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I. INTRODUCTION

The area considered in this paper and the

distribution of intrusions investigated, are shown in

the accompanying map. The sedimentary rocks into

which the igneous masses have been intruded belong to

the Calciferous Sandstone Series. The lower division

of this series - the Gementstone Group - forms the

southern portion of the area as a large east and west

syncline - the Dalmahoy Syncline. Here the strata

consist of shales, cementstones, coarse sandstones

and marls, along with the volcanic zone of Corston and

Torweaving Hills. The upper division, or Oil Shale

Group, forms the central and northern parts of the area

through which two main anticlinal ridges - the Dech-

rnont Arch and the Pumpherston Arch - can be traced in

a north and south direction. Numerous smaller un~

-dulations occur within these major folds. These

tectonic features are regarded as Permo-Carboniferous

in age; they are characteristic of the area and in
most cases determine the trend of igneous exposures.

This/
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This remarkable complexity of structure is in marked

contrast to the simple structure met with in the

Upper-Carboniferous strata further west. The area

is traversed by five major faults all of which show

an easterly or north-easterly trend. Since the

northerly two throw to the south, and the remaining

three (see map) throw down to north, they "constitute
(1)

a system of trough faulting on a large scale." While

all major faults have been shown on the map, only

those minor faults which show a surface relation to

the intrusive rocks have been indicated.

The district is for the most .part low lying

and covered by deep drift, consequently the boundary
lines of certain intrusions have been laid down from

boring information. To the south the bold escarp¬

ments of JJalmahoy and Kaimes Hills stand out conspicu-

-ously, while to the north-west the sharp features of

D'echmont Law and Binny Craig are prominent landmarks.

Many exposures show beautiful ice-moulding such 'as at
Blackness and Lalmahoy, while the phenomenon of

crag-and-tail/

d). "Oil Shales of the Lothians", Mem. Geol. Survey,iy i<j , p. it.
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crag-and-tail is well shown at Binny Craig. In the

district artificial exposures abound. The quarries

at Ravelrig, Kaimes, Auchinoon, and Craigton Hill are

at present in operation, while many of the other in-

-trusions have been worked in the past. Moreover,

railway cuttings at Winchburgh, Kirknewton Mains, and

East Calder pass through intrusive rocks.

Rock Types. - Five types of intrusive igneous

rock occur in the area and are enumerated below in

order of abundance.

1. Tholeiite.

2. Quartz-dolerite.

3. Olivine-dolerite.

4. Teschenite.

5. Basalt.

1. Tholeiites are confined to the southern part of

the area, namely in the Dalmahoy Syncline.

2. The principal quartz-dolerites are those of

Dechmont, Bangour, and Craigton Hill, while smaller

masses occur at Raw Cottages and Kirknev/ton Mains.

3. Olivine-dolerite is represented by the large sill

developed/
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developed in the Houston Wood area.

4. Teschenites are confined to the northern part of

the area, intrusions occurring in the Broxburn-
■

Uphall area, at Winchburgh, Little Ochiltree and

Blackness.

5. Fine-grained basalt forms the sill of Binny Craig

and an intrusive mass in the volcanic neck of

Binns Hill.

II. HISTORY of INVESTIGATION.

In his "Essai G^ologique sur l'Ecosse",
(1)

A. Bou'e gave a brief description of certain topogra¬

phic and petrographic features in the Dalmahoy intru¬

sion. Besides recognising two important textural

modifications, he observed that the black lustrous

mineral which occurred in small patches, was green on

fresh fracture but on exposure gradually darkened and

finally became black.
(2)

In 1838 R. J. Hay Cunningham called attention

to the greenstone and sediment contacts near

East Calder/

(1). Paris, (circ.) 1821, pp. 127-128, 153-187.

(2). R. J. Hay Cunningham, "On the Geology of the
Lothians". Rem. Wern. Nat. Hist. Soc. 1838
vol. VII, pp. 171-173, 201, '
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East Galder and in the neighbourhood of linchburgh.
(!)

A year later Charles Maclaren published his

classic work on the "Geology of Fife and the Lothians"

A section is given of Easter Ualmahoy Crags and the

Greenburn dyke, while brief mention is made of several

other intrusions in the district. Even at that early
date Maclaren expressed the opinion that the trap rocks

of Auchinoon and jjalmahoy Hills were dolerites.

In his paper on British Carboniferous
(2)

Dolerites, ,S. Allport described seventeen rocks from

Mid and West Lothian. In the jjalmahoy rock he ob-

-served that instead of the usual glass, a felsitic

mass filled the spaces between the larger constituents^
and that in one section the substance also occurred as

a small vein. He averred that no essential structural

or mineralogical distinction existed between dolerites

of Carboniferous and Tertiary age.

Many/

(1) 2nd. ed. 1866. pp. 234 - 236.

(2). S. Allport, "On the Microscopic Structure and
Composition of British Carboniferous Dolerites",
Quart. Journ. Geol. Soc. 1874, vol. XXX.
p. 555.
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(i)
Many years later Sir A. Geikie published his

paper on the Carboniferous Hocks of the Forth Basin in

which he quotes the rock of JJalmahoy as representing

the more salient characters of the local dolerites.

The rock is figured and the accompanying explanation

refers to the considerable proportion of groundmass

interposed between the various minerals.

A further description of this rock, founded

mainly on the observations of Allport and Geikie, was
(2)

given by Sir J. J. H. Teall in 1888.

In his Ancient Volcanoes of Great Britain, Sir
(3)

A. Geikie adopts Professor W. W. Watts revised classi-

-fication of the Carboniferous volcanic rocks of

Central Scotland in which the rock of Binny Craig is

set down as one of the type basalts, and the basalt

plug of Binns Hill vent is grouped under olivine-free
dolerite.s of the ophitic type.

The/

(l). A. Geikie, "On the Carboniferous Volcanic Hocks
of the Firth of Forth - their Structure in the
Field and under the Microscope". Trans. Roy.
Soc. Edin. 1897, vol. XXIX. p. 517.

(2). J. J. H. Teall, "British petrography." Lond.
1888, p. 190.

(3). A. Geikie, "Ancient Volcanoes of Great B'ritain".
1897, vol. 1. pp. 419, 421, 444.
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The next contribution to the petrography of West
(i)

Lothian rocks is found in Dr. J. B. Falconer's paper-

The Igneous Geology of the Bathgate Hills. In Part I

two distinct groups of intrusive rocks are recognised

according to age, while Part II deals with the micros¬

copic and chemical characters of the rocks.

The first complete account of the intrusive

igneous rocks of the district was given by Sir John
(2)

Flett in the second edition of the Edinburgh Memoir in

1910. He established the presence of fresh olivine

in the Dalmahoy rock and remarked on the presence of

quartz in specimens from Hannahfield quarry. Of con-

-siderable interest is the account of the contact

section at Auchinoon. Flett considered the rock of

Binny Craig was probably a fine-grained quartz-dolerito,

a conclusion confirmed by the writer. In 1912 the

second/

(1). J. D. Falconer, "The Igneous Geology of the
Bathgate and Linlithgow Hills." Trans. Roy.
Soc. Edin. 1905, vol. xli. Pts. I.and II.

(2). J. S. Flett, "The Geology of the Neighbourhood
of Edinburgh." Mem. Geol. Survey, 1910,

pp. 283, 290-291, 320.



8.

(1)
second edition of the Oil Shale Memoir was published

setting forth much new information especially in

regard to underground geology.

Of more recent date is a microscopic and chemical

description by Mr. T. G. bay of contact phenomena in

the quarries at Ravelrig, Kaimes, and Auchinoon.

Fresh light was thrown on the intrusive geoL
of the Blackness district in a paper by H. M. Cadell.

The most recent advance is a description of the

microscopic and chemical characters of the mineral

chlorophaeite in the tholeiites of Dalmahoy and

Kaimes Hills.

(1)_s^ "The Oil Shales of the Lothians." Mem. Geol.
Survey, 1912, 2nd ed.

(2). T. G. bay, Trans. Edin. Geol. Soc., 1920,
vol. XI. pp. 16, 17, 51-53..

(3). H. M. Cadell, "The Geology of the Blackness
bistrict, as disclosed by recent Borings."
Trans. Roy. Soc. Edin. 1922, vol. LIII.
p. 484.

(4). R. Campbell and J. W. Lunn, "Chlorophaeite in
the dolerites (tholeiites) of balmahoy and
Kaimes Hills, Edinburgh." Min. Mag. Sept.
1925, pp. 435.

