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I. INTRODUCTION 

A.. PHYSIC!4 	T!!.RS_ 

The district with whch the present investigation 

is concerned lies in the county of Inverness along the south-east 

shorö of Loch Ness. The area to be described extends from loch Dun 

Seilcheig in the north-east to Beirin a t Bhacaidh in the south-west, 

nd. from Loch Ness-side south-eastward to Beinn Bhuraich. 

From Loch Iess, the ground rises very steeply to 

an average height of 700 ft., forming a ridge of rocky cgs along 

the side of the loch. Beyond Foyers, to thsouth-We6t, the ridge 

becomes higher and less regular in form; beyond Loch Knockie 

rising to 1812 ft in the rugged peak of Beinn a' Bhacaidh. To the 

south-east the ground slopes more gently to Strath rrick, a broad 

strath running parallel to and some two miles from Loch Ness. 

The middle of this hollow is occupied. by Loch Ithor, the reservoir 

of the British Aluminium Company's factory at Foyers and formed 

by the union of two smaller lochs, Farralifle and Garth. To the 

south-east again of Loch Mhor the ground rises to form smooth 

and generally grassy hills,with frequent exposures of bare rock 

on and 4ear their sunits. These hills re'ch a height of 2560 ft 

in Beinn BhuraiCh,sOrfle three miles from Loch 1thor (Plate I ) 

The principal rivers which drain the district 

are the Farigaig and the Fechlin. The Farigaig rises in the high 

hills to the north of Bein.n Bhuraich, one of its tributaries 



coming from Loch Conagleann in the deep rocky gorge of Conagleann 

( Plate 4 A ). The Farigig first flows northward toviard. Loch 

Ruthven and Strath Nairn, then turns sharply to tie south—west, 

about a quarter of a mile from Loch Ruthven,and flows into Loch 

Ness at Inverfarigaig. 

The head—waters of the Fechlin lie to the south 

of the Strath rrick district, in the hills between Kuhn and 

Glen Markie ( Laggan). The streams from these mountains unite to 

form the River Kuhn, which flo\ ­, to Loch Kuhn, a small narrow 

loch,with a maximum depth of 67 iL. 	ing betvi::en high rocky crags. 

From Loch }ilhin, the outflowing river is known as the Fechhin.At 

Whitebridge it unites with the River Brein ( Ailt Breinag) which 

has its source in the mountainous district of Glen Doe Forest above 

Fort Augustus. The Fechhin flows into Loch Ness at Foyers. Like 

all the streams which fall into Loch Ness, the Fechhin has 

cut a deep rocky channel through the ridge bordering the loch, and 

in it occur the famous Falls of Foyers. The waters of the Fechhin a 

now,under the British Aluminium Company's hydro—electric scheme, 

augmented in dry weather by water from Loch Mhor, which is poured 

into the Fechlin from the reservoir along the River Gourag. Loch 

Mhor itself is fed by the Aberchalder Burn - rising in the 

Beinn Bhuraich clistrict,and by the River E, rising in the hills 

east of Killin. The originally joined the Gourag directly,but 

has now been diverted into L och Mhor(Locb Garth) at Garthbeg. 

The construction of the reservoir raised the level of Loch Garth 

some 20 ft., and the present Loch }ior has a rise and fall of 

22 ft. In dry weather, large areas of the floor of Loch Mhor are 

exposed; parts are flooded only in winter, and in summer carry 
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grass on which cattle are pastured. When the water in both the 

Fechlin and the Loch Mhor reservoir is at a low level, all the 

water in the Pechlin above the Pails is diverted into the intake 

of the hydro-electric works, reducing the waterfalls in the gorge 

below to a merge trickle. It is often stated that the Falls of 

Foyers have been "spoilt" by the hydro-electric viorks,but it 

seems that they were always reduced to a trickle in dry weather. 

Dr. Johnson wrote in his "Journey to the Western Eslands af 

Scotland" ( 1775  ) :- 

" Towards evening we crossed, by a bridge, the river which makes 
the celebrated, fall of Piers. The country at the bridge strikes the 
imagination with all the gloom and grandeur of Siberian solitude. 
The way makes a flexure, and the mountains, covered with trees, ris 
at once on the left hand and in the front. 1e desired our guides 
to shew us the fall, and dismounting, clambered over very rugged 
crags, till I began to wish that our curiosity might have been 
gratified with less trouble and danger. We came at zixt last to 
a place where we could overlook the river, and saw a channel torn, 
as it seems, through black piles of stone, by which the stream is 
obstructed and broken, till it comes to a very steep descent, of 
such dreadful depth, that we were naturally inclined to turn aside 
our eyes. 
to  But we visited the place at an unseasonable time, and found it 
divested of its dignity and terror. Natre never gives everything 
at once. A long continuance of dry weather, which made the rest of 
the way easy and delightful, deprived us of the pleasure expected 
from the Fall of Piers. The river having now no water but what the 
springs supply , showed us only a swift current, clear and sha1ow, 
fretting over the asperities of the rocky bottom, and we were left 
to exercise our thoughts,by endeavouring to conceive the effects of 
a thousand streams poured over the mountains into one channel, 
struggling for expansion in a narrow passage, exasperated by rocks 
rising in their way, and at last discharging all their viDlence 
of waters by a sudden fall through a horrid chasm". 

The sight of the Falls of Foyers when the 

1ech1in is in spate,after rain or snow, is indeed one of great 

magnificence. The peat-st ained water heaves itself through the 

narrow gorge and over the two waterfalls, breaking into amber-

coloured waves, the spray rising like mist to the pines on the 

crsc 'on either side of the gorge, three hundred feet above the 

stj 



Along the river valleys and in Strath rrick, 

there are a number of fields under arable cultivation; but for the 

most part, the district consists of moorland and hill grassland, 

interspersed with birch woods and the dense fir plantations belongin 

to the British Aluminium Company. Outcrops of rock are frequent 

over most of the moor and hill country, and in the stream courses. 

The rough moorland and hill country support a 

number of sheep, both red and roe deer, and a few grouse, the 

number of the latter having much diminished within recent years. 

The numerous small lochs which occur scattered throughout the 

whole district frequently contain trout; salmon are unable to 

ascend the Fechlin because of the great height of the galls ( the 

lower fall is nearly 100 ft high). 

Like most Hihland districts, Strath rrick has 

suffered great deppulatiofl, nd ruined crofta and farms are 

frequent. Even in Knockie Forest, between the River Brein and Loch 

Ness, and now entirely given over to rough moorland and encroaching 

bracken, the home of the deer, the fox and wild cat, one may find 

some ruined buildings and short stretches of old trcks, pointing 

tD a much greater use of the land in earlier tin, . 	iy of the 

primitive buildings were probably built of turve 	uranches 

so that no trace now remains of settlements which existed prior 

to the development of sheep farming in the Highlands. 

The Foyers limestone was worked for local use 

both on the land and for building purposes, before the construction 

of the Caledonian canal and the consequent possibility of buying 

lime from the south. 
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Bog iron was worked in an ancient bloomery on 

the slopes of Carn Liath above the Alit an Rathain Ruaid.h, near 

Aberchalder. Its site is marked by a few small piles of slag, near 

the line of an old drove road ( now nearly obliterated ) from 

Croachy to Kuhn. 

The Foyers granite has been quarried at various 

times to provide stones for building and for road metal. There is 

a local tradition that the granite from the Garthbeg quarry was 

once exported from the district, being shipped from Inverfarigaig 

to Ireland, but I have been unable to verify this. 

The hard siliceous schists of Onoc Carrach w-ere civarried to nrovide 

the matcrial for the reconstruction of the road from Waitebrid-ge 

to Kuhn in 1944. 

A glossary of the Gaelic place names referred 

to in the text is given at the end of the thesis. 

B. _SAY_O GQLOG 

The geological formations and rock groups of 

Strath 1.31rrick and Foyers are :- 

Pleistocene & Recent : 	Peat, freshwater alluvium. 
Fluvio-glacial sand & gravel. Boulder cia: 

Middle Old Red Sandstone Conglomerate with thin sand-stone bands. 
Basal breccia. 

Foyers "Granite" 	: Plutonic complex of tonalite,granodiorite 
and granite. 

Moine Schists 	: 	"Injection" gneisses 
Semi-pehitic and siliceous schists. 

? Lewisian 	 : Gleann Liath series - including the 
Foyers limestone. 



The oldest rocks of the district a -ppear to belong 

to the Gleann Liath series; they outcrop in a narrow strip along 

Glenri Liath near Foyers and include the Foyers limestone. 

It is suggested that these rocks may be referable to the Lewisian. 

The Foyers "Granite" is intruded. into Moine 

chists ( Central Highland grarBflites). ?h 	 incluIe Thsth 

ordinary semi-pelitic and siliceous 	nd per? ti ) neisses 

(Illn j ecti onU gneisses). They have a regional north-easterly strike 

which round the plutonic cormlex, is modified to conform to the 

margins of the intrusion. In Strath rrich, their strike, therefore 

varies from north-westerly to north-easterly. The beds are highly 

folded and the dip is usually near the vertical. The period of 

regional" injection" and permeation i slavidentally earlier than the 

intrusion of the Foyers"granite", for the latter cuts --cross 

the permeation gneisses and contact-alters them. The earliest 

members of the Foyers plutonic complex appear to have belonged 

to the appinite suite. Xenoliths of appinite occur in the main 

complex, and several masses outcrop in inoCkie Forest on the 

margin of the complex. The main Foyers complex is made up,ho'aever, 

of tonal te,granodiorite and granite. Its principal outcrop is in 

Strath rrick, covering ab out 25:square miles, and extending into 

the hills along the Aberchalder Burn and the River 7. Some small 

satellites of the Foyers complex occur in Knockie Forest and 

bring the total area of the plutonic rocks up to about 27 square 

miles. 

The schists and "granite "  complex are cut by 

a few pegmatite and- aplite veins and by dykes of felsite and 

lan prophyre. 
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The riddle Old. Red Sandstone outcrops in a 

narrow strip bordering Loch Ness, finally dying out just to the 

south-west of Foyers. It rests unconformably upon the Gleann Liath 

series, the Moine schits and the Foyers' 1 granit&', and contains 

boulders derived from all these formations. The Foyers "granite" wa 

therefore intruded later than the regional "injection" of the 

Moine schists 2 but was undergoing erosion in Middle Old Red 

Sandstone times. It may therefore be referred to the Caledonian 

intrusions of so-called "Nr Granites". 

Thai l' Old hc.i 	nJ:t DnC 	r - 'LD:inantly 

CO:1i).:' Of COfllJI 	 in 	F y e:: 	 few thin bards 

of red 	: tone occur and there is a well developed bas.l hreccia1 

The basal breccia is evidnti: a scree forrtion, and varies 

markedly with the underlyin roc: from which it was derived. The 

unconformity is magnificently exposed at Creag Dhearg and Crag 

nan Clug in the north-east of the district, where the breccias 

rest on the Moine schists; it is fairly well exposed at Dun 

Deardail near Inverfarigaig, where the Middle Old. Red rests on 

the Foyers granocLiorite, and again at Foyers limestone quarry,wher 

it rests on the G-leanri Liath series. 

The whole of the Strath Trrick district was 

heavily glaciated, the direction of ice movement being along the 

Great Glen in a north-easterly direction. Striated surfaces 

and roches moutonnes forms are of frequent occurrence. 1:uch 

of the country is covered by boul4er clay and by coarse fluvio-

glacial gravels. At WMtebridge, on the side of Beinn Sgurrach, a 

fine series of terraces of coarse gravel occur (Plate V A . Thes€ 

terraces can be traced intermittently along the hillside to 
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1igovie and Aberchalder. 

At some period during the melting of the  ice, 

water appears to have spilled over the col between Beinn Sgurrach 

and Leachd. nan Cisteachan. Upon the Strath rrick side of the 

ridge, the bed of magnificent "fossil" waterfall can still be 

traced., the plunge pools of which are now filled in with peat. 

The water descended, in a series of three main falls from the 

top of the ridge, at about 1250-1300 ft, to 700 ft at Loch nan 

Losganan. 

The pre-glacial course of the River Pechiin 

appears to have been along Gleann Liath ( Plate III A ) and into 

the Pass of Inverfarigaig ( Plate XII A ) to Loch ITess. 	The 

present gorge at Foyers is a 	ost-gIaciai cut. 

The principal fault affecting the rocks of 

this district is that of the Great Glen along Loch Ness. Along the 

loch-side the rocks are greatly crushed and altered, the Middle 

Old Red Sandstone conglomerates often being intensely compacted 

and hardened. A branch fault extends from Loch Ness near the 

mouth of the Alit an t-Siuichd. ( from Loch Kemp) along Gleann 

Li-. u 	IL 	 deep,narrow and remarkably 

1.in Li 	, Plates IIIA, XII B ). Lines of 

crushing are,however, common throughout the whole district. In 

several localities, crush breccias have been formed, remarkably 

similar in appearQlCe to the basal breccias of the Middle Old 

Red Sandstone. 

C. RTI).TION OF G10L0GY TO SCENY 

There is a close relationship between the 

Aaery of Strath Errick and the underlying geology. 
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PLATE I 
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A. $tra-th rric from Ciioc Qarrach. In the middle distance are Loh 
Parraline and Garth(Loch Mhor) and the low-lying grouna occuj4e 
by the Foyersttgraniteht. The higher hills to the right are carved 
mainly in the Lloine sc.ists. In the dictance are the hills of 
Middle Old Red Sandstone conglomerate, and the escarpment of the 
Middle Old Red on the schists, at Crag nan Clag and Creag Dhearg. 
To the left, the Great Glen and Loch Ness. 

B. i?rom bieall a'Bhuailt oiiig to Loch carth and Carn Choire 
Riabhaich. The low-lying country is in the Foyers "granit&', 
from which the schist ridge, ending in Cairn Choire Riabhaich, 
rises steeply. The distant hill masses are on the north side of 
the Great Glen and include Iealfuarvonie. 



PLATE II 
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Typical iiva1e uia .Ltea Sanstone porajniy. Torn Bailgeann(left) 
and Dunchia(right)from Carn an Dubh-ghlaic. The nearest loch i 

Ce-glaia, beyond it is Dun Seilcheig. The escarpment of the Middle 
Old Red. Sandstone on the Moine schists is to the extreme right. 

//-• 	

- - F-- - 	- 	_-__u1 -  - 	 '-. 

WWW 

Typical schist cuntry ( Lio ineuin j ectt onUgneisses). From near 
Bochruben Farm( seen in foreground. of A, above).zcirpment of 
Old Red Sandstone to left. Loch .ithven, in the middle of the 
picture, is surrounded by rued hills of gneis. 



The Middle Old. Red. Sandstone gives rise to 

rather bare and rounded, rockr hills, the rock faces being usually 

of a pink or reddish colour. They are frequently guttered by deep 

gullies cut by storms. The conglomerates tend to form sheer crag 

faces, of which the most impressive is perhaps Crag nan Olag 

( Plate X A) . The Moine schists, on the other hand., weather grey, 

and form hills of more ragged form. The"njection9  gneiss.-in 

particular, gives rise to 1:rey craggy peaks, the bases of which 

are strewn with huge fallen blocks of gneiss ( Plate IV A ). The 

siliceous and semi—pelitic schists give rise to softer forms and 

more rounded hills; whilst in Kockie Forest, Beinn aBhe.caidfl, 

carved in schistose grits, is rugged and rocky ,with a jag;ed outline 

somewhat reminiscent of Ben Venue in the Trossachs( Dairadian 

schistose grits). 

The Middle Old Red Sandstone in the Crag nan 

Gag district rests on the oine schists, forming an escarpment, 

along the base of which the unconformity is well exposed. This 

escarpment is a pnuthinent feature of the skyline from most parts 

of Strath. Errick, The change in scenery at the escarpment, from 

the Middle Old Red. Sandstone type to that of the Molne gneisses, 

is very marked ( Plates II A & B, X B), and its character is 

reTiected in the Gaelic names of the .i-ills -- Tom, implying a 

smooth, rounded mountain in the Old Red. Country, and Stac( meaning 

a yrecipice or a steep hill) and Craig for the hills about Loch 

Ruthven in the gneiss. 

Whilst the Moine schists tend to form high 

ground, the Foyers "granite" forms the lower lying district of 

central Strath Erric-',:. The line of contact between the Intrusive 
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complex and the schists is often marked by a sudden change of level, 

the schist hills rising steeply fxm above the"granite" outcrop 

(Plate I B ). The valleys of the Aberchalder Burn and the River 1 

largely coinclue with the two bays which extend back from the main 

outcrop into the hills, and there form two low lying districts 

separated by the higher schist ridge of Beinn Mheadhoin and Cam 

Choire Riabhaich. Upon the Aberchalder side of this ridge, the 

line or contact between the grey schists and the white rocks of 

the Itgranitic/  complex can be seen at some distance,because of the 

contrast of the colours. ( Plate I B) 

The formation of the valley of Gleanri Liath 

along a line of crushing and faulting has already been referred 

to ( p 8). The course of the River E is partly along a line of 

crushing. The long straight course of Loch Ness and the Great Glen 

coincide with the trend of the Great Glen Fault. The sides of 

Loch Ness,both above and below water level, are steep or prepitous 

whilst the actual bottom of the loch is flat. It has,therefore, the 

characterit1c form of a rock basin. It has a maximum depth of 

754 ft, descending sane 700 ft below sea level. 

D. HISTORY OF PRVTOUS R8'ARCH 

Prior to the present investigation, very little 

geological research appears to have been done in the Foyers and 

Strath Errick district. Sheet 73 of the one-inch Ordnance maps 

(Old Edition) has not yet been surveyed by the Geological Survey. 

The presence?f a complex of granitic rock near ]?oyers has been 

known for a considerable time, and its approximate shape is shown 

on the 10 miles: 1 inch geological map of Scotland(1910 edition) 
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published untier the direction of Sir A. Geikie. The Middle Old. Red 

Sandstone is shown as a strip extending along Loch Ness-side to a 

point oppsite Invermoristorl. These outlines are adopted on all 

subsequent small-scale geological maps of this Dart of Scotland, 

although in 1879 Mr. 7Iallace of Inverness had described the 

unconformity of the Middle Old Red Sandstone on the schists at 

Crag nan Clag and Creag Dhearg, and had pointed out that part 

of the old mapping was incorrect. Sue remapped the boundary of the 

Middle Old Red Sandstone as far as Bochruben, and the present 

research has confirmed his work, and made considerable alterations 

to the boundary of the Old Red further to the south-west. Mr.WallaC 

described the Dunchia conglomerates as well as the details of the 

Crag nan Clag unconformitY (1879  p 204  ), and was the discoverer 

of the Fish bed at Lochan an Eoin Ruclha. Ir.i1allace noted the 

sun-cracked sandstones,  which outcrop near Loch Ashie in the same 

district (1883  p Q ). In ttm latter paper ( 1887 p 367 ), he 

described the terraces above 71iitebridge on Beinn Sgurrach and 

mentions the fact that the gneiss of Loch Kuhn is intrbedded 

with micaceous schists and "garnetiferousquartzites" ( caic-silica 

bands in the Moine series). 

Considerably earlier, A. Boue had visited the 

Pails of Foyers. He describes, in some detail, tSl outcrops of 

granite in the vicinity of the Upper Falls ( 1820 p 20  ) and also 

gives an account of the Middle Old. Red Sandstone exposures along 

Loch Ness in the same district ( 1820 p-105 ). 

Nicol (1844,  p 194  ) mentions the presence of 

granite in Strath rrick and says hat it is sometirnes"Sieflitic" 
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and sometimes porphyritic. He also mentions the great hardness of 

the Did Red Sandstone conglomerate in the country between "res" 

( this appears to be the old spelling of Foyers) and Inverness. 

The presence of limestone in Gleann Liath is 

menttned by Mr.Vlallace ( 1887 p. 367) as well as the vein of graphi 

granite cutting it. Professor Heddle refers to this graphic granite 

( 1901, Vol.-II. . 43) and says that the blue mineral Abriachanite 

occurs "dispose i. n the letterings of ijuartzl. The limestone from 

the quarry at Foyers has been described in some detail in the 

Geological Survey's wartime series on Scottish 1:rtones (T.Robert-

son & J.Knox, 1942 p.11). But prior to the present 	no 

attempt seems to have been made to study the ser. 	::ich the 

limestone occurs,as a unit, or to attempt to correlate it vth 

other Scottish rocks. 

E. PRSNT IflSTIGATI0N 

During the present investigation, the Strath 

rrick and Foyeis district has been mapped on the six-inch scale. 

The boundary of the Middle Old Red SandstOne has been traced from 

Loch Dun Selicheig to Cary.1 Dearg near doers.. The Foyer&'grani.te" 

complex has ben mapped, and the different members of the complex 

differentiate. Jinally, the Moine schists into which the complex 

is intruded, and the series of metamorphic rocks in which the 

Foyers limestone occurs have been investigated. The mapping was 

carried out during the field seasons of 1944 and 1945. The 

following account must be regarded as that of a first"p.ioneer" 

survey, which may be modt'ied 'by later, more detailed study. 



II. 	THI GLA1ThT LIATH SRIS 

( 
ISM SIAN ? ) 

A. DISTRIBUTION 

The rocks which I have called the Gleann Liath 

Series outcrop in a narrow belt along the north-west side of 

Gleann Liath. The outcrop is bounded on the south-east side by the 

Gleann Liath fault, which extends along the marshy floor of the 

valley; and along the north-west side, at the top of the line 

of crags above the glen, the rocks are unconformably overlain by 

the Middle Old Red Sandstone. The outcrop is about two miles long, 

tending from irrunediately south-west of Creag an Fhithich, where 

its relationship to the Foyers granodiorite of the latter crag is 

nowhere exposed, to the Upper Pails of the Fechlin at the hamlet 

of Glenhia. Thcj outcrop has a maximum breadth of a quarter of a 

mile. 

The topography of the ridge seprting Gleanri 

Liath from Loch Ness is not well shown on the published maps. It 

consists of a double line of crags separated by a bog, which 

extends along the top of the ridge and 
is in part known as the 

Blar Nigheaflfl a' Mhinisteir. 	The crags Cacing Loch Ness and the 

central bog, together with some of the crags overlooking Gleann 

Liath itself are in the Middle Old 1ed Sandstone 	the outcrop of 

the GlearirL Liath rocks is confined to the craggy slope above the 

glen, reaching the top of the crags only at Creag Nighean lain 

Duii at the south-west end of the outcrop. 



The relationship of the ileann Liath series to 

the neighbouring 1Ioine EChl2tS is not known ; no contact is 

exposed., unless some of the very highly sheared granulites at 

the Upper Falls are a continuation of the outcrop of the Moine 

schi6tS round Loch Bran. however, the fact that they are much 

veined with peatite, in marked distinction to the Loch Bran 

rocks, seems to indicate that they belong to the Gleann Liath 

rocks. 	The south-west termination of the outcrop Is 
concealed 

under the alluvium of the Fechlifl valley; it probably extends a 

short distance beyond the outcrop at the Upper Falls. 

Access to the outcrops of the Gleann Liath 

series is difficult, except in the vicinity of the Foyers 

limestone quarry ( disused) near Glenlia Farm. Most of the ground 

is covered, by the dense fir plantations of the British Aluminium 

Company, which are nearly impenetrable. Onthe 
crags -above.. which 

were too steep to plant, there are birch woods and deep heather, 

the latter up to three feet high,fOr heather burning is rarely 

carried out on the ridge. The ridge is crossed only by one 

track, frol Boleskifle Farm over the Spital of Boleskine to 

Gleanfl Liath. A second track, shown on the six-inch map, from 

Foyers Hotel to the cross-roads in Gleanfl Liath can now only 

be traced by faint wheel ruts in the bog behind Creag Nighean 

lain Duinn on the top of the ridge ( Plates III A t  XII B ). 

The outcrops of gneiss below t. e Upper Falls 

of the Fechlin can be reached by a certain amount of scrambling 

over rock when the water in the river Is low.. They are compleel 

submerged when there is any volume of water in the Pechlin. 
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B. ROCK TYPES & 9TRUCTUR 

The rock types of the Gleam Liath series can 

be divided into the following groups:- 

Rocks of sedimentary origin 

Injection rocks/Migmatites 

Igneous rocks 

The limestones 
The schists and gneiss 

e) The gneiss where injected 
or permeated by granitic 
of pegmatitic material. 

) The sheared hornblende-
diorites of Creag Nighear 
lain Duirin. 

e) The pegmatites and 
granite veins. 

The general trend of the strike of the 

limestones and gneissee is N-SW, 	allel to t1e direction of 

Gleam Liath itself, but there are many minor deviations. Near 

Creag an Phithich the gneiss strikes nearly NW-S, and this 

same strike is seen in the intensely sheared siliceous granulite 

above the Upper Fall of the Pechlin. At the plunge pooi,below 

the Fall, the gneiss strikes I-9W. 	crushing of the rocks 

above the Fall is,however, so intense that the apparent 

direction of striie may be quite fallacious. The gneiss and 

limestone are highly fold.. The gneiss usually dips to the s 

at high angles, but at Glenhia the dip is to the lThrth-west, 

so that it may be disped as a complex anticline, the axis of 

which runs N-SW. The himeatonejccurS in the core of this 

suspected anticline. In the Foyers Quarry, It is overlain 

unconl'ormably by the Middle Old Red Sandstone; whilst to the 

south-east, it passes underneath the gneiss at road level. 

The weathered surface of the limestone shows a complicated 

pattern of minor folds. 



The C}leann Liath gneiss is a coarse muscovite-

biotite-gneiss, usually greenish in hand specimen. It contains 

eyes, streaks and lenticles of white or pink pegmatitic material. 

It varies from a type rich in mica to a gneiss made up predominant 

of granitic material. In some exposures, peginatite veins may be 

observed cutting the gneiss, small offshoots from the main vein 

peetratiflg along the foliation planes of the gneic. .he injectin 

material is sometimes pale pink in colour, sometimes white and nc 

in muscovite. 

The outcrop of the gneiss extends along the 

whole length of the outcrop of the series. A very good exposure 
immediately 

may be seen when the water is low, Adownstream from the plunge 

pool of the Upper Fall of the Fechlin, where the rock surface is 

beautifully polished and anoothed by the water. The sracture of 

the rock is also well seen on a glaciated surface on the roadside 

behind. the G-lenJ.ia houses. This surface is crossed by a number of 

glacial striae ; the detailed- structures are very well seen after 

rain. On another glaciated ridge in a plantation beyond the 

cross-roads in clenlia, the gneiss appeared to contain some 

small hnblendiC lenticles ( Plate III B ). 

The limestone, ,hich is a crjtaUifle marble, 

outcrops in two localities : at the Foyers limestone Quarry below 

Ores, narn Broc, and to the south-east of Tomain Tarslliflfl at the 

Spital df Boleskine,Where it has aleo been quarried The 

Boleskifle outcrop as well as the quarry is much smaller than 

that at Foyers. Indeed, for many years, the existence of the 

outcrop seems to have been completely lost sight of; it -, vas 

rediscovered during the present research. 
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The limestone is well exposed in the series of 

old quarries below Oreg nam 	. It is 

greenish rock, passing into 

moderately coarsely crystalline calcite, in the middle quarry. The 

bulk of the rock,however, is rich in thin bands of caic-silicate 

minerals. On weathered surfaces, these bands stand out in relief 

and siio i.p the intricate minor folding of the limestone. 

At the top of the q3larries, the limestone passe 

up into flaky weathering impure layers rich in phlogopite. The 

basal breccia of the Middle Old Red Sandstone rests upon these 

impure calcareous bands. At the base of the quaLries, on the 

level of the road from Gleann Liath cross-roads to the hamlet of 
more 

Glenlia, the limestone passes down into Aimure layers,rich in 

calc-silicate minerals. Belovi the level of the road, these layers 

appear to dip below the Gleann Liath gneies,vihiCh is well exposed 

in this area. Laterally the limestone seems to die out fairly 

rapidly -- immediately south-west of the ioyers -1uarries,and 

just below,  the unconformable junction with the Middle Old Red, 

there is a small outcrop of a pale silver-grey tremolite-schist 

Blades of green actinolitic tremolite up to a quarter of an inch 

in length are prominent in some of the impure layers near the 

road level. 

The small outcrop of limestone in the Spital 

of Boleskine also appears to be lenticular in form. The Boleskine 

limestone is a white crystalline marble, criss-crossed by narrow 

crsh-lines stained red with haematite. It is generally pure , 

calcareous limestone, free from well-marked caic-silicate layers. 

The Crags of Creag Nighean lain Duimn, and 



their prolongation as far as the Boleskine limestone (juarry,c)nsist 

of highly sheared igneous rock, most of which appears to be a 

hornblende-diorite . It is not foliated and does not share in 

the folding of the Gleann Liath gneiss and limestone. Its relation 

to the surrounding gneiss, and the mutual relationships of the 

various types in the mass are obscured by the intenne crushing 

which the rocks have undergone. Liost of the mass consists of a 

green crush-rock, showing beautiful mortar structure in thin sectio 

here and there occur lentiCles of less crushed- material in which 

the original structures can still be found. 

The limestone, the gneiss and the rocks of 

Creag Nighean lain Duinn are cut by veins of pegmatite,whiCh 

average two or three feet across. The Foyers limestone Quarry 

contains a number of pegmatite veins, fa of which the most 

prominent is one of pink graphic granite,Thout 2 ft wtde,ruflflifla 

vertically up the Quarry face. It does not cut the overlying Old 

Red Sandstone. 	The pegmatite veins are sometilleS 	so crushed 

that all original structures 
are obliterated. It is noteworthy 

that the cleann Liath miter is the only part of the district 

under dicCUSBOfl in which pegm l atte veins are at all prominent 

or abundant. 

A specimen of a bcJJ: sheared liprophyre 

dyke has been obtained- i.rom )art of Creag Nighean lain Duinn, 
it 

is apparently of a type .milar to those found elsewhere in 

Strath 'Erric-'-3, and uill therefore be included under the generl 

description of the lsinprophyre dkes of the whole area. 

The whole of the (uleann Liath series is 

affected by severe crushing and brecciation, due to the effects 
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of the neighbouring Great Glen Fault and the (.*leann Liath Fault, 

which forms the south-east boundary of the inlier. The rocks are 

traversed by innumerable lines of crush and microbreccia. The 

shearing is particularly marked in the dioritic rocks of Qreag 

Nighean lain Duinn, where the rocks have yielded by fracture and 

brecciation. Even the limestones,however, show some lines of 

microbreccia. Epidote has been developed on a large scale in the 

diorites and the limestones at the Foyers  quarry, epidotisation 

being a characteristic feature of all the crush zones of Strath 

1rrick and Foyers. 

C. -PETROGRAPHY-OF THE GIMM_LTXTH  TYPES 

1. Crystalline limeston es andQalc-si]4.c.te rocks 

The middle part of the .?oyers limestone quarries 

contains a white marble. This is a coarsely crystalline rock,made 

up of interlocking plates of calcite. The bulk of the limestonew 

in these quarries-is, however, rich in caic-silicate minerals.tt is 

normally greenish or bluish in hand specimen, rather hard and 

compact, with thin bands of caic-silicate minerals showing a 

darker green than the rest of the rock. In some of the very 

impure layers, trnolite occurs in groups of radiating needles 

up to " long. 

In thin section, the typical limestone(311) is 

rich in calcite. The layers of caic-silicate minerals( Plate XIV A) 

consist of d.iopside, tremolite,phlogopite, zoisite and ephene, with 

subsidiary quartz ,.plagioclase, iron ore and apatite. The compositic 

of these layers varies from band to band; in some diopside is 



dominant, In others phiogopite or tremolite. The latter may be 

very abundant. It usually occurs in long bladeda crystals, green in 

hand specimen, and in thin section, pale green and faintly 

pleochroic. Darker green pleochrolc halos occur round tiny inclusioi 

probably of zircon. 

Diopsid.e is also common. It sometimes occurs 

in large, Irregular, poikiloblastic crystals, which are elongated 

parallel to the bedding of the limestone. It is also found in much 

smaller, compact grains, scattered through the rock or grouped in. 

clusters, which may represent original nodules in the limestone 

prior to metamorphism. In some parts of the limestone, flakes of 

nearly colourless phlogopite occur. Some of the flakes have a bent 

appearance. Zoisite is common, in rather irregularly shaped 

crystals, which show characteristic deep blue polarisation colours. 

Sphene usually occurs in small, rounded grains,but occasionally 

forms larger individuals. Some subsidiary quartz and plagioclase 

is present, in small rounded grains, there is a little aceessory 

black Iron ore and a few fine needles of apatite. 

pidote is very abundant, sometimes forming distinct lenticles,or 

occurring along the thin lines of microbreccia which cross the 

limestone. Most of this epid.ote has probably been introduced at the 

time of the crushing of the Gleanri Liath rocks. 

The Boleskine limestone is a white crystalline 

marble, crossed by numerous haematite-stained lines of microbreocla 

usually a millimetre or so in breadth. The rock consists of a 

fairly coarse grained mosaic of calcite crystals. he sparse 

accessories are quartz,plagioclase,diopslde,sphene,apatite and 

ohioritised blotite. 



11. Schists and gneisees 

The typical (.*leaim Liath gneiss(440c,148a,570) 

(Plates XIV By III B ) is a coarse grained muscovitebiotite-gflel9 

with eyes and lentic.es of q .uartzo-fetldspathic material. It is 

generally greenish in appearance because the biotite is usually 

partly chloritised the very fresh roek from below the plunge 

pool at the Upper Fall of the ]?echlin is more silvery in 

appearance. On the one hand, the type grades into a mica-schist 

with much reduced quartzo-feldspathic layers; on the other hand 

it may pass into a more siliceous phase with subordinate mica. 

In thin section, the laminae of mica are seen 

to consist of biotite with subordinate muscovite in large plates 

lying parallel to the foliation. The biotite is frequently partly 

or wholly chioritised, but when fresh it is pleoohroic from 

light to dark brown. Inclusions of zircon are surrounded by 

pleochroic halos. In the more altered flakes of biotite, webs of 

rutile needles are sometimes developed. A few small, colourless 

or pale pink garnets, prisms of colourless apatite and a little 

black iron ore are associated with the layers of mica. 

The quartzofeldePathic lenticles between the 

folia of mica are frequently rich in quartz. It always shows 

shadowy extinction, and contains many small globular inclusions 

(probably of liquid) and fine,cu.rviflg hairs of rutile. The 

associated feldspars include both orthoclase and a sodic 

plagioclase they are usually much sericitised and difficult to 

identify. The feldspar crystals are subhed.ral in form. Some of th 

larger plates of plagioclase contain small blebs of quartz. 

In places the gneiss passes into more siliceou 
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schists, some variations of which resemble semi-pelitic types of 

Moine schist. Thus, the small exposures of rock on the village 

green at Ulenhia consist of a light-coloured granulite. The 

bulk of this rock(308) is made up of quartz, ol1goclaseafldeS1ne 

(An), ortnoclase and microcline, with narrow layers of mica 

wnich,together with the elongation of the quartz grains, give 

chitoitY to the rock. The quartz Is crowded with lines of tiny 

inclusions ( ? liquid ) which have a general tendency to run 

at right angles to the foliation of the rock. The quartz shows 

shadowy extinction; and some grains, under crossed Nicole, have 

a peculiar "watered" striping. The mica is green chioriti-sed 

blotite with subordinate muscovite. Small zircons are enclosed 

In the biotite and are surrounded by pleochrolc halos. The 

flakes of mica are frequently bent. Theres a little,acCesSOrY 

colourless apatite. 

