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ABSTRACT. 

A detailed study has been made of the tectonic and meta-
morphic histories of the Moine and Caradal nappes in the bleat 
peninsula of south-east Skye. 

In the Moine nappe, the small folds belong to five 
successive generations. 	Lare folds belong to the first 
and second generations only. 	The third, fourtu and fifth 
generations of small folds are generally confined to a zone 
of rocks near the iioine thrust plane. 	Porphyroblastic crystals 
developed between the third and fourth generations of folds. 

In tine Caradal nappe, small folds also belong; to five 
successive 4  enerations but these are not necessarily the same 
as those in the I1oine nappe. 	Large folds in the Caradal nappe 
I elong to the arot and third generations and these are the 
same as the first and second generations, respectively, in 
the Mine na12pe. 

Because of correlations of fold structures across the 
nein° thrust plane, it follows that (a) highly deformed rocks 
developed during two separate periods and (b) major thrusts 
belong to two separate stages in the structural evolution. 

Considerations of the area studied and its relation to 
adjacent areas allow various hypotheses on the structural 
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A NOTE ON PRESENTATION. 

In a hurry? Then read General summary and conclusions 

in Part V! 	(pp:354-394). 

The remainder of the thesis is divided into four parts:- 

Part I: fold structures in the Moine nappe. 

Part 11: fold structures in the Caradel nappe. 

Part III: the rocks in the field. 

Part IV: the rocks in section. 

l'he last Chapter in each Part (ie. Chapters 9, 1f5, 19 

and 24) summarises the observations and conclusions (-): that 

Part. These summarising Chapters contain most of the important 

facts and arguments embodied in the thesis. 

The remaining Chapters (ie. the main body of the thesis) 

describe the Geological features of the area at great length, 

contain verbose arguments and discussions, and include instructions 

on how to reach certain critical coastal exposures at certain 

difficult states of the tide without wetting one's fc:ct. 
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INTPODUCTION. 	 3. 
In 1955 Sir Edward Bailey concluded a discussion on 

noine tectonics and metamorphism in the Isle of Skye with 
the following words:- 

"I have considered very carefully, with much help from 
friends, what seems to me the most favourable area in all 
Scotland for deciding the date of Eoine metamorphism. 
Not only is it endowed with many natural advantages, but 
also it has been studied by Clough, a geologist of quite 

exceptional powers. 	His work, checked and confirmed, has 
led me to conclude that loine metamorphism is of Caledonian 
date. 	I have, however, pointed out that Clough himself 

regarded this inference as incompletely proved". 
The peninsula called the Sleat of Skye, which was the 

main subject of :alley's discussion, is included within the 
area of figure 0.1. 	It is a low peninsula, rarely rising 
above 900ft., with a rounded topography which is common in 
the west of Scotland. Typical aspects are shown in figure 

0.2. 	The upper photograph was taken on the west side of 
the peninsula where the degree of exposure is remarkably 
good. 	On the east side, however, as the lower photograph 

shows, the country is less well exposed, being covered by a 

thick growth of heather and many peat bogs. 
Bailey's paper of 1955 is the most recent account of 

the geology of this part of Skye. The earliest serious 
attempt to elucidate the geological history was that made 
by Clough on behalf of the geological Survey. His work 
was completed in the summer of 1897 and various accounts of 
it a.v)pear in the "Summaries of Progress" leading up to that 
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date 	As Bailey remarks, Clough must have been "a geol-

ogist of quite exceptional powers". The fact that he 

deduced as much as he did in the relatively short time that 

he spent in this complicated area can do little but create 
a deep impression on his readers. To quote his description 

of part of the Sleet peninsula which was published in the 

Memoir on "The Geological Structure of the North-West High-

lands of Scotland" (Peach et alia, 1907) would be an ideal 

introduction to the geology of the area treated in this 
thesis:- 

"The last section (Fig.66) (here reproduced as fjhhure 

0.3) of this series across the penihsula of Sleet has been 

drawn along a line still further to the south-west. 	It 

presents a much larger area of Lewisian gneiss (A), and of 

the schists of sedimentary origin associated with them (M'), 

that that shown in figure 65. These schists have been here 

carried forward over almost unaltered Torridonian rocks by 

three thrusts--the Tarskavaig thrust, the outcrop of which 

is not seen in the section; the Caradal thrust, lying above 

the Tarskavaig thrust; and the Loch Lamarscaig thrust, 

which lies partly on the Caradal and partly on the Tarskavaig 

thrust. 	These three thrusts have been folded into synclines 

with axial planes striking towards the north-east. The axis 

of the Loch Lamarocaig thrust runs some distance to the 

south-east of those of the others, and this thrust has per-

haps been folded after the others. which have possibly re-

ceived their plication when the mass on the Loch Lamarscaig 

thrust was being driven over them, while that thrust in its 
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turn may have been folded before the mass that was advancing 

on the Moine thrust. 

In several places along the Caradal thrust, and in one 

place along the Loch Lamarscaig thrust, patches have been 

observed of the Torridonian epidotic grits and conglomerates 

having phyllites, granulitic schists, or sheared gneiss on 

both sides. A certain amount of crushing has affected the 

adjoining Tarskavaig Moine schists as well as the enidotic 

beds, and has helped to obscure the earlier differences 

between these two sets of rocks. 	In a specimen (7649) of 

granulitic schist collected near a patch of the epidotic 

conglomerate, the granulitic laminae are repeatedly crushed 

along lines which cross the foliation. 	Excepting along 

some special thrust-like lines the epidotic beds are not 

Granulitic, the outlines of larger pebbles being Generally 

distinct and showing no parallel elongation. Mixed with 

the epidotic grits, in an area half a mile to the south-

west of Loch Lamarscaig outlet, dark-Grey Lritty shales 

and purple and Green sandy shales may be seen. None of the 

shales are lustrous, and in this respect they contrast 

greatly with the adjoining Tarskavaig4.Moine phyllites. 

Just under the Loch Lamarscaig thrust the Beinn na 

Seamraig Grits and shales (Torridonian) are a good deal 

crushed, but not otherwise appreciably altered. 	They only 

cover a small area between the eastern part of that thrust 

and the loine thrust, and are not clearly exposed. Further 

south their width becomes still narrower, and about a mile 

and a quarter north-west from iormore the Moine thrust rests 

directly upon the gneiss on the Loch Lamarscaig thrust. 
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The materials that overly the Tarskavaig thrust are only 

exposed at the north-west end of the section, and consist 

of granulitic schistose rocks, with a few subordinate beds 

of sandy phyllite which are not shown in the section: the 

foliation planes generally dip to south-cast at between 
230  and 50°, but near the Caradal thrust they are nearly 
flat, or stike to north-west. 	The phyllites and gneiss 
rocks which come below the schist on the west limb of the 

Tarskavaig thrust in Fig. 65 are probably hithlen under the 
sea in this section. 

The outcrop of the Tardkavaig thrust is overridden by 

the Loch Lanarscaig thrust at a place about half a mile south 

of the cutlet of Loch a'Ghlinne, where the latter thrust is 

gently inclined to south-east. The Tarakavaig thrust is not 

there distinct, but from the north side of Loch a'Ghlinne 

to within 200yds. of the Loch Lamarscais thrust it strikes 

nearly north and south and is steeply inclined. 	Nearly a 
third of a mile south-east of the line of section the in-

clination of the western limb of the Caradal thrust i 9°
south-east, and a quarter of a mile further north-cast it 
is 50 to the south-east. 	The outcrop of this thrust is 

overridden by the Loch Lamarscaig nearly half a mile slightly 

west of south of the Loch a'Ghlinne outlet, and the inclination 
here is gently westward. 

Above the wes*n limb of the Caradal trust in a few 

places thin stripes of rock have been noticed which may be 
r 

rea1ed as sheared forms of Lewisian gneiss, but they cannot 

always be confidently separated from the overlyins sandy 
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phyllites. The patch of Gneiss shown in the section is 

not more than 200yds. long, and no other Gneiss can be seen 

for more than a mile to the south-west. The sandy phyllite 

above the sheared gneiss is about 100:/do. broad and generally 

dips to south-east. 	About 100yds. east of tNe top of this 

phyllite another much thinner band of phyllite of similar 

material is succeeded by overlying granulitic schists which 

are Getierally somewhat pebbly and more masAve than those 

below. 

On the east side of the epidotic beds shown in the sec-

tion, and probably separated from them by an obscure thrust, 

a flaggy pale-grey mylonised gneiss makes its appearance, 

the parallel planes of which are much crumpled but generally 

dip east of south-east. This gneiss may be separated by a 

minor thrust from the much broader exposure shown above the 

eastern portion of the Loch Lamarscaig thrust. 	The rock in 

this exposure is to a large extent composed of thin pale-

green and red streaks, the former probably representing 

sheared basic laminae, and containing occasional round frag-
ments and lenticles of hornblende and hornblende schist, 

while the red streaks represent the more feldspatic laminae 

in the gneiss, or perhaps in some cases veins of pegmatite 

which have been sheared with the gneiss. Close to the Loch 

Lamarscaig trust the planes of the sheared Gneiss are in 

places so much broken that the rock loses its flaggy char-

acter. 

The rock between the two exposures of sheared cneiss 

above the Loch LamarscaiL; thrust consist of sandy phyllites 

and siliceous granulitic schist. 	ext to the gneiss on 
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the east part of the thrust lies a thin band of granulitic 

schist, follcosed by a thick phyllite which is perhaps part 

of the band seen next to the gneiss in a good many other places 

on the Caradal and Tarskavaig thrusts. 	The toine thrust is 
not distinct at the south-east end of the section, but in 

two places in Alit a'Chamaird some rocks in the thrust are 

exposed, and include a sheet of basalt and a band of mylonised 

rock, ten feet thick, which contains eye-shaped pieces swathed 

round by thin streaks resembling crushed shale. The mylon-

itic streaks generally dip to south-east at about 20°, and 

are probably parallel to the thrust". 

Following Clough the area was visited from time to tine 

by E. B. Bailey and W.Q. Kennedy. 	In 1939 Bailey published 
a short paper summarising their conclusina but this has 

been superceded by a much fuller account published in 1955, 

part of which has been quoted already. Among other things 

Bailey suggested certain changes in CloutIh's nomenclature 

of the thrusts as shown in figure 0.4. Later in this thesis 

a further revision will be suggested but for the time being 

Bailey's system will be adopted. 	One il:reat merit of Dailey 

1955 paper is that it given a very good general picture of 

the structural relations in the Sleet of Skye. 	Bailey's 

field studies allowed him to confirm Clough's "wonderful 

tectonic features" in Skye and having done so he tabulated 

Clough's main structural units in descending order, calling 

them thrust slices or nappes:- 
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Maine nappe. 

   

	Moine thrust.  

-Caradal thrust. 

	Tarskavaig thrust. 

	Kishorn thrust. 

Tars- 
kavaig 
group of 
nappes. 

(Caradal nappe. 

( 
(Tarakavaig nappe. 

 

Kishorn nappe. 

   

Foreland:. 	(eaning sub-Kishorn Foreland; 

the Foreland of the Caledonian Chain as 

a whole is sometimes taken to include 

everything below the floine thrust.) 

The rock crou7z in these nappes can be divided into a 

simple fivefold cheme: Lewisian, Moinian, Tarskavaig Moin- 

ian, Torridonian and Cambro-Ordovician. 	All of these, 

apart from ,)ossibly the 2arska*aig Moines, are well known in 

the ceneral geological literature of the .:orth-West igh-

lands and have been sufficiently clearly described (Peach 

et alia, 1907) to make all but an outline review unnecessary 

in this thesis. The rock groups occur in the Foreland and 

in each of the thrust slices, or nappes, as follows:- 

1. The Foreland: 

Cambro-Ordovician. 	rhis consists of a liostone 

series (the DI:rue= linestone) resting conformably on a 

predominantly arenacoous group (the Durness qua#site). 

Torridonian. These are whales and feldspathic 

sandstones unconformably overlain by the Cambro-Ordovician. 

They show little or no signs of metamorphic change. 
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Lewisian. A group of pre-Torridonian gneisses 

partly igneous and partly metamorphic in their origin. 

The unconformity separating them from the Torridonian is a 

very irregular surface. 

2. The Kishorn nappe. 

Cambro-Ordovician. 	Fundamentally these rocks are 

little different from the same group in the Foreland. 

They have suffered a certain amount of folding and faulting 

or thrusting. 

Torridonian. On the normal limb of the Loch lash 

synform the Torridonian has suffered little or no meta-

morphic change. On the inverted limb, however, some rocks 

contain microscopic biotite or show partial granulation and 

elongation of their constituent grains. 

Lewisian. Nylonites and mylonitised gneisses 

recognised as highly deformed derivatives of the crystalline 

rocks such as found in the Foreland today. 	In Skye Lew-

isian rocks are absent from the Kishorn nappe. 

The Tarskavai4 zrotlp of nappes. (Comprising the 

Caradal nappe and the Tarskavaig nappe). 

The Tarskavaig Moines. A series of psammitic and 

semi-politic rocks which, when considered simply as sediments 

show many features in common with both the Moine and the 

Torridonian. 	Their rnetaTorphic state is intermediate 

between that of the Torridonian and that of the 1,;oine. 

Lewisian. 	Mylonites and mylonitised gneisses 

derived f5om crystalline rocks. 

4. The Moine nappe. 
The Moine series. Sometimes referred to as the 
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"Standard Loines" to distinguish them from the Tarskavaig 

Moines. They consist of psamaites and semi-pelitic schists 

of sedimentary origin in a fairly high state of metamorphism. 

Lewisian. Crystalline rocks of a wide variety of 

compositions and their mylonitic derivatives. 

The recent study, the results of which are presented in 

this thesis, consisted mainly of an application of the 

methods of structural geology which have evolved in the last 

decade. 	Briefly, these are concerned with the close study 

of the geometry of small scale structures in rocks from which 

deductions can be made relating to the deformational history. 

Clough was aware that structures which he called "axial planes 

of small folds" and "lines of stretching" or "elongation 

lineation" were nrobably of great importance in the elucid- 

ation of the geological history. 	.T.evetheless, he does not 

coament on this. Bailey, on the other hand, did make an 

attempt to interpret Clough's "elongation lineation" in 1956. 

"While eschewing discussion of lineation as revealed by 

optics, I may point out that elongation has no simale connection 

with direction of flow. 	Flow that is uniform does not cause 

elongation. 	Flow that is uniform in cross-section, but 

variable longitudinally, causes elongation parallel to itself 

in regions of acceleration, and at right an,::rles to itself in 

regions of retardation. 	Flow that is uniform longitudinally, 

but variable in cross-section, tends in course of time to 

cause average elongation approximately parallel to itself". 

This thesis is an account based on thirteen months 
field work with sunrortins laboratory studies. The field 



INTRODUCTION. 	12. 

work involved the mapping of a total area anproaching fif-

teen square miles. This was carried out on Ordnance Sur- 

vey maps to the scale of six inches to one mile. 	Aerial 

photographs with the approximate scales of three and six 

inches to the mile were used to add extra topographical 

detail to the maps. On these maps were recorded numerous 

observations of such structures as bedding, foliation, 

cleavage, elongation and other lineations, axial planes and 

axes of small folds as well as such attributes of the rocks 

as presence of certain porphyroblasts, of cross-bedding, 

of certain types of fissility, of certain detrital grains, 

etc. The geometry of many structures was analysed on the 

stereographic projection. 	Laboratory studies were confined 

vainly to the textures of rocks as seen in thin section, 

attempts being made to relate these textures to the macro-

scovic structures of the rocks. 

The arrangement of the subject natter of the thesis is 

as follows. 	The thesis is divided into five parts. 	The 

first two parts deal with the structures in the Moine and 

Caradal nappes respectively: come structures which. the two 

nappes have in common being described in the first part. 

In these first two carts the structures are described in 

croups. Within each of these groups the evidence suggests 

that the structures so classified are all of the same ace 

or, at least, are very closely related in time. 

Having described the structures and their distribution 

Part III gives an account of the appearance of the rocks in 

the field; particular attention being paid to how this varies 
from place to place and hon this may be related to the dic- 
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tribution of the structures. 

In Part IV the results of the petrological study are 

presented. 	Inferences are drawn concerning possible con- 

nections between mineralogical and textural phenomena as 

seen in thin section and phases of deformation as deduced 

from field evidence. 

Part V contains two chapters. 	The first is an integ-

ration of the conclusions drawn in the first four Parts 

and presents a history of the Eeine thrust zone in Skye. 

The second considers the wider implications of this when 

viewed in relation to the :orth-West Richlands as a whole. 

At the end of the thesis there are  	some 

notes in explanation of the Plates saar: 

Finally a few notes with regard to the conventions 

which have been adopted in the preparation of the illus-

trations:- 

1. Figures in the text are numbered such that the first 

roue of digits refers to the number of the chapter in which 

they are to be found while the second group of digits denotes 

the position in that chapter. 	Thus figure 14.10 is the 

tenth figure in chapter 14. 

2. The Schmidt stereographic projection (lower hemi-

sphere) is employed in all stereographic diagrams. 

3. The north-south line on all maps and stereograms 

is parallel to the edge of the page unless otherwise marked. 

:ortiL is towards the top of the diagram. 
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4. All place names can be found on Plate 1, unless 
otherwise stated. 



EXPLANATION OF FIGURE 0. 

This map gives the broad outlines of the Caledonian 

geology of Skye and the neilbouring parts of the Scottish 

mainland. 	2o show the arr,a of study, vertical ruling has 

been superimposed upon the ornament on which shows the dis-

tribution of the rock grouns. 

15. 
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EXPLANATION OF FIGURE 0.2. 

These pictures illustrate te scenery of the south part 

of the Sleat neninsula. 	The well-exposed west side is shown 

in (a). 	These are Tarskavaig Loine rocks in the Caradal 

nappe. 	On the east side (b), the rocks are not so well- 

exposed. 	Scenery such as this is con:on where the ground is 

underlain by mylonised roine and Lewisian rocks in the Moine 

nappe. 



(a)In t1e west 

Typical scenery in the south of Sleat 

(b) On the east side 

rtgure 0.2 

1 

1 
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EXPLA:IATION OF FIGURE 

This is reproduced from the Memoir of the Geological 

Survey of flreat Britain entitled "The 'geological Structure 

of the = orth-West Highlands of Scotland" published in 1907. 

It is based on the fieldwork of Clough. 
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EXPLANATION OF FIGURE 0.4. 

The oriGinal names of t:e thrusts in south neat as 

troposed by Clough are shown in (a). 	The names of these 

thrusts were revised by railey in 1955 in a paper called 

"Heine Tectonics and Metamorphism in Skye". These revisions 

are shown in (b). 



Motne Thrust.  
Caradal Thrust. 
Lamarscaig Thrust 

Nomenclature of the Thrusts 

Moine Thrust 
Caraclal Thrust. 	-------- 
La ma rscaig Thrust. 

(a) After Clough 

(b) After Bailey 

rtgure 0.4 



PART I. THE STRUCTURAL HISTORY OF THE MOINE NAPPE. 23. 

CHAPTER 1, THE BAUA1JAIG FOLDS AND ASSOCIATED STRUCTURES. 

This is tlJe earliest group of structures found in the 

Koine nappe in this part of Skye and it is this group which 

offers the greatest variety in form. Despite this variety 

these structures share one characteristic feature which dis-

tinguishes them from all others: they are all associated 

with a very strong elongation lineation. This type of lin-

eation may best be defined in the following way. When the 

rocks are examined closely the constituent grains of quartz 

and feldspar are seen to approximate towards an ovoidal shape 

as opposed to being equidimensional. 	Furthermore, the long 

axes of these individual grains, within an area of say 1 se. 

cm., are parallel to each other. 	When such rocks are viewed 

from a distance this parallel orientation of the grains 

appears as a number of lines laying on the surfaces of in-

dividual rock layers somewhat reminiscent of the graining 

in wood. 	Also just as the directio# of the graining in 

wood Ely change from place to place so also may the elongation 
lineation. Figure 1.4 is a photograph of a rock exposure 

which displays an elongation lineation. The distribution 

of the elongation lineation associated with the Baravaig 

folds and its variations in direction are shown on Plate 2. 

Although the Baravaig structures show an enormous var-

iation in the appearance of their profile, any exposure which 

demonstrates their three-dimensional shape indicates that 

they are cylindroidal. The elongation lineation is always 

narallel to the axes of these cylinders and rock faces 

which contain these axes always show an apparently uniform, 
undisturbed foliation. 	These points should be clarified 
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by figure 1.1(a). 	The term foliation as used in this thesis 

is defined as the arrangement of rocks of different mineral 

composition into roughly parallel sided layers. 

"ithin the area as a whole these structures are ideally 

displayed in Lewisian rocks along the coastal section from 

Ob Snosaig to Knock Bay. 	Of the various types of structures, 

folds are most common. 	In the quartzo-feldspathic, or acid 

gneisses these folds are of relatively simple profile: tight, 

tending to isoclinal, with rounded hinges. 	In the hinge 

zones of these folds the individual quartz and feldspar 

grains are not only elongated parallel to the fold axes but 

also often appear to be flattened parallel to the axial planes 

of the folds. 	This flattening of quartz and feldspar is 

often accompanied by a megascopic preferred orientation of 

the micas such that their cleavages are also parallel to the 

axial planes of the folds. 	Examples of such folds are given 

in figure 1.1(b-d). 

Some of the Lewisian gneisses contain light and dark 

minerals in approximately equal proportions and in which 

there are thin bands of almost pure quartzo-feldspathic material. 

The folds in such rocks are of rather unusual profile and are 

difficult to describe adequately. 	Reference is best made to 

figure 1.2 where the quartzo-feldspathic bands are represented. 

At the locality at which (a), (b) and (c0 occur the thin 

quartzo-feldspathic bands are extremely abundant and are con-

tained in a host which is rich in crystals of biotite and 

amphibole often measuring up to 3mm. These large crystals 

show no preferred orientation which is obvious to the unaided 
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eye so it must be deduced that they formed at some date 

after the development of the folds and the very strong 

elongation lineation. 	As well as showing this strong 

elongation lineation the quartzo-feldspathic bands also 

possess a very crude cleavage structure which is expressed 

as a series of cracks parallel to the axial planes of the 

folds. 	Although there is considerable variation in profile 

most folds are relatively open and contrast strongly with the 

tight folds in the acid gneisses of figure 1.1. 	It is pro- 

bable that these quartzo-feldspathic bands represent mig- 

atitic veining which was irregular in shape before the Bar-

avaig period of deformation thus explaining the present com-

plexity of their profiles. 

So much for the common structures of this group in the 

coast section from Ob Snosaig to h ock Bay. 	Fig, ;re 1.3 

shows examples of some more unusual t pes of structures 

found along this coast section. 	The evidence that these 

unique structures do owe a measure of their present form 

to the mosements that gave rise to the Baravaig folds lies 

in the fact that they are all cylindroidal with axes parallel 

to the elongation lineation as was illustrated diagrammatically 

in figure 1.1(a). 

The first example is shown in figure 1.3(a). 	In this 

diaaram a small amphibolite body is ornamented with spots 

while surrounding acid gneiaeos are left blank. Varrow 

black lines outside the amhibolite represent cracks; 

parallel black lines inside the amphibolite are very thin 

streaks of fine-grained white material. 	The acid gneisses 
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contain numerous small folds undoubtedly belonging to the 

Baravaig group which have the same profile as the apparently 

folded amphibolite. 	Both the amphibolite and the foliation 

in the acid gneisses are transeeted by straight sided veins 

with the characteristic ::reen colour of fine-Grained epidote. 

The orientation of these veins is very close both to the 

very thin white streaks in the amphibolite and also to the 

axial planes of the small folds in the acid gneiss. 

Several important deductions can be made from the 

evidence -)resented in this exy)osures 	First and foremost 

it is clear that the thin white streaks in the amphibolite 

and the green epidotic veins are later than the period of 

folding. 	Furthermore their direction seen to be determined 

by the axial plane direction of the folds: a direction 

which must have been a plane of weakness. Presuming that the 

amphibolite in its present state represents a metamor 'hosed 

igneous body then a number of inferences concerning its in- 

trusion can be made. 	Although it is obviously earlier than 

the thin white streaks and the epidotic veins it need not be 

earlier than the folding: it may have been Guided as a liquid 

into its present shape. 	Proceeding to more tenuous arg- 

uments it may be said that the forces which controlled the 

thin white streaks and the epidotic veins were not signif-

icantly different from those which controlled the folds; 

simply a re-adjustment of the relative values of the stresses 

acting in the plane of the veins and perpendicular to the 

plane of the veins. 	Tlowever, any stress pattern control-

ling the intrusion of a liquid into a cavity of the present 
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shape of the amphibolite must have been Quite different; 
isotropic of nearly so as compared with strongly anisotropic 
in the case of the thin white streaks and the epidotic veins. 
Thus the intrusion of the body between the development of the 

folds and the introduction of the veins would imply great 
changes in the stress system affecting the rocks whereas 

the intrusion of the body before folding would not. 	Such 
arguments favour the conclusion that the body was emplaced 
before folding occured. 

Although it is inconclusively proved, the hypothesis 
that the amphibolite was probably introduced earlier than 
the folding whereas the thin white streaks are certainly 
later has an important bearing on very similar white streaks 

in other very similar amphibolites. 	The exposure in question 

is unique in that it is the only one known in which a dis-
cordance between the thin white streaks and the amphibolite 

can be clearly demonstrated. 	In nearly every other care 

the thin white steaks are parallel, or very nearly so, to 

the junctions between the amphibolite and the country rock; 

these junctions themaelves, in nearly every case, being 
smooth and sub-parallel to each other and to the foliation 
in the surrounding gneisses. 	For this class of amphibolites 

the following sequence can be tabulated:- 

1. Introduction of amphibolitic material into host rock. 
2. The Baravaig, or first period of folding. 

3. Introduction of tilin white steaks and epidotic veina. 
Detailed descriptions of the amphibolites and their 

hoots will be given in Chapters 16 and 20. 



CHAPTER 1. 	THE BARAVAIG FOLDS. 

Another unusual exposure is illustrated in figure 1.3(b). 

The rock ornamented with spots consists almost entirely of 

amphibole and contains stringers of coarse quartzo-feldspathic 

rock shown black. 	Above this the rocks show a foliation 
consisting of bands of white quartzo-feldspathic material, 
shown as black lines, and bands rich in mid-green amphibole 
with many flakes of dark mica. The rocks above the junction 
possess a crude cleavage reminiscent of that associated with 
the folds illustrated in figure 1.2. 	This is not represented 

in the diagram but slopes gently from left to right, and for 

practical purposes is parallel to the junction. 	In addition 

to the cleavage the quartzo-feldspathic rocks in both halves 

of the exposure possess a very strong elongation lineation. 
The junction between the amphibolite below with the gneiss 
above is needle sharp. 

This exposure seems to be open to two interpretations. 

Either the junction represents an original igneous contact, 

or it represents a line of movement. 	There is no conclusive 
evidence in either direction. 	The fact that it is slightly 

irregular would support the former; the curvature of the fol-
iation in the gneisses above and the approximate parallelien 
of the junction and the cleavage would support the latter. 

The structures figured in 1.3(c) and (d) ,.ay conven- 

iently be described together. 	In (c) an amphibolite body 

is ornamented with spots. 	The weathered surface is dark 

greenish-grey in colour and cleavage faces of crystals up 

to three millimetres across are visible. 	Pale-grey rocks 

of medium grain size arc left blank. 	These contain small 

crystals of dark minerals and also streaks of cuartzo-feld- 
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spathic material; the latter being shown in black. 	The two 
oblique black lines represent cracks. The spotted ornament-

ation in (d) represents a pale-srey, fine-grained rock with 

numerous dark-green crystals of prismatic habit laying in all 
directions and small red garnets, 	quartzo-feldspathic rock 

with a white, sugary textured surface is left blank. 	In 
both instances the diagrams are profiles of cylindrical struc- 

tures which are arranged parallel to the very strong elon- 

gation lineation. 

Any inteopretation of these structures would be purely 

speculative. 	They have obviously been modified by movements 

of the earliest phase which can be recognised in Skye but their 

present form was probably determined by their history previous 

to this. 

Passing from the north shore of Knock ay to the west 

shore certain chances can be seen in the lithology of the 

Lewisian rocks. 	It is, however, possible to trace the Bar- 

avaig structures through these changes. 	-.he prominent ruin- 

ed castle known as Dun Koravaig stands on a foundation of mas-

sive Lewisian gneicses. In these rocks bands of different 

composition are interleaved on many different scales; their 

average thickness being about 20cms. An idea of the degree 

of coarseness of crystallisation of these rocks can be gained 

froze the fact that amphibole crystals up to 1cm long are 

clearly visible. 	The foliation at this locality dips gently 
northwards. 

Two hundred yards NNW of the castle good ex:esures of 

Lewisian rocks are situated on the shore near a large house 
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called Knock. 	The rocks here have a flaggy parting: they 

split readily along planes which are very closely spaced. 

These planes are parallel to the foliation. 	Individual 

bands of quartzo-feldspathic material in these rocks rarely 

exceed 2mm in thickness: only one hundredth part of a sim- 

ilar measurement below the castle. 	7:reedles of amphibole 

reach 3mm in length. 	The foliation in these rocks dips 

gently east. 

Below the castle the first lineation is represented in 

the acid gnelszes as a prominent elongation of the constituent 

quartz and feldspar grains. 	In many rocks of basic composition 

further to the east the first lineation is seen as a "ribbon" 

structure in thin bands of acid material enclosed in basic 

hosts. 	These "ribbons" of acid material lay on foliation 
planes. They are only a few millimetres thick but may be 

several centimetres wide. 	Their constituent grains can 

often be seen elongated parallel to their length which itself 

is parallel to the elongation lineation in surrounding acid 

gLeisses. 	In one or two exposures it may be verified that 

these ribbons represent the hinge zones of small isoclinal 

folds the limbs of which seem to have almost entirely dis-

appeared. 

Near the large house called Knock and along the west 
side of Knock Bay these ribbon structures are abundant and 

they may be traced as far SW as Bagh a'Mhuilinn. In many 

localities along this coast section the ribbons are discord-

antly cut by linear arrangements of acicular crystals of 
amphibole belonging to the group of structures treated in 

Chapter 3. 
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The only remaining structures belonging to the Baravaig 

L;reup occur in ;Mine rocks on Rudha Phoil and Rudha Dubh, 

both near Ardvasar. The distribution of the Moine rocks 

and of the Baravaig, or first structures is shown in figure 

3.4. On Rudha Phoil and Rudha Dubh it is easy to distin:uish 

a psammitic horizon from the more common semi-pelites. 	On 

Rudha Phoil this horizon dips SE at angles of 30-40°  but 

swings round into a very steep attitude on Rudha Dubh where 

it strikes NW. 	The presence of a major fold is thus demon- 

strated. 	This major fold probably belongs to the Baravaig 

group but the discussion of the evidence is best postponed 

until structures belonging to the other groups have been 

described. 	Of more direct interest is the presence of a 

strong elonL:ation lineation in these psammites. 	This lineation 

can also be found in thin psammitic bands which occur in the 

semi-politic rocks on these two peninsulas. 	It can be shown 

that this lineation is probably the same as the elongation 

lineation described previously in the Lewisian rocks but 

there-again the discussion of the evidence is more conven-

iently postponed until structures in other groups have been 

fully described. 
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EXPLAI1ATION OF FIGURE 1.1. 

(a) Relation of first structures to lineation. 

This diagram illustl.ates how the elongation lineation 

is arranged parallel to the axes of the Baravaig, or first 

structures. 	No matter what the shape of their profile 

these structures are always cylindrical. 

(b-d) Profiles of first folds in acid gneisses. 

These are examples of small scale folds in acid 

gneisses consisting essentially of feldspar and quartz. 

The folds have a very strong elongation lihaation parallel 

to their axes. 
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EXPLANATION OF FIGURE 1.2. 
(a-d) The black areas represent quartzo-feldspathic 

material in a host rock of amphibole, biotite gneiss. 
Profiles of these structures are shown. 	They are strongly 
drawn out parallel to the elongation lineation. 
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LXPLANATION OF FIGURE 1.3. 

(a) The spotted ornament represents an amphibolite 
which is enclosed in a host rock of rink acid gneiss. Thin 

parallel lines in the amphibolite represent very thin streaks 

of a fine-grained white rock. 	Other lines ,-erresent cracks 

in the rock face. 

(b) An amphibolite is spotted and contains irreEular 

patches of coarse quartzo-feldspathic material which is shown 
black. 	The junction with the rock at the top of the diagram 
is very sharp. 	This latter rock is an amphibole, biotite 
gneiss containing oands of white quartzo-feldspathic material 
which are shown as black lines. 

(c) and (d) Profiles of "knots" and "stringers" which 
are strongly drawn out parallel to the first elongation lineation. 
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EXPLANATION OF FIGURE 1.4. 

This photograph was taken with the axis of the camera 

almost vertical. 	The foliation planes are dipping gently 

towards the bottom of the photograph. 	On these foliation 

1Dlanes a lineation is prominent. 	It is caused by a linear 

arrangement of rock material of slightly differing compositions. 