(2)

(4)
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III. THOLEIITES of the UALHAHOY SYNCLINE.

The Ualmahoy Syncline lies immediately south

(see map) of the Murieston faulty and trends

approximately E.N.E. by W.S.W. Ten separate outcrops

of intrusive rocks are known to occur within the

limits of this syncline, and all occur low down in

the Cementstone Series. petrographically they form
a single suite and will therefore be considered col-

-iectively from that point of view, but for convenienc

the field characters of each intrusion will be treated

separately.

Field Characters of Tholeiites.

Ualmahoy. - The well known intrusion of jjalmahoy liejs
immediately west of iialerno village. It forms the

hilis of Kavelrig, Ualmahoy, and Kaimes, the latter

two being over 800 feet above sea level. The rock is

extensively quarried for road metal at Kavelrig and

Kaimes, while there are several disused quarries of

varying size.

Topographically the most prominent feature is

the great columnar escarpment along the northern side

of Ualmahoy Hill, which is also conspicuously devel¬

oped in Kaimes Hill to the west. On the south side

the/
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the bare dip slopes are intensely ice-moulded and

show many fine examples of glacial grooves which trend

a little north of east. From field evidence in the

neighbourhood of Ravelrig quarry it is possible to

estimate the thickness of the sill at about 150 feet.

Undoubtedly the most uniform character of this

rock is the striking change of colour it undergoes

when first exposed - a property ?/hich gives a ready

means of distinguishing it from other fresh intrusive

types in this area. The freshly broken rock - greyish

-green in colour - darkens rapidly and finally becomes
black. A detailed description of the cause under-

•i'f

-lying this colour change has been given elsewhere.
The sill shows marked textural and mineralogical

variations, and it is possible to distinguish several

well defined modifications developed in varying extent^

some delimited by sharp unchilled junctions, others

grading insensibly into each other. Two modifications

predominate. The first, probably the most common, is

a dull greenish-black rock of medium grain and even

texture. It is extensively developed in Kaimes Hill

where, relative to other modifications, it occupies

an/

See p. 8, ref. (4).
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an approximately central position. It.also occurs

in Jjalmahoy Hill but in much lesser degree, while in

the Ravelrig Hill quarries it is common but of sporadic

development. The second is a coarser modification

in which vesicular chlorophaeite, a mineral occurring

in varying abundance in the other modifications, is

strongly developed. Small zeolitic patches occur

occasionally, and with a lens numerous specks of

pyrites are observed. The largest development of

this modification is seen in the western end of

Dalmahoy Hill; a small but persistent zone occurs

throughout the sill above the basement white trap, and

a similar zone appears to have been developed below

the top white trap.

A pegmatitic modification occurs high up on the

south side of Kavelrig quarry in veins averaging two

feet thick; at Raimahoy belts of this rock coincide

with the dip-slope giving a broad lateral spread.

Peculiar to this modification are curious isolated

groups of thin parallel chlorophaeite veinlets.

Along the escarpment section a narrow wedge-like
zone of fine, dark, compact basalt occupies a position

some/
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some little distance above the base of the sill; it

is also developed in and around the old quarries on

the south side of Kaimes Hill. At certain points it

shows a distinct unchiiled junction with the adjacent

rock, while elsewhere the basalt shows isolated

patches of a coarser rock the increase of which gives

rise to another, still comparatively fine, modification
which is developed in considerable amount in Ravelrig

iiill and along the northern escarpment section. To-

-wards the east and west end of the sill segregation

veins are developed to a remarkable degree - a vertical
face may show fourteen veins to the foot. The colour

is uniformly dull black, and the grain very fine,

while the thickness varies from mere films to one thir|d

of an inch, with exceptional cases up to about three

inches. Although anastomosis is common the veins as

a whole trend parallel to the main surface of the sill;

they cut all other modifications and thus represent

the final products of differentiation. On weathered

surfaces they stand out as gentle ridges.

At the north-west corner of Kaimes Hill, and on

the/
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the north side of Kavelrig quarry, the sill is seen

in contact with the underlying sediments and Mr. T. 0.

Day has already described the tachylitic selvages seer,

at those points. In the absence of junctions else¬

where the intrusive boundary lines have been traced

by means of a zone of white trap occurring intermit-

-tently along the bottom of the dip slope as well as

along the base of the escarpment sections. Vertical

columnar jointing is well developed in the escarpment

sections and in large quarry faces, but locally in

Kaimes and Ravelrig quarries the columns show marked

curvature. A finer platy jointing with planes

parallel to the main surface of the sill, is evident

in weathered outcrops, but appears to be absent where

segregation veins are conspicuously developed.

The rock weathers to a reddish-brown skin which,

in coarse modifications, is typically pitted owing to

the removal of chlorophaeite, while in pegmatitic

modifications the long augite needles and traces of

the chlorophaeite veinlets show up in marked contrast

to the enclosing material. Along lines of movement

secondary veins are common. In the north face of

Ravelrig/
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Ravelrig quarry a large calcite vein shows splendid

nail-head crystals; in Kaimes quarry a composite vein

carries calcite, barytes, amethystine quartz,

chloritic material, and occasional crystals of galena

which may be half an inch in diameter. Thin minor

veins of calcite and chlorite are frequently developed

along joint planes.

In addition to the excellent sections seen at

Ravelrig and Kaimes, underlying sandstones are exposed
/

along the northern margin of Dalmahoy and Kaimes Hills

where they dip south at about 20°.
The horse-shoe shaped nature of the outcrop of

the Dalmahoy sill is due primarily to the fact that

the intrusion and its associated sediments are inclu¬

ded in a gentle synclinal fold pitching to the south¬

west; but the curvature of the outcrop is accentuated

by effects due to faulting. On the published maps a

dip fault is shown between Kaimes Hill and Dalmahoy

Hill; the present investigation has revealed the

occurrence of an important oblique fault crossing

Dalmahoy Hill in a north-easterly direction.
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Johnsburn. - Half a mile south-west of Balerno a

small exposure of typical Dalmahoy rock occurs in the

Johns Burn immediately below the smithy. The rock

is well preserved, of coarse grain, and shows a few

patches of fresh chlorophaeite.

Auchinoon. - A short distance north of Harperrig

reservoir three intrusive masses occur. The largest,

known as Auchinoon Hill, is almost entirely grass-

grown except for a few decomposed knolls on the south¬

west slope. In the quarry on the north side of the

main road is the well known contact section first

described in the Geological Survey Memoir. Here the

overlying sediments - about 8 feet thick - are in-

-tensely hornfelsed and dip south with the sill at 18 .

The quarry, long in disuse, has been reopened, but
even after several months working fresh material is

not obtainable. The rock is a coarse-grained vesi¬

cular tholeiite of dark green colour, and with augite
as the only fresh constituent. Veinlets and vesicular

patches of a dull green chloritic mineral are

conspicuous/

(l). "The Neighbourhood of Edinburgh", Mem. Geol.
Survey, 1910, p. 314.



16

conspicuous, while locally cubes of iron pyrites are

common. In vesicles the green mineral is replaced by

a dense radial growth of dark green acicular crystals
of silky lustre which apparently represent a further

stage in chlorophaeite decomposition.

East of the road in the neighbourhood of Auchinoon

farm another mass occurs but everywhere the rock is

extremely decomposed.

Camilty. - Along the right bank of the Linhouse Water

a quarter of a mile north of Camilty Mill the upper

part of an intrusive sill is exposed for some sixteen

yards with a maximum visible thickness of three feet.

The rock is spheroidal, considerably decomposed, and

overlaid by twelve feet of sandstone - the whole

section dipping west-* north-west at 20°. Half a mile

south-east of this point the sill is exposed in the

Kae Burn (6" map) and one of its tributaries. Here

it is fairly fresh, of coarse to medium grain,

greenish-black colour, and shows abundant dull black

patches of decomposed chlorophaeite. One and a

quarter miles south-east of Camilty, and a quarter of

a/
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a mile south-west of Halfway House, a bore passed

through an intrusive sill 257 feet thick which showed

the megascopic characters of the Camilty rock. The

top was proved 100 feet from the surface, and the

bottom 400 feet above a prominent lava zone of unknown

thickness. It is suggested that this intrusion may

be correlated with the Camilty sill, and that the lava

zone represents the Corston and Torweaving volcanic

group.