The most siliceous phase is represented by the 

intensely hard and sheared granulite which outcrops at and 

immediately above the Upper Fall of the Fechliri. This rock is cut 

by sheared veins of pegmatite and pink granite. At the bridge, 

spanning the Fall, the rocks show slickensided surfaces,afld 

are reduced to intensely 0fled_oUt,gI'eefl crush-rocks. Below 

the bridge and the Fall are outcrops of the typical grieiss, 

which appears to become more siliceous in character as one 

approaches the base of the waterfall. It seems likely that 

the rocks above and below the Fall both belong to the same 

series the siliceous Molne chiss round the neighbouring L och 

Bran are not veined with pegmatite to any extent. 

The schista above the Pall are grey or 
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slightly pink-tinted granulitic rocks, in which there appears to be 

a faint foliation marked by narrow laminae of mica. In thin section 

(307a) they consist of abundant quartz with subsidiary sodic 

plagioclase and orthoclase, and scattered flakes of blotite. The 

latter are altered to penninite and are all aligned in the same 

direction. The rock is much crushed.,and is. crossed by many lines 

of microbreccia. The twinning laT1el1ae of the plagioclase are bent. 

A very soft , green, garnetiferous mica-schist, 

which has only been round in loose blocks, but which almost 

certainly belongs to the Gleann Liath series, probably represents 

a more micaceous phase of the gneiss. Fragments of a similar 1ock 

have been observed in the basal breccias of the Middle Old Red. 

Sandstone where they overlie the Gleann Liath rocks and are 

predominantly composed of fragments from that series. 

About a third of the way along Gleann Liath from 

the Upper Falls, on the north-west side of the road, is a small 

and isolated opening for road metal. The rock exposed is a rather 

coarse, hornblende-bearing granulite, traversed by a small fault 

and crush line, and apparently intruded by a small mass of 

appinite one of several small intrusions of aDpinitic affinity 

occurring along (+leann Liath, all of which with this exception, are 

exposed In the crags on the other ( Loch Bran) side of the glen. 

It is doubtful whether or not the granulite should be grouped with 

the Glearm Liath rocks. It is a fairly coarse,llght coloured rock 

with groups of hornblende and blot ite crystals, and a faint 

suggestion of foliation. In section ( 95  ), it is seen to be 

composed of granulitic quartz, orthoclase, sodic oligoclase (An 15) 

hornblende and biotite with accessory sphene,apatite, magnet ite and 
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epidote. quartz is abundant and forms elongated granulitic patches, 

lying parallel to tie foliation. It is crossed by many lines of 

small inclusions, running at right angles to the foliation. It shows 

shadowy extinction. The feldspars are subhedral or anhedral in form 

the orthoclase is subsidiary to the plagioclase, but sometimes fornu 

large plates which enclose blebs of quartz. Wart-like intergrowths 

of myrmekite are frequent along the margins of the orthoclase. 

.biotite and hornblende occur together in irroupe with which the 

small brown sphenes are associated. The biotite is sometimes 

chioritised, the fresh flakes being pleochroic from yellow to dark 

brown. The hornblende is generally in small compact individuals, 

usually rather poorly shaped. A few of the crystals are sieved 

with quartz. Faint halos are occasionally to be seen round small 

inclusions. The pieochroism is X = yellow with faint greenish 

tinge; Y = olive green; Z = bluish green. 	Colourless apatite 

in rather large prisms is a common accessory. The few scattered 

grains of epidote may have been formed later during the movements 

which took place in the district. 

iii. Sheared plutonic rocks 

It has already been mentioned that the dioritic 

rocks of Creag Nighean lain Duinn are so sheared that it is very 

difficult to extract much information about them ( pp,. 17-18 ). 

The crags largely consist of green crush-rock, which shows 

beautiful mortar structure in thin section. It is often much 

ep&&otised. yes of less altered material occur in the crush; but 

they are never completely free from cataclastic effects. 

The most basic type comes from a small outcrop 
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near the top of Creag Nighean lain Duinn itself. It is a coarse-

grained, dark green rock composed of abundant hornblende and 

plagioclase, with a small amount of interstitial quartz,chloritised 

biotite and accessory black ±z iron-ore and apatite. The plates of 

anhedral plagioclase are filled with fine brown dust,through which 

a faint suggestion of fine lamellar twinning can still be made out. 

They have unctergone some albitisation and are crossed by clear 

veins of albite. The hornblende is gnerally green and forms ragged 

plates, but some occurs in aggregates of small blades and is a 

more actinolitic variety. The rock is rich in large,clear crystals 

of apatite. 

A coarse black and red hornblende-diorite occurs 

frequently in the less sheared patches on Creag N1ghean.ieverthele8E 

in thin section ( 387d  ) the rock is found to be much crushed. The 

feldspars, which appear to be largely sodic oligoclase ( An1...20) 

are bent and broken, and full of a brownish dust to which their 

red colour in hand specimen is due. There is a little perthitic 

orthoclase, and accompanying it a sinsli development of myrmekite. 

Insterstitial quartz grains have sutured edges and shadowy 

extinction. The dark minerals are green hornblende and chioritised 

biotite. The 'oiotite is often bent or crumpled as a result of the 

later movements. There is accessory ephene, black iron-ore,brown 

orthite and apatite. Epidote has been developed in most of the 

specimens. Some of the Creag Nighean lain Duinn rocks are rather 

finer-grained than the type described above, but are similar in 

their general characters. One slice contains a small, more 

hornblendic enclave of finer grain. All the Creag Nighean diorites 

are characteristed by relative richness in apatite. The apatite is 
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clear and colourless, and usually occurs as rather large, poorly 

shaped crystals. The crystals are sometimes observed to be broken 

across. 

There are a few small intrusions of granitic 

material into the Gleann Liath series. These rocks are best exposed 

in the vicinity of Glenhia farm. One type is a much crushed, slightly 

foliated, pale pink, muscovite-biotlte--grarulte. The rock is very 

quartzose and the micas are sparsely distributed. 

Other types Include a sheared biotite-granite, like that found on 

Carn Dearg,Foyers, and some small veins whic4esemble the granite 

of the Foyers mass • Correlation with other intrusions outside 

(uleann Liath is difficult because of the sheared condition of the 

rocks. The basal breccias and conglomerates of the Middle Old Red 

Sandstone near Glenhia contain many boulders of the pink biotite-

granite ( Plate II B ).. The detailed description of this type will 

be given later when the Carn Dearg mass is described ( p. 103) 

iv. PeTIatites and Aplites 

pegmatite veins, averaging two or three feet in 

breadth, are frequently found cutting the Gleann Liath rocks. They 

consist of quartz and feldspar with either biotite or muscovite. 

The crystals of mica are frequently quite large, the muscovite 

plates being sometimes more than an inch across. 

The Foyers limestone is cut by a pink graphic 

granite, about 2 ft wide. The rock ( 311 e ) consists of a coarse 

graphic Intergrowth of quartz and feldspar - the latter being 

Itself a perthitic intergrowth of orthoclase and a.IbIte-oligoclase. 

The rock is found to be rather crushed in thin section, thoggh the 

crushing is not so evident in hand specimen. 
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The sheared pegrnatites at the Upper Falls of 

Foyers have already been mentioned ; the shearing in their case 

has obliterated all or nearly all of their original structures. 

There are aloe found a few veins of sheared 

aplite. A very badly sheared specimen, cutting the diorites on 

Creag Nighean lain Duirin, consists of quartz, p'rthitic orthoclase 

and soc3.ic plagioclase with a little chloritised blotite and 

accessory apatite and black Iron—ore ( 603b  ). The rock is pink In 

hand specimen; in thin section, few of the original structures 

still remain. 

D. THE STRATIGRAPHICAL POSITION OF THE GLEAN1 LIATH SIES 

The Gleann Liath series is of markedly different 

fades from that of the neighbouring Moine schists of Strath 

ErrIc4 The problem thus arises -- whether these rocks are a part 

of the Moine series at all, or whether they should be referred to 

the Lewisian or the Dalradian. The discussion of the position of 

the Series will,however, be postponed until the Maine schists of 

Strath Errick have been described. 

L 	 IN GLEANN LIT 

A short note on the working Df limestone in  

Gleann Liath may not be out of place here. 

Limestone has been quarried at both the known 

outcrops in &leann Liath. The Foyers quarry is very much larger 

than the Boleskine one -- the latter had been forgotton locally 

and was rediscovered during the present research. I have found no 

references to it in any of the literature, though the preaence of 

a quarry at Foyers is repeatedly mentioned. The Foyers quarry is 



we 
on the side of the road. from Gleann Liath cross-roads to the 

hamlet of Glenila, and is therefore very easily accessible; the 

tracks to the Boleskine quarry have completely disappeared. A 

possible hint as to the time at which the Boleekine quarry was 

used is given by the presence of neatly drilled holes for blasting 

out the rock. 

There are ruins of line kilns at both both 

quarries. The lime was not always burned at the quarry however, 

but was carted away to be burned where it was required. Ruins of 

lime kilns exist below Beinn Sgurrach near Whitebridge, on the 

moor between Loch Bran and Gorthieck, and also ( doubtfully ) In 

Kockie Forest. The fuel used was peat. 

According to the New Statistical Account ( Fraser 1845 Vol 14.p.54, 

the construction of the Caledonian Canal put an end to local 

lime-working. The account of the parishes of Boleskine and 

Kbertarff speaks of the limestone as of good quality and regrets 

that it was no longer being utilised. It was,however, being worked 

when the Old Statistical Account was written ( 1798, Vol 20. p 28 

The writer, who remains anonymous, says that there is an 

abundance of limestone but that it is not much used. He goes on 

to say that during the preceed.ing 5 or 6 years, !)tr. James Fraser 

WS of (ortuleg bought some limestone from Mr.Fraser of Foyers 

(? from the Foyers quarry ). Owing to the condition of the roads, 

the stone was transported on horse-back to the fields where it 

was required, being burned in kilns set up in the corners of the 

fields. The writer hoped that this good example would encourage 

other people to lime their ground, and put forward suggestons to 

raise money to mend the roads so that transportation would be 

easier. 
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The present resources of limestone in G].eann 

Liath do not appear to be very great. The Foyers quarry might be 

somewhat extended but the resources at Boleskifle appear to be 

very small. 

III. THE MOINE SRTS 

A. DISTRiBUTION, FACfliS & STRUCT1JR 

The Moine Schists ( Central highland Granulites 

form the country rock into whch the Foyers Plutonic Complex is 

intruded. In this part of the Highlands, the schlsts are involved 

in an extensive permeation or "injection" complex, the limits of 

which extend southward beyond the boundaries of the district at 

present under discussion. The migmatitiZat10n of the schists is 

definitely earlier than the intrusion of the Foyers complex, for 

the latter both cuts and contact-alters the ttinjectiofl"gfleiss 

of Conagleaflfl. Although the achists of the Strath Errick district 

are part of a large permeation complex, by no means all of the 

rocks have undergone migmatitization, and apparently "normal" 

Moine schist types bulk rather largely in the hills round the 

Foyers "Gr
anite". The permeation 7rocess rmxst therefore have been 

to some extent selective. During the present study, no attempt 

has seen made to map the miginatites and"nortnal" schist 

separately; it is rather doubtful whether they could be 
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satisfactorily mapped separately. The chief localities at which 

the principal types occur will, however, be cited with the 

detailed description of each. 

The "normal" Moine schist types of Strath Errick 

are predominantly siliceous and semi-pelitic varieties. With these 

siliceous rocks occur a few thin bands of hornblende-schist, while 

to the south of the complex at Loch 1(111th, caic-silicate granulites 

are abundant. In this district ( Loch Kuhn) there is a large 

development of coarse pelitic schists. In the Glen Doe district,to 

the south-west, finer-grained mica-scnists of a different facies 

from those of Kuhn are prominent; whilst the mountainous district 

of Beinn a t Bhacaldh is carved in schistose grits. 

The migmatites include coarse muscovite-biotite-

gneisses, principally develo7ed in the Conagleann area, and to the 

north-east of it at Loch Ruthven and Brin y  and highly siliceous 

augen schists, found in the country Immediately south-west and 

south-east of the plutonic complex, as well as round Loch Bran, in 

a small outcrop which presumably forms part of the roof of the 

ompIex. 

The Moine schists are highly folded 1eoinally, 

often with vertical dips. In the Strath Errick district, the strike 

varies from north-westerly to north-easterly, and usually conforms 

to the margins of the Foyers "Granite"* The strike is therefore 

predominantly north-westerly, becoming north-easterly or east-west 

in the Beinn Bhuraich and Black Falls ( River E ) country, where 

the trend of the margin of the complex is in these directions. 

Beyond the influence of the Foyers intrusion, 

to the north-east, at Crag nan Clag and Creag Dhearg, the schists 
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strike north-east; again the prevalent dips are nearly vertical. 

On the Brin crag, the schi.sts dip to the north-west at about 

700 ( Home, 1915 9, p. 25  ) 	At Loch Kuhn, the strike is 

NE, the dip to the SSS at about 700',  on Glen Doe hill and near 

Loch Tarff, the strike is again north-easterly. At Loch Tarff,the 

beds are vertical or highly inclined to the south-east. 

B. 0CCU1'RENC1 & PTR0GRAP1{Y OF PRINCIPAL -TYPES 

1. Normal Molne Schists 

The Moine schiste not affected by obvious 

permeation processes can be subdivided into the following types:- 

 uartzites 
 Siliceous granulites 

 Semi-pelitic seflists 
 Pelitic schists 

 Caic-silicate granulites 
 hornblende-SChiStB 

 Schistose grits. 

i. Quartzites 

In the Strath Errick district, a few bands of 

the Moine schists are sufficiently siliceous to be termed 

quartzites. Rocks of this type outcrop on Carn Gairbhthinn and in 

large xenolththic mass of schist included in the granocliorite 

which is exposed in the course of the River Gourag. The iquartzites 

are light-coloured, pale grey, white or pinkish weathering rocks. 

The texture is granulitic, and there is a faint banding indicated 

by thin dark layers of biotite. 

The only sliced specimen of this type comes fron 

the large xenolith exposed at the bridge uver the Gourag. In 
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section ( 61), the rock is seen to consist of granulitic quartz 

with orthoclase and subordinate microcline; the small flakes of 

biotite, which occur sparsely scattered through the rock, are 

largely altered to green Deriflinite. 

ii. Siliceous granulites 

Siliceous granulites containing a higher 

percentage of dark minerals and feldspar than the quartzite types, 

are rather conUTIofl throughout the Stratn rrick district. Jith a 

further increase in the content of dark minerals, they grade into 

tne semi-pelitiC types. 

The typical siliceous granulites are 1iht- 

coloured rocks, composed of granulitic Quartz and feldspar and with 

narrow bands rich in biotite, the flakes of which lie parallel to 

the schistosity of the rock and impart a flaggy character to it 

when the mica-rich layers are narrowly and evenly spaced. Muscovite 

is subsidiary to biotite and only occasionally present in the 

Strath Errick schists. 

The markedly flaggy type of granulite is well 

developed near Croftdhu and at Urag nan C1ag below the 

exposure of the unconformable junction of the Middle Old Red 

Sandstone on the oine schists. In other cases, the fine bands 

of mica cross the beds in elongated aigmoid curves, which may 

pepresent original current bedding. it is very well seen, 

developed on a small scale, on Uarn na Saobhaid.he, to the north- 

eastof the black Falls of the River E. The individual beds U with 

these "cross-beaded" mica-rich bands are mostly under a foot in 

thickness. 

Not many of these siliceous rocks have been 
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sliced. A hard., fine-grained, grey rock ( 53  ) from Trinloist,where 

it forms part of the schist series round Loch Bran, is of this type 

but finer in grain than many examples of the group. Its outcrp is 

quite near the contact with the foyers granod.iorite. It is composed 

of granular quartz,orthoclase and oligocJ.ase( both largely 

sericitiseci) and biotite, with a little accessory magnet itecolourle 

ss apatite and muscovite. The quartz shows strain shadows and 

encloses many tint globular inclusions. The individual grains are 

flattened parallel to the foliation of the rock, which is also 

controlled by the alignment of the flakes of sparse botite. £he 

biotite is largely altered to chlorite; when fresh it is pleochroic 

from pale yellow to dark brown. 

These siliceous granulites closely resemble the 

highly siliceous "augen" schists of the type developed round Loch 

Bran and elsewhere. these Loch Bran rocks v;ill be described later 

in connection with the migmatites. They differ from the ordinary 

close-grained, siliceous schist in that large "eyes" of quartz 

and feldspar are developed. The development of these eyes appears 

to have taken place late in the history of the rock, for tiiey 

enclose parts of the Iiner-graifled matrix of the rock. It seems 

possible that none or tfle siliceous schists should really be 

separated from these Loch Bran rocks; there seems to be a complete 

gradation from granulites without augen Into granulites with a 

larger or smaller development of them. Schists with and without 

augen occur closely interbeda-ed with each other. 

iii. Semi-pelitiC schists 

By an increase in the amount of dark minerals 

present, the siliceous granulites pass into semi-pelitic scnists. 
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Schists of semi-p:1itic type are probably the most common of 

those in StrathEx-rick , which are VLpparently unaffected by 

migmatitization. 

There is much variation within the group. In 

some types, there is a marked banding ot' light and dark minerals, 

in others the distribution is more even and results in the "ppper 

and salt" type of Maine schist. A large increase in the amount of 

biotite produces dark, lustrous schists. The series therefore 

passes on the one hand into the flaggy siliceous granulites and 

on the other into fine-grained pelitic types. In the Foyers and 

Strath Errick district, the semi-pelitic rocks are normally not 

garneeiferous. 

Of the darker, mica-rich types, a specimen 

from the shepherd's cottage below Beinn Sgurrach is t3rpioal( 146). 

It is a dark, lustrous schist, very rich in small flakes of 

biotite,pleOChrOiC from pale yellow to a deep foxy red, and 

which contains numerous inclusions of zircon,each surrounded by a 

pleochroic halo. The remainder of the rock consists of quartz and 

oligoclase-andesifle with colourless apatite as a common accessory. 

The feldspar nearly always shows lamellar twinning and some 

examples exhibit incipient sericitisation. 

A somewhat similar rock ( 427  ) from Carnoch 

.1?arm is not so rich in biotite.. In it, narrow bands of quartz and 

feldspar alterflaie with slightly ravy layers of biotite. The rock 

outcrops near the edge of the Foyers tonalite and has suffered 

some contact alteration 	eg. cordierite is associated wit!i the 

biotite. Tie latter is a red, strongly pleochroic hornfels type, 

with well developed halos round small zircons. The bulk of the 

rock Is made up of elongated granular individuals of quartz, 
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orthoclase and oligoclase ( near An20),  with accessory colourless 

apatite and a few,tiny gamete, only visible microscopically. 

A very typical, garnetiferous,semi-pelitic schist 

from Loch Kuhn ( 385  ) is a medium-grained, grey rock with finely 

alternating films of mica and quartz-feldspathic material. The 

individual bands have a tendency to be discontinuous when traced 

laterally. In thin section, the rock is round to consist of qiartz, 

orthoclase and oligoclase ( An 20)' with large plates of biotite 

and subsidiary muscovite and accessory garnet,black iron-ore, 

colourless apatite and pale-green epidote. The ohigoclase sometimes 

encloses blebs of quartz. The biotite is a red homnfels variety, 

pleochrOic from a very pale yellow to a deep foxy red. It encloses 

relatively large zircons, which are surrounded by strongly marked 

halos. The garnets are poikiloblastiC, pale-pink in hand specimen 

and faintly pink in thin section. Their colour is almost identical 

with that of the gamete found in the associated alc-silicate 

granulites. 

iv. Pelitic schists 

Typical, coarse-grained, muscovite-biotite-Sohie 

types are not found in the immediate vicinity of the Foyers 

plutonic complex. Such rocks have, however, been observed at Loch 

Kihlin, to the south of the complex. In this latter district,they 

are found as coarse, muscovite-biotiteechists ( 386b ) with small 

gamete. The biotite is a rather reddish variety; the gamete 

faintly pink in thin section. Again the rock contains colourless 

apatite as a common accessory. The layers of mica are sometimes 

separated by very thin bands of quartz-feldspathic material. 
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A mica-schist of very different facies occurs in 

the Glen Doe district. It has been observed in the cuttings on the 

Whitebridge-Fort Augustus road at the bridge over the river in Glen 

Doe, and between the bridge and Loch Tarft. These Glen Doe rocka are 

compact,silVerY schist, with a soft, unctuous feel to the touch. 

They ( 521 ) consist of small flakes of muscovite and subordinate 

biotite, with numerous small gamete, s little quartz, and accessory 

pyrlte,zircOfl, tourmaline and graphite. The biotite is frequently 

chloritised when fresh it is pleochroic from pale yellow to a 

rich brown. Halos are developed round small zircons enclosed in the 

biotite. The gamete, mostly fN about 2 mm. in dia4er are 

abundant. They contain spirally arranged inclusions of graphite; 

in some cases they are partly or wholly altered to a green chlorite. 

In the latter case, the graphite inclusions with their characteristic 

arrangement still persist in the chlorite pseudomorph. On either 

side of the gamete a wedge of granular quartz is found, so 

forming a lenticle around which the micas sweep in smooth flowing 

curves. ( Plate XV A ). Graphite also occurs as disseminated specks 

through the rock. There is a very little toiilialine present, 

pleochroic from a deep olive-brown to almost colourless. 

It will be seen from the above description that 

these Glen Doe rocks do not conform to the usual type of Moine 

pelitic schist, which is a coarsely crystalline muscovite-biotite-

schist( Flett, 1923, p. 56). A small percentage of carbon is shown 

in an analysis of a Moine pelitic schist from Corriemuizie (Read, 

1926 p.135-137), but graphite is not mentioned in the description 

of the rock. It may be pointed, out that "snowball"amflet5 of the 

type found at Glen Doe are not characteristic of the Moine type of 

cry stall isat ion s  and that the schist is generally more of Dalrad.ian 
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. Cale-silicate granulit es  

GarnetiferOUs 0 j2 jt 5_hornbleflde_graflU1lte8 are 

very well represented among the boulders of the fiuvio-glacial 

gravels through which the River Fechlin flows between Whitebridge 

and Dell.. Such rocks have not been observed in the sehists 

bordering the Foyers plutonic complex itself, but they are very 

well developed in the Lch Kuhn district. In the latter area 

they are associated with the pelitic and semi-pelitiC schists 

already des&ibed ( pp. 35 ) 

The cab-silicate bands are often only a few 

inches thick and their maximum is only a foot or so. They are 

handsome rocks, white or pale grey in colour, with blades of 

dark- green hornblende lying parallel to the foliation of the 

interbedded schists, and numerous small pink garnes. They are 

very hard and compact rocks.. There is some variation both in 

composition and in the coarseness of the texture from one band to 

another,afld also within individual bands themselves. (Plate XIV C) 

In thin section, a specimen of the finer-

grained, slightly greyish, caic-sihiCate rock ( 386c A ), is seen 

to consist of a granulitic mosaic of quartz and plagioclase, in 

which lie ragged xyxt crystals of hornblende and poikiboblastic 

garnets; s'phene, zoisite, aptite and zircon are accessory. Quartz 

is abundant; under crossed Nicols, it shows slight strain shadows. 

It is sometimes intergrOWrl in vermicular fashion with the 

feldspar. The latter is clear and fresh, only rarely showing 

lamellar twinning, which sometimes appears as though it might be 

secondary, while in some cases, the actual lamellae are distorted 

The :.refractive index is well above that of quartz. The feldspar 



is probably mostly labradorite ( An-j). he hornblende occurs as 

rather ragged blades up to 6 unn long, with X = pale yellow-green, 

Y=olt*e-green and Z= pale blue-green. It shows pleochroic halos 

round small inclusions ( 9 zircon ). The garnets, with an average 

diameter of 1.5 nun, are pale pink in thin section, and sieved with 

both quartz and feldspar. Rather rarely, they enclose small blades 

of hornblende. 

Small, granular,browfl ephenea are common in the 

rock; a little zoisite is present and there are a few stout, 

anhedral crystals of apatite. 

The coarser-grained type of caic-silicate rock 

is represented by section 386c B. In hand specimen, this rock is a 

pure white granulite containing blades of hornblende and pink 

garnets,both of which are more widely spaced than in the first 

example. The gamete have an average diameter of 2-3 mm. 
In thin section, the general characters of the rock are very 

similar to the first example but zoisite is abundant and free 

calcite is present. The calcite occurs in granular form with the 

quartz and labradorite. The latter is 1es abundant than in the 

finer-grined type and does not occur In vermicular intergrowth 

with quartz. Calcite sometimes occurs enclosed in the poikiloblasti 

garnets. The zoisite occurs in large crystals, showing its 

c4acteristic deep blue polarisation tints. Round the margins of 

the crystals however, the polarisation colours are sometimes 

normal nX yellows like those of epidote. The hornblende crystals 

are paler in colour than in the previous type ; X = nearly 

colourless or very faint yellow-green, Y= very pale green and 

Z= pale blue-green. The cores of some of the hornblende crystals 

are sieved with quartz. 
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At Cnoc Carrach quarry, on the Whitebridge-Fort 

Augustus road, hornblende-bearing layers occur in a series of hard, 

compact, grey siliceous granulites. These rocks may have been 

hornfelsed to a certain extent by a neighbouring intrusion of 

granodiorite, satellitic to the Foyers complex. The hornblende-

bearing layers are very thin, only one or two inces in thickness. 

In hand specimen ( 564b), they are pale coloured or white granulites 

in which lie small blades of green hornblende, conspicuously aligned 

parallel to the schistosity of the rocks. The hornblende shows the 

same pleochroisifl as that in the caic-silicate rocks of Loch Kuhn. 

The rock also carries small flakes of biotite, pleochroic from 

olive-brown to yellow. Colourless garnet(only visible microscopical] 

and brown orthite are also present. Titaniferous iron-ore, in 

irregular, elongated rains,sometimea edged with sphene, is rather 

abundant. This rock probably represents a slightly calcareous 

variety of the semi-pehitic facies. 

Immediately to the south of Loch Tarff, garnet-

iferous granulites carrying free calcite have been observed. They ar 

associated with the mica-schists of the Glen Doe and Loch Tarff 

district ( p.36 ). These rocks are massive granulites, with a shigh 

flaggy parting along lustrous mica-rich planes. The rocks weather 

white,though on fresh fractures thenay be either whitish or brown. 

In thin section, the bulk of the rock is composed of granoblastic 

quartz with a slightly subsidiary amount of calcite also with a 

granulitic habit. The garnets are poikiloblastic, and faintly pink 

in thin section. The foliation of the rock is shown by the aligned 

plates of muscovite and biotite, the latter pleochroic from pale 

to dark brown. There is a little accessory magnetite and/apatite. 



vi. Hornblende-SCniStB 

HOrnblend.e-sChiStS occur throughout the Moine 

Series of the Strath Errick district. They are nowhere very 

abundant; the individual beds range in thickness from 2 to 8 or 

10 feet. They are dark, heavy rocks, black with a greenish sheen. 

The individual crystals of hornblende are usually elongated with 

the foliation so that the rocks are rudely fissile. The hornblende 

schists appear to be concordant with the schists associated with 

them. 

A very basic variety from the north-east shore 

of Loch Kemp, near the margin of the Foyers complex, is a heavy 

black rock ( 464d) composed almostly entirely of irregularly 

shaped, poikiloblastic crystals of green hornblende. The pleochrol 

am of the hornbIeflde is X = yellow, Y = yellowish-grJl and Z= 

blue-green. 	There is a little interstitial quartz and sericitise 

plagioclase, and a few flakes of chioritised biotite. The rock 

has accessory magnetite and apatite. 

A hornblende-schist( 522 ) from Tom Tvor,0ldtowr 

is rather similar but not so rich in hornblende. In this rock 

( Plate XV B ) the poikiloblastiC hornblende and a subsidiary 

amount of biotite, pleochroic from pale brown to a deep red brown 

occur in thin and rather indefinite laminae separated by thin 

bands of granulitic quartz and labradorite( mostly sericitised.). 

This particular rock outcrops near an offshoot of the Foyers 

tonalite and is itself cut by a thin vein of pegmatite. In thin 

aection, a quartz vein, probably originating from the pegmatite 

has come in along the foliation of the schist. 

Another section of a hornblende-schist (558) 

from Beinn Sgurrach, is characterised by the occurrence of 
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granules of pyrite aria magnetite along particular layers. In all the 

hornblende-schists sliced, large colourless prisms of apatite are 

common as accesso1es. 

All the specimens sectioned come from localities 

near the margin of the Foyers complex, and may therefore have 

suffered some effects of contact alteration. 

A full discussion of the origin of the hornblende-

schists in the Moine series in general and in Strath Srrick in 

particular would be out of place here, nor has sufficiently detailed 

study been made of the Strath Errick types for such a purpose. 

HOrnblende-shists in the 11oine series may be of either igneous or 
he 

sedimentary origin, but there appears to beieliable criterion 

for discriminating between the two kinds. The hornblende-schists 

wuich always occur with the rare Moine limestones appear to be of 

sedimentary origin as aliso do the striped hornblende-schists of 

Durcha type described by Read ( 1926,  p.  144-147 ).The hornblende-

schists of supposed Igneous origin are generally no more than a few 

feet thick and only rarely show transgressive relations to the 

surrounding rocks. ( Read, 1926 p.141 ) In Strath Errick v  no 

transgressive relations have been observed between the hornblende-

schists and the surrounding rocks. Limestones are not associated wit] 

them. The rather pOD}Y marked banding may be evidence of a 

sedimentary origin, It is only visible microscopically. In hand 

specimen the rocks appear uniformly dark. 

vii. Schistose grits. 

The mountain of Beirin a Bhacaidh, rising to the 

south-west of Loch nan Lann in Knockle Forest, is composed of green 

schistose grits. These grits, which vary somewhat in coarseness from 
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one band to another, are characterised by extreme richness in 

epidote. In hand specimen, the rocks are a silvery green with 

numerous small fragments of quartz and feldspar. In t.in section 

( 599) the grit is found to contain abundant epidote and numerous 

flakes of white mica, in which matrix lie the larger,rounded 

grains of quartz and feldspar. Rounded, but sometimes wedge-shaped 

sphenes, of a deep brown colour, are common. Magnetite occurs 

throughout the rock and there is a little apatite and chioritised 

biotite. The epidote occurs in small lozenge shaped crystals,pale 

green in t. -,in section. Some of the crystals contain cores of 

brown orthite, wnich extinguish in a slightly different position 

from the rest of the epidote. 

Green, schistose grits, similar to those of 

Beinn a'Bhacaid,h have been found in the drift at Loch Garth, to th4 

north-east. One specimen ( 470a) shows a marked layer of black 

iron-ore and sphene which may represent an original band of heavy 

residue minerals. In this rocic some of the grit pebbles are 

composite, tontaining both quartz and feldspar. The quarts pbbUes 

are made up of variously orientated grains, which show sutured 

margins and shadowy extinction. 

The Beinn a ' Bhacaidh district lies beyond 

that covered by the main part of the present research, and the 

relationship of the grits to the Strath Errick types of Moine 

schist has not been observed. 
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2. Permeation Rocks ( Migmatitea ) of the Moine Series 

The rocks of the permeation ( "injection") 

complex in Strath Errick can be divided into two main groups:- 

those in which the original schist was of a siliceous type, and 

those in which it was pelitic. Only the small part of the complex 

which surrounds the Foyers plutonic complex has been investigated 

during the present research, and tJe development of all the 

different types represented in the permeation complex as a whole 

cannot therefore be described here. 

i. Migmatites derived from siliceouMoinchiStS 

The first stage in the migmatitization of 

siliceous Moine granulites appears to be the coalescence of 

neighbouring quartz grains. A pink weathering, highly siliceous 

granulite from near the mouth of the Alit Leachd Gowrie( wnich 

flows Lrom the bog near Master Drummond. to Loch Kemp) Is of this 

type. The fresh surface of the rock is wnite, with small spots 

of pink feldspar and faint banding picked out by minute 

biotites( 591b 
 ). 

In slice, the rock is a granulitic,interlockiflg 

mass of rounded individuals of cuartzporthoclase,microcline and 

a little oligoclase-andesine, with sparse flakes of chioritiseci 

biotite. The rock is very rich in quartz. The Quartz shows 

strain shadows; and patches of coarser-grained quartz and 

feldspar are separated by finer-grained areas. It is probable 

that this finer-grained material represents the original grain 

size of the schist, prior to its further recrystalliSati0fl. But 

some of the effects may be due to the thermal effects of a 

neighbouring satellite of the 1?oye. a plutonic complex. 



This type of g.anulite does, however, seem to be a possible 

starting point in the development of augeri schists like those found 
59lb) 

round Loch Bran and at Onoc Carrach. Although the teis not 

largely developed in the Strath T,rrick district, the augen schists 

which may have formed from it, are abundant. 	The coalescence of 

contiguous Quartz grains has been described by Read (. 1931 p. 112 ) 

in the early stages of the development of permeation rocks from 

siliceous granulites in the Loch Choire complex. 

A light coloured, siliceous granulite ( 577) 

outcrops in the course of the kdver Brein near the waterfall at 

Vhitebridge. It is coarser in grain than the ordinary Moine 

granulite, it snows however a slight banding due to the presence 

of narrow layers of biotite. in thin section, the texture is much 

coarser than that of the normal schist. The rock consists of 

abundant quartz, perthitic orthoclase, sodic plagioclase ( much 

sericitised.), biotite ( most of which is chioritised ), brown 

orthite and colourless apatite. The quartz grains snow sutured 

edges and strain shadows. in contrast to the sericitised plagioclas 

the othoc1ase is fresh and clear. Myrmekitic intergrowths of 

Quartz and sodic plagioclase are associated with it. The 

chioritised biotite encloses a few zircons, surrounded by halos; 

sometimes it encloses thscarce orthite. The flakes of biotite 

are sometimes split by lenticleslol' epidote, which may also be 

found moulded onto the orthite crystals. The orthoclase and quartz 

tend to form larger individuals, slightly elongated parallel to 

the foliation, which are separated from one another by the finer-

grained, sericitised plagioclase and chioritised biotite. 

The predominant type of migmatite derived from 
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siliceous granulites in the Strath Srrick district, however, appears 

to that of a type largely developed round Loch Bran, where they 

form part of the roof of the Foyers plutonic complex. Examples are 

also abundant in Strath Errick.- They are well exposed at Torness 

bridge in the course of the Farigaig, on Garn na Ulaice Moire above 

Migovie, near Carn na Saobhaidhe and at Cnoc Carrach and Loch 

Knockie. 

