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I. INTRODUCTION 

1. LOCATION, ACCESS AD TOPOGRAPHY 

The area studied is that part of Moidart, in 

Southwest Inverness-shire, shown on Fig. 1. To the south, 

the boundary is the north shore of the North Channel of 

Loch Moidart and part of the north shore of Loch Shiel. 

The eastern boundary follows the eastern edges of Inverness-

shire six-inch sheets, numbers 157 and 1 1+8; north, to the 

saddle at the head of Gleann Dubh, between Rois Bhein 

(Roshven) and Sgirr Domhuill Mr. The northern boundary 

passes westwards down Gleann Dubh, to join the south shore 

of Loch Allort near Roshven House, thence westwards and 

southwards round the coast. 

Access to the area is made via Strontian on 

A.801. This road degenerates to B.850  at Salen and the 

latter just penetrates the southeast corner of the area. 

Small scattered communities, centred at Smearisary and 

Glenuig have no roads to them. They can be approached by 

ferry boat from Lochailort, about six miles away. 

Topographically the area is one of a rugged 

plateau sloping gently to the west and north, and cut 

by the valley of the Moidart River. The highest ground 

lies near the northeast corner where Sgrr Domhuill Mr 

rises! 
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2. 

rises to 2,337  ft. From this summit the ground falls 

steeply northwards, down Into Gleann Dubh, then more gently 

westwards. West of the summit of Sgitrr Domhuill Mar, the 

surface slopes fairly steeply down to near Loch nam Paitean, 

at an elevation of 1 9 300 ft. From here the plateau iic1ines 

gently westwards and northwards, and Is cut by north-south 

trending dienuig. A ridge rising to about 1,000 ft. 

separates Loch Shiel from the Noidart River. 

Hill lochs occur frequently on the plateau, in 

bowl shaped corries and other depressions. These lochs 

were useful when mapping as they strved as easily recog-

nised aids to location. Drainage of the area between the 

Sound of Arisaig and Loch Noidart, is mostly to the north, 

with the watershed, a very irregular line, ying well 

south of the centre of the mainland. Fast southerly 

flowing streams, often with waterfalls, drop a thousand 

feet or more in about half of a mile. Northerly flowing 

streams tend to be longer and less rapid. They are some-

times deflected from the northerly course into a northwest 

trend, when they follow a system of strong joints that 

have broken the ricks and allowed an easily eroded gully 

to form, 

Westwards :oving Ice has played an important 

role/ 
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role in moulding the present surface. Superficial 

detritus has been scraped away, leaving the rocks fresh 

and well exposed, see Plate 1. uLaelal striae on flat 

pavements indicate a west-northwest direction of movement. 

ioches Moutonnee are common. Glen Moidart is a IT-shaped 

valley, and many small streams joining the Moidart River 

and Loch Moidart, drop from the plateau in a series of 

waterfalls, from hanging valleys. In places near the top 

of Glen Moidart, the Moidart River meanders over the wide 

floor of Glen Moidart. Near Loch Moidart, an artificial 

channel has been cut to control the river. 

The surface of the plateau is strewn with 

erratics and perched boulders, left behind by the ice, but 

boulder clay and fluvio-glacial deposits are uncommon. 

Post glacial lacustrine deposits occur along the north 

shore of Loch Shiel, 

Small raised beaches at about 5 ft. level 

are found at Forsy, Glenuig, Smearisary and Egnaig. A 

further feature of the old sea level is manifest by frequent 

caves behind these beaches. The largest area of recent 

sediment occurs at the head of Loch Moidart, where the 

meander plain of the Moidart River conceals the solid geology. 

Unimportant, small, recent accumulations of detritus, 

occur/ 



occur where turbulent streams discharge their load s  

at the base of the slope leading to the plateau, be'ore 

flowing in a more sluggish manner to join the lochs and 

river. 

Recent accumulations of peat have formed on low-

lying, boggy ground. Apart from this, a thin covering of 

heather and rough grass on poor, shallow soil, is all that 

conceals the rocks. Exposure over the entire area is very 

good and for miles round the coast, complete exposure is 

available. 

The flat surface of the plateau supports poor 

heathery moorland vegetation, but the north and south 

slopes leading to the plateau are covered in deciduous 

(oak) forest. Inaccessibility, heavy scree and rank 

bracken, make it difficult to map these slopes. 
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I. LTRODUCiION (continued). 

2. liI S TORY Q 	JLAhCU 

The common boundary between one-inch Sheet 

61 in the north and 52 in the south, passes through the 

Moidart peninsula. Although these sheets have been mapped 

by the Geological Survey, the one inch geological maps have 

not been published. There is no published memoir by the 

Geological Survey, describing the geology of Moidart. 

The .zeological survey was mapping Sheet 52, to 

the south of Moidart by 1921. J.E. Simpson and V.A. Lyles, 

under the direction of E... Bailey and J.E. Richey, traced 

the Carna Pelitic belt from Carn Mor at the mouth of Loch 

Mida:'t, to Carna in Loch Sunart. In general this belt 

has an otc:op width of abo 't a mile, but due to folding, 

it increases in width near Loch Sunart, to about 2-a- miles. 

It was observed to consist of three main divisions. 

Eastern and Western bands of garnet gneiss are separated 

by a mixed assemblage of pelitic, semipelitic and psammltic 

rocks, in which sandy calcareous seams are frequently 

found. At the south shore of the South Channel of Loch 

Moidart, V.A. Lyles found that the middle division was 

almost half of a mile broad, but north of the iorth Channel, 

it is reported to be much reduced in width (Summary of 

Progress for 1921 and 1933). 

The/ 
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The psainmitic gneiss to the east of the Carna 

Pelitic differs from that to the vest in that it shows no 

recognisable pebbles of quartz and feldspar, and is often 

very massive and bare of vegetation. In the Geological 

Survey Summary of Progress for 1921 (p.  90), E.B. Bailey 

writes, "The difference of character of the two psammitic 

belts flanking the Carna Pelitic makes it difficult to 

account for the inconstancy of the middle division of the 

latter as a result of folding." On tracing the pelitic 

rock from Carn Mor to the north coast of the North Channel, 

it was observed to have decreased in width from one and a 

half miles to three quarters of a mile. 

To the south of Loch Moidart, E.B. Bailey noted 

an angular discordance between the Carna Pelitic and the 

massive psammite to the west. Further south a flaggy 

psaininite is found between the Carna Pelitic and the 

massive psammite to the west. Bailey thought that this 

plane of discordance may be due to movement at the time of 

folding or to a stratigraphical unconformity, (Summary of 

Pro tress for 1921 pp. 89-90). 

East of the psarmuitic belt that is itself to 

the east of the Carna Pelitic belt, there is a minor 

band/ 
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band of garnetiferou.s pelitic and semi-pelitic gneiss, 

the latter is succeeded to the east by another belt of 

psaminitic gneiss. The presence of numerous garnetiferous 

seams in this psammitic gneiss, resembling the gBrnet-

zoisite seams in the Carna Pelitic, serve to distinguish 

it from that immediately to the east of the Carna Pelitic, 

The Geological Survey returned to Moidart during 

1930 when A.G. MacGregor and W.. Kennedy worked over the 

area. J.E. Richey reported (3utimary of Progress for 1930, 

P. 63), U  In the west the (Moine) schists are affected 

solely by regional metamorphism but elsewhere they have 

undergone more or less intense injection metamorphism 

resulting in the production of various types of injection 

gneisses. 11  

Work on Sheet 52 was still in progress during 

1933 and that year, J.E. Richey (Summary of Progress for 

1933, P. 67) states that north of the North Channel of 

Loch Moidart 11  the Carna Pelitic, accompanied on either 

side by psammitic schists, has been traced northwards of 

Eilean Shona to the northern margin of Sheet 52, where the 

belt is much reduced in width." Mapping of Sheet 52 was 

completed during the summer of 193+  and field work progres-

sed northwards into Sheet 61 (Mallaig). 

J .E.Richey/ 



J.E. Richey began mapping in Morar during 1935 

and discovered abundant sedimentary structures that enabled 

him and W.Q. Kennedy to establish the following succession, 

between Mallaig and Arisaig (J.E. Richey and W.Q. Kennedy, 

1936, Rep. Brit. Assoc.). 

3. Upper Psaminitic Group. 
c) Upper Striped Schists with 

calc-silicate layers. 

2. Striped and Pelitic Group. b) Pelitic Schists. 

a) Lower Striped Schists, 

1. Lower Psammitic Group. 

This succession was estimated to have a total thickness 

of 19,000 ft. and was first reported by J.E. Richey in 

the Summary of Progress for 1935.  Here, Richey (1935, 
p. 79) is confident that there is no duplication of beds 

due to folding, in the lower part of the Lower Psammitic 

Group. He states that "Almost every bed shows false bed-

ding and indicates the order of deposition. Without 

exception the beds are younger towards the west. Further, 

the average thickness of individual beds is only 9 inches. 
Exposure/ 
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Exposure is so good that it is possible to say without 

hesitation that repetition of the beds by folding does 

not occur. Isoclinal folding has been seen nowhere. 

The thickness, therefore of this subgroup is considerable, 

and must amount to many thousands of feet." 

V.A. iy1es returned to Moidart during 19379  to 

map the a.ea that lies within Sheet 61 9  from Smearisary 

eastwards, and north to the south shore of the Sound of 

Arisaig. 'j.his work is very briefly reported by J,E. 

Richey (urnitary of Progress for 1937, pp. 71 and 72) 

whera he noted that Lyles traced the pelitie, semi-

pelitic and psammitic schists mapped on Sheet 52, north-

wards to the Sound of Arisaig. 

By this time the Morar succession was established 

and with this new data available Richey, Bailey and Simpson, 

revisited various localities in the western part of Sheet 

52, during 1937.  ihe purpose of the revisit was to compare 

the Moine Schists in Sheet 52, with the stratigraphical 

succession established in Morar, (Summary of Progress for 

1937, p. 71). Work on Sheet 61 continued during 1938 and 

in that year V.A. Eyles and W.Q. Kennedy revisited Moidart. 

J.E. iichey (Summary of Progress for 1938, pp.  71 and 72) 

records/ 
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records how Eyles was able to correlate the psaimitic 

schist to the east of Glenu.tg with the Upper Psazmnitic 

Group of the Morar Succession. In discussing the southern 

shore of Loch Ailort and westwards towards Glenuig, J.E. 
Richey states, "There the Upper Psaimdtio belt of Ardnish 

continues in an outcrop over 1+ miles in width and is bound-

ed to the west in the vicinity of Glenuig by a rather 

narrow anticline, mainly overturned towards the west. 

The centre of this fold is occupied by a thinly bedded 

peammitic series which evidently represents the upper part 

of the Love" Psaminitie Group of Z1orar, with the nearest 

Outcrop of which, on the northern shore of the Sound of 

Arisaig, it agrees lithologically, Along the eastern 

limb a joup intervening between the two psammitic groups 

is comparable with the Striped and Ielitic Group of Morar." 
In Morar the Striped and Pelitic Group is sub-

divided into three: 

iii) laminated schists with caic-silicate layers. 

ii) Larnetiferous politic schists. 

1) laminated semi-e1itic schists without 

caic-silicate layers. 

J... ichey describes how, along thL worn limb of the 

narrow anticline mentioned above (The Glenuig Anticline), 
the/ 
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garnetiferous pelite is flanked by attenuated Lower and 

Upper Striped Sub-groups of Morar. The Upper Striped 

Sub-group is then succeeded westwards by inverted, caic-

silicate bearing, psammite. The latter is identical with 

the Upper Psamniitic Group on the eastern side of the anti-

cline, east of Glenuig. Two examples of erosion surfaces, 

found in the inverted Upper Psanmiitic Group, indicated 

that this horizon is younger than the overlying Striped 

and Politic Group. 

TheL;reat significance of these observations is 

clearly statid by J.E. Richey, (Summary of Progress for 

19389 P. 72). "The reading of the Glenuig section is of 

especial importance for the elucidation of the Moine Schists 

in Sheet 52 to the south, as may be judged from the fact 

that the striped and pelitic belts of the western and eastern 

limbs of the Glenuig fold are the direct continuation 

respectively of the Carna and Dorlin pelitic and striped 

belts of Sheet 52. The intervening psanimitic schists in 

the core of the Glenuig anticline correspond with the 

Ben Laga psammitic belt of Shcet 52, with which they are 

continuous. The Ben Laga group, therefore, may now be 

correlated almost by direct evidence with the Lower Psani-

mitic Group of Morar, and thus forms the central member 

of! 



12. 

of an aiticlije which crosses Sheet 52 from north to south 

in a position corresponding with the Morar anticline." 

J.E. Richey and W.. Kennedy published the results 

of thdr york in Morar in 1939 (Eull. of Geol. Survey. 

. .). :icre the,y ivc a more detailed version of the 

Stratigraphical succession and the thicknesses of the 

three ntaln divisions in Morar are given: 

3) Upper Psammitic Group 	12000 ft. 

2) 3riped and Pelitic Group 	3 9 ftQ ft. 

1) Lower PsaLu -.itic Group 	39500 ft. 

The authors describe the sedimentary structures that enabled 

t establish the succession, This succession is 

cornpared with that found in Central flosc-shirc (Sheet r2), 

and Northern Ross-shire (Sheet 93). 

In Morar two series of nietamorphic rocks yere 

recogniscC. The Moine Schists proper, that yielded the 

:oi 'eseri1ed above, overlie a structurally complex 

caries of orti(, nuiscs nd paraLneisses, d in'tcc1 th 

Sub-Moine Series; a term suggested b A.G. MacGregor and 

adopted by Richey and Kennedy. The structure of the 

Moine Schists is stated to be siiaplo and is described as a 

north south trendinL a.iticli-ie j  plunging south in South 

Morar, and north in North k1orar. Separating the Moines 

from,' 
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from the Sub-Moinos is a plane of unconformity. Richey 

and Kennedy considered that recumbent folding, metamorphism, 

and denudation of the Sub-Moine Series, took place before 

the Home Series was deposited. 

In addition to the structural and metamorphic 

dissimilarities between the two series, Richey and Kennedy 

noted the absence of caic-silicate ribs in the Sub-Moms 

Series. They also noted abundant p]eochroic yellow epidote 

in the Sub-Moines; epidote was also found in the Moine 

Series but there it occurred as colourless scattered grains. 

A,. i'iscuregor visited Morar during 191+7  and 

later, (191+8)  pointed out that caic-silicate rocks do 

occur in the Sub-Moine Series, as well as in the Moms 

Series. He concluded (1948, p. 268) that his new evidence 

suggested that "all the psammitic rocks at the head of Loch 

nam Uamh (including those previously referred to the Sub-

Home) should be assigned to the Home series." 

after a re-investi,ation of Morar, Kennedy 

(1954, issued 1955),  modified his original interpretations. 

The complex structure in the Moine-like rocks (previously 

referred to as Sub-Moines) is considered to be "parts of 

the normal Home succession of the envelope reduplicated 

tectonically at a lower structural level and interfolded 

with/ 
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with slices of the basement Lewisian neiss." :oth the 

Moine-likc rocks and the Moine series of jiorar are believed 

to be :irrt of the Moine Nappe, (sensu lato), and have 

suffered transportation above the Moine Thrust. In this 

revised interpretation the normal Noine Series (the "enve-

lope" schists) is separated from the Moine-like rocks 

(the "core" schists) by a plane of discorc1aee, termed the 

Basal Thrust of the Morar Nane. The foriation of the 

Morar Nappe is thought to belong to an early phase of move-

ment during which the coplex structure seen in the core 

schists was imprinted. After this early iaovement there was 

a second movement that formed the Morar Aitic1ine and this 

was succeeded by a period of regional injection and meta- 

morphism. ihe Moine Thrust post-dates the regional injection 

and meta.rhism. 

In his re-appraisal of Morar Kennedy has made 

some important modifications to the original work done in 

conjunction with J.E. hichey. Whereas the Sub-Moine Series 

(now designated the "Moine-like rocks") was thought to have 

suffered folding, iaetamorphism and denudation before the 

Moine Series of the "evelope" was laid down, Kennedy now 

links the Noine Series of the "envelope" with the Moine-

like rocks of the "core". The Morar Basal Thrust (the 

Base/ 
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Ease of the Morar Nappe), that separates the " core "  

from the "envelope", has been obscured by post-deform- 

ational regional metamorphism. This recent interpretation 

by W.v. Kennedy aroused considerable interest and a good 

deal of criticism as can be seen from the discussion that 

follows the paper (Kennedy, 1955). 

An earlier paper by W.. Kennedy (19+9)  described 

metamorphic zones indicated by variations in the mineral 

constituents of caic-silicate granulites. Kennedy demon-

strated an increase in metamorphic grade from west to east, 

as the "injected zone" is approached. Four stable critical 

mineral associations, that by reaction pass one into the 

other, were recognised: 

Group 1. garnet - zoisite - acid plagioclase - biotite 

(biotite + calcite (zolsite) ' hornblende) heaction. 

Group 2. garnet - zoisite - acid plagioclase - hornblende. 

(2 zoisite 	3 anorthite + Ca (OH) 2 ) iieaction. 

Group 3. garnet - anorthite (bytownite) - hornblende. 

(hornblende • ) f pyroxene) heaction. 

Group ..• garnet - anorthite (bytownite) - pyroxene. 

W.Q. Kennedy/ 
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W.. Kennedy correlates these mineral groups with Eskola's 

standard fades and divides part of Western Inverness-

shire and N.W. Argyll into four metamorphic zones. 

(see Fig. 2.). These zones are named according to the 

leading index minerals or critical phases of each fades: 

Zoisite - (calcite. - ) biotite zone. 

Zoisite zone. 

Anorthite - hornblende zone. 

-f. 	Anorthite - pyroxene zone. 

W.. Kennedy equates them with the Barrovian zones as 

follows. 

Caic - silicate zone. 	Barrovjan zone. 

Zoisite - (calcite) biotite zone 

Garnet zone. 

Zoisite zone. 

Anorthite hornblende zone. 	Kyanite zone. 

Anortnite - pyroxene zone. 	 Sillimanjte zone. 

In discussing his results Kennedy considers Southwest 

Skye where there are three tectonic units namely, Moine 

Schists, Tarskavalg Moine Schists and Torridonian of the 

Kishorn Nappe; each is separated by a thrust plane. All 

three/ 
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three units are thought to be one great formation affected 

by regional metamorphism that decreases westwards. Sub-

sequent thrusting has eliminated some of the stages of 

metamorphism. He therefore agrees with B.N. Peach (Peach 

and Home, 1930), in correlating the Moine Series with the 

Torridonian. 

Lambert (1958) has recently reinvest-

igated the Moine - Sub-Moine boundary, in Morar. He has 

concluded that it is a metamorphic boundary that trans-

gresses the geological boundaries. A revised version of 

the stratigraphy Is given and is compared with the sequ-

ences put forward by Richey and Kennedy (1939)9 MacGregor 

(1948) and Kennedy (1955),  see fig. 3. 	In his conclusion 

Lambert states - "The Moine schists of Morar are thought 

to have been affected by a progressive and a subsequent 

retrogressive metamorphism on the basis of general petro- 

graphic evidence. 	Only the core schists were affected on 

a major scale by the retrogressive metamorphism, the outer 

limit of which is marked by the core-envelope boundary 

which, though generally mappable in the field as a line, 

is actually a zone of transition of variable width as now 

exposed." (Lambert, 1958, P. 193). 

In," 
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In a recent publication R. 3t. J. Lambert (1959) 

studies the chemical composition of muscovite, biotite and 

garnet, in Morar and Knoyiart. These minerals all show 

variation of composition with increasing metamorphic grade. 

The core schists do not carry garnet, instead the garnet is 

replaced by biotite - muscovite - e.iaote aggregc.tos, 

locally with chlorite. Biotite and muscovite in the core 

have compositions similar to m1ca-; occurring on the West 

Coast, within the Liotite zone. 

Although Lambert has studied evidence "from 

every source save that of microfabric analysis", he is not 

able to reach any firm conclusion about the detailed 

nature of the metanorphism responsible for the core schists. 

He reiterates his former conclusion that the boundary 

between the core and envelope is a metamorphic zone, and 

"is the outer limit of large-scale retrogressive activity, 

due to diffusion rates and possibly also to low reaction 

rates in the envelope in which the only widespread change 

is chioritization of garnet." The retrograde metamorphism 

is linked with localized reed folding of the Morar 

Anticline, that took place after initial folding and region-

al metamorphism had affected the rocks. This early regional 

metamorphism increased in grade eastwards towards the 

"injection! 
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"injectionzone. "  

J. Phemister (Regional Guide s  1960, p.31) 

gives a brief summary of the regional features of the 

"injection zone." "Recent survey in the western Highlands 

has proved that the injection-gneisses of the Loch Duich-

Loch Mourn area are continuous with the belt of peinatitic 

injection which runs north and south across Loch Shiel. 

The injection complex of the western Highlands thus extends 

for a distance of 60 miles from the Sound of Mull north to 

Loch tYuich, its width varying from about 10 to 16 miles." 

He goes on to say (1960, P. 32). "The injection-complex 

of Tnoydart, Morar, Moldart and Sunart has not yet been 

described in detail. The injection is of both lit - par - 

lit and permeation types, yielding banded injection - 

gneiss, augen gneiss, and permeation gneiss indistinguish-

able from those of the Loch Coire Complex. The parent 

body of the Injecting magma Is not exposed, but pegmatite 

and granite occur locally In cross-cutting veins and 

concordant sheets and lenses among the injection gneisses, 

and are particularly concentrated a1oig the "great pegmatite 

belt" about l miles wide, which runs north and south 

across the north end of Loch Shiel." 

J.E. Richey/ 
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J.E. Richey (Summary of Progress for 1930, 

pp. 63 and 64)  reported the original work done in Moidart 

in the "injection zone", by A.G. MacGregor and L.Q. Kennedy 

(see p.7 ). It is recorded, "The injection begins in force 

east of a line drawn from Salen on Loch Suriart to Kinloch-

moidart House, and eastwards increases noticeably in inten- 

sity. It is especially obvious in a pelitic or semi-pelitic 

host. Ihere is every variation between schists with peg-

matitic or granitic strings and lenticies, lit - par - lit 

injection neisses and permeation gneisses." Pegmatlt.ic 

and granitic material occurs locally as cross-cutting veins 

and concordant intrusions. Either sheets or lenticles 

are frequently seen to invade the adjacent schists along 

the foliation and to form typical injection gneisses. The 

majority of the injected gneisses examined contain oligo-

clase as their feldspathic component, and the grain of 

these rocks is much coarser than that of the non-injected 

rocks to the west. In some rocks potash feldspar is abund-

ant. The typical rocks of the injection-zone are garnet-

iferous, muscovite, biotite gneisses. Lichey goes on to 

say that in rocks of the "injection zone", staurolite is 

sometimes present and slillianite is locally abundant. 

Tourmaline/ 
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Tourmaline 'ias found in pegmatites and adjacent gneiss. 

1T.T, Harry (1953), has recently worked on the 

ranitic gneiss of Western Ardgour, a short distance to the 

east of 11oidart, and has described the occurrence of olio-

clase - biotite - quartz :neiss and potash-rich ranitic 

gneiss. The former is beli'ved to have formed by soda 

metasomatism of normal., politic Moine rocks. (Harry op. cit. 

P. 300). Che granitic gneiss is considered to be younger 

than the oligocl.ase - biotite - quartz aeiss because 

aplitle granitic veins cut oligoclase - biotite - quartz 

gneiss. Also, large patches of the 1at?r are enclosed by 

'r itic neiss. Harry believes that the granitic 

gneis was formed by metasoniatism and replacemn of oligo-

clase - biotite - quartz :neiss within a short time of the 

formation of the latter* ihis point hangs on inconclusive 

negative evidence (that there are no intrusions that pro-

datc c:'' .eic and post-date 	e other), also on textural 

evidence of cr7stallisit1on deforrit1on s ruct'.r 	lri 

gneisses (Harry, op* cit. p. 301:), 

In Moidart, i-  Jclo:ieal survey (Suaiary of 

Proress for 1930)  found that shoots, and subordinate dykes 

of lamprophyre and coarser grained rocks l  allied to the 

Lower/ 
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Lower Old Led Sandstone appinites of the Glen Coe district 

(Bailey, 1916), are often abundant, particularly in Glen-

moidart. The lamprophyres were thought to resemble some 

of the luclites and orbites of the Odenwald. 

A few west-north-west trending dykes to the north 

of Loch Moidart, are cut by dykes of the Tertiary swarm. 

The former are pink decomposed porphyrites, resembling 

spessartite, and are therefore considered to be of Lower 

Old Red Sandstone age. Broad dykes and elongate bosses of 

quartz - dolerite, striking east and west were recorded 

as a general feature of the area and were equated with the 

Permo-Carboniferous suite. he dykes and bosses are some-

times crowded with xenoliths of quartzite. They effec'ed 

intense contact alteration in the adjoining schists, and 

spinel bearing hornfelses have been developed. Dykes of 

camptonite and monchiquite are frequent and are occasion-

ally associated with lead-bearing veins. The Tertiary 

dykes which trend in a north-south direction, are especially 

abundant in Moidart. Many are reported to be feldspar-

phyric dolerites of tholeiltic affinities (Summary of 

Progress for 1930, p. 6+.). 

S a 3. tural/ 
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The axiom that minor structures parallel major 

structures with which they are genetically related, is 

well established in structural geology. These minor 

structures occur as folding, mullion rodding and lineation, 

and are usually abundant in areas of folded rocks. Thus it 

is possible, by mapping the minor structures, to deduce the 

location and nature of major structures that may not be 

obvious in the field. Structural analysis is based on 

this premise. 

In a series of papers published between 1950 

and 1952,  D.B. McIntyre drew attention to the widespread 

occurrence of minor structures that parallel the axis of 

folding, and demonstrated the parallelism between minor 

axial structures and major structures, in the Scottish 

Highlands. He showed how minor axial structures can be 

used In a structural analysis, to interpret areas of complex 

folding. 

Recent work by Sander, Ramsay, Weiss and others 

has contributed considerably to our knowledge of patterns 

shown by the orientation of lincation and the effects of 

superposed folding. The results of their work are summar- 

ised below. 

1)./ 
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Flexure of a lineated surface. 

Sander (19+8) has shown that when a lineated 

surface is deformed by flexure folding - s-active flow 

(Weiss, 1956) or Concentric folding (de Sitter, 1956) - 
the lineation is rotated in such a way that, when it is 

plotted on a stereonet, it comes to lie along a small 

circle. This small circle is centred on the axis of 

flexure that has caused the lineation to be rotated. 

Deformation of a lineated surface by shear 

folding. 

Weiss (1959) and Ramsay (1960) have shown that 

the effect of shear or Similar folding (see de Sitter, 

p. 182, et. seq.), on a lineated surface is to deform the 

lineation so that when its orientation is plotted on a 

stereonet it lies along a great circle. 130th authors also 

state that intermediate patterns that are neither great 

circles nor small circles on the stereonet, result where the 

movement that deforms the lineated surface is a combination 

of shear folding and flexure folding. Weiss (1959) regards 

this situation as the most likely to be found in nature. 

Ramsay (190) considers that the majority of the folds seen 

in the Highlands, are Similar folds. 

3)./ 
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3). Superposition of a lineation on an already 

folded surface. 

Sander (19+8) shows that a lineation overprinted 

on a folded surface lies within a plane that is related to 

the stress that formed the lineation. The orientation of 

the superposed lineation de)ends upon its position on the 

folded surface. When the varying orientations are measured 

and plotted on a stereonet, they lie along a great circle. 

This pattern is therefore the same as that found in 2). 

above, but there the folding occurred after the lineation was 

imprinted. It is therefore of considerable importance to 

demonstrate the relative ages between lineations and fold-

ing in refolded rocks, before discussing the significance 

of lineation patterns. This point will he discussed later 

(see p.148). 

+). The effects of repeated folding. 

In a composite paper Clifford, Fleuty, Ramsay, 

Sutton and Watson (1957) describe the development of linea-

tions in areas of repeated folding. They stress the import-

ance of correlating linear structures with the major 

structural elements with which they are related before 

discussing the significance of linear or microfabric data. 

In' 
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In areas where refolding has tal:en place about an axis that 

does not parallel the original fold axis, the early linear 

structures and axial planes are distorted by later movement. 

Also the orientation of the linear structures produced 

during the later movement is affected by the attitudes of 

ti s-planes on which they are imprinted. In this way, 

complex linear patterns evolve. .ievertheless, it is possible 

by detailed mapping, to demonstrate that such complexities 

in the linear pattern are due to refolding and that simple 

parallelism between related lineations, fold axes and major 

structures, exists. 

The authors stress that observations on axial 

planes and axial plane foliation are of particular import-

ance in areas of repeated folding. If it can be shown that 

the axial planes of one fold movement are refolded by another 

fold movement, the relative ages of the two movements, 

are established. 

Weiss (1959) showed that In :encral, cylindroid-

al folds of a later generation are on a inaller scale than 

those of an earlier generation because they form only in 

fields where s remains planar after the earlier folding." 

(Weiss, 1959, pp. 105-106). 

5).' 
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5). Location of the a kinematic axis. 

ianisay (1960) and Weiss (1959) have recently 

shown the development of a great circle pattern on a stereo-

net, when an early lineation is deformed by a later Similar 

fold (see 2). above). They also show that the kinematic 

axis (i.e. the direction of tectonic transport) of the 

Similar fold lies within this great circle. The kinematic 

a axis also lies within the shear plane surfaces of the fold. 
Therefore the line of intersection of a plane representing 

the shear surfaces and the great circle pattern of the 

early linear structure, defines the kinematic a axis. 
Ramsay shows that this axis need not necessarily be normal 

to the fold axis. 

The structural analysis of Moidart is based on the 

foregoing principles. .;am say's recent demonstration of the 

location of the a axis is of particular interest and 

attempt will be made to determine the directions of tectonic 

transport of the fold movements found in the area studied. 

Structural eologists have demonstrated the para-

llelism between minor structures and associated major 

structures. An analagous situation occurs in petrofabrics 

where/ 
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where workers have shown how the internal grain fabric of 

rocks can be correlated with associated macroscopic features 

on the rocks. Thus the scale of rclate1 structures ranges 

from microscopic to regional. 

The earliest analyses of grain fabric were made 

with the aid of a gypsum plate, and detailed grain fabric 

invest1gtion using a Universal Stage was first carried out 

by Schmidt in 1925.  Twelve years later Phil'ips (1937) 

introduced the method to Britain by applying it to a petro-

fabric study of rocks in the Scottish Highlands. 

Grain fabric studies are carried out using the 

Universal Stage, with thin sections of known ori3ntation. 

The orientations of a particular mineral feature, such as 

the optic axes of quartz crystals, or the poles to mica 

cleava:es, are determined and the results plotted on the 

lower hemisphere of an equal area net. About 300 observ-

ations from one slide are usually sufficient to portray the 

fabric of a specimen, when quartz c-axes are measured. 

In the case of mica poles to cleavage more than one slide 

may be required, cut from the specimen along planes of 

different orLcnttion, before the com)lete fabric of the 

rock can be measured. After plotting, the points are 

contoured, and the resulting diagram may then be rotated so 

as to view the fabric in its correct field orientation. 