The individual ;rains of these streaks or ribbons are elongated 

along an axis which is oblique to the length of the ribbons; 

a unique situation since the grains are usually elongated 

parallel to the ribbons. 	The handle of the hammer is ar- 

ranged such that it is parallel to the oblique axis of elon-

gation. 
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STRUCTURES. 

These structures are not very common but provide val-

uable clues in the elucidation of the structural history of 

the Moine nappe. They are most easily demonstrated on the 

peninsulas of Rudha Phoil and Rudha Dubh in Moine rocks and 

along the north shore of Knock Bay in Lewisian rocks. 

An important junction separating psammitic rocks from 

predominantly semi-pelitic rocks can be drawn across Rudha 

Phoil as shown in figure 3.4. A typical exposure of the 

semi-politic group SE of this junction is illustrated in 

figure 2.1(a). 	This contains two structures: foliation 

and cleavage. 	The foliation dips gently to the right, 

20-30°  ESE, and is defined by layers of rock of different 

mineral composition. 	The semi-pelitic members are pale- 

grey and micaceous with abundant pink, lentil-sized garnets. 

Within the more micaceous rock there are distinct bands of 

off-white psammitic material 5-6cms thick with well-defined 

margins. 	(The colour "off-white" in this usage falls in 

the series: white, off-white, pale-grey, mid-grey, dark- 

grey, black). 	The cleavage is oblique to the foliation 

and dips more steeply to the right, 30-40°  ESE. 	It is def- 

ined as a tendency for the rock to split along closely spaced 

planes which are oblique to the foliation. 	The microscopic 

structure of the rock which gives rise to the cleavage will 

be dealt with in Chaptet 22. Thin laminae of psammitic mat-

erial are often seen to be puckered into srlall folds along 

the line of intersection of the foliation and the cleavage. 

Figure 2.1(b) is a photograph of such a structure in a 

boulder on the shore at Tormore. 
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Two hundred yards south of the Arnadale Pier, on Rudha 

Phoil, some folds are excellently displayed. 	Some of these 
are illustrated in figure 2.2(a). 	These folds may be des- 

cribed as moderately tight and slightly asymmetrical with 

well-rounded hinges. The cleavage planes are spaced at in- 

tervals of 1i to 3mm and their intersection with the bands of 

psammite give rise to the small "puckers" of figure 2.1(a). 
The axes of these puckers, that is their lines of maximum 
curvature, arc parallel to the axes of the larger folds and, 

furthermore, within Practical limits the cleavage is parallel 

to the axial planes of the folds. 
Thus there seems to be a direct mechanical connection 

between the cleavage, the larce folds and the "puckers" and 

it is assumed that they owe their origin to the came mech- 

anical stresses. To discuss this, however, would presume a 

knowledge of the mechanisms of folding which at present is 
not available. 

At the extreme south of Rudha Phoil more folds can be seen. 
Drawings of two of these appear in figure 2.2(b) and it will 
be noticed that they are of distinctly different sizes. 

Nevertheless they do possess several features which make 
them directly comparable with the folds of figure 2.2(a). 
They have the cleavage parallel to their axial planes and 
small "puckers" parallel to teir axes. Not only this but 
the directions of their axial planes and their axes are 

practically constant over the whole of the peninsula. 
Taking these factors into consideration all of these folds 

have been alloted to the same z;roup. 
One fact remains to be mentioned in connection with 
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these folds. 	This is their relation to the elongation lin- 

eation which was briefly discussed at the end of Chapter 1. 

It was stated that this lineation could be found in the thin 

psammitic bands which occur in the semi-pelitic rocks of 

Rudha Phoil. 	A close examination of the folds 2POyds south 

of the pier shows that the elongation lineation passes u,-

interupted and obliquely over the hinges of the folds as 

illustrated in the dia7ram at the bottom of figure 3.1, 

Taking this evidence into consideration it is possible 

to erect the following time sequence of events:- 

1. Elongation of the grains in the psammitic layers. 

2. Folding of the psammitic layers accompanied by the 

development of the axial plane cleavage. 

The angular relations of some of the structures described 

in the previous paragraphs are shown in the ctereocram of 

figure 3.1. 	Poles to the foliation planes form a contin- 

uous girdle trending 1114 with a significant concentration in 

the ill quadrant which represents the larger number of obser-

vations made on the longer limbs of the asymmetrical folds. 

The axis of this girdle, representing, the axis of folding, 

plunges a few degrees to the NE, but is not shown on the 

diagram. 	Poles to the axial plane cleava o fall into a neat 

concentration in the NW quadrant, slightly closer to the edge 

of the projection than the greatest concentration of poles 

to foliation. 	This grouping demonstrates the uniformity in 

the direction of this structure over the peninsula and the fact 

that it is closer to the edge of the diagram is a reflection 

that, on the longer limbs of the folds, the cleavage is 

steeper than the foliation. 	The first lineation also falls 
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on a girdle with a marked concentration in the 3E quadrant. 

This latter concentration is due to the areatea number of 

readinaa taken on the long limbs of the folds while the 

points scattered out along the girdle are those readings 

taken on the short limbs and on the hinges. 

Near the end of Chapter 1 the presence of a major fold 

in the psammite horizon of Rudha Phoil and Rudha Dubh was 

demonstrated. 	The first elongation lineation is prominent 

in these rocks and the cleavage can also be found in semi- 

pelitic layers on the SE side of Rudha Dubh. 	The orientation 

of the cleavage here is exactly the same as on the Z:1; end of 

Rudha Phoil. 	The folds in the psamaite bands are, however, 

far more complex than on Rudha Phoil. 	Figure 2.4 is a ster- 

eoscopic pair of photographs showing one example from the LSE 

of 7!udha Dubh. 	The proof that these "contortions" are not 

the product of later periods of folding lies in the fact that 

the cle:vage in these rocks is undoforrned and is parallel to 

the axial planes of the "contortions". 

The development of these structures can be explaiaod 

follows. 	If the major fold in the psammites is oarliel than 

the cleavage then complex fold patterns are to be expected in 

the rocks at the SE of Rudha Dubh. 	J.G.Ramsay (1960) has 

shown how the direction of transport of rock particles dur-

ing folding can be calculated when certain factors are known. 

Applying his methods to the folds of Rudha Phoil the direction 

of transport, or "a" direction can be found. 	Figure 2.3 

illustrates the procedure. 	This is a stereo ram on which 

is plotted the poles to the axial plane cleavage and the locus 
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of the first elongation lineation. 	The plane of the cleav- 

age is represented by a full line while the locus of the 

first lineation is marked as a pecked line. The direction 

of transport, or "a" direction is at their intersection. 

Its plunge is 34°  and its direction 114°. 	Now if this "a" 

direction were to be surerimnosed on rocks with very steep 

dips and a north-westerly strike then there would be a very 

acute angle between the foliation and the "a" direction. 

Under such circumstances folds of the type shown at the 

bottom of figure 2.3 are to be expected. 

The foliation, cleavage and folding on Rudha Phoil 

have very similar counterparts in the Lewisian rocks of 

Knock 'Bay. 	About 400yds ESE of the ruined castle called 

Dun Horavaig analogous structures are exposed. 	Figure 

2.5(a) is a photograph of a joint face in biotite gneiss 

on which the foliation and the cleavan:e are well-displayed. 

The cleavage in this exposure dips 27° SSE and it can be 

found in very similar orientations in numerous other exposures 

along the coast to the east. 	It is, however, not nearly so 

well-develoned as in the Moine semi-pelites on the SE of 

Rudha Phoil. 	This different development of the cleava..e 

is probably governed more by the rock type than the mech- 

anical stresses which gave rise to it. 

Near the locality which is the subject: of figure 2.5(a) 

the structures developed at the intersection of the foliation 

and the cleavage are well-displayed. 	These take the form 

of "puckerings" of the foliation surfaces whose axes are 

parallel to the line of intersection. 	One such foliation 

plane is illustrated in finure 2.5(b). 
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Just over 100yds east of the ruined castle a other 
coastal exposure demonstrates the relation of the cleavage 

to some folds in acid gneisses. 	A sketch i.; given in 

figure 2.6(a). 	The cleavage is not so well-developed in 

this exposure but it can be seen that it is close to the 

axial plane of the fold. 	Figure 2.6(b) is another fold of 

this group about 500yds ESE of the ruined castle. 	In this 

diagram the spotted ornament represents rocks of basic comp- 

osition composed essentially of amphibole. 	The remainder 

of this exposure is a rock consisting of irregular bands of 

coarse, quartzo-feldspathic material up to 3cms thick and 

dark-green bands of like thickness containing biotite and 
amphibole. 	The arrangement of clots and lenticles within 

these bands gives the impression of a planar structure par-

allel to the axial planes of the folds. 	Two or three hun- 

dred yards further along the coast these folds become very 

common indeed. 	Figure 2.6(c) illustrates a fold from this 

area. 	The spotted ornament covers dark greenish-srey 

weathering rocks of basic composition while acid rocks col- 

oured off-white to pale-grey, are left 'blank. 	The foliation 

planes of the acid rocks show "puckers" or small scale folds 

of the same type as figure 2.5(b). 	The last examples of small 

scale folds in this group are those in the photograph of 

figure 2.6(d). 	The exposure shows alternations of acid end 

basic layers up to 6-7cms thick. 	On weathered surfaces the 

acid bands are brownish-yellow to off-white against various 

shades of medium and dark green of the basic layers. 	A 

crude cleavage is developed parallel to the axial planes of 

the folds. 	A few yards away from this exposure the relation 
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of these folds to the elongation lineation and the ribbon 

structure of Chapter 1 is very clearly displayed. 	A fol- 

iation surface is traversed by the "puckers" which are par-

allel to the axes of the Rudha Phoil folds; these "puckers" 

themselves being small scale folds. 	On this foliation plane 

the lineation associated with the Baravaig folds is repres- 

ented by a ribbon structure. 	This ribbon structure passes 

over tie "puckers" and has clearly been deformed by them. 

The relationship is, in fact, seen over a very vide area 

but is nowhere so clearly displayed as here. 

Having described examples of small scale structures of 

this group and their relation to the small scale structures 

of the Earavaig group attention will now be turned to a larL;e 

fold which is most likely of this generation. 	The presence 

of this fold may best be demonstrated by a traverse of the 

coastal section laying along the north shore of Knock Bay. 

eneath the ruined castle the foliation in the mas.ive gneisses 

dips at 26° towards 029°. 	At a point just over half a pile 

to the east the foliation dips 51°  towards 334°. Between 

these two localities there is a swing of strike through the 

W-E position while the dip increases uniformly. 	Beyond this 

last point and along the coast to Cb Snosaig the attitude of 

the foliation varies as much as 45°  on either side of the ver-

tical but maintains a consistent NE strike. Throughout all 

these variations in dip the axial planes of the small Rudha 

Phoil folds are consistent in orientation. 	Thus they must 

be contemporaneous with or later than the major fold. The 

axial trace of this major fold, which has been called the 

Knock sjnform, is mar*:ed on the map in Plate 2. 	This line 



CHAPTER 2. 	riE RUDtiA PHOIL FOLDS. 	47. 

is difficult to trace for two reasons. 	Firstly, only one 

fold hinge is present: there is no evidence to demonstrate a 

complementary antiform and thus the SE limb of the fold 

cannot be strictly defined. 	That area which is being treated 

as a fold limb in this work may, in fact, be mostly in the hinge 

zone, the complete SE limb being absent. 	Secondly, the 

hinge zone seems to be complicated by folding on a scale inter- 

mediate between that of the small scale structures described 

in the body of this chapter and the major fold. 	That is, 

the hinge of the major fold is not a simple curve but may 

be represented by a number of fold hinges on this intermediate 

scale. 

A cursor; examination of Plate 2 and figure 2.7(b) 

should demonstrate that the Knock synform causes a regional 

chance in the trend of the first lineation associated with 

the Baravaig folds. Therefore the Knock synform must be 

later than the Baravaig folds. A structural analysis of 

part of the Knock synform near Loch an Ime is given in fig- 

ure 2.7(a). 	Although the limbs show a large variation in 

attitude the poles to foliation planes fall on a reasonable 

great circle on the otereoraphic projection which indicates 

an axis of folding plunging at 30-40°  towards a bearing of 

050-060°. 	The axial plane of the fold is less easily de- 

fined but dips at about 40°  towards the SE. The orientation 

of the axes and axial planes of the small folds described earlier 

in this chapter are much the same as this and since they are the 

only group of mall folds which do share this orientation it 

seems fair to correlate them with the Knock synform in age. 
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EXPLANATION OF FIGURE 2.1. 

(a) Foliation and cleavage in semi-politic rocks. 

(o) A boulder on the shore near Tormore. 	This is a 

semi-pelitic rock with thin white rsammitic bands. 

Cleavage planes are prominent in the semi-polite and the 

white bands are "puckered" into small folds with axial 

planes parallel to the cleavage. 



(a) of Rudila PhOil 

Phatioti arid cleavage iti Mollie rocks 

(b) In a boulder 

rwure 2.1 
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EXPLANATION 'CF FIGURE 22. 

These are profiles of folds in the type of rocks 

illustrated in figure 2.1(a). 	In (a) a band of psamblite 

is prominent. 
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EXPLANATION CF FIGUPE 2.3. 

The diagran in the bottom left-hand corner represents 

a first fold, unmodified by the second deformation, enclosed 

in a hynothetical block of rectangular s:tape. 	he axial 

plane of an incipient second fold is represented and the 

large arrow laying on this plane is the "a" direction of 

the second folding. 

The diagran in the bottom right-hand corner has been 

accurately constructed. 	The axial plane of the second fold 

and the "a" direction laying on it are in the name position 

an they were before the second deformation. 	The hypethetical 

block is heavily outlined and has been distorted into a 

complex shape. Viithin this block there is a complicated 

curved surface which is the resultant of the first and 

second folds sul;erinPosed. 



Locus of the deformed 
first lineation 

'a" direction of second folds 

Befixv ale second ciOnnation Af ter the second defin-manov 
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Axial plane or incipient 
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direction of second 
folds 

Num 2.3 

First, lineation 

Calculation of the "a-  direction of second folds or) Rudlia Phoil 

Poles to axial plane cleavage 

Great circle representing 
axial plane cleavage 



EXPLANATION OF FIGURE 2.4. 

The pale 41oured mass in the centre of the 0.cture is 

a folded psammite. 	The curved axis of this complex fold 

is along the left-hand edce of the mass. 	Careful study of 

the photoL,raphs should reveal that an elongation lineation 

passes obliquely over this axis. 	The pencil is laying on 

a cleavage plane in semi-politic rock and is arranged 

parallel to a linear structure caused by the microscopic 

folding of micas. 



Stetroscopic pfyotograpfli of complex 
Folds at Hie easterq tip of Ruda 9ub17 

'ffgure 2.4- 
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EXILAICATION OF FIGURE 2.5. 

(a) A vertical joint face in biotite c:leiss. 

(b) Photograph take: with the camera axis vertical. 

Hie foliation plane dips &aptly towards the bottom of t'sc 

picture. 	"ihe small scale folds which plicate Vie 

foliation plane belong' to the Rudha Phoil generation. 



(a) A joiqt face. 

Xiliatiop and cleavage in lovisian rocks 

(b) A foliation plane. 

"ffgure 2 . 5 



EXPLANATION OF FIGURE 2.6. 

(a) Open folds in acid eneioses. 

(b) the spotted ornament represents amphibolite 

which is enclosed between two layers of amphibole, biotite 

neiss. 

(c) Basic rocks are spotted while acid bands are left 

blank. 

(d) fheoe are -Alternating layers of acid and basic rocks 

up to --7cms thick. 	A crude cleavage is developed I,arallel 

to the axial planes of t',e folds. 
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EXUAnATION OF FIGURE 2.7. 

(a) Stereograms showing the angular distribution of 

poles to foliation planes on the two limbs of the Knock 

synform within the shaded area of the inset map. 

(b) StereoLxams showin t7:e angular distribution of 

first lineation over the total area in which this structure 

can be confidently identified. 
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STRUCTURES. 

Structures of this group are best displayed in cine 

rocks on a short section of the coast near Tormore, one 

and a half ellee south of Ardvasar. 	the structures at 

Tormore can confidently be matched with other structures 

on the peninsulas of Rudha Phoil and etedha Dubh where, 

although the age relations are clearly displayed, the 

structures are not so well developed. Some structures in 

Lewisian rocks which ma/ have their analocues in the structures 

of the Yoine rocks at Tormore will also be described in this 

Chapter. 	the degree of confidence with which they may be 

correlated with the 1,oine structures, especially when only 

field evidence is taken into consideration, is not so strove 

as that which may be admitted between the structures le 

Eolne rocks near Ardvasar and those sear Tormore. 	eowever, 

the microscopic evidence which will be presented in Chapters 

20 and 22 lends weight to these correlations, based on field 

evidence, that have been made between structures in Seine 

and Lewisian rocks. 

The exposures of V.oine rocks in which the Tormore croup 

of structures is developed are confined to the coast. 

Their approximate extent is shown on the map in Plate /fiber 

a closely spotted ornament. 	Inland from these exnocures 

the eoine rocks present a different appearance and contain 

structures of a coneaetely different style. 	The ago relations 

of the Torsore structures will be demonstrated first by a 

consideration of the rocks of Rudha Phoil. 

At the beginning of Charter 2 the "type examples" of 

the Rudha Phoil folds were described. The ago relations 
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of the folding and the cleavage were discussed and it was 

concluded that they were contemporaneous. 	Now the cleavage 

planes in the semi-pelitic rocks at this locality carry a 

lineation which is different from that described in the 

peammite bands. 	This lineation is expressed oily by the 

orientation of plates of muecovite and biotite into a partial 

girdle fabric, shown in figure 22.1, whose axis coincides 

with the lineation. 

The geometrical relations of the different strucu7lres 

en Rudha -hoil are shown in the diagrams of figure 3.1. 

In the block at tie bottom the foliation is represented as 

a hypothetical psammite band carreing an elongation lineation 

which is the first, or earavaig lieeation. 	This psarnnite 

band, ad the lineation which it carries, are deformed by a 

fold of the Rudha Phoil, or second group with the accompany- 

ing axial plane cleavage. 	Upon this axial plane cleavage 

the lineation described above is represented as a series of 

parallel lines which are approximately perpendicular to the 

axial direction of the second folds. 	Since this lineation 

is itself 4)4 an expression of certain mechanical restraints 

and is clearly not deformed by the second folds it meet be- 

long to a later phase of movement. 	This has been called the 

Tormore, or third phase of movement. 	There is no evidence 

to show that structures intermediate in age between those 

of the "eudha Phoil roup and those of the Toraore croup 

exist anywhere within the area of study. 

The strict angular relations of host of the structures. 

have been deecribed in Chapter 2 and are shown in the 

stereogram of figure .5.1. 	The only exception in thi 
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description was the third lineation. 	Neesurements of this 

structure are plotted on the stcreogram and fall into a 

small area in the SE euadrant. 	These observations were 

made over a wide area and demonstrate that the third lineation 

is obviously unaifected by the second, or ',?udha ihoil folds. 

The cleavage, carrying the third lineation, can be seen 

in many of the Leine excosuren of Rudha Dubh. 	The right- 

hand map of figure ,:34 shows how the strike of the cleavage 

varies slightly over the :eninsulas. 	This variation is 

probably connected with movements along a large fault which 

crosses the peninsula of Pudha Dubh in a NE direction as 

shown in figure 3.4 and is not connected with folding 

movements; in any one exposure the cleavage is a sensibly 

plane surface. In figure 2.4 the pencil is laying on one 

such cleavage surface aed is aligned parallel to the third 

lineation. 

Within tee psameAtic rocks on the NE of Rudha Dubh it 

is often difficult to recognize the foliation. 	Nevertheless, 

in a number A' localities folds have been distinguished 

which are rather different from those of the type illustrated 

in figures 2.3 ad 2,4. 	One of these different folds is 

sketched in figure 3.2. 	This is a profile of Vee fold 

and it will be noticed tat the cleavage is parallel to its 

axial plane. 	Furthermore, the first elongation lineation 

which is present in these psameitic rocks passes obliquely 

over the hinges of these folds. .The axes cf the folds are 

parallel to the third lineation which is developed on the 

cleavage surfaces. 	This last fact would indicate that 

these folds belon5 to the third phase of movement and thus 
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to the Tormore group of structures. 	The axes of these folds 

plunge SE and their axial planes also dip in thin: direction. 

A stereographic analysis of some of the structures in 

the steep belt of psammitic rocks on the NE side of Rudha 

Dubh is presented in figure 3.2. 	hhere foliation planes 

could be confidently measured this was done and the poles to 
these have been plotted on the diagram. 	These poles fall 
on a great circle with a concentration in the NNE and an 
axis which plunees to the SE. 	The concentration represents 

the lareer number of readings which were made on the predom-

inantly steep rocks whereas the remaining' observations were 

made close to the folds of the tyre illustrated in the sane 

figure. 	The cleavage plane poles are well concentrated 

in the NW quadrant in a very similar position to the analogous 

structure in the semi-pelitic rocks of Rudha ehoil (see 

figure 3.1). 	Likewise the third lineation, laying on the 

cleavage planes, also forms a concentration in much the same 

position as the related structure on leudha Phoil. 	On the 

other hand the pattern of the first lineation is quite 

different. 	This may be explained as follow. 	On the 

hinges of the folds on Rudha hoil the angle between the lin- 

eation and the fold axis is of the order of e0-90°. 	thus 

the deformed lineation, when plotted on the stereoeram, 

will sweep through an angle which is comparable to the 

angle between the limbs of the fold. 	aowever, on the 

hineee of the Tormore folds just described the angle between 

the fold axis and tne lineation is little more than about 

100 so that even if the folds are tieht the angle through 

which the lineation sweeTs may not be very great. 
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In some exposures of Moine rocks on Rudha Dubh about 

15Cyds SE of the Ardvasar Hotel members of the two groups 
of folds are clearly displayed. 	In these exposures the 
psammitic bands are well defined and their thickness may be 
as much as 30cms. 	They are contained in a host rock of 
semi-politic material in which the cleavage is well devel- 
oped. 	The folds in the psammitic bands can be classified 
into the two groups according to the following criteria:- 

RUDHA MOIL GROUP 
1. ,aostly tight. 
2. Axial Cdrection var-

iable. 
3. First elongation lin-

eation in psarw1   ten 

passes obliquely over 
their axes which are 
not parallel to the 
thirdlineation on 
the cleavae planes. 

4. No relation of axial 
planes to cleavage. 

5. Profiles vary con-
siderably along the 
axis. Folds die away 
rapidly. 

Drawings of profiles of 

4. Axial planes and cleav-
c_;e are parallel. 

5. ..Profiles more or less 
conetant. 

TORaORE GROUP 
1. Vostly open. 
2. Axial. direction constant. 

3. First eloacatior lineation 
also :,arses obliquely over 
their axes but these axes 
are parallel to tle third 
lineation which lies on 
the cleavage %lanes. 

some of these folds are presented 
in figure 3.3. 	They are wort'ny of further comment on two 

counts. 	Firstly, some very interesting measurements can 
be made at this locality aad, secondly, the fact should be 
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discussed that at this locality the cleavage is parallel 

to the axial planes of Tornore, or third folds, whereas 

at the SE of Rudha khoil the cleavage is parallel to the 

axial planes of Rudha Phoil, or second folds. 

The interesting measurements referred to are concerned 

with sore of t'ee angular properties of the folds. 	The first 

elongation can be seen to pass over the hinges of both 

Rudha Phoil folds and iormore folds. 	It is thus theoretically 

possible to calculate the "a" directions of these folds 

using the methods which have already been outlined. 

however, there are practical difficulties. 	In the cases 

of the fold hinges where the elongation lineation makes a 

vary small angle with the fold axis reasonably accurate 

measurements of the plane within which the liaeation is 

deformed are not possible. 	In the exposures in question 

this difficulty rules out measurements on all of tne .ormore 

Group of folds and on several of the leudha ihoil folds.  

Nevertheless it has been found possible to take measurements 

on four of the Rudha Phoil folds where the angle between 

the axial plane of the fold and the Mane within which the 

lineation is defored. (the lineation deformation plane) 

exceeds 300. 	This ice/er limit is set because in the cases 

in which the angle is less than 30°  the great circles 

representing the axial plane and the lineation deformation 

plane of a particular fold, when plotted on the stereographic 

projection, intersect with a very acute angle so that an error 

of only a few degrees in the measurement of one of the planes 

might cause a. corresponding error in the calculated "a" 

direction of 40°  or more. 	The calculated "a" directions 
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of the four Rudha Phoil folds which were selected as being 

reasonably accurate are plotted as triangles on the 

stereogram of fiuure .3. 	pow the Endha Yhoil folds 
have been refolded by the Tormore folds. 	Before this 
refolding occured, the assunption is made, which may not 

be valid, that. the -a" directions of the Rudha Phoil folds 

were constant in orientetioe. 	Thus, by treating the: as 

a hidden lineation it is possible to calculate the "a" 

direction of the Tormore folds. 	The plane in which the 

"a" direction of the Rudha 	folds have been deformed 

is represented on the stereogram as a treat circle marked 

as a dotted line. 	It must be noted here that no attempt 

has been made to assess the statistical validity of this 

line. 	Since it is eased on only four points this cannot 

be very high. 	:he axial plane direction of the Tormore 

folds, as defined by measurements of cleavaee, is repres-

ented on the stereogram as a great circle marked by a pecked 

line. 	ehe point at which these tuo planes intersect is the 

calculated "a" direction of the Tomer° folds. 

The second point of discussion arising from the des-

cription of these exeosures is concerned with the relation 

of the cleavage to the Rudha ihoil and Tormore groups of 

folds. 	ever the whole area of Yoine rocks exposed on the 

peninaulas of Rudha ehoil and Rudha Dubh the cleavage can 

be recognised, and in nearly every case the third lineation 

can. be  distinguished on the cleavage surfaces. 	Both the 

cleavage and the third lineation maintain a constant 

orientation over this area; but at the 3E of Rudha Phoil 

the cleavage is parallel to the axial places of the Rudha 



CHAPTER 3. 	ThE TORFORE FOLDS. 	69. 

Phoil, or second folds whereas on the NW of Rudha Dubh the 

cleavage is parallel to the axial planes of the Tormore, 

or third folds. 	Thus the various manifestations of the 

Tormore folds, when considered on all scales, are ubiquitous 
in this area. 	eowever, large scale Tormore folds, as repres- 

eeted in the profiles of fj6utes 3.2 and 3.3, seem to be 
more restricted. 	he localities at which large scale 
Toreore folds have been positively identified are shown on 
the ce4a1 nap of figure 3.4. 	Microscopic evidence indicates 
that some, if not all, of the movement on the cleavage planes 
was post-crystalline. 	..ow in many of the semi-relitic rocks 
in this area eegascopic garnets are visible: their distribution 
being shown in the central eap of fieure 3.4. 	Since the 
western limit of this distribution is obviously discordant 
to the general trend of the foliation the presence or absence 
of megascoeic garnet cannot be due to variations in chemical 
composition of the rocks in bands parallel to the foliation. 
This distribution is thought to be governed by the amount 
of post-crystalline deformation which the rocks have suffered 
during the Tormere phase of folding. 	This theory is supported 

by the apparent fact that large scale Tormore folds are 
present where megascopic garnete are absent; these large 
scale folds being an expression of greater post-crystalline 
deformation. 	In the semi-politic rocks on the SE of Rudha 
Phoil there is little indication of post-creatalline deform- 

ation. 	The conclusion to be drawn, therefore, is that the 
degree of deformation during the Tormore, or third phase of 
folding increases retlarkably in a WNW direction, is in a 
direction perpendicular to the cleavage. 	at oly this, 
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but the conclusion drawn on page 41 regarding the age relations 

of the Rudha Phoil folds and the cleavage on the SE of Rudha 

Phoil needs to be modified slightly. 	Although the cleavage 

may have originated as an axial plane cleavage to the Rudha 

,'boil group of folds it has obviously been modified slightly 

on Hudha Phoil by the Tormore folding and further to the 

W!W, as seen in the rocks of Rudha Dubh, it has been modified 

to a much greater extent; the Rudha Phoil, or second folds 

in the psamaite bands have been coapietely re-orientated 

by the Tormore folds while the cleave e in the semi-pelitic 

rocks, although apparently the sane, is in fact a new 

structure. 

The "type locality" of the Tormore structures is on 

the coast some 300yds east of the farm of the same name. 

All of the rocks exposed here belong to the Moine series. 

Very close to the natural arch on this coast section the 

folds illustrated in figure 5.5 are to be found. 	The 

exposure is composed of well defined bands of psamaitic 

rockalternating with bands of semi-pelitic material. 

Two generations of folds can clearly be separated: a 

smaller, earlier, tighter set; and a larger, later, more 

open set. 	These folds are developed in the psamaitic 

rock: in the semi-pelitic bands a very strong cleavage 

structure is present. 	The seni-pelitic rock is very rich 

in aicaceoua minerals. 	The flakes of a:ase minerals trace 

out very small folds in the rock and on the limbs of these 

very small folds, where the flakes are brought into approx-

imate ?arullelism with each other, the rocks have a tendency 

to part along the cleavage planes of te minerals thus giving 
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rise to the strongly develoeed rock cleavaee. 	An illus- 
tration of the micro-structure of this rock is given in 

figure 22.2. 	The axial traces of these very email folds 

upon the cleavage planes in the rock gives rite to a strong 

lineation which plunges in a SE direction parallel to the 

axes of the larger, later folds of figure 3.5. 	The geo- 

metry of these folds is thus exactly analogous with that 

of the folds described on Rudha Dubh 15Cyds SE of the 

Ardvasar elotel (page 66) and correlation can be made on the 
following attributes:- 

1. The profiles of both the larger and the smaller 

folds are very similar at the two localities. 
2. The micro-structure of the cleavage is exactly the 

same at the two localities. 
3. The orientation of the cleavage and the lineation 

which it carries are very much the same at the two 

places. 

4. The axes of the larger folds are parallel to the 
lineation on the cleavaee surfaces. 

5. The axial directions of the smaller folds are very 

variable. 

The angular distribution of all of these structures 

is shown in the stereogram of figure 5.5(b). 	The predon- 
inant feature of this diagram is the great circle which 

occupies much of the i4W half. 	poles to both the foliation 
and the axial planes of the smaller folds, which by analoay 

weth nedha Dubh must be second folds, are widely scattered 

along this reat circle. 	Poles to the cleavage and to the 

axial planes of the larger, or third folds fall within a 



CHAPTER 3. THE TOMORE FOLDS. 	 72. 

small area of this greet circle, in positions very close 

to those occupied by poles to cleavage in the stereograms 

of fi6ures 3.1 reed 3.2. 	Plotted measurements of the 

lineation on the cleave surfaces also occupy the same 

positions as the analogous structure in these previous 

diagrams. 	The axes of the second folds are very widely 

scattered over the diagram: they do Lot form any well 

defined pattern. 	Had the axes of the second folds been of 

parallel orientation before the third phase of folding 

then it would be expected that they would now fall into 

a fairly well defined pattern. 	however, since they do 

sot, then it must be assused that they were not in parallel 

orientation before the third phase of folding. 	This deduction 

is in agreement with the observations set out in connection 

with figure 3.3 and also with the discussion surrounding 
the fold of figures. 2.3 and 2.4. 

Finally, there is one point which distinguishes these 

struc#res at Tormore from those SE of the Ardvasar Hotel. 

At Tormore there is no elongation lineation in the pawn-site 

bands which passes obliquely over the hinges of either set 

of folds. 	Instead there is an elonsation lineation which 

is parallel to the axes of the Tormore, or third folds and 

thus also to the axes of the very small folds in the semi- 

pelitic rocks. 	Since the Tormore folds are never very 

tight in this area and the Rudha Phoil fcld have a very 

variable axial direction there are many exposures in which 

the psammite bands make an oblique angle with the axes of 

the very small folds in the semi-pelitic rocks. 	This 

situnsion is illustrated diagrammatically in figure 3.6 
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and in such cases the constituent grains of the psanmite 

are elongated in a direction which is not contained within 

tee plane of the foliation. 

The fact that at Tormore there is a third elongation 

lineation which passes through the psemmite bands as opposed 

to the conditions at Rudha Phoil and 'sedha Dubh where the 

fir :t elongation lineation lies on the ssammite bands is 
taken as an indication of a rather higher degree of def-

ormation at Tormore than was reached at Sudha Dubh during 

the Tormore movement phase. 	There are no megascopic garnet: 

in the semi-politic rocks at Tommore. 

In the Lewisian rocks of the Soine nappe there are 

structures at several localities which invite correlation 

with the l'ormore structures in the Moine rocks. 	The types 

of structures involved arc either cleavages or linear 

arrangements of minerals; there are no socitively comparable 

folds. 