Typically, the Loch Bran schists are highly 

siliceous, light grey or brown rocks, with augen of quartz and 

feldspar and with fairly well marked colour banding. The augen are 

whice in colour and are usually elongated along the foliation 

directions of the schist. In a few cases however ( for example, in 

the Carn na Saobhaidhe district), the lines of augen cross the 

banding of the schists. This would seem to indicate that they were 

being developed after trie main dynamic stresses to which the schist 

have been subjected. 

In thin section ( 404 a,b; 461 )(Plate XIV ,th 

bulk o 1 ,f the schist iseen to be macie up of small rounded or 

slightly flattened granules of quartz and feldspar. The latter 

includes both orthoclase and oligoclase,bOth of wnich may be 

largely sericitised. The schi-sts tend to be rather fine-grained 

with occasional coarser bands. The banding is picked out by tiny 

flakes of biotite. When fresh, the biotite is pleochroic from pale 

yellow to dark brown, but it is often altered to green chlorite. 

A little muscovite is also usually present. Black iron-ore,sphefle 

and epidote are distributed in steaks suggestive of original 

heavy mineral layers. 

The augen consist of q,uartz,orthoclase and 
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less abundant xnicrocline and oligoclase-andesifle. The quartz tends 

to be lenticular in form, it is usually crowded with minute 

granular inclusions and snows shadowy extinction. The outlines of 

the feldspars are usually irregular or embayed against the 

surrounding finer-grained matrix, in which they appear, in some 

cases, to be developing around. In other instances, blebs of 

quartz are fairly common in the big feldspars. Wart-like growths 

of myrmekite, consisting of a vermicular intergrowth of quartz and 

sodic plagioclase, occur along the margins of the orthoclase 

crystals into which they project. 

From these facts, it seems that the augen have 

grown by replacement in the schist and at least in those cases 

where they cross the foliation, at a date subsequent to the main 

movements affecting the Moine series. 

Augen schists, formed from siliceous and semi-

pelitic Moine schists have been described from the Loch Choire 

complex ( Read, 1931 pp. 116-118 ). These Loch Choire rocks 

resemble those of L och Bran in a general way,though they appear to 

be somewhat coarser in texture. At Loch Choire, the augen may 

coalesce to forli continuous layers, but coalescence has not been 

observed, in the Loch Bran series. On Carn Suicihe Ghoiril, on the 

ridge between the black Falls of tne River E and the Loch Killin 

valley, a rather different development of the augen schist is found 

In this type ( 453  ), there is a great increase in the number of 

augen, but without coalescence of individual aggen with one 

another. 

The Carn Suid.he Ohoiril type is associated with 

siliceous granulites with and without augen, which form the 

predominant type of schist of that district. In hand specimen 
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the rock is light brown or grey, highly siliceous and without 

marked echistosity. It is crowded with large, subhedral white 

feldspar crystals, averaging 4mm in length. There is sometimes a 

faint tendency for the crystals to be aligned parallel to the 

slight foliation; the finer-grained matrix usually curves round 

them. 

In thin section, the fine-grained matrix is 

found to consist of granular quartz,orthoclase and sericitised 

plagioclase, with a little biotite, muscovite, iron-ore, apatite, 

ephene and epidote. Quartz is very abundant. It sometimes occurs 

in rather 1argeefltiCleS, and is usually crowded with minute 

inclusions arranged in lines, running at right angles to the 

foliation. The quartz does not sliow very marked strain shadows. 

With it s  occurs fairly fresh subhedral orthoclase and patches of 

highly sericitised plagioclase. Biotite, of reddish brown colour 

when fresh, is mostly altered to penriinite. It occurs in small 

flakes lying parallel to the foliation, and encloses small zircons 

each surrounded by a halo. The msucovite occurs in large plates, 

which often enclose the other components of the matrix. The black 

iron-ore is segregated along lines suggestive of original heavy 

mineral layers. 	The big crystals are all ortnoclase. Some 

of them are elongated at right angles to the foliation. They 

often enclose parts of the granulitic matrix and sometimes blades 

of muscovite. One large crystal is seen, in thin section, to 

be traversed completely by a string of Quartz granules. The 

margins of the large orthoclases are embayed against the 

surrounding finer-grained matrix. 

In this rock from Carn Suidhe &hoirll, the 



evidence again seems to point to the development of the big feldspar 

at a period subsequent to the main dynamic metamorphism of the 

Moine schists, since some of the crystals are elongated at right 

angles to the main foliation of the schist. The plates of muscovite 

would also appear to be of late growth, since they enclose parts of 

the granulitic matrix, but they may have formed before the large 

orthoclases, since muscovite has been found enclosed in one of 

these crystals. 

It may be pointed out that on Carn na Saobhaidhe, 

which hill is some three-quarters of a mile to the 7N7 of Cam 

Suidhe Ghoiril, the lines of augen in the siliceous schists have 

been noted lying athwart the main trend of the foliation ( p.45). 

This observation and the elongation of some of the orthoclasee in 

the Carn Suidhe Ghoiril rock at right angles to the foliation, 

confirm the inference that all these rocks with feldspar augen 

belong to one group, which underwent migmatitizatiOn at some 

period after the main folding of the TiIoine schists. During this 

process, potash must have been introduced in the formation of the 

augen of orthoclase. The permeation evidently took place prior 

to the intrusion of the Foyers plutonic conpiex, forApointed out 

later ( p. 75 ), the Foyers granodiorite contains numerous 

xenoliths of the Loch Bran type of seflist as seen in its koutcrope 

both between Loch Bran and Druim Teampuill and to the south—east 

of Carn Dearg, Foyers. 



-49- 

ii. Migmatites derived from semi-pelitic and pelitic Moine schist 

Banded rocks which, structurally, can properly 

be described as injection gneisses are developed in the Strath 

rrick district. Unlike the first group of migrnatites already 

described, they contain a considerable amount of mica and are 

free from augen of feldspar and quartz. 

One type (5) from Torr Shelly quarry, is a 

coarse-grained, rather evenly banded rock, with alternating stripes 

of white quart zofeldSPathic material and narrow laminae of biotite 

with subsidiary muscovite.. The light coloured bands are composed of 

quartz, orthoclase and subsidiary oligoclase. Blebs of quartz are 

sometimes enclosed In the orthoclase and plrgioclase crystals. 

Wart-like growths of myrmekite are locally developed at the margins 

of the orthoclase. The quarts and feldspar associated with the 

mica-rich layers occur in smaller individuals than those in the 

broader, quart zo_feldsPathiC bands. The biotite Is in large plates, 

pleochroic from a pale yellow-brown to a deep foxy red.flclOSed in 

it are numerous zircons,surrounded by rather strongly marked 

pleochroiC halos. Zircons also occur scattered through the resof 

the rock. There is a little accessory magnetite, sillimanite and 

colourless apatite. 

The most typical injection-gneiss of the 

Strath rrick distriCt,hOwever, is that developed at Oonagleann.Th€ 

same type of gneiss occurs also round Loch 1(uthven and Loch a t  

Chlachalfl and at the Brin Rock ( Iiorne,1914 p.38 9  1915 pp.25,33) 

The Conagleann injection gneiss( Plates II B, 

TY A & B, XVII D ) is typically developed in Conagleann on the 

crags of Oreag a tChli abhain and Conagleann and in the deep,ravine- 
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hill cut in Maine &chists, rising from a- serie& of teriaces 
of coarse, fluvia—glacial gravels. 
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Looking from Tom a'Chlihn to 
Lochan a'Ghinn Mhonaich and Loch Ness. 	 - 
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like gully of An Fhail which flanks Beinn Dubhcharaidh. It is an 

extremely handsome rock: a coarse rmlscovite-lJiotite-gneiss, in which 

wavy, black, mica-rich layers alternate v. , ith broader,white quartzo-

feldspathic ones. The structure is typically gneissic. Small pink 

garnets are usually present. 

The Conagleanri gneiss gives rise to very 

characteristic crags and steep rocky peaks, below which lie 

jumbled masses of huge fallen blocks of gneiss. In Strath Erricky 

the Conagleann crags are some 400 ft in height; in Strath Nairn, the 

gneiss forms the steep crag of Brin and the rocky hills ( Gas Garbh) 

between J3rin and Loch Dun Seilcheig. 

In thin section ( 410 c, 529) 9  the gneiss is 

found to consist of layers very rich In quartz, with orthoclase 

and sod-ic oligoclase, of anhAdral form, alternating with mica-rich 

layers composed of biotite and subordinate muscovite. The biotite 

has a strong pleochroism Thom straw-yellow to a deep foxy red. It 

encloses zircon around which well developed pleochroic halos occur. 

Zircon also occurs disseminated through the whole rock. The quartz 

forms large granulitic D5tches, often crowded with minute, rounded 

Inclusions. Colourless apatite in stout prisms is a rather 

abundant accessory. 

At the Gas Qarbh, the gneiss contains 

prominent basic lenticles, carrying a higher percentage of biotite 

and also a considerable amount of green hornbleflde. These lenticles 

contain numerous, large,piflk garnets, ranging up to an inch In 

diameter. The outlines of the garnets are irregular and inhin 

section, they are found to be sieved with the quartz of the matrix 

of the rock. The gamete also sometimes enclose sphene. 

The plagioclase of the basic lenticles appears to be mainly basic 
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andesifle. It occurs in 'ather large plates and encloses blebs of 

quartz. The hornblende forms ragged crystals, which may enclose 

aphene. Colourless apatite is accessory. 

On the Brin Rock, the gneiss is very well 

exposed. The most pelitic type is a coarse muscovite-biotite-gneiss 

with lenticles of quartzo-feldspathic material, but this passes 

into a less micaceous and more regularly banded rock. In this 

latter type ( 595b  ) there is a very regular banding of mica layers 

with Dink or white, granulitic quartzo-feldspathic ones. Muscovite 

and biotite occur in about equal amount but the muscovite is in 

slightly larger plats than the biotites.t The flakes of mica 

may be sometimes slightly bent. The biotite is strongly pleochroi-c 

from straw-pllow to a deep foxy red and contains zircons with 

well marked halos. The quartzo-feldspathic material is generally 

coarse-graifled., though a few of the lenticles associated with the 

mica layers are of finer texture. Quartz is abundant; the 

associated feldapars are oligoclase and subsidiary orthoclase. 

There is accessory colourless apatite in irregularly shaped 

grains, and a few tiny, colourless garnets. 

f-li 	cI 
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IV. TIPT, STBATIGRAPHICAL POSITION OF ThE GLM1 LIATH SRIS 

The problem of the correlation of the &leann 

Liath series can now be discussed. It will be seen from the account 

of this series and the ngbouring Moine schista that the &].eann 

Liath rocks are of a markedly different fades from the schists 

developed in the rest of Strath Errick. The Gleann Liath rocks are 

separated from the augen schists round Loch Bran by the Gleann 

Liath fault; the contrast between the rock tyies upon one side of 

the glen compared with those on the other is extremely marked. The 

whole facies of the Maine series in Stratn Mrrick is siliceous or 

semi-pelitic, while the 	 gneiss is also very 

different from the G-leann Liath gneiss. Further no limestones are 

known to be associated with the gneiss at Conagleanri, nor have they 

been found in association with the muscovite-biotite-schists and 

caic-silicate granulites of Loch Kuhn. 

Should the Gleann Liath rocks then be grouped 

with the Moine series at all, or should they be correlated with 

the Dairadian or the Lewisian? 

The paucity of limestones in the Moine series 

is one of its distinguishing features ( Flett, 1923, p. 56). 

Limestones have, indeed, been reported from a few localities; arnng 

them ShInness in Sutherland and Rebeg near Beauly to the north of 

the Great Glen; and Kyllachy in the Findhorn valley to the south 

of the great Glen. A noteworthy feature of the few limestones in 

the Moine series is their invariable association with hornblende-

schist, much of which is probably of sedimentary derivation. 

The outcrop of limestone at Kyllachy ( I -Iorne,1911 
p.26, Flett 1915 p.53) 



in the the upper part of the Findhorn valley ( Strath Dearn ) is the 

nearest exposure of undoubted Moine limestone to the Foyers 

limestone on the south side of the Great Glen. The limestone is 

exposed in an old quarry, now nearly grassed over, above the wood 

surrounding Kyllachy House. The limestone forms a sharp anticlinal 

fold, trending NT-SW. It ranges from white, coarsely crystalline 

types, which can be cruiliLled between the fingers, to rather harder, 

but still very coarse varieties. The limestone is always white and 

pure, small pale green diopeide crystals and scales of graphite are 

sometimes sparsely scattered through it. It never shows the minor 

folding and puckering which is characteristic of the Gleann Liath 

limest)nes. Associated with the limestone is a hard, compact,pale 

green caic-silicate hornrels. A similar limestone and associated 

caic-silicate hornfels is xseen in a few small Quarries on the 

other side of the ridge abote Kyllachy House, I mile W.S.W. from 

the summit af Carn na Seanalaich, and reached- by an old track from 

the ruins of Ard-achy. The calc-silicate rock is rich in diopside an 

also contains scapolite. It may have been affected by contact 

metamorphism due to the Find.horn granite. Associated with the 

limestone in the small quarries under Carn na Seanalaich, is a 

narrow band of hornblende schist. 

At neiher of these Quarries in the Findhorn 

valley are the associated schists exposed. The hills are covered 

by peat and heather and there are few rock outcrops in the 

immediate vicinity. From these few, it would appear that the 

associated rocks are of normal Moine types -- pelitic and semi- 

pelitic schist;. 

North of tne Great Glen, at Shinness, in 

Sutherland (Read, 1926 pp. 126-7. 138-41), the limestone, some 
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of which is very coarse-grained, is associated with hornbiende-

scnists, some of which are garnetiferous, and with siliceous and 

semi-pelitic schists. 

The group of quarries in limestone of the T'1oine 

series at Rebeg, South Clunes and Blairnachenacflie ( Horne, 1914 

p.37-38 2  101) in the DaxaUy area, have long been disused. Rebeg 

quarry furnishes the most valuable information, for from it, a 

cutting was made through the schists associated with the limestone. 

Rebeg quarry, however, is now almost grassed over and the details 

or the sections described, in the Geological Survey memoir are no 

longer exposed. The rock cutting, which was probably made as a mean 

of exit from the quarry, still provides a good section of the 

associated scnists. 

The Aebgg limestone itself is a white crystallin 

limestone with sparse accessory mica ( nearly colourless),felclspar, 

iron oxides and scales of graphite. It is associated with 

hornblencie-biOtite-sChiStS and I'laggy mica-scnists. in the cutting 

these are succeeded by flaggy granulites of Moine type. Some of the 

mica-schists and hornblend-e-sChiStS contain lenticles of pegmatite. 

Neitner the limestone nor tne associated schists bears any 

resemblance to the Gleann Liath series. 

It appears, therefore, that the Gleann Liath 

series cannot be correlated lithologically with the limestone-

bearing facies of the Moine series. 	he limestone and the 

associated schists of Gleann Liath differ widely from the vloine 

limestone series. No hornblende-schist of t. -,e type commonly 

associated with i.ioine limestones is found in uleann Liath; Moine 

limestones, on the other hand, to not appear to be associated with 

limestones of Gleann Liath type. 
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Is th. Gleann Liath series then to be grouped 

with tn.e Dalrad.ian? Dalrad.ian rocks have not been recorded., so far, 

in this part of the country, though it must be remebered that it 

has not yet been surveyed in detail. She silky garnetiferou.s mica- 

chists with graphite of ..*len Doe ( p. 36  ) might conceivably 

belong to the Dairadian series. They bear some resemblance to 

Dalrad.ian mica-schists in the southern part of the H.ghlands, but 

they show no affinities with the Gleann Liatn gneiss nor is 

limestone known to occur with them. Lioreover the foyers limestone 

itself bears no resemblance to the Dalradian limestones further 

south, such as those of Loch Tay and Blair Atholl. 

A third possibility is that the leann Liath 

series represents a small inlier of Lewisian age. It must be 

admitted, at once, that no Lewisian rocks have hitherto been 

recorded south of the Great Glen ?ault. The nearest inlier of 

Lewisian type, north of the Great Glen, occurs in Glen Urquhart, 

to the immediate nortti. of Foyers and upon the other side of the 

fault. ( Cunningham Craig, 1914, p.20-23, 101 ). The inlier of 

Glen Urquhart provides excellent mat:rial for commarison with 

the Foyers rocks, since it includes a good development of 

limestone associated with gneisses of sedimentary derivation. It 

may be noted, in passing, that the Glen Urquhart series closely 

resembles the rocks of the very much larger Lewisian miter at 

Gi eneig. 

The Urquhart inlier consists of a series of 

paragneiSses and limestone, which are arranged anticlinally, the 

axes of folding trending north-west. Into them is intruded a mass 

of serpentine of uncertain age. The following order of succession 
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has been made out -- the limestone occupies the core the anticline- 

3. Feldspathic banded gneisses with basic patches and lenticles 
2. Rusty micaceous gneiss with kyanite. 
I. Limestone 

The Glen TJrq.uhart limestone is a white marble 

containing bands very rich in caic-silicates. The pure white marble 

cannot be distinguished in hand specimen from the pure white variet 

of the Foyers limestone. The quarries of Glen Urquhart have long 

been famous for their development of talc-silicate minerals. Some 

parts are very rich in large green tremolite crystals. Wollastonite 

phlogopite and diopside are also prominent. Apart from wollastonite 

this assemblage of caic-silicate minerals can be exactly paralleled 

at Foyers. At the latter locality, of course, the whole development 

is on a smaller scale; there is less limestone actually present, 

the exposures are smaller and fewer, the caic-silicate layers are 

less conspicuous and the very large crystals of tremolite are 

unrepresented. Furthermore, the rocks at Foyers have been subjected 

to considerable crushing. Spinel and forsterite, characteristic of 

the G-lenelg limestone, have not so far been re&wded either from 

Glen Urquhart or from Gleann Liath. 

The Glen Urquhart limestone is cut by veins of 

coarse pegmatite, another parallel with the Foyers rocks. 

The rusty-weathering, micaceous gneisses which 

succeed the limestone of Glen Urquhart, are rich in blades of 

blue kyanite. No kyanite has been observed in Gleann Liath. In 

other respects however, the gneisses f the Glen Urquhart inlior 

are very similar to those developed in ileann Lith. Along the 

margin of the Urquhart inlier, the gneisses are folded-in with 

Moine gneisses of similar type, except that they do not contain 
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basic lenticles as do the Lewisian gneisses. The absence of these 

basic lenticles was used as a criterion to map the boundary of the 

inhier. 

No detailed correlation of the Glen Urquhart 

Lewisian inhier with the Gleann Liath series is here either intendec 

or implied. The fact that the general fades of the limestone and 

gneisses of Glen Urquhart ( disregarding the more peculiar and 

particular attributes of the Glen Urquhart rocks, such as the 

kyanite and the coarsest caic-silicate bands) do bear a strong 

resemblance to the Gleann Liath limestone and gneiss, is however, 

felt to be of considerable significance. In fact, the Gleann Liath 

rocks seem to resemble the rocks of the Lewisian inhere north 

of the Great Glen more closely than those of any other group. In 

the absence of any evidence of their relations to the surrounding 

Moine schists, or of evidence of the occurrence of Lewisian inhere 

south of the Great Glen, it is not possible to be certain about 

their position. All that can be said with certainty is that the 

series bears a close general resemblance to the Lewisian of Glen 

Urquhart. The correlation of the Glearin Liath series with 

undoubted Lewisian can never be definite; but the present facts 

strongly suggest that in Gleann Liath there exists a small inhier 

of that series. 
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V. V19, FOYERS PLUTONIC COMPLX 

A. _F1D_DSRP10.N_ 

1. Distribution 

The Foyers plutonic complex consists of a large 

granitic intrusion in Strath Errick together with a series of 

satellite intrusions in Knockie Forest between Whitebridge and 

Loch nan Lann. The complex in Strath Erric: covers about 25 eq.miles 

It has a maximum length of 7 miles, from Loch Kemp in the south-

west to the neighbourhood of Loch a'Bhodaicfl in the nortn-east; and 

a maximum breadth of 5 3W  miles from Lochan Torr an Tuillat Creag 

an Phithich to the hollow between Meall a'Bhuailt and Beinn 

Bhuraich. The satellite intrusions in Knockie Forest probably 

cover another 2 sq.miles, they tend to be rather irregular in form, 

but appear to have a general elongation in a north-westerly to 

northerly direction. But the district of Knockie Forest has not 

been studied in great detail during the present research. 

The main complex is bounded to the north-west by 

the Gleann Liath fault, except at Creag an Fhithich and Dun Deardal: 

where granodiorite is brought up on the Loch Ness side of the 

fault line; and at Carn Dearg, Foyers, where there is a small 

outcrop of intensely sheared pink granite on the top of the earn. 

.'rom its nortn-easterly termination, the boundary of the complex 

runs in a south-east direction from Tom Mom and Loch a'Bhodaich to 
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Meall Donn, and to the north-east of Meall a T Bhuailt. Between 

Errogie and Oldtown, the junction links marked by a fairly sharp 

change of level in the ground, the schists rising steeply from the 

boggy moorland of Aultnagoire in the platonic complex. Beyond 

Errogie, the contact line is at first concealed but is again 

exposed on Meall Dorm and in Conagleann. South-east of Cam 

Liathdoire, the contact is again concealed under the drift and peat. 

The boundary of the complex runs along the hollow between Meall a' 

Bhuailt and Beinn Bhuraich, and the actual contact is again exposed 

on the north-eastern flanks of Beinn 11headhoin and Carn Choire 

Riabhaich. These hills form a ridge of schists, much veined with 

tonalite and granodiorite, which separates the larger more northerly 

bay formed by the outcrop of the plutonic complex from the smaller 

and more southerly one. The latter extends back from Garthbeg into 

the hills along the course of the River E, to a point just short 

of the Black Falls. From this district, the junction, which is 

largely concealed, extends north-west along'the northern flank of 

Carn Gairbhthifln to Compass and then a more westerly direction 

to Loch Kemp. 	( Plate I, A, B ) 

ii. Rock-types and Internal Structure 

The principal rock-types found in the platonic 

complex may be divided into the following ::roups- 

Appinites 
Tonalites 
GranodiOrites 
Biotite-granite 

Rocks of appinitic type apoear to have been the 

earliest members of the complex. Xenolithic masses 
of apinitiC 

type have been observed in the granodiorite of the main complex 
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both at Lochan Torr anji Tuill and between Garthbeg and Corriegarth 

There are a few small intrusive masses of hornblende-diorite, 

probably to be grouped wit' these rocks, cutting the loch Bran 

augen schists in Gleann Liath. The principal outcrp of the 

appinite series is, however, in Knockie Forest. There,they are 

cut by and are therefore earlier than both the Cnoc Carrach type 

of granod.iorite and the granodiorite-porphyry. 

In Knockie Forest, the largest mass of 

appinitic rocks is that to the south of Loch na Sgorthaich, and 

it extends across Loch Knockie to the moss south of Drummond 

Plantation. It also extends into Drummond plantation, but for 

what distance is not certainly known, for most of the exposures 

die out at this point. Around Loch Knockie, the appinites are 

veined by the Onoc Carrach granocliorite and the mapping shown is 

generalised to include xenoliths separated by small veins of 

granodiorite in the outcrop shown as appinite. 

A smaller mass of coarse appinite occurs in 

contact with granodiorite-POrPhYrY near Creag a'Ghiubhais(riOrth 

of L0chan &Choin Uire), and appinitic rocks also outcrop in a 

crag running from this locality toward the Alit an t-Sluichd(frorn 

Loch Kemp to Loch Ness). On Carn Dearg,Foyers, there is a small 

mass of 0nbl ende_di3rite,weatheriflg dark green with white 

feldspathic lumps, which should probably be grouped with the 

appinite series. 

Typically, in Knockie Forest, these appinites 

are coarse-grained rocks, often of striking field appearance 

with their large green hornblende crystals set in a vhite-

weathering background. Finer-grained t:pes are also prevalent. 
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The contacts of some of the appinite xenoliths in the Cnoc Carrach 

granoctiorite, are marked, in some cases, by a selvage of large 

hornblende crystals. 

The tonalite is a coarse-grained, grey horn-blend(  

biotite_quartz-diOrite. Its relationship to the appinites is not 

exposed, though a block Df appinite in the moss near BallindalloCh 

is very probably derived from a xenolithic inclusion in the tonalit 

The tonalite outcrops round the margins of the main intrusion in 

Strath Frrickpthough the ring is not quite complete. The largest 

continuous outcrop of tonalite is in the north-eastern part of 

the com:DleX in the 7,rrogie district. The tonslite contains many 

basic dioritic inclusions ( Plate VI A), finer in grain than the 

surrounding tonalite and rich in biotite and horithiencle. Both 

tonalite and inclusions are often very rich in sphene. The basic 

inclusions occur both as large masses and as small lens-shaped 

enclaves derived from the bigger inclusions. 

The granodiorite, a hornblende_biOtiteVartetY, 

is rather similar in appearance to the tonaJite, from which it 

differs in containing large pink phenocrysts of perthitic 

orthoclase. These phenocrysts usually have a maximum length of 

half-an-inch, and are sometimes very bbundant. However, they are 

often more sparsely distributed corespondiflg to the fact that 

the granodiorite petrogaphiCallY grades into the tonalite. The 

presence or absence of the pink orthoclase phenocrysts has been 

adopted as a field criterion to distinguish between tonal ite and 

granodiorite. Like the tonalite, the granodiorite is usually rich 

in small brown sphenes. It contains a smaller n,mber of lens-

shaped basic enclaves. Both tonali-te and grcnoã-iorite contain 

numerous xenoliths of schist. 
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The granodiorite outcrops within the tonalite 

of the 	margin of the complex, or, as in the 77,rrogie district, 

in smaller outcrops cutting the tonalite. The contact between 

tonalite and granodiorite is not sharply marked, and in some cases 

there appears to be a transition between the two -- the granodioril 

becoming progressively poorer in orthoclase and eventually passing 

over into the tonalitic type. In these cases, the drawing of a 

boundary line between the two types becomes a matter of 

approximation. In some cases, however, the change from one type to 

another takes place sharply. Near Lochaan Ordain, the granodiorit 

veins the tonalite and is therefore of later emplacement. 

In .'thoth the tonalite and the granodiorite the 

component minerals show a marked paralll1sm. This lineation Is 

well seen on weathered surfaces of the grnodiorite where it is 

picked out by the alignment of the orthoclase phenocrysts. Compass 

bearings of this foliation have been taken and the results plotted 

on the 	-P€ accompanying the map. The alignment nearly 

everywhere coincides with the strike of the surrounding schists ar 

with the strike of the schist inclusions. Pu.rther mention will be 

made of this point, later, in connection with the schist inclusior 

The tonalite is not represented in the 

Intrusions of Knockie Forest, except by a few tonalitic veins 

of various sizes on Tom iathail, Torr Paiteag and round Loch Kemp. 

These veins are fine-grained-, biotite-tonaliteS from which 

hornblende is normally absent. 

Granodioritic rocks are well represented in 

the satellite intrusions of Knockle Forest. Along the margin of 

the ii'oyers complex at Loch Kemp, the granodiorite, whichkis 
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typically developed. on Torr Clunie, sometimes apears to pass into 

a ftner-grained type of gr'nodiorite with numerous small pink 

orthoclases in place of the large orthoclase phenocryste of the 

typical Foyers rock. This finer-grained. rock Is a biotite-

granodiorl:.e and unlike the typical Foyers granodiorite it is often 

free from hornblende. It outcrops on the edge o1 the main complex 

between Loch Kemp and Loch Clunie, and again above Loch Ness in 

part of the ridge between Carn Dearg and the Alit an t-Sluichd(Loch 

Kemp--Loch Ness). It also forms a complex with siliceous schists 

in the Meall nan Aicihean-Loch na Sgorthaich district. This complex 

ranges from siliceous schists with numerous sheets and veins of 

granodiorite, through granodiorite with numerous schist xenoliths 

to granodiorite without schist xenoliths. The latter occurs in 

the central part of tcie outcrop and forms a ridge of high ground 

running from the top of 11eall nan Aidhean past Lochan nan Nighean 

toward. Loch Knockie. The amount of' schist present seems to 

increase toward Loch Ness as one goes down Meall nan Aicihean, and 

also toward Loch na Sgorthaich. The granodiorite usually intrudes 

the schists along their foliation planes, but locally cuts across 

them. 

The biotite-granodiorite of this trpe, also 

outcrops in an irregular strip from Tom a'Chliabhaln to Lochan 

a'Choln IJire. It is intrusive into the siliceous grtiuiites 

bordering Loch Kemp and formng Meall na Targaid,in the same 

fashion as at Meall nan Aid.hean. 

The closeplanted Whitebricige plantation has 

now been felled, ahd above the thick carpet of pine needles and 

broken branches, a few outcrops of rock appear,bleached white by 
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the acid aoll of the pines. The Torr an t-Sagairt end of the 

plantation ( the north end. ) appears to be mainly composed of 

this same type of biotite-gr:nite with si1iceou' schist masses,but 

part of the complex in this area is more tonalitic. On Thm Katlnail, 

tonalite is seen to be intrusive into semi-pelitic schists. 

At Onoc Carrach, there occur sheets of a 

coarse-grained granodlorite, distinguished from the typical Foyers 

rock by the much larger size of the orthoclase phenocrysts, by 

the presence of large phenocr3rsts of white plagioclase in addition 

to the orthoclase,, and by its more quartzose cnaracter. The Cnoc 

Carrach type of granodiorite is also seen in kimlis on the low 

ground between Drummond Plantation and the Knockie Lodge road, 

where it is intrusive into appinite; and on the high ground above 

Knockie Lodge and the north bank of the Alit Luaidhe ( Loch nan 

Lann to Loch Ness). The development or the large phenocrysts is 

rather patchy and the rock sometimes seems to shade off into the 

biotite-granodiorite. 

A fine-gr med granod.iorite, previously 

referred tthe granodiorite-POrPhYrY, with rather large 

phenocrysts of pink ortlioclase and fairly abundant quartz occurs 

as dyke-like masses in the schits along the north-east shore of 

Loch Kemp. The full extent of the intrusions there are concealed 

under t1i4ater. They are also found on the crags betwern the 

head of the Ailt an t-Sluichd and Greag a'Ghuibhais and in the 

course of the River Brein above the Kuhn road bridge. Knockie 

Forest is the only part of Strath Errick q  where this type has bee 

observed in situ; erratic blocks have been found at Oorriegarth 

and Creag an Fhitiiich ( Pass of Irerfarigaig). 
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The final major rock-type to be intruded in the 

Foyers complex was biotite-granite. This rock is finer in grain 

than either tonalite or granodiorite. It is a pink, highly quartzos€ 

non_porphyritiC rock with sparse biotite and sometimes a little 

accessory hornblende. In the field, it frequently shows a very 

marked flaggy jointing, but is free from foliation or the alignment 

of its components. It cuts sharply across both granodiorite and 

tonalite. 

The principal outcrop of the biotite-granite 

is to the south of Migovie, extending across Carn Liath almost to 

Meall a'Bhuallt, and northward to ConagleanrI. he rock is well 

exposed both in Conagleanfl and in the course of the Aberchalder 

Burn at the Chald.er Pails. Much of the outcrop is, however, 

concealed under peat and glacial deposits. Lear Migovie and on the 

shore of Loch Garth at Wester Abercnalder, the biotite-granite is 

seen do occur as numerous narrow and closely spaced dyke-like 

intrusions. Since much of the outcrop is concealed, it has been 

mapped as a continuous stretch of biotite-granite;in actual fact, 

over a considerable part of the mass it may be a complex of dykes 

and highly inclined sheets of granite cutting tonalite and 

granodiorite. Whenever seen, the junctions between the two earlier 

members and the granite are vertical or highly inclined. Between 

Meall a'BhUailt and Carn Liath, there appears to be a rather 

intricate pattern of granite cutting granodiorite, but the 

exposures are few and it is difficult to do more than generalise 

about the form of the outcrop. 

It will be seen from the map that the granite 

is assyrfletricalJY placed in the more northern"bay"of the Foyers 
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complex. below Carn Choire kiabhaich, it is in contact with the 

schists, elsewhere it cuts either tonali-te or granodiorite. 

There are a few other intrusions of granitic rock 

in Strath Errick. There is a small intrusion of the biotite-graflit, 
much involved in a line of severe crushing, at Trinloist between 

Lochs Ruairidh and nan Deala. At Garthbeg, on the slopes of Creag 

Bheag, there is a small intrusive mass, elongated in a N-S 

direction, consisting of a variety of biotite-granite which differs 

from the main type in being slightly finer in grain and having less 

biotite and no hornblende. This intrusion cuts not only the schists 

of Creag Bheag ( really a crag of Garn na }laice Moire) but also 

the granodiorite of Gartribeg. The granite has been quarried at 

this locality in two small quaries --- known as the Garthbeg 

quairies, and it is this rock that is locally stated to have been 

shipped to Ireland ( p. 5 ). The Garthbeg granite is one of the 

road-stones tested by L8VeLroVe and Page ( Attrition Tests of 

British Road-stones, 1929,  pp 22-25; 170-71 ) 

A very much coarser, quartzose biotite-granite 

occurs in a small outcrop near the line of the U-leann Liath fault 

in the Gas an t-SionnaiClI n tue Pass of Inverfarigaig, and again 

below the Fall of the Farigaig along the same crush-line. At the 

latter locality, it: is abundant in the basal breccias of the 

overlying Middle Old. }ed. Sandstone. 

Two ozther granitic types must be mentoned. 

In the course of the ±dvers i0 echlin and Brein at Wnitebrid-ge, there 

are outc.iOpG of a pinkbiOtite_gran1te, with a marked flagg,r 

jointing, intrusive into the siliceous schists. It differs from the 

biotite-granite of the Aberchalder district in hcvin 	igher 

content of biotite and a faint foliation, its extent is not known 
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since the only exposures are in th roc-', :y channels of the two 

rivers at Whitebridge. On the top of Uarn Dearg, near foyers, 

there also occurs a pink granitic rock, finer in grain than the 

Whitebriage type, but so intensely sheared that correlations with 

other areas are difficult. It has been very badly sheared and 

brecciated and emerges from the mantling Middle Old Red Sandstone 

breccias only along the top of Carn Dearg, Toward Knockie forest, 

it is seen in contact with the siliceous Moine schists. 

All the granitic rocks of the Strath rrick 

district appear to be almost free from xenolithic inclusions. 

The intrusive history of the oyei:s complex 

can now be surrnnarised. The earliest known phase was the 

emplacement of the basic rocks of the appini-te suite, now preservE 

only in Knockie Forest and as a small number of xenoliths in the 

main Strath rrick complex. In the main complex, the tonalite is 

the earliest member preserved, with the exception of the xenolithE 

and it forms a series of peripheral outcrops with the principal 

exposures at the north-eastern end. The emplacement of the 

tonalite was followed by that of the granodiorite. At probably 

more or less the same time, the various slightly different 

granodioritic rocks of Knoakie Forest seem to have intruded into 

the schists. Finally,a highly siliceous, biotite-graflite came 

into place, largely as an intricate complex off dykes and hghly 

inclined sheets within the tonalite and granodiorite. 