In' 
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In this way, slides from the same spc'cirien that have been 

cut at differing orientations can be conveniently viewed 

together. Also the grain fabrics of different rocks can 

be compared with one another and studied with regard to the 

macroscopic features related to the grain fabrics. Macro-

scopic features are shown on the fabric diagrams and 

whenever possible the rclationship between the macroscopic 

features and the fabrics is shown. 

Quartz has been found to be a nfu nincrul for 

petrofabric analysis and in many cases rocks that have 

suffered metamorphism associated with deformation yield a 

girdle fabric of quartz optic axes. Maxima or maximum 

frequently occur within the girdle. 

In his pioneer work "A fabric study of Some 

Moine Schists and Associated Rocks." Phillips (1937) 

gives a brief description of the methods employed and the 

uses of such a study. The value of fabric analyses is 

stated to be threefold. Firstly they allow a more complete 

petrogra;)hic description of a rock. Secondly the fabric 

shows how the components of a rock have responded to move-

ment withirithe rock, during metamorphism. Thirdly by studying 

the microfabrjc it is possible to construct a more complete 

picture of the tectonics of the area from which the specimen 

was collected. 

The! 
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ie early work by Phillips aroused some criticism. 

E.N, Anderson (19+8) did not agree with Phillips that the 

lineation seen on the schists was developed in k and that 

the movement that gave rise to this lineation over much of 

the North-west Highlands, was in the south-west by north-

east sense. He pointed out that Kvale working in Norway 

(19+5) found lineation in ,. Similarly, lineations observed 

on Highland rocks are thought by Anderson to parallel the 

direction or transport. On this assumption linear structures 

with southeasterly plunge found near the thrust planes in 

the iorth West Highlands can be correlated with the supposed 

direction of thrust movements. as knowledge of structures 

accumulated from later work s  it was generally accepted that 

the main lineations in the Moine are In . The anomalous 

orientation of It linear structures near the thrust zone is 

now explained by attributing them to movement episodes that 

were not connected with the period of clean cut thrusting. 

During 1955 the British Association, meeting in 

Lristol, held the first symposium on structural petrology 

to be held in Lritain. Summaries of recent work by Christie, 

Wilkinson, Crampton, Johnson and Gldring, together with the 

discussion that followed are reported. ihis work is mainly 

concerned! 
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concerned with the complex fabric as. ociated with the 

northwest thrust zones. 

Also during 1955 Weiss, McIntyre and Kursten 

carried out fabric studies on specimens from the complex 

Ord Ban area, Mid-trathspey. They found that the fabric 

could be related to two distinct structures with separate 

B-axes that had formed at separate times. The importance 

of "controls" in fabric work cannot be overstressed, especi-

ally in specimens from complex structural and metamorphic 

areas. Each specimen should be carefully selected from 

areas where the structural history is known and visible 

features on the specimen should be fitted into the known 

structural picture. Clifford et. al. (1957) have stated 

that it is premature to discuss the significance of fabric 

studies when the structure is unknown. 

Many workers have carried out fabric studies on 

Moine schists but none of this work has been done in 

Moidart. However, the principles employed as outlined 

above, and the application of petrofabric work to structural 

problems are relevant to the problems in Moidart. 
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I, IifQDCjIO. 	(continued). 

39 UBJC 	itiI AiD OJi,i 	QjI1 

The area studied lies due south of Morar and 

astride the western boundary of the "Injection Zone". 

It lies within the "steep belt" of Moine schists dcribed 

by G.P. Leedel (1952). The Morar Anticline with its complex 

"core schists" plunges to the south In South Morar, and the 

Moine Series seen in Moldart is at a structurally higher 

level than the core of the Morar Anticline. Moidart Is 

entirely underlain by the southern continuation of the 

"envelope schists" of Morar. 

The object of the thesis is to study the geology 

of the Moine schists In Moidart, and by structral analysis, 

to present an interpretation of the st- quence of events in 

the structural history of the schists. An attempt Is made 

to correlate the results obtained Ifith the published works 

on the stricturn of Morar. The transition between rocks 

with ncrl:,r horizontal fold axes in the west of the area 

and rocks with steeply inclined fold axes in the east, is 
studied. An Interpretation of how this transition has 

taken place is given. The metainor',hic history of the rocks 

is described and discussed. This is correlated with the 

structural/ 
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structural history and the main events that occurred during 

metamorphism are dated with respect to the relative ages 

of the fold movements recognised by structural analysis. 

Structural analysis indicates the relative ages 

of four fold movements. Two other fold movements of Un-

certain age are also recognised. Isoclinal minor folds 

formed during the first fold movement, but no major folds 

of this episode can be recognised. The style of these 

isoclines suggests that they may be correlated with the 

recumbent folds described by W.Q. Kennedy in the core schists 

in Morar. W.Q. Kennedy is of the opinion that the Morar 

recumbent folds formed at the same time as the Morar Nappe 

and so the isoclinal folds in Moidart are provisionally 

correlated with the movement that formed the Morar Nappe. 

Tight asymmetric folds formed during the second 

fold movement. Many large folds of this age are recognised 

and one of these - The Glenuig Antiform - is correlated with 

the Morar Anticline. Fold axes of the second folds were 

nearly horizontal and after this movement the rocks in the 

east of the area were left steeply inclined. The third 

fold movement formed two major folds in the east of the 

area, and bent the axial planes and axes of the second folds. 

The second fold axes remained nearly horizontal after the 

third/ 
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third fold movenit. Furth folds only occur In pelitic 

rocks within the "fl.shven Pelitic Belt" in the east of the 

area studied. A calculated & 1inematjc axis for fourth 

folds, plunges steeply to the southwest. It Is thought 

that the nearly horizontal axes of the second folds, were 

tiltcd into thc present steep plungc in the east of the 

area mapped, as a result of this movement. In the rocks to 

the west the second fold axes are unaffected by the fourth 
fold movement. 

The iuetaznorphlc Lrade In the area studied rises 

from Garnet in the west to Sillimanjte in the east. 

('2rncts in the west show two phases of growth. The first 

growth occurred between the first and second fold movements, 

and the second growth occurred during the second fold move-

ment. The age of sillima.nite in the east is not known 
but it is tentatively suested that It may have developed 

at the 	nie time as the first gr.-iet seen in the west. 

Nigmatlzation occurred throughout a period that ban after 

the first fold movement but before the second fold movement 

and perhaps continued until alter the second folds had 

formed. Retrograde metamorphism took place after the most 

recent fold movement. 
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II • 	AIiE Aid) 	ihQCRau-rii. 

1• 	Ii1L1RA 3H. 

ieoidart c'i±nsu1a is :nirly u :Jcrlain by 

Moine mtasedimcnts that have a provalent north-south 

treni. In Morar, five miles north along the strike, 

across the Sound of Artsaig, J.E. Richey and W.Q. Kennedy 

found abindant scdiAnentay ;ructures in the Moines and 

were able to determine the original order of iJtjosition of 

the sediments. They give the following sequence (1939):- 

3. ''• 	•' P3a.11n.L;iC roLip. 0). Ias.ive aniJ Gll-1:..dod pink 
siliceous feldspathic granulitic 

(upwards of about 12,000 schis;s, often fiiily cbbly with 
frequent semi-pelitic beds, 

ft. near Arisai), 	ielse beddinLC arid slump folding 
frequent. 
e). Jell-bedded gry1sh or white 
quartzose and feldspathic granulitic 
5C13 	vi h f:iueiit si-pelitic 
beds. False bedding abundant and 
slump-folding i'ruent. 

c). Upper Striped Schists. 
s3ri€ of finely laminated 

psamuitic, semi-politic and pelitic 
SCLiir s vi bh thin 1ay'rs and 
lenticles of pale garnetiferous caic-
silicaLe rock centerL psauinitic 
ribs, and occasional thin dark fine-
:falned ua;neite-zoisite scans. 

2. striped and Pelitic 

Group. (about 3,500  ft. b). / 

near Mallaig. 



b). Garnetiferous Pelitic Schists. 
Sometimes divisible into: (iii) 
garnetiferous pelitic schists, 
(ii) striped schists with caic-
silicate layers (1) :rnetifer-
ous pelitic schists. 
a). Lower Striped Schists. 
Mainly laminated schists as in (c) 
but with psammitic laminae more 
developed, and with ribs of coarse 
psainmitic schist. Caic-silicate 
bands absent. 

c). Thinly bedded granulitic 
schists without false-bedding 
(absent in North Morar and Knoydart). 

b). Pink or grey feldspathic 
granulitic schists, often finely 
pebbly with pebbles up to an inch 
in diameter, and with frequent 
semi-pelitic beds. False-bedding 
frequent, and slump-folding 
occasionally seen. 

a). Thinly bedded granulitic 
schists without false-bedding 
(absent in South Morar). 

36. 

1, Lower Psammitic Group. 

(about 39500 ft. near 

Mallaig). 

Richey and Kennedy (1939) believe that this 

sequence is of wide regional significance in the North West 

Highlands. They consider that the following features may 

be of value in elucidating the stratigraphy of other regions. 

111). Ribs of coarse-textured psammitic schist 

are characteristic of the Lower Striped Schists (2 a) along 

both! 
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both limbs of the Morar anticline. 

Cab-silicate bands and magnetite-zoisite 

seams are a feature of the Upper Striped Schists (2 c). 

The first mentioned bands also occur near the base of the 

Upper Psammitic Group (3) and in the Garnetiferous Pelitic 

Schists (2 b), but have never been found in the Lower 

Striped Schists (2 a). 

A peculiar sedi:nentary rhythm characterizes 

the Upper Striped Schists (2 c). It consists in a rapid 

alternation of laminated schists and psammitic bands, the 

latter centred by the narrow layers of caic-silicate rock." 

Geological Survey officers have correlated the 

psammitic rocks that occupy the core of the Glenuig Antiform 

in west Moidart with the Ben Laga psammitic belt in Ardria-

murchan and with the Lower Psammitic Group of Morar ( see 

introduction pp.I0 - 12 ). They have also correlated the 

psainrnitic schists to the east of Gienuig with the Upper 

Psamnitic Group of the Morar succession. The pelitic rocks 

found in the east of Moidart are not fitted into the Morar 

succession but the writer is of the opinion that they are 

probably structurally higher than the Upper Psarninitic Group 

(see P.129). This area of pelitic rock has been designated 

the Roshven Pelitic Group. Garnetiferous caic-silicate ribs 

are/ 
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are distributed throughout the kioshven Pelitic Group. 

Since these ribs are not found in the Lower Striped and 

Pelitic Sub-group and the Lower Psainniitic Group, their 

presence in psamrnitic bands within the Roshven Pelitic 

Group suggests that these bands do not represent the Lower 

Pspmml tic Group. This supports the structural evidence that 

the Roshven Pelitic Group is probably higher in the Moine 

Series than the Upper Psainmitic Group. 

Richey and Kennedy were fortunate in finding many 

examples of sedimentary structures that allowed them to 

determine facing directions in Morar. Sedimentary structures 

are rare in Moidart (Plate 2) and this fact, together with 

the complex structure, makes it impossible to estimate 

stratigraphic thicknesses. The following is a suxiary of 

the sequence in Moidart based on the writers observations 

and the correlation between Morar and Moidart given by the 

Geological Survey (see pp.10 - 12). 

A complex roup made up of, 1) 
garnetiferous pelitic :neisses 
occasionally with sillimanite, 
staurolite and kyanite. Thin 
psammitic bands and calc-silicate 

-f). JLOShVen Pelitic 	ribs. 
Group. 	 2) Landed semi-pelitic gneisses 

and quartzose feldspathic granu-
lites with calc-silicate ribs. 
3) quartzose granulites. 
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c) Pale grey and dark grey, massive 
and well bedded quartzose and feld-
spathic granulites. Occasional 
caic-silicate ribs. 
b) Well bedded quartzose and feld-
spathic Lranulites. Occasional 
caic-silicate ribs. Pale grey or 
blue grey. Frequent indistinct 

3). Upper Psamxnitic 	cross bedding. 
Group. 	 a) Well bedded or massive pale 

grey or white, quartzose and. feld-
spathic granulitic schists, 
Garnetiferous semi-pelitic bands 
and occasional caic-silicate ribs, 
Occasional false bedding. 

b) Garnetiferous Pelitic schists. 
Striped schists with caic-silicate 

2). Striped and 	 ribs. 
Pelitic Group. 	 a) Striped and finely laminated 

schis ts. Frequent thin s  coarse 
grained stripes. 

Thinly bedded pink and pale grey 
1). Lower Psammitic 	feldspathic granulitic schists. 
Group. 
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II. STFATIGRAPHY AND PETROGRAPHY (continued) 

2. DISTRIBUTION OF LOCK TYPES. 

• Lower Psarninitic Group. 

This Group comes to the surface in the core of 

the Glenuig Antiform near the west coast of the peninsula. 

It outcrops as a north-south trending belt about 3,000 ft. 

wide, passing through Loch na Bairness. Variable dip and 

complex structures make it impossible to estimate the thick-

ness of the Group. A large north plunging S - shaped fold 

half of a mile east of Loch na Bairness (see Map 1) brings 

psainmitic rock to surface in its antiform core and widens 

the breadth of Lower Psammitic Group near the North Channel 

of Loch Moidart to approximately 5 1 000 ft. 

The upper limit of the Lower Psammitic Group 

grades into the lower limit of the Striped and Pelitic 

Group with increasing amount of pelitic and finely striped 

schis ts. 

b). Striped and Pelitic Group. 

The Striped and Pelitic Group outcrops as two 

sub-parallel belts of rock that trend north-south, flanking 

the Lower Psammitic Group. The lines of outcrop are marked 

by/ 
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by the two ridges that form Siarisary Hill (48, 755) 

in the west and Egnaig Hill (662 7  753), Cruach na Bairness 

(660, 760) and Monadh Gleann Uige (660, 763) in the east. 

The western outcrop is inverted and dips east-

wards at about 500  under the Lower Psammitic Group. 

Although the dip is fairly consistent along the exposed 

strike-length of nearly two miles the horizontal width 

decreases from 3 9 000 ft. in the south to 1,000 ft. in the 

north. The western limit of the Striped and Pelitic Group 

is clearly defined by a sharp contact between arnet1ferous 

pelitic schist and quartzose psamniltic schist; the latter 

is the inverted basal member of the Upper Pspmmltic Group. 

Folding has made the lower (west)contact of the 

eastern outcrop a very irregular line, (see Map 1). This 

contact is again transitional but the upper contact of the 

Striped and Pelitic Group is very sharp and often well 

exposed. 	arnet1ferous pelitic schist is overlain by well 

bedded granulitic schist. In the south, where the Striped 

and Pelitic Group meets the North Channel of Loch Moldart, 

it has a horizontal width of 11500  ft. 

c). Upper Psa.mxnitic Group. 

Over half of the area mapped is underlain by 

r anul i tic / 
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granulitic schists of this Eroup. Two areas of outcrop 

occurs 

1). In the west a thin strip approximately one 

thousand feet ride forms the rocky western seaboard. Here 

the quartzose granulites are inverted and dip eastwards 

under the Striped and Pelitic Group, at about 500. 

ii). The main area of Upper Psammitic Group 

extends from the line joining Ulenuig Bay and the east end 

of Shona Leag eastwards, to a north-south line that passes 

through the east of Loch nam Paitean. This represents an 

outcrop width of nearly fonr miles. The outcrop width is 

maintained across the peninsula from north to south. 

The prevalent strike trend is north-south but 

departures from this occur, particularly near the eastern 

limit of the outcrop where complex folding is found. 

Exposure throughout the area is very good and coast sections 

two miles long in the north and one and a half miles long 

in the south, are available. 

Complex folding is often seen in the Upper 

Psammitic Group and here again no estimate of the thickness 

can be made. Both the lower contact with the Striped and 

Pelitic Group in the west, and what appears to be the 

upper contact, with the Roshven Pelitic Group in the east, 

are sharp. 

d)./ 
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d). Loshven Pelitic Group. 

The main area of Roshven Pelitic Group occurs in 

a strip approximately one mile wide, along the eastern 

boundary of the area mapped. This strip was mapped from 

Loch Shiel in the south to Gleanri Dubh in the north, a 

distance of five miles. 

Outlying to the vest of the main Roshven Pelitic 

Group, there is a thin belt of semi-piitic schist approx-

imately one thousand feet wide. This can be seen passing 

to the west and north of Loch nam Paitean and eventually 

thinning out to the north near Gleann Dubh. This strip lies 

in the trough of a synform, formed during the second fold 

movement. 
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11. Th4LiRAPHLiW 	 (continued). 

a). Lower Psmmitje th'oup. 

The upper part of this group is seen in Z4oidart. 

In hand specimen the rocks are pale grey or pinkish grey 

thinly banded, fine or medium grained feldspathic granu-

litic achista • They part along a smooth eohietostty that 

is parallel to the thin bandin to expose a s parkling 

surface • When broken across the banding the surface is 

usually rough and the pale grey or pinkish grey bands often 

exhibit "pepper and salt" appearance s  due to scattered 

small biotite arystals, 	uartL, fodepar, - 7~uscovlto and 

biotite can be reeQni5od. 

Under the microscope tho rocks are seen to be 

reerystallised o  They show graxblantic texture and are 

banded with fine or medium grain.-size (see Plate 31a). 

Weak lepidoblu tic texture occurs in the more micaceous 

dark bands, quartz and feldspar, in about equal amounts 1  

mak, up the bulk of the rock. Muscovite and biotite are 

abundant. 41dte and ephorie are common1  often occurring 

in bands. 

Uartz/ 
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Uai' tz. 

Equidimensional, xenoblastic crystals of quartz 

with irregular boundaries form an interlocking mosaic. 

The average crystal size is about 0.2 mm but occasional 

lenticular aggregates, about 4,0 mm long and elongate para-

llel to the banding in the rock, are made up of crystals 

about 1.0 mm across. Some crystals are unstrained though 

others show straining with marked undulose extinction. 

The latter is particularly prevalent in the larger (1.00 mm) 

crystals. 	In some cases there Is distinct banding seen in 

the rock, caused by crystals of varying size. 

Feldspar. 

Untwinned or weakly twinned sodic plagioclase of 

albite (Axis ; n 1.530 ± 0.002) composition is the most 

abundant feldspar. It occurs as equidimensional, xeno-

blastic crystals about 0.2 mm in diameter. Alteration to 

sericite is seen round the periphery and encroaching into 

the crystal. along the cleavage. Many crystals are fresh 

some are cloudy with incipient alteration. No Intergrowth 

was observed. Occasional porphyroblasts up to 1.0 mm in 

diameter occur. 

Microcline is sometimes present in small amounts 

as small xenoblastic equidimensional crystals. It is 

usually! 
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usually evenly scattered throughout the rock. The crystals 

have irregular boundaries and no intergrowth was observed. 

Some crystals are cloudy in ordinary light, indicating 

incipient alteration. 

Mic as. 

Both muscovite and biotite oc'ur. The mica content 

varies considerably, particularly towards the upper limit 

of the Lower Psammitic Group. Occasional thin semi-pelitic 

bands are interbedded with the granulitic schists. The 

texture in such bands is lepidoblastic and the rocks develop 

good schistosity. The ratio of muscovite to biotite varies 

but, on average, they are in nearly equal amounts. 

In quartz feldspar granulite (psamrnitic schist) 

the micas sometimes show random orientation but more 

commonly they are poorly oriented parallel to the composit-

ional banding seen in the rock. This is especially true 

where there is considerable mica content in the dark bands. 

Sometimes, even though the micas show concentration in dark 

bands, the crystals are oriented oblique to the bands. 

It is thought that the banding represents original composit-

ional banding while the mica orientation is the result of 

recrystallisation under stress. 

Muscovite! 
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Muscovite occurs as hypidioblastic crystals. 

In slices cut normal to the banding the crystals are seen 

as lath shaped sections up to O.+ m in length; the majority 

of sections are about 0.25 mm ion;. The crystals are usual-

ly fresh and cleavage planes are rarely bent. Alternating 

crystals of muscovite and hiotite occasionally occur to-

gether to form blocks of mixed micas. 

Biotite also occurs as h:rpidioblastic crystals 

about the same size and shape as muscovite. Pleochroism is: 
------ ----- -- -- 

X 	 Y and Z 

pale yellow 	 Dark yellowish brown 

pale yellow 	 Olive r;roen 

The variety showing pleochroism to dark yellowish 

brown is the more common. Alteration to chlorite is occasion-

ally seen and takes place along the cleavage planes, forming 

alternating layers of biotite and chlorite. 

Epidote. 

Epidote is a fairly common constituent and occurs 

as nearly equidimensional hypidioblastic crystals up to 

0.3 mi in 'idth. Crystals often show pale yellow colour 

and weak pieochroism but many are colourless and can be seen 

growing around orthite cores. Frequently the crystals are 

found! 
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found scattered throughout the rock but they also occur 

concentrated in the dark bands. 

$chene. 

Hypidioblastic crystals of sphene are not nearly 

as common as epidote. The sphene may develop up to O.+ mm 

in length but is usually less than 0.2 mm. 

arnet is rare or absent in the quartz-feldspar 

granulites. 

Interbedded with the quartzose schists described 

above are occasional, usually thin, semi-pelitic bands in 

which muscovite and bioite make up about half of the rock. 

Schistosity is well developed and under the microscope the 

mica mi.' rrls are seen to be well oriented in the plane of 

schistosity, but some stubby biotites grow oblique to the 

schistosity and occasionally, nearly at right angles to it. 

Biotite is again predominantly pleochroic from pale yellow 

to dark yellowish brown and frequently shows alteration to 

chlorite. The medium grain groundnass is made up of 

nearly equal amounts of quartz and sodic plagioclase. 

With the development of coarser grained "striping" 

and increasing mica this group passes upwards into the 

Striped and Pelitic Group. Rapid alternation of grain size 

imparts/ 
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Imparts a banding on the rocks and thin semi-pelitic bands 

occurring with fine and coarse :;rained quartzose granulites 

are a feature of the upper members of the Lower Psanimitic 

Group. The bands are sometimes less than two inches thick. 

b). Striped and Pelitle Group. 

This group has been divided into three Sub-groups 

in Morar and the Geological Survey have also briefly refer-

red to three Sub-groups In Moldart (see p. Q)• The writer 

has not been able to recognise these Sub-groups. In Moidart 

there is an increase In the amount of pelitic schist as the 

Striped and Pelitic Group Is traced from Its base to its 

top. The lower contact with the Lower Psamrnitic Group is a 

very gradational one while the top of the 3trIped and 

Pelitic Croup is usually well defined by a prominent band of 

garnetiferous pelitic schist. Some bands of medium or fine 

grained, finely laminated psammitic schist do occur Inter-

banded with garnetiferous pelitic schist, near the top of 

the group. 

Caic-silicate ribs are fairly common particularly 

towards the top of the Striped and Pelitic Group along the 

north shore of the peninsula. The frequency of caic-silicate 

ribs in Moidart falls far short of the frequency in Morar 

and caic-silicate ribs are more common along the north 

shore/ 
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shore of Moidart than the south shore. 

1). striped and finely laminated schist. 

In hand soecimen these schists are medium grey 

or bluish grey in colour imrging into dark grey with 

increase in biotite. They are usually thinly bedded and often 

show fine stripes that are ea1J?d by very thin coarser grain-

ed hands. The stripes are often numerous and though thin, 

they are quite persistent over several yarda. At one 

locality on Egnaig Hill (662 9  753) one hundred and thirty 

stripes were counted in one foot. The stripes often occur 

in roups separated by thin medlun or fin€ ven grained 

bands of granulitic schist. With a hand lens the coarser 

grained stripes are seen to be minutely corrugated and it 

Is this feature that imparts a strong lineation on the 

fo 1 Iation. When broken along the schistosity the more 

micaceous schists have a hic - h lustre. 

Under the microscope the schists are seen to be 

recrystallised and are of fine or medium grain. They show 

granoblastjc texture which merges into lepidoblastic texture 

with Increasing mica content. 	uartz and feldspar make up 

about So or less of the rock; the remainder is predomin-

antly muscovite and hiotie. 

uartz/ 
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guartz. 

quartz occurs as small xenoblastic crystals. 

Where it it in contact with other crystals of quartz or 

feldspar, he mutual boundary is very ir:egular. The 

crystals rarely axceed 0.2 mm in diameter and are usually 

equidimensional, )oth strained and unstrained crystals 

occur* 

feldnpr. 

fldsar, detjrmcd Ly a:duurn 'i.Atcr.ca]. 

extinction, is oiioclase (An, ) and occurs as xenobias tic 

equidiinerisjonal crystals about 0.2 mm wide, they form a 

mosaic pattern when in contact wih quartz or ether felds-

par crystals. No intergrowth between quartz aiid feldspar 

Was 1rved. The majority of crystals are tuntwinned but 

many show lameller twinning. For the most prt the crystals 

are unaltered or show clty appearance in ordinary light. 

Micas. 

Muscovite and bioite occur in varying amounts. 

There is usually slightly more biotite than muscovite. 

In the more micaceous schists the micas impart a good 

schistosity and are well oriented; in the less micaceous 

quartz feldspar iica ranu1itic schists the micas are less 
well/ 	 N/ 
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well oriented. Sometimes the micas are not aligned parallel 

to the bedding but have taken up orientation in the axial 

plane cleavage of small folds. Occasional crystals show 

slightly bent cleavage. 

Muscovite occurs as hypthioblastic crystals seldom 

exceeding 0.2 mm in length of lath-shaped cross-sections. 

With increasing mica content the average crystal size also 

increases, occasionally giving crystals 0.1+  mm in length. 

This minerpi is nearly always fresh and is sometimes found 

with biotite in alternating very thin bands. In the more 

micaceous rocks muscovite crystals form a spindle round 

garnet porphyroblasts. In such cases the crystals are 

rarely bent and usually they "felt" around the porphyro-

blasts. 

Biotite resembles muscovite in habit. It is 

pleochroic from very pale yellow to dark yellowish brown, 

sometimes with a faint greenish tinge. Pleochroic haloes 

are sometimes abundant and the crystals are usually fresh. 

Garnet. 

Garnet is,thore common with increasing mica content 

when porphyrobiasts up to 2.0 mm occur. In rocks with less 

mica the garnets are seen as small xeno blastic ragged 

crystals, often with many inclusions and sometimes rather 

cloudy; biotite sometimes occurs with the cloudy garnets. 

In, 
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In rocks with larger garnets the porphyroblasts are again 

xenoblastic and contain many inclusions of quartz. The 

inclusions form trails within the garnet and are usually 

of smaller size than the crystals forming the matrix of the 

rock. 

Dhene. 

Sphene occurs as small hypidioblastic or 1db-

blastic crystals and is usually rather more common than 

apatite and epidote, the only other accessories in any 

significant amounts. 

In rocks where cleavage is well developed, apart 

from the preferred orientation of mica minerals, quartz 

and feldspar also show slight elongation in the cleavage 

planes, These minerals may also show slight elongation in 

semi-pelitic schists when they tend to occur in lenticular 

aggregates and are sometimes eloiated along the schistosity. 

quartz and quartz carbonate veins are seen to be 

rather more coarse grained than the matrix with crystals 

measuring 1.0 mm across. The mutual boundaries between 

quartz crystals are sutured and the crystals invariably 

show severe straining. 

2)/ 



2). striped and Pelitie Group (continued), 

ii., 	arnctjferous mica schist. 

Weathered surfaces of the schist are studded with 

garnts that sometimes measure half of an inch but are 

usually about one quarter of an inch across. The matrix 

of the schist weathers away leaving the garnets projecting 

and in the field accumulations of gamete, weathered out 

of the rocks can be found in hollows and cracks. Weathered 

surfaces vary in colour from dark grey to pale brownish 

grey and quartz feldspar folla are occasionally seen. When 

freshly broken along the schistosity the colour is usually 

dark grey. Muscovite reflects the light to give a silvery 

lustre to the rock. Garnets are not usually seen on 

fr ,~7 s!iiy broken surfaces but their presence is indicated by 

the "knotted" appearance of the schistosity, where muscovite 

and biotite provides a thin covering over the garnets. 

With a hand lens red or pale reddish brown :arnet, 

muscovite, biotite, quartz and feldspar, can be recogn±sed. 

Under iie iiicroscope the schists are seen to be 

of medium grain with variable amounts of micaceous minerals. 

Garnet porhyroblasts are prominent and are often altered 

(see Plate 31,b). ihe texture is predominantly lepido- 

bias tic/ 
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lepidoblas tic and the micas are fairly well oriented. The 

rock is recrystallised. 

Quartz. 

Xenoblas tic s  e quidirnensional, inequigranular 

crystals of quartz range in size from less than 0.05 mm to 

more than 0.5 mm. The average grain size is between 0.15 mm 

and 0.3 mm. When quartz crystals are in contact with felds-

par or other quartz crystals they form an interlocking 

mosaic and show granoblastic structure. Straining varies 

from weak to severe; some crystals are unstrained. 

Occasional lenticular quartz-feldspar folia 

about 5.0mm thick occur. In such folia the quartz is more 

coarsely crystalline (1.0 mm) and has sutured boundaries. 

Straining is severe. 

Sometimes bands of granulated quartz and feldspar 

with very fine grained crystals can be seen cutting across 

the schistosity. 

eidsoar. 

Feldspar is of oligoclase composition (An 25) 

and occurs as xenoblastic, inequigranular, equidimensional 

crystals, similar in size and habit to quartz. Lamellar 

twinning is fairly common but some crystals are untwinned. 

Slight! 
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Slight alteration to sericite is fairly common round 

the eriphery and this can be seen penetrating into the 

crystals along cleavage planes. Many crystals are quite 

fresh. 

Micas. 

Hypidioblastic micas impart lcpid3hlastjc structure 

to the schist. Muscovite and biotite occur in nearly equal 

amounts and show cosiderab1e rarl:e in 'rystal size from 

very small lath shaped cross-sections to seciois about 

2.0 mm long. The most common size is about 0.25 urn. In 

general the ulicas are well oriented in the plane of scnist-

osiy but some stubby crystals crow oblique or at right 

angles to the schi3tosity. The micas are sometimes concent-

rated i , l fdia about 0.6 1i apart and separated by a quartz-

feldspar granohiastic mosaic. Within this mosaic randomly 

oriented sial1 micas occur. 

Where the schisUosity is rinJded tie uica leav- 

ages are rarely bent and the crinkles are usually formed 

by crystals meeting at angles. Cleavages are also largely 

straight where micas form a spindle round ;arnet porphyro-

blasts; occasional bent cleavages can be round. 

Muscovite often occurs in close association with 

biotite and occasionally alternating very thin crystals of 
muscovite/ 
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muscovite and biotite occur together. In the mica spindles 

that develop around garnet porphyroblasts muscovite is 

usually more abundant than biotite. 

Biotite shows pleoehroism from very pale yellow 

to dark yellowish brown or deep amber. ?leochroic haloes 

are locally abundant and are nearly always present. Alter-

ation takes place to chlorite. For the most part biotite 

with muscovite forms the schistosity or appears as randomly 

oriented very small lathes between mica folia, in predomin- 

antly quartz-feldspar mosaic, but very small biotite crystals 

also occur with chlorite and clinozoisite as the result of 

alteration of garnet porphyroblasts. 