Red Craig. - On both sides of the Linhouse Water

near the farm of Red Craig, Oakbank, a highly decom-

-posed dolerite sill forms crag features. On the

right bank of the stream a splendid transgressive con-

-tact section is seen, but here as elsewhere in the

intrusion, the rotten nature of the rock renders type

determination impossible. Two extensions of the
(1)

sill - hitherto considered "hard limey sandstones" -

are exposed in a small burn running north-west in the

Linhouse Water. The main sill is truncated on the

north by the Murieston fault.

Information obtained from records in Geological
Survey Office, Edinburgh.

(l). Edinburghshire, Sheet 5, S.E.
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Selms. - This sill, lying one mile S.S.E. of Mid-

Galder, forms a prominent semi-lunar ridge rising to
over 700 feet at Selms Tops. Crags are developed

along the convex or IM.W. side, and the extremities of

the ridge are truncated by the Murieston fault. From

Selms Tops (6" map) two low ridges extend westwards;

the rock exposed at the extreme west end of the

southern ridge is of coarse grain, greenish-black

colour, and carries numerous small lenticles of

chlorophaeite in a condition similar to that of

Auchinoon. Horizontal segregation veins similar to

those of Aalmahoy are sparingly developed. The

freshest material was obtained from spheroidal blocks

in the north ridge - that being the only locality

where pyroxenes are preserved. Further east the sill

has been quarried on a large sca-le at Gowanbrae. Here

the rock is massive, intensely chloritised, and shows

a basal modification approaching white trap. Two

hundred yards N.E. of Gowanbrae quarry a section

shows vesicular dolerite overlain by a thin covering

of sediments dipping E.S.E. at 10°. Field evidence

in this locality indicates a thickness for the sill

of/
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of about 80 feet.

Kirknewton. - This mass may be considered an easter

ly extension of the Selms ridge. Trending east and
west it is about £ mile in length and has an average

dip south of 20°. The central prominence of Hall—

-craigs (600 feet) has been considerably quarried, and

the summit exposures afford quite fresh material.

Generally the rock is very similar to the ch lorophaeitd-
rich modification of Dalmahoy, while locally there is

a sparing development of thin dark segregation veins

so characteristic of that intrusion. Near this

point a flooded quarry shows vertical columnar struc-
-ture and typical thin, horizontal, anastomosing

segregation veins. West of the Craigs a narrow and

almost continuous outcrop extends down to Gogar Burn

where the sill gives rise to a small waterfall. In

this locality the rock is finer and less well preser-

-ved. A smaller mass at Overton farm is separated

from the main sill by a strike fault. A section on

the south side of the farm house shows a lower coarse

modification in sharp unchilled contact with an upper

finer/
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finer modification, the former carrying abundant

chlorophaeite patches oxidised to a deep red colour.

General field Characters.

The most striking field characters of this

suite of intrusive rocks are the constant occurrence

of chlorophaeite, generally somewhat decomposed, and

the peculiar habit of the segregation veins which are

quite unlike those seen in other intrusive types of

the West Lothian district.

The elongate form and marginal orientation of

some of the sills have resulted from the erosion of the

large syncline with which they have been folded;

furthermore two intrusions are truncated by the

Lurieston fault thus indicating an age pre local

Permo-Carboniferous folding and faulting.

All intrusions occur in the Cementstone Group,

those adjoining the kurieston fault lie below the

Oorston Hill lavas, while the remainder are intruded

at a horizon above the lavas pointing to a transgres-

-sive intrusion from north-west to south-east.



21.

Petrography.

In describing the petrography of this suite

of intrusive igneous rocks an account will'first be

given in detail of the dominant medium-grained

modification, after which reference will be made to

the outstanding textural and mineralogical variations

met with in other modifications.

In section the rock is well preserved - and

consists of plagioclase felspar , augite, olivine,

and chlorophaeite^ along with a greater or less

development of intersertal mesostasis. Ilmenite,

pyrites, and apatite are common accessories, while

small amounts of hornblende, biotite, and chloritic
t

material occur as secondary growths. The felspars,

which are mainly lath-shaped - few tabular forms

occur - shovif local diversity of size. Carlsbad and

multiple twinning are common and practically all

crystals are strongly zoned. Extinction angles and

oil immersion tests indicate a composition of basic

andesine, a few crystals however are rimmed with

oligoclase. Although true ophitic structure is not

common/



common in this modification, many small crystals do

penetrate the augites to a slight extent. Where

mesostasis is absent or sparingly developed, crystal

outlines are ill-defined, while strong idiomorphism

is displayed in the presence of interstitial matter.

Some crystals show slight curvature - a phenomenon

more marked in the augites. Minute crystals of

augite, apatite, and some magnetite are the only

inclusions noted.

The augite is of the monoclinic variety and

forms anhedral crystals of varying size with here and

there a tendency to glomeroporphyritic structure.

The pale brown colour sometimes grades into a notice-

-ably purplish tinge. In a few cases the habit is

that termed "granulitic" by Judd. Twinning, zoning,

and hour-glass structure are rare. The almost con-

-stant association, marginal and surficial, of

titaniferous magnetite is characteristic of this and

other modifications. True ophitic augite in large

allotriomorphic plates enclosing crystals of felspar

is a local characteristic of the Camilty rock (Pi. Ill

fig. 2); it has also been observed in specimens from

the Halfway House bore'.'
The/

* See p.17.
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The olivine is now largely replaced by

chlorophaeite but unaltered patches still remain in

many of the pseudomorphs. The pseudomorphs are

mostly of the bipyramidal type, but in a few cases

the olivine has built comparatively large lath-shaped

crystals (pi. I, fig. 4). The unaltered mineral is

nearly colourless, extinguishes straight, and shows

abnormal blue and yellow interference colours.

Tested by immersion in methyl iodide of known refrac¬

tive index, the mineral was found to have a

refractive index of > 1.745 and therefore must be
referred to favalite. the magnesium-poor variety of

olivine.

Chlorophaeite is present in all sections

examined. Apart from pseudomorphing olivine, as

indicated above, it also occurs interstitially, as

vesicular patches, and in minor association v/ith the

intersertal mesostasis, this latter habit accounting

for the dark colour of the segregation veins as seen

in the field. The fresh chlorophaeite is pale green;

under cross nicols it is usually quite isotropic but

may show anomalous double refraction/
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refraction. Many crystals show a marginal growth of

doubly refracting, chloritic material, while along
the conchoidal cracks minute fibres grow apparently at

the expense of the original substance. These fibres

doubtless represent an incipient stage in the forma-

-tion of the radial growths so common in the Auchinoon

rock. Chlorophaeite darkens on exposure through deep
shades of green and brownish green to red in sections

cut from highly weathered surfaces, The only

inclusions noted were iron ores and apatite needles.

The -general habit and mode of occurrence clearly

indicate that the formation of chlorophaeite belongs

to a late stage in the history of the rock.

The relative, abundance of interstitial

matter, which varies with the grain of the rock, is

small in the modification under consideration. In

this, as in all other modifications, the distribution

is patchy or sporadic. Further, there is considerably

diversity in the degree of crystallisation for in

some sections it has the form of a brown microlitic

glass while elsewhere crystallisation is fairly

complete. The commonest form however, is an intimate

association/
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association of both types with insensible gradations

from the brown felsitic mass to the relatively coarse

mesostasis in which stout lath-shaped felspars are

clearly distinguishable. Mineralogically, the com-

-position is dominantly felspathic with here and there

small areas of free quartz - here considered to be of

juvenile origin. Abundant- threads and patches of

chlorophaeite, minute grains and shafts of magnetite,

and small hexagonal plates of haematite are character¬

istic, Under high powers numerous extremely slender

needles are observed which may be apatite, The

felspar laths, which belong to the albite-oligoclase

series, may be represented only in outline the central

areas consisting of brown felsitic material. Oil

immersion tests show that the numerous irregular

patches, which polarise in greyish-blacks, are refer-

-able to orthoclase, Titaniferous magnetite is by

far the commonest accessory. It occurs in irregular

porous crystals which occasionally show the typical

light-grey alteration to leueoxene. Although not

readily observed in hand specimen pyrites is not an

uncommon mineral in slice. By reflected light it is

seen/
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seen to form small central patches within the ilmenite;

it has not been observed as solitary growths. The

constant association of titaniferous magnetite has

already been referred to. Small crystals of a pale

cinnamon-brown amphibole, generally associated with

green chloritic material, are common locally. Under

high power the typical amphibole cleavage is frequent¬

ly visible. The mineral is faintly pleochroic and

seems to be confined to rocks which are somewhat

decomposed; it is of late growth - probably of

hydrothernial origin. Very pale bro?/n flakes of

pleochroic biotite are observed in many sections.

