suit them. 

These peculiarities of the Ranikot fauna, after the similarity between 
northwest Indian types and European ones seen up to the close of Maestricht- 
ian times, emphasize the effects of the closing scene of the Cretaceous period. 
They show that the population of Indian waters at the commencement of 
Tertiary times came from the southeast rather than from the northwest, 
and existed under somewhat abnormal conditions. 

POST- RANIKOT DEVELOPMENTS 

Resumption of communications with the West. -The close of the Ranikot age 
saw the end of clear -cut distinctions between Indian and European marine 
faunas. The western arm of the Upper Ranikot sea must have finally pierced 
the barrier still separating it from the western remains of Tethys -or perhaps 
the latter overflowed that barrier; for eastern mollusks, etc., seem to have 
found their way into the Mediterranean area, while western foraminifera be- 
gan to appear in increasing numbers on the Indian coasts. Among the latter 
were N. atacicus, N. Irregularis, and A. granulosa, presently followed by Alv. 
oblonga, Orb. complanatus, etc. 
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Emergence of Waziristan.- Communications were still intact between the 
Kohat- Potwar basin and Tibet, for deposits with the last -named forms appear 
above the Ranikot beds at Kampa Dzong, just as they do on the Punjab 
Salt Range; but the connections of the Kohat -Potwar basin with Baluchistan 
were narrowed by the emergence of Waziristan. Despite contrary assertions, 
Laki beds have not been shown to exist in Waizristan; indeed the evidence 
seems to be against their existence, for the fullest representation of the Laid 
sequence is seen in the eastern parts of the Kohat district, its members pro- 
gressively disappearing from the bottom upward towards the west, until the 
youngest of them ceases to appear shortly before the Waziristan border is 
reached (Davies, 1938a, d). The same phenomenon is repeated with respect to 
the succeeding Lower Chharat (Lower Khirthar) deposits, which become 
progressively coarser and thinner from east to west in the Kohat district 
(except for a great thickness, which I take to be a river deposit, locally de- 
veloped near Sarozai, 15 miles east of Thal), and finally disappear altogether 
on the Waziristan border. So it is hardly surprising that the Middle Khirthar 
overlaps on the Ranikot in Waziristan itself (Davies, 1938c). Everything seems 
to indicate that Waziristan rose to some extent at the beginning of Laki times. 
This emergence was probably local in nature, however, for the Laki sea ad- 
vanced from the west via Turkestan on the north, as well as via Seistan on 
the south, of the Perso- Afghan block. Mme. de Cizancourt shows that the 
northern arm passed Gardez, and arrived within about 60 miles of Thal; and 
yet it apparently failed to connect with the Kohat -Potwar basin, since its 
foraminiferal fauna contained distinctive elements until Middle Khirthar 
times (1938, pp. 12 -14). Similarly Dr. L. R. Cox informs me that the Ypresian 
(Laki) molluska of Afghanistan resemble those of Turkestan, but differ from 
those of India. 

The Waziristan barrier was probably formed by a low ridge extending 
southwards from the Pamir knot. The rise of this ridge would explain the 
deflection eastward of the deposits of a river coming from that knot. 

Emergence of the northwest Himalayan axis. -The close of Laki times 
brought greater orogenic movements, for it is noticeable that the beds with 
Alv. oblonga and Orb. complanatus are the last marine ones found in Tibet, just 
as they are almost the last to be found on the Punjab Salt Range. I have stated 
that the Ranikot sea probably crossed what is now the Himalayan axis in the 
region of Singhe -La, where early Eocene deposits exist about 18,000 feet above 
sea level (Latouche, 1888). But later Laki times saw marked disturbances 
which indicate that the axis there had begun to rise. This is shown both by 
the broadening and shortening of Laki deposits in the Kohat- Potwar basin 
(as compared with the distributions of the preceding Upper Khirthar deposits 
in that basin) and by the movement of post -Ranikot deposits northward and 
eastward in Kashmir and Ladak (on the opposite side of the Himalayan axis). 
It seems clear that the Himalayan axis had begun to rise just where the .Rani- 
kot sea had crossed it. This orogenic movement appears to have first dislo- 
cated, and finally severed, the connections between the Kohat- Potwar basin 
and its trans -Himalayan extension. No similar signs of disturbance appear in 
the east (Kampa Dzong), where successive marine beds seem to follow each 
other without displacement. Disturbance was confined to the region of Kash- 
mir and Dras, where the actual severance of marine communications appears 
to have taken place. 

It is noticeable that, after cutting the marine connection, the advancing 
ends of the Himalayan folds turned sharply southward. The obstacle causing 
this deflection was, I believe, the Pamir knot. 
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Emergence of the Salt Range axis. -The Salt Range axis apparently began 
to rise shortly after the Himalayan axis commenced its movement. Lower 
Laki sediments are well developed on the Salt Range, and for a time even 
indicate a progressive deepening of the waters; but fragmentary outliers of 
"Bhadrar" beds show that the sea shallowed again in later Laki times, and 
the latest Laki sediments are not found on the Salt R ange but only some dis- 
tance to the north of it. I found them indicated by cores from the Jhatla Well, 
kindly sent to me by the curator of the Sedgwick Museum at Cambridge. 

Desiccation of the Kohat- Potwar basin.-The emergence of the northwest 
Himalayan axis severed the trans -Himalayan extension of the Ranikot sea 
beyond the Kohat -Potwar basin; the emergence of the Salt R ange axis seems - 
in combination with the preceding orogenic movement in Waziristan -to have 
choked the southern communications of that basin, and practically isolated it; 
for desiccation of its contents took place at the close of the Laki age and during 
the succeeding Lower Khirthar. Thus the latest Laki deposits of the Kohat- 
Potwar basin are followed by the deposition of the Salt and Gypsum series in 
the southeastern parts of the Kohat district, and by the formation of the 
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FIG.4. UPPER YPRESIAN (UPPER 
LAKI) SEA. 

PROTO-HIMALAYAN AXIS H 
PROTO- SALT RANGE AXIS S 

The numbers on the figures refer to rivers, as follows: 1, Kurram River; 2, Proto- 
Sarasvati; 3, Narbadda; 4, Godavari; 5, Mahanadi; 6, Pre -Indus; 7, Irrawaddy; 8, Upper 
Jhelum; 9, Upper Indus. 

"passage beds" of the Potwar, the whole being followed by the "Lower 
Chharat" (Pinfold, 1918) terrestrial and fluviatile interlude, the deposits of 
which cover the whole basin, but become coarser and thin out to the west. 

So far as I am aware, no previous attempt has been made to indicate the 
events leading up to the desiccation implied by the Saline series of Kohat, 
or to the succeeding fluviatile conditions indicated by the Lower Chharat 
phase in the northern Punjab and Kohat; but it seems to me that both the 
desiccation and the fluviatile phase would have followed naturally upon the 
three orogenic movements- Waziristan, Himalayan, and Salt Range -which 
preceded them. The Waziristan ridge and the young Himalayan axis formed 
two sides of a triangle (with the formidable Pamir knot at its apex) confining 
the waters of the Kohat- Potwar basin; and the rising Salt Range axis formed 
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the third side. Figure 4 attempts to depict matters just before the Tibetan 
connection was finally cut and the Baluchistan connection choked. 

RIVER ORIGINS 

t Fault- trough rivers. -I suggest, in figure 1, that certain Indian rivers, for 
example, the Narbadda (No. 3), Godavari (No. 4), and Mahanadi (No. 5) 
originated in pre -Cretaceous (Gondwana) fault troughs. Their coincidence 
with such troughs seems significant; and there appears to be no doubt that 
they are, in any case, very old. 

The Kurram, Jhelum, and Indus rivers. -The recurrence of conglomerates 
and the excesses of other detrital materials which I found near Thal seem to 
indicate river action in that vicinity from early Cretaceous times onward. The 
eastward displacement of the large Lower Chharat deposit at Sarozai itself 
fits in with other evidence of the emergence of Waziristan at that time. So I 
think that a river (which may have combined the courses of the present Chitral 
and Kurram rivers) was situated near Thal- sometimes continuing to the 
south (when the sea receded), sometimes forming a delta near Thal (when the 
sea arrived in that vicinity), sometimes discharging above Thal (at times of 
marked transgression), etc. The upper reaches of this river were probably 
captured by the Kabul River in relatively recent times, and it has certainly 
changed its lower course in quite recent times; but I think that its connection 
with Thal is a very old one. 

The Jhelum River seems to have originated after the trans -Himalayan 
connection of the Ranikot sea was finally severed at the close of Laki times. 
Its upper valley, and the little Dras River which flows in the opposite direc- 
tion, occupy the Dras- Srinagar route last followed by the sea after the dis- 
location of its original course, but before its final severance; so I think that 
the upper Jhelum originated as a westward -flowing relic of that route, at the 
same time that the Dras River (not shown on my map) originated as an east- 
ward- flowing relic of the same. 

That the Indus also originated after the final severance of marine connec- 
tions with Tibet, but in a different way, is shown by its displacement well to 
the north of the last marine route -with which it nevertheless connects itself. 
It seems obvious that, when the marine channel which had carried off the 
drainage of a thousand miles of territory, was blocked by the rise of the north- 
west Himalayan axis across its course, the waters north of that axis would 
have ponded. A vast lake must have resulted, the level of which presumably 
rose until an exit was secured round the end of the rising obstruction. Once 
the passage was effected -perhaps, at first, by a number of scattered streams - 
the great reserves of water would allow one particular route to be cut back and 
permanently fixed, despite further rises of the main axis or of subsidiary ones; 
and the level of the lake would fall as the channel deepened. This seems to be 
the best explanation of the fact that the upper Indus has cut no fewer than 
three colossal gorges through the same (Ladak) range, in order to connect with 
the nearest portion of the last line occupied by the trans -Himalayan sea, and 
that its waters can thereafter be traced along that line toward the Manasar- 
owar lakes (Burrard and Hayden, 1907; Lydekker, 1883; Geol. Survey Map, 
1928; etc.). I think that the Manasarowar lakes probably represent the last 
residue of what was once a long marine arm, and afterward a great lake on 
the site of that arm. 

Thus I believe that the upper portions of certain northwest Indian rivers 
are far older than their lower courses. The upper Kurram (No. 1 on the fig- 
ures), upper Jhelum (No. 8), and upper Indus (No. 9) were discharging their 
contents, as rivers, into the Kohat- Potwar basin in Middle Eocene times, long 
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before their present lower courses were adopted. It is interesting to note that 
the fossil fishes of the (Lower Chharat) age found by Mr. E. R. Gee near 
Malgin and sent to Dr. E. I. White "for examination and description" (Fermor, 
1934, p. 20) are freshwater forms (Cyprinidae, etc.), according to Dr. White's 
typescript and figures which he kindly gave me. They may well have been 
brought down by the early Indus River. 

I do not deny that a "Siwalik" (Pilgrim, 1919) or "Indo- brahm" (Pascoe, 
1919) River subsequently swept round the southern border of the still young 
and relatively low Himalayan Range, temporarily enlisting these upper waters 
as its tributaries; but I hold that the upper watercourses are much older than 
any such river, and survived it. Where rivers pass from hills to extensive 
plains, their upper courses are apt to be more fixed than their lower ones. 

The pre -Indus river. -Little need be said about this river (No. 6 on fig. 2), 
the existence of which is implied by facts indicating that considerable drain- 
age passed down this route prior to the elevation of the northwest Himalayan 
axis. Few Eocene deposits can be attributed to this river, apart from the Hangu 
Sandstones and Hangu Shales; but its chief deposition was probably lower 
down, and combined with that of the Kurram River. I suspect that it helped 
to form the Pab Sandstones. 

The Sarasvati river. -A very ancient river, now extinct, is what I call the 
Sarasvati, identifying it approximately with the river mentioned in the Rig - 
Veda and Mahabharata. I hold that a Gondwana fault trough crossed Rajpu- 
tana from between Hyderabad and Sukkur on the Indus to the vicinity of 
Simla. This was intermittently invaded by the sea and /or occupied by a river. 
The latter, in its early phases, I call the "proto- Sarasvati" (No. 2 on the 
figures). I believe that, in Quaternary times, part of the main Himalayan axis 
collapsed in the region of this old fault line. The rise of the recently elevated 
Pir Panjal Range, which starts near that line, was probably correlated with 
this collapse. As a result of these events (which included the subsidence of 
the Ladak range between Leo Pargial and Gurla Mandhata), the upper Sutlej 
originated, capturing the Indus connection with the Manasarowar lakes, and 
flowing down the old Jurassic course -or somewhere near it- through Patiala 
and Bikanir (Burrard and Hayden, 1907, p. 165). It is possible that the upper 
Jumna once united with the Sutlej to form the very large southern river -no 
longer in existence -which the Aryans so admired. Its course seems to be 
indicated by the deserted bed (variously called "Ghaggar," "Hakra," etc.) of 
a great river which seems to have joined a former bed of the Indus east of 
Sukkur in recent times. Sedimentation or earth movements seem to have led 
to the extinction of this river. I think that the Jumna and Sutlej separated in 
opposite directions, to join the Ganges and the Beas respectively. There ap- 
pears to be evidence that both junctions are recent (tenth century for the 
Sutlej, according to Burrard and Hayden, 1907, p. 165). Only the upper reaches 
of the Beas are now credited to itself, its lower portion being called after the 
much younger Sutlej -a curious illustration (if these beliefs are correct) of 
the vagaries of lower -river history. 

THE MIDDLE EOCENE TRANSGRESSION 

With the advent of Middle Khirthar (Upper Lutetian) times, the Lower 
Chharat terrestrial interlude came to an end, together with the last traces of 
the segregation of northern India from Afghanistan, by reason of a general 
degression of the land (or rising of the ocean level ?) which brought marine 
waters over the Waziristan ridge onto the Kohat district and northern Potwar, 
and (farther south) carried them across Rajputana (via the old Gondwana 
fault) to the Simla region, where they spread along the southern borders of 
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the young Himalayan range from Subathu to Naini Tal. A similar transgres- 
sion carried marine waters over Assam to the Garo hills, overflowing the 
southern portions of the Arakan Yoma, and passing far up the Irrawaddy 
basin. Subsidiary transgressions took place in Cutch, Surat, and Broach, and 
possibly also in Pondicherry (Rao, 1939). 

The transgression was, indeed, widespread. In Madagascar, the Lowe 
Eocene is missing, but the Middle Eocene is well developed; in southern 
Arabia, the Middle Eocene locally oversteps the Cretaceous; and the Middle 
Eocene is much more widely developed than the Lower in Palestine, Persia, 
and Afghanistan, Somaliland, and southeast Africa (Tanganyika Territory, 
etc.), and in the East Indies. Madagascar and most of Africa are too far off 
to appear in my figures; but I show enough of the Malay Peninsula and 
Sumatra in them to allow of their being correlated with Umbgrove's recent 
(1938) treatment of the geological history of the East Indies. 

The succession in the Kohat district shows that the sea (which had become 
more shallow to the east than to the west, owing to the rise of the Himalayan 

FIG.5. UPPER -LUTETIAN (MIDDLE 
KHIRTHAR) SEA. 
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The numbers on the figures refer to rivers; as follows: 1, Kurram River; 2, Proto- 
Sarasvati; 3, Narbadda; 4, Godavari; 5, Mahanadi; 6, Pre -Indus; 7, Irrawaddy; S, Upper 
Jhelum; 9, Upper Indus 

and Salt ranges) continued to deepen over the Kohat -Potwar basin in an 
apparently gradual manner. The fluviatile beds of the Lower Chharat (Lower 
Khirthar, or Lower Lutetian) phase are conformably succeeded by the marine 
shallow -water Kohat Shale, which passes conformably into the deeper -water 
Nummulite Shale, which passes with equal conformity into the massive 
beds (topped by nodular ones) which I call the Kohat Limestones. The fauna 
of all is of Middle Khirthar type, and the same facies is manifest from north 
to south of the region west of the Indus. To east of the Indus -and especially 
on the flanks of the Himalayan Range -there are variations due to local con- 
ditions, the sea in those regions having been very shallow and subject to fresh- 
water intrusions. 

THE AUVERSIAN REGRESSION 

At the close of Middle Eocene times there seems to have been a relatively 
rapid withdrawal of the sea from the northwestern parts of India. Outliers 



498 SIXTH PACIFIC SCIENCE CONGRESS 

of what I call the "Sirki Shales," after the village of Sirki Pela, near which 
some of them appear, represent this period of withdrawal in the Kohat district. 
The same horizon is more fully represented by the uppermost marine beds at 
Spintangi, etc., in northern Baluchistan, and traces of it seem to exist among 
the "Subathu" beds near Simla. 

The fauna of this horizon is being described in a separate paper. Its prin- 
cipal fossil is Nummulites beaumonti s'Arch. and Hahne, which is accom- 
panied by Alv. elliptica Sow., Dictyoconoides kohaticus var. spintangiensis 
(Davies) and a new Assiline species probably derived from A. papillata Nuttall, 
etc. The fauna is closely related to that of the Middle Khirthar, and cannot be 
much removed from it in age. Its appearance at Spintangi, the type locality 
for Vredenburg's "Upper Khirthar," identifies it as belonging to the latter; 
and its general character, together with the appearance of N. millecaput 
Boubée at or just below its base, suggest its reference to the Auversian of 
Europe, which is transitional from Middle to Upper Eocene. The true Upper 
Eocene (Priabonian, or Bartonian plus Ludian) has not been found in India. 