On a coastal section of about 200yds north of the 

headland of 'Seethe Cille-bhig, some two miles NNE of Ard-

vasar, examples of these structures are very well developed. 
Two planar structeree can be seen in the rocks. 	One of 
these is the foliation; the other is a cleavage structure 

caused by the parallel orientation of the basal planes of 
micaceous minerals. 	However, this parallel orientation 
is not perfect; for along the line of intersection of these 
two slanar structures the micaceous flakes are gently 
"cr*led" so that a linear structure is forced. 

600yds NNE of Pudha Cille-bhig a very similar type of 
cleavase can again be distinguished in a position which is 
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oblique to the foliation. 	The "crinkled" arrangement of 
the micaceous minerals is clearly displayed but the lineation 
so formed is not parallel to the line of intersection of tne 
cleavage with the foliation. 

In the two exposure noted above both the dip of the 
cleavage and the plunge of the lineation are directed towards 
the SE. 

Another type of linear structure to be found along the 
coastal section from the west shore of Knock bay to Bagh 
a'ilhuilinn is a preferred orientation of needles of amphibole. 
Such amphiboles are very common in the basic representatives 
of the Lewisian series on this coast section; they are very 
meall, rarely more than 5mm long, and are dark-Green. 
In many exposure they lay on foliation planes with an obvi4ly 
random orientation but there are several localities where 
they allow a very.strong preferred orientation. 	Some of 
these localities are indicated on Plate 3 toether with 
the direction and amount of rlunge of this linear structure. 

In Chanter 1 a ribbon lineation associated with the 
Baravaig folds was described as also occuring along this 
coastal section. 	Immediately south of -indha Cille-bhig 
the relations of these two lineations are particularly 

clearly displayed. 	Ribbons of acid material are contained 
within a basic host. 	The needle-like amphiboles in this 
basic host possess a very strong preferred orientation 
which is obviously oblique to the ribbon structures. 
These ribbons show considerable variations in trend along 
this coast section as demonstrated in Plate 2 whereas the 
measurements of 	preferred orientation of the amphiboles 
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are fairly consistent as id shown in figure 3.7. 	The 

inference to be drawn from these facts is that the mechanical 

restraints which gave rise to the orientation of the amphibole 

were later than the Baravaig period of folding. 

On the shore immediately below 7erindonald School the 

ribbon lineation is displayed in acid bands and is illus- 

trated here in figure 1.4. 	The constituent grains of 

some of these acid bards are elongated not narallel to the 

ribbons but oblique to them. 	This situation is unusual; 

normally the constituent grains are elonated parallel to 

the ribbons. 	The interpretation placed on this observation 

is that the present elongation of the erains is later than 

their original elongation and that since this present 

elongation is parallel to the orientated amphiboles then 

the same mechanical restraints which controlled the amphiboles 

also caused the new elongation of the grains in the acid bands. 

The exposure in Lewisian rocks on the north shore of 

Knock Bay which is illustrated in figure 2.6(a) also con- 

tains orientated amphiboles. 	The rocks are massive acid 

gneicses which have been deformed by folds of the Rudha 

group. 	One of there folds is very prominent in the top, 

right-hand corner of the sketch. 	Stout crystals of dark-

green amphibole up to 2cms long can be seen in the vicinity 

of this fold. 	The long axes of these crystals are contained 

in planes which are parallel to the axial plane of the fold 

but almost perpendicular to its axis. 	Both the dip of the 

axial plane of the fold and the plunge of the long axes of 

the crystals is towards the SE. 

At a roint just over half a mile hE of the ruined castle 
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their is an exposure in Lewisian rocks in which two planar 

structures are seen. 	The exposure shows alternating bands 

of quartz-feldspar rock and amphibole rich rock which define 

tie foliation. 	This structure dips at 38°  towards the bearing 

312°. 	The amphiboles have a very strong preferred orien- 
tation almost perpendicular to this foliation and lay in 
planes dipping at 40°  towards the bearing 099°. 	.he lin- 

eation defined by the amphiboles plunges at 40°  towards 

117°. 

The correlation of the large orientated amphiboles in 
massive acid rocks at the last two localities with the smaller 

orientated amphiboles in the more fissile Lewisian rocks 

south of Knock Bay offers little difficulty when account is 

taken firstly of their direction and secondly of the changes 

in the metamorphic state of the host rock. 	With regard to 

direction, measurements made on the large amphiboles north 

of Knock Bay have been incorporated in the stereok;ram of 

figure 3.7 with no obvious discrepancy of direction from 
the smaller amphiboles south of Knock Bay. 	Differences 
in the size of the amphibole crystals may be accounted for 

by the decreasing metamorphic grade which microscopic and 
field studies indicate takes place in a westerly direction. 
The evidence for this decreasing metamorphic grade will be 
presented in Chapters 16 and 20. 

In the rocks south of Knock Bay the correlation of the 

lineation defined by the small amphiboles with the elongation 

and "crinkle" lineations is based on their common directions 

and the fact that all of these structures occur in rocks 

which are in the same metamorphic state. 	As before, this 
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will be referred to in Chapters 16 and 20. 

It in, the correlation of the structures in the Lewisian 
rocks with the structures in the Moine rocks which were 
described earlier in this Chapter that may be considered as 
offering the greatest difficulty. 	The following pointa, 
based only on field evidence, can be put forward in support 
of a positive correlation:- 

1. The orientation of the cleavage and other secondary 
planar structures which have been described in Lewisian 
rocks in this Chapter agrees fairly closely with the 
orientation of the cleavage in the l'oine rocks of Tormore 
and Ardvaaar. 

2. The orientations of the linear structures which lay 
on cleavage and other secondary planes in the Lewisian rocks 
are also much the same as those of the third lineation 
which lays on the cleavage planes in the Loin° rocks at 
Tormore and Ardvasar. 

3. The linear arrangement of the aaphiboles almost 
perpendicular to the axes of the Rudha Phoil folds on the 
north shore of Knock 3ay, figured in 2.6(a), but laying in 
their axial planes is strongly reminiscent of the relations 
of the third lineation to the Rudha Fhoil, or second folds 
on Rudha boil as described at the beginning of this Chapter 
and illustrated diagrammatically in figure 3.1. 

4. The "crinkle" type of lineation in the micaceous 
minerals of the Lewisian rocks mentioned on page 74 can be 
compared with the partial girdle orientation of micas in 
the semi-nelitic rocks of the Moine series although the 
structure is not nearly so well developed. 
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EXPLANATION OF FIGURE 3.1. 

The stereogram shows the angular distribution of the 

first and third lineations and also the poles to cleavage and 

foliation. 	At the bottom the block diagram shows how the 

first lineation, carried on the psammite bands, passes over 

the hinges of the Rudha Ihoil, or second folds, the axial 

plane cleavage of which carries the third lineation. 
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LXPLANATION OF FIGURE 3.2. 

The atereoram shows the angular relations of the 

structures on t:le NE side of Rudha Dubh. 	Poles to foliation 

and cleava,:, e planes are represented and the first and third 

lineations are also shown. 	At the bettor is a profile of 
a representative Tormore, or third fold. 
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EXPLANATION OF FIGURE 3.3. 
Profiles of representative second. and third folds in 

Moine rocks are shown from a locality 150yds SE of the 

Ardvasar 'otel. 	The "a" directions of these folds can 

be calculated as demonstrated in the stereogram and explained 

in the text. 
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EXPLANAZION OF FIGURE 3.4. 

Three maps showing the distribution of different types 

of Moine rock, different types of structures, and megascopic 

garnets in the I oine rocks near Ardvasar. 	Al! of these 

are probably inter-related as explained in the text. 
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EXPLANATION OF FIGURE 3.5. 
These are folds on the coast some 300yds east of the 

farm of Tormore. 	Psammites and semi-T)elitic rocks of the 

I'oine series are involved; a cleavage being developed in 

the latter. 	The storeot;Tam shows the angular distribution 

of different lineations and fold axes and also the poles to 

axial planes of folds, foliation and cleavage. 
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.:XPLAATION OF FIGURE 3.6. 

This shows how the direction of elongation of grains 

in Loine psammites lies outside the foliation plane but is 

parallel to the third lineation which is contained within. 

the plane of the cleavage. 
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EXPLANATION OF FIGURE 3.7. 
This stereogram shows the angular distribution of meas-

urements made in the field of .ne preferred orientation of 

the long axes of acicular and spear-like amphibole crystals 

in Leuisian rocks. 
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STRUCTURES. 

The rocks which contain these structures differ fund-

amentally from those in which the structures described in 
the three previous Chapters are typically found. 	Thus 

individual bands of select mineral composition are much 
thinner and of much finer grain size than the comparable bands  
in which the previously described structures are found. 
liowever, to elaborate on these differences is not the pur-
pose of this Chapter; these points will receive further 
attention in Chapters 16 and 17. 

'she location of some of the folds in this ,roup in the 

southern part of the area are shown in figure 4.1. 	They 

also occur in the northern part of the area but they are 
infrequently exposed here. 	All the folds which can be 
positively allocated to this group occur in the areas of 

Plate 4 that in the Lewiaian are ornamented with horizontal 
lines and in the Moine with widely spaced dots. 

The characteristic features of the folds can best be 

appreciated by an examination of the stereoscopic photo- 

graphs of fiure 4.2. 	The photographs at the top of the 
pa ::e are of folds developed in the Lewisian rocks at Ard 
Thurinish, a promontory about three miles SW of Ardvasar. 

The dominant feature to be seen here is the inconstancy of 
the axial trends of the folds althouch the axial planes 
are reasonably flat. Coupled with this is the extraordinary 
variations in profiles at different points along the fold 
axes. 	To illustrate this fact the handle of the hammer 
has been arranged so that it lies along the axis of a fold 
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part of which has been removed by erosion. 	Nearer to the 

camera it can be seen that this antiformal axis merges with 

a complementary synformal axis and disappears. 

Sone of the acid bands which the Ard Thurinish folds 

deform contain an elongation or ribbon lineation. 	This  
lineatio: can be seen in the upper photogranhs where it is 
clearly oblique to the fold axes but its relation to the folds 

is probably better demonstrated in the lower photographs. 

The folds in these photographs are to be found in Lewisian 
n 

rocks on the fore-shore immediately in front of MacbraWe's 

garage at Ardvasar. 	The pencil, a few inches to the right 

of the hammer head, is arranged parallel to the lineation 

on the hinge of a fold in an acid band. 	A similar fold 

hinge can be seen just to the right of the bottom of the 

hammer handle. 

Further examples which demonstrate the curvinn nature 

of the fold axes and the relation of the lineation to the 

folds are presented in figure 4.4. 	The photograph of 

figure It-.4(a) is of a tight fold. in an acid band with the 
fold axis nearer to the camera. 	Figure 4.4(0 is a detailed 
drawing of the upper limb of the fold showing the relation 

of the lineation to the fold axis. 	The axis of the fold is 

at the lover edge of the diaartm. 	Figure 4.4(c) is a 
similar drawing of such folds in thin, alternating acid and 

basic bands. 	The basic bands do not contain a visible 
lineation and are ornamented with spots. 	'The acid bands 
contain an elongation lineation and are ornamented accordingly. 
These acid and basic bands outcrop on a surface which is 
approximately parallel tib the axial planes of the folds. 



CHAPTER 4. 	fRE ARD THURINISH FOLDS. 	94. 

Thus the lower boundaries of the acid bands represented on 

the diagram are tie actual fold hinges while the uppefa 

boundaries are the broken off limbs of the folds. 	The 

folds are very tight and at the top of the diagram a number 

of fold hinges can be seen converging on each other to the 

left and fading away to the right. 

The profiles of the Ard Thurinish folds, even within 

a very small area, show a great variety of shapes. 	Figure 

4.3 gives examples of such profiles from a wide are: in 

both aoine and Lewisian rocks. 	These fold profiles are 

more often than not of asymmetrical shape. 	In figure 4.1 

the asymmetry of the folds has been indicated by different 

types of arrows. A cursory examination will show that 

t here is no coherent regional pattern to this asymmetry. 

Some structures of a very uausual type associated 

with the Ard Thurinish folds are illustrated in the ster- 

eoscopic photographs of figure 4.5. 	The lineation in these 

examples, which are near Ard Thurinish, is represented by a 

rodding structure (G.Wilson, 1953) in the acid bands rather 

than by the more typical ribbons or elongation. 	In this 

locality the rods are deformed by the folds so that the 

angle between the fold axis and the rod at the hinge of the 

fold is very small. 	The folds are very tight and tend to 

be masked by the rodding structure so that the impression 

given to the casual observer is one of acid rods wandering 

sinuously across the foliation planes. 	In figure 4.5(a) 

there is a fold hinge about 10cas below and to the right 

of the chisel end of the hammer head. 	All of the rods in 

the upper part of the photograph are on one limb of the fold, 
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the remainder are on the other limb. 	The geometrical relationn 
of this structure can be compared with t'..:10 fold of figure 
4.4(a) & (b) which is exactly analogous. 	In this analogy 
the lineation occupies the position taken by the rods in 
the present oxanpie. 

At other localities the elongation and ribbons trace 
out sinuous curves on the foliation planes but the foliation 

planes are not themselves folded. 	An example of this tyre 

of structure from a point on the coast sear Dun a'Chleirich, 

one mile SW of Tormore, is shown in figure 4.6(a). 	In this 
sketch the paper can be considered as representing the 
foliation plane. 	The lines drawn on the paper represent 

cracks and curving elongation lineation. 	Nearby, siallar 

variations in the direction of the lineation are to be seen. 
These are illustrated in figure 4.6(b). 	In this diagram 

three flat foliation planes are represented; the one at the 
top dies beneath the one in the middle which in turn dips 

beneath the foliation plane at the bottom. 	On these three 
foliation planes the directions of the lineation are 

remarkably different. 	By considering variations in the 

direction of the lineation and the foliation before the 

Ard Thurinish folding and variations in the axial plane 

direction of the Ard Thurinish folds, all of these apparently 

different types of structures can be closely related. 

These relations will be discunn:d later in th.e chapter. 

Returning to the normal tyce of Ard Thurinish folds it 

is a matter of observation that in all of the Lewisian exposures 

where such folds are developed and in the greater majority 
of the feoine exposures there is no visible expression of an. 
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axial plane structure. 	However, in some coastal exposures 

about 300yds SW of Tormore a type of axial plane structure 

can be seen in the semi-pelitic members of the Koine series 

which can be related to the Ard Tharinish folds. 	This 

structure is illustrated diagreeematically in figure 4,7. 

In these diagrams the psermite bands are ornamented with 

spots. 	The other components of the exposures are semi- 
pelitic rocks. 	The boundaries between the two typelsof 
rock are well defined. 	Within the semi-politic rocks 

there are very small folds only the axial planes of which 

are represented. 	The small scale folds in tae semi-pelitic 

rocks of figure 4.7(b) agree in their orientation with the 

large folds in the psammite bands while in the case of the 

folds illustrated in fiuure 4.7(c) the asymeletry of the 
small scale folds agrees with their position on the limbs 

of tha larger folds. 	A direct correlation of the stall 

scale folds with the larger folds in the psammite bands is 

thus indicated. 	In the psammite bands the quartz grains 

are flattened within the foliation asd are elongated obliquely 

to the fold axes. 	This elongation lineation is also 

developed on the foliation planes in the semi-pelitic rocks 

where these are not too strosgly affected by the very small 
folds. 

The correlation of these folds in the Koine rocks SW 

of Tormore with the core typical Ard Thurinish folds is 

based on the following facts:- 
1. They deform an elongation lineation. 

2. The axial trend is variable in direction. 

3. The profiles of the folds are different at various 
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points alone- their axes. 

4. Typical Ard Thurinish folds can be found within a 
distance of only a few yards. 

On the other hand these folds can be considered as 
showing a number of points of difference from the typical 

Ard Thurinish folds. 	hes differences are:- 
1. The folded psammite bands are unusually thick. 
2. The sea.-pelitic rocks contain megascopic garnets. 

3. The folds are more open in profile than is ussal. 

4. The axial plane structure is developed. 

Before proceeding to the discussion of the age relations 
of the Ard Thurinish folds to other groups, mention must be 
made of two localities where the Ard Thurinish folds are 
seen to refold some folds of an earlier generation. 	One of 

these localities is in Moine rocks on the coast approximately 
400yds SW of Torinore. 	The profiles of some folds from this 
locality are illustrated in ficure 4.3(m). 	A band of 

psammite is represented in solid black and is enclosed in a 
semi-pea:tic host rock. 	The pseninite band carries a strong 
elongation lineation which is parallel to the axes of the folds. 
fnearby, the relation of the Ard Thrinish folds is clearly 
displayed. 	The lineation is oblique to the axes of the 
Ard Thurinish folds and would thus appear to have been 

deformed by them. 	Since the profiles of the folds of 
figure 4.3(m) are so markedly different from those of the 

more tyrical Ard Thurinish folds it is concluded that the 
former folds are related to the lineation and are not merely 

Ard £hurinish folds whose variable axial direction has 
brought them into co-incidental parallelism with the lineation. 
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The second locality at which this relation can be seen 

is about 500yds SW of Tormore. 	A large block of fallen rock 
contains esammite bands in a semi-politic host. 	Some of 
the folds in these psameite bands have the eloneeation 
lineation pare llel to their axes and these folds have been 
refolded by structures of the Ard Thurinish group. 

Since there are no exposures where the Ard Thurinish folds 

occur together with positively identified folds of the groups 
described in the three previous Chapters their age relations 
present many problerfs at first sight. 	There can be little 

doubt that the following limited sequence is firmly established:- 
1. A period of folding with the development of an 

elongation lineation parallel to the fold axes. 

2. A second period of folding giving rise to the Ard 

Thurinish group of structures and deforming the 

earlier folds. 
The position of this sequence in relation to the 

sequence which has already been established in the previous 

Chapters is not clear. 	Numerous possibilities seem 

plausible. 
The age relations of the Ard Thurinish folds and the 

Rudha Phoil, or second folds can be elucidated as follows. 
If the correlation of the Knock Synform with the small scale 
Rudha Phoil folds is correct then the Ard Thurinish folds 

must be later than the Rudha Phoil folds. 	If the Ard 
Thurinish folds were to be earlier then the rock types in 

w-ich they aro characteristically found would be expected to 
occur on the SE limb of the Knock synform at least as far 
west as a point only 600ydc due east of the ruined castle. 
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However, at this locality and at all points east the rocks 

are massive gneisses containing Baravaig, or first structures 

and kAidha khoil, or second structures the ag-e relations of 

which ere proven. 	Thus the Ard Thurinish folds cannot be 

correlated with either the i'aravaig (first; or Rudha Phoil 

(second) groups of structures. 

The next correlation to be considered is with the 

Tamar°, or third folds. 	The profiles of the Ard Thurinish 

folds in Voine rocks illustrated in fieure 4.7 may be 

compared with the profiles of Tormore folds shown in 

figures 5.2 and 3.3. 	Other points of comparison can 

conveniently be listed as follows:- 

1. The two groups of folds possess very similar tyres 

of axial plane structure; namely a very small ecale 

folding of the semi-pelitic components of ti:e 

exposures. 

2. The orientation of the axial planes of the Ard 

Thurinish folds is close to that of the Tomore 

folds. 	In ficure 4.b(c, the poles of axial planes 

of Ard Thurinish folds over a wide area are presented 

and their angular distribution may be compared witi 

the corresponding diagrams for Tormore folds in 

figures 5.2 and 3.5. 
Contrasting features of the Ard Thurinish and Tormore 

folds are more numerous and can also be conveniently listed:-

1. The axial directions of the Ard Thurinish folds 

are widely variable as the stereogran of figure 4.8(b) 

demonstrates. 	These measurements are from a small 

area 300yds SW of Tormore. On the other hand the 
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axial directions of the Tormore folds are much more 
restricted in their angular distribution as shown 

in figure 3.5(b). 

2. The profiles of the Ard Thurinish folds vary rapidly 
from point to point along the axis whereas the pro-

files of the Tormore folds are considerably less 
variable. 

3. The axial planes of the Ard Thurinish folds converhe 
and diverge and frequently meet as the stereoscopic 

photographs of figure 4.2(eh illustrate. 
4. The Ard Thurinish and Tormore folds show strongly 

contrasting relations to the lineations with which 

they occur. 	The Ard Thurinish folds deform an 

elongation lineation which is found in both the 

psammite bands and the semi-relites of the 1-oine 

series. 	At Tormore the Tormore folds have an 
elongation lineation parallel to their axes in the 

psammite bands and very small scale folds parallel 
to their axes in the semi-pelitic rocks while at 

Ardvasar the Tormore folds deform the first elongation 
lineation in the psarmite bands but have very small 
folds parallel to their axes in the semi-Telitic rochs. 
If the Ard Thurinish and Tormore folds are to be 

correlated then the elongation lineation which the 

Ard Thurinish folds deform must be earlier than the 
Tomore folds. 	In the Voine rocks at Ardvasar the 

only elongation lineation which can be shown to be 

earlier than  the Tormore folds is the first lineation. 
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Thus a correlation of the Ard Thurinish and Tormore 
folds would imply that the lineation which the Ard 

Thurinish folds deform is either the first lineation 
or is some other ;ineation earlier than this. 	The 
latter possibility can be ruled out by the same 

argument that was used to establish the age relations 

of the Ard Thurinish and Rudha f-hoil, or second 

folds: namely that some of the rocks on the SE limb 

of the Knock synform are the direct equivalents of 
those rocks on the IX limb which contain the Ard 

Thurinish folds but which in fact contain the 

3aravaig, or first and Pudha Phoil, or second folds. 

The numerous points of difference between the Ard 

Thurinish and the Tormore, or third folds do not make these 

two groups incompatible if certain concepts can be appreciated 
and accepted. 	By far the most important of these is the 
idea that along lines which are perpendicular to the plane 

of the .roine thrust the physical and chemical conditions 
that controlled the structural and metamorphic state of the 
rocks .slay have varied quite resarkably. 	Thus, in the case 

of two points separated by only ten yards along one such 

line, the conditions might be such that megascopic garnet 
is stable at one point but unstable at the other. 	Cr it 
might be that at one point a certain linear structure is 

expressed by no more than the orientation of mica crystals 

into a girdle fabric whereas a score or so yards away the 

aae linear structure is so strongly developed that glAns 

of quartz are much longer than they are wide. 
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If such concepts are allowed, and there is every indication 

that they are not at all out of place, then the Ard Thurinish 

and Toraeore groups of folds can be correlated. 	If this is 

the case then the balance of physical restraints to which 

the rocks sere subjected must have been very delicate. In 

the eioine rocks at Tormore this balance must have been such 

that the formation of a new elongation lineation parallel 

to tae axes of constantly orientated folds (as in figure 3.5) 

was favoured at one locality while only a short distance 

away the old elongation lineation remained. stable and the 

folds which distorted it developed curving axes. 	The 

large variations in the axial directions and the profiles 

of tlae Ard Thurinish folds can be accounted for by relatively 

saall variations in the direction of the axial plane as will 

be r.ore fully explained later in this Chapter so that the 
differences between the two groups of folds become less 

acute. 

Another correlation that can be made in connection with 

the Ard Thurinish folds is that the elongation lineation 
they deform is the same as the elongation lineation parallel 

to the axes of the Tormore, or third folds. 	This correlation 

involves such less tenuous arguments than were submitted in 
t e proceeding paragraphs but even so does not gain positive 

supporting evidence from the field relations of the folds. 

Ihe only field evidence which can be considered to support 

this correlation in any way is the fact that the grain size 

of the rocks deceases towards the west and at Ard Thurinish 

the lineation distorted by the Ard Thurinish folds is in 
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the form of rodding structures. 	In Chapter it was argued 
that the amount of post-crystalline deformation associated 

with the Tormore folds increased towards the west and the 
linear structure became stronger in this direction also. 

Thus, if the correlation of the lineation deformed by the 

Ard Thurinish folds with the lineation parallel to the 
axes of the Tormore, or third folds is correct, then the 
rodding structure at Ard Thurinish could be considered as an 
advanced stage in the series from the girdle orientation 

of micas at Rudha Phoil to the strong elongation lineation 

associated with the Tormore folds on the short coastal 

section immadiately east of Termer°. 

Yet another possibility for the age relations of the 

Ard Thurinish folds is that they are earlier than the 
Tormore, or third folds but later than the Rudha Phoil, or 

second folds. 	Such a sosition in the sequence of structures 
involves concepts even more complex than those which were 
discussed previously. 	The statement that the Ard ihurinish 
folds are later than the Rudha Phoil, or second folds hinges 

on the correct correlation of the Kncck synform with the 

Rudha Phoil folds and was discussed earlier. 	In the out- 

crops of Koine rocks in the district east of Tormore the 

eastern licit of the rocks affected by the Ard Thurinish 

folds can be defined very closely. 	It is marked on Plate 

as a hypothetical line called. 	Ostaig line. 	To the east 
of this line the ..nine rocks are coarse grained and contain 

undistorted lineation associated with the iormore, or third 

folds. 	To the west the rocks are generally fine-grained 

and contain an elonation lineation distorted by the Ard 
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Thurinish folds. 	Further to the west, very close to the 

i-loine thrust, tere is another group of folds which, with-

out the slightest element of doubt, are later than the Ard 

Thurinish folds. 	Thus if the Ard -.Ourinish. folds are 

earlier than the Tormore, or third folds then the implication 

is that a belt of rock some three-quarters of a mile thick 

remained both structurally and metaiaorphically "dead" while 

fairly intense movements took place on either side and garnet, 

amphibole and biotite porphyroblasts were stable invediately 

to the east. 

A selection of the various directions of the lineation 

which is deformed by the Ard Thurinish folds is shown on 

Plate ) as "elongation and ribbon lineation west of the 

Ostaig line". 	It must be emphasised that only a "selection 

of the various directions" is given since in any one exposure 

the direction of the lineation may vary as such as 142°  and 

thus a map prepared to show the "regional trend'? of the 

lineation would be misleading. NeasuremeTts of the 

elongation lineation from a very wide area are presented in 

the stereoGram of figure 4.3(a). 	These are arranged in a 

very ill defined girdle with a diffuse concentration near 

the east point. 

The variability of the axial direction of the Ard 

Thurinish folds is graphically represented in figure 4.Li(b). 

Aiese measurements are from a small area in Noine rocks 

about 00yds SW of Torriore. 	That there is no relation 

between the axial directions of the Ard -ihurinish folds and 

the direction of the lineation which they deform is amply 

proved by the fact that the angle between the axis of the 
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fold and the lineation takes all values ranging between 

00  and 700. 

In tne stereo ;ram of fi'ure ''.8(c) poles to the axial 

planes of 27 selected Ard Thuriaish folds are marked. 
lheue are the folds upon which a reasonable, accurate 

calculation of the "a" direction can be made. 	They are 

distributed. along the coastal section from Ardvasar to Ard 

Thurinish as indicated in figure 4.9. 	The slight variations 

in the axial plane directions of these folds, which can be 

looked upon as giving rise to the larger variation in the 

axial direction, are masked it this diagram by a greater 
dispersion due to gentle later folding. 

The data from which the "a" directions of the 27 Ard 

Thurinish folds have been calculated is presented in a 

table at the end of this Chapter. 	Me results of these 

calculations are given in the stereonram of figure 4.6(e) 
and a selection of these, consistent with clarity, is marked 

on t:e map of figure 4.9. 	The angular distribution of the 
lineation deformation planes of these 27 folds is shown in 
the stereo ram of figure 4.3(d). 	The bletogram of figure 

4.8(f) has been presented primarily to indicate the degree 
of reliability of the calculations and has been constructed 

as follows. 	The angle between the axial plane and the 

lineation deformation plane of each fold was calculated 
graphically by the use of the stereo;raphic projection. 
These results were then classified into intervals of 109  
with the origin at 00  (ie. with class boundaries of 00 , 100, 

0 20o 1  50, etc). 	Any observations of tare angle between the 

axial plane and the lineation deformation Diane which fell 
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on to a class boundary were counted as a half each for the 
classes on either side of this boundary. 	Thus, should the 
angle have been 50°  then this observation was counted as a 
half for the class 40-50°  and a half for the class 50-60°. 
The total number of observations in each class having been 
determined the histogram was then drawn according to the 
generally known methods. 

The highest number of observations in any class is 
6i in the class 20-30°. 	To the left of this the number of 

observations falls off sharply. 	The reason for this sharp 
fell is teat no measurements were made on folds where the 
angle between the axial plane and the lineation deformation 
plane was obviously too small to yield a sufficiently 
reliable value for the "a" direction. 	ihe fall to the 
right of the maximum value is more eentle and its uniform 

slope indicates a decreasing frequency of occurence of 
folds as the angle between the axial plane and the lineation 
deformation plane rises to a maximum value in the region 
of 70°. 

Fieure 4.8(e) shows that the "a” directions of the 

Ard Thurinish folds fall on to a well defined partial 

girdle which appears to be bimodal,(ie. with two separate 

concentrations). 	Although the rocks which contain the 

Ard Thurinish folds have suffered later gentle flexuring 

the magnitude of the later movement is totally inadequate 

to explain this distribution of the "ah directions. 	Thus 

the variation in tee "a" direction of the Ard Thurinish folds 

must be am inherent condition of the mechanism of their 
formation, and furthermore, this variation must occur over 
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a distance of only a few yards since many of the measurements 
come from such restricted areas as this. 

The relation between the folds of the normal type and 
the structures of figure 4.6 can now be discussed. 	However, 
a preliminary review of the mechanics by which felds with 
curved axes usy arise would not be out of place:- 

1. Folds with flat axial planes may be superimposed 
upon a foliation surface which is already curved. 
The axes of the superimposed folds are defined as the 
line of intersection of the new axial Diane and the 
foliation and will thus be curved. 	Such folds 
are illustrated diai;raamatically in figure 4.10(0(1) 
and (b)(1). 

2. Folds with curved axial planes may be suteriaposed 
upon flat foliation planes. Again the line of 
intersection of the two surfaces is curved and the 
resultinE folds will thus have curved axes. It is 
important to bear in mind that the nature of the 
curvature, te deree of curvature and the different 
orientations of the curved axial alane with recpect 
to the foliation plane will all have profound effects 
on the shape of the resultint; folds. 	Thus the axial 
planes of -  the folds may be represented as cylindrold-
ally curved surfaces, or as surfaces with culminationa 
and den ressions, or as more complex curves than 
these. 	It is also irportant to consider the fact 
that the axial planes may converge and diverge. 

3. Folds with curved axes may also owe their origin 
to a combination of these two mechaninms. 
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A more complete discussion of the three above mechanisms 

is contained within two recent publications by Weiss (1959) 
and Ramsay (1960). 	A fourth possible mechanism has been 
suggested by Ramsay (1962):- 

4. Variation in the degree of compression to which the 
rocks have been subjected. 

The accepted theory of the mechanism of growth of 
similar folds is that they develop by relative movement 
along planes which are parallel to the axial planes of the 
folds. 	The direction of this relative movement is called 
the "a° direction or direction of transport. 	Taking into 
consideration the four nossibilities which were Liven above 
for the development of 'folds with curved axes it is quite 
conceivable that a situation may arise in which the axial 
plane of folding may be oblique to the foliation but never-
theless the "a" direction is contained within the foliation. 
The resulting deformation will be such that although consid-
erable movement will take place the foliation will not be 
bent by virtue of the fact that the "a" direction lies 
within it (Ramsay, 1960). 	However, any lineation which 

lies on the foliation planes will reveal this "hidden" 
deformation by assuming a curved path. 	Such conditions 
are illustrated diaGrammatically in figure 4.10. 	In 4.10(a)(1) 
later folds have been superimposed on a curved foliation plane 
which carries a lineation. The strike of the axial planes 
of the new folds was arranged to be perpendicular to the 
original strike of the foliation. 	The foliation has been 
deformed and since it was originally curved the new folds 
have curved axes. 	The diagram has also been drawn so that 
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the "a" directions of the new folds are vertical. 	Thus 

where the foliation was also vertical no folds, in the con-

ventional sense, have been formed but instead the curved 

path of the lineation reveals that the foliation has suffered 

a "hidden" deformation. 	Then this foliation is viewed from 

a point such as represented by the hypothetical eye then the 

deformed lineations will have the appearance of figure 

4.10(a)(2) and the nodal points (Ni, N2, I13) on the curved 

lineations of successive foliation planes will fall one 

behind the other. 	Figure 4.10(b) differs in that the strike 

of the axial planes of the new folds makes an acute angle 

with the orieinal strike of the foliation. 	The main differ- 

eeces produced by these changed conditions are twofold. 

Firstly, the new folds are highly asymmetrical as opposed to 

the symmetrical folds of figure 4.10(a)(1), and secondly, 

the nodal points (N1, NV  N3) do not fall behind each other 

when viewed from the poeition of the eye. 

The structures illustrated diagrammatically in figure 

4.10(b) have direct coutterparts  in the naturally oecuring 
Ard Thurinish group of structures. 	By far the greater 
majority of the Ard Thurinish group of folds are strongly 
asymmetrical; the curved lineations of figure 4.10(b)(2) 
can be taken as an interpretation of the apparently chaotic 

arrangement of lineations in figure 4.6(b); and the structures 

of figures 4.4 and 4.5 would seem to occupy a position on 
figure 4.10(b)(1) at which the foliation is only sliehtly 
folded. 