Apatite is a common mineral occurring in long crystals

of varying breadth which traverse the mesostasis and

parent rock alike. Besides the above, numerous

threads and irregular patches of chloritic matter are

scattered throughout the sections.

The coarse modification affords a splendid

medium for the study of chlorophaeite. Vesicular

patches frequently measure a quarter of an inch or

more in diameter and may build up to 14$> of the rock.

In this, as well as in the pegmatitic modification,

minute/
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minute pseudo-organic structures are frequently

developed in the chlorophaeite, the outlines of which

persist even in white trap modifications (PI. I,

figs. 5, 6). The intersertal mesostasis is also

strongly developed; a specimen from Hallcraigs,

Kirknewton, showed on micrometer analysis 4:0% mesos-

-tasis (PI. Ill, fig. 3). Examples of the pseudo-

spherulitic type of graphic quartz are also observed

to advantage in the mesostasis of this coarse

modification.

Although the bulk mineral composition shows

no change, the pegmatitic modification differs from all

others in the remarkable graphic intergrowth of the

felspar and augite (pi. I, fig. 3), and in the curious

parallel rods of chlorophaeite which apparently fill

small cracks (Pi. II, fig. 2). The numerous elongate

crystals of iron ore which cut these rods must be
referred to a very late stage in the history of the

rock.

Basalt has been noted only from the JJalmahoy

sill. In slice it is a fine-grained compact rock

consisting of numerous plagioclase phenocrysts, and
some of augite, set in a groundmass of smaller

felspar/
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felspar laths, grains of augite and magnetite along

with small patches of chlorophaeite and chloritic

matter. Many of the phenocrysts are grouped in a

manner suggesting the incorporation of a doleritic

rock. Fluxion structure is frequently well

developed (pi. II, fig. 4).
In mineral content, and nearly always in

texture, the segregation veins are identical with the

mesostasis of the parent rock through which they run.

Indeed the numerous small branches or streams given

off are confluent with the mesostasis. Crystallisa-

-tion is frequently more advanced than that of the

mesostasis; the felspars may be elongate or brush-

shaped, but stout or even square-shaped forms are most

common (pi. II, fig. 6). High powers reveal a very

considerable amount of finely disseminated chloritic

material which undoubtedly accounts for the dark» %J

colour of the veins in the field. Chilling phenomena

is never observed a fact which indicated that

segregation took place when the parent rock, although

largely consolidated, still retained considerable
heat (pi. II, fig. 5).

Sections/
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Sections cut from white trap modifications

along the northern side of balmahoy are fairly-

similar in extent of alteration. Laths of plagio-

-clase may still be detected but the augites are

completely replaced - chiefly by carbonates.

Outlines of chlorophaeite patches now largely altered

to carbonates are still discernible, the central

areas being frequently filled with radial growths of

a zeolitic mineral. Small veins of chalcedony and

numerous grains of secondary iron oxides are

associated with the dominant secondary carbonates.
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Specific Gravities.

A series of specific gravity determinations,

made on the freshest material procurable, shows the

figure to vary inversely according to (a) amount of

mesostasis present, (b) amount of chlorophaeite

present. Three extreme examples are given below:-

(1) Kaimes, abundant mesostasis . = 2.62

(2) Dalmahoy, chlorophaeite rich. = 2.65

(3) Dalmahoy (fine) little chlorophaeite or = 2.83
mesostasis.

luicrometer Analyses.

The mean value of six micrometer analyses

give the following percentages

Felspar = 52.7

Augite = 12.2

Iron ore = 7.0

Chlorophaeite = 10.2

mesostasis etc (by difference) = 17.9

Total 100.0
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Chemical Analyses.

I. II. III. IV.

Si02 52.90 51.37 52.60 65.46

A12°3 13.92 13.27 16.32 12.20

Fe2°3 6.62 5.12 5.34 5.09

FeO 6.31 7.59 6.12 2.96

Ti02 2.35 3.09 1.70 0.48

CaO 6.37 6.83 6.39 1.67

MgO 2.86 2.83 3.61 1.27

KgO 2.00 1.85 1.55 4.39

NagO 3.51 3.58 3.10 3.95

IvlnO -f t .34 -

HgO . 3.70 2.28 1.32 3.24

KgO -
- - .90 -

P2°5 - 0.43 .64 -

(JO? 1.80 nil

100.54 100.04 99.93 100.71

I. jjalmahoy, coarse modif. anal. T. C. Day, F.C.S.

II.Dalmahoy,
Washing

anal. Harrison & Reid, quoted from
;ton's "Analyses of Igneous Rocks",p. 1

III.Dalmahoy, Basalt , anal. W. H.. Herdsman.

IV. Dalmahoy, Segregation vein, anal. T. C. Day, F

Regarded broadly the analyses of the

jJalmahoy tholeiites show that the rocks have

affinities/
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affinities with quartz dolerites. They differ from

the latter, however, in some respects. Perhaps
their most striking feature is the remarkably low

percentage of MgO. Their alkali content, too,

particularly that of KgO, is remarkably high. They
resemble closely in composition some of the

Mugearite lavas of Carboniferous age in the Midland

Valley, and the leading oxides are in the proportions

shown in the curve drawn for the Tertiary Mugearite

Magma of Mull by Mr. E. B. Bailey. They might

indeed be termed mugearitic tholeiites, and it is

highly probable that they represent an intrusive

phase of the magma which gave rise to the local

mugearites.

(l)."The Tertiary and Post-Tertiary Geology of Mull",
Mem. Geol. Surv., 1924, p. 26.
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Summary of Tholeiite Characters.

Although tholeiites and quartz-dolerites of

this district exhibit many field and microscopic

similarities, the following features may be set down

as distinctive of the tholeiites under consideration:-

1. Tholeiites are confined to the Gementstone Series],
and are found only south of the Murieston fault.

2. The fresh rocks are greyish-green when newly

broken and the colour changes quickly to almost black.

3. Thin anastomosing acid segregation veins of a

black colour are of constant occurrence.

4. The rocks have the abundant intersertal develop-

-ment of mesostasis characteristic of tholeiites

generally.

5. Rhombic pyroxenes and graphic quartz are not

found.

6. The rocks contain abundant fayalite or its

decomposition products.

7. The dominant felspar is a basic andesine, and

orthoclase is present in considerable quantity.

8. . The coarse varieties have augite and piagioclase

in/
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in graphic intergrowth.

9. The augites sometimes show purplish pleochroic

tints indicative of high TiOg content.
10. Iron pyrites in general occurs as a core in

crystals of ilrnenite.

11. The chemical analyses of the rocks are remark¬

ably low in MgO and high in alkalies (notably in KgO)
as compared with quartz-dolerites.
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QUARTZ - LOLERITES.

Field Characters.

Kirknewton Mains. - This sill occurs low down in the

Galciferous Sandstone Series and is exposed for some

four hundred yards along the railway cutting near the

farm of Kirknewton Mains. At the road bridge the

underlying se'diments are poorly exposed dipping west

at 4°. They are overlain transgressively by six
feet of dolerite. Where seen the base of the sill is

a vesicular white trap; actual contacts are much de¬

composed even where exposed by digging, and on the

whole the sediments show little induration. On

fracture the rock does not appear fresh; the colour

is bluish green and the texture varies considerably.

Unlike other quartz-dolerites of the district segrega^

-tion veins are little in evidence only one being
observed.

Raw Cottages. - Just west of Raw Cottages - about

half a mile east of East Calder - a small sill outcrops

on' the Burdiehouse Limestone horizon. It has been

quarried on a small scale at the north west end, but

fresh material is no longer obtainable. Vfhep© the

sill/
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sill traverses the neighbouring limestone quarry it

contains several large limestone xenoliths. Here the

dip is 25° S.S.E. Along the contact zone the lime-

-stone is indurated and shows banded structure while
the igneous rock is fine-grained, bluish grey in

colour, and intensely carbonated. Moderately fresh

jmaterial was obtained from spheroidal blocks exposed
"

in the cutting leading to the whinstone quarry. The

intrusion is not observed south of the main road.

jJechmont. - South of Uechmont village two prominent,

sills outcrop in a north-south direction. They are

known to occur in the higher beds of the Calciferous
.