Garnet. 

ilypidioblastic or xenoblas tic garnet porphyro-

blasts up to 5.0 mm in diameter are of particular interest 

because of the variety of structires they exhibit; this will 

be dealt with later (see p. v/i ). 

The garnets are of almandine or spessartite 

compositions  with refractive indices that range from 1.78 14 

to 1.802. Peripheral cracks with reticulate pattern and 

strong subparallel cracks that pass through the crystals, 

are common. Two phases of crystal growth can often be 

seen! 
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seen where an inner idioblastic core is surrounded by 

garnet showing xenoblastic or hypidioblastic shape. This 

feature is also exemplified by the alignment of abundant 

quartz, feldspar and mica inclusions within the porphyro- 

blasts (see p.  172 ). 

After regrowth the garnets suffered alteration 

that has resulted in a chlorite, biotite, muscovite and 

clinozoisite zone around the garnet. This zone is often seen 

to make embayments into the garnets and often penetrates 

beyond the outer garnet into the core garnet. Alteration 

sometimes takes place along cracks that can be seen cutting 

across the boundary between the idioblastic core garnet and 

the outer garnet. Clinozoisjte occurring in the alteration 

assemblage is sometimes concentrated in a zone around the 

altered garnet. 

The mica minerals and chlorite in this alteration 

zone are unoriented, 

Accessory mineral s . 

Small idiobiastje acicular crystals of apatite are 

fairly common and opaque iron mineral is also found. 

Clinozojsjte occurs as occasional small hypidioblastjc 

crystals that are slightly prismatic, 

2)./ 
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b). Striped and Pelitic Group. (continued). 

iii). Caic-silicate granulitic schist. 

In addition to the two main rock types described 

above the Striped and Pelitic Group also carries cab-

silicate ribs that are most common near the upper limit of 

the group. In the field the caic-silicate rocks are 

recognised as white or pale cream coloured bands up to two 

inches thick. They are usually fairly persistent and can 

be traced for several yards. 

In hand specimen pale brown garnets up to one 

quarter of an inch in diameter can he seen in a pale grey 

or white matrix. Biotite in variable amounts can usually 

be recognised. 

Under the microscope it can be seen that zoisite 

is the leading index mineral and sometimes there is a 

considerable amount of biotite, indicating that these cab-

silicates ribs lie within W.Q. Kennedy's Zoisite Zone. 

This is as Kennedy indicates on the map of metamorphic zones 

(see Fig. 2) 9  but It may be that the biotite-(calcite) — 

zoisite zone boundary should lie slightly further east than 

is indicated by Kennedy. 

The cale-silicate ribs are recrystallised rocks 

with porphyroblastic structure. The matrix has granoblastjc 

or! 
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or weakly lepidoblastic structure, depending upon the amount 

of biotite and muscovite present. 

Zoisite. 

Hypidiobiristic or idioh].astic crystals of 

zoisite are abundant and in some cases make up about 80 

of the matrix of the rock. The crystals usually show 

prismatic habit but they vary in shape from equidimensional 

crystals less than 0.1 mm in diameter to long prismatic 

crystals up to 1.0 mm in length. Most commonly stubby 

prismatic crystals about 0.2 mm in length with the long 

axes aligned in the foliation plane occur (see Plate 28a). 

Cracks normal to the length of the crystals are very common. 

The crystals most commonly show low birefringence 

with a dull grey interference colour but sometimes anomalous 

blue is also found. Some crystals are length slow while 

others are length fast. 

Biotite. 

Biotite varies in amount but is always less 

abundant than zolsite. Pleochroism is from pale yellow to 

deep yellowish brown and inclusions with pleochroic haloes 

are fairly common. The crystals are hypidioblastic and are 

usually aligned with the cleavage sub-parallel to the 

foliation/ 
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foliation but many crystals appear to be randomly oriented. 

The biotite crystals are frequently aggregated in lenticular 

folia and often reach 1.0 mm in length of cross-section. 

Zoisite inclusions are fairly common and alteration to 

chlorite is sometimes found. 

Garnet. 

Garnet porphyroblasts up to 4.0 mm in diameter 

are common and vary in shape from idioblastic to xenoblastic. 

Some crystals are almost free of inclusions while others 

show poeciloblas tic structure with abundant inclusions of 

quartz. The inc1'sions are sometimes arranged in bands 

across the garnets. 

Most garnets are fresh but some show very slight 

alteration to chlorite and biotite around the periphery 

and along cracks. In some cases the weak foliation which is 

defined by the sub-parallel alignment of the long axes of 

zoisite prisms, can be seen sweeping around the garnet 

porphyroblas ts. 

Quartz. 

Xenoliastic, equidimensional, equigranular quartz 

crystals with irregular smooth boundaries occur interstit-

ially between zoisite. The average crystal size is 0.1 mm 

and the majority show straining. 

FeldsDar./ 
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inorrem 

Fclds2ar crystals are of similar size and habit 

as the quartz crystals described above. Alteration to 

sericite makes it difficult to determine the composition 

but they appear to be acid plagioclase. There is no inter-

growth between quartz and feldspar. 

Muscovite. 

Muscovite is less common than biotite. It usually 

occurs as fairly large crystals up to 1.0 mm in length and 

is frequently as.:ociated with biotite in lenticular folia. 

The majority of crystals are oriented with the cleavage 

planes sub-parallel to the folia but some are found with 

cleavage planes making any angle with the folia. Small 

zoisite crystals are often included within the muscovites. 

Sohene. 

Small idioblastic or hypidioblastic crystals of 

sphene rarely exceed 0.2 mm in size. They occur scattered 

throughout the zoisite rich matrix or are aggregated in 

patches of sphene-zoiaite mosaic, up to 20 mm in diameter. 

Hornb1end. 

Hornblende is occasionally present and occurs as 

x2noblastic or hypidioblastic crystals sometimes showing 

poeciloblastic structure. The pleochroic formula is : 

X/ 
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x 	 Y 	 z 

pale brown 	greenish 	dark green 

Crystals vary in size up to 1.5 mm and are found 

associated with biotite, zoisite and sphene. Inclusions 

of zoisite are common. 

c). Upper Psaramitic Group. 

The writer has divided this group into three sub-

groups (see p.  39). These sub-groups are not clearly 

defined, one merges with the other and rock types of one 

sub-group can appear within any of the others. For these 

reasons general descriptions of three rock types are given, 

namely: 1). Wuartz feldspar grnu1itic schists, ii). 

Semipelitic schists, iii). Cale-silicate granulitic schists. 

This is jreceeded by a brief description of the field 

characteristics of the sub-roups. 

Sub-group a). 

This is largely made up of massive and well bedded, 

white and pale grey quartz feldspar granulites. False 

beddin is locally fairly common but the order of deposition 

could only be determined at a few localities (see Plate 2 

and Map 1)... 6enera1ly the cross stratification cuts across 

between bedding planes, without showing any curvature. 

Semi -p eli ti Cl 



6+. 

Semi-pGui.tic bands up to four feet thick, with garnet and 

feldspar porphyroblasts, are interbedded with the granulites. 

Sub-group b). 

Well bedded sometimes flaggy quartz feldspar 

granulitic schists make up the most of this sub-roup. 

The colour varies from pale grey to bluish grey with increas-

ing biotite content and small rcddish-brown garnets occur 

in the bluish grey biotitic ranulites. Interbanded semi-

pelitic layers with feldspar porthyroblasts and occasional 

garnetiferous, I iitjc, siicIe rich, bands occur. The 

semi-pelitic I 	 in iikness and frequency, 

towards the east. Calc-silicate ribs are seldom more than 

one inch thick. 

False bedding is fairly conon in some areas 

but the cross stratification laminae are usually straight 

and make acute angles with the bedding. 

Sub-group c). 

This sub-group consists of predominantly pale 

grey and bluish grey, sometimes pink, massive, well bedded, 

or flagy ranulitic schists. Occasional arnetiferous 

semi-pelitic bands and caic-silicate ribs occur. False 

bedding is rare or absent. 

Towards the eastern boundary (i.e. the "top" of 

the! 
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the Upper Psaniiitic Group) there are quartz feldspar folia 

and these increase in frequency eastwards. 

c). Upper Psammitic Group. 

i), quartz feldspar granulitic sch.ists. 

In hand specimen the colour of the granulitic 

schists varies from white through pale grey to bluish grey,  

with increase in biotite. The more biotitic granulites 

often carry small reddish brown garnets. Muscovite is 

widely distributed and imparts a sparkling appearance to 

freshly broken surfaces. Pale coloured ranulitic schiste 

often show characteristic "pepper and salt" appearance due 

to small scattered hiotite crystals. In some cases the 

dark minerals are concentrated in bands. Quartz, feldspar, 

muscovite, blotite arid occasionally arnet, can be recog-

nised in hand specimen. 

Under the microscope the granulitic schists are 

seen to be made up of predominantly quartz and feldspar 

with subsidiary amounts of muscovite and hiotite. 

Quartz. 

Quartz occurs as xenoblastic, inequigranular 

crystals that are usually less than 0.3 mm in dianeter. 

The relative proportion of quartz to feldspar varies con- 

siderably but on average they occur in nearly equal amounts 

and/ 
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and make up over 80 of the ranulitic schist. Crystal 

boundaries are usually smooth but may be Irregular or 

rounded. This imparts granoblastic or tessellate structure 

to the rock. In some rocks the crystals are equidimenslonal 

but occasionally strongly lineated rocks are seen to contain 

crystals that are inequidimensional. Cross-sections of such 

crystals may be twice as long as they are broad; the long 

axis lies in the plane of schistosity. The deCree of strain-

ing varies from unstrained to severe straining. 

FeldsDar. 

Feldspar occurs as xenoblastIc inequigrariular 

crystals and forms a mosaic pattern with quartz. The average 

crystal size Is about 092 mm. Untwinned crystals are very 

common and this makes it difficult to distinguish sodic 

plagioclase from potash feldspar. To overcome this diffi-

culty an effective method for selective staining of potash 

feldspar and plagioclase (Bailey, E.H. and R.E. Stevens, 

1960) was used. It was found that potash feldspar and 

plagioclase sometimes occur together in nearly equal amounts. 

Usually p1:;ioclase of oligoclse or andesine composition 

(maximum symmetrical extinction angle indicates a composition 

UP to An +3) is much more abundant than potash feldspar. 

Where is a general tendency for the feldspar to become 

more/ 
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more basic towards the east. 

Myrmekite intergrowth between quartz and plagioclase 

is rare or absent in the west and becomes common in the 

east (see Plate 32,b). 

The amount of alteration ranges from fresh 

unaltered crystals to highly altered crystals. The major-

ity of crystals are cloudy in ordinary light indicating 

incipient alteration and many show small sericite crystals, 

particularly near the periphery of the feldspars, and pene- 

trating into the feldspars along cleavag3 planes. Granulitic 

schists, discoloured to flesh pink along joints and, axial 

planes of late brittle folds (see p.159), show that the 

feldspars have been severely altered. 

Mica. 

Muscovite and biotite are nearly always both 

present in variable proportions and amounts. They are 

usually seen as lath shaped cross-sections of hypidlo-

blastic crystals about J.2 mm in length; some crystals 

may grow up to 2.0 mm in length. 

The orientation of micas varies and may be: 

Randomly oriented. 

Oriented parallel to compositional banding. 

Oriented oblique to compositional banding. 

handom/ 
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Random orientation occurs most frequently in granulitic 

schists with low mica content and small crystals. With 

increasing mica content there is a tendency for the micas 

to align parallel to the banding in the rock. At the same 

time the average crystal size increases and lepidoblastic 

structure may develop. The third orientation listed above 

is found in the vicinity of folds and in schists that show 

cleavage. The mica crystals are aligned in the cleavage 

planes and it is occasionally seen that although the micas 

occur concentrated in bands through the rock the preferred 

orientation of the micas is oblique to the bands. 

Both muscovite and biotite may be found together 

and are sometimes interlaminated. Cleavage planes are 

rarely bent. 

Muscovite occurs as small crystals that are 

similar in size and shape to biotite crystals, or it may 

occur as randomly oriented hypidioblastic porphyroblasts 

up to 2.0 mm in length. Biotite, quartz, feldspar and 

epidote inclusions occur within the porphyroblasts. 

Biotite shows variable pleochroism: 

X 	 Y and 	Z 

pale yellowish brown 	dark greenish brown 

pale brown 	 dark brown 

The/ 



The variety showing pleochroism to dark brown is much 

more common than the variety showing dark greenish brown. 

Inclusions surrounded by pleochroic haloes are fairly 

common, 

Blotite is mostly fresh but may occasionally be 

slightly altered to chlorite. In rocks discoloured to 

flesh pink colour along the axial planes of brittle folds 

the micas are altered to chlorite. 

Accessory minerals, 

Epidote occurs as hypidloblastic, inequigranular, 

equidimengional or slightly prismatic crystals, often 

with orthite cores, There is a tendency for epidote to 

occur in layers together with idioblastic or hypidioblastic 

crystals of sphene and hypidioblastjc or xenoblastic 

arnets. Apatite occurs as small iaioblastjc crystals. 

The accessory minerals are usually found as small 

crystals less than 0.2 mm in size but they may develop up 

to 0. '+ mm.  

c). Upper Psammitic Group. 

ii). Semi-politic schists, 

Interbanded with the granulitic schists described 

above,! 



70. 

above, and particularly near the Striped and Pelitic Group, 

there are bands of semi-pelitje schist that may be up to 

four feet thick. 

In hand specimen the semi-peiitie schists are dark 

grey or nearly black in colour; some carry abundant pale 

grey feldspar porphyroblasts one ihth of an inch across 

while others have abundant reddish hrovn gamete that may 

be up to one ciapter of an inch. When freshly broken the 

semi-politic schists have a high lustre owing to abundant 

biotite and muscovite. Jiotite, rmnscovite, quartz and poT-

phyroblasts of garnet or fcldaar can be recognised in hand 

specimen. 

Under the 1nicroscop 	i-1itc chisa can 

be seen to be of two types: 

a). Garnet. hiotite, sDhene te, sec Plate 33 a. 

h).eldsar, biotitc, muscovite tve, see Plate 

33 b. 

Type a) is predominantly made up of biotite that 

appears as short thick cross-sections of fresh crystals, 

pleochrolc from pale yellowish brown to dark chocolate 

brown. The crystals are usually poorly aligned a-id muscovite 

is rare. Sphene is often abundant and together with biotite 

fills the interspaces between garnet porphyroblasts. 

Type! 
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Type b) is made up of nearly equal amounts of 

muscovite and biotite that appear as long thin lath shaped 

cross-sections and are usually well aligned showing lepi-

doblastic structure. Potash feldspar porphyroblasts are 

abundant and sometimes show microcline cross-hatching. 

They are often crowded with inclusions. 

Bipti.te. 

Liotite is the most abundant mineral in semi-

pelitic schist type a). In this rock the crystals are 

hypidioblas tic and show considerable range in size from 

small to 1.0 mm In length of cross-section. The most 

common size Is 0.3 mm. In cross-section the crystals are 

stubby being about half as wide as they are long. The 

crystals are often poorly aligned and sometimes appear to 

have nearly random orientation; elsewhere there is a crude 

alignment in the axial plane cleavage orientation of folds 

formed during the second generation of folding. Inclusions 

ringed by pleochroic haloes are fairly common. 

In semi-pelitic schist type b) biotite and 

muscovite oc - ur in nearly equal amounts. Biotites are 

pleochrolc from pale yellow to dark chocolate brown and the 

crystals are lath shaped in cross-section: the length is 

about/ 
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about five times the width. Muscovite is frequently inter-

laminated with biotite and both micas are well oriented. 

Inclusions in biotite frequently have pleochroic haloes. 

The biotite crystals vary in size from small, less than 

0.1 mm in length, to large crystals l. 5 mm long. The average 

length is about 0.3 mm. slight alteration to chlorite may 

occur. 

Muscovite. 

Muscovite is rare or absent in type a). When 

it is found it occurs as small lath shaped crystals up to 

0.3 mm in length. 

In semi-pelitic schist type b) muscovite occurs 

as abundant hypidioblastic crystals well aligned in the 

plane of schistosity. The size and habit is similar to that 

described for biotite in this rock type. 

Quartz. 

quartz is sometimes uncommon in semi-pelitic schists 

of type a). It occurs as xenoblastic, inequigranular, equi-

dimensional crystals filling the interspaces between 

biotite crystals. When several quartz crystals occur 

together the common boundaries are smooth and they form 

granoblastic structure. The majority of crystals are 

uns trained/ 
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u.nstrained but some show weak straining. 

Semi-pelitic schists of type b) contain variable 

and sometimes considerable amounts of small xenoblastic, 

inequigranular, equidimensional crystals of quartz. The 

crystal boundaries are irregular and where there is a 

considerable amount of quartz and feldspar the structure of 

the schist may depart from lepidoblastic to become grano-

blastic. The average crystal size may be less than 0.2 mm 

and both strained and unstrained crystals occur. 

Feldspar. 

Feldspar porphyroblasts, characteristic of 

type 2) will he described below. 

Fresh xenoblastic plagioclase crystals of oligo-

clase composition (An 28  ), occur interstitially between 

biotites. The crystals rarely exceed 0.3 mm and may be 

quite rare in some rocks of type a). 

In semi-pelitic schists of type b), plagioclase 

feldspar is common as fresh, xenoblastic, inequi:ranular, 

equidimensional crystals, in the matrix of the rock. The 

composition is near the oligoclase-andesine boundary ( up 

to An. ç )i Some crystals show slight alteration to sericite 

around the periphery. Myrmekite intergrowth with quartz 

is/ 
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is occasionally found. Many crystals are twinned but many 

are untwinned. The selective staining method (Bailey and 

Stevens: 1960) indicated that all the feldspar in the 

matrix is of plagioclase composition while the porphyro- 

blasts found in this type are invariably of potash feldspar. 

Sohene. 

Idioblas tic crystals of sphene that range in 

size from small up to 1.0 inn in length, are abundant in 

semi-pelitic schist of type a). The crystals show typical 

lozenge shaped cross-section and where schistosity has 

developed the crystals are aligned with the long axes in the 

plane of schistosity. Sometimes masses of sphene crystals 

can be seen sweeping round garnets. 

Small idioblastic or hypidioblastic crystals of 

sphene occur as an accessory mineral in semi-pelitic schists 

of type b). 

Garnet Doroh\rrpblasts, 

Garnet porphyroblasts occur in both types of 

semi-pelitic schist but are most abundant in type a). In 

this rock they are found as xenoblastic or hypidioblastjc 

crystals, sometimes exceeding 5.0 mm in diameter. The 

large porphyroblasts show poeciloblastic structure with 

abundant, randomly aliLned, inclusions of quartz, sphene, 

biotite/ 
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biotite and calcite. The small porphyroblasts are better 

developed crystals with few inclusions. 

In semi-pelitic schist of type b) garnet por-

ph.yroblasts measuring 2.0 mm in diameter are xenoblastic, 

with many randomly aligned inclusions of quartz and feldspar. 

Feldspar oorohvroblasts. 

Feldspar porphyroblasts only occur in semi-

pelitic schists of type b) in which they may reach +.O mm 

in diameter. The crystals are xenoblastic and show poecilo-

blastic structure with inclusions of quartz, muscovite and 

biotite. The quartz inclusions are sometimes very small 

and elliptical in cross-section. In some porphyroblasts 

the long axes of the ellipses are aligned parallel to the 

cleavage of the porphyroblasts, but more usually the inclu-

sions are randomly oriented, 

Selective staining revealed that the porphyro-

blasts are potash feldspar and many crystals show microcline 

cross-hatching. 

Muscovite and blotite crystals forming the matrix 

of the schist sweep around the porphyroblasts and only 

occasionally show bent cTavabes. It would appear that 

the micas of the matrix hav3 recrystallised since the 

porphyroblasts grew. 

Accessory minerals.! 
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Accessory minerals. 

Epidote with orthite cores occurs as an accessory 

mineral in both types of semi-pelitic schist. Aoatite as 

small idioblastic crystals may also occur in both types 

but calcite was only found in type a). 

c). Upper Psainmitic Group. 

iii). Calc-silicate 2ranulitic schists. 

Caic-silicate ribs are not very common in the 

Upper Psainmitic Group but are widely distributed. In the 

field they can be recognised as thin cream coloured or white 

bands that seldom exceed l-- inches thickness; pale brown 

garnets are usually fairly common within the bands. 

Although the ribs are thin they are frequently persistent 

and can be traced for several yards. 

In hand specimen pale brown Larnets can be recog-

nised and in some calc-silicate rocks biotite or dark green 

crystals of hornblende occur. 

Under the microscope the schists are seen to be 

recrystallised 'ranulites predominantly made up of a quartz, 

feldspar mosaic, with garnet porphyroblasts. Zoisite is 

often abundant and in the east hornblende is abundant but 

is .iuch less common in the west. 

The/ 
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The caic-silicate rocks within the Upper Psamm- 

itic Group represent two zones in Kennedy's scheme (see p.16 
 ): 

Zoisite zone. 

Mineral assemblage, Garnet Quartz, andesine, 

Zoisjte hornblende and biotite, 

Anorthite Hornblende Zone. 

Mineral assemblage, Garnet quartz, bytownite 

and hornblende (see Plate 32 a). 

The Zoisite zone occurs in the west and the Ano thite, 

hornblende zone occurs in the east. 

.LUartZ. 

Xenoblas tic 1  inequigranular, equidimensional 

crystals of quartz meet along irregular or smooth curved 

boundaries to form a granoblastic mosaic. In some cases 

particularly towards the east of the area, the boundaries 

may be quite smooth and the structure verges upon tessellate. 

The crystal size varies from very small up to 0.5 mm in 

diameter and the average diameter is about 0.2 mm. Loth 

strained and uns trained crystals are Common. 

Feldspar. 

enoblastic, inequi,;ranular, equidirnnsional 

crystals of feldspar are very common and form a closely 

interlocking granoblastic mosaic with quartz and other 

feldspars ./ 
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feldspars. Jo Litergrowth was observed and the crystal 

boundaries are irregular or smoothly curved. 

The feldspar composition varies from andesine 

(A 41 ) in the west to bytownite (A11 77 ,Ab23) in the east. 

The passage from andesine to bytownite takes place suddenly 

and is accompanied by decrease In zoisite and increase in 

hornblende. Twinning on the albite law Is very common. 

In some thin sections the feldspars show zoning. 

Many crystals are quite fresh, but alteration varying in 

intensity from slight cloudiness in ordinary light to 

completely altered to sericite, is also very common. In 

some thin sections feldspars contiguous with zoisite or 

garnet show more severe alteration than other crystals, 

in the same slice. 

Garnet. 

Garnet Is ubiquitous and occurs as small xeno-

blastic crystals fr'quantly less than 0.5 mm in diameter, 

also as large xenoblastic porphyroblasts that show poecilo-

blastic structure with many inclusions of quartz, feldspar, 

biotite, sphene and zoisite. The crystals are unaltered. 

Zoisite. 

Hypidioblastic -zoisite occurs In great abundance 

mi 
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in some thin sections and shows considerable variation in 

crystal size from very small nearly equidimensional crystals 

to large crystals that may exceed 1.0 mm in length. 

Stubby prismatic crystals are very common and in some 

instances the crystals are acicular. The crystals are some-

times aligned with their long axes sub-parallel to the 

foliation but In many cases they are randomly oriented. 

Birefringence Is low and most crystals show a 

dull grey interference colour. Occasionally "Berlin Blue", 

yellow and higher interference colours may be found indic-

ating other members of the zoisite-epidote group. 

The crystals may occur randomly scattered through-

out the rock or they may form sphene-garnet-zoisite aggregates. 

The crystals are always fresh. 

This index mineral is widely distributed and 

occurs with biotite, hornblende pyroxene and bytownite. 

It is therefore sometimes difficult to delimit the zoisite 

zone (see p. 16 ). 

Hornblende. 

iiornbj.ende is restricted to cale-silicate rocks 

that occur in the east of the main outcrop of Upper Psani-

mitic Group. Xenoblastic porphyroblasts up to 3.0 mm long 

show very little shape and exhibit poeciloblastic structure. 

Inclusions/ 



Inclusions of quartz, garnet, sphene and zoisite are 

common. Pleochroism is weak to moderate: 

x 	 Y 	 z 

Pale yellow 	Pale yellowish green Pale green or green. 

The crystals are randomly oriented and often 

occur in large aggregates up to +.0 mm across and 10.0 mm 

long, associated with garnet and zoisite. 

Pvroxene. 

Pyroxene Is also restricted to the eastern part 

of this area. It occurs as rare poeciloblastic porphyro-

blasts with many inclusions of quartz, ;arnet, zoisite and 

sphene. The crystals are xenoblastic and very poorly 

developed. 

iotite. 

Hypidioblastic crystals of biotite are fairly 

common in the west but are rare in the east. They appear 

as lath shaped cross-sections that may be up to 1.0 mm 

long but are more usually about 0.3 mm. Pleochrolsm Is 

from pale yellow to yellowish brown. The crystals are 

usually aligned in the foliation plane but many crystals 

can be found growing oblique to the foliation. 

SDhene. 

Idioblas tic! 



IdiobLs tic or hypidioblastic crystals of sphene 

are common and vary in size from very small lozenge shaped 

crystals up to crystals measuring 1.0 mm in length. The 

majority of the crystals are less than 0.2 mm long. 

3. PETROGRAPHY (continued). 

a). The Roshven Politic Group. 

The Roshven Politic Group lies within the "Inject-

ion Complex" described by the Geological Survey (see p. 19 ), 

and comprises an assemblage of psammitic, semi-politic and 

pelitic schists converted o gneisses by znigmatization. 

Interbanded with the gneisses there are hornblende schists 

and cab-silicate granulitic schists. The following rock 

types will be described: 

Pelitic Gneisses. 

Semi-pelitic gneisses. 

Psainmitjc schists. 

Hornblende schists, 

Calc-silicate ;ranulitic schists. 

1). Pelitic gneisses. 

The most widespread rock type in the Roshven 

Politic Group Is a foliated biotite-muscovite-quartz-oligo-

clase gneiss./ 
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gneiss. where biotite and muscovite are abundant the rock 

splits rEadily along irregular foliation planes to expose 

reflecting plates of mica. With increasing amoint of 

quartz and feldspar the rock grades towards semi-pelitic 

gneiss; it becomes massive and more difficult to split. 

The gneisses frequently contain augen of quartz and feldspar 

that havc elliptical cross-section and vary in size up to 

one and a half Inches across. Elsewhere the gnelsses are 

banded with quartz-feldspar folia that are usually bounded 

by a thin blotite rich selva;a. 

Some varieties are richly ga netiferous and others 

occasionally contain knots of sillimanite and staurolite; 

kyanite was recognised in the field at one locality and 

was found in several thin sections. Tourmaline is widely 

distributed and may be locally quite common as black crystals 

up to half of an inch thick and three Inches long. 

Richly micaceous gneisses frequently weather to 

a yellowish rust colour while the other gneisses range in 

colour from nearly black to pale grey flecked with wisps 

of biotite. In hand specimen blotite, muscovite, quartz 

and feldspar can always be recognised; ;a:net sillimanite 

and tourmaline can be recognised In some specimens. 

Under/ 
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Under the microscope the gneisses are seen to be 

recrystallised rock of medium or coarse grain (see Plate 34 a). 

They show a wide range in composition depending upon the 

relative proportions of light and dark coloured constituents. 

The light coloured constituents are quartz and feldspar 

(oligoclase-andesine) and usually there is rather more 

feldsnar than livartz. 

Quartz. 

Xenoblastic crystals of quartz are abundant and 

vary in size from less than 0.1 mm to large plates 3.0 mm 

across. The average grain size is between 1,0 and 2.0 mm. 

Many crystals are unstrained but some show slight undulose 

extinction. 

Crystal boundaries are smooth but Irregular and 

quartz is seen penetrating into feldspar crystals and 

forming large embayments into the feldspar. It is also 

seen enclosed by fldspar wiiere it occurs as small, smooth s  

rounded blebs, 

uartz and feldspar usually make up more than 

half of the bulk of rock and occur together filling the 

interspaces between micas and as large coarse rained 

augen. quartz Is also found as thin fine trained bands in 

which the average crystal size Is less than 0.2 mm. These 

bands! 
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bands are sub-parallel to the foliation of the gneiss and 

are seen as anastamosing tracks through the medium or 

coarse grained matrix. 

Feldspar. 

The feldsar constit:ant is plagioclase of oligo-

clase-andesine composition. In the majority of thin sections 

studied the composition falls near the oligoelase-andesine 

boundary (h30) Lut in some slices a composition up to 

An 38 2 was found, In most instances the composition was 

determined using the maximum symmetrical extinction angle. 

The results so obtained were confirmed by occasional 

determination of the refractive index of P. iany crystals 

show fine lamellar twinning on the albite law but many are 

untwinnecl. Staining revaled that both twinned and untwin' 

ned crystals are plagioclase o  

ihe crystals are xenoblas tic and ran -,, c in size 

up to 395 mm across. They frequently have irregular shape 

but are usually equidininsional with cican-cut smooth 

boundaries that are interlocked with qiertz. ihere are 

large embayments of quartz into feldspar and the feldspar 

crystals often contain small rounded quartz inclusions. 

Myrmekite intergrowth is rare. 

Many crystals of plagioclase are quite fresh but 

some/ 
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some show slight scricitisation, particularly around the 

periphery and eneroaching into the crystals along cleavage 

planes. 

Iieas. 

Foliation in the gneises may be well developed 

or Impersistent and is defined by sub-parallel alignment of 

hiotite and muscovite bands. The relative proportion of 

muscovite to biotite varies, as does the total mica content 

of the gricisses, but both muscovite and biotite are invar-

iably presett. 

Liotite occurs as hypiclioblastic or enoiastic, 

ragged, crystals with lath shaped cross-section measuring 

up to 3.0 mm in length. The average length of the crystals 

is between 1.0 mm and 2.0 mm. Although the biotites are 

crudely aligned in the foliation many crystals can be 

foi.ind growing at any angle to it and in some rocks the 

pattern is almost docussate. 

Pleochroism 15$ 

Y 	Z 

pale yellow or pale brown 	 reddish brown 

Inclis1ons within Liotite frequently have haloes that are 

pleochroic from pale yellow to black. Biotite is frequently 

abundant along the margins of quartz feldspar bands or 

augen,/ 



augen, it is crudely aligned parallel to the bands. 

The majority of thin sections show biotite to be 

fresh but in some rocks it is altered to chlorite. 

Muscovite. 

Many hypidioblastjc crystals of muscovite up to 

3.0 mm in length can be seen aligned sub-parallel to the 

inconstant micaceous folia, but muscovite porphyroblasts 

UP to 5.0 mm in length also occur and are randomly oriented. 

Thin slivers of biotite are often interlamjnated with 

muscovite and the porphyroblasts sometimes show diablastjc 

structure with biotite. 

In gneisses containing sillimanite and staurolite 

muscovite is found closely associated with sillimanite-

staurolite aggregates. It may occur as minute lath shaped 

crystals that increase in size away from the sillimanite-

staurolite aggregates, eventually merging with the coarse 

grained matrix of the gneiss, or sillimanite needles may 

occur within a lare muscovite crystal. 