So far the geometry of the Ard Thurinish structures 
has been explained only in terms of original curvature of 
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the foliation. 	However, the axial planes of some of the 

Ard Thurinish folds must be curved. 	This fact should be 

evident from a study of figure 4,2(a) where fold axes may 

be seen to converge. 	Such an observation can only be 

explained in terms of a curving axial plane since no matter 
what the shape of the foliation before the new folding the 

axes of the new folds would not converge and meet if the new 

axial plane were flat. 	Some indication of the decree of 

variation in the distribution of poles to the axial planes 

of the Ard Thurinish folds is given by the stereogram of 

figure 4.(c). 	Some of this variation can be accounted for 

by later flexuring but the evidence of figure 4.2(a) is 

sufficient to show that the axial pinnes are curved even 

if only to a limited extent. 	Another possibility which 

must receive consideration is that the lineation also varied 

before the Ard Thurinish period of folding. 	Bearing in 

mind the fact that many lineation deformation planes 

were not measured because they were very close in wientation 

to the axial planes of the folds then the total angular 

distribution of these planes must be much greater than is 

suLzested by the stereogram of figure 4.8(d). 	Poles to 

lineation deformation planes must, therefore, envelop 

much of the area of the diagram occupied by poles to axial 
planes shown in figure 4.8(c). 	The orientation of the 

lineation deformation plane depends on three independant 

variables: the original orientation of the lineation, the 

orientation of the new "a" direction and the amount and 

degree of variability of the compression accompanying the 

folding. 	If the amount of compression varies from place 
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to place then the axial planes of the folds will also be 
variable in direction. 	The orientations of the "a" 
directions are clearly variable in the case cf the A.rd 
ihurinish folds but unfortunately the observations avail-

able do not lend themselves to a reliable calculation of 

the expected distribution of lineation deformation planes. 
Thus the expected distribution cannot be compared with 
the observed distribution and no conclusions can be drawn 

concerning the variability or constancy of the original 
orientation of the lineation. 

A graphic illustration of the variation of the "a" 
direction is available from a consideration of figure 4.6(a). 

This is an eoual sizes renroduction of the original, care- 

fully made sketch. 	Figure 4.11(a) is an accurate enlargement 
of the original sketch. 	By definition the "a" direction 
of a fold structure lies in its axial plane. 	The axial 
plane of a fold can be defined as the surface which joins 

tosether the fold axes on the different folded surfaces; 
the axis of a fold being the line of maximum curvature. 

In the case of the curved lineations of figure 4.11(a) 
the traces of the axial planes of the folds on the flat 
foliation surface can be drawn so that they pass through 
the points of maximum curvature in the lineation (cf figure 
4.10). 	i2ut the flat foliation surface, carrying the curved 

lineation, is obviously also the lineation deformation 
plane. 	Therefore the traces of the axial planes on the 

foliation surface are also the -lines of intersection of the 

lineation deformation. plane with the axial plane, that is, 

the "a" directions. 	These "a" directions are clearly curved. 
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The mechanism of formation of the Ard hurinish folds 
seems to be very complex. 	They have variable axial planes, 
axes and "a" directions, and are probably superimroscd 
upon a variable foliation carrying a variable lineation. 

A possible explanation of their shades of variation can be 
evolved by postulating culminations and depressions in the 
axial planes which are elongated in the General trend of 
the "a"direction. 	However, these ideas will not be presented 
here since it is considered that their factual basis is too 
flimsy. 
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TALE OF DATA FROM WHICH THE "A" DIRECTIONS 
OF 27 ARD TUURINISH FOLDS WERE CALCULATED 

An explanation of the :.Istem of ,__:rid reference 

used in the colurn "locolity" will be foundtin 	Jt1:19.en L- 

In the remaining 

coluems, except that headed "angle between axial plane and 
lineation deformation plane", the two sets of fl,:ores 
completely specify the angular position of the given line 

in space. 	Thus the first grouping in the column "axis" 
means that the axis of the fold in question plunges at 13°  

towards a true bearinc; of 2880 . 

THE GRID REFERENCE SYSTEM. 
The first letter and number refer to one of the redMngles 

on Plate 1. ,Each of these rectangles is then sub-divided 

into squares measuring 3/16 inches along the side. 	There 

are 18 such squares along the bottom of a large rectangle 

and 16 up the side. 

A reference such as D4:154:095 is in rectangle D4 on 
Plate 1. 	The precise location in that rectangle is 15.4 x 
3/16 inches from the western  margin of the rectangle and 
09.5 x 3/16 inches from the southern  margin of the rectangle. 
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The introductory note to t His table lo on page 11. 

Locality. Axis. Pole Pole Cal- Angle between lin- 
to to culated cation deformation 
Axial Lin. "A" plane and axial 
Plane. Dee Dirn. plane. 

Plane. 
C6:051:148 18:288 65:027 34:070 --:--- 08 

11:339 15:059 34:039 08:114 20 
09:158 24:084 75:013 23:096 69 
16:155 29:110 38:050 28:097 33 
10:124 18:076 37:017 19:080 31 

D5:081:159 33:081 44:114 27:091 20:046 22 
D5:077:155 32:117 35:137 31:037 22:084 49 
SW of 61:112 31:032 31:042 60 
lormore. 40:135 05:100 04:050 36 

49:139 34:026 25:073 68 
22:123 05:106 02:038 17 

-do- --- 29:099 24:052 24:062 20 
45:120 08:070 06:038 40 
42: 150 22:187 06:112 27 
15: 192 18:317 08:252 29 

----do---- 39:131 04:000 02:045 41 
----do---- 50:156 13:217 12:236 45 
----do---- 25:129 12:151 07:203 14 
----do---- 4b:000 23:018 23:012 45 
----do---- 18:106 29:056 181110 20 

37:138 16:302 04:224 52 
D4:154:095 24:113 46:021 22:089 52 
----do---- 01.14110:O.MIM 45:100 39:046 38:061 36 
----do---- 46:081 39:041 39:042 27 
----do---- 13:096 27:040 12:102 34 
----do---- 0116410:41W.1.140 36:096 67:040 35:114 52 
D5:035:105 womb2mmormD 29:149 34:092 --:--- 29 
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EXPLANATION OF FIGURE 4.1. 

A map showing the variations of plunge, trend and pro- 

file of some of the Ard Thurinish folds in the southern 

part of the Xoine nappe. 	The axial planes of these folds 

dip consistently SE (see figure 4.8(c)). 
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EXPLAiiATION OF FIGUE 4.2. 

Stereoscopic photographs of typical Ard Thurinish folds. 

(a) In Lewisian rocks at Ard Thurinish. 	These photo-

graphs show how the axial trend changes over very short 

distances and also how the axes of adjacent folds 

converse upon each other. 

(b) In Lewisian rocks near Macbrayne's Garage at 

Ardvasar. 	These photographs show clearly the elongation 

lineation passing obliquely over the hinges of the Ard 

Thurinish folds. 



4Ard Thurinisil folds. 

(a) At And Thui-inish. 

(b) At Macbraytje's Qarage. 

figure-4.2 
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EXPLANATION OF FIGURE 4.3. 
Profiles of Ard Thurinish folds. 
(a) In Levisian rocks at Ard Thurinish. 	Alternations 

of thin, fine-grained acid and basic bands. 
(b) In basic Lewisian rocks at Ard Thurinish. 
(c) In Moine semi-pelitic rocks approximately one half 

mile SW of Tormore. 	'.he rocks are pale to medium grey and 
contain small !,arnets up to 2mm in diameter. 	ands of 
psammite up to 1cm thick occur. 	These are of medium grain 
size and the quartz grains are elongated in the foliation. 
Many of the thinner psamaite bands are drawn out into lenticies 
and some of the bands are discontinuous. 	The lenticles are 
flattened within the foliation except near the axial plane 

of t.:te fold where Vaey are aligned parallel to the axial 

plane. 

(d) In Moine psammites about 100yds SE of Tormore. 

A thin psammite band is indicated. 	It is fine grained and 
pink in colour. 	The surrounding :semi-pelitic rocks are 

pale Grey and micaceous. 

(e) and (f) In hoine psammite about 100yds SE of Tormore. 
she psammite is aimilar to that described under (d). 

(g) In hoine psammite about 300yds SW of Tormore. ihe 
rocks are of medium grain size with parting planes of micaceous 
material spaced at intervals of up to 1cm. 	:quartz grains 

are flattened and elonated within the foliation; the elongation 

lineation is oblique to the fold axes. 

(h) In Lewisiazi rocka about 300yds ENE of Dun atChleirich. 
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EXPLANATION OF FIGURE 4.3 (CONTINUED). 
(h) (continued) Alternations of pink and white uartmo- 

feldspathic material with pale green micaceous bands form 
laminaeup to 2mm thick. 

(1) In Lewisian rocks about 300yds ENE of Dun a'Chleirich. 
(j) In Lewisian rocks close to the junction with the 

Loine rocks on the hill slopes 600yds NNE of Dun a'Chleirich. 
(k) Small fold in loine rocks 700yds NNE of Dun a'Chleirich. 
(1) Small fold in Moine rocks 450yds WNW of Tormore. 

(m) Moine rocks 400yds SW of Tormore. 	A psammite band 
is shown as solid black and is enclosed within semi-pelitic 
host rock. 	stronc elongation lineation is parallel to 
the axes of the folds. 
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EXPLANATION OF FIGURE 4.4. 

(a) This is a photograph of a small Ard Thurinish fold 

in Lewisian rocks at Ard Thurinish. 	The pale coloured rocks 

in the centre of the photograph are less acid than their hosts. 

The boundary of the pale coloured area which is nearer to 

the camera is the axis of a fold and is strongly curved. 

The fold is recumbent, so that the margin of the band which 

is distant from the camera is the broken upper limb of the 

fold. 

(b) The lower section of the diagram is a plan view of 

the fold shown in (a). 	The lines on the diagram represent 

cracks and elongation lineation in the reek. 	The elongation 

lineation makes a very small angle with the axis of the fold. 

The upper part of the diagram is a section along the line AB. 

(c) The folds represented here are very similar to those 

shown in (b). 	They occur on Ard Thurinish in thin alternating 

bands of acid and basic material ornamented with lines and 

spotsrespectively. 	The lines on the acid layers also rep- 
resent the elongation lineation. 	The axes of the recumbent 

folds in fr,e acid layers are towards the bottom of the diagram 

while the irregular upper boundaries of the acid layers are 

the edges of the broken limbs of the folds. 
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EXPLANATION OF FIGURE 4.5. 

Rod-like structures in acid Lewician 4 .neic,sec at Ard 

Thurinich deformed by Ard. Thurinich folds. 	For full 

ex-planation ice text. 



(a) 

'lcieci litvatiops at Ord Thurittis17. 

(b) 

figure 4.5. 
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EXPLANATION OF FIGURE 4.6. 
Neanderin lineations on flat foliation planes. 	2oth 

examples are from Lowisian rocks near Dun a'Chleirich, 	The 

deformation i6 such that the "a' direction of the Ard Thur- 

inish folds lays in the foliation plane. 	A full interpretation 

is given in the text. 



(a) 
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Lineation deformed on flat fi,ilatioty planes. 
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Examples from Lewisian rocks near Dun a' Chleirich. 
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EXPLANATION OF 'FIGURE 4.7. 
Ard Thurieish folds in 1.oine rocks 300yds SW of Tormore. 
(a) Off-white psamrnite bands are represented as tracing 

folds with smooth outlines. 	quartz grains are flattened within 
the foliation and are elongated oblique to the axes of the 
folds. 	The semi-politic rocks contain thin laminae richer 
in quartz which are folded on a very small scale. Only the 
axial planes of these small folds are represented. 	Snail, 
pink garnets are also visible. 

(b) The psammite bands are of meditm grain size and are 
deformed into folds of a moderate scale. 	An elongation lin- 
eation is oblique to the axes of these folds. 	The semi- 
politic rocks between the psarnmite bands show very small scale 
folds which have the same orientation as the larger folds in 
the psammite bands. 	These smaller folds are represented 
only by their axial planes. 

(c) Part of a psammite band is ornamented with spots, 
a small body of milky quartz is left blank; the remainder of 
the exposure is composed of semi-pelitic rocks. 	This latter 
contains narrow zones in which very small folds are developed. 
These zones share the same orientation as the axial planes 
of the larger folds in the psameite bands nearby. 	An elonc- 
ation lineation oblique to the fold axes can be seen both s_n 
the psameite bands and on those parts ci the semi-politic rocks 

- not affected by the very small folds. 	The aStitymietry of the 
very sail folds agrees with their position on the limbs of 
the larger folds. 
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EXPLANATION OF FIGURE 4.8. 
Angular measurements of Ard Thurinish folds. 

(a) 143 observations of eloncation lineation west of 

the Ostaie: line in both. Yoine and Lewisian rocks. 

(b) 31 observations of axes from a restricted area in 

Moine rocks 300yds SW of Tormore. 

(c) 27 poles to axial planes of folds the ''a" directions 

of which have been calculated. 

(d) Poles to the 27 lineation deformation planes which 

have been used in the calculations of c'e." directions. 

(e) 27 calculated °a" directions contoured at intervals 

of 1, 2, 4, and 8 points per unit area. 	The area of the unit 

circle is defined as the total area of the diagram divided 

by the number of observations. 

(f) A histogram showing the number of observations 

within class intervals of 100  in the angle between the 

axial plane and the lineation deformation plane of each 

fold, the "a" direction of which has been calculated. 
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EXPLANATION OF FIGURE 4.9. 
A map showinu selected "a" directions of Ard Thurinish 

folds. 	The selection :las teen carried out with the object 

of presenting as many "a" directions as possible consistent 

with clarity. 
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Fgure 4.9. 
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EXPLANATIO7 OF FIG :k. 4.10. 

Hypothetical block diagrams showing the inferred 

relationship between the norz:s1 Ard Thurinlsh folds and the 

structures illustrated in figures 4.5 and 4.6. 
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EXPLANATION OF FIGURE 4.11. 

This is derived from figure 4.6(a) by enlargement. 
It is argued in the text that the lines joining the points 

of maxicum curvature of the lineation, as shown in (b), are 

the traces of the "a" directions which gave rise to these 

structures. 
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ASSOCIATED STRUCTURES. 

According to the tradition of the local people Port 
a'Chuil is the small bay laying to the SW of the village of 
Aird of Sleat and another small ba5 to the SE is called 
Port na Long. 	Ilowever, both the one inch and six inches 
to the mile maps of the Ordnance Survey name these two bays 

vice versa. 	Nevertheless, venerable residents of the 

village of Aird of :'Meat strongly maintain that the Ordnance 
Survey maps are wrong and in this thesis there views will be 
respected. 	Thus on Plate 1 the bays are marked contrary 

to the Ordnance Survey maps. 

eventy yards SW of the Schoolhouse at Aird of 

now converted into a dwelling house, the :rein° thrust is 
exposed close to some thick dykes of the NW Tertiary swarm. 
At this locality the oine thrust car be defined as a sharp 
plane dipping to the east. 	Above 	plane the rocks are 

in the Moine nappe and arc of Lewisian derivation, consisting 
of pini and green mylonised gneisses. 	Below the thrust the 
rocks in the Caradal nappe are of psammitic comnosition and 

belong to the Tarskavaig Moine Series. 

Ca the coastal section in Port a'Chuil the structures 

belonging to the Port a'Chuil group can be recognised in 
both the Lewisian rocks above the Coine thrust and in the 
Tcrskavaig Leine rocks below the thrust. Although this 
Part of the thesis is primarily concerned with the structures 
of the Moine nappe, whose western boundary is the koine thrust, 
the Port a'Chuil strucbtres in the Tarskavaig loine rocks of 

the Caradal nappe will be described here for completeness. 
In the earskavaig Voine rocks the structures of the 
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Port a'Chuil group are confined to a group of rocks laying 

between the Moine thrust and another well-defined dislocation 

200yds further west. 	All of the psammitic rocks in this section 

contain a very strong elongation lineation. 	This elongation 

lineation is parallel to the axes of folds and of fold mullions 

(Wilson, 1953). 	Profiles of some of these folds are illus- 

trated in the photographs of fiGures 5.1(a) and (b). 	In 

teese exposures bands of coarse psammite are of paler colour 

than the surrounding rocks of finer grained psammite or 

semi-pelite. 	Figure 5.1(e) shows examples of the fold mullions 

of the Port a'Chuil group of structures. 	They have bee e photo- 
gra hed with the camera axis approximately perpendicular 

to the axis of the mullions. 	The rocks OTC of similar 

composition to those shown in figures 5,1(a) and (b). 	The 

angular distribution of the elongation lineation and the 

mullion structures in the Tarskavaig Moine rocks is shown 

in the stereogrem of figure 5.3(a). 

Above the iine thrust, in the Lewisien rocks of the 
I.oine nappe, folds of the type shown in fieure 5.2(b) are 

fairly common in the coastal section between the Moine thrust 

and a point about 300yds to the SE. 	The distribution of the 

Port a'Chuil folds in the Moine nappe does not seem to be 

limited by the same type of well-defined dislocation as is 

the casein the Garadal nappe. 	The Lewieian rocks in 

which these folds occur are green chlorite schists with 

thin laminae of pink quartao-feldspathic material. 	A 
lineation is developed in these rocks which takes the form 

of very narrow rObbons of different mineral composition 

which are rarely more than 2mm wide. 	This lineation is 
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parallel to the axes of the folds, and its angular distribution 

is shown in the stereofram of figure 5.3(b). 

The correlation of the folds described in the Tarskavaig 

Moine rocks with the folds in the Lewisian rocks of the 

Moine nappe is based on the following evidence:- 

1. The folds in both the Lewisian and the Tarskavaig 

Moine rocks possess an axial lineation. 

2. The trends of these lineations are practically 

identical in both of the group; of rocks as is 

denonstrated in the stereograms of fisures 5.3(a) 

and (b). 

3. The folds in both rock groups have tight profiles. 

4. The axial planes of the folds dip towards the east; 

the folds are nearly reclined, ie. the plunge of the 

axes is almost down the dip of the axial planes. 

Away from the shores of Port a'Chuil, lineations can 

be found in rocks which lie very close to the roine thrust 

but in the majority of exposures it is difficult to demon-
strate whether this lineation belonss to the Port a'Chuil 

group of structures or is the lineation which is deformed 

by the Ard lhurinish folds: both lineations, although of 

different age, are of similar aspearance. 	In the bed of 

the Allt Leth-shithein, m steam in the far north of the area 

of study, an exposure in Lewisian rocks close to the roine 
thrust shows two lineations. 	It is possible that one of 

these lineations is that which is deformed by the Ard Thur-

inish folds (see Chapter 4) while the other is tSe Port a' 
Chuil lineation. 

The age relations of the lort a'Chuil folds can be 
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clearly demonstrated on Ard Thurinish. 	On this peninsula, 

and in many coastal localities to the NW as far as Bach a' 

Fluilinn, veins consistinj essentially of quartz but with 

accessory amounts of calcite, chlorite and feldspar are 

fairly common. 	These veins, one of which is illustrated 
in figure 16.4(a), are clearly discordant to the foliation 
which is distorted by the Ard Thurinish folds. 	On several 

of these quartz veins a linear structure can be distinguished 

which consists of a series of fine grooves and ridses. 
Zasurements of this lineation are presented in the ster- 

eogram of figure 1.3(c). 	Their trend is so remarkably 

close to that of the lineation associated with the Port 
Chuil folds that a direct correlation of these two lineations 

is suggested. 	That the lineation on the ouartz veins is 

different from the elongation lineation which is deformed 

by the Ard Thurinish folds is clearly demonstrated by the 
exposure on Ard Thurinish illustrated in figure 5.2(a). 

In this sketch the rocks with closely spaced spots 

are chlorite schists with a fissile rarting. 	This fissile 

parting is a property of the rocks which allows them to 

break into very thin, flat slivers along parallel planes. 

harting is parallel to the axial planes of the Ard 
Thurinish folds and in the case of figure 5.2(a) is also 
parallel to the plane of the paper. 	At the top of the sketch 

a band of quartzo-feldspathic rock is ornamented with widely 
spaced spots. 	This band dips towards the bottom of the 

sketch at a steeper angle than the fissile parting in the 

chlorite schist and is, in fact, the upper limb of an Ard 

Thurinish fold whose axis passes from left to right and 



CHAPTER 5. 	THE PORT A'CITUIL FOLDS. 	142. 

which closes towards the bottom of the sketch. 	Lines 

drawn on the quartzo-feldspathic band represent cracks in 
betwp 

the rock and elongation lineation. 	Near the to of the 

sketch the blank areas represent the quartz veins which 
were the subject of the previous paragraph. 	The lineation 
on these veins is shown as a series of lines running from 

top to bottom and in the case of the quartz vein on the 
left a number of rod-like structures can also be distinguished. 

Since the quarts veins cut discordantly through the 

rocks which contain the Ard Thurinish folds the quartz 
veins must be of later date. 	They carry a lineation the 

trend of which is constant over a wide area and suggest a 
connection in time with the Port aThuil folds. 	If the 

correlation of the lineation on the quartz veins with the 
lineation associated with the Port a'Chuil folds is correct 

then the Port a'Chuil folds must Oe later than tee Ard 

Thurinish folds. 

Supplementary evidence for this age relation is 

afforded by the exposure illustrated in figure 5.2(c). 
This is a fold structure which was drawn to the attention of 
the author by Professor J.Sutton. 	That part of the sketch 

which is not ornamented is a parting plane in chlorite schist 
which carries the lineation associated with the Port a'Chuil 
folds. 	This lineation is represented as a series of 
approximately parallel lines running from left to right. 
The rock ornamented with spots is composed essentially of 
quartz and feldspar. 	This body of rock has no appreciable 
third dinension and contains a lineation deformed about a 

fold-like structure. 
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The interpretation of this exposure is as follows. 

The fold structure appears to belong to the Ard Thurinish 
group; Ard ihurinish folds being very common in quartzo- 
feldspathic rocks in this neighbourhood. 	The lineation on 
the parting plane in the chlorite schist belongs to the 
Port a'Chuil Group and is rectilinear. 	It must, therefore, 
be contemporaneous with, or later tan the fold structure 
in the quartzo-feldspathic rock. 

Evidence that the Port a'Chuil structures occur in a very 
narrow zone close to the Moine thrust throughout its entire 
length in Skye can be found where the coast intersects the 
thrust at Camas a'Mhuilt, north of Isleornsay. 	This is 

outside the arca involved in the present study but is con-
tained within the district in which ler.D.Natthews has found 
very similar structures. 	At Camas a'Mhuilt both Moina and 
Lewisian rocks of the Moine nappe are exposed near the loina 

thrust. 	These rocks contain structures which are analogous 
to those that have been described in this Chapter with the 
exception of the fold of figure 5.2(c). 	Not only do the 
structures at Port e'Chuil and Camas a'huilt agree in style 
but there is also a measure of agreement in their orientation. 
It would appear logical, therefore, to presume that the Port 
a'Chuil structures are developed in a narrow zone of rocks 

immediately adjacent to the ;:oine thrust. 
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EXPLANATION OF FIGURE 5 1. 
(a) and (b). 	Profiles of Port a'Chuil folds in 

Tarskavaig Moine rocks approximately 100yds west of the 
Moine thrust. 	Pale coloured rocks are of psammitic comp- 
osition while dnrker colouring indicates a trend towards 
increasing semipelitic composition. 

(c). Mullion structures parallel to t!)e axes of Port 
a'Chuil folds. 	The axis of the camera is approximately 
perpendicular to the axes of the mulliorls which run from 

top to bottom of the photograph. 	The rocks are mainly of 

psammitic composition. 



- 
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EXPLANATION OF FIGURE 5.2. 

(a) Structures 200yds NW of the extremity of Ard Thuriiish. 

At the top of the diaEram the rocks ornamented with widely 
spaced spots are quartzo-feldspathic in composition. 	These 
quartzo-feldspathic rocks are on the upper limb of a recumbent 
Ard ihurinish fold whose axis passes from left to right 

and which closes downwards. 	The dark lines represent 

cracks a,s1 elongation lineation. 	Rocks ornamented with 
closely spaced spots are chlorite schists in which a fissile 

parting is developed parallel to the axial plane of the fold. 
The diagram has been drawn such that this fissile parting is 
Parallel to the plane of the paper. 	The un-ornamented rocks 
are discordant bodies of milky quartz containing a lineatio_n 
which passes from top to bottom of the diagram. 

(b) Profiles of Port a'Chuil folds 300yds SE of the 

Aird of Sleat Schoolhouse. 	The folds are developed in 

Lasisian rocks rich in chlorite. 

(c) A structure about 350yds SE of the Aird of Sleat 
Schoolhouse. 	The rocks ornamented with spots are of quartzo-
feldspathic composition and, together with the elorsation 
lineation which they contain, are deformed into a type of 
fold structure which has no appreciable third dimension. 

The lineation which is parallel to the axes of the Port a' 
Chuil folds is well developed and is represented by straight 

lines sloping gently from left to right. 
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EXPLANATION OF FIGURE 5.3. 
(a), (b) and (c). 	Stereograms showing the angular 

distribution of the linear structures associated with the 

Port a'Chuil folds. 



1 . 	 . 

(a) 	Elongation lineation and 
mullions in the Tarskavaig Moine 
rocks. 

(b) 	Lineation in Lewisian rocks,  (c) Lineation on quartz veins 
in tije Moine nappe. 

Angular distributior of linear structures 
associated with the Port a' Chuil ft)Ids. 

figure 5.3. 
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CARADAL NAPPES. 

Conjugate folds were first defined and collectively 

described by Johnson (1956). 	In reference to part of the 

Loine thrust zone in ester Roes, Ccotland, he says: On a 

regional scale axial planes of the E-W folds in the thrust 

sone have no preferred orientation; 	they may dip north and 

south in adjacent folds within a single exposure. 	Clearly 

no consistent sense of translation of upper beds relative to 

lever can be deduced from the folds which, considered as a. 
whole, have orthorhombic symmetry. 	Folds with ainnle 

axial planes cannot be considered individually; they form 

part of a fold system in which the inclinations of the axial 

planes are opposed. 	Such a. fold system is termed by the 

writer a "Conjugate Fold System"." 

In the present study no systematic measurements were 

made on the conjugate folds so that this Chapter is merely 

a record of their distribution and abundance. 	For this 

reason the conjugate folds of both the Eoine and Caradal 
nappes will be mentioned in this Charter although this 

Fart of the thesis is primarily concerned with the structural 
history of the Moine nappe. 

In the Caradal nappe there are four main groups of 

rocks as shown on Plate 5. 	The Laidhe na preine group 

consists of thin interleminated pelites, semi-pelites and 

psammites in approximtely equal proportions. 	Conjugate folds 

are very widespread and very common in this group. 	Along 

the coastal section 400yds WSW of the gird of Sleet School-

house the Laidhe na greine group is well exposed and some 

very fine examples of conjufeate folds can be seen. 	Two of 



GliAPTER 6. 	THE CONJUGATE FOLDS. 	152. 

these are illustrated in figure 6.1(a) and (b). 	The for-

mer clearly demonstrates the two axial plane directions of 

the folds. 	Inland exposures of the Laidhe na greine group 

are fairly good and the conjugate folds are very common in 

them. 	Figures 6.1(c) and (d) show examples where the comp- 

lcaity of tee folding reaches a markedly high degree. 	The 

letter is from the narrow outcrop of the Laidhe na ereiae group 

between Loch Len nan Caorach and Loch wada. 	Here the con- 

jugate folds are developed to an extraordinary degree over 

a wide area whereas the flanking psammites are virtually 

free of them. 	Among the psammites of the Caradal nappe 

two localities are notable in the development of the conjtvate 

style of folds. 	At the head of gealach na Ceardaich 

(Bealach: a Gaelic word refering to a kind of valley leading 

up to a gap or pass in the hills) the conjugate style of 

folding is very common. 	Again, alont., the western margin of 

the Caradal eappe where the rocks dip eastwards, angular 

folds are very common in the lowermost of the psammites. 

y far the greater majority of these folds have horizontal 

axial planes; the complementary set with steep axial planes 

dipping westwards being less commonly seen, 

The Lewisian rocks of the Caradal nappe contain many 

closely spaced parting planes; a factor which appears to 

make the rocks more susceptible to the conjugate style of 

folding. 	The conjugate folds are very common in these Lew- 

ieian rocks, especially above the head of Alit a'Cham-aird, 

three-quarters of a mile east of Loch Pen nen Caorach. 

In the Voine nappe the conjugate folds are almost entirely 

confined to the belt of fissile, thinly foliated rocks 
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occurine within about one and three-quarter miles of tie 
outcrop of the Moine thrust, ie. west of the Ostaig line 
of Plate 3. 	Within this area conjugate folds are uniformly 
distributed and fairly common. 	The fissile, semi-pelitic 
eJoine rocks of the Eileen Sgorech and Alean Mao?, however, 
contradict these generalisations. 	These islands are east 
of the Ostaig line yet the complexity of the conjugate folds 
far exceeds any to be found in the Moine nappe west of this 
line. 

The ae,e relations of the conjugate folds in the Caradal 
nappe obviously caenot be discussed here but will receive 
attention in Chapter 12 when all of the fold structures in 
the Caradal nape have been described. 	In the Noine nappe 
some of the conjugate folds are clearly later than the Port 
a'Chuil and Ard Thurinish folds; evidence for this being 
fairly widely available. 	Thus fieeire 6.1(e) shows an Ard 
Thurinish fold which has been distorted by e conjugate fold. 
However, all of the conjugate folds are not necessarily of 

t -Te same age. 	400yds SSW of the Ardvasar Hotel two sets 
of conjugate folds with ewes approximately perpendicular 
were noted. 	In tte rocks which characteristically contain 

the rearavaig, teudhe Phoil and Tormore (or first, second and 
third) groups of structures the conjugate folds are not 
commonly developed. 	Nevertheless there are a number of 
exposures where the relation of the conjugate folds to tee 

other structures can be seen. 	In. every soluble case the 
conjugate folds are later. 
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EXPLANATION OF FIGURE 6.1. 

(a) Small scale conjugate folds in semi-pelitic rocks 
of the Tarskavaig Eoine series 400yds WSW of the Aird of 
'leat Schoolhouse. 

(b) Large scale conjugate fold at the sane localit:y 
asE.1). 

(c) Complex conjugate folds in tIte Laidhe na greine 
group 75Oyds ENE of the Bealach Garbh. 

(d) Folds in the Laidhe na greine 1..oup near the sunnit 
of Ben nan Caorach. 

(e) Smalal folds in Moine rocks of the Thine nappe 600yds 
of the summit of Neall Buidhe. 	These are Ard lhurinish 

folds modified by later conjugate folds. 
(f) A boulder of Lewisian chlorite schist, or phyllonite, 

on the shore at Ard Thurinish. 	The curving and intersecting 
lines on the foliation surface are the axial traces of conjuate 
folds. 
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GROUPING. 

The structures so far described have been classified into 

well defined groups. 	In each of these groups, with the 

exception of the conjugate folds, the structures share such 

features in common as to strongly suggest that they arc all 

of the same age and were developed by the same mechanical 

restraints. 	The relations of folds of one group to the 

folds of another e roup in certain fortuitous exposures have 

been used to determine t5e relative ages of the different groups 

of folds. 

However, there are a number of exposures containing folds 
which do not show a sufficient number of characteristic 

features to allow them to be unquestionable related to any 
particular group. 	It is the purpose of this Chapter to 
record the presence of these folds and to suggest correlations. 

Several folds of questionable connection occur in the 

Moine rocks near Tormore which are ornamented with closely.  
spaced spots on Plate 4. 	These rocks are predominantly 

semi-pelitic but contain thin, sharply defined bands of 

psamsite, usually of coarse grain size. 	The semi-pelitic 

rocks contain the very small scale Tormore, or third folds 

which were described in Chapter 3 together with the cleavage 
which is the dominating structure in these rocks. 	In some 

of the exposures the large scale Tormore, or third folds 
can be seen in the psammite. 	Examples of these large scale 

folds are illustrated in figure 3.5 where they can be seen 
to refold some structures which must be of an earlier gen- 

eration. 	It was argued in Chapter 3 that these earlier 
folds are of the Rudha 	or second group. 	J2;te large 
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scale Tormore, or tnird folds are, however, the exception 

ratIr;er than the rule along this coastal section. 	The 

majority of the folds are of the type illustrated in figure 

7.1. 	In these sketches the psammite bands are either left 

blank or are ornamented with spots. 	The lines in the 

surrounding semi-politic rocks in the case of (a) represent 

the axial plane cleavage of the Tormore folds and in the 

case of 	and (c) an indistinct foliation. 	In all three 

examples the very small scale Tormore folds are present in 

the semi-politic rocks. 	Figure 7.1(a) clearly demonstrates 

that the folds in the psammite must be earlier than both the 

cleavage and the very small folds in the semi-polite because 

the cleavage is a plane surface and is strongly oblique to 

tne axial planes of the folds in the psammites. 	It is 

possible that the folds of figure 7.1 are the same as the 

earlier generation illustrated in figure 3.5; that is, of 

the Pudha Phcil or second generation. 