.

Sandstone Series but the actual horizon is not yet

proved. Both intrusions are well exposed naturally

and have moreover been quarried at several places.

The westerly sill about one mile in length, is trunca-
4.

-ted on the south by the Middleton fault, and on the
west by a large north and south fault throwing to
the east. In the quarry at the extreme south end

the overlying mudstones are seen dipping south at 25°.
The contact between sill and.sediment is deeply

weathered/
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weathered, while the coarser igneous rock below is

everywhere highly vesicular and much decomposed.

Massing northward the doierite tends to coarsen in

texture until in the quarry beside the main Bathgate
-

road a coarse modification is found in which the

pyroxenes may be one inch or more in length. Note-

I-worthy in this sill, is the localised concentration

of segregation veins in the low crags north-north-west

of the waterworks. These are of greyish-pink colour,

between two and six inches broad, and in several cases

are seen to cross at right angles.

The easterly sill of smaller extent, conforms

roughly with the trend of the western sill. On the
east side of jjechmont Law (700 feet) which forms the

central position of this intrusion, a remarkable con-

-tact section is displayed. Here the doierite forms
a

a broad even surface some thirty feet high. The dip
o

is east at 58 and the entire mass is overlain by a

thin veneer of baked shale. A small exposure of the

underlying sediments occurs on the west slope of the

Law, and thus from field evidence it is possible to

estimate the thickness of igneous rock at this point

at/
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at about 20 feet.

Bangour. - This is the largest quartz-dolerite sill

in the district under consideration. Rising to the
north-east it extends as a bold ridge from West Bangou^

to Bangour reservoir a distance of one and a half

miles. The northern extremity is continuous with an

east-west dyke which has been intruded along a line of

fault. It is conceivable that this dyke acted as a

feeder to the sill in a manner similar to those des-
(i)

-cribed by Dr. Falconer in the Bathgate Hills. The

rock is a normal quartz-dolerite of medium to coarse

grain, and is well exposed throughout the length of

the sill. A small extension of this intrusion occurs

along the north-east margin of the reservoir. Where

seen,the dip of the sediments is variable but the sill

is clearly inclined to the north-west. The horizon

is some little distance above the Fells Shale.

£ra_igt on Hill. - This sill lying one mile south-east
of philipstoun, occupies a horizon some distance below

the/

(1). See p. 7. ref. (l), Pt. I, p. 366.
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the Burdiehouse limestone. To the south it is trun¬

cated by the Ochiltree fault. Although present

quarrying operations extend some 80 feet into the sill

only moderately fresh material is obtainable. The

quarry faces are sometimes rudely columnar but more

often massive, while in the north-east corner of the

main quarry slicken-sided surfaces are developed on a

gigantic scale. In hand-specimen the rock is of

medium grain, light grey in colour and contains small

specks of pyrites. Of remarkable interest are the

large sedimentary inclusions seen in the east side of

the quarry. One lies forty-three feet from the sill

top and must weigh many tons. The shales which form

these great inclusions are intensely baked.
i

Howden.- Half a mile north-?/est of Howden Bridge a

medium-grained quartz-dolerite has been quarried.
(1) (2)

According to the one inch, and six inch maps of the

Geological Survey this rock is part of the large

olivine-dolerite of Houston Wood. Whether or not

this is the case will probably never be known. The

nearest olivine-dolerite exposure lies a quarter of a

mile/
(1). Sheet 32.

(2). Edinburghshire 5 N.E.
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mile north-east, but the intervening ground shows no

surface feature which might indicate a boundary be¬

tween two separate intrusions. If the facts are as

mapped-then a quartz-dolerite rich in graphic quartz

of the pseudo-spherulitic type passes in the space of

some four hundred yards into an olivine-dolerite.

Greenburn Dyke. - North of Lalmahoy Hill an east and

west quartz-dolerite dyke outcrops alongside the rail-

-way for about one mile. The western end is exposed

in the Greenburn where it forms the waterfall below

the railway bridge. Mere the rock is decomposed,

highly vesicular, and in places approaches the nature

of a white trap. Passing east the dyke is not ob¬

served at the surface but it is "easily distinguished

by the swell of the ground." Just south of Long

palmahoy Cottages intensely baked sediments are seen

upheaved to an angle of 40°, and still further Bast
in the low crags near balmahoy Mains segregation

veins are conspicuously developed. The colour of the

veins is greyish-pink, the thickness from a fraction
to three inches, and the habit vertical sheets -which

trend/

(l). Charles Maclaren, "Geology of Fife and the
Lothians", 2nd ed. 1866, p. 236.
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trend east and west with the sill. Noteworthy in

these veins is the frequent occurrence of drusy
cavities which may be three inches in diameter. East

of Jjalmahoy Mains the dyke shifts south some forty

yards and is again exposed on the railway embankment

beyond the road bridge. It seems probable that this

dyke is related to the intrusion at Kirknewton Mains.

Galder Hall Dyke. - About a quarter of a mile south

of Calder Hall a dolerite dyke crosses the Linhouse

Water trending E.N.E. and W.S.W. It appears to be
about ten feet broad and on both sides of the stream

cuts oil shales. The rock is for the most part in

the form of white trap, and contacts are highly

brecciated and often pyritised. Locally the dyke

bears a thin coating of dark bituminous matter unctuou

to the touch. Repeated investigation has failed to

confirm a south-westerly extension of this dyke to

the Murieston Water as recorded in the 1" and 6" maps

of the Geological Survey.

East Galder Dyke.- In the railway cutting a quarter

of a mile east of East Galder a quartz-dolerite dyke

is/
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is well exposed. The section is about 36 feet

broad and on the west side the dyke feeds off a small

sill some ten feet thick. The rock is bluish-grey
and looks fresh although in section it is much de-

-oomposed. At various points dark basaltic modifica-

-tions are met with. From the cutting the dyke is

considered to run W.N.W. across the Almond to

Pumpherston village but the only intermediate exposure

noted was in a small burn 200 yards W. of East Calder.

Petrography.

The auartz-dolerites in this area conform

closely to those already described from Central

Scotland. It may however be of interest to note the

following points:-

1. Fresh hypersthene has been observed in the sills

of- Kirknewton Mains, Raw Cottages, and Dechmont,

while pseudomorphs after that mineral are common

in the rock of Craigton Rill.

2. The coarse modifications of Pechmont west sill

carry a considerable development of hornblende,
while the augites display exceptional examples of

salite/
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salite structure.

3. Locally in the Bangour dolerite mesostasis

makes up 70% or more of the rock.

4. Graphic quartz of the pseudo-spherulitic type

is a marked feature in the rock of Howden

quarry. (Pi. Ill, fig. 4).
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OLIVINE - LOLERITE.

Field Characters.

Houston Wood. - Boring information shows this to be

the most extensive intrusion in I/Vest Lothian, but

unfortunately surface exposures are few and unsatis¬

factory. The boundary lines are laid down entirely
from underground information. At Newyearfield, one

mile north of Livingstone village, the sill is poorly

exposed in fields south and south-west of the farm¬

house. A bore put down 180 yards west of this point

proved 31 feet of dolerite in contrast to thicknesses

of 120 and 240 feet further west.

The fine-grained quartz-dolerite of Howden,

referred to above, may be an acid differentiation of

this large Houston Wood sill.

The only other exposures are seen in and around

two small disused quarries north-west of Old Craigs.

One quarry in Graigshill plantation is partly filled-
in and the rock is extremely decomposed; in the

other, a quarter of a mile north-west, fairly fresh"
material has been got from spheroidal blocks. The
rock is a coarse-grained dolerite of greyish-black

colour/
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colour in which the felspar and pyroxene crystals are

easily distinguishable.

ho surface exposures of this large olivine-

dolerite sill are observed north of the Middleton

Hall fault.

Petrography. -

In section the rock is a coarse-grained

ophitic dolerite, consisting of elongate felspar

laths, large irregular plates of augite, and numerous

serpentinous pseudomorphs after olivine, while ilmenito,

biotite, and apatite occur as accessories. Porphyr-

-itic structure is never developed. The felspars,

which are slightly decomposed to a greyish-brown tur-

-bid material, show considerable diversity of composi-

-tion, and locally of texture. Most are twinned on

the Carlsbad law, although multiple twinning is not

uncommon. Optical characters indicate a composition

near basic labradorite, but a few crystals give ex-

-tinction angles of andesine. Of rare occurrence

are small irregular untwinned patches of orthoclase

distinguished by its low refractive index and low

double/
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double refraction.