Garnet, 

Alinandine (or spessartite) garnet (R.I. 1.798 to 

1.808) Is nearly always present, but the amount and the 

crystal size varies considerably. At one locality garnets 

were found measuring one Inch across. 

In thin section the crystals may be xenoblastjc 

or/ 
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or idioblastic and may be inclusion free s  or crowded with 

inclusions of quartz and occasional feldspar and biotite. 

The inclusions do not show any alignment but some garnets 

have inclusion free cores with idioblastic shape surrounded 

by additional garnet with many Inclusions, (see Plate 36). 

This will be described later (see p.187). 

Sillimanite. 

Sillimanite occurs in knots associated with 

staurolIte, kyanite and muscovite, in pelitic gneiss near 

the western limit of the Roshven Pelitic Group s  also in the 

strip of pelitic gneiss that lies to the west of the main 

area of outcrop of the Roshven Pelitic Group. It is also 

found associated with quartz, feldspar, staurolite and 

muscovite in rods within pelitic gneiss 2,000 ft, northeast 

of the summit of Sgurr Doinhuill Mor. 

The sill.imanite crystals are small occurring in 

fernlike growths 4.0 mm across. They frequently surround 

irregular staurolite crystals (see Plate 25 a). In some 

cases the sillimanite crystals appear to be forming from 

the staurolite. They grow away from the edge of the 

staurolite crystals but do not penetrate the staurolite 

crystals. Sillimanite and kyanite were not seen together. 

Staurolite ./ 



Staurolite. 

The distribution of staurolite is the same as 

that described above for sillimanite. The crystals may 

be up to 2.0 mm across and usually show hypidioblastic or 

idioblastic shape. In some cases the crystals have large 

embaymens and elsewhere the crystal boundaries are ragged 

and surrounded by muscovite. 

Kyanite. 

KyanitG is rare and was recognised in hand sped-

men at one locality in semi-pelitic gneiss, between Loch 

nam Paitean and Lochan na Caillich. It appears in several 

thin sections as small hypidioblastic acicular crystals up 

to 2.0 mm long and is usually associated with staurolite 

and muscovite. 

Tourmaline. 

Idioblastic and hypidioblastic porphyroblasts of 

tourmaline are locally quite common and show weak pleochr-

oism from brownish yellow to gre:nish yellow. Some crystals 

have muscovite and hiotite inclusions In the core. 

Apatite. 

Apatite is a widely distributed accessory mineral 

occurring as acicular, Idioblastic, small, crystals. It 

is not very common. 

cl)/ 
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d). The Roshven Pelitic Group (continued). 

ii). Semi-pelitic gneisses. 

With increase in the amount of quartz and feldspar 

and decrease in muscovite and biotite, pelitic gneiss 

grades into semi-pelitic gneiss. Semi-pelitic gneiss is 

usually pale grey in colour and is banded with dark coloured, 

inconstant, lenticular folia of biotite and muscovite. 

Pale grey semi-pelitic rock carries a variable amount of 

small muscovite and biotite crystals which are frequently 

poorly oriented parallel to the neissosity. Muscovite may 

also occur as randomly oriented porphyroblasts up to one 

inch across scattered throughout the rock. 

In addition to the dark lenticular folia formed 

by micaceous minerals there are light coloured quartz felds-

par C olia that are also lenticular in cross-section. These 

also follow the gneissosity and are frequently of irregular 

shape. 

Rocks of this type are usually massive and do 

not split readily along the foliation. Fresh surfaces 

frequently have a silvery lustre due to muscovite. Garnets 

occur in variable and sometimes considerable amounts. Since 

this rock is very similar to the pelitic gneiss described 

above/ 
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above it will not be re-described-An detail. 

In addition to the massive semi-pelitic gneiss 

described above there is a coarsely banded semi-pelitic 

gneiss. This rock is made up of alte:nating bands of 

psammitic ranulitic schist and pelitic gneiss. The bands 

are persistent and can be traced for considerable distances 

along the strike. This is again a variable rock type and 

with decreasing thickness of psammitic granulitic schist 

bands, it jrades into pelitic gneiss. With decrease in the 

thickness of the pelitic gneiss bands the rock becomes a 

flaggy granulitic schist with thin pelitic partings. This, 

in turn, grades into massive psammitic granulitic schist. 

Coarsely banded semi-pelitic gneisses and schists 

are normally made up of alternating bands about three inches 

thick. 

d). The Ioshven Pelitic Group (continued). 

iii). Psaxnmitjc schists, 

ihe distribution of the main areas of psammitic 

schist is shown on the geological map at the back of the 

thesis (Map 1). In the field the rock ranges from a 

massive pale grey or white quartzitic psammitic schist, to 

a flaggy quartz-feldspar-muscovitebjotje psanimite that 

weathers/ 
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weathers to a yellowish brown colour. In addition to the 

areas shown, thin psarnmitic bands that are frequently iso-

clinal fold cores, are widely distributed in the pelitic 

gneiss. 

Under the microscope the psainmitic schist is seen 

to be recrystallised rock and is predominantly :de up of 

quartz and feldspar with subsidiary amounts of muscovite 

and biotite. 

Quartz. 

Xenohlastic inequigranular crystals of quartz 

with smooth rounded boundaries show tessellate structure. 

The crystals may be equidimensional or elliptical in cross-

section and both strained and unstrained varieties are 

common. The average crystal size varies from 0.2 mm to 

about 0.+ mm in diameter but crystals measuring 1.0 mm across 

are not uncommon. 

Feldspar. 

The feldspar is plagioclase with a cowposition 

that falls near the oligoclase-andesine boundary (A 30 ). 

It occurs as xenoblastic, smoothly rounded, inequigranular 

crystals, and forms tessellate texture with quartz. 

Lamellar twinning on the albite law is common. 

Crystal/ 
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Crystal size varies from very small to about 

1.0 mm but the average dimension is between 0.2 and 0.5 mm. 

Some crystals are fresh but the majority show 

alteration to sericite around the periphery and along 

cleavage. Complete sericitisation occurs in some cares. 

The larger feldspar crystals frequently have 

smoothly rounded quartz inclusions. 

Micas. 

Biotite occurs as hypidioblastic, ragged lath 

shaped crystals that may be up to 0.5mm long and show 

p].eochroism from very pale brown to reddish brown or red. 

The crystals are randomly oriented and occasionally have 

inclusions surrounded by pleochroic haloes. 

Muscovite is not common but may occur in the less 

quartzitic psammitic granulites as porphyroblasts up to 

5.0 mm across. 

MO  

The yellow variety of epidote showing 1.:cak pleo-

chroism and bri.ht interference colours, occurs as an 

accessory mineral. 

d). The Roshven Pelitic Group (continued). 

iv). Hornblende schists. 

This/ 
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This rock type was only found in pelitic gneiss 

of the Roshven Pelitic Group. It is most common to the 

north and northeast from the summit of Sgurr Domhuill Mor, 

but is also found at many scattered localities throughout 

the main outcrop of this group. 

In the field hornblende schist occurs as bands 

and lenticular pods that may vary in thickness from three 

or four inches up to four feet. They frequently occur as 

fold cores that formed during the first period of folding. 

Schistosity in the hornblende schist is parallel to the 

foliation in surrounding gneiss. It is an axial plane 

cleavage schistosity formed during the first period of 

folding. 

In hand specimen the schists are nearly black. 

In some rocks the hornblende needles are alie;ned sub-

parallel to one another imparting a good lineation on the 

rock. The schists are frequently studded with quartz-felds-

par encrusted garnets that appear as pale grey knots up to 

one quarter of an inch across. 

Under the microscope the schist is scan to be 

predominantly hornblende showing nematoblastic structure. 

Garnet porphyroblasts are often abundant and interstitial 

quartz! 
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quartz and feldspar varies in amount, 

Hornblende. 

Massive hypidioblastic or idioblastic crystals 

of hornblende measuring +.0 mm in length and 0,7 mm in 

width appear as large bladed crystals. Pleochrojsm isi 
x 	 Y 	 z 

pale brown 	greenish 	dark green 

The crystals are usually fresh and many have rounded inclus-

ions of quartz. Small idioblastic crystals of sphene and 

fragments of black iron mineral are also included in horn-

blende. 

Uarnet. 

Xenoblas tic .arnet porphyrobiasts havc very 

irregular shape and may be up to 5.0 mm in diameter. They 

show poeciloblastic structure with many inclusions of 

quartz, feldspar, sphene, biotite and Iron mineral. In 

most garnets the inclusions have random distribution, but 

occasionally a parallel banding can be recognised. 

4uartz. 

The amount of quartz varies but it is

' 

 :-enerally 

small, occurring in the interspaces between hornlende 

and as occasional aggregates of quartz-feldspar mosaic, 

The/ 
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The averaLe size of the crystals is 0.3 mm but some measure 

up to 1.0 mm. Both strained and unstrained crystals are 

common. 

Feldsar. 

The feldspar is plagioclase of labradorite comp-

osition (A 54 ) and occurs as small xenoblastic crystals 

filling the iterspaces between hornblende, or around 

garnet porphyrohlast3. It is never very common and is 

usually sericitised. 

Biotite, 

liotite occurs in small amounts and is usually 

aligned parallel to the schistosity. P].eochroism is from 

pale brown to deep yellowish brown. 

Lozenge shaped cross-sec ions of sDhene and 

irregular blebs of opaque black iron i4neral are common 

accessories in the hornblende schists. 

d). The Roshven Pelitic Group (continued). 

v). Calc-silicate granulitic schists. 

Caic-silicate granulitic schists are widespread 

in the Roshven Pelitic Group but are most abundant in 

coarsely banded semi-pelitic gneiss where they occur as 

pale grey ribs about two inches thick. In hand specimen 

quartz, 
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quartz, feldspar and pale brown garnet can nearly always 

be recognised; in some rocks hornblende can also 1e ident-

ified. 

.ivartz. 

The bulk of the granulitic schist is made up of 

quartz and feldspar. uartz occurs as xenoblastic crystals 

that are usually equidimensional and inequigranular, ranging 

in size from small to plates 0.6 mm in diameter. ihe 

avera:e grain size is about 0.3 mm. It forms a closely 

interlocking mosaic with feldspar and imparts granoblastic 

structure to the rock. In some thin sections the crystal 

boundaries are smooth and rounded and the texture is tessel-

late. Joth strained arid mstroined crystals are common. 

Felds ear. 

'he f?1dspar is plaioclase of bytownite compos-

ition (An 85 4 15 	It is always present and usually 

occurs in about the same abundance as quartz. The crystals 

are xenoblastic, equidimensional and inequiranular and may 

reach 1.0 mm in diameter; the average crystal size is about 

0.4 mm. Rounded inclusions of quartz are found in the 

large crystals. The amount of alteration varies from un-

altered crystals through every gradation to completely 

sericitised crystals. 

Amohibole .1 
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Amphibole. 

Hornblende is the most common amphibole present 

and usually occurs as massive porphyrobiasts up to +.0 mm 

long. The porphyroblasts are randomly oriented and are often 

seen in aggregates associated with zoisite and garnet. 

Massive crystals are idloblastic or hypidioblastic, but in 

some rocks poorly formed ragged porphyroblasts show poecilo-

blastic structure. Pleochroism is moderate or strong: 

X 	 Y 	 z 

pale brown 	greenish 	dark green 

In addition to the m:ssive hornblende crystals 

described above, there are small fibrous crystals of green 

actinolitic amphibole that rarely exceed 0.3 mm in length. 

This fibrous amphibole is of restricted distribution and 

frequently occurs near pyroxene crystals. 

Cljnppv-rpxerje. 

Cilnopyroxene is not very well developed and 

occurs as colourless poorly formed poeciloblastic crystals. 

The crystals are randomly oriented and sometimes occur in 

aggregates. 

Siarne t. 

Xenoblastjc garnet 1 orphyroblests measuring up to 

5.0 mm in diameter are very common. The crystals show poec-

iloblas tic structure and have spongy appearance with many 

inclusions/ 
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inclusions of quartz, feldspar, amphibole and clinopyroxene. 

The refractive index was found to be 1.751 indicating 

grossularite composition. 

Zoisite. 

Hypidioblas tic crystals of zoisite showing anoma-

lous "Berlin blue" interference colour are common. The 

crystals are usually poorly formed and are equidimensional 

or sliThtly  prismatic. 

SDhene is a fairly common accessory mineral and 

biotite is occasionally present. Opaque black mineral 

occurring as irregular shapedmasses aci small lath shaped 

bodies is also common in some rocks. 
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II. STRATIGRAPHY AND PETROGRAPHY (continued). 

f, INTRUSIVE RUCKS 

Foliated biotite rnite dykes are restricted to 

the eastern part of Moidart. The largest of these dykes is 

about 120 ft. thick and is well exposed on the north slope 

of Sgirr Doinhuill Mar. There is a tendency for dykes of 

this type to follow the foliation in the pelitic gneiss, 

but some are seen to be transgressive *  Also confined to 

the eastern part of the area niapped, and extending as far 

west as Loch Ard &Phuill there are pegmatite intrusions 

that may :oasur up to 100 ft. in ;iiickris. quartz, 

feldspar aid .:uscovite arc' very CO11iOfl nuiJuaiy of he 

pegmatites also contain garnet. J3iotlte and apatite were 

found near the eastern margin of the area mapped. 

Lamprophyric dykes oftapinite" type, :hich are 

thought to be of Lower Old Red Sandstone age s  (see P. 22 ) 

may be common loa1ly and kersantite-spessartlte lampro-

phyres trending east-west occur to the north of the North 

Channel of Loch Moidart, One such dyke was traced for over 

two miles (see np 1 ) from near Loch iia L)raipc to the south-

west corner of the peninsula. 

Quartz-dolerite/ 
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uartz-do1erite bosses are usually e1onted in 

an east-west direction and are most common in the southern 

part of Moidart. J.E. Richey (Summary of Proress 1930, 

p. 61+)  has referred to the xenoliths of quartzite frequently 

found in this type of intrusion. This feature is illustr-

ated in Plate 3 a. 

North-south trending Tertiary dolerite and 

basalt dykes are a feature of the area mapped. The dykes 

are well exposed along the coast (see Plate 3 b) and can 

freque'tly be traced inland as persistent x!lges. They 

were seen cutting through east-west trending lamprophyre 

at two localities. 
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III. STRUCJJUFE 

1. INTRODUCTION 

a). 6ummary of Results. 

Four significant fold movements are recognised 

in the area mapped. These are designated F,, F2 , F3  and 

F 4 . The style, distribution and effect of each of these 

fold movements is described in turn. A summary of the data 

recorded during field work is shown on the Structural Map 

at the back of the thesis (Map 2). The area mapped is 

divided into sixteen sub-areas and the field observations 

within these sub-areas are shown on stereograms, (see 

Fig. 2Lf). 

The earliest fold movement formed isoclinal 

"Similar type" minor folds the axial planes of which para-

llel the foliation and bedding-schistosity. No major folds 

of this generation were found. Detached psammitic isocline 

cores occur as tectonic inclusions within pelitic rock. 

In psamsnitic schist minor isoclinal folds vary in size from 

small folds to large isoclines where one hinge can be traced 

continuously for thirty feet. Lineated quartz rods and 

lineation parallel to F 1  folds occur in the west of the area 

mapped./ 
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mapped. The present regional foliation and bedding-sehisto-

sity were formed at this time. ihe writer is of the opinion 

that this fold movement may have formed major nappe type 

folds, such as W.Q. Kennedy (195+9 issued  1955) postulates 

in Morar, but none were found in the area studied. 

Following the period of isoclinal folding, there 

was an episode of tight asymmetric "Similar type" folding, 

that produced major folds such as the Glenuig Antiform; 

Lochan a'Mhuilinn Synform; Lochan na Caillich Antiform and 

Sgirr Domhuill Mr Antiform. Over much of the area studied 

the present foliation and bedding-schistosity orientation 

is related to these folds. The axial planes of F2  folds 

are nearly vertical in the east of the area mapped and dip 

gently to the east in the west. Over most of the area, 

F2  fold axes are nearly horizontal but near the eastern 

boundary the axes plunge steeply to the south. Minor folds, 

axial plane cleavage and lineation, related to this fold 

movement are widespread. The minor folds are of variable 

shape but are usually tight and show good "movement sense". 

They are often disharmonic and in some areas fold shape has 

been greatly influenced by lithology. 

Axial plane cleavage in F. folds has imprinted a 

new foliation on pelitic rocks at some localities. In the 

east/ 
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east of the area mapped quartz-feldspar veins frequently 

occur in this axial plane cleavage orientation. 

Major and minor F2  folds refold F1 i.sociines. 

Lineation related to F2  folding, overprints F 1  lineation 

and F1 quartz rods. Quartz rodding related to F2  folds 

cuts earlier rodding. Axial structures foi'med during the 

first fold movement are reoriented durin the second move-

ment to come to lie along a great circle when plotted on a 

stereonet. The direction of tectonic transport of the 

Ulenuig Antiform plunges at about 40 0  to the east. 

Evidence of the third fold movement is restricted 

to the eastern part of the area mapped. Major folds formed 

at this time are the Lochan Meall a'Mhadaidh Synform and the 

Loch nam Paitean Antiform. 10th trend north-south in the 

north, and swing round to northwest-southeast trend in the 

south. The axial planes dip at 80 0  to the west in the north, 

and 450  to the southwest in the south. 

Minor folds related to the major F 3  folds are 

abundant and are of "Similar type" (see p. 24). The style 

of the minor folds varies from very tight to open and 

"movement sense" is generally apparent. The tight minor 

F3  folds occur in the vicinity of the tight major Synform 

while! 
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while open minor folds are related to the open Loch nam 

Paitean Antiform. This supports findings of previous 

workers that minor folds resemble related major folds in 

style and orientation. Mica crinkling with the axial planes 

of the "crinkle" folds parallel to axial planes of F 3  minor 

folds, occurs In pelitic gneiss to the southeast from Loch 

nam Paitean. 

After the second generation of folding the folia-

tion and bedding-schistosity were left contorted. It was 

on these contorted surfaces that F3  folds were formed. 

As a result of this, although the orientation of F 3  axial 

planes may remain constant, the F3  minor fold axes show 

considerable variation in plunge. 

Axial plane cleavage develops in semi-pelitic 

rock near the hinge of Lochan Meall a Mhadaidh Synform, 

and imparts a new foliation (33 ) in this area. There is 

no visible F3  cleavage in psammitic rocks. 

F3  major and minor folds refold F 1  minor folds 

and F2  major and minor folds. F2  axial structures are 

rotated by F3  folding to come to lie along a great circle, 

The direction of transportation for F3 , plunges at 250  to 

3 1+3 0  (see p.140). The F3  major folds were probably formed 

by! 
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by a movement in which the west of the area moved north, 

relative to the east of the area. 

The only major folds formed during the fourth 

fold movement occur on the ridge between Loch Shiel and the 

Moidart River, near the southeast corner of the area mapped. 

The axial lanes of these folds have very regular orient-

ation and dip at 750  to 2950.  Related minor folds with 

open style are common in pelitic rocks in the east of the 

area, but rarely penetrate into the Upper Psammitic Group. 

Mica crinkle folds, with axial planes parallel to the 

axial planes of F4  minor folds are widespread throughout 

the ioshven Pelitic Group. 

F1, F. and F8  folds are refolded b the fourth 

fold movement. Near the summit of SgiIrr Domhuill Mar, 

F2  minor fold axes are rotated by F4  minor folds, to lie 

along a great circle. F 4  was a "Similar type" movement 

in this area and the direction of tectonic transport for 

F4  plunges at 70 0  to the southwest. Where F2  minor folds 

are refolded round the major F 4  folds, on Ceann Loch 

tJachdrach I  a stereographic projection showed that the F2  

axes do not lie on a reat circle or on a small circle. 

F4  folding in this area may have been part "Concentric 

type"! 



10 6. 

type" and part "Similar type". ithe author is of the opinion 

that originally flat plunging F2  fold axes were tilted Into 

the steep plunge that they have in the east of the area 

studied, during the fourth fold movement. 

'No fold movements of uncertain age are described 

and their significance in the structural history of Moidart 

is discussed. The first of these movements to be described, 

has formed a number of monoclines which warp F. fold axial 

planes. The second movement to be described formed folds 

with more brittle style than any of the previous movements. 

Jointing, faulting and discoloration in the Upper Psammitic 

Group, occurs along the axial planes of the brittle folds. 

Mica crinkle folds in the west of the area mapped, have 

axial planes which are parallel to the axial planes of the 

brittle folds. 

A summary of the results is given in the table 

Fig. 5, and Fig. 6 shows the axial plane trends of the 

major folds mapped. 

b). Procedure. 

tructura1 analysis necessitates recording a 

large number of observations on the orientation of minor 

structures. To facilitate handling the data recorded 

during mapping, the area was initially divided into a 

grid/ 



TYPE OF DIRECTION OF 
FOLD SYSTEM DISTRIBUTION  MAJOR 	FOLDS STYLE 

FOLDING TECTONIC TRANSPORT 

'5 Regional None lsoc/rno/ S/rn//ar 

Glenuig Ant/form Plunges 	at 4cf to the 	east 

F Pegional 
Lochan 	o'Mhu//,nn 	Syn form 

Tight Similar 
calculated 	on 	the 	Glenuig 

£ Lochon na Caii,ch 	Antiform Antiform 

Sgirr Domhui// 	Mi,r 	Ant/form 

Restricted 	to 	the Lochan Meal,' o'Mhada/dh 	Synform Tight 
F3 

east 	of 	Mo/dart Loch 	nom 	Paiteon Ant/form Open 
Similar Plunges 	at 25 	to 	the 	north 

Roshven Pc/it Ic 	Group Ceann Loch 	(iacho'roch 	Fold Open 
Similar a 

Plunges at 700 to the southwest Concentric 

Mon oclines Regional None Monoclino/ Concentric? 

Brittle 	tblds Regional None 	 - 	 - - - Open Brittle 

r'f 
0 	TABLE SC/MMAH/5/NG 7HE 	 OF THE STRUCTORAL ANALYSIS 
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grid of one quarter of a square mile units. Each topo-

graphic feature within each unit was located from aerial 

photographs, transferred to the map, and nuni'vered. Th2 

features were copied into a field notebook. Geological 

boundaries were drawn on field maps in the field, but 

structural data was recorded in the field notebook and then 

transferred to the maps later. 

During field work, structures of the same fold 

movement were mapped and recorded together, and were dist-

inguished from those of a different fold movement. Style 

and trend enabled this to be done. Related structures 

were plotted on the field maps in the same colour of ink, 

and each set of structures was assigned a different colour. 

When the relationships between the sets of structures were 

discovered, a sequence of episodes of folding was establish-

ed. This was then correlated with the colours assigned to 

the structures on the field maps. 

c). Structures observed. 

The structures observed are described below. 

A brief statement of how they were measured and the signi-

ficance of the structures in the area mapped is given. 

Structures have been divided into: 

i). Planar structures and ii). Axial structures. 
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i). Planar structurus. 

a). Foliation and bedding-schistosity (s-planes). 

Measurement of the orientation of s-planes was carried out 

using a liquid prismatic compass and a clino-rule. 

The earliest s-plane seen in the rocks i. the 

original bedding; this has been called s. This has largely 

been modified during the first fold movement to form bedding-

schistosity and foliation, in the axial planes of the first 

folds (s1 ). Since the first fold movement is isoclinal 

a is usually coincident with a, but departures from this 

occur at the hinges of isoclinal folds. 

Pelitic gneiss found in the Roshven Pelitic 

Group is sometimes massive and shows little tendency to 

split along the foliation, but over most of the area the 

rocks weather to expose the foliation and bedding-schist-

osity. This has been widely mapped and the data are 

recorded on stereo,rams in Fig. 2+. 	Poles to foliation, 

when plotted on a stereonet, normally lie along a great 

circle in folded areas. The normal to this great circle 

coincides with the axis of folding (McIntyre, 1951, Ps68). 

Foliation develops in the axial planes of F2  

and F3  folds; these surfaces have been designated s2  and 

S8. 
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b). Axial planes. Wherever possible a large 

number of fold axial planes were recorded. In areas of 

repeated folding axial plane measurements assume a special 

significance (see Clifford et. al., 1957).  Where the first 

folds are not isoclinal the attitudes of the axial planes 

of the folds are more-or-less constant but the bedding or 

foliation is left in differing orientations depending upon 

their positions on the folds. The effect of refoldin: on 

this situation has been discussed by L.E. 'ieiss (Weiss, 1959). 

The axis of folding of the early fold axial planes will be 

constant, but the fold axes formed by refolding the already 

folded foliation, vary. The variable foliation fold axes 

aid the constant axial plane fold axis all lie within the 

axial rlane of the later folding. 

Where refolding has taken place more than once, 

foliation may be so contorted as to be of little value as 

an aid to 'Torking out the geometry of folding. By tracing 

axial planes in areas of repeated folding, it is possible 

to work out the sequence of events in the structural history. 

The relative ages between fold movements can be determined 

when one set of minor folds Is seen to refold the axial 

planes of an earlier set. Where refolding on the minor 

scale is not seen, relative age can be ascertained by 

tracing/ 
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tracing the axial planes of early folds round later major 

fold hinges. In such cases Ghe axial plane trend of the 

later structures will remain constant s  while the trend of 

the early fold axial planes varies in such a way that when 

the poles to the axial planes of the latter are plotted on 

a stereonet, they lie along a great circle. 

c). Axial plane cleavage. 

This planar structure was not as useful as fold 

axial planes, in Moidart. Cleavage is not always developed 

and is sometimes restricted to certain rock types. In areas 

of repeated folding cleavage may be overprinted; it may 

also be destroyed  by recrystallization during metamorphism. 

It was found that, provided a sufficient number of fold 

axial planes could be measured, axial plane cleavage orient-

ation need not be recorded. Presence of axial plane 

cleavage is an important feature of fold style and its 

occurrence should always be noted. Folds that show cleavage 

are of "Similar type". 

Ii.). Axial structures. 

a). Fold axes. 

Axes of minor folds are often well exposed in 

Moidart and minor folds can be correlated with genetically 

related/ 



11]. 

related major folds. Parallelism in style and orientation 

between major and minor folds occurs through the complete 

range of scale, from minute crinkling of the foliation, 

to large minor folds and ultimately to major folds. 

Two procedures were followed in measuring the 

orientation of fold axes. Where an axis had shallow plunge 

an accurate bearing measurement could be obtained by sight-

ing along the fold hinge with a compass. The inclination 

of the axis was measured in the vertical plane. Where the 

plunge of the fold axis was steep it was difficult to obtain 

an accurate measurement of the bearing of the axis by sight-

ing down the hinge. It was found that more accurate results 

were obtained by first measuring the orientation of the fold 

axial plane. Then, with the mapping case aligned in the 

axial plane orientation, the pitch of the fold axis in the 

axial plane was measured. The inclination and orientation 

of the axis was calculated from a stereonet, using the 

observations recorded. 

b). Lineation. 

Lineation parallel to the fold axes (I lineation) 

is ubiquitous throughout the area. As was the case with 

fold axes, two procedures were adopted in measuring the 

orientation of lineation. Where lineation occurred on a 

flat/ 
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flat lying surface, or had shallow plunge on a steeply 

Inclined surface, the bearing and plunge were measured. 

Where steeply plunging lineation occurred on a steeply 

inclined surface the orientation of the surface and the 

pitch of the lineation in the surface plane, was measured. 

The plunge and bearing of the lineation was then calculated 

from a stereonet, 

Three types of lineation occur: 1). mineral 

eli:nment, 2), cleavage and foliation intersection and 3). 

crinkling or corrugation of the foliation and bedding-

schistosity. lafore lineation can be used in the structur-

al analysis it must be related to the fold movement during 

which it formed. This can usually be done satisfactorily 

by finding folds with which the lineation is seen to be 

related (see Plate + b). Since there Is rarely more than 

one lineation preserved In any small area, it is possible 

to infer to which fold movement a lineation should be 

assigned, by studying the lineation and comparing it with 

nearby fold/lineation associations. Variations in style 

of the 1.ineations are useful aids in assigning lineations 

to their related fold episodes. 

c). iodding. 

quartz/ 
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quartz and quartz-feldspar rods are common. 

More than one generation of rods occurs and occasionally 

one rod can be seen cutting across another, forming a 

quartz cross, (see Plate 5 a). In such cases It may be 

possible to obtain a relative age relationship between the 

two rods. It can be seen in Plate 5 a that the rod plunging 

south cuts through and Is ther'fore younger than that 

plunging north. The two rods are alike and where two systems 

of quartz rodiing are nearly parallel it is usually impos-

sible to distinguish one from the other. With the exception 

of the west and southwest of the area mapped, little use is 

made of rodding. 

Quartz-feldspar Prods occur in the east of the area 

mapped. In addition to the quartz-feldspar rods, a feature 

that resembles rodding occurs where pelitic gneiss, which 

is made up of alternating biotitic and quartz-feldspar bands, 

is crinkled. Where the foliation is exposed, rid , ,- es of 

crinkled micas weather off, exposing the undelyinp quart' - z.-

feldspar band. This gives the appearance of quartz-feldspar 

rodding parallel to the mica crinkle fold axis. 

d). floudilnage. 

Current ideas on the origin and nomenclature of 

boudinage have been discussed by N.rast (1956). This 

structure/ 
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structure is found in Moidart Ilcar the eastern boundary of 

the area mapped (see Plate 5 b). "Barrel-shaped" boudinage 

is formed in psainmitic bands in the ioshven Pelitic Group, 

on Ceann Loch lJachdrach. A similar type of structure but 

with more elongate cross-section, in which the psammitic 

band is enclosed as a "tectonic inclusion" in pelitic gneiss, 

is found on Sgrr Domhuill Mar. The term "tectonic inclus-

ion" is suggested by N. Rast (196) to include "any isolated 

body which has been held to be formed by the tectonic dis-

ruption of any originally more or less extensive layer". 

quartz veining occurs in the neck between adjacent 

boudins and can be seen penetrating short distances into 

the psammitic rock. Boudinage formed during the second fold 

movement. It is not a widesread structure and is not used 

in the structural analysis. 

e). Mullion structure. 

Bedding or fold mullions (Wilson, 1953),  occur 

In the area mapped, where isoclinally folded psammitic bands 

break off, to form tectonic inclusions In pelitic rocks. 

This Is a common structure in the Roshven Pelitic Group and 

is usually associated with the first fold movement. It 

is not mapped separately as mullion structure but is 7rouped 

with the observation of isocline fold hinges. 
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III. 8 TRUCTUIE 

2. 	FL FIRST FOLD i1OVEIENT (F, ) 

The earliest folding recognicd formed long limbed 

isoclines the axial planes of wiich parallel the foliation 

and bedding-schistosity. The present regional foliation 

(s,) was formed during this fold mvement and represents 

the axial .:lane cleavage of isoclinal folding. In psammitic 

rock, where original bedding is still preserved, the foli-

ation is usually coincident with the bedding, sometimes 

producing a flaggy appearaice (see Plate 6 a). Wherever 

rfoi.ding occurs the isoclines are seen to he the earliest 

folds and axial planes of isoclinal folds can he traced 

round major second fold hinges. 