More folds of dubious relationship occur on the coast 

near Rudha Cille-bhig, two miles UNE of Ardvasar. 	The 

rocks belong to the Lewisian group and consist of alternations 

of acid and basic material with the latter predominating. 

The rocks are of fine grain size. 	On some sea stacks, 

isolated at all but the lowest of tides, about 150yds NE of 

Rudha Gille-bhig some of these folds are very well exposed. 

A selection of profiles is shown in figure 7.2. 	The Baravaig, 

or first lineation, which can be found in these rocks passes 

obliquely over the hinges of the folds. 	The axial direction 

of the folds is variable but generally plunges SE. The 

axial planes dip towards the east. 
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The geometry of the folds and their orientation suggest 

a possible correlation with the Ard Thurinish group of folds. 
However, the folds at this locality and at another locality 

200yds SW of Rudha Cille-bhig are the only examples of this 

type along the whole of the coastal section from Bagh 

Mhuilinn to Knock Bay. 	!ot only this but the rocks exposed 

along this coastal section are rather different from those 
which characteristically contain the Ard Ihurinish group 
of folds; they are intermediate between the acid gneisses 

of the nort'a shore of Knock Bay, containing the Baravaig, 
or first and the Rudha Phoil, or second structures and the 
fissile schists or phyllonites nearer to the Moine thrust 
which contain the Ard Thurinish and Port a'Chuil folds. 

The massive gneisses north of Knock Bay and east of 
the Knock line marked on Plate 4 contain large folds of 
unknown grouping at four localities. 	Two of these are on 

the east coast 4.t5Oyds NE and 500.yds SSW respectively of 
Camas Baravaig. 	At the femmer locality a single large fold 
plunges at 25-300  towards the east. 	Parallel to the axis 
of the large fold there are numerous shallow small folds 
resembling ripple mars in sediments. 	At the latter 
locality a dislocation follows a 4-lend of dark-reen mica- 

ceous rock contained within acid gneisses. 	The acid ueeisses 

on either side of the dislocation ere flexed into shallow 
folds. 	A third locality at which folds of unknown age occur 

is at the mouth of the stream called Alit (Jairistan eeill, 

about 500yds east of the ruined castle in Knock Bay. 	As 

before, the folds seem to be associated with a dark-careen 

micaceous band. 
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At these first three localities the folds mentioned. 

can be seen to deform the i3aravaig, or first structures and 

in the third case the Rudha Phoil or second structures as well. 

However, at the fourth locality no relationship whatsoever 

can be seen with the structures of known groups. 	This last 

locality is in the new road cutting west cf Loch nan Dubh- 

racain. 	The profile of a fold with a vertical axial plane 

is visible in the west side of the new section. 
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EXPLANATION OF FIGURE 7.1. 
Profiles of small folds in Moine rocks east of Tormore. 
(a) Psammite aliinds are left blank. 	The structure in 

the semi-pelitic rocks, is a cleavage that elsewhere is 
parallel to the axial planes of the large scale Tornore, 
or third folds. 	In the semi-pelites this cleavage is 

seen to be parallel to the axial planes of very small Torrnore 
folds with an amplitude of only a few millimetres. 

(b) and (c) Psammitic rocks are shown spotted. 	Semi- 
pelitic rocks form the remainder of the exposures; tie lines 
on the sketches representing an indistinct foliation. 	The 
semi-pelites are crossed by a later series of folds, similar 
to those described above, which are too small to illustrate 
on this scale. 
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EXPLkNATION OF FIGURE 7.2. 

Profiles of small folds in Lewisiari rocks near Rudha 

Cille-bhig. 

a) Rock types as indicated in the figure. 

(b) Folds in fine grained rocks of basic composition. 
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IN THE MOINE NAPPE. 
A very good account of the discovery of the roine thrust 

throughout the NW Highlands of Scotland and various theories 
which have been proposed in connection with it was given by 
McIntyre (1954). 	In this Chapter the local detai's of the 
Moine thrust in Skye will be given while the extended dis-
cussion of the development and significance of this structure 
will be presented in Part V. 

In the Sleet of Skye the Moine thrust is a plane surface 
which separates the Maine and Lewisian rocks of the Moine 
nappe from the Tarskavaig Moine and Lewisian rocks of the 
Caradal napce and the Torridonian rocks of the Kishorn 
nappe (Bailey, 1955). 

The Moine thrust is exposed on the coast 50yds SW of the 
Aird of Sleat Schoolhouse. 	This is the southernmost known 
exposure of the Moine thrust in Scotland. 	At this locality 
the nature of the thrust can be very clearly demonstrated. 

Figure 8.1(a) is a general view of the exposure. 	The wooCen 

boat rests on a ledge which slopes up towards the left at 
an angle of about 20°. 	This ledge is composed of greyish- 
yellow flinty rocks of the Tarskavaig Moine Series in the 
Caradal nappe. 	The overhanging rocks are brecciated pink 
mylonite and green phyllonite belonging to the Lewisian of 
the Moine nappe. 	In the background, on the extreme right 
and at the level of the water, a Tertiary dyke can be seen. 

A closer view of the contact of the Lewisian and 
Tarskavaig Moine rocks is shown in figure 8.1(b). 	The 
junction is very sharp: the head of the hammer is lodged in 
the Moine thrust. 
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About 900yds north of the Aird of Sleat Schoolhouse 

the Moine thrust has given rise to a distinct ledge. 

This is illustrated in figure 8.1(c). 	The ledge is com- 

posed of rocks of the Tardkavaig Koine group which have 

been 'planed off" by the Moine thrust. 	The less durable 

brecciated mylonites above the thrust have suffered a greater 

degree of erosion. 

These are the only two localities where the Maine thrust 

is exposed within the area of study. 	Between the village 

of Aird of Sleat and the northern boundary of the area of 

the survey the Loine thrust is narked by a subdued topo-

graphical feature often in the form of an asymmetrical 

valley. 	The gentler sides of these valleys slope to the 

SE and represent the eroded surface of the ioine thrust; 

the steeper elopes facing NW are the escarpments of the 

soft Lewisian mylonites. 

This topographical feature is not continuous. 	It is 

not easily traced for half a mile north of Alit e'Chain-aird 

and again between Cnoc Fall and Loch nan Uamh. 

The age relations of the brecciation near the Moine 

thrust to the Port a'Chuil folds is Quite clear. 	The 

mylonitea and phyilonites which contain the Port a'Chuil structures 

are brecciated. 	Some of the breccia fragments also appear 

to contain conjugate folds, although these fragments are 

never very big. 	The nearby Tertiary dykes are intact. 

Thus the process of brecciation must have occured between 

the time of formation of the conjugate folds and the time 

of intrusion of the Tertiary dykes. 

Second only in importance to -C,e laoine thrust among 
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the dislocations associated with the Eoine nappe is a system 
of fractures running SW from Ardvasar. These are shown in 

figure 8.2 together with the trace of a monoclinal fold 
with which they appear to be associated. 

ihe bet12 exposure of one of these fractures is on the 
south of Rudha Dubh. 	At this locality the fault separates 

loine from Lewisian rocks. 	A belt of brecciated Foie rocks 
about 12yds wide, containing slices of Lewisian rocks, can 
be traced in a straight line across the peninsula. 	This line 

passes very close to a prordnent erratic boulder of Moine 

rock and as far as can be ascertained the fault is vertical 
or nearly so. 	The same fault can also be seen on the fore-
shore immediately to the SW, across a small bay, where it 
follows a slightly sinuous course. 

Other exposures of this fault system are to be seen oN 

the NE bank of the Alit Creag Uisdean, 5Oyds above the high 

water mark, and on both banks of the Alit aiCham-aird about 
100yds above the high water mark. 	The delineation of the 
remainder of the length of the faults is based on step-like 

and linear topographical features. 

Evidence for the direction of the movement on one of 
these faults is clearly afforded at the south of Rudha Dubh 
and on the foreshore immediately to the SW. 	To the SE of 

the fault the foliation is locally bent into a large fold 
plunging at 30-500  to the NE. 	The SE limb of this fold 
dips at 30-80o  to the SE while the other limb is disrupted 

by the fault. 	(n the NW side of the fault on Rudha Dubh 

the foliation in the Eoine rocks shows a less well marked 
swing than does the foliation in the Lewisian rocks on the 
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other side. 	Nevertheless the sense of movement indicated 

is the same. 

The fault system as a whole cannot be traced across 

the road to the NNE of Tormore. 	However, in these rocks 

there is a monoclinal fold with a steep limb dipping NW and 
a shallow limb dipping SE. 	This fold follows a curving 
trace from Torniore towards the Noine thrust near the summit 
of Meal]. Buidhe. 

The connection of this fold with the fault system 
described in the previous paragraphs is suggested on two 
grounds. 	Firstly, there is complete continuity of trend 

of the two sets of structures; and secondly, the attitude of 
the fold at Tormore is closely comparable with that of the 

fold associated with the fault at the south of Rudha Dubh. 

An examination of the published one-inch maps of the 

Geological Survey of Scotland and of the Ordnance Survey 

suggests the possibility that this fault system in Skye 
is a continuation of the Strathconon fault system on the 

mainland of Scotland. 	The two systems are in direct line 

but even so the major branch of the Strathconon fault system 
may skirt the coast of the Sleat of Skye and be concealed 

beneath tle waters of the Sound of Sleat. 

In the context og the last 7-)aragraph it would be or in-

terest to examine the age relations of the system of fold 

and faults on the one hand to the hoine thrust on 	other. 

In tie home nappe the monoclinal fold can be traced with 
certainty to within 300yds of t -se iloine thrust. 	In the 

Caradal nappe the rocks are unfortunetly disturbed by lane 

scale flexures which are certainly earlier than the Moine 
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thrust so that it becomes very difficult to distinguish 

between structures which belong entirely to the Caradal 

nappe and those which could belong to the system of fold 

and faults. 	Owing to the poorness of exposure it is  

impossible to determine whether the Loino thrust has been 

flexed or not by the monoclinal fold but the possibility 

can by no means be ruled out. 

Other dislocations in the Moine nappe are almost neg-

ligible in comparison with those so far described but are 

important in that they sometimes make the interpretation 

of small scale structures difficult. 	kany of these small 

dislocations are faults which are vertical or nearly so. 

These faults occur on many different trends. 	Other dis-

locations, occuring especially in the fissile rocks closer 

to the Moine thrust, make much smaller anL:les with the 

foliation and along some of these a small amount of rotation 

seems to have occured so that the foliation in the two 

blocks on either side of such a dislocation is discordant. 
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EXPLANATION OF FIGURE 8.1. 

(a) General view of the exposure demonstratinG the 
Noine thrust on the coast in Port a'Chuil close to the 
Aird of Sleat Schoolhouse. 	The boat, which belonged to the 
late John Macgilivary, rests on a ledge of Tarskavaig Noise 
rocks. 	The overhang is composed of brecciated Lewisian 

mylonites.at the base of the Moine nappe. 
(b) A close view of the Moine thrust. 	The head of the 

hammer is wedged in the thrust plane. 
(c; Topographical feature formed by the Voine thrust 

about 900yds north of the Schoolhouse. 
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EXPLANATION OF FIGURE 8.2. 

A Imp of the environs of Ardvasar and Tormore showing 

a fold and some faults which are possibly connected with 

the Strathconon fault of the Scottish mainland, 
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OF THE MOINE NAPPE. 

Part I of this thesis has been concerned mainly with 

the small and large scale folds of the Moine nappe and their 

attendant structures such as cleavage and lineation. 	The 
distribution, geometry and age relations of these structures 

have been described and discussed and incidental reference 

has been made to the metamorphic state of the rocks. 	The 

final Chapter was devoted largely to the ?Mine thrust and 

an important fault system in the Moine nappe. 	early all 

of the evidence presented and the discussions based thereon 

are the result of fieldwork. 	The purpose of this Chapter 

is to give a brief outline of this field evidence and the 

conclusions based upon it in such a way as to summarise 

the structural history of the ?oine nappe. 

The earliest folds in the aoine nappe have been called 

the Baravaig, or first folds. 	Structures in the Lewisian 
rocks such as those illustrated in figures 1.2 and 1.5 

indicate that these folds were suaerimnooed on an already 

comalex series of metamorphic rocks. 	All of the structures 

which are shown in figures 1.2 and 1.3 are associated with 

the very characteristic and very strong elongation lineation 

which is parallel to the axes of the Baravaig, or first folds. 

The shapes of these structures are far removed from true 

folds; they can only have reached their present state by the 
modification of structures such as migmatites, intrusive 

basic rocks and agmatites which existed in the rocks prior 

to the Baravaig, or first fold movements. 

The present distribution of rocks containing the Baravaia, 

or first structures is shown approximately on Plate 4. 	In 
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the Lewisian rocks, ornamentedhlines, tae elongation lineation 
associated with the Baravaig folds is very common and many 

exposures show folds and other structures with axes parallel 
to this lineation. 	Examples are illustrated in figures 1.1, 

1.2 and 1.5. 	In the Moine rocks the Baravaig structures 

are represented only by the elongation lineation and one 

major fold and are limited to the peninsulas of Rudha Phoil 

and Rudha Dubh near Ardvasar. 	These structures are represented 

on the left hand and centre maps of figure 3.4. 

The distribution of the Rudha Phoil, or second structures 

follows that of the Baravaig structures very nearly with the 

addition of the small area of Moine rocks near Tormore 

which is ornamented on Plate 4 with closely spaced spots. 
The profiles of Pudha Phoil, or second folds differ con- 

siderably from those of the haravaic, or first folds. 

Figure 2.2 illustrates examples from the Moine rocks and 

figure 2.6 from Lewisian rocks. 	The Pudha Phoil, or second 

folds possess an axial plane cleavage which is very prominent 

in some exposures as is shown in figures 2.1(a) and 2.5(a). 

The cleavage planes are spaced at rather wide intervals in 

the order of 2-5mm and where these intersect the foliation 

very small folds or "puckers" are developed. 	These are 

illustrated in section in figure 2.1(b) and in plan in 

figure 2.5(b). 

The age relations of the Rudha Fhoil and Baravaig 

structures are clearly displayed in practically every 

exposure where both can be seen. 	Without the slightest 

element of doubt the Pudha Phoil structures are later. 

Some complex folds in Moine rocks on the eastern tip 
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of Rudha Dubh are difficult to classify into the age groups 

without detailed study of much of the surrounding area. 

These folds are shown in figures 2.3 ad 2.4 and it seems 

most probable that they are formed by the superimposition 

of Rudha Phoil, or second folds upon small and larLe scale 

Baravaig, or first folds. 

Apart from the folds mentioned in the last paragraph 

the orientation of the small scale Rudha Rhoil folds is 
fairly constant: the axial plane dips at 20-40°  to the SE 
and the axes at very shallow angles to the NE. 	It is mainly 
such directions as these that invite a correlation of the 

small scale Rudha Phoil folds with the large scale Knock 

synform in the Lewisian rocks of the ground north of Knock 

Bay. 	This fold is analysed in figure 2.7 and produces a rec.-

ional chance in the direction of the Baravaig, or first lin-

eation as illustrated on Plate 2 and in figure 2.7(b). 

The Tormore, or third folds and their associated structures 

are rather more restricted in distribution than the first and 

second groups of structures. 	On Plate 4 they are confined, 
in the Moine rocks, to those areas ornamented with closely 
spaced spots and, in the Lewisian rocks, mainly to those 

areas crossed by both horizontal and vertical lines. 

The characteristic feature of the Tormore group of 

struc60,res is the new lineation with which they are associated. 

This lineation takes different forms in different rocks but 
always plunges to the SE and lays on planes dipping to the 

SE. 	On the peninsula of Rudha Phoil the Tormore, or third 

lineation lies on the axial plane cleavage of the Rudha Phoil, 

or second folds. 	The age relation of the Tormore structures 
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to the Rudha Phoil structures is thus clearly demonstrated. 

The cleavage on Rudha Yholl is excellently developed in the 

semi-pelitic rocks of the Moine series. 	In these rocks 

the third lineation is represented by a girdle arrangement 

of the poles to flakes of mica such that the axis of the 

girdle is parallel to the third lineation. 	The direction 

of the intersection of these flakes of mica with the 

cleavage planes is thus always constant and gives the mega- 

scopic appearance of a lineation plunging SE. 	The cleavage 

and the lineation are very widespread over the peninsulas of 

Pudha Dubh and Rudha Phoil and can also be found in the semi-

politic rocks near Tormore. On the two peninsulas the 

elongation lineation in the psammite bands belongs to the 

Baravaig group of structures but at Tormore the arrangement 

is rather different. 	he rains in the psammite bands are 

elongated but the direction of elongation is oblique to the 

foliation and parallel to the third lineation in the semi- 

pelites. 	This very unusual situation is illustrated dia- 

grammatically in figure 3.6. 	It is not, however, unique 

but finds a remarkable parallel in the Lewisian rocks of 

Knock Lay. Many of these Lewisian rocks contain stout, 

prismatic crystals of amphibole and in some of these rocks 

the crystals possess a very high degree of preferred orien- 

tation. Although this amehibole lineation may lay on the 
alias 

foliation planes in some localitees4it occurs oblique to the 

foliation; the prismatic crystals being aligned such that 

they transect the foliation planes. 	Along the coastal 

section from Knock Bay to Bagh a'Mhuilinn the amphibole 

crystals in the Lewisian rocks are somewhat saaller than 
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those north of Knock Bay but they do possess the same pre-

ferred orientation and can be seen to cut through the 

Baravaiif, or first lineation. 	In other rocks along this 

coastal section the third lineation is displayed as an 

elongation of quartz and feldspar, or a girdle orientation 

of flakes of micaceous minerals similar in every respect 

to that described in the semi-pelitic rocks of Rudha Phoil. 

Folds of the same generation as this lineation are rare 

and have been found only in Moine rocks. Profiles of some 

of these are shown in figures 3.2, 3.3 and 3.5. 	In, psammite 

bands at Tormore (figure 3.5) and 150yds SE of the Ardvasar 

hotel (figure 3.3) the Tormore, or third felds can be seen 

to refold some folds which have been identified as being 

of the Rudha khoil, or second group.The cleavage is developed 

in the semi-pelitic rocks at these two localities and is 

parallel to the axial planes of the Tora ore folds. 	This 

cleavage can be traced through practically contihuous ex-

posures to the SE of Rudha Phoil where it is apparently the 

axial plane cleavage of the Rudha. Phoil, or second folds. 

Thus at Tormore and at the Ardvasar Hotel the cleavage must 

be a fundamentally different structure from the cleavage at 

the SE of Rudha Ihoil. 	At Tormore and at the Ardvasar 

'Jotel the cleavage is a completely new structure cutting 

across the Rudha Pholl, or second folds whereas at the SE 

of L',,h2dha Phoil the cleavage is a modified axial plane 

cleavage of the Rudha Phoil folds. 	There is complete 

transition between the two localities. 

The group of folds called the Ard Thurinish folds are 

restricted in their distribution to those areas of the 
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Lewisian which, on Plate 4, are ornamented with horizontal 

lines and in the Mine with widely spaced spots. They 

possess curving axes and converging axial planes as shown 

in the stereoscopic photographs of figure 4.2. 	On the 
regional scale the axes show a very wide angular distribution 

as demonstrated by figure 4.1. 	The Ard Thurinish folds are 

characteristically asymmetrical in profile as shown in fi;ure 

4.3 and deform an elongation lineation as shown in figures 

4.2, 4.4 and 4.5. 	Certain very special geometrical situations 

arise in connection with these folds such that the elongation 

lineation is deformed but the foliation is not buckled. 

These structures are illustrated in figure 4.6 and the 

possible relationship to the normal type of folds is illus- 

trated in figure 4.10. 	Certain other theoretical consid-

erations, illustrated by figure 4.11, indicate that, even as 

these folds developed, their -a" directions were curved. 
The age relations of the Ard Thurinish folds to those 

of the first three episodes of folding is not at all clear 

from the available r.ie d evidence. 	It has been shown that 

the Ard Thurinish folds cannot be earlier than the Pudha 
Phoil, or second folds since the Ard Thurinish folds do not 
occur on the313". limb of the Knock synform in the position 

in which they would be expected to do so if they were indded 

earlier than the Pudha Phoil folds. 	An ace for the Ard 

Thurinish folds intermediate between that of the Rudha Phoil 

folds and that of the Tormore, or third folds is rejected 

on the rrounds that it is very unlikely that a large part of 

the belt of rocks which contain the Ard Thurinish folds 

remained in a static metamorphic condition while active 
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metamorphism and folding occured in the rocks on either 

side: the Tormore folds to t,,e east and the Port a'Chuil 

folds to the west. 
It is feasible, however, that the Ard Thurinish folds 

could be correlated with the Tormore, or third folds and that 

the lineation they deform is the first lineatio#. 	Such a 
correlation invokes the concept that the physical restraints 

which controlled the development of the folds varied very 
considerably alonc lines perpendicular to the eloine thrust. 
The consideration of the Tormore structures has already 
provided evidence in this direction so that the correlation 
of the Ard Thurinish folds could be looked upon as a further 
logical step in support of the concept outlined above. 

However, it is equally logical to correlte the lineation 
which the Ard Thurinish folds deform with the elongation 

lineation which is parallel to the axes of the Tormore folds. 

Unfortunately there is no evidence either to support or refute 
such a statement in spite of the excellent coastal exposures 

availa le. 	Therefore in the sequence of structures so far 
discussed the Ard Thurinish folds may be either third, and 
e4uivalent in time with the Tormore folds, or fourth and thus 
be the result of a series of completely different movements. 

An interesting group of folds occurs very close to the 
Moine thrust in both the Moine and Caradal nappes. 	These 

folds are very well displayed in the coast sections in Port 
a'Chuil after which they are named. 	They are angular in 

profile as shown in figures 5.1 and 5.2(b) and many of them 

approach an isoclinal condition. 	An elongation lineation 

is developed parallel to their axes. 	These structures are 
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confined to a narrow belt of rocks very close to the Moine 

thrust in Port a'Chuil and the presence of identical structures 

where the Moine thrust intersects the coast north of isle-

ornsay is taken as an indication that this belt of rocks is 

continuous throughout the entire length of the outcrop of 

the Moine thrust in Skye. 

The ace relations of the Fort a'Chuil folds are demon-

strated by a series of quartz veins which are emplaced dis-

cordantly into tie rocks which contain the Ard Thurinish folds. 

These quartz veins are clearly later than the Ard Thurinish 

folds and carry a lineation which is parallel to the elong-

ation lineation associated with the Fort a'Chuil folds, shown 

diagrammatically in figure 5.3. 	The Port a'Chuil folds are 

thus later than the Ard Thurinish folds and occupy a position 

either fourth or fifth in the sequence of fold episodes in. 

the Moine nappe in Skye. 

A conjugate series of folds is very common in the 

fissile and tAnly foliated rocks which characteristically 

contain the Ard Thurinish folds and they also occur less 

commonly in the more massive rocks to the east. 	Where the 

conjugate folds occur in the sane exposure as members of the 

groups of folds treviously mentioned in this Chapter the 

conjugate folds are always seen to be younger. 

Near the Moine thrust the myloaitcs and phyllonitos of 

the Moine nappe are partially brecciated. 	Some of the fran-

ments contain recognisable conjugate folds so that the last 

movements on the Moine thrust must be later than the final 

phase in the growth of the conjugate folds. 

i\ear Ardvasar there is a system of important, near 
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vertical faults. 	These faults trend towards the NE and it 

is suggested that they form an extension of the Strathconon 

fault system. 	They are associated with a monoclinal flexure 

which seems to be a continuation of the fault system. 	This 

flexure curves westwards, towards the noine thrust, as shown 

in the map of figure 8.2 and it is possible that this flexure 
deforms the Foine thrust. 	Even if this should not be the 

case, the flexure is clearly later than the conjugate folds, 

so that a close connection between the last movements on the 

Floine thrust and on the Strathconon fault system is indicated. 
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CARADAL HAPPE. 

The purpose of Part II of this thesis is to treat the 

structures of the Caradal nappe in exactly the same way as 

the structures of the Moine nappe were dealt with in Part I. 

To begin with there are three Chanters describing those folds 

which fall into well-defined age groupings. These Chapters 

are followed by two more dealing respectively with folds of 

dubious or unknown connection, and the Caradal thrust and 

other dislocations associated with the Caradal nappe. 

Some of the statements in Part I indicated that, to a 

certain extent, there seems to be in the Moine nappe a cor-

relation between the appearance of the rocks and the age 

groupings of the structures which they contain. 	These 

possible correlations will be elaborated in Part III. 	In 

the Caradal nappe the connection between the structures and 

the appearance of the rocks is not so well marked so that a 

concise description of the latter becomes much easier than 

is the case with the rocks of the floine nappe. 

The rocks involved in the Caradal nappe can be broadly 

classified into three groups: Leaisian, Tarshavaig Moine 

aad Torridonian. The Lewisian rocks are very fine grained 

and are flaggy or thinly foliated. 	In the east of the out-

crop (see Plate 5) they are recognisably pink and green but 

to the NW they are barely distinguishable in the hand specimen 

from pale-grey rhyolites. lhe Tarskavaig Moine rocks are 

metasediments. They consist largely of coarse psammites, 

often rich in feldspar, associated with the thinly bedded 

psanmites, semi-pelites and pelites of the Laidhe na greine 

groun. 	The Torridonlan rocks belong to the basal Lpidotic 
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CARADAL NAPPE. 

Grit of the forridonian succession. 	They are composed of 

coarse, angular grains and contain scattered pebbles. 

They are separated from the surrounding Tarakavaig Moine 

rocks on all sides by dislocations. 
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STRUCTURES. 

One of the most striking features in the Tarskavaig 

Moine rocks of the Caradal nappe is the widespread elongation 

lineation. 	This structure is particularly well developed 

in the Upner and Lower Psammites and in the nsnnTitic bands 

of the Laidhe na greine group but tends to be somewhat obscure 

in the semi-pelites and the pelitee and in the Lewizian rocks. 

The variations in the direction and amount of plunge of this 

lineation are shown on Plate 2. These variations can be 

shown to be due to later periods of folding. 

In the Upper Psnnmiite and, locally, in the Lower Psannite 

feldspar is very abundant and the rocks as a whole may reach 

such a grain size that individual fragments of quartz or 

feldspar measure 4-5mm across. The feldspar in these rocks 

is more often than not coloured a very deep orange and con-

trasts strongly with the off-white, pale-grey or pale-blue 

quartz. 	of only this, but the degree of elongation of the 

quartz may be totally different from that of the feldspar; 

individual grains of quartz being two or three times longer 

than wide whereas the feldspar retains much of the characteristic 

shape of the original detrital fragments. 	This observation 

leads to the conclusion that the crystal lattices of the 

quartz and of the feldspar reacted somewhat differently to 

the mechanical processes which gave rise to the elongation 

lineation. 

Rare quartzite pebbles, occuring in the Upper Psanmite 

in the southern part of the outcrop of the Caradal nappe 

and well away from the junctions with the Laidhe na greine 
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croup, are also elongated in the same direction as the 

quartz Grains of their matrix. Many of the exposures show 

that the quartz grains are flattened within the foliation 

as well as being elongated. 	In short; the Grains approx- 

imate in shape to a tri-axial ellipacid. The two longett 

axes of this ellipsoid lie in the foliation and the longest 

axis of all is parallel to the elongation lineation. 

However, in the eastern part of the outcrop of the Caradal 

nappe, particularly in the Lower Paammite, the flattening of 

the quartz grains is commonly oblique to the foliation. 

This oblique flattening does not produce a schistose property. 

Some measurements of this oblique flattening are recorded on 

the map of figure 10.3 and at each of these localities the 

foliation is also marked. 

The relation of the flattening of the quartz grains 

and the small scale Capistal folds is clearly demonstrated 

in some exposures of the Lower Psammite about 200yds south 

of Loch Capistal. 	Photographs of the profiles of some of 

these folds are shown in the figuaca 10.1(a-d). 	The elong-

ation lineation, prevalent in the rocks of the Caradal nappe, 

is parallel to the axes of these folds and the flattening 

of the quartz grains is parallel to their axial planes. 

Theae relationships indicate a very close connection between 

the lineation, the flattening and the folds, and it appears, 

therefore, that all three types of structure resulted from 

the same mechanical reatraints. 

Further examples of folds which show exactly the ame 

relationships between the axial plane and the flattening 

are fairly common and a selection of these is ahem' in 



CHAPTER 10. THE CAPITAL FOLDS. 	 186. 

figure 10.1. 	The fold in figure 10.1(e) is from a point 

400yds NNE of the main inlet to Loch Capistal, (f) is from 

the Lower Psammite 400yds NW of the Loch 3en nan Coarach 

outlet and (g) is in the Lower Psammite 500yds north of 

Loch Capistal. 

In addition to the elongation lineation which is very 

commonly seen in the rsammitic rocks of the Caradal nappe 

another type of small  scale structure that shares the same 

abundance is a system of quartz veins. 	An exposure of the 

Lower Psammite in which there are numerous such veins is 

illustrated in figure 10.1(h). 	This exposure is 300-350 

yds SSW of the Loch Capistal outlet, not far from the folds 

illustrated in figures 10.1(a-d), and shows many of the features 

which characterise this system of quartz veins. 	To the un-

aided eye the veins contain little but milky quartz with very 

rare crystals of feldspar. 	They are either flat or slightly 

sigmoidally curved and, where abundant, form complex inter- 

secting patterns. 	The margins of the veins are usually strongly 

lineated in a direction parallel to the elongation lineation 

in the host rock. 	In this exposure the angle between the 
flat veins and the flattening of the quartz grains is very 

small and experience of large numbers of exposures where both 

types of structures are developed indicates that they are 

nearly always approximately parallel. Less commonly the 

veins can be seen to be roughly parallel to the axial planes 

of small Capistal folds possessing the axial elongation 

lineation, as shown in figure 10.1(b), (c) & (f). 

The evidence outlined in the previous paragraph thus 

seems to indicate a connection between the quartz veins on 
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one hand and the folds, flattening and elongation on the 

other. 	It would appear that this connection is ouch that 

the quartz veins were emplaced at a late stage in the devel-

opment of the folds; some of the quartz veins are flat, eg 

figure 10.1(f), and thus seem to be entirely later than the 

folding. 	Others, however, are sigrioidally curved, eg 

figure 10.1(h), in such a manner as to suggest that they 

have been slightly deformed by the Capistal fold movements. 

Lany of the veins, even those which are flat, are strongly 

lineated. 	This fact hints that the lineation forming pro- 
cesses outlasted the period during which the foliation was 

buckled. 

The distribution of the small scale Capistal folds and 

their associated structures is of interest. 	The elongation 

lineation and the quartz veins are common and widespread in 

all of the psamnitic rocks. 	The occurl:Lce of flattened 

quartz grains is fairly common but grains flattened oblique 

to the foliation are less abundant and are to be found mostly 

in the area of outcrop of the Lower Psammite. 	The small 

folds with axial elongation lineation and grains flattened 

parallel to their axial planes seem to be entirely confined 

to the outcrop of the Lower Psammite and the Laidhe na greine 
group. 

Figure 10.3 is a map of the greater part of the area 

covering the Lower Psammlte and the Laidhe na ,;reine group 

and is centred on the hill called Den nan Caorach; about 

three miles WSW of Ardvasar. Among the small scale structures 

shown on this map particular interest surrounds the observations 
of foliation and flattening of quartz grains. 	The strikes 
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of these two planar structures are clearly marked on the map 

at localities where both have been measured. 	These local-

ities can be classified according to whether the acute angle 

measured from the strike of the flattening to the strike of 

the foliation is clockwise or anticlockwise. 	Two lines can 

be drawn which separate the area into three parts. 	These 

lines are shown by a series of dots. 	In the central area 

the foliation is clockwise to the flattening while in the 

lateral areas the foliation is anticlockwise to the flattening. 

In a previous paragraph it was shown that, where the 

two structures occur together, the flattening and the quartz 

veins are approximately parallel. :he flattening and the 

quartz veins could thus be considered as homologous planar 

structures and the relation of t e quartz veins to the 

foliation in any one exposure can be treated in the same 

way as were the flattening and the foliation in the pre- 

ceding paragraph. 	Throughout any one of the three areas 

the foliation shows a consistent relationship to the quartz 

veins which is the sane as that to the oblique flattening. 

Study of the small scale folds shows that the quartz 

veins and the flattening are approximately parallel to their 
axial planes. 	The consideration of the relation of the 

foliation to both the flattening and the quartz veins not 

only demonstrates that the dotted lines represent the axial 

traces of large scale folds but also that these large scale 

folds belong to the sane generation as the small scale folds. 