The augite, remarkably fresh, is pale brownish

purple and noticeably pleochroic with zoning and

twinning practically absent. Most crystals com-

-pletely enclose numerous felspar laths, and

occasionally a pale brown hornblende is developed as

a marginal fringe.

Only a few of the green pseudomorphs show perfect

bipyramidal outlines of olivine, but nearly all retain

the strong magnetite-lined cracks of that mineral.

The titaniferous iron oxide occurs in large
"

skeletal crystals generally showing a greyish-white
I

surface of leucoxene. Iron pyrites is rare but it
-

has been observed in a few cases.

The reddish-brown biotite is found in almost

constant association with the iron ore. A few lath-

shaped crystals are included in the green pseudomorphs
and appear to be of late growth.

Apatite is common and sometimes forms very large

crystals having a breadth comparable with that of the
smaller felspar laths. Besides the decomposition

products/
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products of felspar there is a considerable quantity
of pale green chloritic material scattered throughout
the rock.

TESCHEHITES.

Field Characters.

Broxburn.- From evidence afforded bv borinp- and
(1)

mining operations Mr. R. G. Carruthers has shown that

north of the iliddleton Hall fault there are three
I

distinct sills. The highest of these, maintaining a

constant horizon between the Fells Shale and Houston

Coal, appears at the surface in a series of rocky

knolls running in a regular manner round the margin
-

of the Middleton Hall Trough from Broxburn to Uphall.

The sill is specially well exposed in old quarries at

Upper Uphall but, like all other teschenites of the

district, the rock is extremely decomposed. Further

to the north-east at Newbigging Craig the rock is well

exposed in a long escarpment section some 30 feet

high, while from north of Broxburn Oil Refinery a

narrow strike section extends almost to Niddry Burn.

(l). "The Oil Shales of the Lothians", mem. Geol.
Survey, 1912, p. 49.
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Little Ochiltree. - This sill-lies one mile north¬

west of Ecclesmachan, and occupies a position near the

Fells Shale. . It is truncated at the north-west end

by the Ochiltree fault. The rock has been quarried
on a small scale at three points, but the quarries

are now grown over. Exposures are extremely decom-

-posed, of medium grain, greyish-pink colour, and ms^e

show horizontal segregation veins of finer texture.

Blackness. - This intrusion is exposed in the

vicinity of Blackburn Castle, but it is not observed

south of the village. The upper surface is seen on

the west side where the adjoining shales and mudstones

are intensely baked. Here the sill is conformable

with the sedimentary rocks and dips W.N.W. at about

15°. The rock is generally vesicular, of light

colour, and at times approaches a white trap, ?/hile

segregation veins are often conspicuously developed.
In a paper on the Geology of the Blackness district

(1)
Mr H. M. Cadell gave par-ticulars of a bore put down
half a mile west of Blackness in which the above sill

was proved 146 feet thick at a horizon little below

the Eraser Shale position.

(l). Trans. Hoy. Soo. Ediru, 1922, Vol. LIII, p. 484.
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Winchburgh.- To north and south of Winchburgh

village numerous natural and artificial exposures are

seen,, all of which are extremely decomposed. East

of the railway station almost continuous exposures

extend from Beatlie Plantation south to the

Winchburgh fault. In the golf course south of the

fault the sill is exposed in a series of rocky knolls

while at Niddry Castle the rock has been quarried

on a considerable scale. The once famous section

in the Winchburgh railway cutting is now almost

entirely built up, although at one point the sill is

seen capped by some 18 feet of shale and folded into

a gentle anticline. Further east at Tongue Craig

Plantation and at The Knowes the rock is again

exposed in a series of small knolls, but here, as

elsewhere, decomposition is so advanced that little

can be said regarding the megascopic characters.
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Petrography.

Under the microscope the teschenites are

seen to be highly decomposed, indeed in some cases it

is hardly possible to determine the true nature of the

rock. The freshest material has been obtained from

the escarpment section at Newbigging Craig. The

rocks, which are always holocrystalline and of coarse

grain, consist essentially of felspar, augite of

variable composition, serpentinised olivines, and

abundant interstitial analcite. Biotite, apatite,

ilmenite, and sphene make up the accessory minerals.

The felspars are lath-shaped and euhedral, few

are unaltered, many are completely chloritised, while

others are partially replaced by analcite. Where

fresh they appear to have a composition near bytownite

becoming more acid at the margins. Orthoclase has

not been observed with certainty.

The augites - comparatively well preserved - are

of purplish colour and generally strongly idiomorphic.
A few crystals show pale green margins, others again

have/
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.

'

have the colour and optical properties of aegirine-

augite. In thB quarry just west .of Uphall church a

highly felspathic modification is found in which the

strongly ophitic nature of the large irregular augites

is a-marked feature.

The serpentinised olivines are similar to those

described in the olivine-dolerite of Houston Wood.

The analcite, except where it replaces felspar,

is always interstitial between the plagioclase laths.

In one section it may be clear and show cleavages, or

turbid. Apatite and felspar 'are the' common inclusions.

The dark brown pleochroic biotite shows various
«

habits. It may be strongly idiomorphic in sections

cut parallel to the cleavage which, it has been ob-
- served, have small optic axial angles. Long narrow

strips of biotite often show a tangential arrangement

round the analcite patches. The deep green border

seen round many crystals appears to be a true variety

of biotite rather than a chloritic decomposition

product. The usual association with the iron ores

is also observed.

Titaniferous/
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Titaniferous magnetite shows beautiful

examples of the skeletal habit, and many crystals give

rise to well crystallised sphene. Vermiform growths

of chlorite - often in the analcite - radial growths

of zeolitic material, and' some vesicular calcite

are also found as secondary minerals.
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THE BASALT of BIliilY CRATC.

Field Characters.

This prominent sill lies one mile west of

Ecclesmachan village. It occupies the Broxburn

Shale position and is folded with the .Oatridge basin-
the main outcrops occurring round the southern part of

that structure. The exposures along the western

limb, from Ecclesmachan Burn southwards, are continuous

and form the conspicuous feature of Binny Craig;

along the southern margin of the basin, which is

truncated by the Binny fault, the outcrop of the sill

extending'from the Craig to the old quarry southeast
of Ecclesmachan, is narrowed and the igneous rock

stands up as a dyke-like mass; exposures on the eas-

-tern limb are restricted to a small outcrop one third

of a mile northwest of Tar Hillf other exposures

occur south of the Binny fault in the neighbourhood
of West Broadlaw and Bangour reservoir. In the

fault gap, immediately south of the Craig,beds of shale
alternate with layers of basalt, but it is doubtful
if the base seen here is that of the main sill. The

true/
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true base is however seen opposite the farm of

Hangingside.

In the crag section north of East Broadlaw the

basalt is capped by a medium-grained quartz-dolerite

about one foot thick. Transition from one type to

the other is sharp but unchilled. Similar relations

are seen at West Broadlaw and in the old quarry south¬

east of Ecclesmachan. A section in the burn near

this quarry shows, hov/ever, a different sequence, for

three feet of basalt overlie four feet of dolerite

the base of which is not seen. Here again the

junction is sharp, unchilled, and irregular in direc-

-tion. That the dolerite was intruded first seems

probable since it occurs as small inclusions in the

basalt.

The maximum visible development is represented

by the Craig where the sill is not less than 120 feet
thick. ' Regarding age, it can only be stated that
the intrusion is clearly involved in local folding

and faulting. In hand specimen the rock is a fresh,

compact basalt of dull greyish-black colour,

sparingly/



sparingly porphyritic with small felspars and augites

up to two millimetres in diameter. Specific gravities

range from 2.85 to 3.00. In some parts of the sill

a very fine or chilled modification occurs. A strik-

-ing feature of the rock is the abundance, locally,
of sedimentary inclusions. Locally too, the basalt

contains much pyrites. Typically the rock weathers

to a thin grey skin becoming reddish brown on the

surface. Apart from columnar jointing seen in

escarpment sections, there is throughout the sill, a

strong development of irregular minor joints.

Oil shales in the contact zones show comparatively

little alteration, although economically they are

rendered useless; the dark colour is maintained, and

the sediments split readily along original laminae.