Pegatite veins cutting the i?oyers plutonic 

complex and the surrounding schists are rare. Where they are 

found, they are developed on a very small scale. Aplitic veins 

and dykes are also rather scrce; but dyke-like intrusions of 
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aisbachite type are rather common cutting both the biotite-granite 

and the schists, particularly in the Uonagleann district. 

Lamprophyre dykes are found cutting both the complex and surroundir 

schists, but are neither very large, nor very abundant. The Moine 

schists in the Loch Ruthven district are cut by numerous felsite 

dykes. A sill, about 20 ft. thick, of deeply weathered q.uartz-

porphyry cuts te Moine schists to the south-east of Leiterchullin 

on Loch Dun Selicheig. 

Iii. Relation of trLe Complex to the Surrounding Schists 

At only one lace, the north-west side of 

Conagleann, is the contact between the plutonic complex and the 

surrounding schists exposed in a high crag face. Here the position 

is complicated by numerous highly inclined sheets of tonalite and 

granodiorite cutting the schists immediately along the margin of 

the main nasa. In Oonagleann, on the face of the crag, the contact 

is between tnalite and highly siliceous schists. The typical 

Conagleann "injection" gneiss succeeds these schists slightly 

further to the north-east, but on the top of Creag &Chliabhain Is 

seen in contact with the tonalite. The siliceous schists dip to th 

south-west at 80 0 2  and into the tonalite, the margin of the latter 

conforming to the inward-dipping planes of the schists. 

The tonalite appears to be somewhat crushed, however, along the 

contact line. In other expoaures of the contact of tne complex 

with the schists, the tonalite or grsnodiorite may be locally 

transgressive to the foliation of the schists; but in general 

the strike-lines of the schists curve round to conform with the 

margin of the complex and with the lineation of the tonalite and 

granodiorite. 



Conagleanfl is the only place where the contact 

is seen in vertical section, but since the boundary of the complex 

remains unaffected by changes in the levels of the topography, 

it appears that the contact between the plutonic complex and the 

schists must be vertical or highly inclined. In Knockie .?orest, 

however, the intrusions seem to be more in the form of sheets, 

intrudeu. along te foliLtion planes of the schists. 

The actual contact between individual members 

of the plutoflic complex and the surrounding schists is always very 

sharp.. The plutonic rocl:s remain coarse right upo the junction. 

The schists are cut by veins of tonalite -,.nd grnnodiorite. These 

are numerous on Tom Mor,OldtOWfl, and at (Jroftdhu, and g again 

on Oreag Uonagleann and Beirm Dubhcharaidh, where their presence 

complicates the mapping of the main boundary of the complex. On 

Betim Dubhcharaidh there are also dykes and sheets of the biotite-

granite in the schists. Traced along Beinn Dubhcharaidh from the 

suniiit cairn, toward Carn Orom-gleann, the veins of granite and 

granodiorite die out until tonalite alone remains. The tonalite 

veins are thie usually intruded parallel to ttie foliation of 

the schistS. The tonalitic veining corresponds to the tonalitiC 

margin of the complex in this district, the veining by all three 

types of Beinn Dubhcharai-dh with the presence of all three in 

the margin of the complex there. 

On the ridge of schist separating the two 

"bays" of the outcrop, a wtii similar change in the veining of 

the schists takes place s,npathetiCally with a change in the 

rock forming the ±u outer margin of the complex. On Beinn 

lvheadhOifl and Carn Choire Riabhaich the veining is predominantly 
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tonalitie s  though a little gronodiorite is also present. The margin 

of the corcrplex on either side of the ridge is also tonalit&c here. 

At the Choire Riabhaichs between Carn Choire Riabhaich an'i Cam 

na Glaice !oire, there is a fairly well marked change from 

preininant tonalite to predominant granodiorite in the veins. It 

will be seen from the map, that the granodiorite outcrops along 

the margin of the complex on the flanks of Carn na Glaice Moire. 

Veins of granodiorite are very abundant at the north-west end of 

the schist-ridge on the slopes of Carn na Glaice Moire above Loch 

Garth. 	This change in the rock veining the schists ooncurrently 

with the change in the rock forming the periphery of the complex 

seems to imply that the tonalite and granodiorite now exposed Dn 

either side of the schist ridge are continuous in depth beneath 

it. Further, the schists of the ridge outcrop on the higher slopes, 

the granodiorite and tonalite below them, as if the schists formed 

part of the original roof. The intrusion, in this oart of the 

complex, may, therefore , be U-shaped in form. If, as seems 

almost certain, the Carn Choir e-iahaiChBe inn Mheadhoin schists 

form part of the roof, the plutonic rocks rrnist hove risen to 

higher Ik levels, for some structural reason, upon either side 

of it. 

The scflists of Carn na Glaice Moire above Loch 

Garth incl.id.e rocks of the Loch Bran augen schist trpe. They are 

separated from the outcrop at Loch Bran by a stretch of about a 

mile of granocliorite, possibly less, since the ground is poorly 

exposed. It seems likely that the outcrop of siliceous schists 

round Loch Bran is also a part of the roof. The Loch iran outcrop 

is mostly at a height of 600-700 ft. above sea-level; the lowest 
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outcrop of schist on th Carn Choire Riabhaich ridge is at about 

650 ft. The Loch Bran schists, especially round the edge of the 

outcrop, where they are in contact with the granodiorite, are 

veined by the latter. It seems highly probable that the Loch Bran 

mass represents a detached part of a once continuous band of rather 

siliceous s&histsp which extended at least from the fault line in 

Gleann Liath to Beirin Mhead.hoin. On this hypothesis, at an earlier 

stage in the denudation of the Foyers complex, there may have 

existed two outcrops of granitic rock in Strath Errick separated 

by a ridge of schists. 

The diversion of the regional strike of the 

Moine schists to conform to the margin of the Foyers complex has, 

on the south-west margin, at Carn Bhreabaig and Carn Gairbhthiflfl 

been accompanied by the formation of"breccias" of fragments of 

chist, in a matrix of white, granulite aplitic material. (Plate VII. 

Elsewhere in this locality the schists are very heavily veined and 

dissected by a variety of tonalite having a finer- grain than the 

normal Foyers type. 

The best exposures of the "schist-breccia" are 

on the top and north-eastern flanks of Carn Gairbhthinn; similar 

breccias have been developed on a smaller scale on Carn Ohoire 

Riabhaich. This complex, as typically developed on Carn Gair'ohthini 

near the hollow between the two principal peaks of the hill, consi 

ts of fragments of siliceous, semi-politiC and less common 

hornblefldiC rocks, usually from six inches to a foot in length, 

and enclosed in a granulitic matrix of white aplitic type. The 

schist fragments are broken across their foliation, but they do 

not appear to have been moved far relative to one another, for 

particular bands in the schist can be traced as a line of 
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Basic xenoliths in porphyritic grcnodiorite. South shor 
of Loch Sxnart, Strontian, ih cutting of new road. 
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A. Schist breccia on the margin of the Poyers tonalite. 
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detached fragments. The edges of the fragments tend to be subangula 

or rounded off. In some cases, there is very little "matrix", and 

the exposure consists almost entirely of broken schist fragments 

closely packed together. 

- Schist fragments 

- - 4Vhite aDlitic matrix 

Diagram of-s chist breccia 2n_Cr Gairbhthinn ( cf.Plate VII A ) 

The formation of breccias in the schists 

surrounding granitic intrusions has b-en described from Strontian-

where it is connected with a regional deflection of strike around 

the complex ( Kennedy & MacGregor, 1932, p.  115  ); and at Beinn a' 

Chaoinich on the margin of the G-lenelg-latagain granitic complex 

(dough, 1910 p.  86  ). 

On Carn Bhreabaig between Garthmore and Loch nan 

Losganan, there is an intricate complex of schist invaded by veins 

and sheets of a fine-grained vrity of the tonalite, rich in 

aphene, and with a well marked alignment of its corrnents. The 

schists are chiefly siliceous, sometimes quartzitic, types ."ith 

some semi-pelitic and homnblendic bands. There is a small 

intrusive mass of pink granite e.-.posed on the top of the hill 

itself. The schist masses have been swung round from a north-east 

strike at loch nan Lsganan to a north-west strike on the top of 

darn Lhreabaig and its flanks above Garthmore. This latter strike 

is parallel to the margin of the Foyers complex at Garthmore. 

videntIy, this sudden diversion of strike was accompanied by 
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fragmentation of the schist masses into larger or smaller units and 

the intrusion of tonalitic magma between and into the fragments. 

The veining is so extensive in this locality that mapping the 

margin of the Foyers complex becomes a matter of discriminating 

between tonalite with schist xenoliths, and schists dissected by 

tonalitic veins. 

The complex of schist n1 t-rnalitic veins passes 

into tinveined, normal schists on the foothills of Beinn Sgurrach 

and Leachd nan Cisteachan. 

There is no mappable aureole of contact- 

metamorphism round the Foyers plutonic complex. For long distances 
even 

no contact effects can be detected Vn within an inch or two of 

the contact, and the distribution of contact-effects tends to be 

sporadic. The Quartzitic types sometimes show a slight glazing, 

which aDpears to be due to the coalescence of contiguous Quartz 

grains. In the permation("iniection") gneiss in contact with the 

tonalite in Conagleann, blades of sillimanite, 2-3 nun long, and 

also a little oordierite and andalusite are developed. Cordierite 

is found in the semi-pelitic !oine schists at Croftdhu, and these 

may have been sligtly enriched in biotite. Black, Mica-rich 

hornfelses with andaausite crystals averaging 4 11  in length occur 
interbedded with siliceous types near Loch Bran and near the 

Lochan a t Chinn Mhonaich in Knockie Forest  ( Plate V B ). These 

andalusite-schiStS occur as bands about Bit thick. 

The semi-elitic schists on the margin of the 

complex at Loch Kemp contain sillimanite ( visible as shining tufts 

of crystals in hand specimen) and andalusite. They also tend to 

have a typical eQuigranular hornfels texture. 
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Contact metamorphism is most marked in xenolit 

of schist enclosed in the granodiorite and tonalite, and. will be 

described in the next section on the xenoliths. 

The degree of contact-metamorphism developed aroul 

the Newer Granites of Scotland seems to be vcriab1e. Around some 

of the intrusions, there is marked contact-alteration. In the Ross 

of Mull, for example ( Bosworth, 1910 p.376 ) the schists near the 

contact are s illimanite_andalusite_C0r 	itornfelses ( and 

incidentally Aornfelsed schists of almost identical type have 

been found as xenoliths enclosed by the Foyers tonalite). But at 

Strontian ( Kennedy & MacGregor, 1932, p.115), no contact-metamorPhi 

am has been recorded from the Moine schists surrounding th&tgraflitett 

complex. In the Finfthorn complex, not very far distant from Strath 

rrick, sillirnanite is developed in the pelitic !oine schists, but 

the more siliceous types to not seem to have been appreciably 

affected ( Flett, 1915 p.53-55 ). It is improbable that the 

siliceous types of Maine schist would show marked contact effects 

as they XXE were already in a highly crystalline condition. In 

Strath rrick, only in the more pelitic bands are new minerals 

developed. It is interesting to note that the "injection" gneiss 

of Uanagleann has suffered contact-alteration, evidently after 

it became a gneiss. At S-brontian, however, neither the siliceous 

nor the pelitic scnists have been found to show any traces of 

thermal alteration. 
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iv. Inclusions in the Foyers Plutonic Complex 

The biotite-granite, principally developed in the 

Aberchalder district, appears to be almost completely free from 

inclusions. The tonalite and the granodiorite, however, contain 

numerous inclusions.. These inclusions may be divided into three 

main groups- 

Larger or smaller masses of ioine achists, largely unaltered, 
or, in the case of the more pelitic types, converted to hornfel5e 

A series of basic dioritic inclusions, ty-pically developed in the 
Loch an Ordain and Errogie district, as inclusions in the 
tonalite smaller lens&ehaped enclrVes of this type are fairly 
common in the grnodiorite. 

Xenoliths referable to the appinite series. These are rare; and 
will not be further described under this sub-heading, the details 
of the known outcrops are given on p 59. 

1. Xenoliths of Moine schist - 

Xenoliths of Lloine schist are common both in the 

tonalite and the granodiorite. Siliceous types, representing the 

commonest type of country rock, are probably the most abundant,bUt 

there is also a fair proportion of pelitic schist xenolitIis showing 

contact metamorphism of varying degrees of intensity. Many of the 

xenolithic fragments are quite small, under a foot in lcngth,but 

there are many large rafts, 12 feet or more in length. in the 

country between Loch Ness and Creag Mhor, the schist xenoliths are 

much larger, and form long,narrOw and very persistant strips with 

an arcuate form. A similar long, narrow strip of schist is enclosed 

in the tonalite below Neall Donn near BallindallOCh. In a majority 

of the xenoliths., the strike of the schist of the xenolith is 

approximately parallel to the lineation of the surrounding 

granoc3iorite or tonalite, and also to that of the schists at the 

neighbouring margin of the 7lutoniC complex. 
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In the country between the Fechlin near Dell and 

Loch Scristan and the crags above Loch Ness, the schist inclusions 

iorm accuate dtrips t  which curve round from the crags of Creag Mhor, 

facing Dell, to tiose above Loch Kemp and Loch Scrista.n. The strips 

are long, but vary in thickness. They range from 10 feet up to 

much broader bands such as those which make up the greater part 

of the crag face above the new reservoir behind Dell Farm ( ref. 

map of these xenoliths , p. 76 a, overleaf). On Creag !or, 

several such narrow bands of schist occur one above the other, 

separatea by layers of granodiorite. They are predominantly 

siliceous granulites, with a rather glazed appearance; on Creag 

Mhor there is also subsidiary mica-schist in which some cordierite 

has been developed. Further over toward Loch Ness, above the new 

reservoir, there is a bigger development of pelitic types,coirrprisin, 

black, blotite-rich hornfelses with abundant cordierite,sillilflanite 

and andalusite ( Plate XVII C ). In some cases, the sillimanite 

occurs as y'Zx groups of shining crystals, up to -"  long, but 

more often it is not visible macroscopically. Between the hills 

to the north-east of Loch Kemp and Loch Scristan, the schist 

inclusions are found as several long narrow strips, composed 

partly of siliceous granulites and partly of mica-neil hornfelses. 

The granulites dip Into the granod.ionite to the north-east at 

450 ( Plates VIII A s  IX B ). There is also a mass of epidthorite 

veined with white aplite in this series of inclusions. 

It will be seen from the plan ( overleaf) that 

the pelitic inclusions are usually in the tonalite, the siliceous 

ones in the granodiorite. In some occurrences, ego on Creag Mhor, 

a few inches of tonalite occurs along the margin of the siliceous 
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inclusions. The junction between tne tonalite and the schist is 

Quite sharp, a little way from the margin the rock develops the 

typical pink orthoclase phenocrysts of the granodiorite. In some 

other cases, tonalite is found veining schist-xenoliths enclosed in 

granodiorite. These last occurrences suggest that both the schist 

and the veining tonalite are xenolithic in the granodiorite. 

The block, mica-rich hornfelses occurring as 

xenoliths in th tonalite are sometimes, like the epidiorite 

mentioned above ( p.76) extensively veined with white aplite, and 

there is sometimes a narrow margin of aplitic material( about an 

inch wide) between xenolith and enclosing tonalite. These xenoliths 

are also cut by quartz veins, which range up to a root in widtn. 

The contrast between the black hornfels and the white vein-material 

is often very striking in the field. The hornfels with the large 

sillinnite needles Q p. 76  ) forms the margin of one of these 

xenolithic strips close to its contact with the tonalite and with 

a Quartz veinlet. 

Contacts between tonalite or granodiorite and 

the schist inclusions in this part of the district are always very 

sharp, although in some cases, fragments of hornfels are obviously 

frayed off into the surrounding tonalite. 

¶- 

onalite 

HORIP'LS 

dornfels_t2]-ite contact. ivoss, soutfl of Loch Sc±istan 
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The long arcuate strips of schist sometimes give 

rise to little undercut crags. This can be seen to the south or 

Loch Scristan above Loch Ness, and at the base of Creag Mhor. The 

pelitic hornfelses weather more rapidly than the enclosing 

tonalitei the siliceous granulites,howeVer, weather more slowly 

and do not give rise to caves along the base of hillocks and 

crags. 

On the slopes of Meall Donn above BallindalloCh 

there is another long, strip-like inclusion of schist in the 

tonalite-- in this case of semi-pelitic Moine schists. ut the 

vast majority, e::cept in the Gregg 1'1hor-3cristan district, of 

xenoliths are smaller in size, ranging up to some 12-lb feet in 

length. he long arcuate xenoliths may be compared- with a similar 

long strip of siliceous ganuliteS in the Morvern_StrOntiafl t Grafl1t 

(Kennedy & Macuregor, 1932, p ll3 ). This strip, which is 20 yards 

in width, has been traced for a distance of two miles, throughout 

its length it maintains a parallelism iith tnc tonaLite-schlGt 

contact-surface at tne complex margin, bath in strikei-n lip. 

Kennedy and MacGregor suggest that the strip represents a thin 

sheet of country rock stoped off along an arcuate frcture surface 

It may be that a similar explanation could be applied to the 

strips at Foyers; on the other hand they may be symptomatic of a 

sheet-like habit of country-rock invasion. 

The smaller xenoliths are predominantly 

s±liceouS granultes or semi-pelitic schists ( Plate VIII B) Again 

the c.rntacts with the enclosing tonalite or granodiorite are 

very sharp. There the dips and strikes are not too distorted for 

measurement, the strike of the xenoliths is usually parallel to 



to that of the schists at the neignbourin:: contact. The foliation 

of the enclosing tonalite or granod.iorite also conforms to the 

strike of the xenolith. Narrow veins 'rom the granoctiorite, in 

Garthbeg Bay, can be seen penetrating xenoliths of semi-pelitic 

i'1oine schist ( Plate VIII B) along the foliation planes. Thus large 

xenoliths are eventually split --nto narrow dyke or sheet-like forms. 

It is much less usual for the veining to cut across the schistoity. 

(1) 

Xenolith of 
semi-pelitC 
schist 

2 
(2) 

-- - Dyke or sheet 
like xenolith of 
chist,resultin 

from break-up 
of large xenolit 
in (1) 

- cranoirite - 

Diarun1 to show formt . on of dyke-like xenoliths 

In Garthbeg Bay, a rather fine-grained green 

hornbleflcl-e-SChiSt ( perhaps derived from a fine-grained member of 

the appinite suite) occurs as a long,narrOw xenolith ( about 6 inch 

wide) in the granodiorite. Its form exactly suggests a later 

Intrusion, but It appears to be arlier than the granod.iorite since 

it is contact-altered by the latter. Aornblende-schis -u of similar 
a 

type formeAbroader, dyke-like mass in the gre.nodiorlte on the 

shore of Loch (.*arth, a little furtNer to the n,orth-east from 

Garthbeg. A lenticular inclusion of the same rock is also found 

in a dyke of aplo-granite in Garthbeg Bay. 

Xenoliths of dyke-like form have recently been 

discuased by Millar ( 1945 pp. 175-190 ) and the difficulties 

of distinguishing them from later intrusions, especially when all 
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the rocks have been subjected to later foliation. In Strath Errick 

the forms of the inclusions are dyke- or sheet- like, but they can 

a1 ,.-jars be diatinguished from later intrusions. The narrow, thin 

strips of Moine schist are obviously enoJithic; the horniende-

achist inclusions might be mistaken in the field for later 

intrusions; but when sectioned, they show contact-alteration and 

are found to contain plagioclase porphyroblasts resembling the 

plagioclase in the surrounding granodiorite. 

	

-- 	
- - - - Gr anodi or it e 

7 hornblende-schist 
/ 

Aplite vein 

Djaram to show occurrence of hornblende-schist xenolith in 
granodiorite. Garthbeg Bay 	( 

to annotate Plate IX A 
) 

- Hornblende schist 

Aplo-granit e - 
dyke 

 
_...U-rsnodiorite 

7 	-- 

Diagram of hornijiende-schist enc1oed in aplo-granite clyke 
iarthbeg Bay 

Small xenoliths of the surrounding schists 

occur in the veins of granodiorite and tonalite cutting the Moine 

series. The xenoliths usually lie with their long axes parallel 

to the sides of the vein, but sometimes theyiave been swung rounh 

to lie across the vein. One or two small, light coloured, greenish 

xenoliths from the granodiorite veins on Carn na (*laice Moire, and 

from the tonalite on Cam Girbhthinn are hornfelsecl. caic-silicate 



granulites, but they are very rare. Te majority of the xenoliths 

in the veins are siliceous or semi-pelitic fragments of the schistS 

cut by the veins themselves. No caic-silicate hornfelses have 

been found as xenoliths in the main Foyers complex. 

2. Basc_doi.i2 inclusions- 

Lens-shaped inclusions of dark ,b asic material 

occur throughout the granodiorite and the tonalite. The long axes 

of these inclusions lie parallel to the lineation of the enclosing 

rock. In certain districts --- Aultnagoire Moss and in the 

neighbourhood of Errogie and Loch an Ordain, the basic material is 

more abundant than the enclosing tonalite in vihich it occurs in 

large masses. Tonalitic veins penetrate these larger units along 

their foliation and isolate smaller lens-shaped enclaves. The 

foliation of the basic inclusions is fairly ;ell marked, and the 

foliation of the tonalite iis not only parallel to it, but is also 

more marked v'here the tonalite is in contact with the basic rocks. 

The foliation is also parallel to the strike of the neighbouring 

semi-pplitiC Ioine schists. 

The basic inclusions are well seen on the 

shores of Loch Warraline in the Errogie district ( Plate VI A ) 

and near Loch an Ordain. The inclusions are of dioritic 

composition, rich in biotite and hornblende and with abundant 

accessory, brovm ephene. They vary somewhat in type fror4one 

xenolithic mass to another. At Loch an Ordain, they can be 

seen grading into the typical tonalite through a stage of 

fine-grained tonalite. In some of the exposures, ghost-like 

outlines of small inclusions can be seen in the tonalite. In 



general, however, the margins of the xenoliths are sharply marked 

off against the tonalite, which may remain coarse right up to the 

junction. Plagioclase porphyroblasts, of similar type to the 

plagioclase found in the tonalite, are frequently developed in the 

xenoliths ( Plate VI A ). 

The basic material is most abundant near the 

contact with the semi-pelitic schists below Croftdhu, the 

proportion of tonalite increasing with distance from the contact. 

But there seems to be no marked difference in type between the 

basic material near the contact and that found farther from it. 

Throughout its outcrop in the north-eastern end of the Foyers 

coirrolex, the tonalite tends to be crowded with larger or smaller 

inclusions of these dioritic types; it is difficult to find any 

extensive stretch of typical tonalite free from them. 

The basic inclusions vary from fairly coarse-

grained types with lustrous plates of biotite and long prisms of 

hornblende, to finer-grained and more granulitic types. The latter 

can be well studied in Torr Shelly Quarry, where they occur in 

a highly inclined sheet of tonlitic rock, intruded iaral1el to 

the nearly vertical, north-south striking schists of the hillside. 

The tonalite of the quarry is not quite identical with the type 

rock of the main complex, but is very similar. The ±mtt intrusion 

is full of basic inclusions ( Plate VII B ), which are orientated 

with their foliation parallel to the sides f the nearly vertical 

sheet and the enclosing "  injection"  schists. In the same quarry,ther 

are a few xenoliths of pelitic schist, apparently enriched in 

biotite. They sometimes have selvages of large biotite crystals 

along their margins. It does not seem possible, nowever, to 

trace an unbor,ken series from schist inclusions into basic enclaves 
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v. Later crushing and shearing 

The development of the Greet Glen Fault, along 

the line of Loch Ness has resulted in considerable crushing and 

shattering of the Foyers "granite" and associated rocks. This 

crushing is not confined to the line of Loch less itself, but 

extends some distance southward from the loch. Parallel crush 

lines occur along the side of the loch; the chief of these may 

be traced from the acouth of the Alit an t-Sluichd ( Loch Kemp to 

Loch Ness) along the south-east side of Carn Dearg and along 

Gleann Liath. The movements have evid.ent4ly been spread over 

a long period of time; some are earlier, some later than the 

Middle Old Red Sandstone. The crush and fault line of Gleann 

Liath seems to be earlier than the Middle Old Red Sandstone, for 

at Ballagan, where it meets the margin of the Old Red, the 

shattering stops and has not been traced further into the breccias 

and conglomerates. 

Various crush-lines, solte parallel to and soe 

at right angles to the line of the Great Glen are common 

throughout the district. One such can be traced along the course 

of the River 7,; another along Loch Garth and yet another from 

Loch Kemp to Dell and Druim Tearnpuili. From Dell along Druim 

Teampuili, the crush-line is marked by a line of wells. A crush-

line running just north of L8chinafl Lann and along the base of 

the crass behind Knockie Lodge, is also marked by several srings. 

The movements, which are mainly prior to the 

time of the Middle Old Red Sandstone, are represented by thin 

lines of brown microbreccia, an extensive introduction of eoidote 

and a general reddening and shattering of the rocks involved, the 



rocks finally being rolled out to a fine crush. For the most 

part these effects are not seen in the Middle Old Red. Siindstone, 

althugh oner two lines of microbreccia have been observt4 

traversing it in the Carn Dearg,POYerS, district; so that,for the 

Most part this series of crush effects would seem to be earlier 

than the Middle Old Red Sandstone. 

Movements affecting all the rocks including 

the Middle Old Red Sandstone involve mechanical shattering on 

a large scale. This fragmentation is usually accompanied by the 

extensive introduction of haemstite. To the latter is due the 

prominent red colour of the rock cuttings along the road in 

the Middle Old ed Sandstone on Loth sides of Loch 1., ess in the 

Foyers district. The new road on the north side of the loch is 

fringed with red, broken rock, as yet uncovered by vegetation. 

It is very noticeable that here the 

granodiorite is involved in crush-lines, as it is on the flanks 

of Carn Dearg(FOYerS) and below the Falls of the Farigaig, it 

changes in colour from grey to red. ihe first stage in this 

press is the deepening in colour of.the orthoclase phenocrysts, 

until they become brick red. dhen crushing has taken place only 

along a particular band on a cliff face, the effect may 

simulate the appearance of an intrusive dyke aith red feldspars. 

The next stage, viell se:n on the conical hill 

between Oarn Dearg and Carn na Daila-riach, is the reddening of 

the whole rocL:. Usually epidote is introduced at the same time. 

The epidote occurs both in veins and as dissemiflations through 

the rock. The individual crystals, WitCh are bright green, may 

be quite large. Striking colour effects are sometimes produced 



by the rich red of the feldspars, the black of the hornblende and 

biotite and the bright green of the epidote. At Dearg Lochain at 

the foot of Carn Dearg ( Dearg is the Gaelic name for red), these 

crushed rocks weather to a pale rose colour. 

In thin section, the effects on the granodiorite 

are seen to be even more marked. The red colour of the feldspars 

seems to be due to incipient &ecomposi.tion -- the crystals are 

crowded with brown dust and tiny flakes of saricite. Individual 

crystals are broken across, the twinning lamellae of the 

plagioclases are bent and secondary twinning is also developed. The 

larger crystals of mm orthoclase show strain shadows as also dos 

the nuartz, which is usually ground down to small fragments. ..iotite 

is bent, and altered to green chlorite 

ephene and apatite seem to be least afc:. 

the field, the identity of the crush-rock can often be recognized 

more readily on weathered surfaces than fresh fr c*s. 

On Carn Dearg, the granodiorite is reduced to a greenish crush-

rock, with scattered residual red feldspars. Phe more intensely 

crushed part, which may be greenish or brown, is a rolled-out 

micro-breccia. Mpidote occurs both along the lines of raicro-breccia 

and in groups of pale yellow crystals scattered through the rest 

of the roe-:. 

At Knockie boathouse, on the shore of Loch Ness s  

the Cnoc Carrach granodiorite is involved in extensive shear,ng. 

It becomes a red rock,i itIarker red phenocrysta and develops a 

marked flaggy jointing. In thin section, the rock is found to be 

so intensely crushed and rolled out that the normal structures 

have been obliterated. 

The rocks in 7hitebridge plantation are 



frequently badly crashed and epidotised. The dyke of granodiorite-

porphyry, which cuts the pink granite in the course of the River 

Brein just above the bridge carrying the road to Kuhn, is 

involved in these movements. It is altered from a grey rorviith 
feldspar 

pinIphenocrysts to a red, cataclastic rock with brick-red 

feldsprL pnd streaks of epidote. In section, it is found to be 

intensely crushed; broken crystaln remxnants lying in a matrix 

of micro-breccia. 

Thin, persistent, brown or reddish lines of 

micro-breccia, either with or without a narrow fringe of reddened 

rock are of frequent occurrence in the plutonic complex in Strath 

1rrick. A number may be observed together on one rock surface, 

either in parallel or intersecting one another. They are normally 

only about 0.5 cm in breadth, but may persist right across large 

exposures. Two such lines, traced across an outcrop of 

granodiorite on Carn Liath, were at least 700 cm in length --

passing under the heather at both ends of the outcrop. 

The lines of micro-'oreccia are usually straight 

or slightly curved. Being more resistant to weathering than the 

uncrushed rock in which they occur, they stand up as tiny ridges 

on the rock surface. Epidote may or may not occur along these 

lines of microbreccia sometimes it is found in separate veins, 

which have been observed to cut the brown lines of micro-breecia, 

in such cases the latter must be the earlier. Epidote is not 

developed in the uncrushed rocks, but is confined to the bands 

of crushing and rovement. 

In a few cases, including the shore at 7,rrogie, 

the blue abriachanite ( crocidohite )described by Hed.dle ( 1880, 



p. ill ) from the northern side of the Great Glen, has been 

observed along crush-lines. 

Along some the bigger crush-zones, the amount 

of micro-breccia increases until a crush-breccia is formed, 

consisting of angular fragments of granitic rock in a brovm 

matrix of finely comminutecJ. material. A small outcrop of the 

Aberchalder granite is thus affected at Trinloist; as also are 

the granodiorites of Oreag an Phithich and Dun Garbh. The 

resultant rock is almost identical in appearance with the basal 

breccia of the 1.1iddlle Old. Red Sandstone and may occur within a 

few feet of tie latter. 

Obviously the coarse mechanical shattering 

and the production of the micro-breccia are of different ages. 

The production of thin lines of micro-breccia, the introduction 

of epidote and the reddening of the granodiorite seem to be 

pre— Middle Old. Red Sandstone. The shearing and fine brecciation 

are perhaps due to prolonged but slow shearing stresses; the 

coarser fragmentation to more sudden shocks. 



B. PTROGRAPHY OF TITE FOYERS PLUTONIC COMPMX 

1. Introductory  

It will have been seen from the previous 

description of the field occurrence of the Foyers plutonic complex 

that there are three principal rock types -- tonalite, granodiorite 

and granite. There is also a much smaller development of earlier 

appinitic rock. In the following account of the petrography of 

the Foyers complex, the appinites will be described first and 

then the tonalite, granodiorite and gr:nite. The description of 

eachrincipal type will be followed by those of the various 

modifications of it, such as those found in Knockie Forest. 

Finally, the latter intrusive phases, aplites and lamproph.yres, 

will be described. 

!4. The Appinites 

In Knockie Forest coarse-grained appinitic 

rocks are developed between the head of the Ailt an -Sluichd and 

Creag a' Ghiubhais, and immediately to the south of Loch na 

Sgortliaich. 	These appinites are all of dioritic 
composition, 

they differ from normal diorites in containing a high percentage 

of hornblende. They are handsome rocks, white or grey in fresh 

fracture, with large dark-green hornblende crysals(580,541) 

idote is conspicuous as isolated crystals of a bright green 

colour and as a coating along oint-1afleS. 

In thin section, the specimen from Lch na 

Sgorthaich consists of plates of oligoclase-efldesifle,SUbSidiarY 



ortnoclase, large and abundant hornblende crystals, interstitial 

civartz and accessory shene, iron ore and apatite. The plagioclase 

is largely altered to sericite and calcite. The green hornblende 

occurs in large, often rcther irregularly shaped plates and forms 

nearly half of the rock. The cores of these crystals are sometimes 

brown, but they extinguish in the same position as the rest of the 

cryst:l. The apatite crystals are clear and colourless, and are 

usually large and abundant. 

The specimen from near Loch Kemp ( 541  ) is very 

similar bit richer in orthoclase and quartz than no. 580. It IN 

also contains a little rnicrocJ-ine. The quartz shows strain shadows 

and is crowded with small grinular inclusions. The feldspars are 

largely sericitised. The large green g 	hornblend.es  are often 

irregular in shape and poikiloblastic. hcy enclose little sphenes 

and a few flakes of chioritised 'olotite. 

The finer-grained type ( 582  ) as developed near 

Loch Knockie is also dioritic, and very rich in hornblende. Some 

of these horn1ende crystals have brown cores like those in the 

adjacent, coarser-grained variety. A little criloritised biotite is 

associated with them. Apatite is again prominent as an accessory, 

and is found as colourless needles. The feldspars are sericitised. 

A still finer-grained type, from the edge of Drummond Plantation, 

where it is in contact with the Onoc Garrach granodiorite, shows 

green hornblende with lighter-coloured cores, which are relics 

of original pyroxene. 

Epiciote and sometimes calcite, have been 

introduced into all these rocks as described in the previous 

section. 
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There are a few, small intrusive masses of 

hornblende-rich diorite in Gleann Liath, cutting the Loch Bran 

augen schists. These rocks are dark-coloured, medium-grained 

diorites, rich in hornblende and with subsidiary biotite. The 

Feldspar is predominantly calcic oligoclase (An25), but there is 

subsidiary orthoclase, which may be perthitic ( 475b). The 

plagioclase is largely sericitisec-. The nornblende occurs in 

large, ragged, poikilitic prystals and is usually associated with 

subsidiary chioritised. biotite. There is accessory sphene, 

colourless apatite, black iron-ore and in some specimens, a little 

quartz. Calcite and epidote have been itvduced rather extensively, 

probably during later crushing ( see previous section on crush-

effects). 

iii. The Tonalites 

The typical tonalite of tne complex is a coarse-

grained, grey, iornblende-biotitequaTtZ diorite. Sphene is an 

abundant accessory and is usually visible in hand specirien. The 

rock generally has a more or less marked alignment of its 

components, particulirIy noticeable on large exposures. Owing to 

the presence of numerous inclusions of basic dioritic material 

(p. 81  ) and of various types intermediate between tonalite aid 

inclusions, tne bulk of tne tonalite outcrop tends to be somewnat 

variable in character. An analysis of a typical specimen of the 

normal rock is 	yen on p.  91 (overleaf). 