This horizon is also represented in Assam; for unmistakable N. beaumonti 
and true Alv. elliptica have been sent to me from upper Siju in the Garo Hills, 
thus confirming d'Archiac and Haime's statement (1853, p. 133, etc.) that 
N. beaumonti exists in that region. It is possible that the sea remained rather 
longer in Burma than it did in northwest India (unless corresponding beds 
were removed from the latter region during the succeeding emergence of the 
land), for Dr. Cotter (1914) described a Burmese species, which he rightly 
distinguished from N. beaumonti, as N. yawensis, and stated that it was ac- 
companied by what seemed to be Upper Eocene mollusks. At the same time, 
no typical Priabonian foraminifera -e.g., N. contortus Deshayes -have been 
found even in Burma; so it is by no means certain that the Upper Eocene 
exists there. 

As for the farther east, Caudri seems to be right in denying (1934) that 
Ranikot deposits have been found in the Dutch East Indies. No true Ranikot 
fossils have yet been figured from there. It is also doubtful if Laki deposits 
have been found there. The Middle Eocene, however, is well represented, and 
the Auversian seems also t-) be present. Caudri figures typical N. beaumonti as 
well as Alv. elliptica from Soemba, and states that the former has also been 
found in Java and elsewhere in the East Indies; but I doubt if the true Upper 
Eocene exists in the Dutch East Indies any more than it does in India itself. 
There seems to have been a general regression of the sea from all that region 
during the Upper Eocene. 

With this regression, the approximate present outline of India was attained. 
Subsequent marine invasions were relatively minor ones. Some of the principal 
mountain ranges, and rivers destined to characterize India, had also become 
established; and although these were still far from exhibiting their present 
development, many of the chief features of modern India can be said to 
have been sketched out before the close of Eocene times. 

NOTES ON FIGURES 1 -5 

It will be seen that none of the figures accompanying this paper show the 
eastern Himalayan axis. Yet it was probably the rise of the latter in Mesozoic 
times which prevented the Maestriehtian sea of Assam from joining that of 
Tibet (cf. fig. 1). It may also have been partly owing to the resistance of the 
eastern Himalayan axis on their northern flank that the Arakan Yoma and 
Shan Plateau, raised at the close of the Mesozoic, show their convexity toward 
India. On the other hand, the Assam and Burma elevations may have helped 
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to check the eastward continuation of the Himalayan axis; and the events in 
northwest India may have been due to the westward extension of that axis, 
after being checked to the east, until it was similarly checked in the west by 
meeting the (Hercynian) Pamir knot. 

But I am more sure of the end of this process than of its beginning My 
field experience was in the northwest, and I can quote much more evidence for 
views on what happened there than elsewhere. So the western advance of the 
Himalayan axis is indicated in figures 4 and 5, it being left to geologists of 
Burma and neighboring lands to fill in eastern details, showing how the process 
began. 

It will also be seen that the representation of the Lower Eocene sea differs 
from the figure given by Dr. Pilgrim in his paper (1923, p. 901, fig. 1). The 
dates of the works cited while' discussing this subject show how much has been 
published since 1923. It will be surprising if, after another sixteen years, 
considerable modifications have not to be made in the views expressed here. 
Incidentally, it was Dr. Pilgrim himself who first drew my attention to the 
need for work upon the geology of the Kohat district, little being then known 
of northern geology west of the Indus (cf. Pascoe, 1920, p. 447). So he is him- 
self indirectly responsible for this paper. 

GEOGRAPHICAL INDEX 
Aix -la- Chapelle 50° 47' 6° 5' Luristan 33° 0':47° 0' 
Arakan Yoma 21° 0':93° 0' Makarwal 32° 53':71° 9' 
Ariyalur 11° 8':79° 8' Malgin 33° 20':71° 32' 
Badamu 30° 21': 56° 44' Manasarowar Lakes 30° 43': 81° 26' 
Balkh 36° 42': 67° 3' Naini Tal . 29° 24':79° 32' 
Bhadrar ..32° 38':72° 28' Nepal ..27° 42':85° 13' 
Bikanir 28° 1':73° 22' Oman ..23° 30': 57° 0' 
Bokhara 39° 52': 64° 30' Pamir ..37° 30':73° 30' 
Broach 21° 43':73° 2' Parh 26° 3':78° 6' 
Chharat 33° 35':72° 33' Patiala 30° 20': 76° 25' 
Chikkim - 32° 22':78° 2' Pir Panjal 33° 40': 74° 40' 
Chitral 35° 55':71° 56' Pondicherry 11° 56': 79° 53' 
Cutch 23° 30':69° 0' Potwar 33° 0':72° 0' 
Dandot 32° 39':72° 58' Rajahmandri 17° 0':81° 48' 
Dras 34° 25': 75° 45' Samana 33° 33':71° Or 
Gardez 33° 40': 69° 10' Sarozai 33° 25':70° 47' 
Giumal 32° 10':78° 14' Seistan 28° 50': 63° 55' 
Gurla Mandhata 30° 26': 81° 18' Shamshir -i -Quli 33° 30': 47° 10' 
Hangu 33° 32':71° 6' Shan Plateau 22° 0':98° 0' 
Hazara 33° 47':73° 14' Siju 25° 22':90° 47' 
Hundes 31° 20':80° 0' Simla 31° 6':77° 11' 
Hyderabad (Sind) 25° 25': 68° 38' Singhe -La 33° 58':76° 54' 
Jhatla.. 32° 48':72° 23' Sirki Pela 33° 27':71° 4' 
Kalabagh 32° 58': 71° 36' Soemba Island 10° 0': 120° 0' 
Kampa Dzong 28° 16': 88° 36' Spintangi 29° 56': 68° 5' 
Kelat 29° 0': 66° 48' Spiti 32° 5':78° 15' 
Khirthar Hill 27° 0': 67° 12' Srinagar 34° 6': 74° 51' 
Kohat ....33° 36':71° 29' Subathu 30° 58': 77° 2' 
Kumaon 29° 35':79° 41' Sukkur 27° 42': 68° 54' 
Kurram Picquet Hill 33° 23': 70° 34' Surat 21° 9':72° 54' 
Ladk 34° 10':77° 40' Thal 33° 24':70° 33' 
Laki Hill 23° 0':67° 50' Yeshin 21° 52':94° 8' 
Leo Pargial 61° 54':78° 44' Zrind 29° 55': 69° 6' 
Lockhart (Fort) 33° 35': 71° 4' 

WORKS CITED 
ARCHIAC, E. J. A. D', and HAlME, J. 

1853 -1855. Descr. An. foss. Groupe numm. de l'Inde. 
BURRARD, S. G. and HAYDEN, H. H. 

1907. Sketch of the Geography and Geology of the Himalaya Mountains and Tibet, Part. 
III: "Rivers of the Himalaya and Tibet." 



500 SIXTH PACIFIC SCIENCE CONGRESS 

CAUDRI, C. M. B. 
1934. Tertiary Deposits of Soemba. 

CIZANCOURT H. DE 
1937. "Remarques sur la structure de l'Hindou- Kouch." Bull. Soc. Gaol. France, sér. 5, 

7:377 -400. 
CIZANCOURT MME. DE 

1938. "Contributions à l'étude des faunes tertiaires de l'Afghanistan. I. Nummulites et 
assilines du Flysch de Gardez et du Khost." Mérn. Soc. Geol. France, n.s., T. XVII, 
Fasc. 1, Mém. 39. 

COTTER, G. DE P. 
1914. "Notes on the Value of Nummulites as Zone Fossils, with Description of Some 
Burmese Species." Rec. Geol. Surv. Ind., 45:52 -84, pls. 1 -3. 
1926. "Distribution of the Gault in India." Rec. Geol. Surv. Ind., 59:405 -409. 

Cox, L. R. 
1930. "Fossil Fauna of the Samana Range. VIII. Mollusca of the Hangu Shales." 
Pal. Ind., n.s., Vol. XV. 

DAVIES, L. M. 
1927. "Ranikot Beds at Thal." Quart. Jour. Geol. Soc. London, 83:260 -290, pls. 18-22. 
1930. "Fossil Fauna of the Samaria Range. I. Introductory Note; VI. Paleocene Fora - 
minifera." Pal. Ind., n.s., Vol. XV. 
1937. "Eocene Beds of the Punjab Salt Range. II. Paleontology." Pal. Ind., n.s., Vol. 
XXIV. 

DAV IEs, L. M. 
1938a. "Quelques résultats de travaux récents sur l'Éocène du Nord -Ouest de l'Inde." 
C. R. Soc. Géol. France, Fasc. 2, pp. 22 -23. 
1938b. "Westward Extension of the Ranikot Sea." Nature, 141:202. 
1938c. "Eocene Beds in Waziristan." Nature, 142:296. 
1938d. "Quelques observations sur les derniers dépôts marins dans le Nord -Ouest de 
l'Inde." C. R. Soc. Géol. France, Fasc. 15, pp. 294 -295. 

DouvILLÉ, H. 
1916. "Le Crétacé et l'Éocène du Tibet Central." Pal. Ind., n.s., Vol. 5, Mem. 3. 
1928. "Les Couches à Cardita Beaumonti." Pal. Ind., n.s., Vol. X, Mem. 3, Fasc. I. 
1929. "Les Couches à Cardita Beaumonti." Ibid., Fasc. II. 

FERMOR, L. L. 
1934. "General Report for 1933." Rec. Geol. Surv. Ind., 48:1 -104. 

GRABAU, A. W. 
1928. Stratigraphy of China. Pt. 2: "Mesozoic." 

GREGORY, J. W. 
1930. "Fossil Fauna of the Samana Range. VII. Lower Eocene Corals." Pal. Ind., 
n.s., Vol. XV. 

HOK, TAN SIN 
1939. "On Polylepidina, Orbitocyclina and Lepidorbitoides." De Mijningenieur, 6 de 
Jaargang, No. 5, pp. 53 -84. 

HOLLAND T., and TIPPER, G. H. 
1913. "Indian Geological Terminology." Mem. Geol. Surv. Ind., Vol. 43, Pt. 1. 

HUENE, F. VON and MATLEY, C. A. 
1933. "Cretaceous Saurischia and Ornithischia of the Central Provinces of India." 
Pal. Ind., n.s., Vol. XXI, Mem. 1. 

KÜHN, O. 
1932. "Rudistae from Eastern Persia." Rec. Geol. Surv. Ind., Vol. 46, pp. 151 -179, pls. 
I -II. 

LATHAM, M. H. 
1936. "Eocene Ostracoda from N.-W. India." Proc. Roy. Soc. Edin., 59:38 -48. 

LATOUCHE, T. D. 
1888. "Nummulites in Zanskar." Rec. Geol. Sure. Ind., 21:160 -162. 

LEES, G. M. 
1928. "Geology and Tectonics of Oman, etc." Quart. Jour. Geol. Soc. London, 84: 
585 -670, pls. 41 -51. 

LYDEKKER, R. 
1883. "Geology of Kashmir, etc." Mem. Geol. Surv. Ind., Vol. 22. 

NOETLING, F. 
1894. "Echinoids from the Upper Cretaceous System of Baluchistan." Rec. Geol. Surv. 
Ind., 27:124 -126. 

OLDHAM, R. D. 
1893. Manual of the Geology of India, 2nd. ed. 



GEOPHYSICS AND GEOLOGY 501 

PAscoE, E. H. 
1919. "Early History of the Indus, Brahmaputra and Ganges." Quart. Jour. Geol. Soc. 
London, 75:138 -157, pl. 10. 
1920. "Petroleum in the Punjab, etc." Mem. Geol. Surv. Ind., Vol. 40, Pt. 3. 

PILGRIM, G. E. 
1919. "Suggestions Concerning the History of the Drainage of Northern India, etc." 
Jour. As. Soc. Bengal, 15:81 -99. 
1923. "Tertiary Formations of India, etc." Proc. Pan -Pacific Sci. Congress (Australia), 
1:896 -931. 

PINFOLD, E. S. 
1918. "Structure and Stratigraphy in the N. -W. Punjab." Rec. Geol. Surv. Ind., 49:137- 
160, pls. 4 -6. 

RAO, L. RAMA 
1939. "An Eocene Bed in the Pondicherry Cretaceous Area." Current Science, 8:166. 

SAHNI, B. 
1934a. "The Deccan Traps: Are They Cretaceous or Tertiary" Current Science, 
3 :134-136. 
1934b. "Silicified Flora of the Deccan Intertrappean Series. Pt. I: General." Proc. 21st 
Ind. Sci. Congr., pp. 24 -25. 
1937. "Age of the Deccan Trap." Proc. 24th Ind. Sci. Congr., pp. 464 -468. 
1938. "Recent Advances in Indian Palaeobotany." Lucknow Univ. Studies, No. II. 

SCHUCHERT, C. 
1932. "Gondwana Land Bridges." Bull. Geol. Soc. Am., 43:875 -916, pl. 24. 

SPATH, L. F. 
1930. "Fossil Fauna of the Samana Range. V. Lower Cretaceous Ammonoidea, etc." 
Pal. Ind., n.s., Vol. XV. 
1939. "Cephalopoda of the Neocomian Belemnite Beds of the Salt Range. "Pal. Ind., 
n.s., Vol. XXV, Mem. 1. 

STOLICZKA, F. 
1866. "Geological Sections across the Himalayan Mountains, etc." Mem. Geol. Surv. 
Ind., Vol. 5. 

UMBGROVE, J. H. V. 
1938. "Geological History of the East Indies." Bull. Am. Assoc. Petr. Geol., 22:1 -78. 

VREDENBURG, E. 
1901. "Geological Sketch of the Baluchistan Desert, etc." Mem. Geol. Surv. Ind., 
31:179 -302, pls. 4-16, maps 1 -3. 
1908. "Cretaceous Orbitoides of India." Rec. Geol. Surv. Ind., 36:171 -212, pls. 25-29. 
1923. "Indian Tertiary Gastropoda, No. 5, etc." Rec. Geol. Surv. Ind., 55:52 -57, pls. 1 -5. 



XXI 

Note on Three Himalayan Rivers 

BY 

L. M. DAVIES 

Reprinted from the GEOLOGICAL MAGAZINE, Vol. LXXVII, No. 5 

September- October, 194o 



Three Himalayan Rivers 410 

Note on Three Himalayan Rivers 

By L. M. DAVIES 

IN a recent paper (194o) I discussed the origins of the Indus, 
Jhelum, and Sutlej rivers. I suggested that the upper Jhelum 

resulted from the final severing of marine communications with 
Tibet by the rise of the north -west Himalayan axis at the close 
of Laid (Lower Eocene) times. The upper Indus probably 
originated rather later, from the overflow of Tibetan drainage 
ponded by the rise of this axis. The upper Sutlej I held to be 
much younger, and due to a geologically recent collapse of the 
main Himalayan axis along the line of an old (Gondwana) 
fault- trough. The following additional note is now offered in 
these connections : 

It is a remarkable fact that the main Himalayan axis ends 
abruptly, in the north -west, with the great peak of Nanga 
Parbat. It is round this peak that the upper Indus circles, on 
its way from the Ladak Eocene deposits to the Potwar ones. 
That suggests that it was here -the vicinity of Nanga Parbat- 
that the advancing Himalayan system was checked sufficiently 
for the ponded trans -Himalayan drainage to escape ; and the 
great depth to which the upper Indus has cut its bed (far lower 
than the upper Sutlej or the upper Brahmaputra have cut 
their beds) indicates that the upper Indus is the oldest of these 
three rivers which radiate outwards from the Manasarowar 
lakes. The significance of the fact that the upper Indus joins 
the Ladak Eocene deposits where the latter turn westwards to 
Dras, and carves its way backwards through those deposits to 
the Manasarowar lakes, repeatedly traversing the Ladak range 
in order first to join and then to keep that line, was noted in 
my paper. 

It also seems significant that it is along the alignment of the 
Ladak Eocene deposits after they turn westwards to Dras that 
we find the upper Dras river flowing east, and the upper Jhelum 
waters (Sind and Kishenganga rivers) flowing west, on either 
side of the main Himalayan axis. These seem to be residual 
from the old connection between the Ladak marine deposits 
and the Potwar ones. The splaying out of Laki beds on the 
Potwar side of the Himalayan axis seems to witness to the 
disturbance which finally broke this connection ; and a further 
relic of that connection seems to be the " wind gap " of the 
Zoji La, a flat -bottomed channel 50o yards broad and two 
miles long across the crest of the main Himalayan axis between 
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the Dras and Sind rivers, which probably represents a former 
river bed connecting their drainage areas. 