Consideration of this feature, and the fine-grained

nature of the rock, seem to indicate that intrusion

took place at a temperature little above consolidation

point of the rock. Further, the great abundance of
included foreign matter would doubtless tend to

hasten consolidation for, as will be shown below,

the presence or absence of xenocrystic material

bears/
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bears relation to the groundraass texture.

That the rock of Binny Craig emits a bituminous

odour when freshly broken has long been known. This

property is particularly marked in exposures north of

East Broadlaw. From its nature and brief duration,

the odour obviously arises from the lighter or gaseous

constituents of crude oil. In the quarry beside the

road leading to Oatridge farm the top doleritic facies

has joints and vesicles coated with dark semi-solid

crude oil. Lower down in this section where joints

are fewer and the grain finer heavy oil dies out, but

the odour of the lighter.vapours may be detected to a

considerable depth in the compact basalt, probably

owing to capillary attraction. Several other instan¬

ces of bituminous matter occurring in igneous rocks
, • (1)

are known from West Lothian.

The Craig (719 feet) affords a splendid example
of crag-and-tail phenomenon. To the west a precipi-
-tous face is displayed below which the shales have
been scooped out to form a deep hollow. On the
reverse side the sill dips east at 25°. From the

summit/

(i). "Oil Shales of the Lotbians", Mem. Geol. Survey.
1912, pp. 50, 59, 168.
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summit a prominent escarpment ridge extends north for

half-a-mile pitching below ground near Ecclesmachan

Burn. Five remarkable glacial channels traverse this

ridge in an east and west direction the largest being
about 60 feet deep and 80 feet wide. These channels

(i)
were described and figured by Charles Maclaren in

1845, whoyhowever,considered water to have been the

eroding agent.

Petrography.

In section the rock is remarkably fresh

consisting of numerous felspar and augite phenocrysts

set in a groundmass of granular augite, feLspar

needles and magnetite, along with some interstitial

matter. Inclusions of quartz grains and irregular

patches of composite sedimentary material are

characteristic (PI. IV, fig. 3).
Felspar phenocrysts are dominantly columnar and

generally occur in glomeroporphyritic aggregates in

sub-ophitic association with some augite - a habit

suggesting the incorporation of a doleritic rock.

Carlsbad/

(l). Charles Maclaren, "Geological Observations on
Binny Craig in West.Lothian." 1845, Proc.
Roy. Soc. Edin. Vol. I. p. 159.
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Carlsbad twinning is common and may be associated witt

albite twinning, while extinction angles indicate a

composition ranging from acid labradorite to andesrne.

Many crystals are slightly bentj tabular forms are

often strongly zoned and may show wavy extinction.

Minute augite grains are common inclusions and often

show linear or circular arrangement.

Phenocrystic augite is very pale to colourless

with pleochroism faint or absent. The habit varies,

but generally solitary crystals are prismatic and

subidiomorphic, whereas irregular forms tend to occur

in glomeroporphyritic aggregates. As in the felspars,

many augites are slightly bent and exhibit sbraiif
shadow. This would seem to indicate that before

movement ceased the basalt had cooled to a viscous

state. Many augite phenocrysts enclose one or more

narrow central serpentinous rods lying in the direc-
-tion of crystal elongation (PI. IV, fig* 4).
Minute traces of the original mineral of the rods are

occasionally seen (pi. IV3 fig. 6). They are

colourless and give straight extinction, but the

nature/
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nature of the mineral has not been determined. The

serpentinous pseudomorphs are traversed by numerous

cross fractures. Similar rod-like structures have

recently been described in basic craignurites from
(1)

Mull. Also of phenocrystic dimensions are certain

green lath-ehaped pseudomorphs demonstrably replacing

hypersthene. Each crystal bears a narrow marginal

fringe of granular augite, and in some cases small

areas of the unaltered pyroxene still remain (pi. IV,

fig. 2).
The groundmass in the normal rock carries felspar

and augite in approximately equal proportions, with

augite becoming dominant in finer modifications. The

felspars are lath-shaped, very fresh, and clear.

Frequently the crystal outlines merge insensibly into
the glassy base. Albite and oarlsbad twinning are

general, and extinction angles indicate a composition
near andesine. Although felspars are not differen¬

tiated in the fine dark modifications, the inter¬

stitial matter there appears to be partly felspathic.

Augite occurs as very pale rounded granules/
(l). "The Tertiary and Post-Tertiary Geology of Mull"

Mem. Geol. Survey, 1924, p. 226.
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granules frequently aggregated into small clusters,

(PI. IV, fig. l). More rarely it builds small

columnar crystals with strong transverse partings,

apparently derived from the disintegration of augite

spherules. Titaniferous magnetite occurs as equi-

-dimensional grains and is very strongly developed in

fine-grained types. Interstitial matter is not .

abundant. In some sections it is a brown microlitic

glass, while in others it assumes the form of a clear

felspathic material with no evident crystalline

structure. Locally flow structure is well developed

generally in parallel bands of varying coarseness,

(PI. IV, fig. 5).
Of accessories ilmenite is commonest and occurs

as small irregular porous crystals; magnetite is also

present but in much lesser degree. Thin brown scales

of biotite are common in sections with much included

foreign matter; it is of late growth - probably of

hydrothermal origin - and tends to develop on the
surface of augite spherules 'aficl alongside foreign

quartz grains. Pleochroism is in pale yellows and

browns./



61.

browns. Hornblende is rare, but has been observed

in the normal rock as pale brown sub-idiomorphic cry-

-stals which are later than the groundmass felspar
but earlier than biotite. One section showed a small

patch of very fresh chlorophaeite, the colour in

ordinary light being pale green while under cross

nicols anomalous double refraction was displayed.

Pyrites is fairly common, but apatite is only sparingly

developed. It is noticeable that where xenocrysts

are abundant the groundmass has a fine-grained or

chilled structure, but where they are few or absent

the groundmass is crystalline. The foreign quartz

grains are of the "granitic type" and show various

stages of absorption, from the slightly corroded grain
with narrow augite border, to the complete augite

spherule wherein all the quartz has been absorbed,

(pl. IV, figs. 3 and 4). In describing similar

phenomena in the basalts of East Fife, Sir John Flett
observed that the augite border was broadest where

quartz grains were few and that absorption was less
advanced when quartz grains were numerous. This

observation/
(1). "The Geology of East Fife", Mem. Geol. Survey,

1902, pp. 401, 404.
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observation does not hold for the basalt of Binny

Craig since in some sections complete augite spherules

comprise the bulk of the rock thus indicating a stage
when the basalt liquor was highly charged with

siliceous foreign matter. Many spherules show

evidence of disruption by flow movement, and it is

probable that the intensely augitic nature of the fine¬

grained modifications arose in this way. The com-

-pGsite inclusions are mostly of sedimentary origin

showing under cross nicols numerous sub-angular

quartz grains in a dense felspathic mass.

The quartz-dolerite, which is less well preserved

than the basalt, is of medium grain and shows a texture;

and bulk mineral composition similar to other such

rocks of the district. A few serpentinous pseudo-

-morphs after olivine are observed, and small irregulaf

patches of quartz are scattered throughout. Graphic

quartz of the pseudo-spherulitic type is noticeably

developed in the mesostasis, while vesicular calcite
and quartz are characteristic. Xenocrystic quartz
with typical augite border has been observed in some

sections (PI. Ill, fig. 5). The accessories noted
were titaniferous magnetite and apatite.
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Chemical Composition.

I. II.

Sl02 50.12 49.87

A12°3 14.89 14.61

Pe2°S 2.78 5.21

FeO 9.96 7.65

MgO 5.44 5.90

CaO 8.82 8.70

1^0 2.05 2.78

KgO 1.25 0.66

HgO * • COo 1.23

H20 - 1.00 -

Ti°2 2.45 2.96

P2°5 ' .23 .36

MnO trace trace

C02 nil -

99.89 99.93

I. Basalt, Binny Craig, West Lothian, anal. W. H.

Herdsman.

II. Quartz-dolerite, North Queensferry, anal. Harrison

and Reid, quoted from Washington's "Analyses of

Igneous Rocks", p. 648.
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The basalt described in this paper has been

given the name - basalt of the Binny Craig type by
(i)

Professor W. W. Watts, and it is so unlike other

basalts described from the Scottish Carboniferous that

it seems desirable to retain this nomenclature. As

the chemical analysis shows, basalt of the Binny

Craig type is the fine-grained equivalent of a

normal quartz-dolerite.