In thin section ( Plate XV C ) the tonalite 

consists of quartz, orthoclase, oligoclase-andesine(Afl30 ) biotite 

and subsidiary hornblende, with accessory sphene, apatite and 

iron ore. 	( 193 2  195 ) 



-y 1- 

Analysis A 

Percentage 	Molecular 
Pr op ort ions 

9i02 54.95 9149 
A1203 20.57 2013 
Fe203 1.87 117 
FeO 4.68 652 
MgO 2.68 665 
CaO 4.82 860 
Na90 4.84 781 
K2  2.75 292 
H20+ 0.72 
1-120- 0.13 
co2  none 
Ti02 1.09 136 

P205 0.43 30 
MnO 0.26 37 

99.79  

Norm 	 von Wolff values 

0.42 
Or 16.25 	 L 	= 	82.17 
Ab 40.95 	 = 	18.38 
An 21.42 	 = 	-0.56 
Car 1.76 
Hyp 12.43 
Mag 2.71 
Ii 2.06 
Ap 0.93 
V'ater 0.85 

99.80 

Tonalite. Payers plutonic Complex. Old quarries in field 
immediately south of Wester Aberchalder Lodge. sp. 193 

Analyst. Vt. I. Herdsman 

Mode. 

%LCAL .I 

Orthoclase 1015 
P1agoclase 50. 
Biotite 12.5 
Hornblende 11. 
Accessory 
sphene,rnagnette, 
aDatite 3. 

100.0 
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Plagioclase is the predominant feldspar, 

orthoclase being quite subsidiary. The plagioclase occurs n large, 

mutually interferingplates* 1voet of it is near oligoclase-andeSifle 

(An30) but some of the larger crystals are zoned. The cores in 

th.ese bigger crystals range from sodic labradorite (An55) to 

calcicandesine (An45) 

1yrmekitiC intergroviths of sod.ic plagioclase 

and quartz are common. They usually have a wart-like form and are 

found along the margins of the orthoclase into wiiicfl they project. 

quartz is not very abundant and occurs ±x1 	interstitially. 

Biotite is the principal ferro-magnesian mineral. It occurs in 

large plates, strongly pleochroic from pale yellow to dark brown. 

Green h - rnblende is subsidiary. It frequently shows twinning. Its 

pleochroisrfl is X = yellowish green, Y = green and S, = green with 

a bluish tinge. Small crystals of both biotite and hornblende are 

enclosed in the feldspar. 	 Sphene is an abundant 

accessory. It forms large, lozenge-shaped crystals ( up to 2iiin in 

length). The other accessories are colourless apatite and black 

iron-ore. 

Specimen no. .1153 of the British road-stones 

tested by LOvegrove and Wailer Page from a quarry in the Pass of 

Inverfarigaig somewhere near Tom an t-Sionnaich is probably a 

tonalite from the plutoniC complex. The exact location of the 

quarry is not available; no quarry at present is being worked in 

that particular part. The results of the test are given on p.98. 

he finer-grained variety of the tonalite(287) 

which is found veining the schists in the Carn Gairbhthi-flfl area, 

is very similar to the above type, but richer in hornblende. 
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The accessory ephene of the tonalites is 

usually conspicuous in hand. specimen, but the arnant preent 

varies somewhat from place to place. 

In the Kxiockie Foresi-Loch Kemp district, veins 

of tonalitic composition are common in the schists near Torr 

Paiteag and on the north side of Loch Kemp as well as at the head 

of the Alit an t-Bluichd and on Tom Rathail. In appearance, these 

rocks are grey and often rather granulitic and much finer in grain 

than the Foyers type tonalite. Sphene is only sparsely present; 

both it and hornblende may be altogether absent. 

A specimen from Tom ±athail ( 345) in Thitebridg 

plantation is a biotite-tonalite. The plagioclase is predominantly 

oligociase, but the crystals are usually zoned. The cores in these 

latter crystals are calcic oligoclase ( An25) are surrounded by 

oligoclase-andesine(An30) and a rim of calcic oligoclase. The 

subsidiary orthoclase sometimes encloses small plagioclases and 

'oiotites. Wart-like growths of myrmekite occur along its margins. 

Quartz is fairly abundant and shows strsin shadovi. ha biotite is 

pleochroic from pale straw yellow to deep brown. Accessory apatite 

is abundant in this type, occurring both in large prisms and in 

small needles, some of the former being coloured blue by numerous 

rod-like inclusions. There is also a little tourmaline present, 

pleochroic from pale yellow to nearly black. 

A narrow vein of biotite-tonalite(589) in the 

schists between Torr Paiteag and Loch Kemp carries microcline as 

well as orthoclase. The biotite is of a redder brown than that 

of no. 345 on Tom Rathall. 	Hornblende is absent. 
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iv. The Granodiorites 

The typical granocliorite of the Foyers complex 

is a coarse-grained, grey, hornblende-biotite-granod.iorite, with 

prominent phenocrysts of pink perthitic orthoclase. These phenocryt 

average about '  in length. They usually have a rude alignment 

parallel to the lineation of the rock. Sphene is an abundant 

accessory, prominent in hand specimen. 	An analysis of a typical 

specimen of granodiorite, from the old road-metal quarries in 

the Dell Marsh is given on p.95 ( overleaf  ). The results of a 

Lovegrove attrition test on rock from the same quarry is given 

on p.  98, no. 22. 

In thin section ( 45  ) the granodiorite 

consists of quartz, oligociase, ortoclase, iornblende and biotite 

with accessory sphene, apatite and black ore ( Plate XVD). 

Plagioclase is in excess of orthoclase, most of it is oligoclase, 

but some of the larger crystals are zoned from more basic cores 

( sod.ic andesine An3). 	The orthoclase is perthitic and often 

encloses blebs of quartz and small pla[ : ioclase crystals. 1Vart-like 

rnyrmekitic intergrowths of sodic plagioclase and quartz are 

frequent along its margins. quartz, which occurs interstitially, 

contains trains of tiny, runded inclusions and commonly shows 

strain shadows. The biotite and hornblende are of the same types 

as those found in the tonalite. Corresponding to the smaller 

pErcentage of alumina relative to lime, hornblende is more 

abundant than in the tonalite. The hornblende usually shows 

twinning; the cores of the larger crystals are sometimes sieved 

with quartz. Some of t-ae colo,.rless apatite is enclosed in 

biotite, which also contains inclusions of zircon surrounded by 
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Analysis B 

Percentage Mo1ecilar Norm von 1olff values 
Proportions 

Si02 60.77 10118 11.60 
A1003. 16.44 1613 Or 20.03. L 	= 	68.72 
Fe03 1.77 111 Ab 31.56 IT 	= 	18.62 
FeO 3.92 546 An 18.09 = 	12.65 

MgO 2.71 672 Diop 2.07 
CaO 4.44 792 Hyp 10.43 
Na20 3.73' 602 Nag 2.57 
K20 3.39 360 Il 1.80 

H20+ 1.53' Ap 0.55 
0.05 Water 1.58 

CO- none 
Ti0 2  0.95 119 100.28 

P205 0.25 18 
MnO 3.26 37 

100.21 

Tonalitic granodiorite. Foyers plutonic complex. Dell iarsh 
quarries, - mile SW of Upper Falls of Foyers. 

Analyst .4. H. Herdsman 

Mode 

uartz 	 20 
Orthoclase 	3915 
Plagioclase 	21. 
Biotite 	8. 
Hornblende 	6.5 

Accessory spherie, 
magnetite., apatite & 
epirlote not 
estimated. 
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poorly developed pleochroic halos. 	In some localities, the 

granodiorite becomes impoverished in orthoclase and passes into 

tonalite. In other outcrops, the orthoclase phenocrysts become 

more abundant and slightly larger than in the typical rock. 

Various granod.ioritiC rocks, more or lebL related to the Foyers 

type rock, are found in Knockie Forest. They may be divided into 

three main types : the Cnoc Carrach granodiorite ; the !ieall nan 

Aidhean granodiorite and the granodiorite-porphyry. 

2)_Te_Co2. Carrach ran2do . i .e_ 

The highly porphyritic grey granodiorite 

developed at Cnoc Carrach and above the north bank of the Alit 

Luaid-he ( L och nan Lann to Loch Ness) is a very handsome rock. It 

is coarsely crystalline and contains large and prominent phenocrys 

of pink orthoclase and rather lees abundant phenocrysts of white 

plagioclase. The usual length of these phenocrysts ranges from 

one to two inches, whereas in the Foyers type granod.iorite, the 

largest rarely exceed -' in length. Locally these very large 

phenocrysts are not developed and the Cnoc Carrach rock then 

becmes almost identical with the normal granodiorite. 

Orthoclase and oligoclase also occur as a gecond generation of 

smaller crystals together with a little microcline. The orthoclase 

is perthitiC. The oligoclase is strongly zoned from more basic 

cores. The bigger feldspars have inclusions of blebs of quartz, 

biotite flakes and hornblénde. Myrmekite is often developed 

between orthoclase and plagioclase. Quartz, which is rather more 

abundant than in the Foyers type rock, shows strain shadows, and 

the edges of adjacent grains often have irregular sutured riargins1 
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The dark minerals are brown biotite and green hornblende. There is 

accessory sphene, colourls apatite in stout prisms and black 

iron-ore. 

The biotite-granodiorite developed on 1 -eall nan 

Aid.hoan, Torn a'Chliabhain and the neighbouring hills ( sections 587 

533, 544 b, 5929490. ) is a much finer-grained rock than the Cnoc 

Carrach type. It often shows a rather marked alignment of its 

biotite flakes. It normally shows numerous small pink orthoclases 

and is rather guartzose. Sphene is not prominent in hand specimen, 

though tiny crystals are often visible with careful inspection. 

Oligoclase is predominant over perthitic ortioclase and microcline. 

In some specimens, the plagioclase is strongly zoned., eg. from 

calcic oligoclase ( 28 ) in the core, through zones of oligoclase-

andesine (An30) and calciColitToclase(An25) to olioclase (An20) 

which forms the rimThe core is commonly more sodic than the 

immediately succeeding zone. Myrmekite is developed, as wart-like 

groiths in the oi'thoclase ."ha 	Lt is in corttact with olaioclase. 

quartz occurs interstitially and shows strain shadows. It is 

crowded with tiny inclusions -- perhaps of liquid. The margins 

or the individual quartz grains are often sutured.. iotite, 

pleochroic from yellow to brown, and subsidiary green hornblende, 

are the common dark minerals; but in some localities, hornblenae is 

lacking and the rock then contains a small proportion of yellow 

orthite ( slices 490 Torn Rathail; 592 Alit Leachd Gowrie) There is 

accessory aphene, apatite, black iron-ore and zirc. pid.ote 

sometimes occurs in the viDinity of crush-lines, 1; :thich the 

rock sometimes develops a flaLgy jointing. 



-98--. 

From "Attrition Tests of British_Ra Road--stones" : !Iem.Geo1.SUrVeY 192 

Tests by .J.LovegroV ( pp 22-25 

kef. H or M 	 Chips Dust Specific 

No. broken 	%detached from % of 1025 Gravity 
parent stones average 
dry 	wet dry- vet 
test 	t test test 

252 H 	LT 	.0 1.04 18.70 15.87 	2.69 

253 H 	 • 0 	4. 39 9.81 14.65 12.23 	2,66 

255 H 	2.39 	.54 8.9 10.40 9.59 	2.60 

Tests by Logan Wailer Page 	( pp 70-71 ) 

Ref. Water absorbed- per Hardness Toughness 	Cementing 

No. cubic foot Value 

252 0.23 18.8 10 20 

253 0.52 18.8 7 
10 

6 
13 

255 0.17 18.3 

Gl enhia(WeSt)QU5rr. 	mile 

Sr.,of Falls Quarry. 

Biotite-granite. Glenlia(sSt)QuarrY, on 37, side of Loch 
Ness, 10 miles from the north-east end of the loch. 

255. 	Pink aplite or binary granite. Garthbeg Quarry. 3 miles 
SE of Falls of Foyers 

* * * * * * * * 

( The first series of figures are the results ohtained from 
attrition tests with a Lovegrove attrition testing machine. 
The second- series, by Mr.Page, measure harOnesS(amOU.flt of rock 
lost after grinding a 1 11 diame1 core of rock against a sand-fed 
disc for 1000 revs: )toughness ( breakage under impact) and 
cementing value. For hardness, below 14 is soft, 14-17 medium and 
above 17 hard; for toughness, beloW 13 low, 13-19 medium and 
above 19 high; and for cementing value  ( no. of blows required to 
break a briquette of the ground rock) below 10 low,10-25 fair, 
26-75 good, 76-100 very good and above 100 excellent. 
H (hand) or M (machine) broken in the Quarry ). 
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Ilear Loch na Sgorthaich, the igneous rock cutting 

the siliceous schists is quartz-0.iorite(585b). It occurs on the 

margin of the main mass of Ileall nan Aiiihean grano( - iorite in the 

complex of schist with igneous veining. 

e )hegranodior1te_porpyr .  

The granodiorite-porphyry developed near loch 

Kemp is a much finer-grained rock than the two previous types. It ii 

a grey, rather granulitic-looking rock, containing large phenocrystE 

of pink orthoclase.It is more qp.artzose than the normal granod.iorit 

(540) 	In thin section, the groundmass of the rock is seen to 

1e 'c:.e up of a rather xenomorphic-granular aggregate of orthoclase 

with suliary iiicrocline, oligoclase-andesine, quartz, small flakes 

of biotite and hornblende. Myrmekite is developed between orthoclas 

and 7. ioclase. The latter sometimes shows zoning from more basic 

col ,  . he q.uartz is crowded with small inclusions(? fluid) and 

shows strain shadows. The biotite is pleochroic from straw yellow 

to dark brown. inclusions of zircon have not been observed in it. Th 

green hornblende often shows twinning. Sphene, colourless apatite 

and black iron-ore are accessory* 
	 The large phenocrysts 

cmsist of perthitic orthoclase. They enclose rounded blebs of 

quartz, crystals of plagioclase, apatite, sphene, 	biotite 

and hornblende. heir margins tend to be embayed against the 

surrounding finer-grained components. 

This rock bears a general likeness to the 

granodiorite-porphyry described from the Strontian Complex(Kennedy 

& MacGregor, 1932, p  iii) The Foyers rock however Is finer in 

grain and Is developed on a very much smaller scale than that of 

the Strontian examples. 
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v.The Granites 

The 1iotite-granite of the iberchalder district 

is of finer grain t an the typical granodiorite and tonalite. It 

is a highly iiartose, pint rock with very sparsely distributed 

flakes of biotite. It is not porphyritic and shows no directional 

alignment of its components. It varies somewhat in texture from 

place to place, but not sufficientlj to justify subdiviéioi. 

An analysis of the rock is iven on p.  101 (overleaf). 

In thin section ( 526  ) the rock is seen to consist of Quartz, 

p erthit ic orthoclase, microci ine-microp erthit e and s odllc-ol igoclas 

(An15) with very subsidiary 'olotite and accessory hornblende, 

spflene, apatite and black iron-ore. ( Plate XT A ). quartz is 

very abundant. It occurs in large irregularly shaJ eas,showing 

shadowy extinction. Tiny, rounded inclusions occur in trails 

following two directions mutually at right angles. Plagioclase 

is subsidiary to orthoclase and iicrocline. The eldspar crystals 

are usually subhedral or arthdral. The larger fdspars enclose 

blebs of Quartz and smaller feldspar crystals, Myrniekitic 

intergrowths are abundantly developed. Biotite is very sparsely 

distributed. It forms small flakes, pleochroic from pale to dark 

brown with inclusions of zircon surrounded by halos, or of 

apatite crystals. Rare green hornblende in ragged shreds is seen 

in some of the sections. Sphene is not abundant and is visible 

only in thin section. It is sometimes found surrounding the 

sparse grains of black iron-ore. 

The rock of the small intrusion near Garthbeg 

is very like the type granite from Aberchalder. It (63) differs 

in being almost free from dark minerals. Biotite is very sparsely 



Proportions 

3102 74.72 12441 
14.17 1390 36.63 

Fe03  0.63 40 Or 22. 71 
Fe 1.17 163; A70 30.30 
MgO 0.36 89 An 3,.37 
CaO 0.68 121 Cor 2.88 
I(a,0 3,58 578 Hyp 2.14 

3.84 408 Mag 0.93 
1-120+ 0.33 Ii 0.42 

0.07 Vater 0.40 
none  

Ti02 0.22 28 99.78 
trace 

I1n0 trace 

99077  

D-- i 	 1i_ .L•;L 

L = 56.77 
LI = 3.30 

= 39.93 

Biotite—granite. Foyers plutonic coniplex. Flank of Creag a' 
Chliabhain, about mile 57i, of iister Aberchalder 
Farm. 	 Sp. 424l) 

Analyst. W. Herdsman 

Mode. Percentage 

Quartz 	 40 
Orthoclase 	38 
Plagioclase 	18.5 
Biotite 	 2. 
Hornblende 	0.5 
Sphene,Iron ore 
Apatite  1. 

100.0 



scattered through the rock but hornblende and sphene are absent. 

There is a little accessory magnetite. For Lvegrove tests on this 

rock see p.98, no. 255. 

It has already bee'n mentioned that there are one 

or two small exposures of a much coarser, red granite along the 

line of the Gleann Liath fault between the Pall of the Farigaig 

and the pass of Inverfarigaig ( P. 66 ). This type is a coarse, 

red granite, very rich in quartz. It is coarser than the Aberchaldex 

granite described above, and the feldspars are more nearly euhédral. 

It appears (275) originally to have been composed of abundant quart 

perthitic orthoclase and microcline, oligoclase, sparse biotite and 

accessory magnetite. The spemens from the Gleann Liath line of 

crush are very badly sheared and much of the rock is ground down 

to a micro-breccia. The feldspars are crowded with specks of brown 

dust, to which much of the red colour of the rock may be ascribed. 

The biotite has been completely altered and is now represented 

only by magnetite dust, which still pxerves the bent outlines of 

the original mica. 

The granites which are exposed in the courses 

of the Rivers Fechlin and Brein 4 Alit Breinag) at Whitebridge are 

light coloured, fine-grained, non_porphyritiC biotite-.graflites 

with a marked flaggy jointing ( 11.140,131 ) They often have a 

faint lineation due to tie parallelism of the biotite. They 

consist of perthitiC orthoclase with subsidiary microcline, 

oligoclase, quartz and biotite and accessory apatite,sphefle and 

black iron-o: - e. .yrmekite often occurs in the orthoclase and 

between it and plgioClaSe. The latter is not zoned. It is 

frequently cloddy with brown dust and sometimes the twinning 

laxnellae are bent. ioth these latr 
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effects reflect the presence of neighbnuring crush-lines. 'Che 

quartz grains have sutured margins and mostly show strain snadows. 

The brown biotite has corrnon1y bcen altered to green chlorite. 

Sphene is not very common. Epidote has sometimes been introduced 

near crush-lines; in the field it is frequentlr seen as a coating 

along joint planes. 

The small granitic intrusion on Carn Bhreabaig 

is of the same type as that found in the neighbouring exposures 

in the Fechlin at Whitebridge. 

The scattered exposures of the badly sheared 

pink granite ( 448c  ) on the top of Carn Dearg near Foyers consist 

of rock that is rather finer grained than that .oi the Whitebrido 

exposures, though it is a similar tye. It is too badly sheared 

to permit of detailed study. The quartz occurs in lenticular 

streaks, rudely aligned. Numerous lines of minute inclusions cross 

the quartz at right angles to this crude foliation. Strain shadows 

are very marked. The twinning lallae of the plagioclases are 

bent and they are usually much d.ecomosed. The biotite is 

chioritised.. 

vi. Later Intrusive phases 

a4 Pegrnatites 

Pegmatite veins are rare in the Foyers and 

S -trath Errick district, with the exception of those, probably 

much older, cutting the Gleann Liath series. A few s-mall 

pegmatitic veins, mostly under a foot in thickness, cut the 

Foyers plutonic complex in Strath Frrick. Graphic intergroviths of 

Quartz and feldspar are counnonJ.y present. 	The pegmatite veins 
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have been observed to cut aplites, and are therefore probably 

mostly later than the aplite intrusions. 

Ap1ite & Aisbachite 

Small intrusions of aplitic type are fairly 

coninon cutting the Foyers complex. Some are coarse enough to be 

termed. aplogranites. There are two chief types : those rich in 

orthoclase and pink in colour, and white varieties with oligoclase 

in excess of orthoclase. The oligocase-rich aplites are found 

principally cutting the schists outside the complex and also 

cutting xenoliths in the lutoflic complex. quartz is abundant in 

these rocks, with it occurs subsidiary orthoclase, oligoclase, 

biotite and sometimes muscovite. The texture is typically 

saccharoidal. 	The pink, orthoclase-rich aplites are more 

frequently found cutting the plutonic complex itself. 

The most commonly developed rock of this group 

is, however, porpbyri-tiC and sometimes garnetiferous, and should be 

called alsbaChite. Rocks of this type are abundant as dykes cutting 

the biotite-granite in the Aberhàlder district and also cutting 

the schists on the north-east margin of the complex as well as on 

Beinn Sgurrach. In the latter locality there are garnetiferous 

varieties. 

These aisbachi-tes are rocks or medium to rifle 

grain with a typical saccharoidal texture. They are ink in hand 

specimen with phenoCryStS of 'olotite and feldspar, tie latter 

sdti.ines with a faint bluish colour. 	In thin section, these 

rocks consist of a granulitic aggregate of quartz and orthoclase 

with a little sodiC plagioclase, in whicn lie phenocrysts of 

plagioclase, orthoclase, mi-croci-ne and biotite. There i-a accessory 
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zircon, apatite, black ore and sometimes sphene, in the Beinn 

Sgirrach rocks also ragged garnet, colourless in thin section(21) 

In some of the quartz-grains of the fine-grained matrix, there are 

peculiar tubuLar intergrowths with the feldspar. The nhenocrysts 

of plagioclase appear to he a calcic oligoclase, the cores of which 

are sometimes more basic. The orthoclase is perthitic. Both may 

show tubular intergrowths with quartz, or enclose larger and more 

irregularly shaped quartz inclusions. Both orthoclase and plagioclas 

phenocrysts may occur separately or grouped. together. The biotite 

is mostly fresh, pleochroic from pale yellow to dark brown and 

encloses a few small zircons. Apatite, often blue in colour, is 

found both as inclusions in the biotite and dispersed through the 

rock. In one specimen, found cutting tile biotite-granite in 

Gonagleann, the apatite prisms enclosed in the hiotite are strongly 

pleochroic from a dull brownish-purple to a clr deep blue. This 

colour is restricted to a wide central zone of inclusions which 

appear to consist of short rods, irregularly arranged transverse 

to the elongation of the prism. 

in the coarser-grained aisbachite types ( 523  ) , the phenocrysts 

increase in proportion at the expense of the intervening finer-

grained matrix, which itself becomes coarser in texture. 

c) Graphic granite and felsite 

Gutting the floine scndsts below Crag nan Clag 

a small intrusion of a graphic gr:i.te occurs. It (67a) is a 

medium -grained pink rock, composed of quartz, perthitic orthoclase, 

micvoline-microperthite, subsidiary aib it e-oligoclase and a few 

flakes of biotite with a little accessory iron re. It is chiefly 

notable for a very beautiful intergrowth of quartz and alkali- 
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feldspar. In some cases the intergro:;tfl forms a fringe round small 

sericitised plagioclase crystals. 

Dykes of felsite are the most prominent minor 

intrusions in the country to the north-east of the Foyers plutonic 

complex. They have not been studied in any detail during the 

present research, but appear to be very numerous. elsmte boulders 

are very abundant in the 1iddle Old .ed conglomerates overlying 

the schists in this district. 

The Brin rock felsite, described by liorne(1915 

p.45) is typical of the series. On the grey crags and scree 

derived from the gneisses of the Brin crag, the pink talus of 

felsite debris is a very marked feature, especially when the rocks 

are wet after rain and the colours brighter. Dykes of felsite occur 

below the unconformity of the Middle Old Red Sandstone on the 

Moine schists at Crag nan Clag and at Creag Dhearg(L8ch a'Choire). 

These felaites ( 595c, 367b ) are fine-grained, pink rocks with a 

few scattered phenocrysts of biotite, feldspar and quartz. In thin 

section, the rocks show b'autiful micrographic intergrowths of 

quartz and orthoclase. The phenocrysts are quartz,perthitic 

orthoclase, oligoclase and biotite. There is a little accessory 

irn-ore and a little muscovite -- the latter is probably secondary,  

The felsite from Crag nan Clag ( 367b  ) also contains a few ragged 

garnets, colourless in thn section. 

The sill of quartz-porphyry below Creag Dubh, 

south of Leiterchullin on Loch Dun Seilcheig is very deeply 

weathered. A thin section has not been made of this rock. 

Felsites have been found cutting the biotite-

granite in the course of the Aberchalder burn, but the majority of 

the dykes seem to be found outside the plutonic complex margin. 
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It may be notcu here, thL.t, to th north-east Df 

the Foyers plutonic complex in the Dunmaglass district, a few 

granitic veins have been observed cutting the sciists. Some of these 

rocks have a marked foliation and it is possible that some of them 

may belong to the so-called "Older Granite" suite and be connected 

with the regional injection complex. It is thought that mention 

should be made of their existtnce although during the present 

research , neither thee rocks nor the Dunmaasa hills in which 

they occur were studied to any extent. 

ci) Microdiorites. 

One or two small, dye—like intrusions of 

microdiorite have been observed cutting the schists and the complex 

near the new reservoir loch behind Dell Farm and on Carn Bhreabaig.. 

The rock from the reservoir(498) is a light-

grey compact rock with phenocrysts of plagioclase, hornblende and 

biotite. The Carn Bhreabaig rock ( 182  ) is rather darker in colour. 

The groundrnass of this rock is predominantly made up of laths of 

oligoclase, while that of the reservoir rock contains much 

micropegtTlatite. There is accessory sphene, black iron-ore,apatite 

and epidote in both rocks. 	The large phenocrysts of plagiocla 

se may enclose quartz and smaller plagioclase cr:tals. The rock 

from tne reservoir(498) shows very beautifu, oscillatory zoning 

of its piLgioclase phenocrystS. A tr7 	y ica1  crstal showed the 

following znes- 	1. Core An35 Calcic la'oradorite 
 An30 Oligoclase-andesifle 
 An45 Calcic andesine 
 Anj Andes me 
 An Calcic-andesine 

61 An35 Sodic andesine 
77, 	Rim An15 Soclic oligoclase 



-108- 

e) Laiipr ppyres 

There are a few d.yi:es in the Strath Errick 

district belong to the lamprophyre suite. They are found cutting 

both the plutonic complex and the schists. They are never very 

thick, usually only a few feet. Those in which it was possible 

to determine the direction have a general I71 to N trend. 

Both kersaritite and spessartite are represented. A typical 

kersantite(554) from Carn Gairbhthinn carries fairly numerous 

phenoCrysts of diopsid-e.. In the spessartite series, the laths 

of pla;ioClase in the ground-mass are nearly always zoned. In a 

specimen from Grog nan Clag, cutting Moine schists ( 578  ), three 

ones could be detected : a core of calcic andesine(An45) 

surrounded by oligoclase-andesifle (An 30 ) with an outer rim of 

calcic-oligoclase (An25). In some specimens ( 358f) a little 

purplish augite is present as well as green hornblende. In most 

of the spessartites, biotite and hornblende are the mai'ic 

minerals, the hornblende occurring both as fairly stout prisms 

and as acicular needles. These latter crystals together iith 

flakes of bioti-te are sometimes associated together and have 

apparently replaced. pyroxefle - the characteristic outline of 

which they still preserve. 
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C. THE_SCHISTS AT THE MARGIN OF THE PLUTONIC COMPLX 

1. Petrography of the Contact-altered LIolne schists 

It has already been pointed out that there is 

no well-marked aureole of cntact-metamorphosed schist around the 

Foyers plutonic coi.plex. The more pelitic facies of the schists 

does, however, show the effects of contact-alteration and these 

will be described in detail. 

The semi-pelitic J1oine schists near the margin 

of the plutonic complex in the Carnoch district show a small 

development of cordierite ( 427) now altered to pinite and 

associated with the biotite. The latter has a red "hornfels" type 

of pleochroism. 

More conspicuous effects were observed in a 

semi-pelitic granulite(567) on the margin of the tonalite on the 

north-east side of Loch Kenrp. Here shining tufts of sillimanite 

are visible in hand specimen. In thin section, the rock is found 

to consist of quartz, feldspar, cordicrite, biotite, muscovite , 

sillimanite, andalusite and iron ore. quartz, feldspar and 

cordierite occur as rounded individuils, whilst the biotite still 

preserves the original schistose alignment of its flakes. The 

cordierite sometimes shows sector twinning, but no yellow halos 

round inclusions have been observed. There is some myrmekitic 

intrgrovith of quartz and feldspar. The biotite is strongly 

pleochroic from pale brown to foxy red, and there are marked 

pleochroic halos round enclosed zircons. Sillimanite occurs as 

isolated blades, small tufts and clusters, and as lenticular 

felted masses associated with the 'olotite folia. Andalusite is 
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less abundant than the si1liiu:nite; it occurs both as isolated 

crystals and in the felts of sillimanite crystals. Black iron-ore, 

in finely disseminated grains, is abundant. It is sometimes 

concentrated in lenticular streaks, and is sometimes found enclosed 

in the biotite. The felts of sillimanite and much of the black ore 

seem to have been formed at the expense of the 'oiotite, and the 

few flakes of muscovite are perhaps also formed as a result of 

contact alteration. 

A case of slight hornfelsing and slight 

enrichment In biotite was observed along the margin of one of the 

veins of biotite-tonalite near Loch Kemp ( 589: ref. p. 93 ). The 

schist cut by the vein is a semi-pelitic Maine, the more pelitic 

bands of v Aich show small-scale puckering. Along the contact with 

the tonalitic vein, the schist loses its obvious foliation( which 

the vein cuts at right angles) nd becomes more compact. It 

develops a horflfels type of texture and is also somewhat enriched 

Q biotite along the marginal zone. In the tonalite vein, the 

accessory apatite crystals near the margin of the vein are blue 

in colour, further from it, they are colourless. 

The Conagleann injection gneiss, in Conagleann, 

shows the effects of contact-metamorphism where it is in contact 

with the Foyers tonalite ( 410, 529 ) ( Plate XVII D 

is sometimes visible in hand specimen. It occurs 'oath vs taft! o 

fine needles and xxx as longer, larger blades. Andalusite, 

colourless in thin section, is also found. Corciierite is 

asaociated with the biotite laminae. Most of the cordirite is 

altered to yellow pinite or to "shimmer aggregates but original 

yellow halos round inclusions are still preserved. 
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Green mica-schists above t1e boathouse at 

Knockie carry andalusite and graphite. Their outcrop is close to 

that of the Cnoc Carrach type of granodiorite ( p. 96 ). The 

andalusite is entirely altrred to greenish sericite, in which the 

graphite, included in the original and.alusite, still forms a cross. 

The andalusite may be derived from part of the muscovite. The 

schist is garnetiferous, the garnets being sometimes partly 

chioritised.. Biotite, pleochroic from pale to dark brown, is 

subordinate to muscovite. There are a few lenticular streaks of 

quartz. This schist may xt belong to the Glen Doe series of mica- 

schists ( p. 36  ). 

Graphite  
alter ed aria. Isit e_ 

\\ 

I 
X11, 

Andalusite-sch-stS have been found as thin 

partings in siliceous graflUlltTS at Lochan a'Chinn 1onnaich(534) 

and near Loch Bran(563) ( see also p. 73 ). At these places, it is 

not possible to trace the particular layers back to unaffected 

types; they probably represent partings of 	ordinary pelitic 

schist in a siliceous crios of granulites. ?c only effect clue 

to contact-metamOrpi!. 	on the surroundin siliceous schists 

seems to be a slight glazing. 

The andalusite schist from Lochan a'Chlnn 

Mhonnaich is a black mica-schist with prominent andalusite 

crystals. The:e average " in length, to largest being about 

" long. They sta 	 lief on te .oathered su 

The rock consists of abundant blot ite, subsidiary muscovite, 
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quartz, cordierite and andalusite, with accessory tr:ciuine, 

graphite and black iron-ore. Gordicrite and quartz occur as a 

mosaic of rounded grains; the biotite mostly retains its alignment 

parallel to the general foliation of the schists. The latter is 

pleochroic from pale yellow brown to a dark foxy red. 	The 

andalusite forms large, ell shaped crystals, pleochroic from 

co]oJrloss to rose pi.  'llimanite is found in numerous tufts 

of small needles. Spec 	of black iron-ore and almost certainly 

graphite ( the rock as a vihole has a slightly graphitic feel) occur 

abundantly disseminated through the rock. There is ci little 

accessory tourmaline, pleocliroic fro, ,  very pale to deep yellow. 

In the specimen from Loch Bran(563) the cordierite has been 

altered to icaceous pseudomorphe, in .;hich the yellow halos round 

inclusions are still present. In this rock, sillinianite apears 

to be partly formed at the expense of biotite. 

ii. Petrographic note on the schistttbreccia" of Carn Gair'ohthinn 

The collection of thin sections of rocks from 

the Strath rr1ck district includes one(553b) showing the contact 

between a fragment of semi-pelitic schist and the surrounding 

"matrix" of white aplitic rock belonging to the schist"breccia" 

developed on Carn Gairbhthinn ( p. 71 : Plate VII A ). 

The semi-p elitic schist consists of ci fJrly 

coarse mosaic of granular quartz, orthoclase and oligoclase, in 

which lie aligned plates of biotite, with subsidiary nniscovite, and 

accessory apatite and zircon. The schist is rich in quartz; the 

feldspars are fresh and unaltered. The biotite is strongly 

pleochroic from pale yellow to dark foxy red. Inclusions of zircon 

in it are rather numerous, and each is surrounded by a dark halo. 
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Apatite is also enclosed in the biotite, so:e;imes it is also 

surrounded by pleochroic halos. 

The contact of the seii-pelitic schist is not 

sharply defined against the "matrir' but fragments of it are 

obviusly frayed off into it. The "matrix" consists of granulitic 

quartz, orthoclase, oligoclase and biotite with subsidiary 

muscovite and accessory apatite. In texture,it difters from the 

schist fragment in that the feldspars are larger and more nearly 

eufledral. IJyrmekite is developed in some cases along the margin 

between orthoclase and plagioclase. !.iuscovite occurs in large 

plates which grow round and enclose parts of the granulitic quartz 

and feldspar. In one case, muscovite threads through a large 

orthoclase. This same orthoclase crystal also encloses chloritised 

biotite flakes, quartz and apatite. The biotie, when fresh, has 

the same red "horniels" type of pleochroisrn as that in the schist, 

b 	-most ost of it isfalte 	or 	t 	n 	T. 	-.;ith 	of s: 

Apatite is uore 	j•LUti1L' .;h.i Th 	 i ir'; 	it. 