Of the three rivers radiating outwards from the Manasarowar 
lakes, the upper Sutlej seems to be much the youngest. Its 
extreme youth is indicated by the fact that it flows through 
breaks in the axes of the Siwalik foothills, and so must be younger 
than those foothills. The colossal nature of the event which 
gave it origin is indicated by the break in the main Himalayan 
axis -the connections of which on either side of the Sutlej are 
by no means clear -by the deep Shipki gorge opposite Leo 
Pargial on the Zanskar range, and by the disappearance of a 
great section of the Ladak range west of Gurla Mandhata. 
Thus the upper Sutlej would seem to owe its origin to a geologic- 
ally very recent fracture of the Himalayan axis (accompanied 
by the rise of the Pir Panjal range ?) along the approximate 
line of the fault- trough mentioned in my paper. That structural 
weakness still exists along this line was suggested by the Kangra 
earthquake of 1905 ; for the latter had two foci, one at Kangra 
and the other at Mussoorie, on either side of the upper Sutlej 
(Middlemiss, 1910). 

The attached figure may illustrate these remarks. Its repre- 
sentation of Himalayan ranges is after Burrard and Hayden 
(1907). Towns are indicated by letters as follows : J. Jhelum ; 

K. Kangra ; M. Mussoorie ; R.P. Rawalpindi ; Sa. Simla ; 

Sr. Srinagar. 
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CORRELATION OF LAKI BEDS 

Six, -In a recent paper 1 discussing the distribution of early 
Eocene beds in North -West India, Mr. E. S. Pinfold has 
maintained (pp. 196 -198) that the so- called "Dunghan Lime- 
stone " has no equivalent on the Punjab Salt Range ; and since 
I was chiefly responsible for the stratigraphic conclusions 
expressed in our joint memoir 2 on the Eocene beds of that 
range, it may be supposed that I share this opinion. I therefore 
wish to say that I do not. I showed (ibid., pp. 15, 32 -33, etc.) 
that the entire Laki sequence on the Salt Range is older than 
the Shekhan Limestone of Kohat. Since, as I previously 
showed,3 the Shekhan Limestone corresponds with the Upper 
Laki Limestone of Sind, it seems probable that the distinctly 
older Sakesar Limestone of the Salt Range correlates with the 
Meting Limestone of Sind, which Nuttall4 regarded as 
equivalent to the " Dunghan Limestone " of Baluchistan. 
The still earlier Nammal Shales of the Salt Range display older 
characters than any other known Laki formation, and probably 
represent part of the elements whose absence further south 
is indicated by the Basal Laki Laterite of Sind. 

With regard to the term " Dunghan Limestone ", I think 
(as stated in a paper lately read before the Geological Society) 
that it would be less anomalous to call the formation in question 
the " Bolan Limestone ". Nobody has ever figured Laki fossils 

1 Pinfold, E. S., 1939. The Dunghan Limestone and the Cretaceous -Eocene 
unconformity in North -West India. Rec. Geol. Surd. Ind., lxxiv, 189 -198 ; 
pl. 12. 

z Davies, L. M., and Pinfold, E. S., 1937. The Eocene Beds of the Punjab 
Salt Range. Pal. Indica (N.S.), xxiv. 

S Davies, L. M., 1927. Supplement to " Notes on the Correlation of 
Pinfold's Chharat Series ". Trans. Min. Geol. Inst. Ind., xxi, 316 -318, etc. 

4 Nuttall, W. L. F., 1925. The Stratigraphy of the Laki Series. Quart. 
gown. Geol. Soc. Lond., lxxxi, 417 -453, pls. xxiii -xxvii. 
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from Dunghan Hill, or even shown that Laki beds exist there. 
The " Dunghan Limestone " fauna quoted by Pinfold in his 
present paper (p. 192) was described by Nuttall i from a lime- 
stone of Lower Laki age in the Bolan Pass ; several of the species, 
and one genus, having never been seen elsewhere in India. Since 
Bolan fossils afford the actual basis for comparison when dis- 
cussing this formation, I prefer to treat the Bolan as its type area 
in name, as it is in fact. 

I am glad to see that Mr. Pinfold endorses (p. 195) my state- 
ment 2 that the Laki is altogether missing in northern Waziristan. 
He thinks, however, that a small thickness of shales with an 
estuarine fauna of uppermost Laki age appears in southern 
Waziristan. I will not personally be sure of this until I have 
seen the fossils concerned, which have not yet even been specified. 
Reasons for caution in claiming Laki beds in Waziristan have 
been detailed elsewhere.3 

Incidentally, I cannot agree with Mr. Pinfold's statement 
(p. 192) that " the whole of the Ranikot is missing " in Balu- 
chistan. I long ago showed 4 that typical Upper Ranikot fossils 
had been collected at Zrind, in northern Baluchistan ; and 
I recently found Ranikot foraminifera 5 in Carter's collections 
from the Valley of Kelat farther south. That Ranikot deposits 
are relatively rare in Baluchistan may be admitted ; and this was 
probably due to local emergence and denudation during basal 
Laki times. 

L. M. DAVIES. 

1 Op. cit., PP. 420, 440, 448, etc. 
z Davies, L. M., 1938. Eocene Beds in Waziristan. Nature, cxlii, 296. 
8 Davies, L. M., 1938. Quelques résultats de travaux récents sur l'Éocène 

du Nord -Ouest de l'Inde. C.R. Soc. Gdol. France, Fase. 2, 22 -23. Quelques 
observations sur les derniers dépôts marins dans le Nord -Ouest de l'Inde. 
Ibid., Fasc. 15, 294 -295. 

3 Davies, L. M., 1927. The Ranikot Beds at Thal. Quart. ,bourn. Geol. Soc. 
Lond., lxxxiii, 265. 

& On British Museum (Nat. Hist.) slide No. P. 30214. 



CONTENTS 
of Vol. LXXVII, No. 3 

R. H. RASTALL and J. E. HEMINGWAY. The 
Yorkshire Dogger. I. The Coastal Region. 

H. G. DINES, S. E. HOLLINGWORTH, WILFRID 
EDWARDS, S. BUCHAN, and F. B. A. WELCH. 
The Mapping of Head Deposits. 

G. M. LEES and F. D. S. RICHARDSON. The 
Geology of the Oil -field Belt of S.W. Iran 
and Iraq. 

CORRESPONDENCE 

Correlation of Laki Beds. L. M. DAVIES. 

Platycrinus tuberculatus Oyens, a correction. F. A. 
H. W. DE MAREZ OYENS. 

REVIEWS 

THE BIRTH AND DEVELOPMENT OF THE GEOLOGICAL 

SCIENCES. 

THE PETROLOGY OF THE SKAERGAARD INTRUSION. 

STEPHEN AUSTIN & SONS, LTD 
I FORE STREET, HERTFORD, HERTS 



XXIII 
[Extracted from the GEOLOGICAL MAGAZINE, Vol. LXXVIII, 

March April, 1941, pp. 151 -2.] 

CORRELATION OF LAKI BEDS 

SIR,-When defending his correlations (1939) which I have 
questioned (194ob), Mr. Pinfold (1940) apparently thinks that 
the Punjab contains nothing that I would regard as Shekhan 
Limestone ; but I have shown (1940a) that I regard representa- 
tives of that limestone as extending to within a few miles of 
the Salt Range itself. 

Again : when correlating the Nammal Shales of the Salt 
Range with the Ghazij Shales of Baluchistan, Mr. Pinfold 
overlooks the presence of basal Laki forms like Nummulites lahirii 
in the one and late Laki forms like Assilina daviesi in the other. 
Nor can I accept his generalizations about exposures of the 
" Dunghan " Limestone until I have seen , adequate fossil 
evidence in their support. 

The palaeontological facts are as follows :- 
I. The earliest known Laki fauna appears in the Nammal 

Shales of the Salt Range. It includes numerous Nummulites lahirii, 
jummulites cf. kelatensis and a variant of Assilina dandotica. Traces 
of this fauna have been seen in collections from the base of the 
Meting Limestone of Sind, but never at any higher level. 

2. The next formation, or Sakesar Limestone of the Salt 
Range, like the Meting Limestone of Sind and its Baluchistan 
equivalent, abounds with Alveolina globosa, which thereafter 
seems to disappear. 

3. Succeeding this limestone, on the Salt Range as in 
Baluchistan, come the first known, relatively rare, appearances 
of Assilina daviesi. The same form appears in the later Laki beds 
of Afghanistan (De Cizancourt, 1938). On the Salt Range this 
level is represented by the Bhadrar beds, which are definitely 
younger than the Sakesar Limestone and older than the Shekhan 
Limestone. 

4. The latest Laki beds of Baluchistan, as of the northern 
Punjab (except the Salt Range) and Kohat, see the influx of 
numerous Dictyoconus -group forms, which survive far into the 
succeeding Khirthar. Assilina daviesi usually abounds at this 
level, as the characteristic -if not the only -assiline of th 
same. This is the Shekhan Limestone level. 



[Extracted from the GEOLOGICAL MAGAZINE, Vol. LXXVIII, 
July- August, 1941, pp. 316 -17.] 

THE " DUNGHAN " LIMESTONE, AND RANIKOT 
BEDS IN BALUCHISTAN 

SIR, -In my last letter (1941) I referred to collections recently 
made by the Burmah Oil Company on or near Dunghan Hill. 
The company have since sent these collections to me, and 
preliminary examination shows them to be of considerable 
stratigraphic interest. 

One collection is from a section (29° 51' : 68° 19') on the 
Dunghan Range, where 1,215 feet of "Dunghan Limestone " 
had been judged to succeed Parh Limestones and intermediate 
beds of Cretaceous age. I found that the first 50o feet of this 
" Dunghan Limestone " is of Lower to Upper Maestrichtian 
age, having Orbitoides media d'Archiac in its earlier levels and 
Omphalocyclus macropora Lamarck in its later ones. The middle 
of the " Dunghan Limestone " contains at least 26o feet of 
Upper Ranikot beds, in which Miscellanea miscella abounds. 
Only the uppermost 23o feet or so of this " Dunghan Limestone " 
is of Laki age ; Alveolina globosa Leymerie, Alveolina ovoidea 
d'Orbigny and Sakesaria cotteri Davies being its most notable 
contents. This fauna resembles that of the Sakesar Limestone 
of the Salt Range (Davies, 1937) more than the Laki of the 
Bolan region (Nuttall, 1925). 
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The other collection is from a section (30° 9' : 67° 59') in 
the Mehrab Tangi near Harnai. Some 1,30o feet of " Dunghan 
Limestone " had there been judged to succeed the Parh 
Limestones. I found that the lower and upper elements of the 
Dunghan Range section seem here to be cut out ; but the 
central element, or Upper Ranikot, expands to a great thickness 
of limestone whose fauna increases in richness from below 
upwards until, some 1,200 feet above the base of the series, it 
presents such a typical Upper Ranikot assemblage as Nummulites 
nuttalli Davies, Nummulites thalicus Davies, Miscellanea stampi 
(Davies), Miscellanea miscella (d'Arch. and Haime), Operculinoides 
sindensis (Davies), Lockhartia haimei (Davies), etc. This seems to 
correlate with the upper levels of the Khairabad Limestone of 
the Salt Range, and I suggest that this Baluchistan equivalent 
of the latter be called the " Harnai Limestone ". The topmost 
3o -ft. limestone of this section shows a rather abrupt change in 
fauna, but contains numerous Discocyclina ranikotensis Davies, so 
cannot be later than lowest Laki in age. 

I am much indebted to the Burmah Oil Company for sending 
me these collections, with permission to publish my results. 
I hope to describe and figure the contents of the Harnai Lime- 
stone in some detail after further examination. One of its most 
interesting features is the appearance in it of a species of 
Orbitolina, a genus long supposed to be confined to the Cretaceous. 

L. M. DAVIES. 
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INTRODUCTION. 

Our knowledge of the geology of the Edinburgh district as a whole has been kept up to 
date by the Officers of the Geological Survey of Great Britain, and by numerous other workers, 
both professional and amateur. The one exception to this is the Island of Inchkeith, for 
access to which a military permit is necessary, making systematic research on it a matter of 
some difficulty. Our present knowledge of the Island is therefore limited to the results of a 
rather hurried survey made by A. Geikie, which were published over seventy years ago (Howell 
and Geikie, 1861) together with a six -inch geological map of the Island; to which we may 
add certain notes and information concerning local collections made by later visitors, none 
of whom surveyed it as a whole. Thus D. Grieve in 1870, and T. B. Sprague in 1897 -98, 
collected from kitchen middens on Inchkeith, the latter finding Azilian tools in the one which 
he examined; Milne -Home (1871) mentions the fact that boulder clay is to be seen on Inch - 
keith; J. Bennie in 1878, and C. A. Matley in 1908, made collections of fossils from shales and 
limestones from Inchkeith, and deposited them at the Geological Survey Offices in Edinburgh; 
in 1888 H. M. Cadell of Grange was stationed on Inchkeith, and he subsequently drew some 
sections of the beds there, which he also left at those Offices; in 1910 Dr (now Sir John) Flett 
recorded the presence of basalt of Dalmeny type on Inchkeith, and in 1918 he made a report 
(unpublished) on the natural water supply of the Island. 

These pieces of information were, however, necessarily very disjointed; and Sir John 
Flett remarked, in letters connected with his report, on the difficulty which he experienced 
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in trying to utilise Geikie's map, which was too generalised in nature and on too small a scale 

to be co- ordinated properly with the large -scale topographical maps of the Island which the 

Royal Engineers had prepared in recent years. 
When, therefore, the writer found himself in military charge of Inchkeith from 1929 to 

1933, he tried to work out its geology afresh, in conjunction with the modern large -scale maps. 

While doing so, he was given much assistance by many local geologists, including the Staff of 

the Geological Survey stationed in Edinburgh, who grudged no assistance for which he asked, 
and freely put all facts known to themselves at his disposal. 

POSITION AND SHAPE OF THE ISLAND. 

The Island of Inchkeith lies in the Estuary of the Forth, about three miles from Leith 
and two from Kinghorn. The co- ordinates of the Lighthouse, which stands on the highest part 
of it, are Lat. 56° 2' 0" N.; Long. 3° 8' 5" W. (these have kindly been checked by Mr J. 
Bartholomew of the Geographical Institute in Edinburgh). The Island itself is about 1300 
yds. in length, a third as much in width at its widest part, and rises to a height of 180 ft. above 
M.S.L. In shape it somewhat resembles a left human foot, with the three middle toes missing. 
The gap caused by the absence of these "toes" forms Kinghorn harbour at the broad northern 
end of the Island, the " heel" being at its southern end. The main ridge of the Island, extend- 
ing from this heel to the " great toe " or promontory at its north- eastern extremity, is directed 
N.N.W.; its profile rises rather gradually from heel to " instep " -the highest part of the 
Island, where the Lighthouse buildings are situated -and then descends more abruptly to 
the level of the 100 -ft. beach, which lies across the front of the " foot." It is here called the 
Lighthouse ridge, since it has no local name. A lesser ridge known as the Cawcans, also with 
a promontory at its northern end, runs roughly parallel tó the main one, and forms the north- 
western boundary of the Island; it represents the little toe and its metatarsal. These two 
"toes" or northern promontories are called the East and West Stells. At the southern end 
of the Cawcans. -ridge the modern pier (about forty years old) juts out to west and south, 
enclosing a small bay known as Leith harbour, and the remains of a more primitive and older 
pier. A shallow valley between the two ridges passes from Leith harbour to Kinghorn. harbour. 
The eastern border of the Island forms a relatively straight line, flanked by a succession of 
lesser basalt ridges, mostly worn down to sea -level, with fragments surviving as picturesque 
skerries or combining with the main ridge to form a few shallow and rocky bays. A small 
transverse fault across the north -eastern part of the Island, with slight downthrow to the 
south, has given rise to a natural jetty locally known as Kirkcaldy harbour, although it is 
suitable only for the use of small rowing boats. All the beds dip regularly to the E.N.E. at 
angles varying from 30° to 80 °, the most usual angle being about 45 °. 

In southward prolongation of the Lighthouse ridge, and joined to it at low water, is a 
reef called the Long Crag; while a few hundred yards to the west of the Island, and per- 
manently separated from it by water, are two other reefs, the southern one being called the 
Iron Crag, and the northern one the Seal Carr. 

The broad channel, 3 miles wide, to the south of Inchkeith is relatively shallow, and was 
first buoyed for the passage of large vessels during the Napoleonic wars (1801), shortly before 
the erection of the Lighthouse (first lighted on the 14th September 1804). The northern 
channel, although narrower by a third, is much the deeper of the two, and is still the favourite 
one for larger sea -going vessels. 
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SOLID GEOLOGY. 

General Remarks. 

Striking N.N.W. as all the sediments do, and dipping E.N.E., the oldest beds appear on 
the west of the Island, and the youngest on the east. The sedimentary sequence (best seen 
at the north end) is interrupted by three principal belts of extrusive igneous rocks, which 
respectively form the Cawcans ridge, the Lighthouse ridge, and a low outer ridge (here given 
the naine Kirkcaldy) along the eastern shore. These three extrusive masses all extend the 
full length of the Island, so that the sediments are divided by them into four natural groups 
which we may call the Cawcans (to west of the Cawcans ridge), the Kinghorn (between the 
Cawcans and Lighthouse ridges), the Kirkcaldy (between the Lighthouse and Kirkcaldy 
ridges), and the Skerries (east of the Kirkcaldy ridge). 

These four groups of sediments are further subdivided by other igneous masses; but the 
additional subdivisions so made are more local, except in the case of what is here called the 
Main Intrusive Band, which passes the whole length of the Island, everywhere separating the 
Kinghorn sediments into upper and lower (or eastern and western) portions. 