No major Colds of this movement can be recognised 

within the area mapped. It may be that what appear to be 

stratigraphic irregularities are structizral effects caused 

by isoclinal duplication or limb attenuation. An example 

of this occurs in the west of Modart where the western out-

crop of the Striped and Pelitic Group shows considerable 

variation in thickness over a strike distance of two miles 

(see p. 7 and p. 41 	Many minor F, structures occur in 

this/ 
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this area and it may be that they indicate the presence of 

a large F, fold that has been obscured by subsequent move- 

ment. 

Absence of marker horizons and the scarcity of 

sedimentary structures in the Upper Psanmitic Group, make 

it difficult to detect 1on: lixnbedisoclinaJ. folds. 

Towards the eastern limit of the Upper Psammitic Group, 

south of Loch nam Paitoan, long isoclines of pelitic gneiss 

can be seen interdigitated with psammitic schist. These 

isoclines are of F1 age and it is possible that the alter-

nating psamnitic and pelitic assemblage seen in the Roshven 

Pelitic Group is the re-suit of isoclinal folding, but this 

has not been proved. In the east of the area mapped, minor 

structures formed during the first fold movement are largely 

obliter3te:IL by post-Ft refolding, recrystallization and 

i:i..atizaiion. Thus minor structures are rarely seen and 

so do not assist with the problem of locating major isoclines. 

F, minor structures. 

F, minor structures are i.ost abundant in the 

Low--r Psammitic, the Striped and Pelitic, and the basal 

members of the Upper Psarnmitic groups, in the western part 

of the area mapped. A mineral elongation lineation is still 

well! 
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preserved in this area. In thin section quartz c rains 

are seen to be about twice as long as they are broad and 

this feature is resonsib1e for the lineation on the bedding-

schistosity. Parallel with this lineation there are 

lineated, isoclinally folded, 4:Lartz rods, (see Plate 6 b). 

1h3 foliation in the rock is parallel to the axial planes 

of the isoclinal rods, and the lineation is parallel to the 

fold hinges. 

Iio types of rods occur, they show variable cross-

section, (see Fig. 7). One type consists of a solid core 

of quartz, with thin stringers tapering off, along the foli-

ation (see Fig. 7 a). Another type commonly developed 

consists of detached small fold hinges (see Fig. 7 b). 

The latter tend to be more common in semi-pelitie rocks 

while the former occur frequently in both psammitic and 

pelitic rocks. iodS often occur in -reat abundance within 

two feet thick layers of psanunitic schist, and occasionally 

the remains of a reticulate pattern, now distorted to give 

isoclinal quartz rods, can be recognised. The quartz may 

have been injected into the rock, or formed as a result of 

segregation, but F 1  movement has reshaped It into the 

tectonic feature .-iow preserved. 

mi 
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In the west of Moidart isoclinal folding of the 

compositional banding is less common than quartz rods and 

lineation. Axes of the occasional isoclines are seen to be 

parallel to the cuartz rods and lineation. The folds 

always show marked limb attenuation and hinge thickening 

indicating that they arc of "Similar t:pe",  (see Fig. 7 c). 

Folded compositional bading is best seen in the 

pelitic rocks of the Striped and Pelitic Group where psani-

mitic bands and occasional caic-silicate ribs are isoclinally 

foldd. Folds can also be found in the psaimnitic rocks of 

the Lower and Upper Psammitic Groups and are often sharp 

pointed, with extreme limb attenuation. iiecrys tall ization 

has "welded" these folds into the rock and they can only be 

detected as "shadow" structures that are usually only 

visible in two dimensions. It is very rarely possible to 

measure the orientation of the fold hinge. Where semi-

pelitic bands are folded with psainmitie rock, the contact 

between the two rock types in the hinge area, frequently 

becomes diffuse, (see Plate 7 a). 

F1 isoclines are not very co.,.-non in the Upper 

Psaramitic Group just east of Glenuig but are more frequent 

near the eastern li2it of this group. The isoclines again 

show the features described above, limb attenuation, hinge 

thickening,/ 
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thickening, and with axial nlancs parallel to the bedding-

schistosity, (see Plate 7). Hinge areas show considerable 

variation in shape and it is frequently found that a tightly 

folded blunt hinge, when traced along the axial plane, 

becomes drawn out to a long tapered point (see Fig. 7 c). 

In some cases movement may be sufficient to shear out a bed. 

In such cases, considerable movement may have taken place 

along the bedding-schistosity (see Fig. 7 c). 

Near the eastern limit of the Uper Psaxnmitic 

Group, in the vicinity of Loch nain Paitean, the-e is a 

tendency for F1 minor folds to occur in batches. One batch 

occurs due north of Lochan Meall a'Mhadaidh. In this area s  

F. folds have contorted the F1 axial planes; the F1 axes 

plunge to the south at 700  to 80 0 . In another batch to the 

northeast of Lochan Meall aMhadaidh, one axial plane can 

be traced (not in continuous outcrop) for over 100 ft. 

Here the axes plunge south at +50 . 
West of Loch nam Paitean isoclines of considerable 

size are found (see Plate 8 a). In one such fold the axial 

plane was traced for thirty feet. One horizon was only 

three feet apart after being traced thirty feet to the axis, 

then thirty feet back along the other limb of the fold. 

In this large minor fold there is no indication of a 

complimentary! 
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thirty feet long. 

F, minor folds are not preserved in pelitic rocks 

in the ioshven Politic &rup, 1:ut they can be seen in 

psanitic bands and ea1c-silic te ribs occurring within 

the predominantly pelitie rocks, (see Plate 8 b). They 

frequently occur as detached psammitic fold cores. 

Post-F1 folding has modified the trend of F1 

axial structures. In the west they make a large angle with 

F. folds ani can be seon refolded by the 	Antiform. 

To the east of Gienuig, around Lochan na Caillich F1 and F. 

folds are co-axial but th axial planes of F1 folds are 

seen refolded by F. folds, thus the orientation of axial 

planes together with the fold style, provide the criteria 

for distinguishing one set from the other. In the Roshven 

Pelitic Group F1 and F,, folds may be coplanar and co-axial 

and difficulty may arise in distinuishing one from the 

other. Evideace chat both F1 and F 2  folds occur In the 

Roshven Pelitic Group is found wacre F, axial planes can 

be traced round the hinge of the Sgürr Domhuili. Mr (F 2 ) 

Antiform. Also, occasional examples of an F2  Isocline 

refolding n i '  isucline, are found. This will be discussed 

later. Where tile rocks are least disturbed by folding and 

occasionally! 



121. 

occasionally preserve sedimentary structure, for example 

about one mile southeast of Glenuig Bay, F 1  axial structures 

trend northwest-southeast. This may represent the original 

orientation of F 1  fold axes. 

Conclusion. 

Minor folds formed during the first period of 

folding occur throughout the area mapped. Although no major 

folds were found, F1 was never-the-less a period of region-

al movement and caused local repetition of the stratigraphy. 

Its wider influence cannot be ascertained. This renders 

it impossible to estimate stratigraphic thickness in 

Moidart. 

The axial trend of the F1 minor folds is variable 

due to superposed folding. Where racks are least disturbed 

by later movement, and still preserve sedimentary structures, 

the axial trend is northwest-southeast. The regional 

foliation and bedding-schistosity was formed during F 11  

in the axial plane cleavage of F 1  folds. 
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III. STRUCTURE 

3. THE SECOND FOLD MOVEMEJT (F2 ) 

This fold movement formed the majority of the 

major folds folds found in Moidart, namely, Glenuig Antiform, 

Lochan a'Mhuilinn S )rnform, Lochan na Caillich Antiform and 

Sgirr Domhuill Mr Antiform. Minor structures related to 

these major folds are, folds, lineation, rodding, boudinage 

and cleavage. 8- and Z- shaped minor folds assisted in 

determining the location of major folds. The folds are 

of "Similar type" and axial plane cleavage is frequently 

well preserved; they vary in style from open to tight. 

a). Major F2  folds and associated minor structures. 

i). The Glenuig Antiform. 

This large fold trends north south and is over-

turned towards the west. It has an axial plane that dips 

at +50  to the east. The axial plunge is gentle throughout 

its length, and is inclined to the south in the north, 

reversing to plunge north in the south, (see Fig. 2+ and 

Map 2). The fold can be traced across Moidart from the 

North Channel of Loch Moidart to the south shore of the 

Sound of Arisaig. J.E. Richey (Summary of Progress, 1938, 

), first/ 
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first reported the presence of this fold and has commented 

on its significance (see p.11 ). Richey correctly referred 

to the fold as the Glenuig Anticline but the writer has 

adopted E.B. Bailey's more general nomenclature-antiform 

(Bailey, E.E and W.J. McCallien, 1937)2  to avoid confusion 

in areas where F1 isoclinal folding may have resulted in 

inverted sequence of rocks. 

Current bedding in the Upper Psaminitic Group 

about one mile southeast of Glenuig Bay (6839 767 ) indi-

cates that the rocks here are right way up (see Plate 2). 

This occurs on the gently inclined eastern limb of the 

antiform, which is delineated by the Striped and Pelitic 

Group east of Loch na Bairness. An associated large s- 

shaped fold can be seen outlined by the lower contact of the 

Striped and Pelitic Group (see Map 1). This Group passes 

westwards over the eroded hinge of the antiform and re-

appears as the inverted western limb, trending north south 

through Smearisary Hill. Inverted Upper Psammitic Group 

exposed along the western seaboard, dips at between 28 0  and 

60 0  under inverted Striped and Pelitic Group. The Lower 

Psammitic Group occupies the core of the antiform, The 

foliation trends north-south over most of the area under-

lain by this fold, (see Fig. 24 sub-areas 1 and 11). 

Minor/ 
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Minor folds genetically rolated to the Glenuig 

Antiform are best developed along the eastern limb, in the 

Striped and Pelitic Group. They also occur quite frequently 

in the Striped and Pelitic Group along the western limb, 

but are rare in the inverted Upper Psamniitic Group along 

the western limb. 

Some illustrations of F2  fold style in this area 

are given in Fig. 8 and in Plate 9. These illustrations 

show that the minor folds are of "Similar type" with dist-

inct limb attenuation, cleavage and hinge thickening. 

The scale of minor folding varies from minute "herringbone" 

crinkling (see Fig. 8) to large folds. Folds frequently 

occur together in great abundance and are usually asym-

metrical. Their 5- or Z- shape indicates the movement 

sense. 

Cleavage is widespread with folds of this gener-

ation and occurs in both psamitic and pelitic rock types. 

Plate 10 a shows axial plane cleavage in semi-pelitic rock 

between two psaininitic bands. The early foliation and bed-

ding-schistosity (s 1 ) 
is preserved within the psammitic 

rock and in semi-pelitic rock contiguous with the psammite. 

As the semi-pelitie rock is traced away from the psanimite, 

F2  axial plane cleavage imparts a new foliation s2 , that 

gradually/ 
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gradually supercedes S1 • Disharmony usually occurs at the 

expense of limb attenuation and hinge thickening in semi-

pelitic bands, (see Plate 10a). Convergence of the axial 

plane cleavage round the hinge of this fold can be seen 

where incompetent cleaved, semi-pelitic rock, thickened 

over the fold hinge, is pinched by the overlying psammitic 

band. Somewhat analogous structures are illustrated by 

de Sitter (19599 Figs. 169 and 237). 

On the limbs ofininor F2  folds cleavage which 

is parallel to the axial planes of the minor folds, may 

also occur, (see Plate lob). Development is again most 

conspicuous in semi-pelitic rock and occasionally the 

cleavage generates a new s-plane (se ), oblique to the 

regional bedding-schistosity (Si), (see Plate lob). 

East of the eastern outcrop of the Striped and 

Pelitic Group, F. minor folds can be seen in banded psam-

mitic schist of the Upper Psainmitic Group. In this rock 

type the folds are usually more open, but may be tight with 

marked limb attenuation (see Plate 11). Cleavage is well 

developed and lineation parallel to the fold axis is pro-

minent (see Plates ila and +b). Last of Glenuig Bay, a 

southerly plunging antiform, overturned towards the west, 

brings! 
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brings garnetiferoLis pelitic schist to the sur;ace, near 

Carn Mor (680 1  775). This rock is very similar to that 

immediately underlying the Upper Psanimitic Group. It 

outcrops as a belt approximately 150 ft. wide and closes 

to the south, west of Lochan Bealach ma Gaoithe (682, 768). 

The antiform is part of an asymmetric fold with movement 

sense in harmony with the Glenu.ig Antiform. his asym-

metric fold can be traced from near Loch a 7 Chairn Mhoir 

(680, 777) to the south coast of Moidart passing through 

sub-areas 2 and 12 (Fig. 24). 

In sub-area 2 the a:i.al plane dips due east at 

+0 0  and the fold axis plunges at 15 °  to 160 0  (see Fig. 2+). 

Minor fold axes and axial structures vary in orientation 

within the axial plane. To the south t  in sub-area 12 9  

the mean plunge reverses to become 10 0  to 10°  and the 

axial plane steepens to dip at 50 0  to 9+0  (see Fig. 2+). 

Both sub-areas 2 and 12 show good foliation girdles and 

this is largely due to the effect of F2 , but is also in 

part due to a series of north-south trending monoclines 

which warp F9  axial planes (see p.158). 

As the Upper Psammitic Group is traced eastwards 

into sub-areas 39 8 and 13 the bedding-schistosity planes 

steepen to dip at an average of 60 0 , eastwards. The gener-

al strike! 
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strike swings from west of north in the north, to east of 

north in the south. Because of the regular orientation of 

the bedding-schistosity, the poles group giving a maximum 

(see Fig. 2+). Although tight folding can be seen in the 

psarnmitic schists, no major folds are recognised. Instead, 

a series of small disharmonic folds of "Similar type" and 

variable style, develop. Alternating antiforms and syn-

forms cause one horizon to remain near the surface for 

consiLrable distances across the strike, ev2n though the 

dominant dip is about 60 0  to the east. 

In sub-area 3, F. axial planes dip at 50 0  to the 

east and axial structures plunge at 30 0  to 156 0 . To the 

south in sub-area 13, the axial planes of minor folds dip 

at 750  to 1000  and the axial structures plunge at 8 0  to 

80 (see Fig. 24 2  also Maps 1 and 2). 

ii) • Lochan a Mhuilinn Synform and Lochan na 

Caillich Antiform. 

These folds traverse sub-areas + and 9 9  also the 

western part of sub-area 5 and the eastern part of sub-

area 13.  Over most of their length the folds trend north 

south and have nearly vertical axial planes. In the north 

they plunge at about 250  to the south and reverse to plunge 

at/ 
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at 300 to 34° in the south (see Fig. 2+, sub-areas )+ and 9). 

Open minor folds, with cleavage and showing limb 

attenuation, indicate that folding is of "Similar type". 

Thin qirtz-fcidspir veins in the axial plane cleavage of 

the minor folds, occur in great abundance at some localities. 

In some cases the veins fan around the hinge, (see Plate 12b). 

Fanning such as is illu.ctrated is the normal pattern that 

develops when cleavage has formed perpendicular to stress 

(de Sitter, 1959,  p. 21+). This can be contrasted with 

the cleavage pattern over the hinge of the fold shown on 

Plate lOa. In the latter, heterogeneity in lithology has 

played an important part in controlling the axial plane 

cleavage orientation. 

Minor folds associated with the major folds are 

frequently disharmonic, (see Plate 13). An open bench 

shaped fold in psaimnitic schist encloses semi-pelitie schist 

Wit- 1-1 thin, highly contorted, psamxaitic bands. Considerable 

slip has probably taken place along the contact between the 

psamnitic and semi-pelitic schists. This style of folding 

is coon where rocks of varying coinposition are folded 

together. In more homogeneous rock such as the quartz-

feldspar 2anu1itic schist, seen southeast of Lochan na 

Caillich/ 
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Cai11ich folding is of much more regular style. 

8-shaped asymntetric minor folds occur to the east 

of the Lochan na Caillich Antiform. Beyond the thin strip 

of semi-pelitic gneiss that passes west and north of Loch 

nam Paitean, the minor folds are Z-shaped. This indicates 

that the semi-pelitic gneiss occupies the trough of an F 2  

synrorm. This synform has been refolded during F3  (see 

pp.139-141 ). East of this synform, there is an antiform, 

also refolded during F3  • South of Loch nam Paitean the 

Hoshven Pelitic Group can be seen passing over the hinge 

of this antiform and the topography, together with this fold, 

have formed the small outlier of Roshven Pelitic Group that 

caps the hill to the southwest of Loch nam Paitean (see Map 1). 

North of Loch nam Paitean the synform mentioned 

above, with semi-pelitic gneiss in its trough, plunges to 

the south and the semi-e1itic gneiss is seen to thin out 

towards Gleann Dubh. 

The structure of this area indicates that, with 

respect to the second fold movement, the ioshven Pelitic 

Group is structurally higher than the Upper Psamrnitic 

Group, The effect of F, on the inter-relationship between 

the Upper Psammitic Group and the Roshven Pelitic Group is 

unknown,/ 
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unknown, and the absnce of sedimentary structures iakes 

it impossible to give a definite order of deposition between 

these two ,roups. 

Sgirr Donthuili Mr Antiform. 

There is a clearly defined antiform of F. age, 

in the Roshvefl Felitic Group, on Sgirr Dcrihuill Mr. This 

aitiform trends north-scuth and has a neerly vertical axial 

plane; it plunges to the south at about 70 0 . A tightly 

folded psammitic band about 250 ft. thick on the limbs of 

this antiform is thickened to about 800 ft. over the hinge. 

The fold can be traced south, to Ceann Loch TJachdrach, 

where a politic band in the Roshven Pelitic Group thins 

from 2 1 000 ft. to 300 fto as a result of this major fold. 

ihe axial plane trend is shown on Fig. 6, (see also Map 2). 

nor folds related to this major fold are of 

"Similar type" and are comnon throughout the area of the 

:oshven Pelitic Group. Coarsely banded rock made up of 

alternating psainnitic and seii-pi1itic ribs show the struct-

ures most clearly. Axial plane cleavage is usually well 

developed in both psainmitic and semi-pelitic rocks, and micas 

in the semi-pelitic bands are frequently aligned in the 

axial plane cleavage orientation. Elsewhere, the micas form 

very/ 
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very tight small "crinkle" folds, the axial planes of which 

parallel the axial planes of F2  minor folds. ihe minor folds 

are frequently disiarmonic with one fold developing from an 

open roll to an asymmetric fold, and occasionally to an iso-

cline, along an axial plane distance of six feet. The axes 

of minor antiforms can be seen converging and eventually 

merging, to continue as a single antiform eliminating the 

intervening synform. 

Limb attenuation and hinge thickening occurs in 

both psammitic and pelitic rocks. Minor F 2  folds are not 

well preserved in pelitic gneiss. Where they do occur s  they 

are usually very tight and have disharmonic shape. In banded 

pelitic and psammitic rocks, a new foliation (s2 ), induced 

in pelitic rock by F29  can he seen meeting the compositional 

layering, at varying angles. 

Between Sgurr Domhuill Mor and Bgurr Domhuill 

Beag, there are many F2  fold cores, plunging south at 70 0 . 

These occur in a coarsely banded psammitic and semi-pelitic 

rock. There is a tendency for weathering to strip off the 

more friable semi-pelitic rock exposing the underlying 

psammitic fold core s  thus giving the appearance of "fold 

core" type mullions. The psamm.itic cores however, are not 

detached! 
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detached from the limbs of the folds. A cleavage and foli-

ation intersection lineation develops parallel to F2  minor 

fold axes, but it is largely overprinted by later structures. 

b). Lefolding of F1 by F2 . 

Axial planes of F 1  minor folds are refolded by 

1 2  rajor and minor folds. Since the axial planes of F 1  

folds parallel the foliation and bedding-schistosity, the 

effect of F. on F 1  axial planes gives the same pattern as 

that shown on the foliation diagrams, (see Fig. 2+). 

The Glenuig Antiform affords the best opportunity 

for studying the effect of F folding on linear structures 

formed during the first fold movement. This is so because 

many F1 axial structures are well preserved in this area s  

also the Glenuig Antiform is not severely affected by later 

movement. 

On the inverted western limb of the antiform, 

Fi axial structures occur as quartz rodding, mineral 

lineation and occasional F1 minor fold axes. 	These axial 

structures plunge to the northeast (see Map 2). East of 

the axial plane of the antiform, similar F1 axial structures 

plunge to the southeast, (see Fig. 2+, and Map 2). 

Post F. folding has caused slight warping of F 2  

axial planes and axes, (see Figs. 9 and 21+).  The same 

effect! 
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effect must have been overprinted on F 1  axial structures 

deformed by F2 . F, axial structures plotted on a stereonet 

come to be along a path through which two great circles are 

drawn (Fig. 9). The divergence between these great circles 

is about the same as the spread of F. rolos to axial planes 

(see Fig. 9). It Is concluded that F2  refolded F, axial 

structures in a "Similar" ;-,lanner l  causing them to lie along 

a great circle. This great circle has subsequently been 

distorted by later m..vement which also affected the orient-

ation of F2  axes and axial planes. Since the shear planes 

formed during F2  lie in the axial planes of F. folds (axial 

plane cleavage), by plotting the mean F. axial plane, and 

noting where this plane intersects the great circle patterns 

of F, a-ial structures, an ge  axis (direction of tectonic 

transport) for the Glenuig Antiform can be calculated 

(Ramsay, 1960) (see Fig. 9). This g. axis plunges at )Q° 

to 110 0 . The rnveinent direction that produced this major 

F2  fold ws therefore oriented nearly east-west. 

• 	On the minor structure scale, F lineation can 

be seen superposed on and locally obliterating F, lineation. 

F. lineation is also found superposed on lineated F rods 

and F, ods occur fdcd round F2  folds. Occasional examples 

of / 
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of F, isoclines refolded by F. folds occur throughout the 

area mapped, (see Plato l+). 
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III. STRUCTURE (continued) 

+. THE THIRD FOLD iOVEMENT (F3 ). 

The third fold movement is of restricted extent. 

It occurs in an area approximately one and a half miles 

wide, that trends north-south and passes through Loch nam 

Paitean. F, and F3  folds are refolded by Fa  folds. This 

is a "Similar type" fold movement. 

a). Major F3  folds and related minor folds. 

The major F3  folds are, a tight southerly plung-

ing synform - the Loehan Mea].i a'Khadaidh Syziform - and 

a complementary large open antiform - the Loch nam Paitean 

Antiforni. iloth have nearly vertical north-south trending 

axial 1enes in the north, but as the axial planes are 

traced southwards they hinge over to dip to the soithinest 

at about 4 50
. 

In th area affected by F3  ro'din, F3  inor folds 

are abundant and are the most conspicuous folds. The 

majority of folds occur in banded psammitic schist of the 

Upper Psarn itic irDup and frequently show marked asymmetric 

shape (see Fi. 10). Near the tight Lochan Meall a'Mhadaidh 

Synform hinge s  nic1or folds are tight while the minor folds 

associated/ 
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associated with the Loch nam Paitean Antiforni are open, 

(see Plates 15a and 15b), confirming that minor folds 

simulate genetically related major folds. 

F. minor folds frequently exhibit unusual shape, 

(see Plate 16). This illustrates "box-folds" in banded 

psammitic schist. In Plate 16a the axial plane of a small 

antiform splits and a box-fold develops. ihe axial plane of 

the left-hand corner of the boxf old splits again to give a 

second box-fold that is slightly oblique to the first fold. 

This type of structure is fairly common in P 3  minor folds and 

is occasionally found in F2  minor folds. 

F. fold style is influenced by variations in litho-

logy (see Plate l6b). A large open fold in quartz-feldspar 

granulite near the top of this picture is represented by 

many much smaller folds in semi-politic schist. Minor folds 

intermediate in size occur in quartzitic bands within the 

semi-pelitic schists. As a rule, minor folds in psammitic 

schists are much larger than those developed in pelitic and 

semi-pelitic schists. Mica crinkling and small minor folds 

are common in pelitic rock s  while minor folds in psainmitic 

rock may exceed 20 ft. in amplitude. An amplitude of up 

to one foot is the most common size. The style of Fa  minor 

folds indicates that they are of "Similar type". Many show 

limb attenuation and hinge thickening and minor folds can 

frequently/ 
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frequently be traced along the axial plane, for consider-

able distances, without showing significant change of shape. 

Cleavage is :ot seen in psaoIAitic rocks, but near the hinge 

of the Lochan Mal1 a'l1hadaidh Synform F3  axial plane 

cleavage imparts a new foliation, s3 , to semi-pelitic gneiss. 

Since the foliation and bedding-schistosity was 

already folded by F 1  and F fold movements before es  folding 
was superposed, F 3  folding h's rest1ted in a complex orient-

ation pattern of he foliation, (see Fig. 2, sub-areas 10 

and 1+). Also as a result of this, aithoagh the orientation 

of F3  axial planes may remain constant, F3  minor fold axes 

show considerable spread in the axial plane, (see Fig. ha). 

F3  was therefore non-cylindroidal wtien it was fo'med and 

illustrates the features already described by othar workers 

(see Clifford, et. al., 1957  and Weiss 1959).  in the area 

:iorti and west of Loch nan Faitean, os F 	ovoment has 

cd Cho axial planes of Fe  minor folds to dip south of 

west at from 500  to 600  and F,, rumor fold axes plotted on 

a stereonet show considerable spread in the southwest 

quadrant (see Fig. llb). 

Isoclinal/ 
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Isoclinal folds formed during the first fold 

movement are common within the area affected by F 3 . Where 

they are found together excellent examples of refolding 

result, (see Plate 17). 

The F 1  fold style is very well re 1)resented in 

these photographs and it is of interest to note that even 

in small adjacent isoclines (P Late l7b), the intermediate 

limb of the isoclinal folds is not fully exposed. These 

photographs also emphasise the difficulty of estimating 

the stratigraphic thickness of rnetasediments in Moidart. 

The axial planes of F 1  folds parallel the bedding-

schistosity, thus the poles to F 1  axial planes lie along 

a great circle that is normal to the F3  fold axis. The 

area north of Lochan Meall a'Mhadaidh, near the synform 

hinge illustrates this (see Fig. 12). F 3  axial planes 

and axes have constant, steep orientation while the F 1  

poles to axial planes scatter along a great circle. F 1  

axes maintain a step plunge to the south and It is not 

possible to define the deformation pattern superposed on 

F1  by F8 . 

Refolded Upper Psammnitic Group is exposed near 

the east bank of the Irine Burn (see Map 2). F 1  fold axes 

from this area when plotted on a stereonet, lie along a 

great! 
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great circle, (see Fig. 13a)  and the mean axial plane of 

F3  interects this great circle to give a direction of 

tectonic transport () for F3  (see Ramsay, 1960), that 

plunges gently to the south (see Fig. 13b). .he mean great 

circle trace of i 3  axial planes and tue great circle dist-

ribution of F, axial structures are nearly of the same 

orientation. Thus slight variations in drawing these 

great circles on the stereonet, result in considerable 

alteration of the orientation of a.. Also the effect of 

F2  folding on F, is not known. For these reasons little 

reliance is placed on this calculation of L6. In making 

the above calculation it is assumed that transportation 

during F5  took place in the axial planes of F3  folds. 

This assumption is supported by evidence from elsewhere 

(see P.1370 1  where F3  axial plane cleavage was observed. 

+c. REFOLDING OF _FU  LY En  

Axial planes of F. minor folds can be traced 

round the F3  major folds, (see Map 2). Poles to F2  axial 

planes lie along a great circle and iidicate an axis of 

folding of the axial planes that plunges at 70 0  to 193 0  

(see Fig. ])--). Since F2  axial planes had more or less 

constant/ 
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constant orientation at the time of F8  folding the great 

circle distribution is well defined (c.e.f. the foliation 

diag. Fig. 24, sub-area 10). Post F 3  warping is seen to 

have caused slight variation in the axial plane trend of 

F. folds, and it is this varping that causes the imperfect 

great circle distribution of F poles to axial planes. 

In areas where F3  axial planes are not affected by later 

movement, the axis about which the F2  axial planes are 

refolded lies ;ithin the mean axial plane of the F 3  folds, 

(see ji'i g , l+). 

F. fold axes are rotated by F3  folding to lie 

along a great circle, (see Fig. 15).  The style of F3  

folding indicates that this movement is of "Similar type". 

Shearing seen in semi-pelitic gneiss shows that movement 

has taken place in the axial plane of F3  folds and the 

mean axial plane of F3  intersects the great circle defined 

by refolded F. axes, to give a direction of tectonic 

transport (,) for F3 , that plunges at 250  to 343 0 1  (i\amsay, 

1960). 

rm the evidence stated above it is deduced 

that movement during F3  took place in a nearly horizontal 

north-south direction, and from the shape of the F 3  major 

folds,/ 
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foldsp it can be seen that the west of the area has moved 

north, relative to the east of the area. Where F. folds 

are undistrubcd 1y later movement, they have nearly hori-

zontal north-south trend. F folding has bent the axial 

placs and ares of F2  folds but, apart from minor local 

effects, the horizontal plunge of F. axes is maintained 

after F3  folding. The effect of F3  folding on F. folds 

is shown in the block diagram, (see Fig. 16), drawn from 

a plasticine model of the area around Loch nam Paitean. 

Refolding of F. minor folds by F. minor folds 

Is occasionally seen (see Plate 180. In this plate an 

open F3  fold with axial plane parallel to the pocket knife, 

bends the axial plane of an open asymnetric F2  fold. A 

discontinuous quartz-feldspar vein in the axial plane 

cleavage orientation of F2  is also bent by F3 . 

Occasionally F, , F2  and F3  folds can be found 

together (see Plate lSb). .owards the left side of this 

picUre n F 1  isoclinc is 1 -  :nt by a tight F2  fold to form 

a hook shaped structure. Open F 3  folds in semi-pelitic 

gneiss on the rIht hand side of this photograph do not 

penetrate the psammitic rock on the left. The axial plane 

orientation of F3  folds is different from that of F, and 

folds. 
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III. STRUCTURE (continued). 

5. THL ±'c LJRTH FOLD MOVEJ'1LT (k) 

Structures related to this fold movement are 

common in the Roshven Pelitic Group. Folds diminish in 

size rapidly as they re traced into the Upper Psammitic 

Group, but thin psainmitic bands and caic-silicate ribs 

within pelitic rock are folded. Open style mica crinkle 

folds, with axial planes that parallel the axial planes 

of F4  minor folds, are widespread throughout the Roshven 

Pelitic Group. The only major fold of F4  age occurs in 

the southeast of the area mapped, (see Map 2). 

a)A Major F4  fold and related minor structures. 

In the southeast corner of the area mapped, the 

general north-south trend of the foliation in the Roshven 

Pelitic Group, is disturbed to form a large S-shaped fold. 

The intermediate limb of this fold is approxiiitely one 

mile long, at the boundary between the Upper Psainmitic 

Group and the Roshven Pelitic Group. The axial plane of 

this open fold has regular orientation and dips at 76 0  to 

- 	 ( 297 0 (see "laps 1 and 2). 

s Gnis fold is traced to the souGh'est, into 

the/ 
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the Upper Psarnxnitic Group s  it dies out rapidly. 10 the 

northeast, the fold is again diminished in size but it is 

of more tight style where it can be seen folding a psam-

mitic band within the Poshven Pelitic Group, on Ceann Loch 

Uachdrach (see Map 1). Rapid variation of shape is a 

feature of "Concentric type" folding and it will be shown 

later (see p.54) that F4  aay be in part "Concentric type" 

and in part "Similar type" folding, in this area. 