In the same neighbourhood, rocks very similar to 

those forming the "matrix" of the schist"breccia" occur as veins 

cutting the unbrecciated schists. In thin section (286) one such 

vein was found to carry a little orthite. 	The broader intrusive 

masses in this complex on Carn Gairbhthinn are fine-grained 

tonalites, which grade into the type rock on the margin of the 

plutonic mass. Some of them ( 553a) are more quartzose than the 

typical Foyers tonalite. They consist of quartz, oligoclase-

andesine, orthoclase, 'olotite, hornblende and accessory sphene, 

apatite, zircon and black iron-ore. The biQtite is not a red 

"hornfelst" type, but is pleochroic from pale yellow to deep olive 
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brown as in the type tonalite. The green hornblende is also of t e 

same variety as that in the type rock. The orthoclase is frequently 

margined by nrmekite. Large orthoclase crystals enclose blebs of 

quartz and small crystals of plagioclase. '.i.he tonalitic rocks 

cutting the schists in the Cain Gairbhthinn and Carn Bhreahaig 

district are rather markedly rich in shene. 

D. PTROGRAPhY OF TE INCLUSIONS IN THE FOYRS PLUTONIC CO!'IPLEX 

The petrography of the xenoliths in the Foyers 

plutonic complex will be described under the following three main 

headings:- 

j. 	Contact-altered schists 
Appinite inclusions 
Basic dioritic inclusions 

i. Contact-altered schist 

Many of the xenoliths of Tloine schist enclosed 

in the £'oyers plutonic complex show very little contact alteration. 

This is particularly true of the siliceous and semi-pelitiC 

xenoliths the pelitic types on the other hand, are usually more 

or less reconstructed. 

a) Siliceous granuli tes  

Some of the siliceous granulites enclosed in 

the Foyers plutonic complex have a glazed appearance. A thin 

section of a siliceous granulite from one of the strips of schist 

enclosed in the granodiorite on Creag LIhor (185) shows that this 

glazing is due to the coalescence of contiguous quartz grains. 
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In general, .he siliceous granulite xenoliths 

show little change apart from this glazing, and a general 

hardening. The biotite is sometimes partly altered to chlorite. T.e 

re is usually a little muscovite associated with it, which 

sometimes forms plates enclosing quartz and feldspar. It seems 

likely that some of ±k this sparse iuscovite has been developed 

during contact-alteration. 

b) Pelitic schists 

Like the siliceous granulites, the semi-pelitic 

schist xenoliths show very little alteration due to contact 

metamorphism ( Plate VIII B ). 

The more pelitic xenoliths, however, are 

usually in the condition of hornfelses, and in them, new minerals, 

such as sillimariite, andalusite and cordierite are developed. 

The best examples of these hornfelsed schists come from the long 

lenticular strips enclosed in the tonalite between Creag !ior and 

Loch Ness ( Plate IX B). Typically, these xenolithic strips are 

black, lustrous hornfelses rich in biotite. In thin section, they 

are found to have atypical hornfels texture in which the 

constituent minerals show no connon orientation. '.uartz and 

cordierite form an eqiigranular mosaic in which lie numerous 

flakes of biotite and a little subsidiary muscovite. The rock is 

heavily charged with small specks of black iron-ore. The biotite 

is strongly pleochroic from yellow to a deep brown with a red 

tinge. It encloses zircons, which are surrounded by strongly 

marked pleochroic halos. There is a little accessory apatite. 

Above the new Dell reservoir, on the margin 

of one of the xenolithic strips in the tonslite, this type of 



-116- 

hornfels passes into an andalusite-sillimanite-cordierite-ho.rnfels. 

In the latter rock (500)(Plate XVII C )sillimanite needles reach a 

length of VI  and are prominent on the weathered surfaces. The 

hornfels is a heavy black rock composed og granoblastic cordierite, 

abundant biotite with a decussate habit, muscovite, sillimanite, 

andalusite, spinel and iron ore. The cordierite is very fresh and 

shows both sector and larnellar twinning, though it is free from 

halos. The biotite is a strongly pleociu'oic variety, with a 

Uh ornfels fl red colour. There is a little subsidiary muscovite. 

Sillimanite occurs both in groups of large needles and as tufts of 

smaller ones. The ancLalusite whichoccurs as large crystals,devoid 

of inclusions, shows no pleochroism in thin section. The whole rock 

is heavily charged with specks of black iron-ore and also contains 

a few grains of pale green spinel. 

It has be -.n found that this and.alusite-sillimani 

cordierite-hornfels closely resembles the hornfels deve1o'ed on 

the margin of the Ross of Mull granite ( Bosworth 1910 p.376; 

Bailey & Thomas, 1925 p.49-55 ). In the aureole of the Ross of lilull 

granite, the development or such hornfelses can be traced from 

unaltered Moine pelitic schists. A complete series of this type 

is not available in the Strath Errick district, but it id p3XXXXXx  

probable that the sillimanite-andalusite-cordierite-hornfels was 

formed from pelitic Moine schist by a similar series of 

mineralogical changes. It may therefore be useful to suriarise 

the stages described from the Ross of Mull aureole. 

At the Ross of Mull, the regionally metamorphose 

pelitic Moine schist is a muscovite-biotite-siliceous schist with 

garnet. Kyanite, andalusite, sillimanite an,- -,. cordierite are absent. 
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Rocks of this type could be matched with some of the more pelitic 

types from Kuhn. About two-thirds of a mile from the Ross of 

Mull contact, slight mineralogical changes become apparent. The 

crystallisation becomes more irregular, the garnets appear to be 

undergoing a destructional change and cordierite appears in the 

'olotite-rich clots. At a third of a mile from the granite, 

cordierite is much more prevalent, garnets are less frequent, 

sillimanite occurs rather sparingly in siliceous areas, often in 

association with muscovite, and andalusite also appears. Closer 

still to the contact with the granite, the superposed contact 

alteration becomes even more marked with the production of 

hornfelses very similar to those described. from Strath Exrick. 

At tile Ross of Mull, it is supposed that 

muscovite plays an important part in tne mineralogical changes and 

gives rise, by reaction with silica, to sillimanite or andalusite 

and orthoclase:- 

?KA13(SiO4)o + 9i02 	 + KAlS1 08  + H20 

It is pointed out that where the schists were quartz-feldspar-

biotite-granulites with only subsidiary garnet and muscovite, they 

underwent little change in the aureole. This also appears to have 

been the case in Strath Errick. It is further sug;ested that in the-

Ross of Mull aureole the garnets gave rise to cordierite, since it 

is observed that garnet decreases as cordierite increases.It must 

be noted,however, that at the actual contact of the Moine schicts 

with the Ross of Mull granite, both garnet and muscovitereappear 

in the hornfelses. 

It should be mentioned that in the Foyers case, as in Mull, the 

andalusite persists right up to the contact witn the plutonic 
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roc. The Strtt rrick 	rnfele i veri ric.ti in biotite, an.. 'i.L 

seems pobab1e that the xenoliths and the mica-rich andalusite-

schists of Loc-h Bran and Lochan a'Ohinn ithonriaich may have been 

enriched in biotite ( p.111). 

c,) Caic-silicate granu.lites 

One or two exaflTples of hornfelsed caic-silicate 

granulites have been found as xenoliths in the Foyers complex. i'her 

are a few small xenoliths of this tyDe, usually under a foot in 

length, in the granodiorite veining the schists on Carn Bheag 

(Garthbeg), and also on the margin of the tonalite on Cam 

Gairbhthiflfl in the schist"breCcia". 

In hand specimen the rocks are hard, compact 

homnfelses, green, or white with green streaks and patches. In 

thin section, they are found to consist of granulitic quartz and 

calcic oligoclase ( 	 hornblende and diopside with 

accessory sphene, apatite, biotite, gcLrnet,zoisite, pyrite and 

epidote. Much of the plagioclase is sericitised. The hornblende is 

in srncll crrstals, which are elongated parallel to the foliation;  

the pleochroisitl is X = yellow ; Y = greenish-yelloi and Z 4 dark 

blue-green. The diopsicle is Thuncl in large poikiloblastic crystals, 

with a faint blue-green colour. In some specimens, there is a 

little subsidiary zoisite, anJ irregular Doikiloblastic garnets. 

In thin section, the garnets have the ia1nt pink colour seen in 

the usual Moine caic-silicate variety. Sphene is often abundant, 

in irregular grains of a fairly deep brown colour. 
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d) Epidiorites 

A lenticular xenolith of epidiorite iiuch 

veined with white aplite occurs In the tonalite between Loch 

Scristan and Creag I'thor ( Plate XVIII ). roth veins and epidiorite 

kxJd& appear to be xenolithic. 

The epidiorite(479) consists of green hornblendE 

with subsidiary ( largely sertheitisea. ) feldspar, quartz, iron-

ore and colourless aoatite. The rock shows a faint foliation. 

The hornblende occurs both in compact individuals and in rather 

larger poikilitic blades. The feldspar. is probably mostly near 

andesine. The granules of iron-ore tend to occur along particular 

layers, suggestive of original heavy mineral banding. As the 

aplite vein is approached, the hornblende is pseudorrlorQhed by 

biotite, which islpleochroic  from pale brown to dark reddish brown. 

Like the replaced hornblende the biotite is found both as compact 

and as poikiloblastic crystals. The change from hornblende to 

biotite takes place from 	4" from the contact with the splite 

vein and is quite sharp. There Is also an increase in the amount 

of apatite present ( Plate XVIII B ). Along the margin of the vein, 

hornblende is entirely absent ( Plate XVIII a). ?he ci.ual contact 

is notvery regular and frayed-off streaks of t 	iD:itised 

epidiorite occur in the vein. 

The aplite itself is composed of quartz,andesine and subsidiary 

orthoclase, with a few flakes of biotite and accessory apatite. 

It differs from other aplitic veins in Strath Errick in the 

presence of andesine ( p.104)  ( Plate =II D ). It is obvious 

that the reaction along te margin of the epidiorite must have 

involved introduction of alumina and ootash, together with P205 
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to provide for the slight incrse in the iount of apatite. 

The formation of biotite in place of hornblende would result in 

the liberation of lime. This lime has not been traced with 

certainty, unless the presence of andesine instead of oligoclase 

in the aplite is due to it. 

ii. Appinites 

Xenoliths of coarse-grained appinites are 

rare in the main Foyers complex in Strath Errick. One such xenolith 

of this type occurs in the granodiorite at Lochan Torr an mill at 

the back of Creag an Phithich. It is a fairly large xenolith of 

dark coloured, coarse-grained appinite ( 549 )which has a granitic 

texture and is rich in hornblende and plates of bronzy biotite. It 

is composed of orthoclase, oligoclase,quartz, abundant biotite and 

hornblende, and accessory sphene, apatite and iron-ore. Secondary 

epid-ote and 	calcite are also present. Orthoclase is fresh, 

and in Pjaummxmf less amount than the highly sericitised. plagiocla 

There is a very little interstitial quartz. The biotite occu.rs as 

large plates, still showing pleochroism from light to dark brown, 

but sho\vin: various stages of alteration. Magnetite dust is 

deposited along cleavage planes and may eventually replace the 

whole crystal. AlterrtIon to chlorite is very rare. Green 
6 600: 41 

hornblende, often A t%vinning s  is abundant, and sometimes poikilitic. 

The pleociiroism is X = pale green, Y 4 pale olive-green and 

Z = blue-green. Sphene is an abundant accessory, often in lozenge 

shaped crystals. Colourless apatite is also rather common. 

An apinite xenolith from the granodiorite 

between Grrthbeg and Corriegarth is similar except that its biotit 

appears black in hand specimen and its content of quartz is 
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slightly greater ( 525  ). In thin section, mach of the biotite is 

found to have been altered to green chlorite ; when fresh it is 

pleochroic from straw yellow to dark,slightly reddish brown. 

The fine-grained hornblende-schists which occur 

in the form of dyke-like and sill-like menoliths in the granodiorite 

in the Loch Garth district ( p.79, Plate IX A) are probably derive 

from fine-grained members of th appinite suite. They are compact, 

green rocks in which the parallelism of green actinolitic hornblende 

crystals gives rise to a slight foliation ( 361d,199a,446a). 

In thin section, these rocks are found to consist of altered 

feldspar, h:rnblende and subsidiary biotite with accessory siene. 

The feldspar has a g noblastic habit though in the four fot ;' -iJe 

dyke-like inclusion in the granod.iorite between Mii;ovie and 

Garthbeg, the crystals tend to be more nearly eu.hedral. It is much 

altered and difficult to identify, but a.pears to be a sodic 

plagioclase. The green actinolitic hornblende 1ccirs both in 

needle-like crystals disseminated through the rock and associated 

with the biotite. Most of the biotite is altered to penninite it 

and the hornblende are found in shapes suggestive of original 

pyroxene. The accessory sphene is found in small, granulitic 

crystals. These rocks seem to have suffered some contact alteration 

further evidence that they are e'rlier than the enclosing 

granodiorite is provided by the presence of Dne or two large 

crystals of oligoclase similar to those found in the granodir1te 

as already noted on p•79. 
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i-il. Basic uDrit1c inclusions 

The presence and mode of occurrence of 

numerous basic enclaves in the granodiorite and tonalite has 

already been described. ( pp 81  ) ( Plate VI A, VII B ). 'hey 

will now be described petrographically. 

Rather rarely, xenoliths obviously derived from 

semi-pelitic Maine schist which has been reconstructed and 

enriched in biotite are associated with the dioritic xenoliths. 

Of this trpe is the schist xenolith enclosed in tonalite from a 

locally derived boulder on the beach of Loch Garth near Migovie. 

An analysis ( 	. 	) of the xenolith is given on p. 123(overleaf) 

It is a dark grey, semi-peJ.itiC schist somewhat enriched in 

biotite and further modified by the develpment of thin tonalitic 

veinlets along its foliation planes. In thin section the rock is 

found to consist largely of small, lozenge-sha-ped feldspars --

mainly oligoclase, but with subsidiary orthclrise, and abundant 

biotite with sphene and black iron-ore. The biotite is pleochroic 

from pale to dark brown and is very freah. The flakes are 

aligned with the foliation of the schist. Along the margin of 

one of the tonalitic veinlets are abundant grou2s of irregular 

grains of black ore, each grain surround.e& by granular sphene. 

The margin of the x.enolith is welded to the enclosing tonalite, 

which is slightly more auortzose than the type rock. 

ii.'he sc 1 iist has apparently undergone feldspathi sat ifl - indicated 

by the high content of soda and by the increase in the amount of 

feldspar pre: ent as coriipared with an unaltered schist of this 

type. 



-123- 

An:1is D. 

Percentage Molecular Non'. 
Proportion 

SiO2 52.44 8731 5.95 
A1203 21.97 2155 Or 4.00 
Fe203 3.04 190 Ab 41.92 
FeO 4.18 582 An 28.10 
MgO 1.60 397 0 2.77 
CaO 5.94 1059 Hyp 5.08 

Na20 4.96 800 Mag 4.41 
K20 1.68 72 Ii 5.06 
fl20+ 0.72 Ap 0.53 
1:120- 0.16 Water 0.88 
002 none 99.73 
TiO2 2.66 333 
P05 0.23 16 
MnO 0.13 18 

99.71 

von Wolff 
va1ue 

L = 79.64 
M = 13.92 
Q= 6.44 

(D) FeldspathiSed schist inclusion in tonalite. From a locally 
derived block, Loch Garth shore, Migovie. n.D 6 
Foyers olutonic complex. 

Analyst. W. H. Herdsman 

Analysis E 

Percentage Molecular 
ProDortion 

Norm von Wolfe 
values 

Si02 
A1203 
Fe203 
FeO 
MgO 
GaO 
Na90 
K2 
H70+ 
H0- 

41 

002 
Ti02 
P205 
MnO 

51.73 
20.85 
1.73 
5.62 
3.78 
5.94 
3.96 
2.62 
0.78 
0.27 
none 
1.80 
0.63 
0.16 
99.87 

8621 
2045 
108 
782 
945 

1058 
642 
282 

230 
43 
23 

Or 
A'o 
An 
C 

01 
T, Tag 
Ii 
Ap 
Water 

15.68 
33.64 
25.83 
1.96 

11.21 
3.18 
2.50 
3.50 
1.53 
1.05 

99.88 

L = 78.96 
M = 22.93 
= -0.69 

Basic dioritic inClu.:iofl in tonr1i'. Loch an Ordain. no.4291 
Foyers plutonic complex 

Analyst. 'V.H, Herdsman 

(E) 
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In Torr Shelly quarry, where a sheet of tonal1te 

crowded with basic inclusions, cuts siliceous and semi-elitic 

schits and injection rocks, there are also a few xenoliths which 

appear to be obvious derivatives from schist fragments. They are 

rather more altered than the Lligovie specimen. In hand specimen, 

one e: 	( Cb  ) retains 	schist-like ape rance, t 

it 	ch enrich:. 	. .;. te. The contact of tk: :enolith with t  

tonalite is marked by a selvage of large, lustrous plates of 

biotite. In thin section, the xenolith is found to have lost much 

of its original granulitic texture. The quartz, orthoclase and 

sparse oligoclase still form a mosaic, but the individual grains 

are slightly elongated parallel to the foliation of the 'oiotite. 

The latter is pleociroic frm pale yellow to (lark olive-brown; 

that of the selvage is pleochroic from nearly colourless to 

slightly reddish brown. ccessory apatite occurs as colourless 

granules, often clustered into groups which seem to be coalescing 

to form larger, single crystals. 

The more typical basic inclusions at Torr Shelly 

(6) hoever, are medium-grained, usually showing only a faint 

foliation ( Plate 1111 B, XVII A ). This type, of which an analysis 

is given on p.125 ( no. P )cnsits of quartz, orthoclase, 

oligcIase, hornblende and biotite with accessory apatite, sphene 

and iron-ore. The quartz ( rather abundant), oligoclase ( near 

25) and 
orthoclase are all typically granoblastic in their 

development. The quartz sometimes occurs as blebs inide the 

feldspars, but rrWrmeidtic interdrowths appear te he absent. Some 

of the plagioclase forms small porphyroblasts. Both horn'olende ad 

biotite are aband.. .. 	:nblende occurs in rather ragged crystals, 
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Analysis F 

Percentage 	Molecular 	 Norm 
Proort ions 

von Wolff 
values 

8102 56.98 9487 Q 	3.95 
A1203 15.82 1552 Or 	21.31 
Fe203 0.78 49 Ab 	27.73 L = 65.08 
FeO 5.26 732 An 	17.80 M = aO.86 
MgO 4.37 1084 Diop 	9.16 Q = 	4.05 
GaO 6.23 1111 ±±yp 	14.19 
Na2O 3.28 529 Hag 	1.14 
K20 3.61 383 Ii 	2.12 

H20+ 1.58 Ap 	0.71 
H20- 0.12 dater 1.70 
002 none 99.81 

i02 1.12 140 
P 05  0.32 23 
M0 0.34 48 

99.81 

(P) Basic inclusion in tonalite sheet cutting schists, Torr 
Shelly quarry,irrogie. 	no. 6. Foyers plutonic 
C omp 1 ex. 

Analyst. W. H. Herdsman 

Analysis G 

Percentage Molecular Norm von Wolff 
Proportions values 

SlO 62.92 10476 Q 	16.58 
Al 0 17.15 1682 Or 	17.92 
Fe 0 0.64 40 Ab 	31.40 L = 63.39 

FeO 4.34 604 An 	12.70 = 18.84 

MgO 3.26 809 0 	3.09 = 17.77 

CaO 2.78 496 Hyp 	14.27 

Na 0 3.71 599 Mag 	0.93. 

K 0 3.03 322 Ii 	1.74 

H 0+ 0.78 Ap 	0.41 

H 0- 0.12 Water 0,90 

co none 99.94 

Ti0 0.92 115 
P0 0.18 13 
MnO 0.12 17 

99.95 

(G) part of the tonalitic sheet enclosing the :amolith ( F  ). 
Torr Shelly Quarry, Errogie. 	no. 476(1). 	Foyers 
plutonic complex. 

Analyst. 	H. Herdsman 



the cores cores of which are sometimes Doikili-tic. The pleochroism is 

X = pale yellow ; Y = olive-green and 7 = green. Some of the cores 

of the crystals are slighter in colour and seem to be relics of 

oyroxene. 	The biotite is Dleochroic from yelloi to a rather 

reddish brown and contains a fe: inclual ns ofgircon. The access or:: 

sphene is fairly abundant; it forms poorly shaDed crystals sometimes 

moulded on the scarce iron-ore. Accessory apatite is abundant, both 

as tiny needles scattered through the roc: and as larger, stouter 

prisms. Some of the apatite, both large and small, is clear and 

colourless, while some of it is a smoky Th 	. 	: colour appears to 

be due to rod-like lnclusims, lyIng pr;: the length of 

the crystals and sometimes zonally arranged-. These blue apatite 

crystals have been only observed in the basic encl:.ves, in some 

of the alsbachite dykes ( p. 104 ) and, rather rarely, in the 

anpinite ( p. 120 ). 

Cross-section 	 inclusions to which 
blue colour is due 

Arrangement 	inclusion- in blue apatite crystals 

The xenolith becomes rther poorer in harnhlende as the contact 

with the enclosing tonslite is approached. The contact line is 

very irregular in thin section, though in hand specimen it appears 

to be fairly sharply defined-. The larger crystals of the tonalite 

appear to be developing around the finer-grained material composing 

the xenolith. Away from the contsct, the large feldspars of the 

tonalite still contain blebs of quartz and small flakes of 

biotite, similar to those of the xenolith. 
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The tonalite of the Torr Shelly intruatn 

(Analysis Gt p.  125  ) is slightly more quartzose than the type 

rock, and rather poorer in sphene. The plagioclase seems to be 

dominantly oligoclase(An), but is zoned from more calcic cores 

which range from sodic labradorite (.n 55 ) to calcic andesine(An45 ) 

The biotite and hornblende are similar to those found in the 

xenoliths. 	The analysis, mentiojed above, refers to a slightly 

kxxtc more basic patch in this tonalite. It contains slightly more 

hornblende and biotite and has a somewhat streaky appearance. It 

is found bordering basic xenolith- or as "ghost"-like patches 

where xenoliths may have originally been. ( Plates VII B,XVII B) 

The majority of the bsic inclusions in the 

tonelite of the main complex in the Loch an Ordain--rrogie--

Farraline district are coarser in texture than the Torr Shelly 

xenoliths, but there is rrnich variation. yost of the them are 

very noticeably rich in aphene, which occurs in large crystals, 

up to 3lTml in length, and of a light brown, or honey colour. The 

xenoliths are all rich in hornblende and biotite, both identical 

in Dleochroism with the corresponding minerals of the enclosing 

tonalite. Moreover, the porphyroblasts of white plagioclase, which 

are found in many of them, are similar to the plagioclase of 

the tonalite. 	Several typicnl exarples will now be 

described. ( Plate VI A ). 

A xenolith from the same detached block ( p.122 

from Migovie, is a dark,compact and of medium grain. It contains 

abundant plates of biotite and blades of hornblende, alligned 

parallel to the lineation of the enclosing tonalite. A few small 

porpbyrblasts of white plagioclase are developed. The 
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xenolith is comped of ealcic oligoclase (An24), biotite and 

hornblende with accessory quartz, apatite, sphene and iron-ore. The 

feldspar forms subhedral crystals, elongated parallel to the 

foliation and is unzoned. The Dorphyroblasts, however, are zoned, 

the rim consisting of calcic oligoclase and core of andesine 

ranng from An40to An45. In some indivdñals the twinning lamellae 

are slightly curved. The margins of the porhyroblaets are 

generally erribayed against the other minerals, though they tend 

toward a general prismatic shape. They enclose small inclusions of 

quartz, biotite, sphene and apatite. 	Brown biotite, which lacks 

the red"hornfels"-type colour, is in excess of green hrnblehde. 

Sphene occurs as ragged crystals, sometimes developed around iron-

ore. In some cases sphene and iron ore are concentrated along 

particular bands suggestive of original heavy residue layers. 

ADatite is an abundant accessory and is found as numerous tiny 

needles and as subsidiary colourless prisms of larger size. 

Other xenoliths from the Loch an Ordain district 

are rather coarser in grain and shoW a better development of 

porphyroblasts. The porphyroblasts often tend to be arranged 

parallel to each other and the foliation. The hornblende prisms 

are frequently strongly aligned alse. One inclusion of rather 

stri:ing appearance from the r'ss between rrogie and Loch an 

Ordain ( 244  ) shows lenticular eyes of white feldspar and 

brown sphene. The ephene has a markedly skeletal haLit ( Plate 

XVI L ). The photograph also shows the abundant needles of apatite 

and the irregular shapes of the green hornblendes. The feldspar-

aphene "eyes" re elongated parallel to the lineation of the 

rock. 
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Another, rather coarser type of xenolith is rich 

in larger, lustrous plates of biotite and long blades of hirrt'clende 

( Plate XVI D ). An analysis is given on p.  123, no. 7 • The rod: 

(429c) consists of oligoclase-andesine, hornblende and biotite with 

accessory aptite, sphene and iron-ore. SDhene is very abundant, both 

as well shaped crystals and in more irregular form, moulded on the 

iron-ore. The texture of this specimen is typical of most of 

these enclaves -- most of the minerals tend to a poikiloblastic and 

rather irreg :l;jr habit. In this particular xenolith hornblende is 

smetimes moulded on the biotite, and sometimes plates of iotite are 

enclosed in the hornblende together with granules of iron-ore. Both 

biotite and hornblende are very fresh and thow the same pleochroism 

as that of the corresponding minerals in the enclosing tonalite. 

Small feldspars are sometimes enclosed in biotite and hornblende, and 

one large sphene was seen with a feldspar inclusion. Quartz appears 

to be absent, though it is present as a sparse accessory in most 

of the bs1e xenoliths. 

These basic inclusions are most abundantly 

developed irLt the tonalite, but they are also found in the granodior-

ite. An example from the granodiorite quarries in the Dell Marsh 

near the Upper Falls of the Fechlin ( Plate XVI B ) is a dark, 

lens-shaped enclave ( 45) of finer grain than the enclosing 

grandiorite. It is composed of oligoclase, orthoclase, quartz and 

biotite and hornblende with accessory magnetite, sphene and apatite. 

Orthoclase is subsidiary to plagioclase and sometimes encloses 

blebs of quartz. Quartz is rather sparsely distributed. Like the 

inclusions in the tonalite, the xenolith is richer in hornblende and 

biotite than the surrounding granodiorite unlike them the 
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The hornblende crystls are, hoever, sometimes poikilitic. 

A coarse-gr med. xenolith, consisting 

predomnant1y of biotite an, hornblende with subsidiary oligoclase, 

orthoclase, quartz, sphene, apatite and iron-ore (33), was found 

In the granodiorite near Fairyburn Farm, a short distance from the 

contact of the granodiorite ith the siliceous schists of Loch 

Bran. The inclusion formed a round ball, some 6" in di4er. 

The biotite and hornblende resemble those in the granodiorite. The 

hornblende occurs in part as large crystals enclosing 

poikilitically, some of the ?luartz and feldspar. 

These basic inclusions appear to be eventually 

made over into the enclosing tonalite or granodiorite ( p. 81 ). 

Both tona].ite and granodiorite sometimes show peculiritiea of 

crystallisation which seefl to be attributable to incorporation of 

these inclusions. Hornblende is frequently sieved with quartz, 

more especially in the cores of the crystals. The large feldspars 

very frequently enclose smaller feldspars, quartz blebs and 

sometimes biotite and hornblende. Myrmekite is corrion in the 

tonalite and granodiorite, but is not so characteristic of the 

enclaves. The discussion of the petrogeflesis of the complex as 

a a'hle 

 

--M ho, - ever, be deterred to the next section. ( p.131) 
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i. Summary of the evidence 

The evidence relating to the mode of emplacement 

and the genesis of the Foyers Plutonic Complex may be summarised 

under the following headings- 

1. The Complex is later than the regional "injection"of the 
Moine achists. It cuts permeation schists and contact-alters 
them. 

2.. The country rock into which the complex is intruded consists 
of predominantly siliceous schists with some permeation gneisses 
and migrnatites belonging to an older phase of plutonic activity. 
Pelitic sc.hists .)tcrop some short distance from the complex 
at Kuhn and Glen Doe. Cale-silicate bands are prominent at 
Kuhn. Hornblende-SChiStS are sDarsely distributed throughout 
the whole series. 

3 The Foyers plutonic complex consists of four principal types, 
emplaced in the following order:- 

Appinite. 
Tonalite. 
Granodiorite. 

4• Granite. 

4.. The appinites occur as a fe' aatehhite intrusions in Knockie 
Forest and Gleann Liath,bUt in the main complex they are 
only preserved as sparse xenoliths. 

5. The general arrangement of the chief members of the complex 
(tonalite_ranodior1t te) is concentric relatiV6 to 

both walls and roof. 

. 2he contact Vetween tonalite and granodiorite is sometimes 
:irly sharp y  sometimes grading.. The granite forms a series 
f anastornosing sheets and dykes cutting both tonahite and 

gnodiorite,With which its contacts are always sharp.X 
At one point only, on Carn Choire Riabhaich,i t 
in contact with the roof of the complea. 

7. The granodi-orite contains large ,pink,POrP1lYrit ic crystals oi 
perthitiC orthoclase.TheY frequently enclose blebs of Quartz 
and small plgioclase crystals. Both tonahite and granodiorite 
tend to have R polkilitiC textures,whiCh seem to be 
syniptoatiC of the incorporation of the basic enclave material 
as cited below. 



The complex is definitely transgressive to the surrounding 
schists. 
The schists at the contact are vertical or highly inclined. The 
contacts between the different members of the complex and 
the schists are always sharply defined. 

Although the complex Is transgressive to th4schists 2 the regional 
strike of the Moine schists has been deflected to conform to 
the margin of the complex. At one local±ti,Carn Gairbhthinfl,hIS 
deflection is acco!ipanled by the formation of an"intrusion 
breccia tt of schist fragments. 

Tonal ite,graflOdiOrite and granite all vein the surrounding 
schists.The veins tend. to be parallel to the schistosity,but 
are frequently tranggresslve. 

II. The tonalite and granoaiorite are rich in xenoliths. The 
granite is nearly free from them. The xenoliths consist of:-

I. sparse inclusions of appinite. 
2. Basic dioritic xenoliths. 
3.. Moine schist xenoliths. 

The tonalite and the granod-iorite both show a fairly well 
marked foliation or alignment arf their components. The granite 
does not. 

The foliation of the granodiorite and tonalite,the foliation 
or the basic dioritiC xenoliths,the strike of the schist xenolithi 
and the strike of the neighbouring Maine schists at the contact 
are all practically in parallel. 

There is no mappable aureole of contact-metamorphism round the 
complex. It is likely that the siliceous schists would not 
show the effects of superposed contact-alteration very clearly. 
They sometimes have a glazed appearance due to the coalescence 
of contiguous Quartz grains. The more pelitic typ es, how ever, 
develop andalusite,Sillimanite and cordierite and are probably 
also somehat enriched in biotite. 

The schist inclusions are sometimes very large.Some of them 
occur as long arcuate strips up to - mile in length. The 
pelitic types show marked contact_alteratiofl,with development 
of abundant red Lotite of hornfels type, andalusite,Sillimafllte 
and cordierite. Andalusite persists right up to the contact 
with the enc1ai:: tonalite. 

Very rarelY9SOr1e of the schist inclusiofls,USUaIIY only a 
few inches in length,shoW enrichment in biotite and 
feldspathisatiofl. (Analysis D ). 

I?. The dioritiC inclusions are best developed in the tonalite 
between Loch an Ordain and Iileall Dorm in the north-east part 
of the complex. These dioritic rocks are comoosed of sodic 
plagioclase(usuallY near oiigoc1ase_andesine),h0r1ee and 
biotite,with accessory orthocla2e,(lUartZ,SPefle Mut apatite 
and iron ore.Sphene and apatite are very abundant. 
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The dioritic enclaves vary in texture from fLne-grained varieties 
of the type found in the Torr Shelly tonalitic sheet,outside 
the main comDlex( Analysis F ) to coarser-grained varieties 
(Analysis E ) wnich grade into the finer-grained varieties of 
tonalite. 
Many of the !nnerals of these enclaves are characteristically 
poikiloblastic ( ref.Plates 16 C,D ). Freq_uently,porphyrOblaStic 
plagioclases are developed in them,similar to those found in 
the enclosing tonalite. 

The tonalite and granociiorite are rich in sphene. The tonalite 
is apparently richest in suhene near the basic inclusions at 
Loch an Ordain. Its foliation is most marked near the inclusions. 
Myrmekitic intergrowths are typical in all three types of the 
plutonic complex. 

The contacts between tonalite and basic enclave are normally 
fairly sharp,but sometimes one can trace the basic material 
through a stage of finer-grained tonalite into definite and 
typical tonalite. Analysis G refers to this intermediate type 
as developed in Torr Shelly quarry the type Torr Shelly 
tonalite is more quartzose than most of the tonalite of the 
main complex, and is perhaps nearer that of Strontian(Analysis 2) 
The hornblende and biotite of the enclaves are of the same 
types as those found in the tonalite and granodiorite. 

20.. It is not possible to trace the dioritic enclaves back to 
existing country rock at the contacts. There appears to be a 
perfectly sharp and sudden break between the two. There is 
apparently no evidence along the margin of the plutonic complex 
of granitisation of the schists at the present level of 
erosion. 

A few schist inclusions of the type of Analysis D have 
selvages of large plates of biotite. Some of the appinite 
inclusions in the Onoc Carrach type of granodiorite show 
similar selvages of hornblende crystals. 

Pegmatite veins cutting the granitic complex or the surrounding 
schists are rare,.and where they do occur,are developed on a 
small scale. Aplite veins are not very abundant.AlsTbaChite 
veins are the most common, cutting the granite and the schists 
in the north-eastern part of the complex. 

Apatite is abundant in the schists,perrneatiofl schists,basic 
inclusions and tonalite and granodiorite. In the basic irlusior 
the tonalite,the appinitee and the alabachite dykes,it may 
sometimes have a blue colour,due to numerous rod—like inclusions 
The aoatite crystals in the schists never show these inclusions. 
The blue apatite crystals are most typically developed in some 
but not all of the basic xenoliths,and the alsbacnites. 

The alsbachitea,ifl thin section,have features suggestive that 
they are felspathised schists.. In the I'ield,they occur as 
typical dykes. 
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The analyses, all new, of the type roc:s of 

the Foyers plutonic complex are tabulated at the end of this 

section on pp. 144-5. A series of analyses of Moine schist types 

similar to those found in Strath Errick is quoted on pp. 147-8, 

together with an analysis of Jom one of the Sutherland Ach?uaine 

hybrids. On p. 146, for comparison with the Foyers complex, are 

a series of ana1yss of the Morvern-StrOfltiafl plutonic complex. 

The analyses have been plotted on the 

accompanying von Wolff diagrams ( pp 138a, 139a ): the Foyers 

type rocks are also shown on a silica variation diagram (t.134 a) 

Ii. The Origin of the Foyers Plutonic Corn 

There are three principal hypotheses to be 

discussed in reà.tion to the problem of the origin of the Foyers 

plutonic complex. They are- 

a) That the complex was formed by crystal differentiation. 
ID) That the complex was formed in depth, perhaps from 

granitised schists, and then pushed up, in diapir fashion, to its 

present position. 

c) That the complex was formed by the granitisation of 

pre_existing country rocks, very near to the position in which it 

now occurs. 

The relative adequacy of these three hyhess 

to explain the facts as they exist in the Foyers complex will 

now be discussed in turn. 