No great faults appear to complicate the sequence, which, as we shall see, is not a very 
large one. There are also no marked unconformities, and the geological range of the beds 
seems to be very small. The same species of fossils appear practically throughout; all the 
animals belong to fresh -water types; and the entire sequence probably represents no more 
than a small section from the middle of the Oil -Shale Group of the Lower Carboniferous. 
Lithologically, however, the beds differ considerably as they are followed from north to south; 
some of the more interesting deposits appear locally as long lenticles, and few, if any, individual 
beds can be traced for the whole length of the Island. Several sections are therefore quoted, 
where the sediments are exposed along a considerable length of strike, in order to show the 
natures of these lateral changes. In such cases individual beds of northern sections are dis- 
tinguished by the letters a, b, etc., and those of more southerly ones by the letters a', b', or 
a ", b ", etc. ; the distinguishing Roman numeral given to the series itself remaining unchanged. 
The geologist will find it most convenient to traverse the Island from west to east, and 
accordingly in the following detailed sections the oldest, i.e. the most westerly outcrops, are 
placed first. 

I. Cawcans Sediments : (a) Oldest Beds. 

(Older beds obscured) . 

n. Sandy shales; micaceous and carbonaceous. Base not seen. At least . 

o. Intrusive basalt; amygdaloidal, bleached and decomposed . . . . 

p. Sandstone; thin- bedded, highly micaceous and carbonaceous, weathering red . 

q. Obscured; probably sandy shale . . . . . . 

r. Sandy shale; dark grey, red- weathering, micaceous and carbonaceous 
s. Sandstone; thin -bedded, micaceous and carbonaceous, weathering red . 

t. Sandy shale . . 

u. Obscured; probably sandy shale . 

V. Bluish mudstone; carbonaceous towards top . . . . . 

w. Sandstone; like s, but not weathering so red. Ripple -marked in places . 

x. Sandy shale . . . . . . . . . . 

y. Bluish shale; with many plant fragments, and ironstone pebbles the size of a bean . 

z. Impure coal and coaly shale; baked on top, with 1 in. white calcareous band in middle 

Dip of beds about 45 °. 

Approximate total . 

Ft. In. 
0 0 
1 0 

1 6 

2 8 

2 8 
1 0 
1 10 
1 2 

2 6 

2 3 
4 3 

1 6 

3 6 

2 0 

27 10 
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II. Cawcans Intrusive Band. 

(Pl. II, fig. 1.) 

Above these beds comes an intrusive band of Dalmeny basalt, which runs roughly parallel 
to the northernmost 160 yds. of the Cawcans ridge. At its southern end this band is about 
13 to 14 ft. thick, and dips at about 30 °; but it increases to 30 ft. thick at 50 yds. farther 
north, and 45 ft. thick at 100 yds., while its dip steepens to 40° and more. In places, along 
its lower margin, it shows pipe amygdales ; but it is nevertheless chilled, whitened, and altered 
both above and below. It suddenly increases very much in thickness towards the north end 
of the Cawcans ridge, where its upper surface cuts diagonally across the overlying sediments 
until it meets the still higher lavas of the Cawcans ridge above. It is there over 80 ft. thick; 
and can be seen at low water accompanying the lower sediments out to sea, where it appears 
to become even thicker. For over 120 yds. from its southern end, however, it is separated 
from the Cawcans lavas by sediments, of which the following is an average section:- 

I. Cawcans Sediments : (b) Beds above II. 
Ft. In. 

a. Coaly shales; at least . 3 0 
b. Obscured; probably coaly shales or impure oil- shales 4 0 
c. Grey fireclay 0 4 
d. Coal . p 1 

e. Impure oil -shale, or ashy carbonaceous bed; upper parts packed with ostracods and fish -scales, 
some layers being practically entomostracan limestones . 1 8 

f. Tough, dark -coloured bituminous shale; contains occasional lava fragments up to / in. diameter. 1 8 
g. Impure coal ( "fire coal ") . 0 4 
h. Green compact ashy mudstone 1 7 
i. Coal . 0 12 

Approximate total (varies from 15 ft. down to nothing) . 12 10 

III. Cawcans Lavas. 

These form a thick series of extrusive basalts, the southern end of which presents the first 
rocks to be met on landing from the pier. This series, which constitutes the main mass of the 
Cawcans ridge, consists of about three lava flows. The lowest of these (III, a) is the thickest 
and is an analcite- bearing Dalmeny basalt, very like the intrusive band (II). Much weathered 
and decayed in places, it shows well- developed columns on the south face of the Cawcans cliff. 
Its thickness increases from about 100 ft. at the southern end of the ridge to nearly 120 ft. at 
the northern end. Its upper surface, as seen in section near the pier, is slaggy and reddened 
through oxidation, and contains many amygdales filled with calcite. The reddening seems to 
indicate some lateritic weathering before the next flow covered it. The upper surface of this 
flow forms a slight ledge along the steep western face of the Cawcans ridge, about 20 ft. below 
the top. 

The next flow (III, b) is about 30 to 32 ft. thick at the southern end of the Cawcans ridge, 
but thins down to about 12 ft. at the northern end. It differs in this way from the lower flow 
(III, a). It is also rather more basic in character than the lower flow, being of the Hillhouse 
type. It is fairly compact for the first 3 or 4 ft., and then becomes remarkably vesicular, 
vesicular bands or masses alternating with compact ones. 

It is followed in turn by flow III, c, also a Hillhouse basalt; this does not seem to vary 
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much in thickness, which is about 20 ft. at both ends of the ridge. Thus the total thickness 
of these Cawcans lavas remains about 150 ft. throughout. The dips (observed at sea- level) 
vary from 42° to 45 °. 

Deep indentations, or caves, mark the mutual junctions of the three flows at the northern 
end of the ridge. The further extension of this series beyond the ridge, where it has been 
planed down to below mean sea -level, can be traced to the north at low tide, as far as the 
waters recede. To the south, however, there is little apparent extension beyond the limits of 
the ridge itself; and the reason for this seemingly abrupt termination is not clear. The Iron 
Crag, on the approximate continuation to the south of the strike of the Cawcans lavas, is 

altogether irregular in shape and formed of a coarser- grained variety of Hillhouse basalt. 

IV. Kinghorn Sediments : (a) Oldest Beds. 

Following with apparent conformity upon the Cawcans lavas is found a sedimentary 
series which, in Leith harbour to the south, appears to be of considerable thickness; although 
most of the beds are there concealed under superficial deposits, etc., and really good exposures 
are only seen near the top. The lowest portion of these sediments is best exposed in Kinghorn 
harbour to the north, where the sequence as a whole is sub- divided by local basalt outcrops. 
The lowest section of these sediments is there as follows :- 

a. Ashy shale; pale green, with plant fragments 
b. Obscured; probably shale or mudstone . 

c. Impure coal, or carbonaceous shale; bituminous on top 
d. Ganister; or grey quartzite with plant fragments . 

Obscured; probably manly shales . . 

f. Laminated green ashy and manly shales; traversed by innumerable fibres of calcite 
g. Green and red manly beds; characteristic ash towards top 

Approximate total 

Ft. In. 
2 0 
1 4 
2 0 
1 3 
3 7 

12 0 
4 0 

26 2 

A small exposure of beds in a corresponding stratigraphical position at the south end of the 
Cawcans ridge appears near the old pier head in Leith harbour. These beds are as follows:- 

Ft. In. 
a'. Obscured; probably manly shales or mudstones 
b'. Manly shales or mudstones . . . . 

. 

c'. Like b', but with calcareous nodules and lenticles . 
d'. Impure limestone band . 

e' . Ashy mudstone; with calcareous concretions 
. f'. Impure limestone band . 

g'. Ashy and manly mudstone; with calcareous concretions 
h'. Impure limestone band . 

Approximate total exposed . 

5 0 
3 0 

9 0 
0 2 

0 8 
0 4 

0 9 

O 2 

19 1 

V. Kinghorn Lavas. 
There now succeeds, in Kinghorn harbour, a rather enigmatical series of basalts. The uppermost portion is much decomposed, and the lower part, also considerably altered, rests on a bed of almost pure ash. The whole series, which is of Hillhouse type, seems to consist of four distinct flows, between two of which appear thin sediments, not noticeably altered by contact action. The series is here provisionally classed as extrusive, but may be intrusive. The successive bands have the following thicknesses, in ascending order: a, 7 ft. ; b, 18 ft.; 
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c, 21 ft. ; and d, 24 ft. Thus the total thickness is 70 ft. The thin sediments lie between 
b and c. 

No signs of this series are to be seen in Leith harbour, and no evidence has been found 
that it joins the Cawcans lavas, as Geikie thought. It can be seen extending well out to sea 
to the north, at low water; and it can be clearly traced up the slopes for about 70 yds. to the 
south of high -water mark, with fainter indications of outcrops for a further 60 yds. to the 
south. It probably terminates as shown on the map, which would allow of a fairly constant 
thickness of sediments between the more continuous Cawcans and Lighthouse lavas. The 
exact manner of its ending is uncertain. 

IV. Kinghorn Sediments : (b) Beds above V. 

The next succeeding sediments total about 18 ft. in thickness, to judge by the horizontal 
distance across their strike and by their local dip (about 42 °). They are, however, almost 
entirely concealed under masses of detritus, which here seems to be unusually thick. This 
would indicate rather deep erosion in soft beds. The sequence is as follows :- 

Ft. In. 
a. Obscured; probably mudstones 12 6 

b. Stiff green mudstone band . . 0 6 

c. Obscured; probably mudstones 2 0 
d. Greenish mudstones; baked . 3 0 

Approximate total 18 0 

VI. Kinghorn Intrusive Band. 

This peculiar intrusive band can be traced for a considerable distance to the north, at 
low water, although it terminates abruptly to the south between tide -marks in Kinghorn 
harbour. It is about 22 ft. thick, dips at about 42 °, and is a hyalo -ophitic decomposed basaltic 
rock with a good deal of chlorite and secondary silica. It is tentatively grouped here as a 
Dalmeny basalt. 

The sediments above it are extremely disturbed for about 48 ft. (representing a thickness 
of about 26 ft.) to the east. No sequence can be made out through this thickness. Although 
composed of similar elements to those of the next succeeding beds, these elements are here 
shattered and confused in a most peculiar way. The reason for this disturbance -confined, 
it would seem, to one side of a not very thick intrusive band (to judge by the actual outcrop) 
-is not very clear. With seeming suddenness, too, the sedimentary beds next beyond the 
disturbed ones resume normal characters; but they dip at very high angles for a while, and 
their strike swings outwards to the east as if displaced by some much larger mass than is 
represented by the visible igneous outcrop. 

In other parts of the Island, similar appearances of disturbance would seem to have been 
produced by the action of intrusive beds below the surface, pushing shattered and displaced 
sediments before them. It therefore seems probable that the intrusive mass here is consider- 
ably thicker than would appear from the portion- perhaps a mere tongue -which protrudes 
at the surface; the section of this part of the Island (i.e. Section A B, across the north shore) 
accordingly shows this intrusion thickening considerably to the east, below ground. It is held 
that, while the projecting tongue of this intrusion is only about 22 ft. thick, it probably thickens 
eastwards below the surface, where it may be nearly 50 ft. thick. 
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IV. Kinghorn Sediments : (c) Beds above VI. 

It is difficult to say what thickness of beds is represented by the disturbed sediments 
above VI. To judge by the outward- curving strike of the unbroken beds above, a consider- 
able amount of the space taken up by the 50 -ft. intrusion was obtained by the bending of the 
upper sediments. The curve itself would imply a yield of about 20 to 25 ft. This can be 

only a rough estimate, but the difference between this and the total of 50 ft. probably represents 
the approximate thickness of beds here driven in shattered form before the intrusion itself. 
These sediments, therefore, in their original state, probably consisted of about 25 to 30 ft. 
of mudstones and shales with subordinate calcareous lenticles and bands. Ash beds are 
absent from this series. 

IV. Kinghorn Sediments : (d) Central Beds. 

The limit of the shattered area is marked by a rather prominent outcrop of stiff calcareous 
ash, or ashy mudstone (bed d, below), which has bent before the intruding mass but not been 
broken up by it. Dipping at high angles (70° and more) on account of the disturbance of its 
original strike, this bed is succeeded by others showing gradually less extreme dips, until the 
Main Intrusive Band (VII) is reached. The details of this series are given below, but it 
should be noted that many of the beds are lenticular, and the limestones as a whole thicken 
southwards up the beach, while the shales, etc., become thicker to the north, or seawards: 

Ft. In. 
a. Impure limestone band . 0 4 
b. Greenish -grey, ashy mudstone 3 4 
c. Irregular limestone band . 0 3 
d. Stiff greenish -grey, calcareous, ashy mudstone. (Dip 70 °) . . 2 0 
e. Thin- bedded, dark grey shales; full of entomostraca, fish -scales, Estheria striata, Lepidodendron, etc. 2 0 
f. Stiff greenish -grey impure limestone band . . 0 8 
g. Greenish shales with calcareous bands . . . . . . . . . 2 0 
h. Thin- bedded dark grey shales; full of entomostraca, fish -scales, Estheria striata, and small coprolites 1 5 
i. Buff -coloured limestone band; with entomostraca, fish- scales, etc. (Dip 65 °) 0 9 
j. Green ashy mudstones and grey shales; many calcite fibres 3 0 
k. Three flaggy calcareous bands, with ashy mudstone partings 2 6 
1. Ashy mudstones with calcareous bands . 2 6 

m. Irregular limestone band; some entomostraca 1 0 
n. Greenish mudstones . . 1 5 
o. Calcareous band; algal in places 1 0 
p. Greenish mudstone . 1 9 
q. Buff- coloured limestone bands and lenticles, with entomostraca and fish -scales; thin -bedded dark 

grey shales between, full of entomostraca, Estheria striata, and fish -scales . . 3 6 
r. Light grey, rather sandy limestone; algal in places . . 0 8 
s. Buff- coloured cherty limestone with porcellaneous fracture; white weathering towards top, coarser 

below. Plant fragments 3 0 
t. Greenish mudstone; seamed with calcite 0 8 
u. Algal Limestone; very distinctive 0 9 
v. Imbricated shales and limestones; slickensides at base. (Rather anomalous bed. Reason for its 

appearance here is not very clear) . 4 0 
w. Thin- bedded dark grey shales; with calcareous hands. Fish -scales and entomostraca. (Dip 55 °) 2 6 
X. Greenish -grey mudstones; with calcareous bands . . 2 6 
y. Thin -bedded, shaly, grey to white limestone. (Dip 55 °) . 3 6 
z. Dark grey shales . . . . 2 6 

aa. Fine basic green ash; veined with calcite near bottom. (This bed only appears to north) 1 O 
bb. Dark grey shales . . . . 3 6 
cc. Calcareous bands with shale partings . 2 6 
dd. Greenish -grey mudstones; with some calcareous bands 2 6 
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Ft. In. 
ee. Irregular limestone band . . . . 0 6 

ff. Greenish -grey shaly mudstone; weathering red, with some calcareous bands . . . . 4 0 

gg. Grey limestone band; white -weathering like the Burdiehouse, with entomostraca and fish -scales . 1 2 

hh. Greenish -grey shaly mudstone; with calcareous bands and many calcite fibres . . . . 

ii. Burdiehouse type of limestone (Hibbert, 1836 and 1845); white -weathering, thin -bedded, and 
containing Spirorbis pusillus, Estheria striata, coprolites and fish -scales . . . . 

ii. Grey to green shaly mudstones; weathering red, with calcareous bands. Seamed with calcite, 
and baked on top . . 

3 

1 

1 

0 

0 

10 

After this comes Intrusive Band VII, a, above which the following sediments are seen :- - 
kk. Black thin -bedded shales; with narrow calcareous bands. . 1 0 

ll. Limestone band . . O 3 

mm. Black thin -bedded shales . . . . . . . . . 

nn. Burdiehouse type of limestone; thin -bedded, grey when freshly broken, white- weathering. Locally 
crowded with entomostraca, fish -scales, small coprolites, Spirorbis pusillus, and Estheria striata 

4 

0 

6 

6 

Approximate total . 75 9 

A partial exposure of similar beds is seen in Leith harbour, where a southern extension of 
Series IV (a) to IV (d) underlies superficial deposits, and only outcrops to the east. About 
20 ft. of limestones and shales are there exposed, representing the uppermost beds of the group, 
just below the Main Intrusive Band (VII). These uppermost 20 ft. are very like the upper- 
most beds just described; they differ in details, but are of the same general character and 
contain the same fossils, with Lepidophyllum fragments and Rhizodont scales in addition. 
Details of this exposure are omitted in order to save space; but the total thickness of sediments 
in Leith harbour, from the top of the Cawcans lavas (III) to the base of the Main Intrusive 
Band (VII), is about 110 to 115 ft. 