The following important observations establish 

the relative ages of F3  and F4  major folds. 

The orientation of F4  folds i constant 

but the orientation of F3  folds varies. 

The "movement sense" required to produce the 

major F3  folds necessitates that the west of the area 

moves north relative to the east but the reverse is 

required to form the .ajor F4  fold. 

The variation of trend seen in the axial 

planes of F3  major folds, is consistent with the "move-

ment sense" required to form the major F 4  fold. 

Minor structures that can be related to the 

major F4  fold are: a) Minor folds and b) Mica crinkle 

folds. 

a). Minor folds are abundant in pelitic gneiss, 

in' 
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and in banded psa:itic and pelitic gneiss, in the vicin-

ity of the major F4  fold. The minor folds are usually 

small and seldom exceed two feet in amplitude. The folds 

may be asymmetric or symmetric; the latter are particularly 

abundant near the major fold hinges. The style may vary 

from very open to fairly tight, (see Plate 19), and in 

some areas of marked asymmetric folds one fold limb may 

show slight shearing. Where asymmetric folds occur on 

Ceann Loch Uachdrach, the "movement sense" as indicated 

by the fold shape, is invariably in harmony with the major 

folds in this area. Tectonic thickening is not pronounced 

near the major fold, but it may be conspicuous further 

north, near Sgirr Domhuill Mar. There is no visible 

cleavage associated with F. minor folds. The orientation 

of F4  axial planes on Ceann Loch Uchdrach is very regular, 

and the axial plunge, though generally steep, shows a 

considerable spread within the axial plane (sne JJig. 17). 

This is attributed to the superposition of F 4  folds on 

variable foliation. 

1). Mica crinkle folds. 

Mica crinkling is a widespread minor structure 

associated with this fold movement. The axial planes of 

the/ 
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the mica crinkle folds parallel the axial planes of assoc-

lated minor folds, but mica crinkle folds also occur 

without attendant minor folds. The size of the crinkle 

folds varies as does the style. In some localities the 

folds may occur with only half of aj i inch between adjacent 

a: ial planes. 

In banded psanimitic and semi-pelitic gneiss, 

the crinkle folds are confined to the semi-peiitic bands 

and can be seen stopping abruptly against the psammitic 

band contact, (see Plate 20a). 	he contacts between the 

pelitic and psainmitic bands were probably planes of move-

ment at the time when the crinkle folds were formed. 

Mica crinkle fold hinges impart a strong regular lineation 

to the foliation, in pelitic and semi-pelitic rocks, (see 

Plate 20b). This lineation is parallel to the axes of F4  

minor folds. 

513. RLFULDLILi OF F 1  1)4j 4  

This Was only seen in the Roshven Pelitic Group. 

Minor F, isoclines occur as tectonic inclusions within 

pelitic gneiss. The axial planes of these isoclines paral-

lel the foliation and are bent round F 4  minor folds. 

Since/ 



1460 

Since F, isocline axes are rarely measurable, it is not 

possible to study the deformation of F, by F4 . 

F4  mica crinkle folds with axial planes oblique 

to F, fold axial planes are more common than refolding of 

F, by F4  minor folds. In isoclinal folds with pelitic rock 

in the core of the isocline 1  the axial planes of the 

crinkles can be traced from the limbs of the isocline 

through the pelitic core. The axial plane foliaLion of the 

isocline is crinkled on the same orientation as the pelitic 

rock flanking the isocline (see Plate 8b). 

c. RFULDIiu 	BY F4  

Refolding of F. by F4  is well developed in two 

areas: 

Sgiirr Domhuill Mr. 

Ceann Loch Uachdrach. 

5ci). Sgirr Doinhuili Mèr. This area affords 

excellent opportunity for studying refolding of F2  minor 

folds by F4  minor folds. Though both F2  and F4  minor 

folds are superficially alike in this area s  close inspection 

shows that whereas the mica crystals in the hinge area of 

F2 folds may be aligned in the axial plane of the folds, 

the micas in F. hinges show open style crinkling. Psammitic 

bands! 



l+7. 

bands folded by F2  may show cleavage, but cleavage is not 

seen in psamznitic bands folded by F4 . The axial planes 

of F4  minor folds have nearly constant orientation while 

F2  fold axial planes are refolded by F 4  folds. F2  axial 

plane cleavage can be seen crinkled by F 4  mica crinkle. 

F. minor folds, related to the $gürr Domhuill I'or 

Antiform, were traced from the relatively undistorted 

li-ibs of this maj ir fold, into a zone of complex folding 

that lies 2,000 ft. due south of the summit of SgiIrr Dom-

huiLl bor. Two types of superposed folding occur in this 

area: a) F4  mica crinkle superposed on an F2  fold, without 

causing significant distortion of the F. fold axis. 

b) F. minor folds refolded by F. minor folds, re-

sulting in considerable displacement of F2  by F and 

forming non-cylindroidal F4  minor folds. 

a). Minor folds of the second fold movement 

occur on the eastern limb of the Sgirr Donthuill Mr Anti-

form, in coarsely banded psainrnitic and semi-pelitic gneiss. 

Many fold hinges can be seen plunging steeply to the south. 

The micas of the semi-pelitic rocks are crinkled by F 4  

movement, this crinkling affects micas aligned in the axial 

planes of F2  folds. The crinkle axes do not coincide with 

the/ 
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the F9 fold axes and one crinkle axis can be traced round 

an F2  fold hinge. This is a situation analagous to that 

described by Sander, (see p. 25), 

An F. fold was selected and the orientations 

of the foliation planes round the fold hinge were measured, 

the F. fold axis was also measured (see Fig. 18). The 

orientation of F4  mica crinkle axes on the measured foli-

ation planes is also shown. The mica crinkle axes plotted 

on a stereonot lie along a great circle that coincides with 

the measured a:-ial plane of mica crinkling in this area. 

It is shown that the late linear structure 

(F4  in..ca crinkle axis) when superposed on an existing fold, 

lies along a great circle which defines the axial plane of 

the late structure. This emphasizes the importance of 

determining the r'1ative ages between two structures in an 

area of complex folding, before using a lineation pattern 

to calculate the direction of tctonic transport. Sander 

has described this great circle attern (19+8) and has 

shown that it is related to the stress that formed the 

lineation. 

b). An outcrop about 150  ft. long occurring 

2,000 ft. south of the summit of SgIrr Domhuill Mr shows 

F2  / 
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F2  minor folds refolded by F4  minor folds, and non-cylind-

roida]. £' folds. In this area s  there is no evidence of F 3  

folding, and since the outcrop scudied is very small, it 

is assumed that F. folc'.s wre rylindroida1 h±'oré F4  

folding, his is supported by evidence nearby, where cylind-

roidal F2  folds, unaffected by F 4 , plunge steeply to the 

south, on the smith face of Sg'trr Domhuill Beag. 

Where 42  minor folds are affected by F. movement s  

the axial planes of the iiormer are deflected from the 

regional north-south trend and in the outop studied, the 

F2  axial planes swing round to nearly east-west trend. 

One F. minor fold showed an axial plan..-1 that varied from 

a dip of 70' to 136 ° , to a dip of 75°  to 153 0
, 
within a 

distance of three feet (see Plate 21). Wen F2  poles to 

axial planes are plotted on a stereonet they show consider-

able scatter, (see Fig. 19). F4  poles to axial planesin 

the same area form a close group, (see Fig. 19). 

F2  fold axes show considerable variation in 

orientation within short distances, as tiey pass round the 

F4  fold hinges, (see Fig. 19 and Plate 21). ±hls gives 

rise to unusual structures, where a single steeply plunging 

F2  axis iaay come to surface, reverse in plunge s  and occasion-

ally/ 
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occasionally double back on itself to plunge steeply in 

its .original direction (see Fig. 20). Axial culminations 

on F2  antiforins occur over F 4  antiforms and axial depres-

sions on F. antiforms occur where they are bent round Z. 

syn.f arms. Where a number of parallel F2  folds occur to-

tether and they are affected by F 4  movem3nt, the a::ial 

culminations and depressions on I axes, occur in rows 

that U€ along the axial planes of the F 4  folds. This 

occasionally results in a row of small steep sided domes. 

F4  synforms cut across F. synforms, causing 

axial depressions in the F. synform axes, This results in 

tue formation of "canoe shaped" folds, or sometimes almost 

synLietric bowl shaped hollows. 

Exposure in this small outcrop is excellent and 

the coarsely canded semi-politic and psmmitic rock has 

ve&;hered out along the foliation to display the structures. 

The writer was able to trace the same F2  folds and measure 

their orientation over considerable distances and study 

their change of orientation, (see Fig. 21). On this Figure, 

broken lines indicate the acks along which he F2  axes 

lie as they vary in orientation. The F. axes describe a 

complete great circle (see Fig. 21). 

F. minor folds nearby show s1iki tectonic thick- 

ening/ 
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thickening in the hinge areas. Cleavage is not seen in 

F. minor folds but semi-pelitic gneiss shows mica crinkl-

ing", the axial planes of the crinkle folds parallel 

axial planes of the minor folds. It is thought that the 

mechanism of mica crinkling, with recrystallization in 

in psainmitic rock has taken the place of shearing and 

cleavage in the axial planes of the F4  minor folds. It 

is apparent that the great circle pattern of F2  fold axes 

could not be formed by north-south trending concentric 

folds. It is the:'cfore COflC1U(!'d that F2  arcc were rotated 

by F4  moverient, in. a "Similar" aaner. By plotting the 

mean axial plane of F4  folds, a direction of tectonic 

transport for F 4. ( ), that plunges at 700  to the southwest 

is found, (see Fig. 21), (nfter Ramsay, 120, see also 

p.27 of this thesis). 

Since the foliation was already folded by F2  

at the time when the F4  folds were superposed, the F4  folds 

arc  non-cylindroidal. This can be clearly demonstrated in 

this area where F4  fold axes can be traced down the limbs, 

and over the hinges, of F2  folcs. Although the plunge of 

the F. folds varies, the axial planes remain at constant 

orientation. In contrast with this, both the plunge and 

axial planes of F. folds vary wherT they are refolded by F 4 . 

The/ 
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FIG. 21. CALCULATION OF 04 AXIS 
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The area described above illustrates the import-

ant part played by F4  minor folds In contollin; the present 

orientation of F. minor folds, also the control on F4  fold- 

ing exerted by F2  folds. The B&  direction has been calculated. 

By applying the axiom that minor structures simulate genetic-

ally related major structures, It Is inferred that the 

effect of F. major folds on F major folds, Is to cause 

considerable rorti3n of the major F9  fold UXLS. It is 

also possible titat Z4  for the major F4  folds -as steep 

plunge. 

In he aa ds:ribed ",A-ve, aid ver he entire 

area of the i'oshven Pelitic Group, there is no evidence 

of severe post F. movement. It is therefore concluded that 

this was the last significant fold movement to affect this 

area. 

I hs Ltien sliown ea..].i.r (Sce 1).139) 	iat where 

F. folds are apparently unaffected by later movement, the 

axes of both major and minor F. folds have nearly horizon-

tal plunge. 4lSO the calculated as  axis (i.e. direction 

of tectonic Lransport for F3  iuovement) plunges at 25°  to 

343 0  and thc effect of F3  oil F2  has been to rotate the 

bearing of L9 folds but to cause very little variation in 

the/ 
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the plunge of F. axes. It is only in the Roshven Pelitic 

Group that major and minor F2  folds show steep plunge, and 

it is only in the area underlain by this group that F 4  

major folds occur. F 4  folds rarely penetrate the Upper 

Psaxmnitic Group and it is thought that lithology has played 

an important role in localising the distribution and 

effect of this fold movement. From the facts stated above 

it is deduced that nearly horizontal F2  axes were tilted 

into the steep orientation that they now have in the Rosh-

yen Pelitic Group s  during the fourth fold movement. It 

is thought that considerable "adjustment" may have taken 

place near the western boundary of the Roshven Pelitic 

Group, in order to accommodate the transition between 

steeply inclined F2  axes in the east and nearly horizont-

al F2  axes in the vest. The likelihood of major F 4  folds 

developing would depend on the orientation of , with 

respect to the foliation at the time of F4 . Where a4  lies 

within the foliation folds are not developed (see Ramay, 

1960). 

5cii). Ceann Loch Uachdrach. 

The only major F 4  fold occurs on the ridge between 

the Moidart River and Loch Shiel (see p.142). In this area 

very/ 
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very tight F. folds with steep axial planes and steep 

plunge can be traced round the F4  fold. The poles to 12 

axial planes lie along a great circle (see Pig. 22a). The 

axis of folding of the F. axial planes lies very near the 

great circle plot of the mean F 4  axial plane, (see Flg.22b). 

Also, since the 12 folds are very tight, the axis of fold-

ing of the axial planes falls near the cluster of F4  fold 

axes, (see Fig. 22c). 

F. minor ftld axes j;iotted oi a sereonet give 

a diffuse group near the centre (Fig. 23). It is not 

possible to draw a great circle or a small circle to indi-

cate the pattern of F. axes. The following possible 

explanations for this irregularity in the F2 axial structures 

distri'rmtion can be given: 

Post 14  movement has distorted an original 

cl-early defined pattern. 

F2  axes were not roctilinear at the time 

when F. movement took place. 

The F. fold movement was part "Concentric 

type" a!d part "Similar type", resulting in a distribution 

ttern of F. axes that is intermediate between the two 

"ideal" cases of small or great circle patterns. 

Consider I rig / 
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FIG.22 CEANN LOCH UACHDRACH 
DIAGRAM a 

• POLES TO F1  AXIAL PLANES 
o AXIS OF FOLDING OF Fa  AXIAL PLANES 

DIAGRAM b 
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DIAGRAM C 
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Considering 1) above. 
	here is no indication-, 

of post F4  foldiny in this area* This field observation is 

supported by the close grouping of F4  minor fold poles to 

axial plan€s. It is therefore concluded that this possib-

ility is unlikely. With respect to 2) above it should be 

pointed out that the Ceanri Loch Uachdrach fold lies near 

the area affe'ted by F3  folding already described. It is 

therefore possible that F2  fold axes were rotated during F3  

and so were not rectilinear at the timof F4 . However, 

there is no evidence in support of this, in the field. 

Where F2  axes are unaffected by F4  folds they are appar-

ently rectilinear. It would appear that 3) above is the 

most )r1bable of the possibilities listed. 

J.G. amsay (1960) and L.E. Weiss (1959) have 

pointed out that comM ations of "Concentric tje" and 

"Similar type" folding are likely; Weiss considers that 

folding intermediate between the two ideal types is the 

general rule in nature, (see p. 24 ). Weiss (1959) has 

also shown that an Initial "Concc'rie type" fold may 

develop into a "Similar type" fold. 

It was pointed out earlier (see p.143), that the 

major Ceaxrn Loch Uaehdrach fold shows characteristics 

found/ 
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found in "Cjncentric type" folding. Evidence from 6gurr 

Donhuill M'or shows that, at least locally, F 4  movement was 

of "similar type". ih writer is therefore of he opinion, 

that F4  was a combination of "Concentric type" and "Similar 

type" folding, with the latter predominating at some local-

ities. 

Minor folds related to the major Ceann Loch 

Uachdrach Fold are occasionally seen ref lding F. minor folds, 

causing warping of the F fold axial planes, (see Plate 22a). 

Elsewhere, F folds in banded psammitic arid pelitic rock 

show no axial plane distortion but mica crinkle folds that 

can be related to minor F. folds, are seen to crinkle the 

axial plane foliation of the F. nLinor folds, (see Plate 22b). 

F. minor folds are rarely seen in the Upper 

Psammitic Group, but c.ccasionally, near the eastern boundary 

of the Upper Psarumitic Group, F. minor folds show variation 

in plunge tiat gIve rise to "eye folds", (see Plate 23a). 

Wherz scvcraL F. folds occur together they can b seen to 

chance ol.unge along a line that has the same bearing as F4  

minor fold axial planes in the AosIiven ?elitie Group, nearby. 

It is thought that the chauge of plunge is due to F4  movement. 

5d) ./ 
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5d). ILFOLDING OF F3  BY F4  

The major F3  folds show variation in axial plane 

trend and orientation (see p.135  ); this is attributed to the 

effect of F4  major folds on F3 . Since neither F3  nor F4  

major folds are well developed in the area where this change 

of axial plane trend occurs, the effect of F 4  on F3  cannot 

be studied. 

F3  minor folds are not seen refolded by F4  minor 

folds so it is not possible to obtain a direct age relation-

ship between these two fold movements. However, it can be 

shown that the F3  minor folds change in axial plane trend 

and orientation as they are traced from north to south, 

(see Map 2). idso F 4  minor folds, oriented nearly at right 

angles .to F3  minor folds occur, to the southeast of Loch naii 

Paitean. The F4  minor folds have constant axial plane orient-

ation. The relative ages of F3  and F4  are established on 

these observations. 
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III. STRUCTURE (continued). 

6. FOLDING OF UNCERTAIN AGE. 

Two periods of movement, the relative ages of 

which have not been established, occur. Both are considered 

to be later than the fourth fold movement described above. 

The first of these fold movements to be decr1bed 

occurs as broad monoclines that trend north-south with 

vertical axial planes and nearly horizontal plunge. Mono-

dines are not seen in the Roshven Pelitic Group. Occasional 

folds occur in the Upper Psaxnmitic Group, on the south side 

of Gleann tYubh, and thin, interbedded pelitic bands occurring 

with the psammitic schists show open mica crinkle folds, 

with axial planes that parallel the axial planes of the 

monoc lines 

Monoclines occur most frequently west of Loch 

Ard aPhuil1 where they warp the axial planes of F2  fo1ds 

causing the F2  poles to axial planes to spread along a great 

circle, (see Fig. 2+, sub-areas 2 and 12). This great 

circle is normal to the monocline fold axis. Since the mono-

dine fold axis is nearly coincident with that of F2 , the F2  

axial structures are only slightly rotated out of their 

original orientation by the monoclines. 

The regional significance of this movement is 

uncertain! 
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uncertain. It is possible that before the monoclines formed, 

F. axial planes were nearly vertical throughout the area s  

and that these folds have caused the disparity between nearly 

vertical F2  axial planes in the east and gently inclined 

F. axial planes in the west. 

Monoclines are frequently seen to warp F2  fold 

axial planes and it is thought that they may also be partly 

responsible for the variable orientation of F 3  axial planes 

near Loch nam Paltean. Since F4  folds and monoclines were 

not seen together, it is not possible to say definitely 

whether the latter preceeded or followed the fourth fold 

movement. 

The second fold movement of uncertain age is 

probably the most recent of the events described in this 

structural history of Moidart. Folds of this episode are 

most common in the Upper Psaniinitic Group and show character-

istic "brittle" style (see Plate 23b). Numerous strong 

joints develop along the axial planes of these folds and 

the psaniniitic schist is nearly always discoloured from pale 

grey to flesh pink, along the axial planes. The close assoc-

iation between folding, jointing and isco1oration suggests 

that/ 
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that all three are related. Folds of this movement period 

are always asymmetric and invariably indicate that the south-

west of the area has moved northwest, relative to the 

northeast. 

In the west of the area mapped, minor F. folds 

related to the Glenuig .Antiform show variation in orient-

ation. This can be seen along the west coast of Glenuig 

Bay, also on the hill between Glenuig Bay and Loch na Lairness, 

(see Map 2). There are no minor folds that are apparently 

related to this change of F. orientation, but mica crinkle 

folds occasionally develop. The axial planes of these 

small crinkle folds trend northwest-southeast and are 

approximately parallel to the orientation of the "brittle" 

folds seenn the Upper Pspmniitic Group. Also, the change 

in orientation seen in the F. minor folds indicates the same 

"movement sense" as that indicated by the brittle folds. 

F. axial plane cleavage in minor folds to the west of Loch 

ma Bairness is "crinkled" by minute asymmetric folds and 

asymmetric minor folds also occur in the western outcrop 

of the Striped and Pelitic Group. The orientation and 

"movement sense" indicated by these minor structures is the 

same as that seen in the brittle folds. 

Minor! 
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Minor folds in the lioshven Pelitic Group west 

of the summit of Sgurr Domhuill Mor are also sub-parallel 

with, and show the same "movement sense" aS the brittle 

folds seen in the Upper Psanunitic Group. 

Shattering along the axial planes of the brittle 

folds, has made the Upper Esammitic Group easy to erode, 

and stream courses frequently follow along these axial 

planes, cutting a deep gully. Tertiary dykes normally trend 

north-south, following the regional bedding-.schistosity. 

They also tend to follow the jointed zones, and some dykes 

show a step-like path, following the strike of the bedding-

schistosity then deviating along a jointed zone for a short 

distance, bfore rsun1ing the regional north-south trend, 

(see Nap 1). A caniptonite dyke with associated lead-bearing 

vein, has been noted by the Geo1oical Survey (see p. 22 

this intrusion which may be of Permian age s  follows a zone 

of brittle deformation. 

F8  folds have been seen displaced by this movement 

but no relationship between F 4  was observed. The brittle 

style of the folds in psammitic rock, suggests that this 

represents a late phase movement. 



162. 

III, STRUCTURE (continued). 

7. CpiJCrUSIQi 

G.P. Leedal (1952) has given the distribution of 

the "steep" and "flat-lying" belts of rock in the Moines. 

Moidart lies within the "steep belt" as described by 

Leedal, and the area studied may be divided into a western 

area in which F3  fold axes are nearly horizontal, and an 

eastern area where F2  fold axes are frequently steeply 

inclined. The area mapped also lies due south of Morar, 

where W.. Kennedy (1951+ issued 1955) has made a reinter- 

pretation of earlier work done by iichey and Kennedy (1939). 

The area studied is therefore a key area, linking the areas 

of steeply inclined and nearly horizontal F3  fold axes. It 

also provides the most direct correlation between Morar and 

the Moines to the soth. 

The area is shown to be structurally complex 

and four significant movements are recognised. The relative 

ages of these movements is demonstrated by a detailed 

structural analysis. A table, (see Fig. 5), summarising the 

work is given. It has been shown that each successive gener-

ation of folding refolded preceeding generatins to build 

up the complex geometry that is now preserved in Moidart. 

a)/ 
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a). The transition from the steeply inclined 

fold axes to nearly horizontal fold axes. 

The earliest fold movement formed long limbed 

isoclines that are only recognised on the minor fold scale. 

This was followed by a movement that formed tight folds with 

nearly vertical axial planes. After this fold movement the 

bedding-schistosity and foliation were left steeply inclined. 

Most of the major folds seen in the area mapped were formed 

at this time. The axes of these major folds are thought to 

have been nearly horizontal at the time when the folds were 

formed. 

The third fold movement has restricted extent and 

a calculated direction of tectonic transport for this move-

ment indicates that movement took place along a nearly 

horizontal, north-south axis. The third folds bent the 

second fold axes but did not cause significant change in 

the inclination of the F. axes. 

The fourth fold movement is restricted to the 

eastern part of the area mapped where steeply inclined F2  

fold axes occur. It has a direction of tectonic transport 

that plunges at 700 to the southwest. On the minor fold 

scale, the fourth fold movement causes considerable variation 

in the inclination of F. axes. The writer Is of the opinion 

tha t/ 
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that the steep orientation of F. fold axes in the steeply 

dipping rocks in the east of the area mapped, was super-

posed at this tii. 

Monoclinal flexuring has probably caused the 

nearly vertical F2  axial planes to hinge over and dip at +50  

to the east in the west of the area mapped. No monoclines 

were seen in the Loshven Pelitic Group. 

It is suggested that the foliation in this area 

of the steep belt of Moines, attained that attitude during 

the first or the second fold movement. The rock-,  were 

left steeply inclined after the second fold movement. The 

steep plunge of the F. fold axes in the east of the area 

studied was superposed during the fourth fold movement. 

Fourth folds rarely penetrate the Upper Psaxnmitic Group, 

thus the F2  axes within this Group retain nearly horizon- 

al plunge. 

b). Correlation between Morar and Moidart. 

Morar is five miles to the north of Moidart 

and any correlation across this distance in an area as 

complex as this is shown to be is speculative. This attempt 

to link Morar with Moidart is made because the Sound of 

Arisaig separates the two areas and prevents more direct 

correlation. 

W.. Kennedy/ 
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W.. Kennedy's most recent interpretation of the 

structure of Morar has been outlined in the introduction 

(see pp. 13-15 ). He states "the outcrop of an upper Moine 

nappe, here designated the Morar nappe, frames exposures of 

a much broken lower Moine or basement nappe." Kennedy 

records that recumbent folding seen in the core schists 

does not extend outwards into the envelope schists and the 

boundary between the core and the envolope is named the 

basal slide Df the Morar nappe. He is of the opinion that 

the recumbent folding seen in the core, formed at the same 

time as the Morar nappe and that these folds, together with 

the basal slide of the Morar nappe are refolded by the Morar 

anticline. R. St. J. Lambert disagrees with Kennedy. He 

states that recumbent folds occur in both the envelope and 

the core and that the boundary between the core and the 

envelope is a metamorphic boundary. 

The metasediments of Moidart represent the south-

ern continuation of the envelope schists of Morar, and 

recumbent isoclinal folds in Moidart are formed during the 

first fold movement. Although no major folds of this move-

ment were found, the writer is of the opinion that the style 

of the minor folds suggests that related major folds, will 

be/ 
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be similar to the Morar nappe, postulated by W.Q.Kennedy. 

Furthermore, the Morar nappe and related recumbent folding 

represents the earliest movement episode recognised in this 

area. The isoclinal minor folds seen in Moidart also 

represent the earliest movement recognised In Moidart. 

It is therefore suggested that the first fold movement of 

Moidart can be tentatively correlated with the movement 

phase that formed the Morar nappe and the recumbent folds 

formed at the same time as this nappe, in Morar. 

In Morar, following the formation of the Morar 

nappe, there was a more open style of folding that formed 

the Morar Anticline. This movement preceeded regional 

injection and metamorphism (Kennedy, 195+  and  195). 

J.E. Richey (19+6) in describing the Morar Anticline writes 

'In contrast to the prevalently unfolded rocks of the 

western limb of the Morar .Anticline, the schists forming the 

eastern limb are almost everywhere affected by dragfolding 

on a relatively small scale, the a.litudes of the folds 

being usually a matter of yards. A fu:the: detail of interest 

is that the apices and troughs of the drag-folds are thick-

ened and the limbs thinned. Owing to the distortion of the 

rocks, cross-bedding is rarely identifiable, but the various 

groups/ 
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groups and sub-groups of the Morar succession are distingu-

ished by their lithological characters as well as by their 

relations to each other and to the centrally-situated belt 

of so-called Sub-Moine rocks." 

Geological Survey officers (see p. Ii  ) have 

correlated the Gienuig Antiform with the Morar Anticline, 

and from the above description of the latter given by 

Richey, the writer accepts this correlation. The similarity 

between the Glenuig Antiform and the Morar Anticline is 

striking. Minor folds associated with the Glenuig Antiform 

are very common on the eastern limb and are much less common 

on the western limb. Also the "detail of interest" given 

by J.E. Richey (see above), clearly indicates that minor 

I lds associated with the Morar Anticline are of "Similar 

type", as are the F2  minor folds associated with the 

Glenuig Antiforxn. 
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IV. ML t1OPHISM 

1. IMRUDUCTI.iN 

The complex structural history demonstrated in 

the previous section is matched by an equally complex meta-

morphic history. The metamorphic grade in Moidart increases 

from garnet in the west, to sillimanite in the east. 

Evidence from garnets found in the west of Moidart (from the 

Striped and Pelitic Group), indicates that garnet grade of 

metamorphism was reached twice during the metamorphic 

history. It would appear that the rocks were metamorphosed 

to garnet grade after the first period of folding. The 

second metamorphism of garnet grade was a syntectonic 

phase and was probably attained during the second generation 

of folding. 

Regrowth of garnet is common in the west but Is 

absent in the east and it is thought that, while the rocks 

in the vest were being metamorphosed to garnet grade for the 

first time s  the rocks in the east reached sililmanite grade 

of metamorphism. Garnets in the east do not preserve relic 

structures, The present cale-silicate metaL1orphic zones 

were probably Imprinted during the period of regional meta-

morphism! 
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metamorphism that took place before the second fold movement. 

In Moidart the zones range from "zoisitell in the west to 

"anorthite-pyro::efle" in the east. There is a parallellism 

between Earrovian Zones and Caic-slilcate Zones. Extending 

over a period that began before the second folding took 

place and probably continued after the second folds had 

formed; the eastern part of the area was migmatized. 

Lenticular quartz-feldspar folia formed during migmatiz-

ation, were disrupted by cleavage formed during the second 

fold movement. Also, quartz-feldspar sheets occupy the 

axial plane cleavage of second folds. Migmatizatlon is 

most apparent in politic and semi-politic rocks and is 

confined to the eastern art of 11oidart. 

.he  rost recent recrystallization took place 

during or after the last period of folding. This is indic-

ated by the absence of bent cleavage planes in mica crystals 

that form "mica crinkling", correlated with the fourth gener-

ation of folding. The micas meet at varying, sometimes 

acute an1es, to form the small crinkle folds that are 

widespread over the area. 

After this recrystallization there was a period 

of regional retrograde metamorphism during which garnets 

in' 
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in the west of Moidart were altered to a chlorite-biotite-

clinozoisite assemblage. Biotite is altered to chlorite at 

some localities. In the east of the area, sillimanite-

staurolite aggregates vfere altered to muscovite and garnets 

were retrograded to chlorite and biotite. Since the minerals 

formed during the retrograde metamorphism show no align-

ment, it Is concluded that the retrograde metamorphism too]ç 

place after regional movement and recrystallization had 

ceased. 

This phase of retrograde metamorphism may be 

associated with the Intrusion of quartz-feldspar-muscovite 

pegmatites and the formation of randomly oriented muscovite 

porphyroblasts. However, the two latter features are restrict-

ed to tie eastern half of Moidart, whereas the retrograde 

meinrphism is regional. 
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IV. METAMORPHISM (continued), 

2. IIARROVIAN NETAMORPIIIC ZOiI}.iS 

The map shown in Figure + illustrates the distri-

bution of Barrovian Zones. The metamorphic isograds trend 

north-south and are approximately parallel to the prevalent 

strike. The western boundary of the Kyanite Zone is conject-

ural. This boundary lies somewhere within the four miles 

wide outcrop of the Upper PsarrunlUc Group - an unfavourable 

formation for the development of zonal minerals. 

a). SilliLiarjjte Zone. 

Sillimanite was only found in the ioshven 

Pelitic Group, near the eastern boundary of the area mapped. 

It is not abundant but can be found persisteit1y near the 

western boundary of the main outcrop of the .oshven Pelitic 

Group, in richly garnetife::ous pelitic schist. Northeast 

of Sgàrr Domhuill Nor (see p. 87 ) sillimanite was found as 

rare rod-like aggregates of crystals. The "rods" were appar-

ently oriented with the long axes ara11el to the axes of 

folds formed during the second generation of folding. If 

this correlation is correct it sugegts that the sill-

inanite metamorphism and the second generation of folding 

may he related. It should be pointed out however that: 
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The "rods are rare. 

The rod-like habit may merely be a pheno- 

menon of the :rowth habit of sillimanite. 

e). Loth F and F2  fold axes have the same plunge 

in this area. 