-l5b- 

a ) _CLyt 1feeflt1atiQn_ 

If the Foyers plutonic complex had been formed 

by crystal differentiation, the initial magma would hve had to be 

at least as basic in composition as appinite, and the tonalite, 

granodiorite and granite would then represent successive 

differentiates produced by separation of crystals and liquid. The 

chemical analyses of the tonalite, granodiorite and granite do not 

support this view. In the series tonalite-granodiorite-tonalite-

granite ( represented by analyses A-B-G-C it will be seen in 

the series formed by the first three ( tonalite-granodiorite-

tonalite) that magnesia rises with increase of silica, whilst soda 

decreases. In the same three analyses, otash is highest in the 

granodiorite (B), falling off again in the Torr Shelly tonalite 

(a) winch contains a higher percentage of silica. 

Further, mineralogical evidence is at variance 

with the hypothesis, eg. the observation that the granodiorite 

locally contains more hornblende than the tonalite ( , 94 ) and 

that the granite commonly contains more quartz than the amount 

corresponding to the quartz-feldspar eutectic ( p. 100 ) 

These chemical and mineralogical results are 

obviously inconsistent with the variation to be expected if 

crystal frctionation had been the controlling process at work. 

Nor does the crystal differentiation hypothesis 

afford any explantion of the poikilitic textures found in the 

plutonic complex. It does not explain the sieving of the hornblende 

with quartz, nor the blebs of quartz and plagioclase in the 

large orthoclases of the granodiorite, textures which suggest growtJ 

in a solid or highly viscous medium. Such crystalloblastic 

textures and their significance have been discussed by Dr.D.L. 
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Rynolds ( 1936 pp 345-348 ). She shows that these textures are a 

result of zxXx recrysta111satiofl during the ruetasomatic 

reconstruction of rocks invaded by migrating emanations. It is not 

possible to explain such textures as a result of normal crystall- 

isation from a magma. 

Moreover, the crystal differentiation hypothesiE 

would not, by itself, satisfactorily explain either the textures o 

the basic inclusions in the tonalite or their transitions into the 

tonalite. Nor would it explain the feld.spathisation of schist 

inclusions of the type of Analysis D ( p. 122 ). 

The parallelism of the foliation of the 

tonalite, granodiorite, schist enclaves and country rock also 

seems to be inconsistent with the crystal differentiation 

hyDothesis. There is finally the all-important space problem. 

A roofed comlex such as this, v;ith the roof in continuity with 

the surrounding schists, can only have made room for itself wIlk 

by stoping. The xenoliths would then he sunken roof blocks frozen 

in, and the presence of the basic inclusions and feldspathised 

schists is not explained. Farther, the inclusions gradually die 

out in depth, since they are practically absent in the granite.Yet 

the granite should have been emplaced by stoping granodiorite and 

tonalite, and inclusions of these types would therefore be 

expected in it. This evidence suggests that, even on the stoping 

hypothesis, the inclusions should be still present, the material 

having lost its original form by being made over into the plutonic 

types. Thus on this hypothesis, the space problem remains 

unsolved. 

It appears therefore that the evidence in the 

Foyers plutonic complex is definitely adverse to any hypothesis 
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of its genesis by crystal differentiation. 

b)TheDiati hypothesis - 

It is possible that the Foyers coiplex, havinr 

been formed in depth, as a mass more mobile or plastic than its 

surroundings, would then respond to tectonic pressure by being 

pushed up, in diapir fashion, t its present level. SuDporting this 

idea are the facts (a) that the basic inclusions, which may represen 

basified relics of the country rock, cannot be traced back to the 

country rocks no,,-,-  exposed at the contacts, and ('a) that there is 

a sharp, transgressive break at the margins of the complex. 

Th schists at the contacts of the complex are 

highly inclined, but they are not faulted, as they might well have 

been if the complex had been pushed up from great depths. The 

problem of the means by which the strike of the Moine schists was 

swung round to conform to the margin of the complex is still 

largely unsolved. The "intrusion-breccia" and the considerable 

veining of the schists at Cam Gatbhthinn suggest t -at there may 

have been actual mechanical fracture in that area. It is difficult 

to see how the strike of the roof and wall rocks could have been 

so extensively deflected, unless there had also been considerable 

recrystallisation. 

* 	 The continuity of the roof with the surrounding 

schists and the fact that the xenoliths of schist contained in the 

complex are obviously the same as those forming the country rock 

indicate that any upward movement in diapir fashion can hardly have 

been of the order of several miles. The schist xenoliths, if the 

complex had been generated at great depths, :iulc1 he expected to 
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differ from the schists now exposed in the immediate vicinity of 

the complex. 

Moreover, if the complex had been intruded from 

great depths, volcanic activity would have been e pected. The fact 

t.at much of the roof is still preserved makes it improbable that 

there was any volcanic activity associa ed with tJ ie complex, though 

it does not altogether rule out this ossibility. Further, no 

pebbles of volcanic reel: hav, as yet, been found in the overlying 

Middle Old Red Sandstone conglomerates. 

Nor is the space problem solved by a hypothesis 

of diapir intrusion from great depths. If however, the depths from 

which the complex was intruded ere not -.-reat, the space problem 

is not so serious and need not involve stoping. It seems that a 

diapir hypothesis is necessary to ex-plain soiijf the phenomena 

observed in Strath Errick but that the amount of upward movement 

must have been strictly limited. The complex cannot have formed at 

great depths below its present position. This modified cliaDir 

hypothesis, together with the hypothesis of granitisation will be 

further developed in the next section. 

2. )anitisation 

The idea that appears to conform best with the 

observed facts is that the Foyers plutonic conlex may have been 

formed by the granitisation of the surrounding Meine schists and 

associated cuntry rocks, not for the most part, in situ, but not 

far beneath the existing erosion level. Sufficient movement must 

have taken Diace for the production of sharp contacts with the 

surroundirir.: schists, and for the change of foliation direction in 

the latter. Moreover the plutonic rocks must have become 
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sufficiently mobile to vein the schists of the roof and walls. 

On this hyoothesis, the basic enclaves are 

regarded as basified relics of the country rock, in process of 

being made over into the tonal ite and granodiorite. 

On the first von Wolff diagram, ,l, p. 138a., there 

are plotted the points corresondiflg to the chemical analyses of 

a seris of tycal Moine sc h: s t s  and three typical permeation 

gneisse fro- 3tTl d,  oiyther with the feldspathised schist 

from Strath rrick. The analyses are listed on op 145,147,148. 

In the formation of the permeation rocks from ordinary Moine schis 

the content of soda rises, ahiIst the ratio of potash to the 

total content of alkalies falls. Lime also increases but iron and 

magnesia decrease in aount. Silica and alumina remain fairly 

constant ( Read 1931 9  p.147 ) 

The Strath Mrrick feldepathised schist (Analysi 

D) is not formed from one of the "injection"rocks of that districi 

but probably represents an ordinary pelitic Maine type modified 

duri.g the development of the Foyers eorrrplex. It does not show 

the increase of muscovite and biotite found in the Sutherland 

permetiafl rocks, but it has been obviously enriched in soda and 

lime resulting in a rise in the content of plagioclase. Potash 

and. magnesia would be liberated in the formation of the 

felcispathised pelitic schist, and these constituents may be in 

part represented by the selvages of biatite found around some of 

the xenoliths of f'eldspathiSed schist. 

The points corresponding to the basic dioritic 

enclaves, 	n(-I- one of the pelitiC Maine schits, #ogether with 

the plutonic rocks from Foyers ae plotted on the second von 
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Wolff diagram, 2. o.139 a. he corresponding Strontian plutonic rock 

are Diotted in red on the same diagram ( analyses hated on pp. 144-5-

6). It is suggested that the basic encirves represent pelitic schistE 

in which there has been a general increase in the cafemic constituefli 

and in soda. These basic inclusions appear to correspond with the 

diabrochites of Dunn ( 1942 p.231-238 ). Dunn defines diabrochites 

as schitose rocks that have recrystallised under the influence of 

migrating solutions, but which differ from migmatites in that the 

added material is not obviously granitic. In the Indian examples, 

mentioned by Dunn, the dominant feldspar of the diabrochites is 

sodic plagioclase. 

However, the point o  special significance in 

relation to the resent investigation is that Fe and Lg have been 

driven out from loci of granitisation and that they have been added 

to the outer zones of replacement, where they appear in rocks that 

have been enriched in biotite and/or hornblende. Dr.D.L.Reynolds 

(1944 p.244) has adopted the term diabrochite for "rocks which k 

resulted from the baslfication and desihication of hornfelsed 

sediment, dependent on the fixation of material exoehled durinp: 

granitisation". 

The process seems to be primarily started off 
with soda 

by introduction of migrating ernanationor ions of Na) a the 

predominant constituent ( Point A on the diagram on p. 142). Assume 

that in the first place, this results in the formation of 

feldspathised schists of the type of Analysis D, shown on the von 

Wolff diagram p. 138a. Then the range of material to be "granitised" 

includes ordinary Moine schists, feldspathised schist and 

permeation rocks of earlier date. This field is shown by the shaded 

area on the diagram, p.138a. 	Granitisation recuires the 
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dition of chiefly soda, silica nr 	Dtsh. Sufficient .ilica for 

the less siliceous rocks is probably available from the more 

siliceous Maine schists; potash is liberated during the feldspath-

isation of sme of the schists, and soda is being added from a 

deep-seated source. The resulting granitisation of the rocks vu1d 

then necessarily liberate alumina, iron, magnesia and lime (Point 

B on the diagram p.142). These constituents would be driven ahead 

to form aDpinites and to basify the schists. The latter are now 

represented by the basic dioritic enclaves which are probably 

merely relics of an originally more extensive basified roof. The 

alumina and cafemic constituents liberated would also be required 

in part for the formation of tonalite and granod.iorite. 

The suggested changes are shown diagrsnunatica11 

overleaf, p.  142, on a von Wolff triangle. In this diagram, the 

composition of the schists which became 	nitised is indicated by 

the shaded area on each side of the line AS, the 19rocess being 

initiated by the introduction of soda etc. from A. Granithisation, 

with prDduction of material represented by G, then results in the 

liberation of alcafemic constituents represented by points such 

as B. This material, combined with soda etc. from A provides 

migrating emanations with a composition such as C which moves 

ahead of the zone of granitisation proper, and produces basic 

xenoliths, appinite, tonalite and granodiorite according to the 

degree in which they are fixed by the merial traversed. All of 

these products lie along a belt of which GO is the axis. In other 

words, the addition of new material from depth, mainly soda, 

stimulates a kind of metamorphic differentiation of the schists, 

schem&tically shown thus:- 

Doda etc + Schists = Granite 
fpp mit e 

+ Tona1ite + Basic enclaves 
LGranodlor ite 



-142- 

Di- 	to show suggested 
geochemical changos in the 
formation of the orers comnlex /\ 

eior't 

£. 	•B&ic 
r7c 	3QCL M 

-____________ 
8 

'p 	 4. ki.49 frD*4 &Lo bt ii... 	 a! 
Uâ4• 641 60044%

5c 	itL 

i6 tttk. 	d 	
Sc,5i .  i.7O 	441 

If the Foyers complex :as formed by graniti; in 

along these lines, the space oroblem is solved, since the lutonic 

rocks would be formed nnarly in situ; and the structural relations 
are 

betv'een the plutonic rocks and the basic xenoliths 	explained. 

All the three main types, however, must have become locally and 

variably mobile and there must have been a certain amnt of upward 

movement as indicated by the evidence already summarised on pp137-8. 

The presence of a basic roof seems to be fairly 

usual in complexes petrographically related to that of Foyers. In 

the Newry igneous complex, for example ( Reynolds, 1934 pp 585-636 

& 1944 p.235 ) the earli•:'st and outermost -plutonic rocks are 

ultrabaic and basic types. In the Strontian complex( Kennedy & 

MacGregor 1932 pp 105-119), hich closely resembles that of Foyers, 

there are many large xenolithic masses of apDinite which seem to 

represent the earliest phase--,, of igneous activity there. Basic 
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dioritic enclaves of the same type as those found in the Foyers 

cmplex are also prominent in the Strontian complex. 

Dr,D.L.Reynolds (1943 D.231-267) describing the 

granitisation of hornfelsed sediments in the Newry granocliorite at 

Goraghwood, shows how complementary zones of mafic enrichment were 

formed around the loci at zhich granitisation was taking place in 

the hornfelsed sediments. At Goraghviood, sodic, soda-potassic and 

potassiC "granite" bodies are developed; the soclic types are of 

earlier formation than thpotassic ones - the latter being 

common developed from the former. Dunn (1942 pp 231-238) states 

that the enrichment in soda and other constituents necessary to 

form diabrochite may be followed by subsequent enrichment in potash 

during granitisation, the potash having been liberated, as a 

by-product of an earlier stage of feldspathisatiOfl. At Foyers, a 

complete series fro.a schits through basic d.iabrochi-te types into 

granite has not been traced, though there is ample evidence of 

various staes. Conseciuently, any hypothesis concerning the 

genesis of the complex can, at present, be no more than tentative. 

But the facts appear to accord best \: ith a hypothesis of 

granitisatiofl and limited upward thntrusive riovement; the basic 

inclusions being regarded as schists enriched in soda and 

cafemic constituents, and the "granitic" series as products that 

became subsequently enriched in potash. 
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(A) (L) (C) 

O2 54.95 60, 77 74. 72 

203 20.57 16.44 14.17 

Fe20 3  1.87 1.77 0.63 

FeQ 4.68 3.92 1.17 

MgO 2.38 2.71 0.36 

CaO 4.82 4.44 0.68 

Na20 4.84 3,73 3.58 

K20 2.75 3.39 3.84 

H20# 0.72 1.53 0.33 

1-120- 0.13 0.05 0.07 

002 none 
1.09 

none 
0.95 

none 
0.22 

T12 
P205 0.43 0.25 trace 

MnO 0.26 0.26 trqce 

99.79 100.21 99.77 

(A) 	 Tonalite. Foyers plutonic complex. From old 
quarries in field immediately south of 
ester Kbrcha]der Lodge. 

Analyst W.H.Herdsmafl 

() 	 TonalitiC grcinocliOrite.FOYerS plutonic complex. 
Dell Marsh ouarries, mile SW of 
Upper Falls of Foyers. 

Analyst. W.H.Herdstllan 

(a) 	 Biotite-granite. Foyers plutoni-C complex. 
Flank of Creag a'Chliabhain, about -mile 
SE of7,4aster Aberchalder farm. 

Analyst 1. H. Herdsman. 
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(D) (') (F) (a) 

S102 52.44 51.73 56.98 62.92 
A1203 21.97 - 	 20.85 15.82 17.15 
Pe203 
PeO 4.18 15.62 23  6 4.34 
MgO 1.00 3.78 4.07 3.26 
CaO 5.94 5.94 6.23 2.78 
!'.T CI 4.90 3.96 3,28 3.71 

1.08 2.62 3.ol 3.03 

H20+ 0.72 0.78 1.58 0.78 

H20- 0.16 0.27 0.12 0.12 
CO2 none none none none 

T12 D. 1.80 1.12 0.92 

P205 0.23 0.63 0.32 0.18 
MnO 0.1& 0.16 0.34 0.12 

99.71 99.87 99.81 99.95 

(D) 	 P1dspathised schist inclusion in tonalite. From 
- 

	

	a locally derived block, Loch Garth shore, 
Mi gov i e. 

Analyst. W. H. Herdsman 

() 	 Basic dioritic inclusion in tonalite. LRch an 
Ordain. 

Analyst W. H. Herdsman 

(F) 	 Basic inclusion in tonalitic sheet cutting schists. 
Torr Shelly quarry,rrogie. 

Analyst. V. H. Herdsman 

(a) 	 Part of tne tonalitic sheet enclosing the xenolth 
(P) at Torr Shelly quarry,rrogie. 

Analyst. W.H.Herdsman 
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(1) (2) (3) (4) 

3102 63.70 63.58 68.83 53.53 
A1203 15.10 14.84 14.29 16.08 

Pe203 1.14 0.15 0.84 1.39 
FeC 3.10 2.94 1.72 2.54 
MgO 2.73 2.22 1.0 2.58 
CaO 4.24 3.58 2.78 4.08 
Na2O 4.26 4.48 4.35 4.64 
K20 3.52 2.87 3188 3.43 
H20+ 0.30 0.68 0.48 0.45 

H20- 0.35 0.14 0.08 0,07 
002 0.00? 0.00? 0.00? 0.00? 
Ti02  1.23 1.04 0.79 1.14 
P205 0.42 0.49. 0.65 0.41 
MnO 0.07 0.05 3.07 0.06 
Fe92 0.09 0._I8 0.09 0.09 
Cr203 0.00? none none none 

99.96 100. 24 100. 45 100.49 

Fine-grained dioritic rock,cut by granodiorite-porphyry 
dyke and probably enclosed in granodiorite of the 
Morvern-Strontirin granite complex. Coast, 300 yds N 
of Eilean a'Mhurich. 

Analyst. . k.Dixon 

Tonalitic granodiorite. Outer member of plutonic intrusive 
c mplex(orvern-Strontian granite complex). In 
burn 900 yds. W. 300  S. of Bellagrove Lodge(at the 
site of the old Middleshope Mine) 

nalyst. B.. Dixon 

Granodiorite porphyry. Broad dyke or sheet cutting 
granodiorite of Lorvern-Strontian granite complex. 
Uoast 300 yds N. of Ellean a' lihuirich. 

Analyst. B..Dixon 

Granodiorite. Member of 
between an outer 
(Morvern-Stront i 
7.3 ,47S. of Eilean 

plutonic complex intervening 
tona1i;e and an inn±er granite 
an granite complex). uarry,30O yds 
a' Mhuirich. 

Analyst. B. . Dixon. 

The above analyses of the iOrvern-Strontian granite complex are 

taken from the Geological Survey Summary of Progress for 1933, 

Part I. pp 90-92 
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(5) (6) (7) (8) 

5i02 82.79 67.77 59.54 62.55 
6,90 16,42 19.55 15.75 

Pe203 1.41 1.37 0.81 1.56 
FeO 0•64 3.68 6.03 3.26 
MgO 0.44 1.50 2.73. 2.88 
CaO 1.44 1.23 1.85 9.39 
Na20 1.75 2.28 1.88 0.93 
K20 3.65 3.58 3.68 1.54 
H20+- 0.45 0.74 1.80 0.64 
H 0- 0.06 0.04 0.10 0.15 
C2 0.07 --- 0.Q1 trace 
Ti02  0.42 1.04 1.01 0.79 

0.06 0.15 0.30 0.30 
7 n0 0.17 0.33 0.08 0.28 

nt. Id.. --- 0.13 
(Nio)0 nt. fd.. 0.04 trace 0.34 
BaO 0.08 0.06 0.09 trace 
LipO trace ?trace nt. fd. trace 
SrO --- ---- 

--- 0.05 
C; --- --- 0.29 

100.31 100.23. 99.88 100.11 

Typical siliceous granulite of 1'heet 102. 1000 yds SE 
of Glencassley Castle. 3 miles ITNE of Rosehall souse, 
Glen Cassley,Sutherland. Analyst. E.G ..ad1ey. 
Mem.Geol. Survey. Strath Oykell & Lower Loch Shin p  134 

Garntiferous muscovite-biotite-schist,on hill 	ii1es 
south-west of Glencalvie Lodge. Analyst. W.Pollard.. 
1vein.Geo1. Survey. Ben Vyvis,Carn Chuinneag & Inchbae p.112 

Pelitic schist of Corriernuizie district. 500 yds W.29 0N 
of Upper Letters Cottage, Ross-shire. Analyst. F.R.nnoe. 
Mern. Geol. Survey. Strath Oykell and Lower Loch Shin. p.136 

Garnetiferous zoiaite-hornblende--granu]-ite on hill - mile 
S.W. of Glen Calvie Lodge. 	Analyst. W.Pollard. 
Mem.Geol.Survey. Ben Wyvis y Carn Chiinneag & Inchbae p.45 
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(9) (10) (ii) (12) 

Sb 2  61.11 59.25 62.28 53.25 

A123 18.33 18.48 17.69 14.20 
Fe203 1.14 1.24 1.09 2.94 

FeO 5.47 6.78 5.25 3,60 
MgO 1.75 2.30 1.67 5.40 
CaO 1.66 2.51 p.29 7.44 

Na20 2.64 3.78 3.25 3.20 

K20 4.41 3.64 3.60 5.00 

H20+ 1.51 0.72 1.43 0.88 

H0- 0.13 0.12 1.13 0.16 

082 0.00? --- 
--- 2.01 

Ti02 1.15 1.18 1.08 1.26 

P205 0.08 0.08 0.03 0.52 

71n0 0.11 0.08 0.07 0.31 

F 0.00? -- 0.03? 

eS2 0.22 0.03? 0.04 0.34 

Fe7S8 3.12 0.00? -- nt.id.  

Cro0' 0.02 0.00? 0.02 
-- 

tr.ce 
nt. I'd (No)0 

BaO 
-- 

0.06 
-- 

0.05 -- nt.fd. 

99.91 100.21 99.97 100.21 

(eetion gneiss with 
pelitic foundation), 2 miles S.Z. by S. of K1i'oreck 
Farm, Altnaharra, Sutherland. Analyst. B. . Dixon 
Mera.&eol. Survey. Central Sutherland pp 126-127 
Analyses (10) & (ii) are also Quoted from this 
memoir. pp 126-127 

Siliimanite_garnetC0te_bb0titei65ermtion 
gneiss with pelitiC foiindtiofl). 2 miles S.. of 
Klibreck stc ding, Aitnaharra, Sutherland. 

Analyst. B. . Dixoi 

(Ii) 	 with augen of o1igoc1:se 
(Augen-injection rock with pelitic foundation) 21 miles 

S.. by S. of Klibreck Farm,A1tnaharra,3uther1 
Analyst. B. . Dixon 

(12) 	Intermediate hybrid of AOh'uaine type. Summit of Onoc 
a'Choire Bhuidhe, 130.0 yds J.L.W. of Ach'uaifle, 
Sutherland. 	Analyst .C}.had1ey. 
em.Geo1.SUrVeY.Strath Oykell & Lo:er Loch Shin pI63 
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VI. THEE TIIDDL1 OLD RD SANDSTONE  

A. DISTRIBUTION & UNCOPORTaTY AT T BASE OF TEOLD RD SATDSTOI 

In the Strath rick district, the i(idle Old 

Red Sandstone forms a narrow strip bordering Loch Ness-side and 

finally dying out at Carn Dearg(Foyers). During the present 

research the outcrop has been studied from Loch Dun Seilcheig to 

Carn Dearg; that is, from the southern margin of one inch Sheet 

83, surveyed- by the Geological Survey, to the noint at:xhich the 

formetion dies out, in the southern side of Loch Ness. Furthcr 

outcro-ps Df 17iddle Old Rod Sandstone occur as outliers on the othe 

side of Loch Ness( Sheet 73 ), the nst notrie of 	ich builds up 

Mealfuarvoflie, a mountain which denn es Strth rrick from acrosi 

Loch Ness. The Middle Old Red Sandstone of Mealfuarvonie has not 

been stu&ied in any detail geologically, but my own observations 

in the cuttings of the new road on the north side of Loch Ness 

ppint to its being of a very similar character to that developed 1: 

the Foyers district. 

The Middle Old Red. Sandstone, traced north-east 

from Loch Dun Seilcheig, rapidly broadens out into a much wider 

outcrop in the Inverness district and in Strath Nairn. In these 

districts, the formation has yielded fossils of Middle Old Red. 

Sandstone age ( Peah 1923, pp 65-76; Horne 1914 pp 66-68 ). The 

Nairnside fish-bed is represented in a diminished form at Lochan 

an o1fl Rudha near Lch Dun Seilcheig, by red and dark-grey shales 

with limestone nodules wtich have yielded fish remains. The 
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cuth-:.eatern continuation of th 01 Red San--- ,-"-, )n in Sheet 73, 

appears to be unfossiliferous for the most nart. During the present 

research a fragmentary fossil, c.operently part of a fish, 'es found 

at Castle Kitchle. 

The Middle Old. Red. Sandstone of the Foyers 

district consists predominantly of coarse c nlomerates overlying 

the basal breccias, with subsidiary thin-bedded, red sandstones and 

arkoses. It rests with marked unconformity upon the Moine schists, 

the Foyers plutonic complex and the Gleann Liath Series, and the 

character of the basal breccias varies mari:edly with the underl:rin 

fonations, from .Thich it was directly derived. The unconformable 

junction has been traced from Leiterchullin on Loch Dun Seilcheig 

to Creag Dhearg and Crag nan Clag; thence to Torneas School and 

along the base of Creag a'Chupain to the River Parigaig below its 

waterfalls. The boundary then runs along the Loch Ness flank of 

Dun Garbh to the hollow between Dun G-arbh and Dun Deard.ail, crossing 

the Pass of Inverfarigaig some way above the monument to James 

Bryce. The junction can then be traced along the top of the ridge 

between Gleenn Lirth and Loch TTess to the vicinity of the lJpDer 

Falls of the Fechlin and to Crrn Dearg, where the breccias appear 

to be banked un on either side of the hill. They die out on the 

south-west flanks of Carn Dearg. No Middle Old Rd Sandstone has 

been recognized beyond the Ailt a'Mhinn, which flows into Loch 

Ness from Dearg Lochain at the south-west end. of Carn Dearg. 

The Drominent escarpment formed by the Middle 

Old Red Sandstone in the Crag nan Clag district, and the marked 

change in the scenery as one passes from oin-1 schists to 

conglomerates have already been described ( po. 8-10 ). The 

actual unconformity below the Middle Old Red Sandstone is well 
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exposed at a number of localities -- of vihich the best is Crag 

nan Clag. 

Crag nan Clag ( Plate X A) is a vertical crag 

of Middle Old Red Sandstone conglomerates, facing the south end 

of Loch Dun Seilcheig and the west end of Loch Ruthven. Tie crag 

is weathered into rounded, buttress-like forms. The Home schists, 

cut by pink felsite dykes, are seen to pass under the Old Red 

Sandstone on the s , uth-east side of the crag. The schits are 

here nearly vertical, and can be seen ( cf. nhotograph Plate X A) 

forming the more gently sloping, heather-covered hillside in the 

foreground. The actual junction surface is laid bare along the top 

of the cr for some 200 yards, 	the south-east end. It here forms 

a shelf, floored by the scists, vith an everhanging cliff of 

conloerate. This  is sho'n 

in the accoitnying sketch ta:en 

from a nhotograph. The vertical 

flaggy Moine schists are seen 

to form an irregular surface 

on whicbrcst the basal breccias 

of the Middle Old Red Sandstone. 

The breccias are formed of 

angular schist fragments, 

cemented by a red, gritty 

matrix, and are obviously 

screes resting very nearly 

on the rocks from which tke 

were derived. 

At the north-east end of the exposure of the unconformity, the 
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phenomena are rather Ji 	et. The second 1:etch(b elow) attemDt 

to show the structure. Along the base of the Middle Old. Red 

Sandstone, the vertical Moine schists are folded over so that they 

come to lie horizontally irmediately beneath the basal breccias. 

The effect on the eye is one f t.'e ueerposed unconformities. 
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The. schists are not folded back along the strike, but slightly on 

the skew, toard the south end of Loch Dun Seilcheig. In some 

cases the rock has broken along the line of the folding, and there 

may have been a little horizontal movement; but elsewhere 

individual bands of the f1agcr granulites, and a quartz vein 

cutting them, can be traced up, round the curve of the fold and 

then horizontally beneath the basal ljreccias. 

Above the horizontal schists come the basal breccias of the 

Middle Old Red Sandstone, obviously scree material resting on the 

rocks from which it was derived. It consists of flaggy schists, 

still lying horizontally, but broken up into short lengths, 
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PL ATM, X_ 
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Crag nan (flag. Cliffs o 	iadle 01d Red. Sandstone breccia and 
conglorierate. IIoine schists outcrop in the foreground. -- the 
unconformable junction bet;een the two is exposed on the face 
of the cliff to the left. 

"IM100 'k 
- 

Creag Dhearg an6. Lcci 	'ijL c. 	 o f the Middle 
Old Red Sandstone is to tne left, it rests unconformably on 
Moine schists and injection gneisses. 
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A. Exposure of the unconoriiiable junctithn of the Middle Old 
Red Sandstone on Moine schists. Torn na h-Iolaire,DunChia 

rot 

Ale  

-; 

_j 	aosed of boulders 
of pin graifte, witit sor.ie  frajnients of Gieann Liath mica-sohists. 
Middle Old Red Sandstone, above unconformity on Gleann Liath 
Series; near Glenlia village. 
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seDarated by a red, gritty matrix, introduced betven the broken 

fragments. In some cases, a schist fragment has been rolled over, 

but it often aipears possible to trace the discontinuous fragments 

of a particular layers in the schists along the crag of basal 

breccia. The total thickness of the breccia is some 121 10-15 ft. 

Higher up on the crag, it passes into the conglomerate,  with fairly 

well. rounded boulders, which forms the main cliff face of Crag nan 

Clag. 

Along the junction line between the Moine schists 

and the Middle Old Red Sandstone, several inches of calcareous ;ufa 

is frequently ftund; this has been leached out of the conglomerate 

by water driDDing down th crag face. Its presence makes photography 

of the Crag nan Clag exposure of the unconfrmity, difficult. 

The hill, of which Crag nan Clag is the steep 

north-east termination, is called Dun Chia, and consists of Moine 

schists surmounted by a flat, pancake-like cap of Middle Old Red 

Sandstone conglonierate. Along te south-er: at f&nk of Dun Chia, thea 

conglomerates form an escarpment rising from the smoth, grassy 

slope of the schists, along the base of which the unconformable 

juncion is frequently exposed. It can, in fact, be traced from 

near Tom na Croiche, almost continuously to Crag nan Clag, a 

distance of about three-quarters of a mile ( Plate II AB). 2he 

schists are nearly vertical, and the basal breccias rest on their 

irregularly eroded edges ( Plate XI A ). The avarfolcling of Crag 

nan Clag is not, however, repeated. 

The schists below the unconformity at Cra; nan 

Clag can best be explained as a local fold in the Moine schists, 

which happened to coincide with the old land surface on which the 

Middle Old Red Sandstone was laid down. It is difficult to 
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visualize any natural agency act -ing sub-aerially, which could have 

overturned them. On the other hand, most of the outcrops of Moine 

schist, have vertical dips iand the beds are not folded in this 

way. At Crag nan Clag, the schists, both vertical and horizontal 

are cut by a felsite dyke, the top of which is rather broken and 

weathered, where it is overlain by the basal breccias and this 

observation appears to conf i rm the idea that the horizontal schists 

are merely a local fold in the Mothne series. 

The margin of the Middle Old Red Sandstone 

north-east of Crag nan Clag is obscured under peat until Creag 

Dhearg Is reached. Here the Old Red Sandstone again forms a 

prominent escarpment -- a high, red crag of conlomerate rising 

from the grey "injection" gneisses of the Moine series at Loch. a' 

Choire and near Leiterchullin ( Plate X B ). The actual unconformit 

is,hov?ever, only exposed for a short distance at the western end 

of Creag Dhearg, in the "nick" on the hillside, between the steep 

conglomerate crags to the north-east, and the schists of the round-

ed heather-clad Tom na h-Iolaire to the south. the schists di -r) 

steeply to the north, and the conglomerate rests on an irregular 

surfsce eroded in them. In this exposure, unlike that of Crag nan 

Clag and the other exposures of the unconformity ne*r  Foyers, ther 

is no develpment of a basal breccia; and the conglomerate rests 

directly on the schist-C. The conglomerate is very rich in pebbles 

of felsite, sheets and dyes of which cut the schists immediately 

below the unconformity on Tom na h-Iolaire. 

South-zest of Crag nan Cl'g, the next exppeures 

of the unconfrmity are found in the course of the River Farigaig 

and between Dun Garbh and Dun Deardail, though a close 
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appro::i tijn to the boundar: of the Ol'i Red Sandstone between 

these oints is possible because of the develoDment of the 

characteristic basal breccia. The Farigaig-Dun Deardail exposures 

are somewhat complicated by the resence of the Gleann Liath crush-

line, which has given rise to crush-breccias (p.83 ) in the 

underlying granodiorite, almost identical with the Old Red Sandston 

breccia. It is often difficult to pin-point the exact line of 

junction. The basal breccias are composed predominantly of 

fragments of granoã.iorite and of the red granite found in small 

outcrops in th Cos an t-Sionnaich and below the Falls of the 

Farigoig (p.102 ). It is :)robJe th.t thi'. rock originally had 

a much less restricted outer) -) y  judging b:T the numbar of boulders i 

has yielded to the basil breccias of the Old Red Sandstne. 

The unconformity may also be studied where the 

Middle Old. Red Sandstone rests on the Gleann Liath series. The 

best exposures are above the Foyers limestone nuarries near Qienlia 

Here te basal breccia is composed almost entirely of fragments 

of the Gleann Liath series -- green mica-schists and fragments of 

caic-silicate rocks and limestone. The breccia is a hard, green 

rock, almost schistose in places, and. the fragments are angular. 

Limestone fra ments are in a minority, and usually weather cariousl: 

to form pockets. It is noteworthy that lirestone fragments are 

re.s±ricted to the breccias in the immediate neighbourhood of the 

Foyers and Bolesidne limestone quarries. 

When this breccia is traced away from the Gleann 

Liath outcrop, toward Loch Ness, it passes up rapidly into more 

trical Old Red Sandstone grits and conglomerates. Tovzards Glenlia 

the brecci: passes laterally into a conglomerate of boulders of 
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PLATE XII 

I 	 . 	
•. 

4. 1 

cv 
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A. 	he Pass of Inverari: 	Ji 	o Lou.,i 	 a crag of 
ojers tonalite above the bridge at the cross-roads in the 

Gleann Listh fault line crosses pass just below camera; the 
upper part of the Pass is in granocliorite; toward Loch Ness it 
unconformably overlain by Liddle Old. Red. Sandstone 'oreccias, 
conglomerates and sandstones. The Pass is part of the pre-glacia 
course of the River Fechlin. 

h. Crlt 	Lii ro iith1ch lookinr to the Pass of 
Inverfarigaig. Creag an Fhithich consists of Fyers granodiorite 
the opposite crags are tonalite. The deep valley has been 
excavated along the Glearin Liath fault line; and is part of the 
prelacial course of the River Fechlin. 
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pirf_­_ granite, like that found in situ o. C.rn Dearg(Foyers) (p.103) 

(Plate XI B ). The principal development of the green basal breccia 

rich in mica-schist fragments, is at Creag nam Broc. In the 

exiDosures betv:een Crectg NigheEn lain Duinn and Creag an Fhithich 
mica- 

it is usually redder in colour, and contains fewerschist fragments. 