The western trace is of an antiformal fold while the 

eastern trace is of a complementary synformal fold. These 

two folds are called the Capistal antiform and synform 
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respectively. 	In the area of Ben nan Caorac' both folds 

are clearly very tight in profile but south of Loch Capistal 

the Capital antiform appears to be more open. The tight-

ness of the antiform in the region of 3en nan Caorach is 

illustrated in the otereoerams of figure 10.2 which show the 

angular distribution of poles to foliation planes on the 

two limbs of the folds. 

The axial directions of the small Capistal folds are 

also shown in fisure 10.3, the asymmetry of these folds 

being indicated by the asymmetry of the arrows. 	If these 

small folds were to show the normal parasitic (de Sitter 

1958 after Shearman) relationship then all small folds with 

S-shaped profiles would be expected to occur in the central 

area while all folds with Z-shaped profiles would be found 

in t e lateral areas. 	This, however, is clearly not the 

case. One possible explanation of the anomaly is that folds 

exist which are intermediate in size between the large Capistal 

antiform and synform on the one hand and the small scale folds 

that can be appreciated in the single exposures on the other. 
According to this explanation those amall folds in the central 
area with Z-shaped profiles and in the lateral areas with 

S-shaped profiles are on the short limbs of the postulated 

intermediate folds. 

Outside t e area of figure 10.3 there is no evidence 

for the presence of large scale Capistal folds. 	The relations 

of the quartz veins to the foliation over the entire outcrop 
of the Upper Psammite indicate that these rocks are all on the 
western limb of the Capistal antifrm. 	Similarly, to the east 

of the axial trace of the Capistal synform there is no indication 

of other large folds , of the same generation. 
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EXPLANATION OF FIGURE 10.1. 

(a), (b), (c) and (d) are folds from within a small 

area about 200yds south of Loch Capistal. The rocks are 

coarse members of the Lower Psammite, containing little 

but quartz. 	The quartz grains are flattened parallel to 

the axial planes of the folds and are elongated parallel to 

their axes. 
(0) Small fold in exposure of Lower Psammite 400yds 

NNE of Loch Capistal. 

(f) Profile of small fold in an exposure of a psammitic 

member of the Lower Pspmmite 350-400yds NW of the Loch yen 

nan Caorach outlet. 	The sheet-like quartz veins are 

approximately parallel to the axial plane of the fold. 

(g) Small fold 450yds north of Loch Capistal in a fine 

grained layer of the Lower Psammite. The quartz grains are 

flattened in the axial plane of the fold. 

(h) Exposure of coarse rocks of the Lower Psannite 

about 400yds south of Loch Capistal. 	The constituent grains 

of the rock are flattened and the sheet-like quartz veins 

are approximately parallel to this flattening. 
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EXPLAEATION OF FIGURE 10.2. 

The points on the stereo ram represent poles to fol-

iation planes on the two limbs of the Capistal antiform 

in the region of Ben nan Caorach and Loch Ben nan Caorach 

(Zamed on figure 10.3). 
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EXPLANATION OF FIGURE 10.3. 

nap of the area near Ben nan Caorach, about three miles 

WSW of Ardvasar. Different members of the Tarskavaig noine 

succession are not distinguished on the map. 	The long and 

short dotted lines within the area of outcrop of the Tarekavaig 

Moine rocks are the axial traces of the Caoistal antiform 

and synform respectively. 	Suffices A, F and following 

some of the observations denote small fold axes, planes of 

flattening, and measurements of flat quartz veins. 

The delineation of the traces of the major folds 

depends largely on considerations of the relation of the 

foliation to the quartz veins and the flattening. 
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ASSCCIATED STRUCTURES 
The folds belonging to this group are very easily dis-

tinguished from those of the Capistal group on the basis of 
the three criteria: size, type of rock in whitch they occur, 
and relations to the elongation lineation. 

1.hotor.raphs of profiles of a selection of the Doire na 
h-Achlais folds are presented in figure 11.1. 	Their size, 
as measured in terms of wavelength and amplitude, is clearly 
very much smaller than that of the small Capistal folds 
illustrated in figure 10.1 which are typical members of 
their group. 

The rocks in which the Doire na h-Achlais folds are best 
developed are of very fine grain size. 	Apart from uncommon 
feldspars, possibly in augen, the mineral grains of these 
rocks cannot be resolved with a hand lens. 	the foliation 
planes follow very smooth, liquid curves giving the rock as 
a whole what Clough would probably have called an unctuous 
appearance. 	The mineral bands which are deformed by the folds 
are never more than about 3-4cmo thick. In the Tarskavaig 
noine rocks these bands are off-white or cream coloured and 
are set in a host rock of semi-politic composition that is 

coloured pale-green or various hues of grey. 	The corresponding 
Lewisian rocks contain pink, quartzo-feldspathic bands in 
pale or mid-green basic rocks. 	In the semi.-politic members 
of the Tarskavaig Moines and in the basic members of the 
Lewisian a cleavage is developed which is parallel to the 
axial planes of the Doire na h-Achlais folds. 	she parting 

planes of this cleavage are very clozely spaced; there being 

several to the millimetre. 



CHAPTER 11. 	THE DOIRE NA H-ACHLAIS FOLDS. 	197. 

In the field a complete gradation can be seen in some 

properties between the Tarskavaig Moine rocks described in 

the previous paragraph and the coarse grained members of the 

Lower Psamnite and Laidhe na greine group. 	The properties 

referred to are: the degree of development of the elongation 

lineation; grain size of the rocks as a result of deformation 

and spacing of the cleavage planes associated with the Doire 

na h-Achlais folds. 	The strong elongation lineation in the 

coarse paammites can be traced in a weakened form into the 

mylonised rocks in which the Doire na h-Achlais folds are 

so common. 	This elongation lineation passes obliquely over 

the hinges of the *noire na h-Achlais folds thus demonstrating 

the age relations of the Loire na h-Achlais and Capistal 

groups of structures. 

The distribution of the Loire na h-Achleis folds and 

their axial plane cleavage is shown in the map of f:Lure 11.2. 

The cleavage is always anticlockwise to the foliation. 	The 

folds are only abundantly developed within about 5Oyds of 

the junction of the Tarskavaig Moine rocks with the Lewisian. 

In the renainder of the outcrop of the Lewisian rocks they 

are fairly common and tend to have a tighter profile and a 

more angular hinge as shown by the folds illustrated in 

figure 11.1(o). 	Where such folds are absent in the Lewisian 

rocks of the Caradal nappe it is only rarely possible to 

distinguish the cleavage from the foliation and it would 

seem that these two structures are practically parallel. 

A series of exposures where a distinction is possible between 

the foliation and the cleavage are to be found in some low 

crags 1,200yds LE of Loch Lamascaig. 	Another isolated 
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exposure is situated 100yds SW of the southern tip of the 

un-named loch 900yds ENE of Loch Ben nan Caorach. 

In the Tarskavaig Moine rocks no Doire na h-Achlais 

folds have been found to occur more than about 150yds from 

the nearest exposure of Lewisian rocks. 	he cleavage too, 

is not nearly so commonly, or so well developed in the Tar-

skavaig -oine rocks away from the junction with the Lewisian. 

Thus, although the cleavage planes are very closely spaced 

near to the Lewisian junction, the exposures in the high 

crags 300yds east of the northern tip of Loch Lanascaig 

show cleavage planes of the same generation in semi-pelitic 

rocks which are spaced at intervals of 2-3mms.Gimilar 

widely spaced cleavage planes can be seen in the semi-pelitic 

members of the Laidhe na greine grout to the south and east 

of Loch Fada. 	In short, the spacing between the cleavac;e 

planes seems to bear a direct relation to the distance from 

the junction of the Tarskavaig Hoine rocks with the Lewisian. 
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EXPLANATION OF FIGURE 11.1. 

(a) Small folds in mylonised Lovisian Gneiss 200yds 

east of the southern tip of the un-named loch 750yds E:E of 

Loch Ben nan Caorach. 

(b-e) Folds in mylonised Tarskaval4; oine rocks (50yds 

£E of the Loch Ben nan Caorach outlet. 
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EXPLAMITION OF FIGURE 11.2. 

Map of the district from Loch Capistal to the outcrops 

of the ipidotio Grit snowing the orientation of the axial 

plane cleavaGe of the Doire na h-Achlais folds in relation 

to the foliation. 	In the Caradal nappe neither the Lewisian 

nor the Tarskavai Moine rocks are ornamented. 
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CHAPTER 12. THE CARADAL FOLDS AND ASSOCIATED 	203. 
STRUCTURES. 

Size is the dominating feature of the large Caradal 
folds. 	In terms of wavelength and amplitude they are 
easily the biggest folds in the Caradal nappe and they 
clearly dictate the line of outcrop of the Caradal thrust 
as shown in figure 12.2(a). 	Clough was aware of this fact 
when he said (see page 4 of the Introduction) in reference 
to the Tarskavaig, Caradal and Lamarscaig thrusts: "These 
three thrusts have been folded into synclines striking 

towards the north-east. 	The axis of the Loch Laraarscaig 

thrust...(see figure 0.4)...runs some distance to the south- 

east of those of the others,..." 	By the word "axis" he seems 
to mean the term "axial trace" of modern usage and, alteough 
he does not specifically say so, he thus implied in the latter 
sentence that he recognised that the rocks that lay on top 
of the Lamaseaig thrust have been folded as well as the 

thrust itself. 

Thus Clough seems to have possessed a clear concept of 
the structure that, in this thesis, is called the Caradal 

synform, but his communication of this concept was by no means 
complete. 	In fact his section, reproduced as figure 0.3, 
tends to confuse rather than clarify his ideas since it shows 
several seemingly hypothetical folds for which there is no 
field evidence and which Clough does not explain in his text. 

The first clear recognition of the Caradal synform is 
probably that due to John 1iurray who, while engaged in an 
undergraduate excursion, was able to map Part of the trace 

of the Caradal synform in the neighbourhood of Sgurran Seilich 
and Creag hor. 
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however, the Caradal synform is probably best demonstrated 

near Loch an t-Seilich. 	A traverse in an easterly direction 
along the south shore of the Loch and up the prominent gully 
which runs almost due east from the eastern end of the Loch 
passes through a yell rounded hinge none where there are many 
exposures of the Upper Psammite in which the bedding is flat 
lying or dips gently westwards. 	A much less spectacular 

hinge zone can be seen in the crags above the footpath that 

connects the Point of gloat to the hamlet of Aird of Gloat. 
'he crags are on the north side of the footpath and are 
situated on the southern slopes of Sgurran Seilich about 

kOOyds SE of the Loch Aruisg outlet. 	The fold hinge is 
seen to be very tight here and is probably complicated by 
faults. A very similar hinge can be seen near the top of 
Creag Lhor and is depicted in figure 12.1(a). 	Where the 
trace of the Caradal synform intersects the southern shore 
near Leir Mhoadail faults are abundant and in spite of the 
magnificent cliff exposures the hinge of the fold is completely 
obscured. 	Part of the cliff section is shown in figure 12.1(b). 

North of Loch Lamascaig the axial trace of the Caradal 
synform is very difficult to follow. 	In addition to the 
Loch Laeascaig thrust many other dislocations are present 
and the rocks contain abundant folds of the conjugate style 

as mentioned in Chapter 6. 	These folds occur on many 
different scales and completely confuse the regional pattern 
of the orientation of the bedding in the Upper Psammite. 
nevertheless north of Bealach na Ceardaich a large scale 

synformal fold can be traced and it is thought that this is 

the continuation of the Caradal synform. 
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Another fold of the same generation and of comparable 

dimensions to the Caradal synform occurs in the mylonised Lew- 
isian rocks in the eastern part of the Caradal nappe. 	The 
axial trace of this fold is shown in figure 12.2(a). 	The 

fold is antiformal and has been called the Caradal antiform. 

The trace is limited to the south by the Moine thrust which 

transects the structures of the Caradal nappe and to the 

north by the Caradal thrust which is the boundary of the area 

of study. 	The hinge zone of this fold which, like the Caradal 
synform is fairly tight in profile, is never clearly displayed. 
The best indication of any kind of fold turnover is given by 

the exposures on the southern margin of a large peat bog 

about 450yds north of the un-named loch which is 900yds ENE 
of Loch Ben nan Caorach. 

A stereographic analysis of the Caradal folds is presented 
in figure 12.2(b-d). 	On these diagrams poles to bedding 

planes in three separate areas are plotted. 	The data in figure 

12.2(b) is from the western limb of the Caradal synform, in 

figure 12.2(c) from the common, or structurally inverted limb, 

of the Caradal synform and antiform and in figure 12.2(d) 

from the eastern limb of the Caradal antiform. 	The orientation 

of the bedding planes in the western limb of the Caradal syn-
form and the foliation in the eastern limb of the Caradal 
antiform are very much the same; a cluster in the NW quadrant 

with points scattered towards the E, NE, or SE. 	The cluster 

is interpreted as reflecting fairly uniformly dipping fold 
limbs while the scattered points come either from localities 

close to the hinge zone of from flexures in the limbs which 

have the same axial direction as the large folds. 
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The data from the common fold limb are much more scattered 

than in the previous cases. 	Although there seems to be a 

concentration in the NW and W of the diagram this is consid-

erably less well marked than in the previous instances. 
This distribution does not indicate a gradual change in the 

orientation of the foliation from one part of the common limb 

to another and neither does it indicate variations due to the 

large scale Capistal folds since it is shown in figure 10.2 

that the degree of scatter on the two limbs of the Capistal 

antiform completely maskes any divergence which there may be 

between the limbs of this fold. 	The interpretation based 	on 
the pattern in figure 12.2(c) is that the scatter is due to 

random flexures in the common limb on a relatively small scale 
although small scale folds of the same generation could not 

be systeratically mapped in the field. 

The axial planes of the large scale Caradal folds dip 

at 30-40°  to the ESE and the axes plunge at not more than 

about 10°  to the SSW. 

The angular distribution of the elongation lineation 
associated with the Capistal folds is shown in figure 12.2 

(e-g) and changes in the regional trend are indicated on 

Plate 2. 	The interpretations of the patterns in the pro- 

jections follows very much the same course as that of the 

poles to bedding planes. 	Thus, on the western limb of the 

Caradal synform and on the eastern limb of the Caradal anti-

form, observations of the elongation lineation are fairly 

well concentrated and it seems that any slight variation 

is due to a mild flexuring of the rejective fold limbs. 
Likewise, on the common limb of the two folds, the angular 



CHAPTER 12. 	THE CARADAL FOLDS. 	206. 

distribution of the elongation lineation is governed by random 

flexures on a relatively small scale. 

The pattern of the angular distribution of the elongation 

lineation associated with the Capistal folds indicates that 

this lineation has been deformed by the Caraaal folds and 

thus demonstrates their age relations. 	It was shown in Chapter 

11 that the Doire na h-Achlais folds are also later than the 

elongation lineation so that the only remaining problem 

requiring solution is the connection between the Caradal folds 

and the Doire na h-Achlais folds. 	Figure 11,2 provides the 

necessary information. 	The map demonstrates that the axial 

plane cleavage of the Doire na h-Achlais folds shows changes 

in strike and dip which consistently follow the changes in 

dip and strike of the foliatioh that define the Caradal folds. 

In short, the Caradal folds are later than the noire na h-

Ach.lais folds. 

Small scale folds which can definitely be correlated 

with the Caradal antiform and synform are unknown, 	However, 

in the sea cliffs below Creag Mhor small scale folds are 

present in the Upper Psannite whose orientation suggests 

that they may well possess a parasitic relationship to the 

major Caradal folds. 	They are illustrated in figure 12,3. 

Over most of this cliff section the rocks are coarse, well 

bedded asammites with thin parting planes of mid-grey semi- 

politic material. 	At some horizons these layers of semi-

politic material reach much greater thickness and may contain 

thin psammitic bands within them. 	In such rocks the small 

scale folds are best developed and they may be accompanied 

by a widely spaced fracture cleavage which is parallel to 
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their axial planes. This axial plane cleavage dips to the 

SE and the axes of the folds are sub-horizontal: these factors 

suggesting: a correlation with the large scale Caradal folds. 

Apart from these exposures on Creag hhor similar small scale 

folds are completely unknown. 
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EXPLANATION OF FIGURE 12.1. 

(a) A photograph of the rocks of the Upper Psammite in 

the hinge zone of the Caradai synform near the suradt of 

Creag Mhor. 	the scale con be judged by the ruck-sack in 

the foreground resting on rocks in the structurally un- 

iivorted limb of the synform. 	Most of the rocks in the 

background are in the structurally inverted limb and small, 

angular folds of the conjugate style are common. 

(b) Rocks in the hinge zone of the Caradal synforn at 

the southern extremity of heir naodail. 	The fold is totally 

obscured by faults and, but for the evidence seen elsewhere, 

might easily pass un-noticed. 	The scale is again 1;iven by 

the ruck-sack which stands immediately in front of a dark-

coloured Tertiary dyke. 



H
ire

 z
on

e o
f t

he
 C

ar
ad

al 
syn

for
tn

. 



211. 

EXPLANATIOli OF FIGURE 12.2. 

(a) A map showing the axial traces of the Caradal anti-

form and synform and the names of the localities mentioned 

in the text. 

(n-d) Stereograns showing the angular distribution of 

the poles to bedding planes on the west limb of the Caradal 

synform, the common limb of the two folds, and the east limb 

of tha Caradal antiform. 

(e-g) $tereograms showing the angular distribution of 

the elongation lineation on the same three fold limbs. 
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LXPLANATIO cr FIGURE 12.3. 

(a) krofile of a small fold 300yds vest of uhe summit 

of Great; 	,ho rocks belon6 to the Upper Psammite. 

An axial plane cloava,e is well developed in the semi-pelitic 

rocks. 

(b) Small folds about 350yds south of the summit of 

Crt>as Nhor. 	The alternating baths of pink or buff coloured 

psamiAte and mid-grey semi-pelite belong to the Upper Isammite. 
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OF DUBIOUS OR UNKNOWN GROUPING. 

Taking into account the conjugate folds which are des- 

cribed in Chapter 6 the folds in the Caradal nappe have 

been classified into four groups. 	In comparison with the 

seven groups of folds in the 14oine nappe therefore, the 

problem of classifying any individual fold in the Caradal 

nappe is correspondingly smaller than in the Moine nappe 

because there are fewer classes which it may occupy. 	For 

this reason the number of folds of dubious or unknown grouping 

in the Caradal nappe is necessarily smaller than in the Moine 

nappo. 	Not only this but the four groups of folds in the 

Caradal nappe occur in distinctly different relationships to 

the lineation, the quartz veins and the cleavac;es; a factor 

which also eases the problems of classification. 

Most of these folds which cannot be grouped confidently 

are shallow in profile. The largest arc two in number and 

can be seen approximately 900yds SW of Loch Aruisg in the 

exposures on the hill above the north side'of the footpath 

that connects Aird of Sleat and Point of Sleat. 	The distance 

between the axial traces of these two folds is a little over 

100yds, the synformal trace layiref7; to the west of the anti- 

formal trace. 	these flexures are clearly later than the 

elongation lineation associated with the Capistal folds and 

can hardly be classified with the Doire na h-Achlais folds 

on account of their size. 	It is possible, however, that 

they may be contemporaneous with the Caradal folds: in which 

respect it can be noted that their profile would agree with 

a parasitic position on the structurally un-inverted limb of 

the Caradal synform. 
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Further examples of even shallower fbxures are to be 

found in the rocks of the Upper Fsamaite west of Loch Ben 
uan Caorach. 	One pair, consisting of an antiformal and a 
synfornial flexure, occurs 300yds SW of the outlet to the Loch 
while another pair occur 450yds WSW of the same outlet. 
3oth examples are on the same scale which is smaller than the 
folds described in the previous paragraph but are sufficiently 
large to encompass exposures over a distance of 100yds. 	In 
both cases. te flexuring post-dates the Capistal fold movements 

since the elongation lineation is deformed and a correlation 

with the Doire aa h-Achlais folds is extremely questionable 
on account of the great differences in their respective 
sizes and profiles. 	A correlation with the Caradal folds 

is dubious because of the fact that, at both localities, the 

synformal trac+iez to the west of the antiformal trace and 
the folds do not, t'Jlerefore, show a parasitic relation to 

the major Caradal folds. 
Other flexures of a similar nature but occuring only as 

a single antiform of synform are to be found in the Lower 

Psammite 500yds JITW of the Loch Ben nan Caorach outlet, in 

the Laidhe na groine croup 800yds NNW of the sane outlet, 

and in the Upper Ps/4mri  te 450yds NE of to sur.A.t of S,:urrai 

Seilich. 	All three examples are later than the elongo.tion 
lineation associated with the Capistal folds but tlleir relaticaa 
either to the Doire ma h-Achlais folds or the Caradal folds 
is completely unknown. 	Such flexures are very rare and no 
great weight is attached to their presence. 
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LOCATIONS IN THE CARADAL APPE. 

This Chapter sets out to present a description of the 

dislocations which define what Bailey called the Caradal nappe 

and the dislocations which disrupt the roclze that it contains. 

Conclusions are drawn about the character and also the relative 

ages and importance of these dielocations which are considerably 

at variance with the concepts of Clough and Bailey. 	This 

re-interpretation involved the introduction of a nomenclature 
which is different from that of both Clough and Bailey.. 	The 
names that they applied are shown in figure 0.4 in the Intro-
duction while the revised nomenclature resulting from the 
present study is shown in figure 14.2, 	In order to avoid 
confusion in the discussion of these planes of dislocation 
the convention is adopted of qualifying the name of the dis-
location with the name of the geologist whose definition is 
implied. 	Thus, in respect of one of these dislocation, the 
names Lamarscaig thrust (Clough), Lamarocaig thrust (Dailey) 
and Lamascaig fault (Cheeney) will be used according to the 

definition which is under discussion. 
The dislocations which have been recognised in the 

present work are broadly classified into three groups; 
thrusts, faults and slides. 	No exact boundary can be defined 
between thrust and faults but the concepts adopted here are 
as follows. 

Thrusts are characterised by a distinct metamorphic 
break. 	The rocks on one side of the thrust plane have been 

modified to a much greater extent by processes of deformation 

and metamorephisv. 	On this side of the thrust plane the 
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dominant foliation in the rocks is earallel, or very nearly 

parallel, to the thrust plane and there is also a conformity 

between the thrust plane and zones of rock which are charac-

terised by groups of folds and by states of regional end 

dislocation metamorrhism. 	All of these concepts are 

admirably illustrated by the rocks of the Moine nappe in 

relation to the loine thrust. 	In this case zones parallel 

to the Moine thrust can be defined, each of which is charac-

terised not only by remarkably different states of meta-

morphism but also by different groups of folds such as the 

Port a'Cbuil folds, the Ard Thurinish folds, etc. 

Faults separate rocks of the same or of different meta-

morphic states and they may also be concordant or discordant 

to the foliation in these rocks. 	On the basis of those 

criteria, therefore, some faults may resemble thrusts as 

outlined above. 	They can be distinguished, however, in 

that they are discordant to the zones which are characterised 

firstly by groups of folds and secondly by differekt states 

of regional or dislocation metamorphism. 

Slides, as defined for the purpose of the present work, 

are associated with flexure during folding. 	They are curved 

surfaces of movement wLich follow the junctions between rocks 

of different lithology or competence. 	They arise when a 

layered sequence of rocks buckles under the influence of 

stress such that the mode of deformation involves flexure. 

The Caradal thrust (Bailey) can be clearly mapped over 

most of its length of outcrop and along the western margin 

of the Caradal nappe it is very well defined. 	netween Geur 

Rudha and };calash garbh the Caradal thrust (Hailey) is marked 



CHAPTER 14. 	DISLOCATIONS IN THE CARADAL NAPPE. 	219. 

by long lines of SE dipping rock faces which are almost per- 

fectly flat. 	A stereoscopic view of some of these rock 
faces is shown in the photographs of figure 14.3. 	This is 

a view from a point about one mile 	of Geur Rudha and faces 

NNE. 	Beyond the earth wall in the left foreground the flat 

surfaces defininG the thrust can be seen in shadow dipping 

to the right. 	They can be traced as a long straight feature 

on the left side of a flat bottomed valley which recedes into 
the distance for nearly three-quarter miles. 	Between 

T3ealach Garbh and the laraest outcrop of forridonian Epidotic 
Grit the Caradal thrust (Bailey) crosses several deep 1W 
valleys. 	It is not well exposed in the valley floors but 
in most cases it can be clearly demonstrated on the inter- 

vening spurs. 	One such exposure is situated 200yds SSW of 

the old footbridge which crosses Allt a'Ghlinne at a ;harp 
bend some 450yds from the sea. 	The surface of an exposure 

in coarse psarimite makes an almost perfect plane dipping SE. 
This surface does not show the characteristic features of a 
bedding plane and it is concluded that it represents the 
Caradal thrust or some subsidiary plane parallel to this. 

An undercut feature occurs at the bottom of a small crag 

about lOyds to the SE and is unpleasantly contaminated by 

sheep. 	however, an igneous rock can be discerned here which 

has been intruded into a pale-green, fine-grained rock with 

closely spaced parting planes. 	This rock contaiae abundant 

cubes of pyrite and several irregularly shaped quartz or 

quartzo-feldspathic viens. 	Only one margin of the igneous 

body is exposed. 	This is a plane surface dipping to the SE 

and is concordant with the parting planes in the green rock. 
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The green rock lies above the igneous rock. 	The igneous 

rock is pinkish-grey on the weathered surface and contains 
large, brick-red phenocrysts in e fine-grained groundmass. 

It would appear that the igneous body has been intruded along 

the plane of the Caradal thrust (Bailey). 	The green rock 

may be a thermally metamorphosed derivative of granulated 

Epidotic Grit or Tarshavaig Moine rock of the Laidhe na greine 
group. 	It is, however, rather different in appearance from 
the Lewisian mylonite. 

Along the northern boundary of the largest Torridonian 
outcrop the thrust is exposed at a number of places. 	Cne 
of these is illustrated in figure 14.4(b). 	Igneous roc's 
similar to those described above can also be found in these 
exposures. 	However, further to the SE the thrust is exeosed 
at only four localities before the outcrop of the loine thrust 
is reached and three of these are very close together as figure 
14.1 shows. 

The Lamarscaig thrust (Bailey), like the Caradal thrust 

(aailey) along the western marain of the Caradal nappe, is 
e)Tosed as a line of flat surfaces in the. Upper Paamaite which 
dip to the SE. 	In this form it can be traced from a point 
a few yards NNE of the Loch Lamascaig outlet as far as the 

southern tip of the largest Torridonian outcrop. 	Between 
here and the junction with the Caradal thrust (Bailey)it is 
indistinct apart from some excellent exposures in the bed of 

the stream close to where the two thrusts meet. 
The three outcrops of the Torridonian Epidotic Grit, 

which _Bailey (1955) conveniently called the main, westrn and 

southern outcrops, are all separated from the surrounding rocks 
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by dislocations. 	In the case of the western outcrop the 

rocks arc well exposed but the junctions between the Epidotic 

Grit and the surrounding Tarskavaig I-oine rocks are not 

revealed. 	.evertheless, sharp lines can be drawn which sep-

arate the two groups of rock and the elongation lineation that 

characterises the Tarskavaig hoies is quite absent from the 

Epidotic Grits; a fact which indicates at once some distil.ction 

in the metamorphic grade of the two groups of rocks. 

The southern outcrop is clearly separated from the 

underlying Upper Psammite by the Tomarscaig thrust (Bailey) 

but its junction with the overlying Lewician mylenites is 

very indistinct although the rocks are fairly well exposed. 

The Epidotic Grit appears to have been more highly deformed 

than elsewhere and the grey and green Lewisian mylonites are 

somewhat brecciated. 	In these states the two groups of 

rocks tend towards the same appearanee so t:,at a hard and 

fact boundary can:aot be drawn in the field. 	evertheless, 

the metamorphic states of the two groups e.::ay from the junction 

Gives every indication that a thrust intervenes between then: 

coarse, angular fragments of sedimentary origin can be rec-

ognisEd in the Epidotic Grit while •C'e Lewisian mylonites 

show a very fine and uniform grain size and contain an elon-

gation lineation. 

In coLnection with the main outcrop of the Epidotic Grit 

Clough was in no doubt that this body was sea rated by 

dislocations from the Tarckavaig Moines to the north and 

the Lelisian mylonite to the SE: there being; abundant field 

evidence for these conclusions. 	He was dubious, however, 

about the junction with the Tarskavaig Moire rocks to the 
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south-west. 	In the "Summary of Progress for 1,97" of the 

eological 'urvey Geikie, the Director, wrote (page 35):- 

"At the southern end of the chain of observers, Hr. 

Clough was led to bestow renewed attention to the determination 

of some of the relations in the peninsula of Sleet at the 

southern end of the island of Skye. 	In re-examining part 

of the ground already surveyed, he obtained evidence that 

will to some extent modify conlusionc which previously 

seemed fairly deducible from the facts. 	 The grits 

and associated strata brought forward by the Caradal and 

Tarskavaig thrusts were not examined microscopically until 

after the Report for 1896 was written, and the extent to 

which these rocks have been granulitised was not sufficiently 
recognised in the field. 	On further investigation these 

grits were found to possess a state of crystallisation 

essentially different from the matrix of the epidotic con-

glomerate, which occurs here and there near the base of the 

Caradal rocks. 	A re-examination of the areas where this 

conglomerate occurs was therefore made, and it was seen that 
the largest patch of conglomerate is in reality separated 
from the Caradal grits and phyllites on all sides by thrusts 
and crush lines. 	The epidotic conglomerate is undoubtedly 
Torridonian, and contains bands exactly like the epidotic 

grit which lies at the base of this formation between Kylerhca 

and Loch na Dal. 	But it must be admitted that the grits 

and phyllites which surround the conglc:crate cannot be shown 

to be Torridonian. 	They may be so, but, in Mr. Clough's 

opinion, it is for from certain that they are." 
Bailey (1955 p138) also paid a great deal of attention 
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to this junction and made the followihg comment: 

"It is the western boundary of the main exposure of 

Epidotic Beds which decieved Clough and later myself. 	It 

is steep; and towards the south, it seems to transgress 

Tarakavaig Moine outcrops. 	halfway along it is bare of 

cover. 	At one place ILpidotic Beds and fine-grained semi- 

siliceous Tarskavaig Moine are separated by a knife-edge 

plane, which may easily be interpreted as a fracture. 	At 

another, however, the junction is irregular and vague. 

If, as we must, interpret this junction as the site of a 

very considerable displacement, we must at the same time 
admit that the accompanying shearing is very such less con-
spicuous than it is, say, along the Lamarscaig or Caradal 

Thrusts." 

The "knife-edge plane" to which Bailey refers is almost 

certainly the same as that shown in figure 14.4(a). 	The head 

of the hammer is lodged in the plane of the dislocation which 
separates the Epidotic Grits in the right from psamaitee of 
the Tarekvaig Loines on the left. 	A measurement of the 
inclination of the plane recorded close by was 40 and is 
marked on figure 14.1. 	Further to the north the inclination 
of tee plane becomes steeper until, near its junction with 
the Caradal thrust (Bailey), it is almost vertical. 	To the 
south of the exposure illustrated in figure 14.4(a) the dis-

location becomes progressively less steep; the factor which 

is mainly responsible for the curving nature of its outcrop. 

In these exposures at the southern tip of the main outcrop 

of the Epidotic Grit the bedding in this formation is very 
nearly concordant to the plane of the dislocation, while 
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the bedding in the Tarskavaig Leine beneath is distinctly not. 

At the north-watern tip of the same outcrop of Epidotic Grit 

the reverse is true: the bedding in the Epidotic Grit is 

discordant whereas that in the Tarekavaig 2Joines is approximately 

concordant. 	Furthermore the plane of the dislocation is 

not parallel to any well marked zones of folding or meta-

morphism and the dislocation itself therefore shows all the 

characters of a fault as outlined earlier in this Chapter. 

It is also of interest to apply the criteria of distinction 

between faults and thrusts to the Caradal thrust (Bailey) 

and the Lamarscaig thrust (Bailey). 	In Chapter 11 it was 

shown that the Doiro na h-Achlais folds were confined either 

to the Lewisian or to the fine-grained Tarskavaig Noine rocks 

close to the junction with the Lewisian. 	Furthermore the 

tiehtneas of the folds increases and the distance between 

the associated cleavage planes decreases towards the Caradal 

thrust (Bailey). 	However, it is very important to note that 

neither Doire na h-Achlais folds nor associated structures 

are found adjacent to that part of the Caradal thrust (Bailey) 

between the easternmost tip of the main outcrop of Epidotic 

Grit and the sea at Geur Pudha. 	Even more significant than 

this is the fact that, during the recent survey of the area, 

no Lewisian rocks were positively identified on this section 

of the Caradal thrust (Bailey) as claimed by Clough in Peach 

et alia (1907). 	Clough said that "Above the western limb 

of the Caradal thrust in a few places thin stripes of rock 

have been noticed which may be regarded as sheared forms of 

Lewisian gneiss, but they cannot always be confidently sep- 

arated from the overlying sandy phyllites. 	The patch of 
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gneiss shown in the section (reproduced here as figure 0.3) 

is not more than 200yds long, and no other gneiss can be 

seen for more than a mile to the south-west." 	On the 

contrary the descriptions of the rocks in Chapter 18 show 

that there are no rocks along this section of the Caradal 

tbrust (L;ailey) which are directly comparable to the Lewisian 

mylonites in the eastern part of the earadal nappe. The 

present studies indicate, in fact, that there are several 

points of difference between that section of the Caradal 

thrust (iJailey) which lies east of the easternmost tip of 

the main outcrop of Epidotic Grit and that section which 

lies west of this point. 	The differences between these 

eastern and western sections can be conveniently listed as 
follows: 

1. As stated earlier in this paragraph there are no 

Noire na h-Achlaea structures along the western section 

whereas they are very coamon in the rocks along the eastern 

section of the dislocation. 
2. l'here are coarse grained psammitea within a few yards 

of the western section but all rocks within at least 500yds 

of the eastern section are nylonised. 