For 	esc reasons lit ;1c reliance can 	placed 

on this apparent parallellism. 

b). Kyanite Zone. 

Kyanite is a rare mineral in Moidart and was 

only found in hand specimen at one locality (see p. 88 ). 

It occurs in several thin sections and is usually associated 

with staurolite and muscovite. 

Garnet Zone* 

Garnets are ubiquitous throughout the pclitic 

rocks of Moidart, and ac often abundant. The parallel 

outcrops of the Striped and Pelitic Group seen in the west 

of the area lie within the Garnet Zone s  and it is in these 

rocks that crystals showing a variety of r lie structures 

occur. .Lhe relic structures can be seen as alignments of 

inclusions within the garnets and many crystals showing two 

phases of garnet growth were found. In crystals showing 

two/ 
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two phases of growth an inner "core" garnet showing idio-

blastic or hypidioblastic form is surrounded by an outer 

hypiiob1ast1e or xenoblastic crrstl. .he boundary between 

the inner and outer garnet is often sharply defined and 

frequently the inclusion alignment in the care is markedly 

different from that in the outer garnt. r..cfractive index 

deteriiinations rvea1ed that the inner and outer garnets are 

of almandine or spessartite composition, ad teL tho core 

garnets have slightly higher rsfree A. 	i::dics t;hn Uhe 

outer garnets. 

In order to determine the refractive indices of 

both core and outer garnets, thin sections that were about 

three times normal thickness were prepared. Fragments of 

core and outer garnet were carefully removed under a micro-

scope and the refractive indices determined. The following 

results were obtained; 

Slide No. a) Interior b) Exterior a-b 
(core) garnet (outer) garnet 

L'+/lS 1.790  1.783 +0.007 

L+/15 1.790 1.784 +o.uo6 

N7/7 1.785 1.777 +o.008 

N7/7 1.792 1.785 +0.007 

1.802 1.796 +o.006 

l.0+ 1.796 +0.008 
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It can br seen fro.i the above table that there is a slight 

but consistent difference between core and outer garnet. 

The arrangement of inclusions in rolled garnets 

from Morar has roently been described by J.S. Peacey (191). 

The writer has found similar rolled garnets in Moidart and 

other arrangements of inclusions that have not been reported 

before from this area, were found. The arrangement of 

inclusions in gamete is described and discussed below, under 

the following headincs: 

1). Garnets with straight inclusion trails. 

ii). Garnets with curved Inclusion trails (rolled 

gamete), 

III). Garnets with strairht inclusion trails in the 

core and rolled outer gamn3t. 

iv). Gamete with straight inclusion trails 

preserved, followed by movement then regrowth of arnet. 

The nomenclature used below has been discussed 

by H.H. Read (19 1+9), pp. 110 eta seq.) and F.J. Turner (191+8). 

1). 3arnets with straight inclusion trails. 

Plate 26a illustrates a garnet porphyroblast 

+.0 mm! 
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+.0 mm in diameter with inclusions of quartz and opaque ore. 

The porphyroblast has smooth outline and is enclosed in a 

spindle of racr.jstallized mice. Muscovite is much more 

abundant than biotite in the mica spindle, and opaque ore 

is common round the outside of the garnet. 

Quartz is the most common mineral included vithin 

these garnets and is frequently found as crystals showing 

elliptical cross-section and forming straight, parallel 

trails, across the porphyroblasts. The long axes of the 

ellipses may measure up to 0.15 mm and parallel the inclusion 

trails. 4uartz frequently occurs as long slivers that are 

again parallel to the inclusion trails and are 
seen to be 

made up of chains of small qaartz crystals, that often have 

barrel shaped cross-SeCti.Cfl. Although the slivers may be 

1.0 mm long, the individual crystals rarely exc'ed 0.15mm 

in length. The crystal size of quartz in. the matrix of 

the rock is approximately twice that seen in the inclusions. 

Some quartz inclusions are strained, others are unstrained. 

In addition to the quartz and opaque ore inclusions, there 

are straight parallel trails of minute inclusions that can 

be recognised at +450 magnification, as specs of light 

under crossed nicols. 

The/ 
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The foliow1n important observations are made on 

one slide. 

The straight trails of inclusions in the 

porphyroblasts (Si)  do not parallel the present schistosity 

in the rock (Se). 

The orientation of sj seen in garnet porphyr 

blasts in the same slide varies from one ;arnet to another. 

The inclusion trails within the garnets are 

consistently straight but the schistosity shows many small 

asymmetric folds. 

From the observed difference in o,,rain size between 

sj and Se  and with regard to observations 1) and 3) above, 

it is concluded that the inclusions illustrate helicitic 

texture and preserve a planar structure that is earlier than 

the present schistosity seen in the rock. Furthermore 

considering observations 1) and 2) it is deduced that since 

the porphyroblasts grew, they have been rotated without 

destroying the helicitic texture. The porphyroblasts were 

not rotated by the same amount s  so inclusion trails in 

neighbouring porphyrohiasts are not parallel to one another. 

The author prefers to interpret the non—oarallellisia between 

sj planes in neighbouring crystals as rotation of the 

porphyroblas ts , / 
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porphyroblasts, rather than to adopt the other alternative, 

that the helicitic te:tire represents a folded pre-existing 

s plane s  because; 

U. There is evidcE' c1sewhr -  (ce Uilow) 

that rn.vment has taien place since the straight inclusion 

trails were çreserved, and 

2). In the large porphyroblasts seen in the 

slide ronsidered above, there was no indication of folding 

in the sj planes preserved. 

ii). ,.arnets with curved inclusion trail 

(rolled arnets). 

xarnets that show one phase of growth and illus-

trate para-crystalline deformation are not very common in 

Moidart. Ihey occur as small porphyroblasts up to 0.5 mm 

in diamecer. 2his is also the size of the rolled garnets 

described b; J.. Peacey (1961) 9  from Morar. 

Plate 26b illustrates a rolled arnet 0.5 mm in 

diameter with inclusions of quartz, opaque ore and biotite. 

The xenoblastic shape of the porphyroblast is typical of 

this type of garnet and many crystals have spongy appear-

ances Inclusions of quartz are most abundant and frequently 

measure! 
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measure about 0.10 mm by 0.02 a:. The 8- or Z- shaded 

alignment of inclusions is a feature of para-crystalline 

deformation and it is frequently observed that the inclusion 

trails do not come into parallelljsm with the present schist-

osity, In one thin section the inclusion trails can be 

seen making different anlcs with the schistosity. It is 

thought that garnet :rowth took place during movement (para-

tectonic crystallization), and that movement continued after 

growth had stopped, thereby rotating the porpbyroblasta 

into positions where the trails do not pass into alignment 

with the schistoslty. 

Tight minor folding of the schistosity is apprent-

ly related to the arnet rolling. hese minor folds  have 

the same style as the abundant F9  minor folds seen in this 

area, so it is thought that the paracrystalilne structures 

were formed durinLr he second period of folding. 

iii). tarnets with straipjt inclusion trail s  

in the core and rolled outer garnets. 

(.tarnets showing tiiis pattern are abundant In 

garnetiferous pelitic schists of the Striped and Pelitic 

Group, west of Ulenuig. Plate 27a illustrates this structure 

in! 
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in a garnet porphyroblast 2.5 mm in diameter. It can be 

seen that the porphyroblaSt is equidimeflsioflal and is made 

up of an idioblaStic core about 1.8 mm in diameter surrounded 

by an outer garnet fringe that is about 0.35 mm thick. 

The crystal boundaries of the idioblastiC core are clearly 

defined except where chlorite, formed as a result of retro-

grade metamorphism, has encroached into the core garnet. 

In other examples, the porphyroblastS may reach 5.0 mm In 

diameter, and it is seen that they are made up of a large 

core garnet, surrounded by a thin xenoblastiC or hypidio- 

blastic envelope garnet. It has been shown that the refract-

ive index of the core garnet is consistently slightly higher 

than that of the outer garnet. Inclusions in both inner 

and outer garnet are about the same size, and are predomin- 

ently quartz and opaque ore. The quartz inclusions are mostly 

unstrained and rarely exceed 0.15 mm by 0.08 mm. 

Many garnet crystals showing this structure were 

studied and the inclusion trails of the inner garnet are 

invariably straight, with the long axes of the quartz inclus- 

ions parallel to the trails. This is identical with the 

structure described in i) and the core garnets are thought 

to represent the same phase of crystallization as that 

described in 1). Two garnets were found showing poorly 

developed! 
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developed straight inclusion trails, indicated by quartz 

inclusions that are concentrated in the form of a cross 

(see Plate 36b). The latter is thought to reflect variations 

in the growth pressure within the garnet crystal (Harker, 

1932, reprinted 1952,  pp. i-fl and +2). 

The inclusion trails in the outer garnet (see Plate 27a) 

show curved arrangement similar to that seen in rolled 

garnets and described in ii). The outer garnet is therefore 

correlated with the paratectonic garnets described in ii) 

and is considered to have formed during the second fold 

movement. Paratectonic garnet enclosing garnet crystals 

identical with the porphyroblasts described in 1), corro-

borates the Interpretation put forward for the varying 

orientations of sj planes in the porphyroblasts described 

in I). The inclusion trails in the outer garnets do not 

always come into parallellism with the present schistosity, 

and this is interpreted as continued rolling of the garnets 

after regrowth had ceased. 

Iv). Garnets with straight inclusion trails 

WK  

darnets that show this structure are not equidi- 

mens I onal/ 
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equidimensional (c.f. iii)), but show elliptical cross-

section with the long axis of the ellipse lying in the 

schistosity (see Plate 27b). This porphyroblast is 3.0 mm 

long and 1.0 mm across and has apparently grown out along 

the schistosity. Inclusions are predominantly of quartz and 

opaque ore. The core garnet with straight inclusion trails 

is again clearly defined. The inclusions in the outer garnet 

appear to be larger than those in the core; but the large 

slivers of quartz in the outer garnet are made up of chains 

of small quartz crystals. These small quartz crystals are 

about the same size as the quartz inclusions in the core, 

0.15 mm by 0.3 mm. 

It can be seen (Plate 27b) that the straight 

inclusion trails of the of the core garnet are not parallel 

to the schistosity (Se).  The inclusion trails of the outer 

garnet, and in particular those seen at the right side of 

the core, are of special interest. The curved arrangement 

of the inclusion trails is not consistently in the same 

direction, as is the case in a rolled arnet (Plate 27a). 

There is a tendency for the inclusion alignment to sweep 

away from the core garnet to come into alignment with the 

schistosity. Furthermore, the elongate elliptical cross-

section/ 
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cross-section of the porphyroblaSt is incompatible with the 

shape of a rolling crystal. The core garnet is not disrupted, 

therefore the elongation of the porphyroblaSt is not due to 

shearing. 

The writer interprets this type of structure as 

having formed as follows: 

Crystallization of the core garnet preserving 

a helicitiC texture (Si). 

Rotation during the second generation of 

folding, turning sj out of alignment with 5e  (as in 

and forming an "eye" pattern of small matrix quartz crystals 

around the garnet porphyroblast. 

Towards the end of the second fold movement 

and continuing after movement had ceased, regrowth of 

garnet took place. Outer garnet was formed and added to the 

hypidioblastiC core garnet, preserving the "eye" pattern 

of the matrix crystals. This garnet growth extended out 

along the schistosity giving the crystal elliptical cross- 

section. 

It is thought that the second garnet growth 

described above, is closely related in time to the second 

period of folding, and to the paratectonic garnets described 

in ii) and iii). 
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IV. METAMORPHISM (continued). 

3. CALC-ILICAiE i'1LLAiiORPf1IC ZOiES. 

W.. Kennedy (19 119) has described the metamorphic 

zones displayed by calc-'silicate granulites in Western 

Inverness-Shire. He has pointed out that the sillimariite 

isograd lies a short distance to the west of the pyroxene 

isograd (op. cit. p. 52). The writer has also observed this, 

and this is illustrated on the maps shown on Figure +. The 

caic-silicate mineral isograds mapped In Moidart (see Fig. 1+), 

differ slightly from those shown by W.. K'nnedy in this area 

(see Fig. 2), but the regional pattern is unchanged. 

a). Anorthite-Pvroxene Zone. 

The petrography of caic-silicate rocks falling 

within this zone has been described (pp. 43 et. seq.). 

Since this general petrographic description embraces calc- 

silicate rocks that fall within both the anorthIte-hornblende 

and the anorthite-pyroxene zones, some additional points 

concerning the anorthite pyroxene zone only, are made below. 

The average grain size of the quartz-feldspar 

groundmass mosaic, though noticeably coarser than that of 

the cab-silicate rocks in the zoisite zone, is rarely more 

than! 
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than 0.5 mm diameter. Pyroxene is poorly developed as 

irregular, spongy, porphyroblastS, and is usually colourless 

showing a large extinction angle. It is frequently assoc-

iated with bright green acicular crystals of actinolitic 

amphibole. W.. Kennedy interprets this as an effect of 

retrograde metamorphism. 

In Moidart pyroxene is sometimes found with massive 

hornblende and it is sometimes difficult to decide which is 

the leading index mineral. This zone is not well developed 

in Moidart and only occurs near the eastern boundary. 

The analysis of an anorthite-pyroxene eale-silicate 

rock given by W.Q. Kennedy (op. cit. Table II - 3 ), is done 

on a specimen collected from a point " 1,30 yards E. 100  

S. of General Ross's Cairn". This point falls near the 

eastern boundary of the area mapped, on the ridge between 

the Moidart River and Loch Shiel. 

b). Anorthite-hornblende Zone. 

The petrography of anorthite-hornblende cale-

silicate rocks has been described (pp *95 -98 ; 76 81 ). 

Throughout this zone there is a gradual increase in grain 

size of the quartz-feldspar mosaic from west to east. 

W.. Kennedy/ 
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W.. Kennedy (19+9, p. 8) has pointed out the sudden rise 

in anorthite content seen in the plagioclase feldspars near 

the zoisite-anorthite boundary, and this was also found in 

Moidart ( see p.78 ). Pale green hornblende occurring as 

poeciloblastic porphyroblasts up to 3.0 mm long, is the 

leading index mineral of this zone. 

c). Zoisite Zone. 

Caic-silcate rocks from this zone have been 

described (see pp. 59-63 ). Prismatic crystals of zoisite 

are often abundant and biotite is fairly common near the 

west coast of Moidart. Although zoisite occurs in all the 

caic-silicate zones the prismatic crystals abundant in 

west Moidart, do not occur in the high grade zones to the 

east. In the zoisite zone s  garnet porphyroblasts are fre-

quently massive with few inclusions and crystal faces are 

common. In the anorthite-pyroxene zone the garnets are 

xenoblastic, spongy crystals, crowded with inclusions. 

The average grain size of the matrix in the zoisite zone is 

between 0.1 mm and 0.2 mm. 
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IV. MLTANORPIIISM (continued). 

+. MIC1iATIZTIOiT 

The area mapped lies astride the western boundary 

of the "Injection Complex" described by J. Phemister (Regional 

Guide s  1960). Migmatization is restricted to a strip about 

two miles wide, along the eastern boundary of the area 

mapped. In this area the rocks are a mixed a35'emblage of 

psammitic and pelitic types, comprising the Roshven Pelitic 

Group, and the eastern members of the Upper Psammitic Group. 

Petrographic descriptions of the rnigmatised rocks are given 

on pages 63- 95 

11igmatization has converted pelitic rock types to 

partly permeated pelitic gneisses with quartz feldspar folia, 

and permeation gneisses in which quartz and feldspar are 

abundant. The permeation gneisses are pale grey in colour, 

They do not split readily and preserve a poorly defined 

foliation. This foliation is formed by inconstant lenticular 

folia of biotite and frequently imparts a streaky appearance 

to the gneisses. 

Migmatized pelitic rocks are more coarsely crystal-

line than the pelitic rocks in the west of Noidart, where 

there is no evidence of migmatization. Large plates of 

quartz/ 
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quartz and acid plagioclase measure up to 2.0 mm across. 

They have irregular shape and meet along sharp boundaries. 

No intergrowth was observed between quartz and feldspar, 

but the quartz forms large embayments into plagioclase, and 

is often seen as rounded inclusions within plagioclase. 

The plagioclase usually shows some alteration to sericite. 

Biotite is frequently more abundant along the 

edges of quartz-oligoclase fjlia, forming a biotite-rich 

selvage. The biotites ShOW oleocnroism to reddish brown 

and occur as large crystals, poorly aligned in the foliation. 

Post-migmatization movement and recrystallization has modi-

fied the biotite arrangement. 

Garnet crystals are not well deveL.iped in coarsely 

crystalline gneiss, and occur as xenoblastic spongy crystals. 

Hypidioblastic garnets are common in medium grained pelitic 

gneisses. Inclusion trails common in the west of Moidart 

(see pp. 174-18o) are absent in garnets seen in pelitic gneiss. 

One thin section of a rock from Gleann Dubh (see Map 1), 

showed well formed round garnet porphyroblasts up to 2.0 mm 

across, in banded pelitic gneiss. These arnets have an 

idioblastic core that is almost free from inclusions, 

surrounded by additional garnet with many inclusions, (see 

Plate/ 
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(see Plate 36a). The inclusions in the outer garnet are 

quartz, biotite and opaque ore s  and are abundant near the 

crystal faces of the core garnet. Biotite flakes are usually 

tangential to the core garnet. The size and frequency of 

the inclusions decreases away from the core garnet towards 

the periphery. 

Lenticular quartz-feldspar folia parallel the 

foliation in pelitic gneiss. This foliation is the axial 

plane cleavage of structures formed during the first fold 

movement.quartz-feldspar folia were not seen folded by 

structures of the first generation of folding, but are 

frequently "drawn out" along the limbs of second folds. 

The quartz-feldspar folia can be seen cut by cleavage 

formed during the second generation of folding, (see Plate 

2+a). From the evidence stated above it is deduced that 

mignatization post-dates the first period of folding and, 

at least in part, ante-dates the second period of folding. 

In addition to the developneiit of quartz-feldspar 

folia in psammitic rocks, the following differences between 

psammitic schists in the west and east of the area mapped 

can be seen: 

1)/ 
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Psanmiltic schists in the west have an average 

grain-size that may be up to 0,2 rnm but within the zone of 

inigmatization the average grain-size may be up to 0.+ mm. 

Myrmekite is absent in psaminitic schists from 

the west and may be fairly common in psanniitic schists 

from the east (Plate 32b). The significance of myrmekite 

has been interpreted in various ways by different authors, 

(c.f. Y.C. Cheng, 19+1 p. i+0 2  arid W.T. Harry, 193, p. 296). 

Liotite showing; pleochroism from pale yellow 

to reddish brown is only found in psammitic rocks from the 

east of the area. 

+). Thin quartz-feldspar and quartz veins in the 

axial plane cleavage of second folds occur in the east of 

the area but are absent in the west of the area (c.f. Plates 

9 and 12). This indicates that m.iginatization, which com-

menced before the second folds had formed (see p. 188 ) 

continued until afte' the second generation of folding. 

Veining ceased before the third generation of folding 

because it is not found with third and later folds. 

W.. Kennedy (19+9, p. 52) and H.H. Read (1931) 

have pointed out that the isograd which marks the zolsite-

anorthite zone boundary, in caic-silicate ribs, coincides 

almost! 
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almost exactly with the western limit of regional injection, 

(Kennedy, 1949, p. 52). This statement holds good in 

Moidart. 

W.T. Harry (1953)  has worked on the granitic 

gneiss of Western Ardgour; this work has been referred to 

in the introduction (see p. 21 ), harry recognises an 

early phase of soda metasomatism followed by potash mta- 

somatism. The soda metasomatism produced oligoclasebiotite-

quartz-gneiss and this rock type Is very similar to the 

pelitic gneiss seen in Moidart. It Is likely that th 

o1Ioc1ase-biotite-quartz-gneiss seen in ArdSour, and the 

pelitic gneiss seen in Moithrt, belong to the same phase of 

metasomatism. There is no granitic gneiss in the area 

mapped, and the potash metasoatism recorded in Ardgour is 

not represented. 

Late pegmatite dykes that were injected into the 

rocks after the fourth :eneration of folding, can be found 

in an area that extends from the eastern boundary, west to 

a line that runs iorth south through Loch Ard a Phuill. 

The dykes arc largely composed of quartz and acid plaio-

clase, with muscovite, 1iotite, garnet, tourmaline and rare 

apatite in variable amounts. In the east of the area mapped 

the dykes are usually concordant and one apatite-bearing 

pegmatite,/ 
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pegmatite, with muscovite that occasionally measured six 

inches across, was traced along the strike of the foliation 

for 800 ft. Pegmatite dykes in psammitic rock may be up to 

60 ft. thick and are frequently discordant (see Plate 24b). 

The minerals in the pegmatites are randomly oriented. 

Randomly oriented muscovite porphyroblasts are widely dis-

seminated in both psammitic and pelitic rock-types in the 

eastern part of the area mapped. It is thought that the 

muscovite porphyroblast and the pegmatite dykes were formed 

at the same time. 
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IV. METAMORPHISM (continued). 

5. RECRSTALLIZATIQ1 

The evidence seen in Moidart suggests that recrystal-

lization probably occurred during the first second and third 

fold movements. The most recent recrystallization occurred 

during or after the most recent fold movement. 

F 1. recrystallization. 

It has been stated earlier (see p6115 
 ) that the 

regional foliation and beciJing-schistosity represents the 

axial plane cleavage of F 1  isoclines. In the west of 

Moidart F, lineation is still preserved a is defined by 

the parallel alignment of quartz crystals that have ellipt-

ical cross-section (see p. 11.7). Although the quartz 

crystals may have recrystallized since they were aligned in 

the lineation, the shape and alignment can be attributed to 

the F, fold movement. 

F. recrystallization. 

Mica alignment in the axial plane cleavage of F. 

folds provides evidence of recrystallization associated 

with the second fold movement. This can frequently be seen 

in the field (se' Plates 1.0 ; 1.2 
) and is equally common in 

thin/ 
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thin sections (see 	-75). It is irnortant to note that 

this cleavage cuts quartz-feldspar folia, formed during mig-

matization, in the east of the area mapped(see Plate 24). 

Garnet crystals occurring in the west of Moidart 

show par.atectonic growth during the second fold movement 

(see ppI 17 7-I8. It is therefore apparent that the metamor-

phic grade reached during the second fold movement was 

sufficient to cause significant recrystallization of the 

rocks in this area. 

F3  recrystallization. 

The third fold movement is of restricted extent 

(see pp. 135 ). Axial plane cleavage in semi-pelitic gneiss 

in the core of the Lochan Ileall a'adaidh Syni'orm, indicates 

recrystallization associated with this movement. Elsewhere 

in the psammitic schists, minor folds show hinge thickening 

and limb attenuation. The absence of cleavage suggests that 

this took place by recrystallization. 

Most recent recrystalli2ation. 

The relative ages of four fold movements have 

been established and the presence of two sets of folds of 

unknown age has been recorded (see Section III). Mica 

crinkling in the east of the area mapped is related to the 

fourth/ 
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fourth fold movement. The age of a similar structure from 

the west of the area mapped, is unknown. 

The crinkle folds are formed by interlocking 

crystals of mica that meet at varying angles. Cleavage 

planes in the mica crystals are rarely bent. From this it 

is deduced that the micas recrystallized during or after 

the movement that aligned them. Quartz crystals are fre-

quently unstrained or show slight straining, and albite 

twin lamellae seen in plagioclase crystals are straight. 

These features indicate recrystallization late in the 

structural history of the rocks. 
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IV. METAMORPHISM (continued). 
11 

5. RETROGRADE METAMORPHISM. 

Retrograde metamorphism is seen throughout the 

area mapped. Garnets from the Striped and Pelitic Group are 

frequently enclosed in a zone of chlorite, biotite, muscovite, 

clinozoisite and opaque ore (see Plate 30a). The clino-

zoisite crystals may be up to 0.5 mm long and are usually 

well formed prismatic or acicular crystals. 

The boundaries of altered garnets are very irreg-

ular and the alteration assemblage frequently penetrates 

deep into the garnets. In some cases the garnet porphyro-

blasts are completely destroyed. The minerals formed during 

retrograde metamorphism are not aligned even though late 

mica crinkle folds occur in the mica crystals forming the 

matrix of the schist. From this it can be deduced that the 

retrograde metamorphism occurred after the mica crinkle 

folds were formed. 

Biotite crystals in the matrix of both psRmmitic 

and pelitic rock types are sometimes altered to pale green, 

weakly pleochroic chlorite. Chlorite may completely replace 

the biotite flakes or may be interlaminated with them. 

Garnets/ 
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Garnets from the eastern part of the area mapped 

occasionally show peripheral alteration to chlorite and 

' 	biotite, and biotite is sometimes altered to chlorite. 

Aggregates of sillimanite, staurolite and rare 

kyanite in pelitic gneiss, are frequently sheathed in small 

muscovite crystals (Plate 30b). The muscovites become 

progressively larger as they are traced away from the silli-

nianite, staurolite aggregates. Llsewhere, sillimanite 

needles and staurolite are enveloped in muscovite porphyro-

blasts. This suggests that the retrograde metamorphism 

of the high grade minerals producing muscovite is assoc-

iated with the formation of muscovite porphyroblasts. The 

small muscovite crystals and the muscovite porphyrobiasts 

are randomly oriented even though mica crinkle folds occur 

in the micas of the pelitic gneiss. The mica crinkle folds 

are related to the fourth fold movement. Therefore the 

retrograde metamorphism occurred after this movement had 

ceased. 

Calc-silicate granulites within the anorthite-

hornblende and anorthite-pyroXefle zones frequently contain 

irregular shaped crystals of zoisite that show anomalous 

"Berlin Blue" interference colour. Pyroxene bearing caic- 

silicate! 
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caic-silicate rocks often contain fibrous green actinolitic 

amphibole. W.q. Kennedy (1949) Interprets both of these 

features as indicatins of retrograde metamorphism. 
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IV. MLTANORPHISN (continued). 

7 • i'LLATIONSHIPS OF MIGMATI ZATION, MTAMOP.PHISM 

AND MOVEMENT. 

This subject has been discussed throughout the 

text but t  since it Is of considerable interest, the salient 

points in arguments put forward to establish the relation-

ships are grouped here. 

The episodes comprising the metamorphic history 

and migmatizatlon are correlated with four significant 

fold movements. The relative ages of these movements are 

established by structural analysis and this has been dealt 

with in Section III. (see Table, Fig. 5, for a summary of 

the results). Structural analysis has provided the dimen-

sion of time, and the sequence of metamorphic events is 

built up on the basis of structural work. 

1). Mlgmatization took place after the first fold 

movement and before the second fold movement. The evidence 

supporting this statement is: 

Lenticular quartz feldspar flia are not 

seen folded by F, folds. 

The quartz feldspar folia occur in the axial 

plane foliation formed during F, movement. 



c). Axial plane cleavage of F2  folds c..ts through 

the quartz-feldspar I olia. 

It has been stated that thin veins of quartz and 

feldspar occur in the axial plane cleavage of F2  folds. 

This indicates emplacement during or after F 2 . These veins 

are more glassy in appearance and more quartz rich than the 

lenticular quartz-feldspar foUa and their connection with 

migmatizatiofl is obscure. They were not seen cutting the 

lenticular quartz-f elds kiar folia. If these veins are 

related to rnigmatizatiofl, they provide evidence of contin-

uation of rnigxnatizatiofl during or alter the second fold 

movement. There is no indication of migmatization during 

the third and fourth fold movements. Pegmatite veins were 

injected after the fourth period of folding. 

2). Metamorphism. The earliest recognisable 

metamorphism took place after the first fold movement and 

before the second fold movement. The evidence in support 

of this statement comes from the western part of Moidart 

and is summarised belows 

a). Garnets show two phases of growth. The outer 

garnet is paratectonic and was formed during thr ,  second 

fold ovemnt. 

b)./ 
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Inclusion trails within the inner garnet are 

invariably straight. This garnet must therefore have or 

formed eithe: befre the first fold movement or after the 

first fold movement, 

Where "early" arnets are protected in an 

outer garnet envelope formed during the second fold movement, 

the inner garnets are idioblastie. 

Where the "early" garnets are not protected 

by outer garnet, the idioblastic shape has been modified 

to give a rounded garnet without crystal edges, This Is 

attributed to rolling of early garnet during the second 

fold movement s  (c.f. Plates 26a and 27a). 

e), The first fold movement formed very tight 

folds and imprinted the regional bedding-schistosity. It 

is considered unlikely that a garnet formed before such a 

movement could survive s  preserving idioblastic shape, such 

as is seen in the core of compound garnets. The contrast 

between "protected" and "unprotected" early garnets as a 

result of the less intense second fold movement supports 

the argument that early garnets would have been modified 

during the first fold movement, if they had been in existence 

before the movement took place, 

The/ 
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The writer is of the opinion that the early 

garnets formed during the period that intervened between 

the first and second fold movements, and that the helicitic 

structure preserved by the early garnets (sj), represents 

the bedding-schistosity formed during the first fold move-

ment. It is therefore apparent that the early garnet 

phase must be nearly contemporaneous with the main migma-

tization, seen in the east of Moidart. 

The age of kyanite and sillimanite in the east of 

Moidart is not known. It is likely that these minerals 

were formed at the same time as either the early or late 

garnets seen in the west, The early garnets were formed 

at about the same time as migmatization. Migmatization 

increases in intensity eastwards, so it is reasonable to 

suppose that the metamorphic grade at this time also increas-

ed eastwards, perhaps reaching sillimanite. The contrast 

between garnets with a variety of structures shown by 

inclusion trails in the west, and those with no inclusion 

trails in the east, is striking. If the sillimanite meta-

morphism in the east was imprinted during migmatization, 

then either the second growth of garnet seen in the west 

did not take place in the east, or evidence of second 

garnet growth in the east has been obliterated by subsequent 

recrystallization,! 
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recrystallization. Recrystallization is known to have 

occurred after the second fold movement throughout the area, 

but inclusion trails are never-the-less well preserved in 

the west. 

The alternative possibility is that sillimanite 

grade of metamorphism was reached during the second fold 

movement, when paratectonic garnet was forming in the west. 

While sjllimanite was forming in the east garnets were 

completely recrystallized and any inclusion trails that 

may have been in existence, were destroyed. 

The writer favours the development of sillirnanite 

with migmatization and this is supported by evidence from 

caic-silicate granulites. In the west zoisite prisms are 

sometimes aligned with the long axes sub-parallel to the 

beddirig-schistosity. This is considered to represent 

mimetic control over crystallization. Garnet crystals in 

caic-silicate ribs occasionally preserve a parallel align-

ment of inclusions and have been rotated during F. without 

additional arnet being added. These garnets are probably 

of the same age as the early garnets seen in pelitic rocks 

so the metamorphism which formed them is correlated with 

migmatization. In the east of the area, there is no 

apparent alignment of large hornblende and pyroxene crystals. 

This! 
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This is taken to indicate that crystallization of horn-

blende and pyroxene was not controlled by iaovemcnt. It 

is therefore suggested that the caic-silicate metamorphism 

was imprinted before the second fold movement, at the same 

time as migmatization. If this is so, then the cab-

silicate rocks indicate that the rocks were metamorphosed 

up to sillimanite grade in the east of Moidart, during 

migma tization. 