The ridge of Carn Dearg(Foyers) appears to be 

a pre-Middle Old Red SCflL stone hill, against which the basal brecái 

are banked. Th— )utcrop ::1its  into two branches, one of which runs 

uo the hollow on the southern flank of the hill, along the Gleann 

Liath fault line, forming part of the flank of the hill; the other 

lies on the north-west flank above Loch Ness. The rock typos are 

predominantly basal breccias, with conglomerate and arkose. It 

must be remembered that all the rocks of which the ridge is coiTmosec 

have been subjected to very extensive shattering, and it is often 

difficult to distinguish the shred Old Red. Sandstone from the 

underlying shenred Moin granulite and the Carn Dear,- granite. 

The Middle Old lied. Sandstone bmdaries shown in th Carn Dear 

(Foyers) district are therefore, to be regarded as approximate 

only. The outcrop of the Middle Old Red Sandstone, however, does 

not extend further along Loch Ness side, beyond  Cairn Dearg. This 

latter hill is some 2 3- miles short f the point opposite 

Invermoriston, to which the Old Red Sandstone outcron is shown, 

as extending, on the small-scale geological ma"8 so far published. 
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B. STRUQTUR & LITHOLOGY 

Sequence of Formations 

The Middle Old Red Sntone, in the Foyer:. 

Strath Irrick district, consists predominantly of conglomerates 

with subsidiary brecci a, arkoses, sandstones and shales. The 

breccias are restricted to the base of the formation where it rests 

uncon1ormabIy on the older rocks. They are succeeded by c'rnglomerat 

es, with thin bands of hard, red sandstone, and less commonly 

shales. The beds dip at low angles to the north-west. They have 

all been affected by the Great Glen movem - nts, more especially 

in the Foyers district itself; and the rocks are often highly 

compacted and very hard. 

Basal breccias 

The basal breccia of the Middle Old. Red 

Sandstone, as typically developed where it overlies the Moine 

schists in the Dunchia district, is a hard, well-compacted rock, 

com'nosed of angular schist fragments in a matrix of coarse red 

grit. Since the schist underlying the Old Red at Crag nan Clag are 

thin-bedded flaggy granulites, the fragments in the basal 'oreccias 

are usually thin and plate-like in form; one example was actually 

observed to be bent. The Lioine schists are less flaggy in 

character toward Torness and Creag a'Chupain and the fragments 

in the overlying basal breccia become more"chunky". The general 

character of the rock, however, remains unchanged, and it forms 

a useful guide in the maping of the boundary of the Middle Old 

Red Sandstone, where the actual unconformity is not exposed. 
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Where the basal breccias rest on the Foyers 

plutonic complex, as at Dun G-arbh and Dun Deardail, they locally 

become almost exclusively formed of fragments of granodiorite and 

red granite. Loose, w-athered-out sphenes have been seen in the 

matrix. 

Overlying the Gleaim Liath series, the basal 

breccias vary from the typical reddish rock, with a few fragments 

of green mica-schist, to' green breccias comosed almost entirely 

of fragments from the mica-schists of Gleann Liath. Sometim-'s the 

softer fragments of mica-schist are bent round harder fragments. 

Above the Foyers limestone quarry, the 'oreccias consist almost 

entirely of mica-schist fragments, caic-silicate rocks and 

subsidiary limestone fragments derived from tha Gleann Liath 

series, with only a fe fragments from the Moine series and the 

Foyers olutonic complex. 

iii. Conglomerates 

The conglomerates, which build up the bulk of 

the TTiddle Old Red Sandstone in the Foyers district, are comoosed 

of fairly well rounded boulders of locally derived rocks. They 

often show a rude stratification. The schist boulders tend to be 

elliptical in shape, with their long axes parallel to the bedding 

At Tom Bailgeann, in the nrth-east, the conglomerate is not 

very hard, and is much guttcred by rain erIaion. Landslips have 

occurred here above the Loch Ce-glais road. At Foyers, however, 

(Plate X1 B), the conglomerate is intensely compacted, as a 

result of effects dne to the Great Glen movemen a, and the 

whole rock breaks as a unit; it is not possible to separate 

boulders from matrix, as it is further to the north-east. 



The boulders boulders forming the conglomerates are 

poorly sorted, and range from coarse gravel through boulders up to 

a foot in lenth to blocks(leas common) which may reach three feet 

in length. The boulders consist of Moine schists, felsites and 

Fo,rers"granite" types. The latter are not so abundant as the Moine 

schistso Pelsite boulders are very cormnon indeed in the Torn 

Bailgeann - Loch Dun Seilcheig country. Boulders of volcanic types 

indicating volcanic activity due to the Foyers complex have not 

been observed. The Moine schist boulders are usually of the more 

siliceous types, but elitic typs are also Dresent. On torn 

Bailgeann, coarse mica-schist fragments are ciuite usual, and 

range up to about 18" in length. The C onagl eanntinjectionflgfleiSS is 

also represented. There does not seem to be much variation in the 

composition of the conglomerates as they are traced from the 

base upwards. 

iv. Arkoses, grits and sandstones 

Arkosic grits are well developed in the Foyers 

district, where they occur interbedded with the c'nglomerate above 

the basal breccis. The grits are viell exposed in the quarry,  in 

the Pass of Inverfarigaig ( Plate XII A) at the monument to James 

Bryce. Specimens from this cuarr 	re :ij't1CCtC( to 	I.ovegrove 

attrition test ( p. 160  ) no. 

The arkoses are hard, red, hghi; CD:1LLCtOd 

rocks coroed of angular fragments with subsidiary coarser bands 

containtng more rounded pebbles of FoyersugranitetYPeS. Normally, 

they contain scettered, more or less intact, crystals of very 

fresh, pink, erthitic orthoclase, weathered out of the Foyers 

granod.iorite. Biotte flakes are also common in the grit. The 
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From "Attrition Tests of British Road-stones": Mem.Geol.Survey 1929 

Tests by ,J.LoVegroVe 	(pp -25) 

Ref. H: or 11 	Chips 
No. broken 	% detached from 

parent stones 
dry 	viet 
test 	test 

251 H 	0.68 	3.12 
254 H 	0.00 	0.00 

Dust 
% of lostl  

dry wet 
test 

8.74 13.33 
4.98 8.10 

Spec if I 
average Gravity 

11.03 2.68 
6.54 2.65 

T ests, by Logan Wailer Page 	( pp 70-71 ) 

Ref. 	1ster absorbed per 	Hardness Toughness Cementing 
No. 	cubiO foot 	 Value 

251 	0.12 	 1818 	15 	 14 
254 	0.23 	 19.0 	25 	 13 

	

251. 	Feldspathic grit or arkose, approaching a congiouerate. 
Falls quarry, on S.T. side of Loch Ness by Pails of 
Foyers 

	

254. 	Arkose. Pass qucrry, 	mile S.. from G1en1ia(ast) 
Quarry. This is the nuarry, now disused, at ;hch the 
monument to James Bryce stancs, in th Pass of 
Inverfarigaig. 

For a note on these attrition tests, see p. 98. 
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bedding planes often exhibit rather peeulir pits 	by the - 

iress of the orthoclase crystals in the underlying bed. 

Imr.itely above the basal breccies, thin-

bedded, red sandstones are usually developed on a small scale. The 

sandstones, red or chocolate in colour, x3mi are unfossfliferous. 

They are fairly coarse in grain, and grade into the arkoses. The 

sandstones in the Loch Ce-glais district are rich in flakes of 

muscovite derived from the pelitic Moine schists to the east. 

The bedding planes show ripple mari:s and,near 

Loch Mhie, well developed sun-cracks. They also show much more 

irregular markings, in the form of puckering, due perhaps to 

small rills of water breaking up original ripple prints. 

! Shales 

Green and purple shales and mudstones are 

exposed in a small quarry at Castle Kitchie on the Torness-

Inverfarigaig road. One fragmentary fossil fish was foud in this 

quarry. Perhaps the rocks represent a diminished :lateral 

extension of the Lochan an Eoin Itudha fish bed. 

Te shales show r ,,-jin prints, and the 

interbedded ribs of sandstone show ripple marks. There are also 

a few, poorly developed sun-cracks; as .7ell as more irregular 

puckers, and on the shales, tin,r,crowded raised points. 

vi. Conditions, of Depocition 

The brsal breccias of the Middle Old Red 

Sndtofle in the Foyers district evidentT: re:e:ent locJ 

scree formations Pecting on the rocks ñ' 	ii' tT:r :eie 

derivied. The individual fragments are not w2ath?red and probabl 
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accumulated rEroidly in a climate in which chemical westherin: was 

not in evidence. 

Shallow lakes were then formed in which the 

sandstones overlying the breccias were deposited. These lakes must 

have been liable to frequent drying-out, when the sun-cracked and 

rip'Ie-marked surfaces were formed. Their character is shown in the 

exosures at Dun Deerd.ail. Here the basal "oreccias Dass u into a 

few feet of chocolate sandstone, above which come more breccias. The 

overlying breccias, composed predominantly of fragments from the 

Foyers granodiorite, have evident*, ,-  slumped onto the sandstones 

while the latter were still moist and pliable. The sandstones have 

been flexed by the slumping of the scree material, which now rests 

on their irregularly folded surface. 

The conglor:iarates sewi to be torrential deposits, 

in which the boulders were rounded but not sorted. They seem to 

have accumulated rapidly, near the source of origin of the majority 

of their comDoneflts, eg. large blocks of soft mica-schist ire 

preserved in them. The sandstones occurring higher in the series 

and dnveloped toward Dores to the north-east of the district under 

discussion, indicate the subsequent oncoming of lacustrine 

conditions. 

C. EFFECTS OF CRUSHING & SHEARING 

The Middle Old Red Sandstone in the Foyers 

district is much altered and affected by the Great Glen Movements. 

In the Tom Bailgeafln district, to the north-east and further from 

the line of the fault, the effects on the roc-Rs are not so marked. 

There, the conglomerate is fairly soft, the pebbles can be 

separated from their matrix, and the principal signs of movement 
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are to be found in the boulders themselves, which are fairly 

frequently sheared across. These features may occur with or 

without lateral movement. Sometimes lines of movement ,cutting 

straight throuh the larger boulders, can be traced for some 

distance in the conglomerate cliffs above Loch Ce-glais. 

But at Foyers, the conglomerates become intensel3 

compacted and hardened. It is no longer possible to separate 

boulders from matrix; the whole has been welded into one single 

unit. The arkoses, grits and breccias in the same area also 

become intensely hardened and cmpactJ. In fact, in the crush 

zones, on Carn Dearg(Foyers), it becor1E e::trernely difficult to 

distinguish between the hardened and sheared Old Red. Sandstone Ix 

from the sheared Moine granulites and the granite. 

The second effect of the Great Glen movements, 

perhaps later in time, has been the mechanical shattering of the 

rocks along prticular zones. There are many of these shatter-belts 

one runs along Loch Ness-side from the Aluminium Factory's rxd at 

Foyers, toward Inverfarigaig. In the new road cutting below Foyers' 

church, there is a good exposure of the shattered, broken rock, 

stained red with haematite. In the small quarry behind Foyers 

school, on the same line i crush, the congIoerates have been so 

shattered, that Quartite pebbles, on hndling, readily crumble 

into small pieces. 

The Middle Old Red. Sandstone only rarely shows 

the thin lines of micro-breccia so commonly developed in the 

Foyers plutonic complex, and is never epidotised. The movrients 

producing these effects are therefore considered to be earlier 

than the Middle Old Red Sandstone. 
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VII. THE GREAT GLh dJLT 

Glen More nan Albyn, the Great Valley of 

Scotland, is excavated along the line of a great fault zone, which 

extends from the Moray Firth in the north-east to the southern 

end of Mull in the south-west. It is also coirionly held to extend 

into Islay as the Loch Gruinart Fault. 

Along the line of the Great Glen fault, the rockE 

are greatly shattered. The movement is certainly of many different 

ages, and is still taking place, for earthquake snoks occur at 

intervals along the glen. During the present research on the south-

east shore of Loch Ness, evidence has been found to suggest pre-

and post- Old. Red Sandstone periods of movement. 

The most recent major shocks felt in the Great 

Glen area were those of the Inverness earthquakes of 1901 and 1890 

( Davison, 1891 p.168; 1902 p. 377 ). The second series of shocks 

in 1901 definitely originated along the Great Glen itself, but the 

1990 evidence pointed to movement along a branch fault lying about 

6 miles south-east of Inverness and reaching Loch Ness about 5 

miles from its southern end. This supposed movemtnt line is very 

close to the &leann Liath fault line mapped during the present 

research. 

It is here suggested that the deep fissures on 

Carn Dearg(Poyers), may be connected with some of the earthquake 

shocks. These fissures cross the lo;er ridges of t.:e hill on the 

Loch Ness side, and are up to 20 ft. cLeep with vertical walls. 

They are partly concealed under deep heather and are said to have 
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been the cause of several deaths. 

From the evidence afforded by the Middle Old Red 

Sanstone in the country between Inverness and Loch Dun Seilcheig, 

the minimum downthrow is known to be 6000 ft. (Home, 1914 p.66-69). 

Whilst in the above district, the Great Glen Fault brings Middle Old. 

Red Sandstone down against Moine schists ; in the Inverfarigaig-

Mealfuarvonie district, Middle Old Red Sandstone rocks of identical 

types outcrop on both sides of Loch Ness. 

In the Loch Linnhe region of the fnult, the 

schists on the north-west side of the fault show a higher grade of 

metamorphism than those on the south-east side; but this does not 

apply to the Home schists on either side of Loch Ness ( Peach 

Home, 1930, p.198). 

Recently, Professor 1.Q. Kennedy (1945 p. 	) 

has suggested that the Great Glen Fault is a wrench (or transcurrent 

fault with a lateral displacement of 65 miles. He believes that the 

Strontian and Foyers "granites" belong to the same conrplex. The 

wrench-fault hypothesis also conneets the two permeation complexes - 

that round the Foyers complex ana that in the Strontian district. 

Kennedy regards the Lch Skerrols thrust in Islay as the continuati-

on of the Home thrust, and considers that the Great Glen fault 1ie 

to the north-west of Islay. 	x±cYx The hypothesis thus brings 
prt of it 

the Moine thrust in Islay into line that 	further  

The Foyers olutonic coiiplex certainly i , ezc.fblc 

the Morvern-StrOntian comple:: ( Kennedy & MacGregor 1932 p  105-119) 

much more closely than it does the neighbouring cor:iple;':es of the 

Findhorn and Moy. 

The members of the 'orvemn-Strontian complex 

have a general concentric arrangement relative to the walls, like 
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that of the Foyers complex. There are three principal rock types, 

tonalite, granodiorite and granite, with earlier appinites 

preserved in large xenolithic masses; and with subsidiary dykes and 

sheets of granodiorite poiyry cutting tonalite and granodiorite, 

but not the granite. The permeation gneisses and other schists 

into which the complex has been intraded have had their foliation 

deflected to conform to the trends of the margin of the complex, 

and at certain points --- for instance, near Bell8grove L odge, 

intrusion"hreCCias" have been formed. The lineation of the tonalite 

is roughly parallel to 	 thc: strike of the surrounding 

schists. Inclusions are sbundant. . well as appinite, basic 

dioritic inclusions ( plate vi 	) jL like those of Foyers sre 

common; and so are inclusions of Home schist. In the northern 

part of the complex, a long arcuate strip of Home schist is found 

in the tonalite, reminiscent of the long arcuate strips found in 

the Foyers complex. 

The appinites ae ilore varied in type and 

more widely distributed than at Foyers, but individual types can 

be exactly matched. The maximum development of appinites in loth 

complexes is on the western side. 

The tonalites and granodiorites are very similar 

to one another; the Strontian rocks are slight coarser than those 

developed at Foyers and the tonalite is of more uniform 

dharacter, and less rich in basic enclave material. In places the 

tonalite of Strontian is riddled with arlite veinlets. This last 

feature cannot be matched at Foyers. 

The Strontian biotite-granite is Quite differ- 

ent from that found at Aberchalder in the Foyers complex. It is 

a biotite-granite, with small porphyritic pinJ:, orthoclase crystal 



-167- 

It is richer in h:h biotite and orthoclase tian the Foyers granite 

and less quart 	. It does not contain any hornblende. These 

characters may iiiIcate that the Strontian granite is at a deeper 

level of granitisation than the Foyers rock. 

The granodiorite-porphyry can be matched. at 

Foyers in a few small intrusions near Loch Kemp; the orthoclase 

phenocrysts, however, never reach tL dimensions of those at 

Strontian( vihere they range up to 3" in length). 

The contacts between the individual members of 

the Strontian complex resemble those found at Foyers, eg. the 

tonalite-ranodiorite contact is fairly sharply marked, but 

sometimes grading; whilst the biotite-granite always shows sharp 

contacts. The biotite-granite frequently forms a complicated series 

of sheets and dykes cutting tonalite and granocliorite, and the 

surrounding schists. This habit of occurrence is similar to that 

of the Foyers biotite-granite. 

If the two coplexes are the same, the Strontian 

type of biotite-granite may be repreented by the few outcrops of 

badly she:red red granite along the line of the Gleann Liath fault, 

but these specimens are too badly crushed for certain correlation. 

The Home rocks into which the Strontian Complex 

is emplaced are chiefly permeation schists, which are in general 

rather like those of Strath Errick. The Conagleann permeation gneis 

can be exactly matched(Plate XIII B c' IV B) v'ith examples from the 

Strontian complex. The Strontian complex definitely cuts the 

permeation gneisses, in the same manner as does the Foyers complex. 

No contact metamorphism due to the Mvern- 

Strontian complex has been observed in the Toine schsts. This is 

even more remarkable than the paucity of contact-effects at Foyers, 
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where consider le alteration has locally affect__ some of the 

pelitic layers. Pelitic layers are also present at the contacts of 

the Morvern-Strontian complex, but they are Quite unchanged. 

A series of analyses of the Strontian rocks is 

given on p. 146. for comparison with the Foyers rocks. 

If the two complexes are really one and the 

same, separated by a v;rench-fault, t?e Foyers Dart .nist be at a 

much hi;thr le1 in ta: coilex than that seen at Strontian, for 

Foyers still retains part of the roof; and the rock types are of 

a finer grain and less regular in their development. The present 

erosion level of the Strontian complex must be at a much deeper 

level relative to the complex, for no parts of the roof now remain, 

and the rock types are relatively coarser. Moreover, as already 

pointed out, the granite is more potassic and the tonsliteis 

freer from xenoliths. This inference int?lies that Foyers is on the 

down-throw side of the Great Glen Fault, which agrees with the 

evidence afforded by the Middle Old Red Sandstone in the Inverness 

district. 

The general likeness of the Foyers and Strontiar 

complexes, and the correlation of the two permeation complexes in 

the Moine schists oh both sides of the Great Glen provide rathea 

strong evidence for interpreting the Great Glen fault as a wrench 

fault. The theory is further supported if the corrlation of the 

Loch Skerrls thrust in Islay with the Noine thrust is correct. 

The adverse evidence includes the minor differences between the 

Foyers and Strontian complexes, nted above, but it is probably of 

lesa weight than the points in favour. he Gleann Liath series 

constitute a more series objection, for they form a faulted inlier 
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between Loch Ness and part of the roof of the Foyers complex, in a 

position where, if the Foyrs and Strontian complexes were 

originally a single mass, one would expect to find, either, more 

of the roof-schist, or the granite. It must also be remembered 

that ,at Loch Ness., the Moine schists are much alike on either 

side of the Great Glen Fault, and that Lewisian inliers exist 

in them - eg. at Glen Urquhart. A ninor -point is the presence 

of Middle Old Red Sandstone on either side of the Great Glen at 

Foyers and Mealfuarvonie. 

It appears to the writer, however, that before anything apDroachin 

final conclusions concerning the Great Glen fault can be drawn, 

the middle stretch of the valley must be geologically surve,ed 

in detail. 

* * * * * * * 
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VIII. STJ1ARY 

The district which has been investigated during 

the present research extends from Loch Dun Seilcheig in the north-

east, along the shore of Loch Ness, to Beinn a'Bhacaic1h. The 

Foyers plutonic complex occupies a large part of this district. 

It is intruded into Moine schists and overlain, unconformably, 

by the Middle Old Red Sandstone. 

The Plutonic Complex consists of three 

principal types -- nalite, granodiorite and granite, emplaced in 

that order, with subsidiary appinites earlier than the tonalite. 

The plutonic rocks tond to be emplaced concentrically with relatiol 

to the walls. The junctions with the schists are highly inclined 

or vertical. The regional strike of the Moine schists has been 

forced into confrrnity with the trends of the margin of the 

complex, either mechanically or by flowage and recrystallisation, 

and at some places, intrusioníbreccias" have been formed in the 

schists. There is local contact alteration of the country rock. 

The complex contains numerous xenoliths, mostly 

either Moine schists or basic d.ioritic enclaves, but sometimes 

belonging to the appinite series. It is here suggested that the 

basic dijritic enclaves may represent basified relics of country 

roc. 

2 - 	Dine Sc 	 eia1I, 	ilice 

types, but pelitic schists and gneisses are also present. The 

series includes permeation rocks and migmatites, of earlier age 

than the Foyerlplutoflic complex. In leann Liath, a quite 
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different series of gniSses and limestone occurs, ana it is 

suggested that these rocks may 130 of Lewisian age. There are also 

mica-schists in the Glen Doe district, near Fort 1i:ustus, which 

appear to closely resemble typical Dairaclian mica-schists. 

The Middle Old Red Sandstone rests unconformabJ-y 

on the schists and on the Foyers corirplex, and consists 

predominantly of conglomerates formed of boulders derived from the 

underlying formations. The unconformable junction of the Middle 

Old Red Sandstone on the older rocks is very well exosed at a 

number of localities. 

IX. ACKNOWLDG10NTS 

In conclusion, I must express my warmest thanks 

to Professor Arthur Holmes and Dr.Robert Campbell, both of the 

Grant Institute of Geology, for much valuable assistance during 

this research : to the Carnegie Trust for a grant to defray the 

cost of chemical analyses : and to 1Ir.AnderSOfl, Fasnagruig, 

Inverfarigaig, who rendered me much assistance in the field. 

The microphotographs are the work of Mr.Fisher, of H.M.GeologiCal 

Survey, Edinburgh. 



PLT XIV 

1eann Liath Series. Cale-silicate band in limestone, 
?oyers Limestone quarry. Principally diops ide, with 
subsidiary feldspar,calcite,zaisite(bottom left), a 
little sphene(top right), and some blades of colourl-
ess mica. 	Ordinary light x 30 

Cleann Liath series. Gleann Liath gneiss, from crags 
to fl of Foyers limestone quarry. Clear quartz and 
cloudy feldspars (orthoclase and pli.gioclase).The 
'ayer of partly chioritised biotito also includes 
subsidiary muscovite, and small colourless garnets 

(right) and colourless apatite (left). There is a 
little black iron ore. Ordinary light x 30 

:Ioine calc-silicte granulite, Loch iillin.Gr . 	 anulitic 
cjuartz(clear) and feldspar(Elightly cloudy). Large 

sieved pale pinE garnet in centre of field. Also shwn are 
shreds of pale green hornblende and small granular 
sphenes. The very small clear crystals, with high 
relief, are apatite. 	Ordinary light x 30 

Augen siliceous granulite of L 0CH Bran type. Head of 
inlet, Loch Garth, between Migovie and Gsrthbeg. 
Granulitic quartz,plagioclose and orthoclase, with 
alied flakes of brown 'oiotite. In the lower part 
of the field a large orthoclase is seen enveloping 
parts )f the finer-grained matrix of the roc. A 
large Quartz, enclosing biotite, is seen at the top 
of the field. 	Crossed ITicols x 30 
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Garnetif:roas mica-schist, Glen Doe bridge.Plakes of 
i.uiscovite and subsidiary brown biotite sweep round 
"snowball"garnets with spirally arranged inclusions. 
Each garnet has a "tail" of Quartz on either side. 
Some of the garnets are pertly altered to chlorite. 
Ordinary light x20 

i-Iornblend.e-s chi st, Torn Mor,Oldtovin. Field shows 
aligned green horilbiendes with a little reddish 
bio -tite. There is subsidiary Quartz and sericitised 
feldspar. Black patches are iron ore. There is a 
small,concordant vein of Quartz at the top of the 
Wield, probably related to s neighburing pegmatite 
vein. 	Ordinary light x 30 

Tonalite, Foyers Plutonic Crnplex. Old Quarries in 
field behind Aberchalder Lodge.Field shows green 
hornblende, brown biotite(some of which is slightly 
altered) and feldspar. The feldspar is chiefly 
plgioelase, but a little orthoclase is also present. 
The inclusions in tie biotite in te bottom left-hand 
corner are apatite. Large crystals of sphene are seen 
on the left. 	Ordinary light x 20. 

B 	Ganociiorite, Foycra Platonic Complex. Dell Harsh 
Quarries. Clear Quartz, perthitic orthoclase (mottled 
effect), plagioclase, 'ciotite and horrthlende with 
several sphens. Black patches are iron ore. Note small 
accessory, hexagonal.sectifls of apatite. 
Ordinary light x. 20. 
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PLATM XVI 

iotite-granite, Foyers plutonic corrplex. Below Chalcier 
Falls in Aberchalder Burn. Abundant clear quartz, 
crossed by lines of tiny inclusions; orthoclase and 
subsidiary plagioclse. Note myrmekitic intergrowth 
of quartz and plgioclase in lo;er part of field. 
Large, dark plate is brown biotite, v.th iron ore 
(black) and apatite in numerous clear crystals. A 
little ragged sphene is associated with the iron ore 
to the left of the group. The small irregularly shaped 
crystals in the lower half of the field are green 
hornblendes. Crossed Nicols x 30 

Basic inclusions in granod.irite, Dell Marsh quarries. 
Abundant green hornblende ( note sea example in 
centre of field) and green biotite, in a plexus of 
plagioclase crystals with a little subsidiary 
orthoclase. Accessory iron ore(black) and a little 
apatite(hexagonal outlines). Ordinary light x 20 

Basic inclusion in tonalite, Loch an Ordain.Plexus 
of rather xxggied irregularly shaped oligoclase 
crystals, large ragged sphene, bro.n biotite and a 
ragged green hornblende (top right).Feldspar is 
slightly sericitised. Numerous needles of apatite, 
and a little black iron ore. Ordinary light x 30 

Basic d.ioritic inclusion in tonalite,Loch an Ordain. 
Coarse-grained type, rich in biotite and hornblende. 
Feldspar in field illustrated is predominantly 
plagioclase. The large plates are brown biotite; the 
hornblende crystal(top) encloses fresh biotLte. The 
black spot above the hornblende is iron ore, with 
clear apatite beside it -- to the right is sphene 
dark) and another apatite crystalx. 
Ordinary light x 20 
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VIIB) Field shows the interiocilig crystal ,- o 
partly sericitised oligoclase, in which lie 
irregularly shaped biotites of a slightly redish 
colour, and green horn'olendes. Apatite is abundant 
both as stout prisms and as needles. There are a few 
irregularly shaped sphenes. Ordinary light x 30 

Part of the tonalite enclosing the xenoltth illustrated 
above. The field is of a slighmore basic part of the 
rock than that forming most of the Torr Shelly intrusion. 
It shows sericitised plagioclase and clear Quartz, 
with a group of green hornblende and reddish biotite 
crystals(not well differentiated). The black patch in 
the Middle of the group is thron ore; 'oiotite lies to 
the right hand. margin. The darker part of the main group 
is hornblende, witbssociated partly chioritised 
biotite photographing in lighter tints. Note zircon 
with halo in hornblende to left side of group. 
Ordinary light x 20 

Sillimanite_andalusite-biotite-CorClieritehorflfels. 
Xenolith in tonalite above Dell reservoir. Large 
andalusite crystal at top, group of sillL!:'ianite 
needles at the bottom, with blades of MUScovite 
ast above. Clear background is cordi rite. The 
dark plats are blotite. Specks of iron ore are 
disseminated through the whole rock. 
Ordinary light x 30 

Consgleann injection gneiss, showing contact-alter-
ation due to the Fo:Ters tjnalite. Waterfall in Alit 
Conagleann below An Phail. 
Rock consists of quartz(cl:ar)plagioclae and 
orthoclase(cloady) anc 'Ii. 	of reddish biotite 
with a little muscovit?. In the top centre,hlades 
of sillimanite occur h 	patch of sericite after 
cordierite. There are a :ew dark spots of iron 
ore. Ordinary light x 20. 
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PLATE XVIII 

A-D Xenolith of eoidiorite veined with white aplite and 
enclosed in tonlite. Moss between Loch Scristan and 
eag Mhor. All ordinary light x 30 

The epidiorite. Green hornblende, some in large,sieved 
crystals. Clear material is quartz, the mottled is 
partly sericitised feldspar. There is a little black 
iron ore, and one or two blades of reddish biotite(eg 
right edge of field wedging into large sieved horn-
blende). There are one or two small, clear apatite 
crystals. 

As the vein of aplite is approached, the hornblende 
is pseudomorphed by biotite. The line separating 
biotite from hornblende crosses the field from top 
left to bttom right. Note also numerous apatite 
crystals. 

Within 4  "of aplite vein. Rock here contains only 
reddish biotite and hornblende is absent. Biotite 
retains the tyoical shapes of the hornblende. 
Accessory apatite and iron ore. 

Lontact of the biotite zone with the aplite vein. 
Jplite consists of quartz(claar) and lioclse 
(slitly cloudy) with a little orth 
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GLOSSARY OF GAELIC PLACE NAHES 

Aber 	Mouth or confluence of a river. 
Aberchalder The mouth of the Chalder Burn. The whle stream is now 

incorrectly, called,  the Aberchalder Burn. 

Alit 	A small stream. Equivalent to Lowland Scots Burn and 
English brook. 

Alit a'Mhinn The stream of the kid. 

Alit na Goibhre. The stream of the goats. Wi'd goats used to live 
on the nighbou.ring Dun Deard,ail. 

Beinn a'Bhacaid.h Probably the mountain of the shelter. 

Beinn Bhuraich The muntain of the roar. 

Beinn Dubhcharaidh. The mountain of the black coarie. 

Beinn Sgurrach The rocky mountain. 

Beinn MheacThoin. T1a middle hill 

Blar Nighean a'Mhinisteir . The minister's th.ughers bog. 

Boleskine 	According to the Old Statistical Account, Boleskine 
is derived from Bail-os-ciOn -- the town lying above 
the loch. 
The New Statistical Account,hovtever, derives it from 
Boile-eas-Ceaflfl - the suTnnit of the raging cataract. 
I am inclined to agree with the earlier derivation. 
Boleskine lies above the loch and is some way from 
the Falls of A?oyers. 

Carn an Dubh-ghlaic. The hill of the dark hollow 

Carn an t-Suidhe. The hill of the resting place. 

Garn Bhresba. Probably the speckled or brindlad. earn. 

Carn Choire Riabhaich. The hill of the brindled corrie 

Carn Dearg) 
Creag Dhearg) The red 

-hill/crag 

Carn Gairbhthinn. The rough hill. 

Carn Liath The grey hill. 



i na Saobhaidhe The hill of the fox's den. 

hoiril. The resting place of (? ) the goat. 

iein. The fairy hill. 

an t-Sionnaich. The hollo.': of the fox. 

ag Alasdair mhic Sheumais. The crag of Alastair, son of James. 

-. ag a'Ghiubhais. The crag of the pines 

Creag an Fhithich The rgven' s crag. 

Creag Mhor The big crag. 

Crag nan Clag The crag of the bells. 

Oreag Nighean lain Duinn. The crag of Black Jack's. daughter. 

Creag Ruadh The ruddy crag. 

Drixim Teampuill. The ridge of the temple. ttDrujdjCalUCjrCleS, 
according to the New Statistical Account used to 

exist on the ridge - they were removed to clear the 
fields for easy cultivation. 

Dun Chia 	The fort of the mist 

Dun Deardail.PerhaPS a fortified hill. But also said to be named 
after the beautiful Deardiil (Deirdre), the wife of 
Na ois. 

Dun Garbh 	The rouLh fort 

Dunmaglass Possibly a fort near a stream 

u,-ran an ich Bhan. The spring or fountain of the white horse. 

Garth 	An enclosure. 
Garthbeg -- the smaller 
arthmore -- the larger -- no a :uin, whilst 

Garthbeg is still inhabited. 

G-lac nan Uan. The hollow of the lamb 

&leann Liath. The grey valley. The village at the Pechlin end is 
usually spelled,nglish fashion, Glenlia. 



3scripive n. _or uiI.Li. 	.he 	J1JiC1?...1 

inn a moun:ain. Originally Beann, a to"?, 
rn or paZ. 

rn Cairn. RDund, rocky hill. 
oc A round hillock, a hillocky crag. 

a rock, a crag 
Drui A riJge. Usuall:j spelled Drum 
Dun A fort 
Leall A lamp, a rounded. hill 
!o:aTh Hill-mountain, mountain range. 

rr A sharp rock, a rocky speak. 
Tom A rounded, humpy hiloci:. 
rJQrr A conical hill, a heap, a rocky version 
of tom. 

Inver 	The mouth of a river. 
eg. Inv erfarigaig. 

Leachd Ilan Cisteachan. Locally saiL to refer to the Moine schist 
outcrops on the top and to mean tombstones. I rather 
incline to the view that it refers to the hist-like 
shape of the whole mountain, 

Lei terchullin. The hillside of the holly. 

Lochan an Eoin Rudha. The pool of the red bird ( grouse) 

Lochan na Leitrich. The pool on the hillside. 

Lochan nan Deala. The loch of the leech. 

Loch an Ordain. The lake of the little round hillocks 

Lochan Torr an r ui1l The pool in the hollow on the crag. 

Loch Bran 	(?) 2hc loch ol' 

Loch Ce-glais The la:: 	te it k 	tile 	holJo; 

Loch Dun Seilcheig. The loch of the fort of the snail. Usually 
spelled phonetically either Duntelchaig or 
Dunt elchaik. 

Loch i'nockie The lake of the hillocks 

Loch Mhor 	The large lake ( the combined Lochs Garth & Farralin 

Loch nan Losganan. The lake of the frog. Usually called Loch 
Paddock. 

I och na Sorthaich. 2ha loch of the rocky crags. 

Loch Ness 	Supposed to mean the Loch of the Cataract. But may 
be after Naois. 
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Loch Tarff The lake of the bull 

Meall a'Bhuailt. ? the hill of the fold. 

Meall Donn The round., brown mountain 

i4iealfUarVOflie. properly 1eall Fuar-mhoriaidh . The round hill of 
the cold. upland.. 

Meall nan Aidhean. The round hill of the hind 

Meall na Tar,-aid The rounded hill of the target. 

Monadh Dubh Knockie. The mountain of the black rocky knolls. 

River TSA 	 Perhaps from the Norse, y - an island. 

sgor(Tom)na h-Iolaire. The eagle's craig. 

Suidhe 	Sui-chuimafl. Ounifl'S resting place. 

oman Tarsuinn. The little transverse hillock. This hillock is 
transverse to the direction of the neighbouring 
crags on th bidge between G-leann Liath and Loch 

Ness. 

Tom a'Mhoid The hillock of the mod or assembly 

Tom na Croich. Gallows hill 

Torr an t-Sagairt. The priest's hill. 

Torr Dhonnachaidll Donald's crag. 

Torr Paiteag The rocky hump. 

:* 
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