3. There are notable discordances between the rocks of 

the Caradal nappe and the western section of the plane of 

dislocation in the vicinity of the Torridonian outcrops: on 

the prominent spur 100yda west of the main outcrop of Epidotic 
Grit this discordance reaches a very high angle. 	On the 
eastern section there is no evidence for major discordances 

between the foliation in the mylonites and the dislocation. 

4. There is no positively identified Lewisian rock lying 



C:dAPTER 14. 	DIUOCATIONS IN THE CARADAL NAPPE. 	226. 

on the western section. 	Rocks with a. greenish tint, which 

might be interpreted as being of Lewisian derivation, are 

not more than km thick. 	In contact with the eastern section 

of the dislocation there is a minimum thickness of 350m of 
rock which has been confidently id ified as being of Lewisian 

derivation. 	Thus the eastern and western sections of the 

dislocation that Bailey called the Caradal thrust are fun- 

damentally different. 	the western section falls within 

the concept of a fault to.1. outlined at the beginring of this 
Chapter. 	The eastern section is very clearly a thrust 
according to the same concepts. 	The Lamarscaig thrust 

(Dailey) is also much closer to the current definition of a 

fault than to a thrust; it is discordant to the zones of rocks 

defined by the Doiro ma h-Achlais folds, it is discordant to 

the mylonised rocks, there are no rocks lying upon it which 

bear any resemblance to Lewisian south of the southernmost 

outcrop of Epidotic Grit, and it is discordant to the Tarskavaig 

Leine peammites on either side. 

Having considerably modified the concepts of Clough and 

Bailey it becomes important to consider the implications 

over a wider area than was studied in detail during this 

work. A number of exposuree in the Tarskavaig nappe were 

examined but no systematic observations were made. 	however, 

it was noticed that there are very considerable similarities 

between the Caradal nappe and the Tarskavaig nappe. 	The most 

important of these are: 

1. All the rock groups of the Caradal nappe are represented 

in the Tarshavaig nape. 

2. All of the groups of structures which have been dee- 
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cribed from the Caradal nappe have e4uivalente in the Tars-

kavaig nappe. 

3. Lewisian and Tarskavaig Noine rocks close to the 

Tarskavaig thrust (Clough) are mylonised and contain structures 
which are indistinguishable from the Doire na h-Achlais 
structures of the Caradal napre. 

4. The rocks of the Tarskavaig nappe arc folded by a 

major synform which has the same attitude and scale as the 
Caradal synform and which shows the same relations to the 

small scale structures. 	A correlation of these two major 

folds in time is suggested. 

The zone of mylonised rocks close to the Tarskavaig thrust 

(Clough) which contains Doire na h-Achlais structures are 

directly comparable with the same rocks in the Caradal nappe. 
It is postulated, terefore, that these zones of rocks in the 

two napes were once continuous and thus the thrust upon which 
they are lying must also have once been in continuity. 	The 

Tarskavaig thrust (Clough), by inference, is a continuation 

of the eastern section of the Caradal thrust 	a.d the 
western section of the Caradal thrust (Bailey) together with 

the Lamarscaig thrust (Bailey) are faults which disrupt the 

zone of mylonieed rocks and the thausts upon which it lays. 

The interpretation presented above is fundamentally 

different from that proposed by Clough and Bailey_ 	They 

thought that as the rocks of the Caradal nappe travelled forward 

on the Caradal thrust (Bailey) the rocks of the Tarskavaig 
nappe and the Tarskavaig thrust (Clough) became folded. 

The rocks of the Caradal nappe were then folded by the cilne 

nappe advancing on the 'Moine thrust. 
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Thus it becomes necessary to propose a system of nomen-

clature which is consistent with the new concepts introduced 

in this thesis. 	This revised nomenclature is presented in 

figure 14.2. 	The Tarskavaig thrust (Clough) is extended 
to embrace the eastern section of the Caradal thrust (Bailey). 
The western section of the Carwial thrust (Bailey) is now called 

the Caradal fault and the Lamarscaig thrust (Bailey) becomes 
the Lamascaig fault. 	The dislocation along the western 
boundary of the main outcrop of Epidotic Crit is called the 

Lower Lamascaig fault. 

Ihe major synform which folds the rocks of the Tarskavaig 

nappe is thought to be of the same generation as the Caradal 
synform and can be conveniently called the Tarskavaig synform. 

The distribution of the Torridonian outcrops and the displacement 
of the Tarskavaig thrust (Cheeney) suggest that the Lamascaig 
fault is of the reverse type and so also must be the Caradal 
fault. 	The Tarskavaig synform cannot, therefore, be the same 
fold as the Caradal synform since the faults are less steeply 
inclined than the axial planes of the folds. 	Thus there must 

be an antiform between the two cynforms. 	phis antiform is 

probably, in the most part, obscured by the Caradal fault 
which may follow its hinge zone. 	The displacements along 
the faults may well have occurted in association with the move- 
ments which gave rise to the Caradal &eneration of folds as, 
in the Caradal nanpe, the Caradal folds show a dominantly 
flexural mode of deformation with which disruption of the strata 
is often associated. 	It would also be during this phase in 

the structural history of the Caradal nappe that the Torrid-
onian rocks becatie separated from their stratigranhical 
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neighbours and took their present position. 

All of the Tarakavaig Mine rocks are, therefore, 

bounded by one thrust, the Tarskavaig thrust (Cheeney), 
This thrust is associated with, but is later than, a zone 

of mylonites which contain a unique group of folds, the 

Doire na A-Achlais folds. 	All of the Tarskavaig joints 

rocks should be considered as belonging to one thrust slice 

or nappe, not two as Clough and Bailey proposed. 	It sees 

most convenient to call this the Tarskavaig nappe and to 

discard the name Caradal nappe altogether. 	But, for the 

convenience of presentation in the current work, these two 
divisions of the Tarskavaig thrust slice will be retained. 

There is one large scale representative of the type of 

dislocation classified as a slide in the area of study. 	It 
is apparently associated with the Caradal synform and sep-

arates the Upper ',sem:ite from the Laidhe na greine group 

on the common limb between the Caradal synform and antiforn. 

This dislocation is best exposed at the southern tip of 
Loch Fada. 	Here it is a clean-cut plane dipping at 45-55°  

to the ESE and occurs entirely within the Laidhe na groin° 

group. 	To the south of Loch Fada it can be traced over a 

distance of about 200yds but is then lost in poorly exposed 
ground. 	'21,.e same dislocation emerges from Loch Fada at a 

point mid-way along the western shore where it sharuly defines 

the boundary between the Upper Psammite and the Laidhe na greine 

group. 	'Lhe latter rocks, consisting of semi-pelites with 

thin beds of psammite, are strongly distorted by folds of 

the conjugate style, some of which are illustrated in fig- 

ure 6.1(d). 	It is possible that these folds may be associated 
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with the movements on the slide. 	The slide follows a NNE 
direction from Loch Fada past the summit of Ben nan Gaorach 

until intersecting an EITE fault about 10-0yds NE of the sane 

summit. 	The outcrop of the slide is displaced a distance 

of 150yds towards the east by this fault. 	Northwards from 

this point the rocks near the slide are not well-exposed 

but a prominent topographical feature suggests that the slide, 
in this area, is still an important line of dislocation. 

As explained previously, it is possible to interpret this 

slide as an acconodation structure which arose in response 

to flexuring during the Caradal period of folding. 
Other dislocations in the Caradal nappe are relatively 

un-important. 	On the coastal section west of Tort a'Chuil 
a number of low angle dislocations can be seen in the rocks 

of the Telidhe  na greine group below the Voine thrust. 	These 

dislocations are clearly later than the Port a'Chuil folds 
which they disrupt. 	ixamples of two such dislocations are 
shown in figure 14.4(c). 	One prominent plane is in the 
middle of the photograph while the other is near the bottom 
and is marked by the head of the hammer. 

Near-vertical faults are common in the rocks of the 
Caradal nay pe and are prominently displayed on aerial photo-

:, 
grHhs of the reaion. 	They are developed along NW-SE and 
W-E trends. 	Their age relations are displayed by an igneous 

sheet just outside the area of detailed study. 	This sheet 

is situated on the west shore of the peninsula of Sleat near 
to the headland called Rudha Charn nan Cearc. 	It is of 

basic conpoaition and is divided by joints into near-vertical 

coluans. 	The sheet dips gently to the west and rest upon a 
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conglomerate 1-2m thick. 	The pebbles of this conglomerate 

are large and very well rounded. 	They are composed of 

representatives of the Cambrian dolomite and quartzite, 
exposed at Ord, a few mil es to the 	of Tarskavaig; dark 

reddish-brown and chocolate coloured Torridonian grits and 

sandstones; and Tarskavaig hoine paammites. 	This conglomerate 

lays unconformably on the psammites of the Tarskavaig nappe. 

The sheet of igneous rock is probably the lowermost lava flow 

from the;lye Tertiary centre in this part of the Island and 

is cut by faults and dykes on the NW-SE trend. 	Two 

faults on 	trend in the Tarskavaig Iioine rocks are, 

however, unconformably overlain by the coni_:lomerate and the 
Tertiary lava. 	The inference drawn, therefore, is that the 

faults on the 11W-SE trend are associated with the swarm of 

Tertiary dykes which pass through the area of study whereas 

the faults on the 7.!-E trend are earlier than the conglomerate 

and lava. 	These W-E faults are later than the Caradal 

folds but their connection, if any, with the system of faults 
in the Moine nappe described in Chapter 8 is not known. 
Their relation to the oine thrust is also unknown. 
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EXPLANATION OF FIGURE 14.1. 

A map showing ,:he direction and amount of dip of the 

dislocations in the Caradal nape and t e approximate dis-

tribution of mylonised Tarskavaig Eoine and Lewisian rocks. 
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EXPLANATION OF FIGURE 14.2. 

A map showing the revised nomenclature suggested for 

some of the major dislocations in the :lent of aye. 	Lote 

that the line of the axial trace of the .2arskavaig synform 

is largely conjectural. 
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EXPLANATION OF FIGURE 14.3. 

A stereoscopic view in a northerly direction along the 

line of the Caradal fault from a point about one mile KNE 

of Geur Rudha. 	The fault plane can be seen in the fore-

ground on the left side, just beyond the earth wall, and 

defines the left side of the valley which recedes for three- 

quarters of a Mile into the distance. 	The rocks in the ex- 

posure on the right side of the picture belong to the Laidhe 

na greine group. 	They are semi-pelites and coarse and fine 

grained psammites and a„ partially brecciated. 



Stereoscopic view 
of tile Caradal ault 
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EXPLANATION OF FIGURE 14.4. 

(a) The Lower Lamescaig fault 200yds south of its junction 

with the Caradal fault. 	The head of the hammer is lodged 

in the fault plane; the rocks on the right belong to the 

main outcrop of the }pidotic Grit; those on the left to the 

Laidhe na Ereine group of the Tarskavaig Maine series. 

At this locality brocciation appears to be confined to a zone 

no more than 3cms wide but further to the south and to the 

north the zone of brecciation appears to be 10-20cms wide. 

(b) The Caradel fault 150yds SE of its junction with 

the i,amascaig fault. 	he overhanging rocks belong to the 

Epidotic Grit and are lying on an igneous rock cut by an 

irregular joint system. 	The igneous rock is pinkish-grey 

on the weathered surface and contains large brick-red pheno- 

orysts in a fine-grained croundmass. 	The scale can be judged 

by the icicles, the longest of which is about 33eL;s. 

(c) A low ancled dislocation in the rocks of the Laidhe 

na greine group. 	The location is in the coastal section 

200yds WSW of the Aird of 3leat 3choolhouse. 



ociavu irpeteo otp ut suopevista 
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OF THE CARADAL NAPPE. 
The rocks of the Caradal nappe are classified as Tars- 

kavaig Moine, Lewisian or Torridonian. 	The Tarsleavaig 
rioine rocks are further sub-divided into the Upper and Lower 
Psammites and the Laidhe na greinceroup between these two. 
This latter group is composed of thinly interbedded psamnites, 
semi-pelites and pelites. 	The Lewisian rocks are mylonised 
and pass from thinly interlaminated eink and green rocks in 
the east of the outcrop to grey rocks in. the NW which are 
hardly distinguishable from rhyol_ites in the hand specimen. 

The Torridorinn rocks belong to the basal Epidotic Grit and 
contain angular detrital fragments and pebbles. 	They are 
separated from the surrounding Tarskavaig i4oiees by dislocations 

on all sides. 

The psammitic members of the Tarskavaig Mine rocks 
possess a very strong elongation lineation. 	The variations 

in direction and plunge of this lineation are shown in Plate 2. 

The constituent grains of these psammites are often seen to 

be flattened as well as being elongated. Nest comeonly 

this flattening is parallel to the foliation but within the 
outcrop of the Lower Psamriite there are many exposures 
where the flattening is clearly oblique to the foliation. 

Less commonly snail folds can be found and in such exposures 
the flattening can he seen to be parallel to their axial 
planes and the elongation lineation parallel to their axes. 
Such exposures demonstrate a clear correlation. between the 

elongation, the flattening and the folds and thus these three 
types of structure have been classified together in the 
Capistal group. 	The Capistal group of structures is the 
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earliest that is recognisable in the rocks of the Caradal 

nappe. 

A system of quartz veins is common in -Vle psamnates. 

An exasple of an exposure in which these are well developed 

is illustrated in figure 10.1(h). 	The mar7ins of these veins 

are strongly lineat*d in a direction parallel to the elongation 

lineation in the host rock and they are also approximately 

parallel to the flattening and the axial planes of the Capistal, 

or first folds. 	These veins demonstrate (see pages 186-

187) that the lineation forming processes outlasted the 

period of folding. 

Two lines can be drawn in the eastern part of the 

- Caradal nappe; they are shown dotted in figure 10.3. 

:- etween these two lines the strike of the flattening and the 

quartz veins is clockwise to the strike of the foliation 

while in the two remaining areas it is anticlockwise. 
These two lines, therefore, must represent the axial traces 

of large scale folds which are of the same generation as the 

small scale Oapistal folds. 	The westernmost of the two 

folds is called the Capistal antiform; the eastern fold, 

the Sapistal symform. 

Ihe elongation lineation associated with the Capistal, 

or first folds is less well marked in the Lewisian rocks 

and is totally absent from the Torridonian E,pidotic Grits. 

All of the Lewisian rocks and a narrow zone of the Tars-

kavaig Moine rocks in contact with them are in the state of 
mylonites. 	The mylonised Tarskavaig oine rocks grade into 

recognizable metasediments away from the Lewisian jsnction. 

In these mylonised rocks structures of the Doire na A-Achlais, 



CUAPTER 15. SUMARY OF PART II. 	238. 

or second group are fay common. 	The elongation lineation 

associated with the Capietal, or first folds passeu4 over 

the hinges of the Doire na h-Achlais folds so that the 4.01 

relations are well established, The Doire as h-Achlaio folds 

are associated with a. cleavage which is parallel to their 

axial planes. This cleavaae is developed in the seci-pelitic 

rocks of the Tarakavaig noine group and in the basic aenbore 

of the Lewisian. Over the whole of the area of the Caradal 

nappe in which these folds are developed the strike of the 

axial plane cleavage of the fA.ds is anticlockwise to the 

general strike of the foliation. The spacing betaven the 

cleavao planes apparently increases in the Tarakavaig Voine 

rocks away from the junction with the Lealsian. 

.ear Loch an t-Sellich a large scale fold can be demon- 

strated in the rocks of the Upper Paamnite. 	he axial trace 

of this fold runs to the Sa'lei as is shown is figure 12.2(a) 

and intersects the coact at Leir flhaodhail. 	Figures 1G.3 

and 11.2 show that variations in the trend of axial plane 

structures associated with the Capistal, or first, and the 

Doire aa h-Achlais, or second folds fellow the aaele pattern 

au the variations in the foliation which define this larr;e 

synforn. 	aoth of these roupc of structures must, there- 

fore, be earlier. 	The larae scale eyniorm belong to a 

third group of structures aad is called the Caradal aynform. 

Within the area of outcrop of the Levisala mylonites a cor-

responding anthem, the Caradal antiform, car also be den- 

onatrated. 	aho axial pletes of these agrge folds dip to the 

ESE at angles of 40-5a°. Small folds associated with the 

Caradal antiforn and synfora are not known but fold structures 
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on ureag lehor, illustrated in figure 12.3, may be of this 
generation. 

On the common limb between the Caradal synform and anti-
form there are indications of a dislocation at the boundary 
of the Upper Psammite and the Laidhe na greine group. 	This 
dislocation has been called a slide and is thougt to be due 
to slip during the Caradal, or third period of folding. 

The remaining dislocations associated with the Caradal 
nappe have been interpreted in a manner which differs fun-

dae.entally from that of Clough (in Peach et alia, 1907) and 

Bailey (1955). 	The Caradal thrust, as defined by Bailey, 

(see figure C.4) can be divided into two sections which 
possess completely different characteristics. 	These two 

sections meet at the easternmost tip of the largest outcrop 
of Epidotic Grit. 	East of this point all rocks within 500yds 
of the dislocation are mylonised but to the west coarse 
grained psemmites are found within a few yards of the dis- 

location. 	The mylonised rocks along the eastern section 
contain structures of the Doire na h-Achlais, or second 

group which are quite absent from the rocks along the western 
section. 	There are no diecordances between the dislocation 
and the foliation in the Lewisian mylonites on the eastern 
section whereas along the western section such discordances 
are common in the vicinity of the Torridonian outcrops. 

Finally, and contrary to the opinions of Clough, tore is 

no positively identified Lewisian rock lying on the western 

section while a thickness of at least 350m. of rock on the 

eastern section has been confidently identified as Lewisian. 

These differences between the eastern and western sections 
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of the dislocation arc thought to be sufficiently great 

for the nomenclature to be altered. 	The western section 

shows the characters which are more normally associated 

with a fault and has thus been called the Caradal fault. 

The eastern section, on the other hand, is more typically 

threst-like. 	In the Tarskavaig nappe of Bailey (1955) 

there is a zone of mylonised rock close to the Tarskavaig 

thrust which is mostly Lewisian but which does contain 

representatives of the Tarskavaig lAoine rocks. 	These 

mylonised rocks also contain structures which are identical 

with the Doire na h-Achlkas, or second folds described pre- 

viously. 	It is assumed, therefore, that the eastern section 

of the dislocation in question is an extension of the Tars-

kavaig thrust which, along with the zone of mylonised rock, 

has been disrupted by the Caradal fault. 

The Lamarscaig thrust of Bailey (1955) also shows features 
which are considered to be more akin to a fault and has been 

re-named accordingly. 	The relation of the Caradal fault 

and the Lamascalg fault to the Torridonian outcrops suggests 

that these two dislocations are faults of the reverse type 

and most probably arose during the learadal, or third period 

of folding. 	If so, then the rocks of the Torridonian out-

crops reached their present position only during the third 

period of folding and not during the development of the 
thrusts as suggested by Cbugh and Bailey. 

Two more facets of the new interpretation are as fol- 

lows. 	Firstly, the rocks of the Tarskcvaig nappe of Bailey 

(1955) arc folded in a large scale synform which is almost 

certainly of the same age as the Caradal synform and its 
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approximate axial trace is shown in figure 14.2. 	Because of 

the relative inclinations of the Caradal fault and the axial 

planes of the Caradal and Tarskavaig synforms these two folds 
could not have been in continuity before the movements on the 
Caradal fault totik place. 	As a result it is concluded that 
a complementary antiform exists between the two synforms 
but that this antiform has been largely obscured by the Caradal 
fault. 

The second aspect of the new interpretation is that the 

larakavaig Moine rocks as a whole are more correctly placed 

in one nappe rather than two as suggested by Bailey (1955) 
since they are bordered by only one thrust; the Tarshavaig 
thrust, as shown in figure 14.2. 	Thus it is suggested in the 
current work that the name Tarskavaig nappe be applied to the 

thrust slice in which all of the Tarskavaig: Voila° rocks lay 
and that the name Caradal nacre be discarded. 	liewever, for 
convenience in the aresentation of this thesis the name Car-

adal nappe will be retained since detailed study of the rocks 

of the Tarskavaig nappe of ?Ailey was not undertaken. 
The remaining dislocations in the rocks of the Caradal 

nape are all later than the Caradal, or third aeriod of 
folding. 	These dislocations are vertical or near vertical 
faults which can be classified into a ,ItJ-..SE group and a W-E 

group. 	The relations of these faults to a sheet of igneous 

rock which is thought to be a lava flow from the .iertiary centre 

in the Cuillins and Red :fills allows the deduction to be made 
that the ':W-SE group of faults are post-lava flow while the 

N-E group is entirely earlier than the eruption of the flow. 
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The three Chapters that are included in this Part of 

the thesis are designed to present an account of the rocks 
based on field descriptions. 	They do not constitute a complete 
petroloEical account of the rocks within the Moine and Caradal 
nappes but are intended to provide a connectinh link between 
the conclusions which were drawn in the first two Parts 
concerning the fold histories of the two nappes and the 
microscopic studies of Part IV tee material for which is 
drawn from selected thin sections of widely scattered samples. 

In the first two Parts, and especially in te case of 
tee leoine nappe, it was noted that there exists a close para-
llel between the distribution of certain croups of folds and 
the distribution, of rocks in a. particular metamorphic con- 

dition. 	These rocks, however, were described only in outline. 
In the three succeediree Chapters the nature of the different 

types of rocks will be more sharply defined with the aid of 

photographs and additional descriptive notes. 

Unfortunately s ch descriptions are rarely ins-eiriag 

and for this reason a fairly comprehensive summary of this 

Part will, be presented in Chapter 19 which it is hoped will 
be of use to the more general reader. 
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The rocks of the ieioine nappe are excellently displayed 
in sections along the shores of the Sound of Cleat and thus 
by far the greater number of illustrations and descriptions 
in this Chapter are of rocks in coastal exposures. 	Elsewhere, 
the degree of exnosure is only tolerably good to the north 
of Knock nay and in the ground laying to the south of a line 
drawn to the west through Tormore. 	Apart from stream sec-
tions, exposures in the remainder of the area of the Mine 

nappe are very widely scattered. 

The Lewisian rocks of the leoine nappe, even without the 

aid of thin section study, can be seen to show an amazing 

variety of compositions and metamorphic states far in excess 
of that indicated by.  Clough's descriptions (leach et ails, 
1907, p262 et seq) 	In order to simplify their description, 
therefore, a classification into three zones will be adopted. 
It must be emphasised, however, that this 
purely conventional; teere being complete 

the rocks in the tree zones. 

The lines which are chosen to define 

are called the Ceetaig and Knock lines and 

illustrated on plate 4. 	In the Lewisian 

line joins tosether the westernmost known.  

classification is 

gradation between 

the three zones 

t,eir courses are 

rocks the Cstaig 

exposures which 

contain coarse grained, massive acid gneieees with randomly 
orientated porphyroblasts of amphibole. 	The Knock line 

joins together the easternmost known exposures in which 

the rocks of basic composition possess a closely spaced, 

fissile type of parting rather similar to that of slate. 

To the north-west of .enock Bay these two lines approach 

very closely to each. other. 	This ground is, however, very 
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poorly exposed and it is thought t'eat ideal complete exposure 

would. demonstrate that these two lines more nearly approach 

a sub-parallel trend. 

Following the pattern of Part I, the rocks in the zone 

east of the Enock line will to described first. 	These are 

the rocks that contain the Baravaig, or first and Rudha Phoil, 

or second groups of folds as well as structures which are 

attributable to the Tormore, or third group. 	The rocks 
laying between the Knock line and the Cstaig line are generally 

of finer grain size with prominent porphyroblasts. 	They are 

more fissile and contain structures which are thought to be 

of t77.0 earavaig and Tormore groups. 	In this zone many of 

the rock types which characterise the zone east of the ,nock 
line are also represented. 	However, to the west of the Ostaig 

line such rocks are absent with the exception of some limited 

outcrops of amphibolitic aspect; the vast majority being very 

fine grained and completely free of megascopic porphyroblasts. 

In this zone west of the Cstaig line the folds of the Ard 
Thurinish group are very cores or_. 	These folds are of the third 

or fourth generation. 

The general characters of the rocks in the zone to the 

east of the Knock line are as follows. 	They are of coarse 

grain size; most of the constituent minerals can be recoenised 

in the hand specimen with. the aid of a magnifying glass. 

They may be called "massive" in that they do not split very 

readily along plane parallel to the foliation and are relatively 

free of joints. 	They are divisible into three well defined 

groups which, in terms of outcrop areas, are of distinctly 

different size. 	The smallest outcrop area is occupied by 
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a sheet-like body of ultrabasic gneiss, or serpentine, which 
is marked on Plate 5. 	Another, smaller exposure on the other 

limb of the Knock synform is situated about 4f)Oyds west of 

Loch nan Dubhracan. 	These ultrabasic gneisses, or serpentines, 

were the subject of an extended description by Clough (in 

Peach et alia, 1907, p262 et seq) but since they seem to 

provide very little evidence in the elucidation of the meta-
morphic history of the Lewisian rocks they will not be described 

further here. 
The second group is a series of amphibolites which are 

readily separated from the remainder of the Lowisian complex. 

Some of the larger of these outcrops are shown on Plate 5. 

Both these larger outcrops and t'ase of smaller size have 
sharp boundaries with their neighbours. 	The third group is 
by far the most intricate and widespread. 	These rocks con- 

tain a colourful variety of minerals in extremely variable 
proportions and exhibit numerous different textures. 	They 

may possess sharp boundaries or may grade coapletely from one 
to the other. 	They are interbanded on all scales. 

This latter and larger group will be described first. 
Decauee of the amazing variety which these rocks show this 
brief description must necessarily eive an impression which 

is far from comprehensive. 	In order to avoid misconceptions 
which may well arise from any attempt to feeneralise on this 
topic a few selected expoeures will be described in detail 

while remarks of a general nature will be confined to the 

summary in Chapter 19. 

Near the headland which defines the eastern end of 

Camas Baravaig a lenticle of an almost unique type of amphibolite 
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is exposed on the foreshore. 	This lenticular body measures 

about 2 metres long by about half a metre wide and is com-

posed of a beautiful aggregate of radiating acicular amphibole 
crystals of an apple-green colour. 	This amphibolite is en- 
veloped by a thin zone of mid-grey micaceous rock which is 

3-4cms thick. 	Within this envelope and within the nearest 

centimetre or so of the country rock there are euhedral 

crystals of translucent pink feldspar up to 5mm across. 

The country rock itself consists of pink, quartzo-feldanathic 
layers up to 15cms thick which are separated by very dark 
green amphibolitic bands up to 3cms thick. 	The foliation 
in t7ne country rock follows a streamlined course around the 
lenticle. 

An exposure on the opposite headland of Camas Baravaig 

consists moslty of pink acid rocks with. narrower bands and 
streaks of greenish-grey basic material. 	The acid bands are 

up to JOcms thick and contain layers 1w2mm thick which are 

rich in biotite set in a croundmass possessing the character- 
istic yellowish-green colour of fine grained epidote. 	Larger 

crystals of almost black biotite up to 2mm across occur in 

the acid bands. 	They are scattered uniformly throushaut the 

rock with an apparently random orientation. 	The basic layers 
contain very many paper thin streaks very rich in epidote. 

Very dark biotite is an important constituent and there are 
layers containing larger crystals of quartz and/or feldspar. 

These basic layers are discontinuous and commonly pass lat- 

erally into very thin lenticles. 	They are never more than 

15cms thick and weather into a. curious surface covered with 

small pits up to 1cm across. 
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1+OOyds to the SSW there are a number of zoned basic bodies 
of unusual mineral composition enclosed in acid gneisses. 
These are again lenticular in shape; the lenticle being of the 
order of 3 metres long and i metre wide. 	At these widest 
parts the followin, zones can be recognised:- 

1. In the centre the rocks is aade up almost entirely 
of pale-green fine grained amphibole with disseminated 
cra-stals of dark mica becoming more common towards 
the country rock. 	Discrete patches consisting of 
aggregates of dark Trica are also found in this central 
zone. 	These patches are up to 2cas long. 

2. A zone with attractive flakes of dark mica measuring 
up to 1cm constituting most of the rock. 	Ruartzo- 
feldspathic material becomes more common towards the 
outer edge of the zone and pale-green amphibole towards 
the inner. 	Large patches of olive-green material 
are also present and in some cases one cleave e plane 
may completely cover one of these patches thus suggesting 
that they are single crystals. 	If so then they are 
exceptionally large, being 3-4cas across. 	They are 
possibly crystals of a carbonate mineral. 

3. The outermost zone consisting mostly of quartz and 
feldspar with obliquely orientated crystals of dark 
amphibole and dark mica. Discordant streaks of pale 
green material, possibly eaidotic, can be seen. 

These basic bodies are cut by a number of quartz veins 
which are also discordant to the foliation in the country 

rocks. 
On the headland at the eastern extremity of the broad 
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sweep of Knock Bay acid gneisces arc much in evidence. 	On 

fresh surfaces the foliation is narked by numberless thin 

laminae- of different tints of pink and pinkish-grey. 	These 

laminae are very smoothly flowing. 	In one restricted band 

large rose-pint: spots of feldspar up to 5c:ss in diameter 

occur in the rock. 	Seal', dark-green crystals of mica 

traverse the foliation and seem to show a preferred orientation 

related to the axial planes of nearby folds of the Pudha 

Phoil or second generation. 	n foliateon surfaces the first 

lineation can be seen as a parallel arrangement of streaks 

of quartz. 

500yde east of the ruined castle acid and basic rocks 

have been deformed by folds of unknown generation. The dis-

tinction between acid and basic rocks at this locality is 

very sharp. 	The acid rocks are composed of little else than 

quartz. and feldspar but the basic rocks 

composition. 	They consists of noteing 

chloritic mineral which has the "soapy" 

talc. 

	

	The basic rock is deformed into 

An exposure which provides some of 

evidence towards the elucidation of the 

have a very unusual 

but a bottle-green 

surface texture of 

small, angular folds. 

the most important 

structural and eeta- 

morphic history of the .:Y.oine nappe is situated about 200yds 

east of the ruined castle in Knock Say, immediately above the 

high water nark. 	Here, the acid and basic bands alternate 

and are interleaved on many different scales. 	The acid rocks 

consist essentially of quartz and feldspar with fairly common 

crystals of amphibole measuring as much as 5mm in length. 

The basic bands arc very rich in dark-green crystals of 

amphibole and small, brownish-red garnets are also visible. 
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Some folds, belonging to the Rudha Phoil, or second generation, 

are present in the acid bands of this exposure and are illus- 

trated in• figure 2‘6(a). 	In the hinge area and within t!ee 

limbs of the fold at the top right-hand corner of the exposure 

the amphibole crystals rossess a strong preferred orientation 

such that their longest axes lay parallel to the axial surface 

of the fold but are arranged almost perpendicular to its axis. 

The elongation lineation associated with the Baravaig, or first 

Group of folds passes oblieuely over the hinge of the fold in 

question. 

The conclusions to be drawn from this exposure are as 

follows. 	The age relations of the folds and the lineation 

are clearly demonstrated and have been discussed in Chapter 
2. 	The amphibole crystals, which show a porphyroblastic habit, 

have not been deformed during the Rudha Phoil, or second 
period of folding since they share a preferred orientation 
which is independant of the fold of the Rudha Phoil generation. 

Thus the amphibole crystals have groan after the Rudha Phoil, 
or second folds had developed. 	The direction in which the 

amphiboles are orientated is very similar to that of many other 

minerals of porphyroblastic habit in the Lewisian and Moine 

rocks of the Voine nappe and this direction is also parallel 

to the axes of the Tormore, or third folds. 	A connection 
between the orientated amphibole porphyroblasts and the Tpr- 

more group of folds is thus suggested. 

The amphibole porphyroblasts of the type described above 

are often very prominent in the pink, quartzo-felds7eathic gneisses 

but they rarely show the preferred orientation which was dis- 
cussed above. 	An seTosure in which such crystals have no 
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obvious preferred orientation is illuatrated in figure 16.3. 
Phis exposure is situated between the ienock line and the Cstaig 

line but such rocks are .ore abundant to the east of the znock 

line. 