The beds of Series IV then pass southwards under the sea, but keep close to the Main 
Intrusive Band (VII), which for some distance forms a precipitous cliff flanking the Lighthouse 
ridge, until it finally breaks up into a number of diverging exposures, near the northern end 
of the Teschenite Band (VIII). When VII thus breaks up, considerable thicknesses of the 
upper parts of Series IV (d) appear between the diverging parts of VII, which seem to cut 
across them. Details of the upper parts of Series IV, as seen here, are of interest for comparison 
with the section in Kinghorn harbour, as already described. These southern exposures are 
as follows:- 

VII. Main Intrusive Band: a'. Lowest Seetiov. 

Base not seen. Its thickness is over 60 ft. 
IV. Kinghorn Sediments, above VII, a'. 

a'. Algal Limestone; very striking in appearance (see Pl. II, fig. 2). Varies in thickness from 3 to 6 ft., 
and is always baked at bottom, where it adjoins VII, a'. Sections of it show the genus 
Ortonella (Garwood, 1913 and 1914), accompanied by a structure resembling Spongiostroma. 
It apparently corresponds to bed u of the northern section. Some fish -scales are found 
here. The writer is indebted to Dr J. Pringle for drawing his attention to the algal origin of 

this bed. Average about . . . . . . . . . . . . 5 0 

U. Thin -bedded black shales; with Spirorbis pusillus, fish -scales and spines (Eloniehthy.s robisoni), 
coprolites, and plant remains . . 2 9 

e'. Limestone band . . . 0 4 

cl'. Thin -bedded black shales 0 7 

e'. Limestone band . . . 0 9 

f'. Thin -bedded black shales; full of entomostraca, Estheria striata, large coprolites, etc. . . 1 6 

g'. Four limestone bands, each 6 to 9 in. thick, with thin- bedded black shales between . . 7 0 

Total about 17 11 

Ft. In. 
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VII. Main Intrusive Band : b'. Second Section. 

Thickness 10 ft. 

IV. Kinnhorn Sediments (continued). 
Ft. In. 

h'. Limestone lenticle; shaly on top and in middle. Contains fish -scales and small coprolites . . 4 0 

VII. Main Intrusive Band : c'. Third Section. 

Thickness 20 ft. The rock here is an explosion breccia. 

IV. Kinnhorn Sediments (continued). 
Ft. In. 

i'. Shattered beds; seen as fragments included in VII, e' . ? ? 

j'. Shaly limestone . 
1 0 

k'. Obscured . . . . . . . 2 7 

l'. White- weathering limestone of Burdiehouse type . . . . . . . . . 1 3 

m'. Grey, thin -bedded shales; full of entomostraca, Estheria striata, fish -scales, large coprolites, etc. . 2 0 

n'. White -weathering limestone of Burdiehouse type; locally contains Spirorbis pusilius, Esthe,ia 
striata var. tateana, fish -scales, and small coprolites. Top 3 in. shaly . . . 1 10 

Total over 8 8 

Grand total a' to n' over 30 7 

These southern beds resemble the northern ones in general character, differing from them 
only in details of thickness and arrangement. Among individual beds a' is identical in type 
with the algal portions of o to u; while n' is identical with nn. The top of u, however, is 

42 ft. 3 in. below the top of nn, whereas only 25 ft. 7 in. of orderly sediments appear between 
the top of a' and the top of n'. If, therefore, the intervening sediments were originally as 
thick to the south as they were to the north, it would seem that the shattered bed i' represents 
the remains of about 16 to 17 ft. of sediments which were driven out of place by Intrusive 
Band VII, c', which is itself about 20 ft. thick. In other words, Band VII, c' behaved more like 
a punch than a wedge in making room for itself. 

Above bed n' comes the uppermost section of the Main Intrusive Band -VII, d' -which 
is here about 25 ft. thick. 

VII. Main Intrusive Band. 

The southern exposures of this mass, divisible as they are into four sections -VII, a' to 
d'- totalling at least 115 ft., have already been briefly mentioned in dealing with southern 
exposures of sedimentary Series IV, with which they interdigitate. Few good micro -slides 
of the rock have been obtained; but the lowest section -VII, a' -which is also the largest, and 
immediately underlies the Algal Limestone, appears to be an altered and glassy Dalmeny 
basalt. 

The mass in general is a doleritic rock, much altered and decomposed, carrying numerous 
phenocrysts of plagioclase felspar. It seems to have been formed by a number of intrusive 
bands merging together and separating again in various ways and degrees. Long brecciated- 
looking areas in the heart of the mass, as exposed in cliff sections, seem to represent imperfect 
junction lines, and are accompanied by sedimentary inclusions often of a cherty character. 
The upper parts of the mass are intensely vesicular, the cavities being filled with cerulean blue 
chalcedony, in some cases curiously banded. Large geodes of quartz and chalcedony also 
appear in the middle of VII, a'. 
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The uppermost band, VII, d', is the one which remains visible farthest to the south. For 
the last 150 yds. of its course it is isolated from the other Sections of the mass, and runs parallel 
to the Teschenite Band (VIII), together with which it finally disappears under the sea to the 
south. 

In Kinghorn harbour, to the north, included sediments again divide this basalt mass into 
four sections; but the divisions here are less prolonged. Beyond the cliff in Kinghorn harbour, 
where the subdivision is best seen, the four sections seem to join up again; and the reunited 
mass can be seen, at low water, continuing for at least 100 yds. before the sea finally covers 
it. The thicknesses of the four northern sections are as follows:- 

Ft. 
VII, a. 9 

In. 
0 

b. 33 0 (Approximate. Thickness varies from 30 to 35 ft.) 
c. 43 0 (Approximate. Only about 12 to 15 ft. appear on the surface, but shattered sediments 

indicate a greater thickness underground.) 
cl. 12 0 (Comparatively fresh, augitic glassy rock.) 

97 0 

Thus the dimensions of this mass vary considerably, its greatest thickness being to the 
south. Just west of the Lighthouse itself the mass is about 90 ft. thick; 100 yds. south of 
this it is about 70 ft. thick; still farther south it again increases in thickness. 

The sediments between VII, a and b have already been described. The thickness of those 
between VII, b and e cannot be measured since they are everywhere shattered, resembling 
IV, c and IV, i'. Nor can their original thickness even be estimated, as with IV, i', since they 
do not lie between two horizons joined by a continuous sequence elsewhere. In one spot (just 
north of the cliff face) the outcrop of these shattered sediments measures as much as 35 ft. 
across; but this width is strictly local, the sedimentary mass being stoutly lenticular in shape. 
It is possible that the fragmentary exposures represent the telescoped remains of a strip of 
sediments of no great thickness; accordingly they are not included as part of the recognisable 
sequence. 

Between VII, e and d, however, are found a number of regularly bedded sediments which 
have obviously been sliced off from the superjacent series, and should be added to the latter 
when estimating the whole. They are therefore described below as beds IV (e), a to e. 

IV. Kinghorn Sediments : (e) Youngest Beds. 

a. Dark grey shaly limestone, weathering white, of Burdiehouse type; full of Spirorbis pusillus (called 
by Geikie S. carbonarius), Estheria striata, fish -scales (Elonichthys robisoni, etc.), coprolites 
and plant remains. Baked at bottom, where it rests upon VII, c. Dip 65° . . 5 0 

b. Black shales, weathering green; with Sphenopteridium affine, etc. . 3 6 

c. Ashy shales; greenish and nodular . . . . . . 0 7 

cl. Intrusive sill (local; disappears about 30 yds. to south) . . . O 9 

e. Green ashy mudstone; baked on top, where it adjoins VII, d . . 0 7 

Here intervenes Intrusive Band VII, d, 12 ft. thick. 
f. Shaly limestone; altered and welded to sill top. Contains small coprolites, fish -scales and spines, 

and plant remains. Dip vertical in places . 0 6 

g. Crushed beds; breccia of shale and limestone fragments . 1 6 

h. Calcareous mudstone; greenish. Dip about 50° 1 3 

i. Oil- shale; contains large coprolites towards top - 2 6 

j. Obscured; probably shales or marls . 
20 0 

Ft. In. 
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k. Sandy shales; green, micaceous and carbonaceous, with some thin sandstone bands. Occasional 
Ft. In. 

Estheria striata . . . . . . . . . . . . . 17 0 

1. Sandstones and sandy shales; thin -bedded, red -weathering, very micaceous and carbonaceous 5 2 

nn. Sandstone; red -weathering, micaceous and carbonaceous . 2 6 

n. Sandy shales; micaceous, with plant fragments 0 

o. Obscured; probably sandy shales . 3 0 

p. Sandy shales . . . . 5 0 

q. Sandstone; shaly and greenish . . . . . . 3 0 
r. Green shaly mudstone; coaly in places, with limestone lenticles 1 6 

Approximate total, omitting d, 77 4 

About 500 to 600 yds. farther south, along the western flank of the Lighthouse ridge and a 
little south of Leith harbour, the above beds are exposed again in a fairly complete sequence, 
which is there as follows: - 

Ft. In. 
a'. Impure grey limestone; thin- bedded, full of entomostraca, Spirorbis pusillus, fish -scales (Mega - 

lichthys, Osteolepis, Cynopodius crenulatus, Elonichthys robisoni, etc.), coprolites and plant 
remains (Cardiopteris polymorph.a var. rotundifolia, etc.). Baked at bottom, where it rests 
on upper surface of VII (Pl. II, fig. 4) . . . . . 2 0 

b'. Black carbonaceous shales; thin -bedded and splintery, with plant remains (Sphenopteridiun 
affine, etc.) . . . . . . 4 0 

c'. Impure oil -shale; weathering orange, and containing large coprolites . 5 0 
d'. Black shales; thin -bedded, splintery . 10 0 
é . Green nodular marls, with Estheria striata 7 0 
f '. Splintery shales; black below, grey above, becoming micaceous towards top . . . . 7 0 
g'. Sandy shales; micaceous and carbonaceous, with concretions in lower parts, and sandstone bands 

towards top . 21 0 
h'. Compact sandstone; rather micaceous and carbonaceous 2 2 
i'. Sandy shale . . . . 0 3 
i'. Sandstone; micaceous and carbonaceous 1 7 
k'. Fireclay . . . 1 6 
l'. Coal; Lepidodendron masses on top, baked against base of overlying intrusion, IX O S 

Here comes, locally, Intrusive Band IX, about 12 ft. thick, followed by 

mu'. Impure limestone; rather baked at bottom . 0 3 
n'. Impure oil -shale . . . . . 3 0 
o'. Obscured; probably shale or mudstone . . . 2 0 
p'. Ashy sediments; include 2 to 3 in. of coaly shale with Sligmaria ficoides, 1 ft. below top . 4 6 (. Fine -grained ash . . 

. 0 2 

Approximate total . 72 10 

About 350 yds. farther south, opposite the middle of the Teschenite Band, the same 
sediments appear as follows:- 

Ft. In. a". Limestone; full of fish -scales of same types as in a'. This is welded against top of VII, r1' 0 3 
b ". Impure oil -shale . 2 0 
c ". Coaly shales . . . . . 1 6 
d ". Intrusive basalt; bleached and decomposed . . . O 9 
e°. Coaly shale, welded against Teschenite Band above 0 6 

Above this comes the Teschenite Band (VIII), here about 5 to 6 ft. thick, and dipping at 50° to 55 °. Coaly shales are caught up in it, and above it come the following:- 
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Ft. In. f ". Coaly shales; baked at bottom next to the Teschenite Band 2 0 
,y ". Obscured; probably coaly to sandy shales 13 0 
h ". Sandy shales . . . . . 3 0 
i ". Shaly sandstone; micaceous and carbonaceous 15 0 
i ". Compact sandstone; micaceous and carbonaceous 9 0 
k ". Sandy shale ; very micaceous and carbonaceous 1 0 
l ". Obscured; farther south, a coaly shale appears here 1 6 

m ". Ashy calcareous band; full of entomostraca 0 2 
n ". Obscured . . . . . 13 0 
o ". Shaly sandstones and grits; calcareous . 11 0 

Approximate total, omitting d" . 72 1l 

VIII. Teschenite Intrusive Band. 
Two intrusive masses break the continuity of the above described series of sedimentary 

beds. The lower one of these is the Teschenite Band. About 200 yds. north of the southern 
end of the Lighthouse ridge, this band rises abruptly from below the shore detritus, in company 
with the extreme southern end of the intrusive mass VII, d', and only a few ft. above (i.e. to 
east of) it. Both these intrusives at first cut more or less obliquely across the adjoining sedi- 
ments, but they soon strike north in conformity with the local bedding. After running thus 
for about 150 to 160 yds., the Teschenite Band comes to an abrupt end. Its thickness varies 
from 5 to 8 ft., being usually about 6 ft.; while its dip varies from 50° to 55 °. As already 
shown, the band appears in the middle of impure coals or coaly shales, which are welded to 
its upper and lower surfaces, and often appear in the heart of it. 

Several writers have remarked on this rock because of its dark colour, and the sulphurous 
smell noticeable when it is struck. The latter characteristic is due to fine crystals of iron 
pyrites scattered through its mass. The rock is a fine- grained teschenite, near to a monchiquite. 
The late Mr T. C. Day kindly made an analysis of this rock, which proved to be as follows: - 

SiO2 . 42.79 
Al2O3 15.80 
Fe2O3 4.51 
FeO . 7.60 
MgO . 6.01 
CaO . 8.10 
Na2O 3.89 
K2O. . 2.46 
H2O > 105° 3.17 
1120 < 105° . 0.71 
TiO2 . . 2.85 
P2O5 . 0.89 
MnO 0.21 
CO2 . 0.43 
FeS2 . . 0.35 
Cr2O3 0.00 
NiO . 0.00 

99.77 

IX. Upper Intrusive Band. 

This intrusive mass, which is considerably thinner than VII, appears in disconnected 
stretches, always outcropping either at or just below the top of the sedimentary series IV, 
from the south of Inchkeith to the north. At both ends of the Island it appears in close 
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conjunction with the overlying lavas of the Lighthouse Series (X). In the middle parts of the 

Island, its outcrops are sometimes continuously separated from the Lighthouse lavas by 

sediments; at other times they are thus separated only for part of their length, being in 

contact with the overlying lavas for the rest of the distance. Since they appear along the 

same approximate strike, these separated masses are here regarded as being portions of a 

single injection. The outcrops along the central part of the Island vary from about 15 to 20 ft. 

in thickness, and generally show a good deal of alteration both at top and bottom, the smallest 

one being considerably altered throughout. At the northern end of the Island the band 

thickens to about 25 ft. At the southern end it is still thicker, and also shows signs of dis- 

turbance; perhaps several injections combine here, for much sediment has been caught up 

and rolled round in them, while pipe amygdales appear at all angles in the heart of the mass 

itself, which here totals up to 50 ft. in thickness. For the last 60 yds. or so of its course, at 
the extreme south -west end of the Island, the mass also seems to be divisible into two bands, 

one above the other; the upper one is not easily separated from the overlying lavas. The dip 

of these outcrops is about 45° to 47° along the greater part of the Island, but increases to about 
50° at its northern end. The exposures are all composed of the Dalmeny type of basalt. 

X. Lighthouse Lavas. 

There now follow the lavas of the main, or Lighthouse, ridge itself, to which the Upper 
Intrusive Band forms a rather disconnected western fringe. These lavas are mostly concealed 
under surface deposits and vegetation in the middle parts of the Island, but they are clearly 
exposed at its two ends. Their total thickness is much greater at the south end than at the 
north, two flows apparently extending the full length of the Island, while a third appears only 
to the south. It is difficult to say exactly how many flows there may be altogether, since there 
seems to be a number of local subdivisions; but for the purpose of this paper the series is 

regarded as divisible only into three. 
X, a. The lowest flow is about 55 to 60 ft. thick at the south end of the Island, and decreases 

in thickness to about 25 ft. at the north end. Although it is so much thicker to the south, 
pipe amygdales which appear at its base in an exposure about 100 yds. south of the Lighthouse 
have their upper ends bent over to the south, as if the flow had come from the north. It may 
perhaps have tended to fill a hollow existing to the south. It is a Dalmeny basalt. 

X, b. The next flow is the thickest one, and interesting by reason of the differences in 
character which appear in the heart of it. It is 105 to 115 ft. thick at the south end of the 
Island, and apparently increases steadily up to about 150 ft. in thickness 200 yds. farther north. 
It then maintains that thickness for about 800 yds., after which it decreases again to about 
115 ft. at the extreme north end of the Island. Still farther north, it and flow X, a are seen 
continuing, without change in thickness, for another 100 yds. or so (exposed at low water). In 
the opposite direction, i.e. to the south, along the Long Crag the flow continues for 200 to 300 
yds. and has a thickness of at least 80 ft. Flow X, a is there concealed under detritus. 

The lower part of this flow, from the north of Inchkeith to the south of the Long Crag, is 
a normal Dalmeny basalt, and is generally analcite- bearing. At the north end of the Island, 
however, the rock changes in character, about 60 or 70 ft. above its base, to a Hillhouse basalt. 
No evidence whatever can be found in the field to indicate that this Hillhouse basalt belongs to 
a different flow from the underlying Dalmeny basalt; the change seems to take place within 
the heart of a single flow. Farther south, where the flow is thicker, the uppermost parts 
change gradually to the Dalmeny type, intermediate sections showing intermediate characters. 
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X, c. The third flow is found only in the southern parts of the Island. Its northern end 
is about level with (or opposite to) the northern end of the Teschenite Band (VIII). Its 
thickness is at first only about 20 ft. or less, but soon increases to 80 ft. or more as one follows 
it southwards. It is still nearly 80 ft. thick at the south end of the Island, but tends to become 
thinner. It outcrops again over 200 yds. farther south, where it forms the eastern portion of 
the Long Crag. It is a normal Dalmeny basalt throughout. 