0). Sir A. Geikie, "The Ancient Volcanoes of Great
Britain." Lond. 1897, Vol. I, p. 419.
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THE BASALT of BINiiS lllhh.

Field Characters.

One mile W.N.W. of Philipstoun station a. plug
of basalt forms the central core of a volcanic vent.

The neck, about 180 yards in diameter, stands out

prominently from the surrounding ash material, and is

well exposed in the wood west of Binns Tower, and in

a small quarry 20 yards north of the Tower. The rock

is a fresh, non-porphyritic basalt of dark colour and

fine to medium grain.

petrography.

In section the rock shows phenocrysts of

olivine and augite in approximately equal proportions,

along with some plagioclase felspar. The groundmass

carries very abundant augite granules, minute felspar

laths, specks of iron oxide, and a considerable'

quantity of uncrystallised base. The olivine, which
is completely serpentinised, occurs in crystals of

varying size and habit. An irregular nodular form
is most common, but sometimes very perfect bipyramidal

outlines are developed. This mineral appears to be

absent/
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absent from the groundmass.

Augite is strongly developed in idiomorphic

crystals, less commonly in glomeroporphyritic aggre¬

gates. The colour is brownish-purple, but many

crystals show a central area of pale-green chrome-

diopside with the purple titaniferous variety forming
an outer fringe. In a few cases augite occurs in

large polysomatic crystals - granular aggregates inter¬

mixed with portions of the groundmass, and surrounded

by a continuous rim. Inclusions of glass and

magnetite are very common, and the latter is often

sharply confined to the central area of the crystal.

Felspar is a subordinate phenocryst occurring in lath-

shaped crystals which never attain large size.

Simple twinning is general, and angles of extinction

indicate a composition of basic labradorite.

The brown interstitial glassy base is microlitic.
and carries small growths of skeletal magnetite. In

addition there is a pale brownish-green substance

which may be analcite. It is isotropic, of low
refractive index, and includes numerous very slender

needles/
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needles of apatite.

The rock is described in the Edinburgh Memoir
(i)

as a basalt of the Hillhouse type, but the sections

examined in the course of this investigation show

augite as a prominent phenocryst. The rock is

identical with the Kinghorn type of basalt, and is

perhaps more accurately defined under that terminology,

(1). "The Geology of the Neighbourhood of Edinburgh".
Mem. Geol. Survey, 1910, p. 316.

(2). u. A. Allan, "The Igneous Geology of the
Burntisland District", Trans. Roy. Soc. Edin.
1924, Vol. LIII - p. 484.
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SUiuLiAKX.

The main results of this research may be«/

summarised as follows:-

1. Detailed accounts are given of the petrography
of the intrusive igneous rocks of West Lothian.

2. These are shown to include Tholeiites of a peculiair

type, Quartz-dolerites, Olivine-dolerites,

Teschenites, Basalt of Binny Craig type,

Basalt of Kinghorn type.

3. Detailed microscopic and chemical investigation

has shown that the Binny Craig basalt is the

fine-grained equivalent of a normal quartz-

-dolerite.

4. The Ecclesmachan sill is shown to be an easterly

extension of the Binny Craig intrusion.

5. One hitherto unrecorded quartz-doierite is

described from Howden.

6. The intrusions within the Dalmahoy svncline have

been shown to belong to a connected suite of
tholeiites with distinctive chemical and

mineralogical peculiarities. Formerly they

were/
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were mapped partly as Quartz-dolerites, partly
as Olivine-doleriteSj and partly as

unclassified Dolerites.

The rocks of the above suite are seen to be

confined to the horizon of the Cernentstone

Series and are not found north of the

Murieston fault.



PLATES I to IV.

(Explanation faces each Plate).
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EXPLANATION of PLATE I

Fig. 1. Coarse-grained tholeiite, Overton nr. Kirk-
-newton. - General appearance of rock
showing laths of basic andesine, with some
augite, chlorophaeite and ilmenite set in a
fine felsitic intersertal mesostasis.

Ordinary light, X 25.

Fig. 2. Medium-grained tholeiite, Dalmahoy. -
Chlorophaeite pseudomorphs after fayalite,
basic andesine, augite and ilmenite. The
right bottom pseudomorph shows small patches
of unaltered fayalite. Ordinary light, X 30

Fig. 3. Coarse-grained tholeiite, Kaimes Hill. -
•Large patch of chlorophaeite with localised
chloritic growths. Ordinary light,X 45

Fig. 4. Medium-grained tholeiite, Dalmahoy.-
Elongate crystal of fayalite, partly replaced
by chlorophaeite, cutting monoclinic augite.

Ordinary lighl, X 25.

Fig. 5. pegmatitic modification of tholeiite,
Ravelrig quarry, Dalmahoy. - Large patch of
chlorophaeite showing pseudo-organic so
structures. Ordinary light,X

Fig. 6. As above (Fig. 5). Ordinary light,X 200.



 



EXPLANATION of PLATE II.

Fig. 1. Pegmatitic modification of tholeiite,
Ravelrig quarry, Dalmahoy. - Chlorophaeite
pseudomorphs after fayalite in very coarse
intersertal mesostasis, large plates of
basic andesine rimmed with oligoclase.
Ordinary light, X 20.

Fig. 2. Modification and locality as in Fig. 1.
Parallel rods of chlorophaeite infilling
cracks and being cut by a late growth of

titaniferous magnetite. The centre rod
passes through a large crystal of augite.
Ordinary light X 20.

Fig. 3. Modification and locality as in Fig. 1.
Graphic intergrowth of augite and plagioclase
felspar. The augite is in optical
continuity. . Ordinary light, X 20.

Fig. 4. Basalt, escarpment section Dalmahoy. -

phenocrysts of plagioclase felspar with
some augite, set in a groundmass of felspar
laths and augite grains. Rudimentary
fluxion structure. Cross nicols, X 20.

Fig. 5. Medium-grained tholeiite, Dalmahoy. - showing
unchilled junction of acid segregation vein
and parent rock. Ordinary light, X 20.

Fig. 6. Acid segregation vein, Dalmahoy.- Stout-
shaped felspar mostly oligoclase, minute
patches of chlorophaeite and small grains of
iron ore. Ordinary light X 20.
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EXPLANATION of PLATE III.

Fig. 1. Pegmatitic modification of tholeiite,
Bavelrig quarry, Dalmahoy. - Parallel
veinlets of chlorophaeite, and parallel
growths of titaniferous magnetite trending
at right angles. ' Ordinary light X 9.

Fig. 2. Medium-grained tholeiite, Oamilty. -
Highly ophitic modification.
Ordinary light, X 20.

Fig. 3. Coarse-grained tholeiite, Hallcraigs nr.
Kirknewton. - General appearance of rock
showing strong development of intersertal
mesostasis containing numerous patches of
partly decomposed chlorophaeite. Ordinary
light, X 20/

Fig. 4. Quartz-dolerite, Howden. Strong develop¬
ment of graphic quartz of the pseudo-
spherulitic type, labradorite felspar,
augite and magnetite. Ordinary light, X 30.

Fig. 5. Quartz-dolerite, Binny Craig. - Xenocryst
of "granitic-quartz", with prominent augite
border and inner margin of brown glass.
Ordinary light, X 34.



 



EXPLANATION of PLATE IV

Fig. 1. Basalt, Binny Craig. - Phenocrysts of
augite and plagioclase felspar in a ground-
mass of augite grains (clustered) and small
felspar laths with some iron ore.
Ordinary light, X 25.

Fig. 2. Basalt, Binny Craig. -* In centre partially
chloritised crystal of hypersthene with
margin of granular augite; felspar and
augite phenocrysts.are also present.
Ordinary light, X 34.

Fig. 3. Fine-grained Basalt, Binny Craig. - Top
centre - large sedimentary inclusion, Below
colourless augites with central serpentin-
-ised rocks, and a small quartz grain with
granular augite border.
Ordinary light, X 32.

Fig. 4. Fine-grained basalt, Binny Craig. - Bottom
centre - oval-shaped hypersthene crystal
partly chloritised, centre - colourless
augite with serpentinised rod, top - quartz
grains with margins of granular augite.
Ordinary light, X 35.

Fig. 5. Basalt, Binny Craig. - Localised develop-
-ment of fluxion structure. Ordinary
light, X 35.

Fig. 6. Basalt, Binny Craig. - Large augite
crystal with partially unaltered central
rod. ' Ordinary light, X 32.
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