Recrystallization occurred during or after the 

fourth fold movement. This is indicated by the absence of 

bent or ruptured micas that form mica crinkling correlated 

with the fourth period of folding. 

Retrograde metamorphism occurred throughout the 

area after the fourth fold movement because minerals formed 

as a result of retrograde metamorphism are not crinkled 

during the ? movement. Muscovite porphyroblasts seen in 

the east of the area are also randomly oriented. .he 

foregoing data is summarized in a table (Fig. 25). 



FIG. 25. 
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V. PLTROFABRICS 

F.C. Phillips (op. cit. 1937) has given a brief 

description of the method employed In grain fabric studies 

and this has been summarised in the Introduction to this 

thesis (see pp..27- 3 ' ). The preparation of petrofabric 

diagrams is described by J.C. Haff (1938). 

Other workers, notably Clifford et. al. (1957), 

have stressed the importance of correlating minor structures 

with related major structures, before discussing the signif-

icance of microfabric data. It has been shown that Moidart 

has suffered four significant folcI movements and that 

there is evidence of several periods of recrystallization 

throughout the metamorphic history of the rocks. For these 

reasons it is essential that the macroscopic structures 

seen in specimens selected for microfabric analysis, be 

correlated with the known structural pattern. Attempt is 

made to relate the microfabric to the macroscopic structures 

and thus to the regional structural interpretation. 

Specimens of structures formed during the four 

significant fold movements have been studied and the results 

obtained are described below. Two specimens showing super-

posed! 
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superposed folding have also been studied and the microfabric 

of quartz inclusions within garnet porphyroblasts, is report-

ed. 

1. Microfabric of specimens showing F 1  structures. 

Minor structures related to the first fold move-

ment are most abundant in the west of the area studied. 

From here two specimens showing F1  structures were select-

ed for fabric analysis. Apart from F. folding, the west of 

Moidart is not severely affected by later movement, (see p.132). 

An F 1  Isocline in a quartz-feldspar granul-

itic schist band within the Striped and Pelitic Group, was 

collected from Smearisary Hill, west of Loch na Bairness. 

300 C - axes of quartz crystals were measured and are 

represented on a stereonet, (Fig. 26a). The axial plane and 

the fold axis are also shown. 

The c - axes of quartz crystals group to form a 

maximum concentration that lies near the axial plane, and 

the fold axis plots about  30 0  away from this maximum. There 

is a tendency for an incomplete girdle to develop. This 

girdle is apparently unrelated to the F 1  fold axis. 

A similar pattern to that described above was 

obtained/ 
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obtained from a specimen of quartz-feldspar granulitic 

schist showing F 1  lineation, (see Fig. 26b). This specimen 

was collected from inverted Upper Psammitic Group near the 

west coast of Moidart and in thin section the quartz crystals 

are seen to be slightly flattened in the bedding-schlstosity. 

The maximum concentration of c - axes of quartz crystals 

falls near the bedding-schistosity, and there is an in-

complete girdle that is almost normal to the F 1  lineation, 

(see Fig. 26b). 

The specimens described above show only F 1  

macroscopic structure and they have yielded similar fabrics. 

It is of interest to note that although the girdles develop 

approximately normal to the axial plane and bedding-schist-

osity, the angle between the F axial structures and the 

girdles, varies considerably. 

2. Microfabric of F2  fold. 

300 c - axes of quartz crystals were measured 

from an asymmetric fold occurring in the Striped and 

Peiltie Group, between Glenuig Bay and Loch na Bairness 

(see Fig. 27).  This F2  fold occurs on the upper limb of the 

Glenuig Antiform and axial plane cleavage is visible in 

hand/ 
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hand specimen. Under the microscope, small mica crystals 

are seen to be aligned parallel to the axial plane of the 

fold. uartz crystals are ec1uid1unsional and show strain-

ing. 

hc microfabric a:alysi 3hows a v::'y diffuse 

maximum apprximatcly normal to the axial plane of the fold, 

(Fig. 27). Within this diffuse maximum, there are weak 

concentrations of c - axes. These concentrations make 

angles of about 50 0  with the axial plane. Very few c - axes 

lie within the axial plane of the fold, (c.e.f. the micro-

fabric obtained from specimens showing F 1  structures). It 

is possible that the microfabric shown on Fig. 27 is not 

entirely due to the F fold and that it represents break 

down of a pre-existing F fabric. 

3, Microfabric of F3  fold. 

Two fabric diagrams were prepared from an F3  fold 

from the Upper Psammitic Group northwest of Loch nam 

Paitean, near the hinge of Lochan Meali a'Mhadaidh Syn.form. 

The fabrics were measured in thin sections from different 

positions on the fold, (see Fig. 28a). 

Both! 
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Both fabric diagrams (Fig. 28b and 28c) are 

alike in that they consist of Incomplete broad girdles, 

approximately normal to the F 3  fold axis. However, the 

gaps in the girdles and the maxima within the girdles, 

do not have constant orientation. In both diagrams the 

maxima are ormal to the gaps in the girdles. 

Two alternatives are presented to explain this 

situations 

The fabrics preserved are not related to F3  

movement and represent an earlier fabric which has been 

folded by F3  without an F3  fabric developing. 

The fabrics were formed during the F3  

movement and continued movement about the F3  fold axis after 

the fabric had developed, caused rotation of the already 

oriented quartz crystals, without reorienting them. 

The writer has no preference for either of the 

two alternatives stated above. 

.f• Microfabric of an F4  fold specimen. 

An F. fold occurring in a psammitic band within 

the Roshven Pelitic Group 2,000 ft. south of the summit of 
1 1 	 N Sgirr Domhuil]. Mr, save the quartz fabric shown in Fig. 29a. 

The/ 
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The well developed maximum (8 per lc area) lies +5°  off 

from the F4  axial plane and 730  away from the F4  fold axis. 

There is no apparent relationship between F4  structure and 

the quartz xJ.crofabric. 

5. 1icrofabi'ics of a specimen showing mica 

crinkle folds superposed on a quartz isocline. 

The microfabrlcs of three oriented thin sections 

from a specimen of politic schist from the Striped and 

Pelitic Group, east of Loch na Bairness, were studied 

( Fig. 30)0 

In hand specimen the schist has a well developed 

schistosity (sr  plane) on which there is a strong mica 

crinkle lineation that is correlated with the second fold 

system of uncertain age, (see p. 159 
). An F 1  isoclinal 

quartz fold can also be seen. 

Under the microscope the quartz isocline is seen 

to consist almost entirely of quartz, with rare feldspar 

crystals 	ri 	quartz crystals are mostly elongate with 

ei1.i)tial ros-sction; the long axis is usually parallel 

to the schistosicy. On average, the ratio of the long 

dimension to the short is 1 s 3. Grain size vcries from 

less/ 
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less than 0.05 mm to about 2.0 mm. Small crystals are 

usually uns trained but severe straining is invariably 

present in larger crystals. Frequently the lines of strain-

ing in the large crystals of quartz are parallel to the 

schistosity, but some times they curve away from the schist-

osity, dividing the crystals into long arcuate splinters. 

The main constituent of the quartz isocline (Section c, 

Fig. 30) is the mosaic of small elongate grains and it was 

these grains that were measured in the petrofabric study 

of the isocline, described below, 

quartz crystals that form, with micas, the 

pelitic matrix are in marked contrast to these in the iso-

cline. In the matrix, (Section L, Pig. 30), quartz occurs 

as inequigranular, equidimensioflal uns trained, crystals, 

that range in size from very small to 0.2 mm in diameter. 

Pleochroic dark yellowish brown to pale brown 

biotite flakes, together with muscovite, define the s - 

plane. The micas are often intimately interlaminated. 

Pleochroic haloes around inclusions are common in biotite. 

The mica crystals range in size from very small up to 2.0 mm 

in length of section. an obvious feature of the rock, 

both/ 
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both in hand specimen and under the microscope, is the strong 

mica crinkle fold 1ineatin. Under the microscope this is 

seen to be due to small, often asymmetric, folds in the s, - 

planes. Mica cleavages are not bent in forming these folds; 

many crystals meet at varying sometimes acute an1es. The 

axial planes of the "crinkle" folds are nearly at right 

angles to the s, -  planes and the axial plane of the quartz 

isocline. 

Mica fabric. 

In order that the complete mica fabric be measured 

two sections (A and B, Fig. 30) 9  were studied. Poles to 

mica cleavage planes were recorded and the resulting dia-

grams for both muscovite and biotite showed girdles normal 

to the mica crinkle fold axis (see Fig. 30). A strong 

maximum present in each girdle coincides with the pole to 

the s - plane. The mica fabric can therefore be correlated 

with the fold movement that formed the "crinkle" folds. 

Fabric of the quartz isocline. 

There is a well defined girdle of quartz c - axes 

normal to the isocline fold axis (see Fig. 30), with a max-

imum/ 
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maximum in the axial plane of the isocline. It is thought 

that this represents an F, fabric imprinted during the form-

ation of the isocline. 

c). Quartz Matrix. 

There is a marked contrast between the fabrics 

described above and that obtained from quartz grains in the 

matrix of the schists. At first 275 c - axes of quartz 

crystals were measured and when these were plotted they 

indicated an apparent random scatter. A further 275 crystals 

were measured from another part of the thin section and the 

same result was obtained, indicating that the fabric in 

this thin section is homotactic. The quartz diagram illust-

rated (Fig. 30), represents the combined results from the 

two studies and shows the orientation of 550  c - axes of 

quartz. 

Conclusion. 

It is thought that a fabric akin to that seen in 

the quartz isocline may also have been imprinted on the 

matrix of the schist, during the F, fold movement. This 

has since been destroyed. A 3 a tentative explanation it 

is suggested that the quartz crystals in the matrix were 

rendered/ 
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rendered more easily reorineted during later movement, by 

the abundant contiguous micas. It could be argued that if 

this is so then the matrix quartz crystals should readily 

take up a new fabric during movement and so should now be 

aligned with respect to the last movement, as are the micas. 

But it may be that although the later stress was sufficient 

to re-align the micas, it was unable to do the same for the 

quartz crystals in the matrix. It may have partially broken 

down the early fabric, without imprinting its own. At the 

same time, the massive quartz isocline was able to resist 

reorientation during later movement and so preserves the 

early (F,) fabric. 

6. M.tcrofabrics of specimens from Sgirr Domhuill 

M'r. 

The quartz microfabrics of specimens collected 

from the area 2 9 000 ft, south of the summit of Sjurr 

Domhuill M'br, where F2  and F4  folds occur together (see 

pp.146-153), are shown, (Fig. 29b, c and d). In this area s  

the orientations of F. fold axial planes remains constant 

while the F axial planes vary, (see Fig. 19).  Fig. 29b, 

c and d. all show a similarity, with the maximum number 

of c - axes trending approximately north-south. Since F. 

fold! 
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fold axial planes vary in orientation it is probable that 

the similarity amongst the fabric diagrams indicates that 

the fabrics are related to F movement. 

The maximum in Fig. 29, is more diffuse than those 

in Figs. 29b and 9c and this may represent the remains of 

an earlier quartz fabric which has not been completely re-

oriented during F 4 . It may also be that the pattern shown 

on Fig. 29a, which is apparently unrelated to F. (see 

above p. 208), is also a relic fabric. The weak north-

south, nearly horizontal, maximum in Fig. 29a,  may represent 

an incipient F4  fabric. Fig. 29d may represent the inter-

mediate stage between the fabrics shown on Fig. 29a,  and 

b or c. 

7. Microfabrlcs of a folded cal c-silicate rib 

with garnets showing straight inclusion trails. 

A caic-silicate rib, folded by the second fold 

movement showed two garnet porphyroblasts 3.5 urn in diameter, 

with abundant inclusions of quartz. The quartz crystals 

showed straight inclusion trails that are oblique to the 

present foliation seen in the cab-silicate rock and are 

also oblique to each other. 

The! 
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The orientations of c - axes of 300 quartz 

crystals occurring within the matrix of the rock, were 

measured, as were the c - axes of the quartz crystals 

included within the garnets (see Fig. 31). The quartz 

crystals in the matrix show a maximum concentration in the 

axial plane of the F. fold, about 60 0  away from the fold 

axis. This maximum may be due to the intersection of two 

incomplete girdles inclined at 30 0  to the primitive circle 

of the projection. 

100 c - axes of quartz crystals were measured 

from one garnet prphyrob1ast and 80 c - axes from the 

other (see Fig. 31b and 316. In diagram b a line of three 

maximum concentrations of c - axes can be seen trending 

north-south near the eastern margin of the primitive circle. 

A similar fabric is shown by Fig. 31c, but in this case the 

orientation of the maxima has swung round to trend northwest 

by southeast, and is located in the northeast quadrant of 

the projection. 

The trends of the inclusion alignments in the 

two garnets are also shown on the diagrams, and it can be 

seen that the rotation required to alter the trend from 

that! 
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FIG. 31. 	Diagram a 	c-axes of 300 quartz crystals 
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Diagram b 	c-axes of 100 quartz crystals in garnet porph'yroblast 
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that shown in Fig. 31b, to that in Fig. 31c, is the same 

as the rotation required to change the positions of the 

three maxima from the orientation in b to that in c. 

It is concluded that the fabrics of the quartz 

crystals within the garnets have been preserved and rotated 

with the garnets. The fabric shown by the quartz crystals 

in the matrix is dissimilar to that preserved by the quartz 

incl'.sions within the garnet crystals. The former was 

probably imprinted later than the fabric preserved with the 

garnets, at the time when the garnets were being rotated. 

8. Microfabrics of a pelitic scaist and garnets 

showing two phases of growth. 

Garnets with straight inclusion trails preserved, 

the growth of which was followed by movement then regrowth 

of garnet, have been described (see p iao and Plate 27b). 

The microfabrics of two such garnets have been studied, 

together with the microfabric of the pelitic schist in which 

the garnets occur. The method followed was similar to that 

described as Achsenverteilunganalysen (A.V.A.), (see Weiss 

1954 2  p. 63, also Sander 1950 2 Pt. II, pp. 161-217). 

Photomicrographs of the garnets were used as maps of the 

quartz/ 
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quartz inclusions and as the orientation of the optic 

axis of each crystal was measured, the crystal was numbered 

on a tracing overlay on the photomicrograph. In this way, 

it was possible to relocate any of the crystals measured. 

After measuring the orientations of the c - axes they 

were plotted on a stereonet and were also represented as 

arrows on a tracing from the photomicrograph, (see Figs. 32 

and 33). 

The fabric from the matrix shows an incomplete 

girdle normal to a poorly defined F2  lineation, with the 

maximum concentration of c - axes normal to the schistosity. 

The fabrics from the quartz crystals included within the 

garnets are also shown, (see Fig. 32). The fabrics obtain-

ed from the inclusions within the outer garnets are shown in 

Fig. 32 ci and c2, and that obtained from the matrix in 

Fig. 32a. Insufficient quartz inclusions occur in the core 

garnets, to enable any definite conclusions to be drawn 

(Figs. 32, bl and b2), but it would appear that there is 

a dissimilarity between the orientation of quartz crystals 

in the core garnets and the outer garnets. There is a 

faint resemblance between the fabric shown in diagram ci 

and diagram a in Fig. 32, suggesting a correlation between 

the/ 
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FIG 32. 	DIAGRAM 0 	300 C-AXES OF QUARTZ CRYSTALS FROM THE MATRIX OF GARRET MICA SCHIST 
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GARNETS THAT SHOW REGROWTH 

CONTOURS AT 1 2355% PER 1% AREA 
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the matrix quartz fabric in the rock and the quartz fabric 

of the inclusions in the outer garnet. 

The orientations of the quartz c - axes are also 

represented by arrows (Fig. 33). It can be seen that there 

is no constant relationship between the elongation direction 

of the quartz inclusions forming the inclusion trails and 

the orientation of the optic axes of the quartz crystals. 
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VI. SUi,,24ARY OF COdCLUSIOiIS 

Detailed geological mapping and structural 

analysis of Moidart revealed that the area has been folded 

more than once. The relative ages of four fold movements 

have been established and two additional movements of un-

certain age have been recognised. 

The earliest movement preserved is represented 

by minor isoclinal folds and axial structures, but no 

major folds were found. Extreme tectonic thickening Is 

seen in the isoclines and the regional fAiation and bed-

ding-schistosity was Imprinted during this fold movement. 

The isoclinal folds seen in Moidart are tentatively correl-

ated with the movement that formed the Morar Nappe. 

Following the Isoclinal folding, there was a 

period of movement during which tight asymmetric folds 

with well developed axial plane cleavage formed. The 

majority of the major folds seen in Moidart formed at this 

time and J.E. Richey reporting work done by V.A. Eyles and 

W.Q. Kennedy (see p. ii ), has correlated one of these 

major folds, (the Gleriulg Antiform), with the Morar Anti-

cline./ 
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Anticline. This was a period of "Similar type" folding and 

abundant minor structure, that can be r'lated to the major 

folds, were formed in Moidart, at this time. Axial structures 

formed during the first fold movement were reoriented 

during the second fold movement in such a way that when 

the former are plotted on a stereonet, they come to lie 

along a great circle. 

Evidence of the third fold movement is restricted 

to the eastern part of the area mapped. Major and minor 

folds of the second fold movement are seen refolded by 

third folds. Where second folds are undisturbed by later 

folding, they have nearly horizontal plunge. This nearly 

horizontal plunge is largely maintained where the second 

folds are refolded by the third fold movement. 

Fourth folds occur near the eastern boundary of 

the area mapped and it is in this area that second folds 

have steep plunge. On the minor fold scale, one of the 

effects of the superposition of fourth folds on second 

folds, is to cause the second fold axes to change inclin-

ation and frequently become steeply inclined. This is also 

thought to have occurred on the major fold scale and the 

reorientation/ 
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reorientation of second fold axes from their original 

nearly horizontal inclination, to the steep inclination seen 

in the east of Moidart, is attributed to the fourth fold 

movement. 

The sequence of events in the metamorphic history 

of the rocks, is correlated with the structural history. 

Migmatization is considered to have taken place during a 

period that began after the first fold movement and before 

the second fold movement, and may have continued until 

after the second fold movement. Evidence of the ages of 

metamorphisms comes from the west of the area studied and 

is largely based on inclusion trails preserved within 

garnet porphyroblasts. During the period that intervened 

between the first and second fold movements, the rocks in 

the west, were metamorphosed to gannet grade. A second 

garnet grade metamorphism occurred in the west during the 

second fold movement. 

The ages of kyanite and silliinanite, seen in the 

east of Moidart, are not known but the writer is of the 

opinion that they may have formed during the period between 

the first and second fold movements. They are probably 

contemporaneous/ 
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contemporaneous with migmatization and the first garnet 

grade metamorphism seen in the west. 

Retrograde metamorphism took place after the last 

fold movement had ceased. This metamorphism has caused 

chioritisation of garnet and has altered sillimanite to 

muscovite. 

From the foregoing summary, it is apparent that 

the complex structural history in Moidart is matched by an 

equally complex metamorphic history. The metamorphic 

events are related to a time-scale provided by the results 

of structural analysis. 
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PLATE 1. 

a). A view looking west from above Lochan a Mhuilinn. 

The islands of Eigg and Rhu. can be seen in the 

distance. 

b). 	Looking north across Lochan na Caillich. The ice has 

scraped aray superficial detritus leaving the rocks 

well exposed. 
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PLA.LL 

a and b. i'a1se bedding in psainmitic schists occurring 

near the base of the Upper Psammitic Group, about one mile 

southeast of Glenuig Bay. In this area the rocks are 

right way up. 
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PLATE 3. 

a). Xenoliths or quartzite in a quartz dolerite dyke about 

half of a mile east of Loch na Bairness. 

b). 	Tertiary feldsparphyric dolerite dyke cutting folded 

quartz feldspar granulite east of Glenuig Bay. 



• 	
;1 

- fn 

;: •. 

• 

\.. 	• 



1+. 

• 	1 Yj iLJri U11It, 	': 	 ji1 	 t 	fl 

bedding-scnistosity surface. East shore of Glenuig 

say. 

b). 	Lineation formed during the second fold movement 

parallel to an F2  minor fold. Striped and Pelitic 

Group, Egnaig Hill. 
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PLATE '. 

a). 	Intersecting quartz rods. The rod plunging to the 

left cuts through that plunging to the right. 
Cj 

b ) .:.oudiriage in banded semi-..pelitic schist. Occurring 

in the Roshven Pelitic Group on Ceann Loch Uachdrach. 
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PLJTE 6 I 

a). 	Flaggy psaminitic schist in the Upper Psaminitic Group 

north of Lochan Meall a'lvthadaidh. 

b). 	L1ineated F1  quartz rods in the Striped and Pelitic 

roup on E.griaig Hill. 
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PLATE 7. 

a and b. Isoclinal folds formed during the first fold 

rnvement. 
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PLATE 8. 

a). 	Large F isoc-line in the Upper Psammitic Group west 

of Loch nam Paitean. The limbs of this isocline can 

be traced for thirty feet and the:'e is no indication 

of a complementary fold. 

b). Small F 1  isocline seen as a folded psammitic band in 

predominantly pelitic rock. The limbs are severely 

attenuated. (Roshven Pelitic Group). 
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PLATE 9. 

a). Asymmetric south plunging fold formed during the 

second fold movement, on the hill between Glenuig 

Bay and Loch na Bairness. 

b). Asymmetric minor folds in the striped and Pelitic 

Group, on Egnaig Hill. The axial planes are nearly 

horizontal and the fold axes trend north south. 
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• 	j1 	1;. cv:e i. 	core of an F 1, fold 

ccurring in Striped and Pelitic (aroup vest of Loch 

Draipe. Variations in the lithology have controlled 

h: shape of the fold. 

b). 	iJar trie same locality as a). the bthiin-SChiStOSitY 

represents s , a neJ senistosity, S22 partliel to the 

axial plane cleavage of F. folds, develops in the 

semi-pelitic rocks. 
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1 

tn (.,pen F. i.,inor 1'1cL in tn upper isajaI ic 

irith lineation parallel to the fold axis. Located on 

the north coast of ioidart about half of a mile east 

JJ Jjfl 	1i't}ì • 

b). 	1c3ar the same locality tho folds show a variety of 

styles, some are fairly tight. Viewed looking south, 

the axial planes dip to the east and the folds plunge 

gently to the south. 
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PLATE 12. 

a). 	uartz feldspar veins in the axial plane cleavage 

of folds formed during the second fold movement. 

Located in the Upper Psammitic Group between Loch Ard a 

Phuill and Lochan a Mhuilinn. 

b). 	ilea' the same locality. In this photograph the 

quartz feldspar veins fan around the hinge of a minor 

F. antiform. 
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PLATE 13. 

a and be Disharmonic folding in rocks or varying lithology. 

Occurring in the Upper Psammitic Group west of 

Lochan R'Mhuilinn. 
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PLATE i+. 

a). 	.tfo1ding of F, by F in the btriped and Pelitic 

Crcup west of Loch na Draipe. 

t 

). 	iefoiding of F, by F2  in the Upper Psammitic uroup 

south of Lochan na Caillich. 
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PLATE 1. 

a). Minor folds formed during the third fold movement. 

Occurring in the Upper Psammitic Group west of Loch 

nam Paitean, near the hinge of the Loch nam Paltean 

Antiform. Viewed looing south, the axial planes dip 

steeply to the west. 

b). Minor folds formed during the third fold movement. 

Occurring in the Upper Psammitic Group near the hinge 

of the tight Lochan Meall aNhadaidh Synform. 
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PLATE 16. 

a). Loxfold forrid during the third fold novemnt in 

Upper Psammitic Group west of Loch nam Paitean. The 

axial plane of a snail antiform splits to give an i-

shaped fold. The left hand axial plane splits again 

to form a second N-shaped fold oblique to the first. 

b). Variations in the style of F3  minor folds controlled 

hy variations in the litnology. 
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PLATE 17. 

a). 	Refolding of F, by F3 . This outcrop occurs one 

thousand feet west from the southwest corner of Loch 

nam Paitean and is located in the Upper Psamnitic 

Group. Viewed looking south. The axial planes of 

F. mirr folds dip southwest ad the contorted axial 

plane of an F 1  rnincr fold can be traced from the 

bottom left-hand corner to the top right-hand corner. 

h). F.efolding of F1  by F8  west of Loch nam Paitean. 

The axial planes of two Isoclines pass diagonally 

across the photograph from tot; left to bottom right. 

Folding such as this renders it impossible to estimate 

stratigraphic thicknesses in Noldart. 
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PLATE ig. 

).efoidin of F2  by F8 . The folded quartz-feldspar 

v:in follows the axial plane of the F. fold while the 

axial plane of the F3  fold trends north-south and is 

parallel with the pccket knife. 

b). 	r, ,, F. and k's  folds occurring in the Roshven Pelitic 

Group southeast of Loch nau Paitean. An t, isocline 

at the left side of the photograph is 1ent into a 

hook shaped structure. Another F, isocline occurs 

near the bottom right. Opcn F 3  folds trend nearly 

at right angles to the foiL iofl. 
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PLJ.E 19. 

). 	open i minor fold in the 1 -,4o3hvcn Pclitic uroup on 

tie south side of the Moidart iver. 

b). F. minor fold in the Roshven Pe1iic Lroup on Ceann 

L•Dh tlachdraeh, 
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PLATE 20. 

a). 	F. mica crinkle folds con-fined to seii-pelitic rocks 

in banded psainmitic and semi-pelitic rock In the 

ioshven Pelitic Group, on Ceann Loch Uachdrach. 

b). Mica crinkle lineation in the Roshven Pelitic Group 

on Ceann Loch Uachdrach. 
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PLATE 21. 

a). 	Variable plunge of F. antiform as a result of F. 

folding. Occurring in the Roshven Pelitic Group 

2 1 000 ft. south of the summit of Sgirr Domhuill for. 

b). 	i4ear the same locality. Shows the variable plunge 

of an F2  synform, also the non-cylindroidal style of 

F. minor folds as they pass round the hinge of F 2  

folds. 
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PLATE 22. 

a). 	F2  minor fold southeast of Loch nam Paitean in the 

Roshven Pelitic Group, refolded by F. minor folds. 

b). 	F. mica crinkle folds have axial planes that parallel 

the pocket knife. These crinkle folds bend the axial 

plane cleavage of 	minor folds. Roshven Pelitic 

Group on Ceann Loch tJachdrach. 
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LiE 

a). Eyefold formed as a result of reversal in plunge of 

F. minor fold. Upper Psammitic Group east of Lochan 

na Caillich. 

b). Brittle style of folds. Axial planes trend northwest 

by southeast. In the Upper Psaminitic Group the rocks 

are discoloured from pale grey to flesh pink in the 

vicinity of the axial plane. 
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PLATE 24. 

a). Axial plane cleavage of F2  minor folds cutting 

quartz feldspar folia. Roshven Politic Group south 

of Loch nam Paitean. 

b). 	Discordant pegmatite dyke in Upper Psanniitic Group 

south of Loch Ard aPhuill. 
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PLATE 25. 

a). 	Staurolite, kyanite and muscovite aggregate in pelitic 

rock near Lochan Meall a Mhadaidh. Magnification X 35. 

b). 	Staurolite, sillimanite and muscovite aggregate in 

pelitic rock north of Loch nam Paitean. Magnification 

X 20. 
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PLATE 26. 

a). 	Garnet porphyroblast in pelitic rock from the Striped 

and Pelitic Group west of Loch na Draipe. Magnification 

x 10. 

b). 	Rolled arnet in pelitic rock from the Striped and 

Pelitic Group between Glenuig Bay and Loch na Bairness. 

Magnification X 50. 
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PLATE 27. 

a). 	Garnet porphyroblast showing two phases of growth. 

ihe inner idioblastic garnet has straight inclusion 

trails while the outer garnet shows syntectonic growth. 

Striped and Pelitic Group northwest of Loch na Bairness. 

Magnification  109 

b). 	Garnet porphyroblast showing two )hascs of rowth. 

The inner garnet has straight incLision trails while 

the inclusion trails in the outer garnet are bent. 

Striped and Pelitic uroup between Loch na Bairness and 

Glenuig Bay. Magnification X 15. 
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PLATE 28. 

a). 	Caic-silicate rock from the Zoisite Zone. Small 

stubby prismatic crystals of zoisite with biotite 

porphyroblasts In quartz and acid plagioclase matrix. 

Magnification X 20. 

b). 	Caic-silicate rock from the Zoisite Zone, with horn- 

blende garnet and blotite. Magnification X 20. 
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PLATE 29. 

a). 	Caic-silicate rock from the Anorthite-Flornblende 

Zone. Hornblende, poeciloblastic garnet, feldspar and 

quartz can be seen. From the Upper Psammitic Group 

near the Irine Burn. Magnification X 20. 

b). Caic-silicate rock from the Anorthite-Pyroxene Zone 

showing fibrous actinolitic amphibole. Magnification 

X 20. 
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PLATE 30. 

a). Retrograde metamorphism of garnet from the Striped 

and Pelitic Group northwest of Loch na Bairness. 

Chlorite, biotite, muscovite and clinozoisite around 

altered garnet. Magnification X 10. 

b). Retrograde metamorphism showing sililianite surrounded 

by small muscovite crystals that increase in size 

away from the sil1iianite. Magnification X 20. 
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PLATE 31. 

a). 	Psammitic schist from the Lowei Psammitic Group 

near Loch na Bairness. Magnification X 20. 

b). 	Pelitic schist from the Striped and Pelitic Group. 

Magnification X 15. 
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PLATE 32. 

a). Cab-silicate rock from the Anorthite-Hornblende Zone. 

Occurring in the Upper Psammitic Group near the Irine 

Burn. Magnification X 15. 

b). Myrmekite in psammitic schist from the Upper Psammitic 

uroup near Loch nam Paltean. Magnification X 50. 



-.\•- 
- 

	

- 	• 	- , , t' 

g 	 • 	 ,- 

	

- 	. 	 - 	- 

64 

 

3-.  

t 



PLATE 33. 

a). 	Photomicrograph of semi-pelitic schist showing garnet, 

hiotite and sphene. Magnification X 15. 

b). 	Photomicrograph of semi-pelitic schist with micro- 

dine porphyroblast. Magnification X 15. 
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PLATE 34.  

a). 	Pelitic schist from the Roshven Pelitic Group. 

Magnification X 10. 

b). 	Psamniltic schist from a band of psanimitic rock in the 

Roshven Pelitie Group on Sgirr Donihuill 

Magnification X 10. 
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PLATE 35. 

a). 	Photomicrograph of hornblende schist. Section cut 

normal to alignment of hornblende crystals. 

Magnification X 15. 

b). 	Photomicrograph of hornblende schist. Section cut 

parallel to alignment of hornblende crystals. 

Magnification X 15. 
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PLATE 36. 

a). 	Garnets showing inclusion free cores occurring in 

pelitic rock within the Roshven Pelitic roup near 

Gleann Dubh. Magnification X 15. 

b). 	Inclusions in a garnet crystal from the Striped and 

Pelitic Group northwest of Loch na Bairness. Two 

garnet growths are represented and the inclusions 

within the inner garnet are distributed in the form 

of a cross. The inclusions in the outer garnet indi- 

cate syntectonic crystallization. Magnification X 15. 