Thus the Lighthouse Lavas appear to consist of 3 flows along the southernmost quarter 
of the Lighthouse ridge, and 2 flows for the remaining three quarters of it. The combined 
mass is about 140 ft. thick at the northern end of the ridge, and about 240 ft. (or more) at the 
southern end. If we include the Upper Intrusive Band (IX), which abuts against the Light- 
house Lavas at both ends of the Island, the total mass of basalt is about 165 ft. thick at the 
north end of the Island and nearly 300 ft. thick at its south end. 

The uppermost portions of the Lighthouse Series, whether represented by flow X, b, which 
appears along the summit of most of the ridge, or by flow X, c, which tops the southern quarter 
of the ridge, are always slaggy, hummocky, and very decomposed. The series is everywhere 
(except at the extreme north) covered with a layer of decomposed lava blocks, apparently 
identical in type with the underlying flows, and cemented on to them. It forms the base of 
the overlying sediments. The absence of any sign of such a conglomerate between flows 
X, b and X, e in the sections at the south end of the Island shows that these two flows were 
extruded with very little interval between them, the combined mass having later been 
weathered as a whole. Indeed the similar absence of any extensive sediments or signs of 
weathering between flows X, a and X, b gives the impression that all three members of the 
Lighthouse Series must have been extruded in relatively rapid succession. 

XI. Kirkcaldy Sediments. 

This set of sedimentary beds is remarkable for its continuity along the whole eastern side 
of the Island, and is traceable even along the eastern flank of the Long Crag -a total distance 
(at low water) of nearly 1600 yds. The northernmost 400 yds. of this outcrop are complicated 
by the appearance among the sediments of a lava -flow (XII) ; but the sediments found on 
either side of the latter are obviously just the northern continuations of the series which 
extends to the south with such constancy. 

The most northerly exposure of all is a narrow ribbon of sediments, representing the base 
of the series, which emerges only at low water, and is to be seen about opposite the foghorns 
on the East Stell. The exposure is notable for the following reasons: 1. Its narrowness; 
2. The absence of the basal conglomerate, which appears so constantly to the south; 3. The 
discovery, in the uppermost layer, of an amphibian propodial (this being the most highly 
organised fossil found on the Island). The sediments here are as follows:- 

Ft. In. 

a. Greenish -blue mudstone 1 6 

b. Nodular limestone . 

c. Soft green mudstones; with layers of calcareous nodules containing fish remains (R.hizodus cf. 

hibberti, etc.) 

1 

4 

4 

6 

(2. Nodular limestone 0 6 

e. Green, ashy mudstone . . . . . 3 3 

f. Red, ashy mudstone; with Amphibian remains (found in one spot only -otherwise devoid of fossils) 0 7 

Approximate total . 11 8 



768 LIEUT.-COLONEL L. M. DAVIES ON 

This group of beds is overlain by the Kirkcaldy Lava (XII) to the base of which bed f 
(p. 767) with its amphibian bones was found attached. The beds above the lava are not 

visible here, but become so farther south. The basal beds themselves can be traced southwards, 

becoming gradually thicker, until finally, about 200 yds. to south of this point, we come to 

the small jetty called Kirkcaldy harbour (Pl. II, fig. 3), where the first complete section of 

these Kirkcaldy sediments is to be seen. The sequence here is as follows :- 

a. Lava boulders in green matrix . . . . . . 

b. Ashy mudstone; with occasional calcareous band or lenticle . 

c. Calcareous band . . . . . . . . 

dl. Three calcareous bands; each 6 to 7 in. thick, with mudstones between . 

e. Mudstones; with numerous calcareous lenticles, etc. . 

f. Calcareous mudstone . 
. 

Here follows the Kirkcaldy Lava, XII, about 24 ft. thick ; after which we get 

y. Conglomerate of lava balls . . . . . . 

li. Greenish mudstones; weathering red. Some calcite veins . 

i. Brecciated limestone band; cone -in -cone in places, and containing some scattered lava balls 

j. Greenish mudstones; weathering red . . 

k. Stiff limestone band. (Dip 50 °) . . 

1. Greenish mudstones; with calcareous (sometimes cone -in -cone) bands and lenticles . 

in Shaly limestone; brecciated in places 
ni.. Greenish mudstone . 

o. Coarse ash . 

p. Mudstone . . . . 

q. Limestone, with plant fragments; brecciated in places . 

r. Mudstone . 

s. Impure limestone 
t. Obscured . 

u. Cone-in-cone limestone band . 

V. Dark green mudstone . 

w. Limestone band . 

x. Thin -bedded black shales 
y. Limestone band . . 

z. Green mudstones; with calcareous bands and lenticles 

Approximate total . 

Ft. In. 
3 0 

9 6 

1 9 

3 4 
4 6 

0 2 

1 9 
1 8 

0 3 

4 0 

0 3 

3 10 
0 2 

1 4 

0 5 

0 8 

0 2 

4 6 

0 5 

7 0 

0 4 

1 5 

0 4 
0 9 

0 4 
1 10 

53 8 

About 150 yds. south of the fault across Kirkcaldy harbour, and a little north -east of the 
Lighthouse, a partial exposure is seen of the beds below the Kirkcaldy Lava. The lower 5 ft. 
of these (corresponding to the upper part of bed XI, b) are greenish to reddish ashy mudstones, 
crowded with plant remains (Stigmaria ficoides, also Lepidodendroid and Calamites -like types), 
and contain large flattened calcareous and ashy nodules which are also crowded with plant 
fragments. It seems clear that there was considerable volcanic activity after the out- 
pouring of the Lighthouse Lavas, while streams carried down lava fragments and plant 
débris. 

The Kirkcaldy Lava (XII) comes to an end about 80 yds. south of this latter point, and 
the sediments which are separated by it to the north join each other. No good exposure of 
the united sequence appears, however, for another 300 yds. (or about 530 yds. south of the 
fault across Kirkcaldy harbour), where the following is seen:- 
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a'. Contact obscured; there is probably a boulder conglomerate here, but it is not seen . 

b'. Still obscured; probably ashy mudstones, to judge from other sections along the same strike . 

c'. Cone -in -cone limestone . . 

d'. Obscured; probably mudstones . . . 

e' . Three brecciated limestone bands; each about 1 ft. thick, with mudstones between . 

f'. Obscured; probably mudstones . . . . . . . . 

g' . Limestone, rather sandy, with scattered ironstone pellets, the size of a pea . 

h'. Green mudstone . . . . . 

i'. Ashy calcareous band; brecciated in places. Sometimes becomes a tuff . . 

j'. Green mudstone . . . . 

k'. Calcareous band; veined with calcite . 

l'. Green mudstone . . . . . 

m'. Flaggy and sandy limestone; a prominent band from here southward . 

n'. Green mudstone . . . . . . . . . . . 

o'. Calcareous tuff ; with amygdaloidal lava pebbles. Prominent from here southwards . . 

p'. Green mudstones; with 5 or 6 calcareous bands, from 3 to 8 in. thick and 2 to 3 ft. apart . 

q'. Greenish cementstone . 

r'. Green mudstone . 

s'. Calcareous band . . 

t'. Thin -bedded black shales . 

u'. Nodular limestone . . . . 

V'. Ashy mudstones; banded green to red, and compact to shaly . 

Approximate total of beds seen 

Ft. In. 
? ? 

? ? 

1 0 
12 0 

4 6 

8 0 

0 6 

1 6 

0 7 

5 0 
O 10 
1 O 

2 0 
1 4 

1 6 

15 6 

0 6 

1 0 

0 5 

0 11 

0 6 

2 0 

60 7 

Since the base of the series is not seen here, the above total is not a complete one. If we 
allow 10 ft. for the basal conglomerate and succeeding mudstones, the total would come to 
over 70 ft. It is not likely to be less, and might be more. 

About 180 yds. farther south the following section appears:- 
Ft. In. 

Conglomerate of lava boulders; many being several feet in diameter . . 12 0 

Green mudstones; with subordinate calcareous hands and masses of crystalline limestone . 10 6 

c ". Nodular limestone . . . 0 8 

d ". Green mudstone; with calcite ribs 2 9 

e ". Black coaly shales (underclay to coal) . 0 10 

f ". Inferior coal . . . . . 0 3 

g ". Dark grey shales; with plant débris . . . . 1 8 

h ". Green mudstone; with calcareous lenticles and balls 4 9 

i ". Shaly mudstone . . 0 6 

j ". Impure grey limestone . . 0 9 

k ". Green mudstone; with calcite veins . 1 1 

l ". Flaggy impure limestone . . . 0 5 

m ". Green mudstone; much veined with calcite . . 3 6 

n ". Hard grey limestone; calcite veins at bottom . 0 6 

o ". Green mudstone . . . . . . . . 1 0 

p ". Flaggy and ashy, sandy limestone, with 1 ft. of tuff on top; corresponds to beds in to o' of last 
section 4 6 

q ". Shaly green mudstone ; with calcareous lenticles . 
5 0 

r ". Two calcareous bands; 5 in. of mudstone between . 
1 2 

s ". Green mudstone . 
I 10 

Calcareous band . . . . . . 
. 0 4 

Grey mudstones; with large calcareous balls . 5 4 

Limestone band; lower half shows cone -in -cone structure 0 5 

Green and red banded mudstones . . 
3 0 

Limestone band; lower half shows cone -in -cone structure 0 4 

TRANS. ROY. SOC. EDIN., VOL. LVIII, PART III, 1935 -36 (NO. 26). 111 



770 LIEUT.-COLONEL L. M. llAVIES ON 

y". Green mudstone; with calcareous nodules towards top 

z ". Green manly mudstone; 2 in. of calcareous band on top 

as ". Red manly mudstone . 

bb ". White calcareous bands 
cc ". Calcareous mudstone; veined below, massive above 

Ft. In. 
2 9 

1 4 

1 9 

0 7 

1 1 

Approximate total . 70 7 

About 220 yds. farther south, at the extreme south- eastern limits of trie Island, the 

section of the same group is as follows:- 
Ft. In. 

a'. Conglomerate of lava boulders . . . . 6 0 

b "'. Green ashy mudstone; with occasional limestone nodules and amygdaloidal lava balls 3 0 

Three limestone bands; dark grey, brecciated, and with shaly partings . 5 6 

d "'. Obscured; probably mudstones . 12 0 

e "'. Brecciated limestone; like c "' . . . . 1 2 

f "'. Obscured; probably mudstones and coaly shales . 5 6 

g "'. Inferior, shaly coal . 
1 6 

l ". Shaly calcareous mudstone . 
0 5 

i "'. Manly green mudstone; with calcareous lenticles 7 0 

Ashy calcareous band . . 
0 4 

k "'. Reddish -green mudstone . . . . . . 1 0 

l "'. Flaggy and ashy, sandy limestone; becomes a tuff in places 1 8 

m"1. Ashy and manly mudstone . . . . . . . . . 2 6 

Calcareous tuff; with many amygdaloidal lava fragments. Together with l "' and me ", this 
corresponds to bed p" of last section, and beds m' to o' of the section before. Bed rí " itself 
probably corresponds to bed o, in Kirkcaldy harbour; thus affording a datum line along the 
whole length of the Island O 8 

Green mudstone . . 3 0 

p ". Impure limestone . . 0 6 

q ". Obscured; probably mudstone . 2 6 

r "'. Impure limestone . . 2 8 

s "'. Obscured; probably mudstone . 5 0 

t "'. Green calcareous band . . . 0 3 

u "'. Green mudstone . . . . . . 3 0 

v "'. Green calcareous band; with impressions of rootlets 0 2 

w' ". Green mudstone . . . . . . 2 9 

x"'. Four flaggy calcareous mudstone bands . 5 7 

y "'. Grey limestone; nodular and crystalline . 0 2 

z "'. Green calcareous mudstone . . 1 2 

Approximate total 75 0 

Thus the total thickness of the Kirkcaldy sediments (including the Kirkcaldy Lava where 
developed) is 77 ft. 8 in. in Kirkcaldy harbour, 70 ft. 7 in. at 710 yds. south of the harbour, 
and 75 ft. at 220 yds. farther south. 

The basal conglomerate, immediately overlying the Lighthouse Lavas, is 3, 12, and 6 ft. 
thick, respectively, at the same three localities. 

The tuff bed, which extends throughout the same length of exposures, is overlain by the 
following amounts of sediments in this sequence: - 

Ft. In. 
In Kirkcaldy harbour itself . . 17 9 
530 yds. south of Kirkcaldy harbour 20 10 
710 24 5 
930 26 9 
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XII. Kirkcaldy Lava. 

This lava band, already referred to as appearing between the upper and lower portions of 
Series XI in Kirkcaldy harbour, can be seen extending well out to sea to the north, at low 
water. Its full northward extension, therefore, is not known. To the south, however, it 
terminates almost opposite the point where the Lighthouse stands. It is a basalt of Hillhouse 
type, very similar to the Kinghorn Lavas (V). Its total visible length, at low water, is 
about 550 ,yds. ; its thickness is about 20 to 25 ft., and its dip (in Kirkcaldy harbour itself) 
about 50 °. 

XIII. Skerries Lavas : (a) Lateritic Basalt. 

Immediately on top of Series XI comes an originally glassy but now highly altered and 
decomposed Dalmeny basalt. Like most of the igneous rocks of Inchkeith, it can be seen 
running far out to sea to the north, at low tide (Pl. II, fig. 3). It also extends well to the south, 
finally terminating on about the same latitude as the northern end of the teschenite band, or 
about 250 yds. from the southern end of the Island. 

This lava is thickest in Kirkcaldy harbour, where it forms a well -marked platform on the 
eastern side. It is there about 37 ft. thick, and seems to continue with much the same 
thickness to the north. To the south, however, it first rapidly thins, and then thickens again, 
its measured dimensions being as follows at various points (all distances being taken from the 
fault line in Kirkcaldy harbour) :- 

Distance South. Thickness. 
Yds. Ft. 

0 37 
75 . 21 

145 . 16 

235 13 
380 20 
480 . 19 

540 18 

610 16.5 
685 18 
710 18 

740 3 

770 0.5 

The southern end of the flow is clearly seen, being marked by a detached boulder (Pl. II, 
fig. 6). The measurements along its southern extension, where the flow is well seen in section 
at various points, seem to show how evenly these basic lavas could spread. 

The lower surface of the lava seems, for an extrusive mass, to be considerably chilled. It 
has resisted weathering, and often appears as a raised border to the well- marked platform 
which the remainder of the lava usually presents at, or a little below, high -water mark (Pl. II, 
fig. 5). Sea -water left by retreating tides in shallow hollows on this platform -or line of plat- 
forms -used to leave salt on evaporation, which fishermen formerly collected, according to 
old accounts (Sibbald, 1803). Little salt seems to be formed in this way now, perhaps owing 
to a slight decrease in the average height of the platform above mean sea- level. 

The upper portions of the lava are considerably reddened by oxidation along the greater 
portion of its length, and afford a marked contrast to the next succeeding flow. The reddening 
is no doubt due to sub- aerial weathering, and for this reason the lava is here called the " Later - 
itic " Basalt. Its extreme southern end, however, must have been under water before it was 
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covered by the next flow, for the boulder marking its termination is buried in horizontally 
bedded sediments, and the following beds intervene between it and the next succeeding basalt : 

Ft. In. 
a. Oolitic limestone . 0 2 

b. Green shale . . . . . . 0 11 
c. Oolitic limestone; with fish -scales and entomostraca. 0 1 

d. Green shale (up to 18 in. thick in places) . 0 11 

Total (up to 2 ft. in places) 0 6 

These sediments can be traced for 30 yds. to the north; the lower limestone being algal in 
places. Farther north the lava increases rapidly up to 18 ft. in thickness, and sediments are 
only seen in pockets. For much the greater part of the length of the lava flow, however, no 
sediments seem to intervene between it and the next flow; it would appear that only its 
southern margin was under water. 

XIII. Skerries Lavas : (b) Star Basalt. 

The last described lava is completely covered by a noticeably different one, which 
afforded good samples for sectioning, etc. The late Mr T. C. Day also very kindly 
this rock for me, his results being as follows : - 

Si02 . 44.18 
A1203 13.34 
Fe203 3.14 
Fe0 . 6.99 
MgO 7.42 
CaO . 8.89 
Na20 4.03 
K20 0.93 
7120 > 105° 4.68 
1120 < 105° 1.62 
TiO2 . 3.52 
P20ó 0.57 
Mn0 0.30 
002 0.15 
FeS2. 0.16 
Cr203 0.00 
Ni0 . 0.00 

99.92 

readily 
analysed 

The rock is an analcite- bearing Hillhouse basalt. It is here called the " Star" Basalt 
because of its lustre -mottled appearance, which is due to the presence of crystalline areas of 
analcite. The cleavage faces of this mineral show well on freshly broken surfaces of the rock. 

The lava not only completely envelopes the underlying Lateritic Basalt (disappearing 
with it under the sea to the north) but also continues far beyond the termination of the latter 
to the south. It is still present at the extreme south - eastern end of Inchkeith, and appears 
to be indicated by a shoal emerging at very low tides abreast of the Long Crag. It has there- 
fore no visible termination either to north or south. Unlike the underlying Lateritic Basalt, 
however, which thickens to the north, the Star Basalt becomes thinner in this direction; thus it is only 33 ft. thick along the fault line in Kirkcaldy harbour, but 54 ft. thick at 300 and 500 yds. south of that line. Still farther to the south it appears to maintain this latter thickness, 
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but its upper surface has here been too deeply eroded by the sea and covered with detritus 
for accurate measurement to be possible. Wherever visible, its upper surface is characteristic- 
ally slaggy. 

XIV. Skerries Sediments : (a) Beds below XV. 

The Star Basalt is succeeded by the following sediments (as seen near the fault across 
Kirkcaldy harbour) : -- 

a. Conglomerate of lava balls, z to 7 in. in diameter, in calcareous matrix (thickness varies from 
6 to 18 in.). About . 1 0 

b. Impure limestone; weathering green . . . . . 2 5 
C. Green ashy shales and mudstones; with bands of calcareous nodules . 2 4 
d. Stiff green ashy mudstone . . . . . . . 0 10 
e. Oil- shale; good quality, probably yielding 40 gallons to the ton 1 7 

Ft. In. 

Approximate total 8 2 

About 400 yds. farther south, the same sequence appears:- 

a'. Conglomerate of decomposed lava balls, some up to 7 in. in diameter, but average from 2 to 3 in., 
in calcareous matrix (thickness varies from 5 to 9 ft.). About . 7 0 

b'. Soft green mudstone . . 2 3 
c'. Ash; stiff, non -calcareous band . . 0 9 

d'. Oil- shale; good quality, probably yielding 40 gallons to the ton 2 0 

Ft. In. 

Approximate total 12 0 

Above this comes what is here called the " Skerries Intrusive Band " (XV), after which the 
following beds are seen:- 

XIV. Skerries Sediments : (b) Beds above XV. 
Ft. In. 

f. Black carbonaceous shale; with 2 to 3 in. of bituminous coal on top. About . 0 5 
g. Stiff, green- weathering mudstone . 0 4 
h. Mudstone . . . . 0 10 
i. Oil -shale; fairly good quality 1 5 

Approximate total 3 0 

This section only appears in the north, opposite Kirkcaldy harbour, where the total 
thickness of these sediments is 11 ft. 2 in. Farther to the south, only the beds below XV can 
be seen, since the beds above XV are covered by the sea or by detritus. 

XV. Skerries Intrusive Band. 

This band comes between the two sections of the Skerries sediments, XIV a and b. It is 

about 67 ft. thick to the north, near the fault in Kirkcaldy harbour, where its dip is 50 °. 

About 400 yds. farther south it is 60 ft. thick and its dip is 45 °. The rock is a decomposed 
and altered Dalmeny basalt, with a slight residue of glass. Its lower surface often cuts into 
the topmost layers of the underlying oil -shale (XIV (a), e and d'), and the overlying sediments 
(XIV (b), f) are somewhat baked; it is accordingly regarded as an intrusion. To the north, 
near Kirkcaldy harbour, its middle parts show striking columnar structure. 
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XVI. Outermost Eastern Basalt. 

On top of the Skerries sediments comes the outermost and most eastern basalt seen on 
Inchkeith. It is a Hillhouse basalt, very similar to the Kinghorn lavas (V) and to the Kirk- 
caldy lava (XII). It appears to be about 50 ft. thick, or perhaps a little more. Its upper 
surface is not seen (being concealed by water or detritus whenever the writer visited it) ; but 
its lower surface looks more like that of a lava than of an intrusion; accordingly it is provision- 
ally regarded as extrusive. So far as can be judged from a line of shoals which appears along 
its strike at low water, the flow, like XIII (b) and XV, continues to the south for the whole 
length of Inchkeith and as far, at least, as the Long Crag. The continuity of these eastern 
outcrops is one of their most striking features, as compared with those on the western flank 
of Inchkeith. 

Iron Crag, Seal Carr, Etc. 

The above description completes the account of the solid rocks composing the Island of 
Inchkeith itself. It is less easy to define the relations of the rocks of the smaller islands and 
shoals to the west to those of the main island. These rocks are not so definitely connected 
with the Inchkeith sequence as the Long Crag is to the south. They do not, like the Long 
Crag and its fringing shoals, lie on the strike of the Inchkeith beds ; nor do they even seem to 
lie truly parallel to that strike. They also tend to show other differences, as if faulting and 
disturbance existed to the west of Inchkeith. 

Thus the Iron Crag, with its eastward- curving southern limb, not only seems to run 
counter to the general strike of the Inchkeith rocks, but it is also, although a Hillhouse basalt, 
rather coarser in texture than the Hillhouse basalts found on Inchkeith. It is therefore 
provisionally regarded as an intrusion, both on account of its eccentricity of strike and its 
coarser grain. It is probably of much later date than the intrusions seen on the main island. 

The Seal Carr is composed of Dalmeny basalt, very like the Dalmeny basalts on Inchkeith, 
and may be either intrusive or extrusive. Its strike is inclined at a fairly sharp angle to that 
of the Inchkeith beds, which suggests a line of disturbance in between. It is here provisionally 
regarded as an intrusion. 

There are also a few small shoals which appear at low water between the Seal Carr and the 
nearest Inchkeith beds (the lowest of the sequence described above). These shoals, as far as 
can be judged from portions outcropping from among the boulders, etc., with which they are 
still largely covered when exposed at low tides, are composed of three principal igneous bands, 
probably separated by sediments. They are provisionally regarded as intrusions. The two 
outermost of these bands (i.e. the most westerly) are glassy porphyritic rocks, carrying abun- 
dant felspar phenocrysts. The innermost band, which is the nearest to Inchkeith, is a chilled 
modification of a rock similar to the other two. 

Summary of Stratigraphical Sequence on Inchkeith. 
The contemporaneous rocks exposed on Inchkeith consist in the north (where the greatest 

extent of beds is seen) of the sequence given on p. 775. 
The total thickness of the contemporaneous sequence is thus about 840 ft., of which about 

40 per cent. is composed of sedimentary beds, the remaining 60 per cent. being lavas. The 
same section also shows the following intrusive bands :- 

II, 80 ft.; VI, 48 ft.; VII, 97 ft.; IX, 25 ft.; XV, 67 ft. -Total 317 ft. 
There is thus a total thickness of about 1150 ft. exposed at low tide at the widest part of Inchkeith (to the north), of which some 840 ft. are contemporaneous, but only 330 ft. are 
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SEDIMENTS. 

Thickness. Nature. Series. 
Ft. In. 

LAVAS. 

Thickness. 

Ft. In. 

775 

Type. 

I (a). 27 10 Sandstones and shales 
(b). 12 10 Shales, etc. 

III, a. 120 0 Dalmeny 
b. 12 0 Hillhouse 
c. 20 0 Hillhouse 

IV (a). 26 2 Shales, etc. 
V, a. 7 0 Hillhouse 

18 0 Hillhouse 
c. 21 0 Hillhouse 
cl. 24 0 Hillhouse 

IV (b). 18 0 Mudstones, etc. 
(c). 28 0 Mudstones, etc. 
(d). 75 9 Shales and limestones 
(e). 77 4 Shales and sandstones 

X, a. 25 0 Dalmeny 
b. 115 0 Dalmeny to 

Hillhouse 
XI. 22 3 Calcareous shales 

XII. 24 0 Hillhouse 
XI. 31 5 Shales and limestones 

XIII (a). 37 0 Dalmeny 
(b). 33 0 Hillhouse 

XIV (á). 8 2 Shales and limestones 
(b). 3 0 Shales, etc. 

XVI 50 0 Hillhouse 

Total 330 9 Total 506 0 

sedimentary. If we take the rocks as a whole, sedimentary beds form 30 per cent. of the total, 
and igneous rocks (extrusive and intrusive) 70 per cent. of the total. The extrusive basalts are 
to the intrusive ones roughly in the proportion 5: 3. 

The whole sequence is marked by a great sameness throughout, to which the fossil contents 
also bear witness. Among the sediments, we find that predominantly sandy beds below the 
Cawcans Lavas are followed by argillaceous and calcareous beds above the lavas ; in 
similar fashion predominantly sandy beds below the Lighthouse Lavas are followed by argil - 
laceous and calcareous beds above the lavas. The Cawcans and Lighthouse Lavas also re- 
semble each other in presenting Dalmeny basalts in their lower parts and Hillhouse basalts 
in their upper ones. This provides a seeming repetition of beds, which suggests the possibility 
of duplication through faulting. There is, however, no clear evidence in the field of this 
having happened. A good deal of minor faulting is seen (many of the faults running N.W. 
S.E.), but nothing on a large scale. The sequence appears to be a straightforward one. 

Not only, indeed, must the whole visible contemporaneous sequence -both sedimentary 
and igneous -have been laid down without any marked unconformities intervening, but the 
intrusive rocks themselves (with the possible exception of VIII, the Teschenite Band) cannot 
be much younger than the extrusive ones. This seems to be indicated in several ways:- 

1. The close similarity in composition between the intrusive and extrusive rocks suggests 
that they had a common source. 
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2. The abrupt bending, in places, of limestones nearly 2 ft. thick, in the vicinity of in- 
trusions (which presumably acted with rapidity as well as violence) shows that the 
sediments must still have been sufficiently pliable to undergo sudden distortion 
without fracturing. 

3. The highly amygdaloidal nature of most of the intrusive rocks themselves, often with 
well- marked pipe amygdales, would seem to show that the intrusive masses cannot 
have advanced under great pressure while forcing their way through these sediments 
-in other words, that the overlying formations cannot have been of very great 
thickness. 

The sediments of Inchkeith should probably be referred -approximately, at least -to the 
Burdiehouse Limestone level, for what look very like representatives of that limestone (e.g. 
beds IV, n'; IV (d), ii and nn; IV (e), a) appear in the middle of the Inchkeith sedimentary 
sequence, and are accompanied by many of the fossils characteristically associated with the 
Burdiehouse Limestone in its typical exposures elsewhere. 

DRIFT GEOLOGY. 

Boulder Clay. 

The drift geology of Inchkeith is described in detail by Dr Campbell, and a few general 
remarks on it will be sufficient here. The principal direction of ice -movement, of which 
evidence is found, was from west to east. The ice thus crossed from the Cawcans ridge to the 
Lighthouse one, and appears to have filled the valley between with boulder clay, which is still 
clearly to be seen along the eastern crest of the Cawcans ridge, and in places at the bottom 
of the valley itself. Boulder clay also survives in small pockets on the lee (eastern) flank of 
the main intrusive mass (VII) which outcrops along the valley. The positions of these pockets 
are indicated on text -fig. 2. 

Erratics. 

These are described by Dr Campbell (see p. 782), and their positions are shown on text - 
fig. 2. All the larger erratics found by Dr Campbell and the writer were between tide marks; 
it is probable that other erratics once existed on the higher parts of the Island, but were used 
as building materials, for much foreign matter is seen in the various walls on the Island. 

100-ft. Beach. 

This is developed both to north and south of the highest part of the Lighthouse ridge, 
being peculiarly well marked to the north where it spreads across most of the widest part of 
the Island (text -fig. 2). 

25 ft. Beach and Azilian Man. 

There seems to be no distinct trace of a 50 -ft. beach; but the presence of a 25 -ft. one has 
been indicated by a boring sunk (1904 -5) on the slopes above Leith harbour, at about the 
35 -ft. contour. This passed through 52 ft. of clay and gravel, and then through 12 ft. of clay, 
gravel, and shells, apparently representing a midden overlying an old beach. It was at a spot 
about 40 yds. south -east of this boring, and about 50 yds. to north -east of the old pier, that a 
kitchen midden at a rather lower level was found by D. Grieve (1870 -2). It contained a 

mixed fauna of shells and charred and split bones, all of modern types, but including some 
now locally extinct or rare, such as Pecten rnaximus and Halichoerus gryphus the grey seal. 
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The presence also of horse bones (as in other middens on Inchkeith) would seem to indicate 
a comparatively recent date. Grieve supposed that the materials had slipped down from a 

rather higher level, since he noticed rotten shells still in situ on a bank which then existed a 

little above and behind the locality which he so carefully examined. Both deposits, however, 
were probably in situ; the lower one being medival, and the upper one much older. 

In 1897 -8 T. B. Sprague exhibited a number of bone and deer -horn scrapers which he 
had found in a midden on Inchkeith. This was a well- authenticated discovery, several 
experts seeing the scrapers, which they all identified as being of Azilian type (see Anderson, 
1897 -8; Munro, 1912; Callander, 1928 -9). Unfortunately no details were given as to the 
exact spot where this discovery was made, but the tools probably came from the higher shell 
level referred to above. Since the two middens had been supposed to be one, and the contents 
of the lower had been so fully described, it was probably thought unnecessary to make a 

separate report on the fauna of the higher level. 
Unfortunately, all this part of the beach has since been so cut about in the making of 

roads, etc., that all signs of a midden have completely disappeared. Deep cuttings or borings, 
a bit further back, might still bring buried parts of the 25 -ft. beach midden to light, if it was 
extensive; but everything near the surface has obviously been removed or covered over. 

Scanty as the evidence is, however, the fact of a shell deposit existing in clay and gravel 
about 28 ft. above sea -level is proved by the boring; and there also seems to be no doubt 
that Azilian tools were found in a shell deposit in the same vicinity. That the tools came from 
this higher midden, and not from the lower and more recent one, seems to be indicated by the 
fact that nothing of the sort was found by Grieve when he exhaustively examined the latter 
some twenty -eight years before. 

The tools show, in any case, that Inchkeith was visited by Azilian man, who must there- 
fore have been able to navigate these waters. 

LIST OF FOSSILS FOUND ON INCHKEITH. 

ANIMALIA. 
Amphibia: 

Labyrinthodont, gen. sp. indet.* . 

Pisces : fi 

Elonichthys robisoni (Hibbert), 1835; abundant 
Cynopodius crenulatus Traquair, 1881 . 

Rhizodus cf. hibberti (Agassiz and Hibbert), 1836 
Osteolepis sp. . 

Megalichthys sp. . 

Strepsodus ? sp. 
Rhizodont scales, gen. sp. indet. . 

Arthropoda: 
Paraparchites okeni (Minster), 1830 . 

Paraparchites scotoburdigalensis ( Hibbert), 1836 
Cytherella extuberata Jones and Kirkby, 1886 . 

Cytherella attenuata . 

f7 1886 . 

Bed XI, f. 

Series IV. 
Bed IV (e), a'. 
Bed XI, c. 

Bed IV (e), a'. 
7, 57 If 

If ,7 77 ,f 

Series IV. 

. Series IV. 
77 77 

7) 77 

I7 77 

* See description by Dr W. E. Swinton (p. 780). t All identifications are by Dr E. I. White. : First ten identifications are by Miss M. H. Latham; the last one by Dr J. Pringle. 
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Arthropoda (continued) : 

Carbonia fabulina Jones and Kirkby, 1879 . 

Carbonia rankiniana 
13 1879 . 

Carbonia subula II 1879 If 

Carbonia secans ,, 1879 . 

Carbonia pungens 1879 . 

Bairdia cf. subelongata ,, 1879 . 

Estheria striata (Münster), 1826, var. tateana Jones, 1862 . 

. Series IV. 

If 

Vermes: 
Spirorbis pusillus (Martin), 1809 * ** . Series IV. 

PLANTAR. 
Lycopodiales: 

Lepidodendron sp. t §11 

Lepidostrobus sp.¶ 
Lepidophyllum sp. ¡ . . 

Stigmaria ficoides Brongniart, 1822 t . 

Equisetales: 
Calamites-like fragments; gen. sp. indet. 

. Series IV and XI. 
,, If ,7 

17 

. Series XI. 

Filicales and Pteridospermea: 
Telangium affine (Lindley and Hutton), 1832; abundant * f . Series IV. 
Cardiopteris polymorpha ( Göppert), 1860, var. rotundi- 

folia Göppert, 1860 t . Bed IV (e), a'. 

Alga: ¶ 
Ortonella sp. 

Spongiostroma 
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NOTE ON AMPHIBIAN REMAINS. By W. E. SWINTON, B.Sc., Ph.D., F.G.S. 

Among the vertebrate specimens collected on Inchkeith by Col. Davies are two halves of 

an amphibian limb -bone, in an ironstone matrix, which fit together and form a bone of con- 

siderable interest. Its condition, form, and age suggest that it is of Amphibian origin and it 

appears to be a femur, although the fore and hind limb elements are not readily distinguishable. 

The principal dimensions are: 

Total length . . 5.8 eins. 

Diameter of proximal end . 1.8 

distal end . . 2.9 
Minimum width of shaft . . 1.1 

As the specimen is firmly embedded in matrix it is not possible to ascertain the thickness. 
The surface of the bone that is displayed is the posterior and is smooth generally but shows 

signs of fine longitudinal striation towards each end. The proximal end is much narrower 
than the distal, gently convex, and without any ridge or prominence. From the head distally 
the bone narrows until the middle of its length, when it begins to expand again, becoming 
comparatively broad at the distal articular end. Here the surface is raised to form two 
prominent, rounded, longitudinal ridges with a moderately deep depression between them. 

The bone is a typical amphibian propodial, but unfortunately owing to the lack of material 
for comparison it is quite impossible to identify it further. The most that can be said is that 
it is the femur of a Labyrinthodont amphibian. Its general size indicates that it came from 
a form as large as Pholidogaster pisciformis Huxley, that is, about four feet long. 

The specimen is in the Geological Department of the British Museum (Nat. Hist.) and is 
registered R. 5601. 

NOTE ON THE GLACIAL GEOLOGY OF INCHK {'ITH. By R. CAMPBELL, M.A., D.Sc. 

(References to Literature included with those of Col. Davies, pp. 785 -86.) 

I. INTRODUCTION. 

The only observer, so far as I know, who has placed on record his observations on the 
glacial geology of Inchkeith was D. Milne -Home, who noted (1871) the occurrence on the 
Island of the true boulder clay," and commented on its dark colour which he ascribed to the 
fact that it was derived from the débris of coal and shale. Milne -Home, who was convener 
of the Boulder Committee of the Royal Society of Edinburgh, again visited Inchkeith in 1879, 
and his observations on this occasion are given in the Sixth Report of the Committee (Milne - 
Home, 1878 -80), and summarised in the Final Report (1882 -4). The occasional occurrence 
of boulder clay, sand, and gravel is noted; it is pointed out that on the highest part of the 
Island (west of the Lighthouse), on portions of the hill facing the north -west, the rocks have 
been planed down to an even surface by some agency from the west but that no striae are 
distinguishable; no mention is made of the numerous large erratics which are scattered round 
the shores, but pebbles of granite, gneiss, quartz, and " hard Silurian rocks " are recorded from 
a shingly beach at the north -west end of the Island. 

II. BOULDER CLAY. 

A good section of boulder clay was seen near the south end of the Cawcans ridge, on the 
west side of the valley between that ridge and the Lighthouse ridge. At the time of our visit 
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the maximum thickness exposed was only 2 ft., but the section extended more or less con- 
tinuously for 15 yds. The top of the boulder clay, 95 ft. above O.D., was overlain by about 
1 ft. of rain -wash made up mainly of débris from the local basalts. Farther north on the same 
side of the valley the boulder clay was again seen, the visible thickness at this point being 
about 9 feet. Small exposures of boulder clay were also found on the opposite side of the 
valley which is clearly pre- glacial in origin. 

The boulder clays are tough, dark in colour when freshly exposed, and yellow and brown 
on weathered surfaces. Among the included boulders rocks of Carboniferous age are obviously 
dominant. They include ochreous sandstones, oil- shales, ironstones, plant- bearing lime- 
stones, teschenites, tholeiites, dolerites, and basalts of Hillhouse and Markle types. Less 
numerous are boulders of probably Old Red Sandstone age -red sandstones, andesites, rhyolites, 
and a hornblende -vogesite. Still fewer in number are metamorphic rocks, including coarse 
and fine -grained schistose grits, quartzites, mica schists, epidiorites, and vein -quartz. 

Another good section of boulder clay, extending for about 15 ft., was found near the Old 
Well at the top of the cliff at Kinghorn harbour. Here the boulder clay has an average 
thickness of 3 ft. ; it rests on an eroded surface of shales, and is covered by coarse fluvio- 
glacial gravels. The majority of the large boulders are again obviously derived from the 
lower Carboniferous rocks of the Forth area; sandstones were found to be most abundant, 
but clay ironstones, limestones, and cementstones were also noted at the time of our visit. 
Later Col. Davies made a collection of the smaller stones, up to 2 in. in diameter, in this boulder 
clay. On examination in the laboratory the collection was found to comprise : -- 

(a) Rocks of probably Cxarboaiferous Aye : 

Sandstones . 45 

Oil- shales 19 

Crinoidal limestones 3 

Cement- stones 7 

Ironstones . 12 

Basalts 10 

Tuffs . 3 

Dolerites 19 

Hornfelsed shale 1 Total . 119 

(b) Rocks of probably Old Red Sandstone Age : 

Red sandstones . 6 

Andesites . 6 

Trachytes . 2 

Quartz -porphyries . 3 Total . 17 

(c) Rocks of probably pre -Old Red Sandstone Age : 

Schistose grits 4 

Quartzites . 5 

Vein -quartz . 9 

Granulite . 1 

Breccia 1 Total . 20 

The percentage of rocks of probably Carboniferous age is 76. 

The fluvio -glacial gravels also contain many rocks foreign to the Island. Among them 

were noted pink granite, grey granite, diorite, and crinoidal limestone. 
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III. ERRATres. 

Large erratic boulders were found mainly at three localities: Kinghorn harbour, the south 

bay on the east shore, and near the Windmill on the west shore. 

Kinghorn Harbour. -In the west portion of this harbour, or bay, two conspicuous erratics 
(Nos. 1 and 2) are both quartz -hypersthene -dolerites, the larger measuring 82 by 4 by 4 ft. 

Of the boulders occurring on the west side of the main part of this bay, three (Nos. 3, 5, and 6) 

were found to be typical Incholm picrite. They measure respectively 5 by 34 by 4 ft., 31 by 
31 by 3 ft., and 3 by 24 by 2 ft. Another (No. 4) measuring 44 by 3 by 22 ft., and showing 

rather peculiar " knobby" weathering, is a strongly ophitic olivine -dolerite with some coarse 

mesostasis and is not unlike the Auchinoon type (Campbell and Lunn, 1927) of dolerite. Of 

the remaining two erratics in this bay one (No. 7), measuring 22 by 2 by 2 ft., proved to be a 

teschenite rich in analcite and fine tangential biotites, identical with the teschenite of Inch - 
colm (Campbell and Stenhouse, 1907) ; the other (No. 8), 2 by 2 by 11 ft., is a white trap. 

East Shore : South Bay. -The most interesting, as well as the largest, erratic at this 
locality is a boulder of hornblende -pyroxene- biotite- gneiss measuring 6 by 51 by 5 ft. The 
source of this boulder (No. 9) is problematical. In its microscopic characters it resembles 
certain Lewisian gneisses; it is unique among the erratics of Inchkeith in that it cannot be 
matched with any rock in the basin of the Forth. A small boulder (No. 12), 14 by 1 by 4 ft., 
is a schistose grit similar to rocks occurring along the southern margin of the Highlands. Of 
nearer origin are a teschenite (No. 10), 3 by 24 by 2 ft., resembling the teschenite of the Brae - 
foot Outer Sill, and an olivine -basalt (No. 11) measuring 42 by 32 by 32 ft. On the south -east 
shore we found a large boulder (No. 13), 6 by 44 by 3 ft., of red mottled sandstone. 

West Shore : near Windmill. -Three of the erratics here are teschenites similar to parts 
of the Braefoot Outer Sill (Campbell, Day, and Stenhouse, 1932). The largest (No. 14), 
measuring 91 by 82 by 32 ft., is a chloritised teschenite resembling the rocks at Braefoot Point 
and the Long Craig; another (No. 20), 5 by 3 by 22 ft., is a coarse teschenite rich in zeolites; 
the third (No. 22), 2 by 12 by 12 ft., was found about 100 yds. north of the Windmill and is a 
teschenite similar to the normal rock of the Braefoot Summit quarry and the Haystack Island. 
Another group of three (Nos. 15, 17, and 18), measuring respectively 22 by 2 by 2 ft., 32 by 3 
by 3 ft., and 32 by 24 by 2 ft., are olivine -basalts rather rich in chlorite and analcite. The 
remaining two are a dolerite (No. 19), 4- by 14 by 14 ft., and a coarse schistose grit (No. 16), 
11 by 14 by 1 ft. 

Small Boulders on Present Beaches. -The beach near the old jetty on the north -east shore 
(Kirkcaldy harbour of Col. Davies' text) contains many stones foreign to the Island. Some 
of them, for example the schistose grits, epidiorites, andesites, porphyrites, red sandstones, and 
granites, have been derived in all probability from the local boulder clay and fluvio- glacial 
gravels; others, in particular the numerous chalk flints and the red gneisses, are of more doubt- 
ful origin, and one cannot rule out the possibility of their introduction by human agency as ballast. 

Various foreign stones were noted also on the coarse beach at the north -west shore. They 
included a hornblende -granite rich in myrmekite, a gneissose granite, a hornfelsed grit and 
several " Highland " grits, which are probably the same as the " hard Silurian rocks " mentioned 
by Milne -Home as occurring at the same locality. 

IV. 100 -FT. BEACH. 

Gravels and sands deposited by the late -glacial sea of 100 -ft. Beach times cover two fairly 
wide areas of the Island -one towards the south end of the Lighthouse ridge, the other across 
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the north end of that ridge. The gravels contain many stones foreign to the Island, but, with 
the exception of a silicified crinoidal limestone, all those collected can be matched with rocks 
from the underlying boulder clay and fluvio- glacial deposits. 

V. SUMMARY AND CONCLUSIONS. 

All the constituents of the dark grey boulder clay are rocks found in the basin of the 
Forth; Lower Carboniferous types from the west are dominant and are accompanied by 
smaller proportions of rocks derived from areas of the Old Red Sandstone, the Highland Border 
Series, and the Dalradian Schists farther to the north -west. 

The character and distribution of most of the erratics indicate clearly that the ice which 
transported them was moving slightly north of east. Perhaps the best indicators are the 
Inchcolm picrite and teschenite, the large boulders of which are found only at Kinghorn bay 
in the extreme north of Inchkeith. The boulders from the Braefoot Outer Sill in all probability 
came from the Haystack Island and the Long Craig. The most likely source of the quartz - 
dolerites is the large intrusion at North Queensferry. The schistose grits may have come from 
the Aberfoyle region. The source and mode of transport, whether by floating ice or by land ice, 
of the boulder of Lewisian gneiss, is a problem reserved for future discussion. 

CARBONIFEROUS OSTRACODA FROM INCHKEIT'H. By Miss M. H. LATHAM. 

The Ostracoda come from the following three localities on Inchkeith Island. (1) East 
side of bay on north side of Island. (2) On west shore near north -west headland. (3) At 
roadside west of lighthouse. The specimens are numerous, but many of them are badly 
preserved and broken and they are often deeply embedded it the matrix. Most of the species 
have been recorded previously from horizons in the Calciferous Sandstone Series of Scotland. 
No new species or genera have been found. 

Family APARCHITID I lrich and Bossier. 

Genus PARAPARCHITES Ulrich and Bossier, 1906. Proc. U.S. Nat. Mus., xxx, p. 148. 

Genotype Paraparchites humerosus Ulrich and Bossier, 1906. Ibid., p. 151, pl. xi, figs. 1 -4. 

Paraparchites okenà Mfìnster), 1830. 

(For synonymy see Latham. 1032, p. 354.) 

Distribution. -This species has been recorded from the Devonian of Belgium, the Carboni- 
ferous of Bavaria, Russia, and Nova Scotia, and the Lower and Upper Carboniferous of Britain. 
In the Calciferous Sandstone Series of Scotland it occurs at the following horizons : Cement - 
stone Group; Granton Sandstones; Wardle Shales; Oil Shale Group below, in and above the 
Burdiehouse Limestone. It is also present in the Lower Limestone Group in Scotland. 

Paraparchites scotoburdigalensis (Hibbert), 1836. 

(For synonymy see Latham, 1932, p. 354.) 

Distribution. -This species has been recorded from the Carboniferous of England and 
Ireland. It occurs in the Calciferous Sandstone Series of Scotland at the following horizons : 
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Cementstone Group; Wardie Shales; close to the horizon of the Encrinite Bed; Oil Shale 

Group below, in and above the Burdiehouse Limestone. A few specimens have also been 

found in the Upper Limestone Group in Scotland. 

Family BAIRDIID}E Ulrich and Bassler. 

Genus BAIRDIA M'Coy, 1844. Synop. Char. Carb. Foss. Ireland, p. 164. 

Genotype Bairdia curta M'Coy, 1844. Ibid., p. 164, pl. xxiii, fig. 6. 

Bairdia subelongata Jones and Kirkby, 1879. 

(For synonymy see Latham, 1932, p. 376.) 

Distribution. -This species occurs in the Carboniferous Limestone of Wales and Ireland. 
It is found in the Calciferous Sandstone Series of Scotland at the following horizons: Cement- 
stone Group; Oil Shale Group above the Burdiehouse Limestone. It has been reported also 
from the Lower and Upper Limestone Groups of Scotland. Several badly preserved speci- 
mens from Inchkeith are rather doubtfully referred to this species. 

Family CYTHERELLID2E Sars. 

Genus CYTHERELLA Jones, 1848. Mon. Pal. Soc., pp. 6, 7, 9, 14, 28. 

Genotype Cythere compressa Münster, 1880. Neues Jahrb. Min., p. 64. 

Cytherella extuberata Jones and Kirkby, 1886. 

(For synonymy see Latham, 1932, p. 382.) 

Distribution. -This species has been recorded from the Carboniferous of England and 
Ireland._ It occurs in the Calciferous Sandstone Series of Scotland at the following horizons: 
Cementstone Group; Below the Encrinite Bed. 

Cytherella attenuata Jones and Kirkby, 1886. 

(For synonymy see Latham, 1932, p. 382.) 

Distribution. -This species has been recorded from the Carboniferous of England and 
Ireland. It occurs in the Calciferous Sandstone Series of Scotland at the following horizons: 
Cementstone Group; Wardie Shales; Below the Encrinite Bed. 

Family CYTHEREID2E Zenker. 

Genus CARBONIA Jones, 1870. Monthly Microscop. Journ., iv, p. 218. 

Carbonia fabulina Jones and Kirkby, 1879. 

(For synonymy see Latham, 1932, p. 384.) 

Distribution. -This species occurs in the Carboniferous of England and the Coal Measures 
of France. In the Calciferous Sandstone Series of Scotland it occurs at the following horizons: 
Cementstone Group; Oil Shale Group above the Burdiehouse Limestone. It is present also 
in the Lower and Upper Limestone Groups of Scotland. 
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Carbonia ranktiniana Jones and Kirkby, 1879. 

(For synonymy see Latham, 1932, p. 385.) 

Distribution. -This species has been recorded from the Carboniferous Limestone and the 
Coal Measures of England and Scotland. 

Carbonia subula Jones and Kirkby, 1879. 

(For synonymy see Latham, 1932, p. 385.) 

Distribution. -This species occurs in the Calciferous Sandstone and the Carboniferous 
Limestone Series of Scotland. 

Carbonia secans Jones and Kirkby, 1879. 

(For synonymy see Latham, 1932, p. 385.) 

Distribution. -This species has been recorded from the Carboniferous Limestone Series 
of Scotland and the Coal Measures of England. 

Carbonia pungens Jones and Kirkby, 1879. 

(For synonymy see Latham, 1932, p. 386.) 

Distribution. -This species is abundant in the Carboniferous Limestone Series and the 
Coal Measures of Scotland. 
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DESCRIPTION OF PLATES. 

Plate I. 

Geological Map of Inchkeith. 

Plate II. 

These photographs are Crown copyright, and are reproduced by permission of the Controller 
of H.M. Stationery Office. 

Fig. 1. Extreme N.W. of Inchkeith, looking north. Lower portion of Cawcans Lavas (III, a of text) is seen 

on the right. Seated figure is on the Cawcans Intrusive Band (II). The extreme north end of the Cawcans Sedi- 

ments, Series I (b), is seen pinched out between these two igneous masses. The intrusive band here swings outwards 
to the west, cutting across the lower sediments, Series I (a). 

Fig. 2. Algal Limestone, Bed IV (d), a', as seen on the western shore of Inchkeith. Close view, to show details 
of structure. 

Fig. 3. Extreme N.E. of Inchkeith, looking north. Kirkcaldy harbour is seen, with fault passing from left to 
right across it. Upper surface of Lighthouse Lavas (X, b) appears on the left (upper part of picture), followed by 
sediments (Beds XI, a to f), next the Kirkcaldy Lava (XII), and then the remaining sediments (Beds XI, g to z) 

which form the body of this small harbour. Flanking the harbour to east and filling the right half of the picture 
come in succession the Lateritic Basalt, XIII (a), here at its widest and weathered to its characteristic platform, 
and the overlying more rugged Star Basalt, XIII (b). On the extreme right (upper part of picture) the Skerries 
Intrusive Band (XV) appears as a long shoal extending to the north. 

Fig. 4. Main Intrusive Band (VII) and succeeding sediments, Series IV (e). Point of stick held by standing 
figure indicates junction between chilled upper surface of the former and baked lower surface of the Spirorbis- 
limestone, Bed IV (e), a', in contact with it. 

Fig. 5. More southern view of the Lateritic Basalt, XIII (a), showing its lower and upper chilled edges, and central 
portion weathered to form a platform. The Star Basalt, XIII (b), forms haystack sherries to the right. Junction 
of the lavas is marked by two hammers. 

Fig. 6. Extreme southern end of the Lateritic Basalt, showing its terminal boulder (marked by hammer). 
The Star Basalt appears above. Between the two basalts are here found sediments, including the oolitic and 
entomostracan bands referred to in text, i.e. local sediments a to d, mentioned in connection with XIII (a). 
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