The foliation in the rocks immediately below the ruined 
Knock Castle is smooth and wavy. 	Bands of acid rock which 
weather to a pinkish-orange colour predominate over the very 
dark basic layers. 	Fresh surfaces of the acid rocks are 
streaked with pink and dark-grey and contain partings of 
black mica with flakes up to 1mm across. 	iewly exposed 
surfaces of the basic rock show much dark amphibole in stout 
crystals and also off-white bands and streaks of quartze-feld- 
spathic material. 	Within such quartzo-feldspathic layers 

clusters of amphibole crystals form radiating aggregates up 
to 1cm in diameter. 	The acid and basic layers are inter- 

laminated on many different scales. 
100yds SE of the southern:.ost tip of Loch 3aravaig rocks 

of a composition intermediate between acid and basic are 
exposed. 	Un the weathered surface ribs of rock that are 

rather more quartzo-feldaathic in composition stand out slightly 
from those which are more basic in character. 	such individual 
bands are of the order of i-cm thick and are very uniform in 

thickness in a direction parallel to the first elongation 

lineation. 	In sections oblique to t7ee first lineation, 

however, they show much more irraular variations in thickness. 

Fresh surfaces show numerous crystals of biotite and rather 

smaller crystals of amphibole and garnet can also be seen. 
le-6ascopic garnet, contrary to the statement of Dae_ley 

(1955, p156), is a very common constituent of the Lewisian 
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rocks to the east of the Knock line and has been recorded in 

numerous exposures. 

One of these exposures is situated about 1200yds NE of 

Knock Castle but is of particular interest for a different 

reason. 	In this exposures alternating bands of quartz- 

feldspar rock and ariphibole rich rock can be seen. 	Certain 

of the bands have various intermediate compositions but all 

bands have well defined margins. Small megascopic garnets 

are visible in some of the intermediate bands. The amphiboles 

have a very strong preferred orientation such that their long 

axes are almost perpendicular to the foliation. 	The direction 

of the orientation at this locality is close to that which 

was described previously near Knock Castle. 

An exposure which provides a valuable clue to the con-

dition of the Lewisian complex previous to the Elravaig, or 

first phase of folding and deformation is located 300yds ENE 

of the easternmost tip of Camas Baravaig. 	Some of the structures 

in this cliff face are illustrated in figure 1.2 a.A. 1.3(d). 

Quartzo-feldspathic rocks are represented in the former as 

black areas while in the latter they are left blank. 	These 

quartzo-feldspathic rocks are enclosed in a host rock of 

amphibole, biotite gneiss in which the dark minerals con- 

stitute approximately one third of the rock. 	The grains 

of quartz and feldspar in both types of rock share the elong- 

ation lineation which accompanies the Baravaig, or first 

group of folds. 	The crystals of amphibole and biotite, 

which measure 3-kmm, do not show any preferred orientation 

which is detectable to the unaided eye. 

ihe deductions which can be made about the metamorphic 
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history of the Lewisian complex from the evidence presented 
in this last exposure are as follows. 	The relation between 
the quartzo-feldspathic material and the amphibole, biotite 

gneiss can only be explained in two ways. 	Either they are 
the result of a process of differentiation from a common 
parent or they are the product of injection of one type of 
rock into the other. 	In any case the mechanisms are very 
obscure but such processes may, however, be classified under 
the term "migmatisation" and their products may be called 
migmatities. 	Such a process of migmatisation must have 
occured before the deformation associated with the Baravaig, 
or first folds since the elongation lineation is shared by 
bot types of rock. 	However, the amphibole and biotite 
crystals in their eresent state of growth arc later than the 
Baravaig period of folding since they cut obliquely across 
the lineation. 	The following sequence of events can thus 
be recognised:- 

1. Mieeeatisation. 

2. Deformation during the Baravaig, or first period 

of folding. 

3. Crystallisation or re-crystallisation of amphibole 

aA biotite. 

The second group of rocks in the Lewisian outcrop east 
of the Knock line is a series of amphibolites. All of these 
appear to be sheet-like bodies and the larger outcrops are 
shown on Plate 5. 	The sheet-like nature of these amphibolites 
is best appreciated in the case of the thinner examples which 

can be seen in the single exposure. 	The sheets vary in 
thickness from a few centimetres to several scores of metres 
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but are very uniform in composition in comparison with the 

previcusly described group. 

A typical exposure of an amphibolite of this Group is 
to be found imfaediately south of the outlet of the stream 
called Allt Gairistin 	600yds east of Lnock Castle. 
:he junction of the amphibolite with surrounding acid 

gLeisses is well exposed just on the high water mark and is 

parallel to the foliation in both group, of rook. 	On the 

weathered surface the amphibolite is dark-crearish-grey 

with very thin streaks and very irregular patches of fine 
grained white material. 	lhe straight sided streaks are 
parallel or sub-parallel to the margins of the amphibolite. 
On fresh surfaces dark-green, rather fine grained amphibole 

and very small black flakes of mica can be seen. 
Other members of the same group of rocks differ only 

slightly from the above. 	In some, the content of feldspar 

reaches appreciable proportions and gives the rock a mottled 
appearance. 	Irregular bodies of coarse, quartzo-feldspathic 

material, such as those illustrated in figure 13(b), are a 
common feature and carry the elongation lineation associated 
with the Ilaravaig folds. 

Two unique exposures, however, merit further attention 
since they demonstrate interesting features which tell more 
of the genesis of these reeks. 	Both of these are illustrated 

in figure 1.3. 	The exposure illustrated in figure 1.3(a) 
has been the subject of a lengthy discussion in Chapter 1, 

page 25, and it can be argued that it demonstrates the following 

sequence of events:- 
1. Injection of basic mama into a gneissose host rock. 
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This magma is at present re presented by the amphibolite. 
2. The Baravaig, or first period of folding. 
3. Introduction of thin white streaks and epidotic veins. 
The exposure of figure 1.5(b) shows the junction between 

an amphibolite and an amphibole, biotite gneiss of the type 
illustrated in figure 1.2 and discussed on rage 251. 	The  
amphibolite is discordant to the foliation in the gneisses 
and contains irregular patches of coarse, quartzc-feldspathic 

material carrying the first elongation lineation. 

The amphibole, biotite gneisses at the top of the exposure 

have been shown to demonstrate the sequence:- 
1. Migmatisation. 

2. Deformation during the Taravaig, or first period of 

folding. 

3. Crystallisation or re-crystallisation of amphibole 

and biotite. 

To this sequence may be added facts which are deducible 
from the relations of the amphibolite. 	ihe amphibolite is 

discordant to the foliation in the eslphibole, biotite gneiss 

and therefore the basic magma which it doubtless represents 

must have been intruded after the migmatisation of the host 
rocks. 	The amphibolite; and the quartzo-feldspathic bodies 

which it contains, have been deformed during the Baravaig, 

or first period since they show structures belonging to this 

group. 	The coarse, quartzo-feldspathic bodies can be looked 

upon as being the result of processes of miulatisation which 

ssist, therefore, be of a•different age from the migmatisation 

of the country rocks. 

The collected evidence from the exposures so far discussed 
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in this Chapter thus shows the following events in the 

structural and metamorphic history of the Lewisian rocks:- 

1. Migmatisation giving; rise to quartzo-feldspathic bodies 

in a rock which is now amphibole biotite gneiss. 

2. Intrusion of basic mama which is now represented as 

amphibolite. 

3. Migmatisation of the amphibolite or the rock which 

it now representa. 

4. The Baravaig, or first period of folding and deformation. 

The earliest which can be reco,.gnised in the Lewisian 

rocks of the Moine nape in Skye. 

5. Introduction of thin white streaks into the amphibolite 

and epidotic veins into the amphibolite and its host 

rocks parallel to the axial surfaces of the Baravaig 

folds. 

6. Ihe Rudha Phoil, or second period of folding. 

7. Crystallisation or re-crystallisation of amphibole 

and biotite apparently at the time of the deformation 

associated with the Tormore, or third folds. 	This 

topic is to be more fully discussed in Chapter 24. 

The description and discussion of the rocks east of the 

Knock line is concluded here. 

The rocks laying between the ()stale-  line and the Knock 

line are extremely well exposed in easily accessible coast 

sections from Knock 'ay to agh a'Mhuilinn. 	As well as 

some of the rock types so far described others of a rather 

different character also occur. 

An exposure which received a f2reat deal of attention 

from both Clough and 7ail.ey is situated 25Oyds NW of the 
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ruined castle not far from the mouth of the stream called 

Allt Gleann lioravaig (Bailey, 1955, p153). 	Clough said: 

"Near a line between Isle Ornsay and Knock the flaggy soft 

rocks give place south-eastwards to Lore massive, less finely 

granulitic types. 	In Knock Bay, aecr the mouth of Allt 

Gleann doravaigs  the change between the two types is somewhat 

sudden". 

The exposure in question can ue described as follows. 

A band of pale-green weathering rock a out 30cfas thick 

appears to divide massive rocks above from fissile rocks 

below. 	This band dips at a low anale towards the east and 

seems to have localised some dislocation. 	On the pale-green 

weathered surface flakes of an olive-green chlorite up to 2mm 
in diameter can be seen in a host of finer grain size. 

larting planes are very closely spaced but very irregular, 

and in places the band gives rise to an undercut feature. 

ed.iately above this band the rocks are massive and weather 
to a medium-grey cslour tinged with lilac. 	On fresh foliation 

surfaces large, bottle-areen chlorite flakes up to tamm in 

diameter lay in a host of pale-grey micaceous rock with pink 

feldspathic spots. 	ilelow the pale-green band the rocks have 

a flaggy parting and on the weathered surface they show thin 

pale-grey quartzo-feldspathic layers 1-2mm thick sot in a med- 

ium greenish-grey host. 	larting painea are very closely 

spaced and are parallel to the foliation. 	The rocks are 

hard and do not cleave easily. 	Some bands are dark-green 

in colour. 	Fresh surfaces are dark-greenish-Leroy and 3mm 

needles of amphibole lay on the foliation planes with an 

apparently random orientation. Dark-green flakes of chlorite 
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are also present and measure up to 3mm in diameter. 

For the following reasons it is thought that this 
exposure does not warrant the emphasis which has been placed 
uaon it by both Clough and Bailey:- 

1. Exposures on this section of the coast are far from 
continuous. 

2. !"any exposures of eiassive acid and basic rocks free 

of porphyroblasts can be found further to the west. 

. All three types of rocks within this exposure are of 
fine grain size and contain conspicuous micaceous 
porphyroblasts. 

4. .o sharply defined junction between "flaggy soft 
rocks" and "more massive, less finely Granulitic rocks" can 
be drawn in fairly well exposed inland country. 

The concept which emeraes from the present survey is 
that this exposure belongs to a wide transition zone between 
the massive gneisses to the east and the fine ,-,rained, fissile 
rocks to the west. 	This transition zone is bounded approx-
imately by the Knock and Ostaig lines and contains typical 
representatives from the two extremes as well as rocks of 

intermediate typo. 	The impression given by Clough and Bailey 

of a sharp line of demarkation is misleading. 
On the shore, below the schoolhouse at Ferindonald, 

alternating acid and basic bands vary in thickness from 1cm 

to 15cms. 	The rocks are highly epidotic but contain no 

megascopic amphibole porphyroblasts. 	The first lineation 

is present in the form of a ribbon structure in finely 

alternating acid and basic bands. 	The constituent grains 
of these bands are elongated along lines which are oblique 
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to the direction of the ribbonc. 	It is thought that this 

oblique elongation is a structure belonging to the Tormore, 

or third period of folding and deformation. 	The rocks 

possess a fissile parting. 

1500yds to the SSW of the last mentioned exposure rocks 

showing the following features can be seen. 	On the weathered 

surface ribs of pink acid material stand out from the more 

basic layers, neither of these being more than 5cms thick. 

Tartina planes parallel to the foliation are also similarly 

widely spaced. 	A development of come flaky minerals in planes 

which are oblique to the foliation gives the rock another fracture 

direction. 	On fresh surfaces the fine grained acid bands 
are seen to be less prominent than on the weathered surfaces 
and enclose thin, continuous laminae of very dark nice. 

Basic layers are mottled; containing dark olive-green or 

bottle-green biotite flakes about 1um across set in a pale 
bluish-green host. 	The micaceous minerals throughout the 
rock are aligned with cleavages oblique to the foliation. 

About 100yds north of Rudha Cille-bhig the rocks are 

mostly dark greyish-green with a good parting concordant to 

the foliation. 	Fresh surfaces are dark-green and lustrous 
but no mineral grains can be distinguished. 	Thin layers of 

pale-grey feldspathic material up to 10cma occur. 	The lin-

eation associated with the Daravaig, or first group of folds 

can be distinguished aud, together with some concordant veins 

of milky quartz in the basic rocks, has been distorted by the 
folds illustrated in fig re 7.2. 

In addition to the rocks described above, which are fairly 

representative of the zone laying between the Knock and Oataig 
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linos, rocks of the tape found to the east of the Knock 

line are reasonably common. An exposure of such a rack 

is illustrated in figure 16.3 and it is rocks of tais type 

which are used to define the Cstaig line. 	This is situated 

in a new road cutting 10-20yde south of the Teangue Post 

Office. 	The dark mineral is amphibole and forms blade-like 

crystals which are either scattered with random orientation 

throughout their host or are concentrated in thin layers 

within which their longest axes are haphazardly arranged. 

The host rock is pink and is composed of coarse quartz and 

feldspar the grains of which demonstrate the elongation 

lineation associated with the Daravaig, or first folds. 

eext to the massive acid rocks in the exposure mentioned 

above taere are some rocks which are dark-green in colour. 

These are fine grained and possess a closely spaced, fissile 

parting which is eprallel to the foliation. 	The junction 

between the two types of rock is quite sharp. 

a.seive basic rocks akin to those found eest of the 

Knock line are common. in the vicinity of Pudha Cillc-bhig. 

They arc cut by sparse joints running in many different 

directions; they are dark--green in colour and they contain 

scattered pink feldspathic spots. 	However, they do show a 

few points of difference from their counterparts east of the 

Knoc:: line. 	Bottle--green flakes of a micaceous or chloritic 

mineral, measuring up to 4mm, can be diatinguiehed on fresh 

surfaces and there are also abundant minute needles of 

amphibole. 	The rocks possess a foliation which is more 

obvious than in similar rocks east of the Z,alock line but 

they are reluctant to split alone such planes. 	Hearer to 
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the junctions of these basic bodies, which are very ill defined, 

the foliation becomes increasingly obvious and the rocks 

more fissile. 	They grade ultimately into dark-green, 

fine grained and very fissile type of rock. 
The minute needles of amphibole that were mentioned in 

the preceding paragraph are a comcon constituent of the rocks 

between Knock Bay and Bash a'Mhuilinn and are worthy of a sep- 
arate description. 	They can be distinguished in nany rocks 

of basic aspect and occur either scattered throughout the 

more massive types or on foliation planes in the fissile 

rocks. 	They are always dark-green and arc rarely more than 

.emm long. 	In the fissile types of rock they usually lay on 

the foliation planes with random orientati6n. 	however, in 
places they possess a marked degree of preferred orientation 

and measurements of the structure so defined are presented 
in Plate 3 and figure 3.7. 	It is thought that the orien- 

tation of these crystals was Governed by the mechanical 
conditions which were responsible for the development of the 
Tormore, or third group of folds. 

Crystals of flaky minerals showing a porphyroblastic 
tendency are also notable constituents of the rocks within 
the zone defined by the Knock and Ostaig lines. 	They show 
a variety of colours such as bottle-green, blue-green, dark-

brown and aiiiost black. Subsequent exa•eiination han shown 

that they are either biotite or different varie_tes of chlorite. 

In the fissile rocks the flakes nearly always lay on the 

foliation planes but in more massive rocks the cleavage planes 

of the minerals may be either randomly orientated or may 

show a distinct preferred orientation. 	Such a preferred 
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orientation is towards a girdle or partial girdle of the 

poles to cleavage and the axis of the girdle may lay in the 

foliation or may be oblique to the foliation. 	As in the case 
of the minute amphibole neefles it is thought that such 
preferred orientations are governed by the mechanical res-
traints operative at the tine of the Tormore, or third 
folding. 

Introduced material in the form of veins is not over-
abundant in the coast section from Knock Bay to flash a'Mhuilinn. 
Such veins as do exist invariably contain quartz or calcite 

as the essential mineral. 	In the case of the quartz veins 

subordinate amount of calcite, chlorite, feldspar and amphibole 

may also occur. 	Veins consisting predominantly of calcite 

are confined. to fault planes and show a crustified structure 
with several layers of calcite coloured by different dis-
seminated minerals. 

The facts presented by the exeosures laying between the 
Knock and Ostaig lines can now be discussed and certain con-
clusions can be drawn about the development of the Lewisian 

rocks in the Moine nappe. 	One of the most striking of these 

facts is that, especially in the neighbourhood of Nudha Cille-
bhig, large, lens-shaped bodies of coarse amphibolite can be 
seen to grade imperceptibly into fine rained fissile types 

of rock. 	The massive acid gneisseu which are also charac- 

terisitic of the sone laying to the east of the Enock line 

are likewise found in lens-shaped bodies surrounded by rocks 

of fine grain size. 	The conclusion to be drawn, therefore, 

is that the fine grained rocks between the Knock and Ostaig 
lines have developed from coarse grained rocks such as those 
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which lay to the east of the knock line by a process of grain 

size reduction. 	If the Knock line, which foreo a boundary 

confining the rocks that have suffered this grain size reduction 

process, had been folded by the Knock synform it would now 

be expected to re-emerge only about 400yds to the east of the 

ruined castle as shown in the section of figure 25.1. 	The 

Knock line does riot re-emerge even 1500yds east of the ruined 

castle and thus the processes of grain size reduction must 

have occured after the development of the Knock synform. 

The possibility could be suggested, however, that the grain 

size reduction pre-dates the Knock synform and that the Knock 

synform developed such that the predominantly fine grained 

rocks occured on the NW limb and the coarse grained rocks on 

the SE limb. 	This possibility must be dice:Pissed by the follow-

ing argument which is illustrated by the section of figure 

25.1. 	There is a minimum thickness of three-quarters of a 

kilometre of massive Lewisian gneicses on the SE limb of the 

Knock synform which do not occur on the NW limb of the same 

fold. 	On the eW linb there is no measurable discordance 

between the foliation in the massive Lewisian gneisses and 
the foliation in the fene grained rocks to the west of the 

knock line. 	However, if the grain size reduction were to 

pre-dete the Knock synform then a discordance of at least 

50°  would be expecteebetween the foliations in these two 
types of rock. 	The calculation of the angle of 50°  is based 

on an estimation of the thickness of the massive eneloses on 

the SE limb of the Knock synform and an estimation of the 

minimum distance measured along the foliation and perpendicular 

to the axis of the Knock synform between the point at which 
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the Knock line outcrops in Knock Lay and the roint at which 

it would be expected to outcrop to the east of the castle 

if it had been folded by the Knock synform. 

The reduction in grain size of the rocks to the west of 

the Knock line must have occured before the growth of the 

minerals of porphyroblastic habit since in many localities 

these minerals are orientated in patterns which are oblique 

to the foliation. 	Some porphyroblasts of amphibole in both 

the coarse, massive rocks to the east of the Knock line and 

in the fine crained, fissile rocks to the west of this line 

are orientated in similar directions and there are no facts 

which dispute the assumption that the same restraints con-

trolled the crystallisation of the porphyroblasts in both zones. 

The metamorphic history of the Lewisian rocks of the roine 

nappe as deduced so far can thus be summarised as follows. 

This table is an extension of that presented on page 255:- 

1. Migmatisation. 

2. Basic igneous intrusion. 

3. l4igmatisation of the amphibolites or t'-le basic igneous 
rocks which they now represent. 

4. The 73aravaig, or first period of iolCinc. 

5. Introduction of thin white streaks &c. 

6. The Rudha Fhoil, or second period of folding; the 

development of the Knock synform. 

7. 'eeduction of crain size among many of the coarse 

grained rocks on the NW limb of the Knock synform. 

8. (rystallication or re-crystallication of amphibole, 

biotite and chlorite apparently at the time of the 

deformation associated with the Thrmore, or third folds. 
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The rocks laying to the west of the Ostaig line are 

much less revealing with regard to their metamorphic history 

than are the rocks to the east of this line. 	They are 

almost invariably fine Grained and are completely free of 

megasceric porphyroblasts. 	evertheleas, microscopic 

porphyrcblasts are shown to be present by microscope exam- 

ination. 	The folds which they contain have been classified 

as belonging to the Ard Thurimish and Port a'Chuil Groups. 

The rocks are well exposed in almost continuous coact sections 

from Bagh aiMhuilinn to the outcrop of the Moine thrust 

near the Aird of Cleat Schoolhouse. 

In exposures near the high water mark north of the stream 

which drains into Bach aqlhuilinn the foliation shows very 

few irregularities. 	Layers of acid composition are a very 

rale grey colour and measure up to 	in thickness. 	ehey 

contain thin partings as much as 2cas thick of basic material 

which is dark green on the weathered surface. 	Clots of 

feldspathic material are elongated. Tacker layers of basic 

material rarely exceed 15cms. 	They are of uniform dark 

green colour and of fine grain size. On fresh surfaces 

small flakes of dark green chlorite can be seen. A fey 

layers weather to a pale green colour with very thin, dis- 

continuous, silvery micaceous intercalations. 	Fresh sur-

faces of such rocks are dark green and lustrous. Parting 

}:lanez are Lore closely set than in either the neighbouring 

acid or basic layers. One thin band within a pale croon 

layer contains larger, stouter prisms of a dark grey mineral 

and is interleaved with streaks of pale green natter. 

An exposure located 1050yds ENE of the Armadale Pier 
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is illustrated in figure 16.2(a). 	The parting planes in 

the rocks are very irregular but the rocks are not notice- 

ably fissile. 	The parting planes are concordant with the 

foliation and a rough divisioh into acid and basic bands 

can be made. 	The acid bands consist of pale, brownish-

pink quartze-feldspathic material of fine grain size which 

is interleaved with thin layers of very dark green Inaterial 

containing small, lustrous flakes of dark mica. 	The quartzo- 

feldspathic layers outline very small folds of the Ard Thur-

inish group that are irregular in profile and which are later 

than a nromitent elongation lineation. 	The fine grained 

quartse-feldspathic layers contain concordant lenticles of 

white translucent quartz which have transitional boundaries 
with their host. 	Some of these lenticles can be disting- 

uished in figure 16.2(a) in a band above the head of the 
hammer. 	The thicker basic layers are a paler green than 

those which are closely associated with the acid layers and 

they contain thin streaks of the same brownish-pink quartzo-

feldspathic material. Parting pgines are more regular 

than in the acid rocks. 	Rio quartz lenticles arc present. 

Basic rocks simaar to those described above constitute 

a greater part of a nearby roadside cutting. 	Part of this 

is shown in figure 16.2(b). 	These rocks contain lenticular 

veins of milky quartz which are quite different from those 

contained within the acid bands of tle last described ex- 

posure. 	The boundaries of the quartz veins of figure 16.2(b) 

are sharp and are concordant with the foliation in the host 

rock. 

The exposures to the west of the Cstaig line which are 
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most reminiscent of the massive rocks to the east of the 

Knock line are to be found on the coast 300yds WSW of Dun 

a'Chleirich. 	These are of basic composition and are illu 

trated in figure 16.1(b). 	Joint planes of rather irregular 

orientation are widespread but the rocks possess a distinct 

foliation parallel to which they may be broken with difficulty. 

On weathered surfaces the rocks are dull and dark greyish 
green in colour with Pale grey to off white streaks of fold- 

s:sathic material parallel to the foliation. 	On other 

weathered surfaces this feldspathic mnterial is gathered 

into snots and small lesticles which are elongated within 

the foliation. 	The dimensions of these spots and lenticles 

are up to 3mm thick and up to 10mm long. Small pods of 

exclusively feldspathic material also occur and two of those 

are illustrated in figure 16.4(b). 	In addition to the 

feldspathic spots and lenticles and the larger pods the 

remainder of the rock can be seen to consist of some layers 

of dark Green colour and others of pale bluish-green. These 

layers rarely exceed 5cns in thickness. 	An elongation 

lineation is only seen in the feldspathic parts of the rock. 

Veins of milky quartz cut discordantly across the foliation 

and are very irregular in cross section. 	These veins may 

be as much as 15cms wide. 	Parts of them arc stained red- 

dish brown with hematite and they contain streaks of dark 

Green, fine grained chloritic minerals. 

"sassive acid gnoisses of the type found to the east 

of the Knock line do not occur to the west of the Ostaig 

line. 

Figure 16.1(c) is a photograph of an exposure 100yds 
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NE of Dun a'Chleirich. 	The rocks are composed of pale grean 

chloritic material of slightly varying tints and pink, quartzo- 

foldspatAc bands. 	Individual layers vary in thickness 

from a fraction of a millimetre to several centimetres. 

The thicker quartzo-feldspathic bands have a very smoothly 
flowing foliation but on the whole the foliation is irreg-
ular and parting planes on weathered surfaces are widely 

saced. 	Some thin, quartzo-feldspathic layers give the 
appearance in section of being clotted; the clots being 

drawn out parallel to the elongation lineation in the host 

rock. Numerous rather irregularly shaped quartz veins are 

emplaced discordantly to the foliation. 	The quartz is milky 

and can sometimes be seen to possess a foliation. 	A steady 

lineation ot the quartz veins, trending towards the ENF is 

cornncn and is thought t be associated with the Port a'Chuil 

folds. 	Small bodice of dark green, lustrous chioritic min-

erals are found in the quartz veins and where the veins are 

thick they also occur in the host rock. 	The quartz veins 

and the bodies of chlorite, although occuring together, 

remain diacrebe from each other. 

)uarts, veins of the type described above are very 

common in the Lewisian rocks near to the loine thrust. 

As well as chlorite they may also contain calcite. 	Their 

discordant nature is without doubt and details of a typical 

discordant contact are shown in figure 16.4(a). 	A lineation 

associated with the Port a'Chuil folds is commonly apparent 

on the surfaces of the veins. 

Rocks within 2Oyds of the outcrop of the ioine thrust 

at the Aird of 31eat Schoolhouse are illustrated in figure 
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16.1(a). 	These are of very fine Grain size and consist 

of alternating layers of pink and mid green rock. 	They 

arc very fissile and part readily along planes parallel to 

the foliation. 	They contain a lineation which is associated 

with the Port a'Chuil folds. 

Owing to the almost complete absence of megascopically 

determinable minerals from the rocks to the west of the 

(staff g line very little of their metamorphic history can be 

deduced from evidence gathered in the field. 	They undoubt-

edly are derived from coarse grained rocks of the type now 
exposed to the east of the Knock line since remnants of these 

are to be seen near Dun a'Chleirich. 	Apart from this the 

only clue to that metamorphic hiatry is provided by the quartz 

veins such as are illustrated in fiL:ure 16 1(c), 16.2(b) 

and 16.4(a). 	The material of which these quartz veins are 

composed was emplaced after the development of the Ard ILur- 

inish folds. 	These folds, as concluded in Chapter 4, are 

either of the same generation as the Tormore, or third folds 

or belong to a separate fourth generation. 	However, the 

quartz veins carry a lineation which is thought to be 

associated with the Port a'Chuil folds and must thus -:re_ 

date these folds. 
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EXPLANATION OF FIGURE 16.1. 

(a) Pink and pale green Lewisian rocks within 2Oyds of 

the cutcrop of the Moine thrust in Port a'Chuil. 	The 

areas of darker tone are submerged in shallow water. 

(b) A coast exTA)sure of amrhibolite 300y4s WSW of Dun 

a'Chleirich. 	The rocks are mottled dark green(mostly 

amphibole) and off white (feldspar and sub-ordinate quartz) 

and are difficult to break. 	`hey contain feldspathic "pods" 

as illustrated in figure 16.4(b). 

(c) An exnosure 1COyds 	of Dun a*Chleirich. 	The rocks 
are phyllonites, containing much chlorite, and are discord-
antly cut by veins consisting essentially of quartz with 

minor amounts of dark green chlorite, small bodies of which 

can be distinguished in the photograph. 	quartz veins 

carry a lineation associated 'with the Port a'Chuil folds. 
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EXPLANATION OF FIUURE 16.2. 

(a) Lewisian rocks on the coast 1050yds NNE of the 

Armadale Pier. 	Lenticles of white, translucent quartz 

can be distinguished immediately above the head of the 

hammer. 

(b) Rocks of more basic composition in.a nearby roadside 

cutting. 	Thee are dark Preen in colour and contain veins 

of milky quartz. 



Lovisian nicks 
in the Moire nage 

igure 16.2 
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EXPIAUATION OF FIGURE 16.3. 

Road side exposure about 20yds south of Teangue lost- 

Cffice. 	The rocks are acid Levician gneisses containing 

dark green amphibole porphyroblasts. 	These porphyroblasts 

occur either scattered in randon orientation through tie 

host rock or in well defined layers parallel to the foliation. 

In this latter case the long axes of the crystals are con-

tained within the foliation plane as can be seen in the lower 

right corner of the combined photographs. 	the host rock 

is pink and the foliation is indicated by layers of various 

tints. 



Amphibok porphymblasts 
in Levisian gneiss 

Fgure 11).3 
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EXPLANATION OF FIGURE 16.4. 

(a) Quartz veins in phyllonite near the southern tip 

of Ard Thurinish. 	he veins are composed almost entirely 

of milky quartz but contain small bodies of calcite which 

are indicated by spots. 	The host rock is E;reen and is 

evidently rich in chlorite. 

(b) "Pods" of feldspathic material in the rocks illus-

trated in fiure 16.1(b). 



a) Quartz veins with calcite in phyllonitc 

9 	5 cms 

Veins and pods 
irk Levvisian rocks of the Moine nape 

b) Pods of Mdspathic rock 
in amphibolite 

5 cm s 

figure 141.4 
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The Moine reeks laying above the Moine thrust, or the 

"Standard Moine" rocks (so called in order to distinguish 

them from the Tarokavaig Moine rocks which lay below the 

tarust) outcrop over a small part of the area of 

study. 	These outcrops are shown on Plate 5 and stretch 
from Rudha Phoil, near Ardvasar, almost to the 2oine thrust 

at Meall Buidhe, three ouarter miles to the NW of the Aird 

of cleat. 

The degree of exposure is highly variable. On the 

peninsulaa of Rudha Phoil and Rudha Dubh it is excellent. 

One and a half miles to the SE, at Tormore, high sea cliffs 

and a rocky fore-shore provide almost complete exposure. 

Inland, however, among the hills to the west of Tormore 

the exposure of the Moine rocks is less complete and in 

the northern part of this outcrop area the rocks exposed 
are very few and very small. 

Generally, the most striking division of the Moine 
rocks that can be made is that which is indicated on Plate 

4. 	On this map a distinction has been drawn between areas 

in which the semi-pelitic rocks possess a very fissile part- 

ing, parallel to the foliation, from those areas in which 
the semi-nelitic rocks are without such a fissile rarting. 
In the former area the psammitic rocks are of very fine grain 

size; the individual aineral grains being rarely distinguishable 

to the unaided eye. 	In addition these fine grained psammitic 

rocks are confined to thin layers which rarely exceed k-5czs 
thickness. 	To the SE, where t:le seai-pclitio rocks lack 

a fissile parting, the psainnitic rocks are usually of coarse 
rain size and occur in bands measuring 10-20cms in thickness. 
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These two areas of different types of Moine rock can be 

separated by a fairly well defined line which is indicated 

on Plate 4. 	it is of interest to note that this, line 

also separates those Moine rocks to the :flV which contain the 

Ard Thurinish group of folds from the rocks to the SE which 

are characterised by the Tormore and Rudha Phoil groups of 

folds. 

Because this line separates two areas of rock of dif-

fering grain size containing different groups of structures 

it is correlated with the very similar °stale? line in the 

Lewisian rocks to the NE. As is the case in the bewisian 

rocks, no structures of the Rudha Phoil or Tormore groups 

occur to the west of the Ostaig line which is extended through 

the Moine rocks in this fashion. 	In the account which 

follows, the Moine rocks to the east of the Ostaig line 

will be described first u 	Those rocks are e:posed in two 

small areas: in the vicinity of Ardvasar and near Tormore. 

At Ardvasar, on the peninsulas of Rudha Phoil and Pudha 

Dubh, the 'Leine rocks which outcrop SE of the Ostaig line 

can be classified into a psammitic group with two flanking 

semi-politic croups. 	These are shown in figure 3.4. The 

pattern of foliation in the psammitic group outlines a part 

of a major fold, plunging SE, which is thought to be of the 

Baravaig, or first generation. 	The location of this fold 

is clearly displayed in figure 3J4. Apart from the two 

major faults which trend to the NE shown on the map the 

psammite croup is not disrureted by any other major dislocations. 

Two possibilities arise, therefore, in the interpretation 

of the structural geometry of the psarnuite crow). 
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these are that it either represents the hinge zone of a 

large scale isoclinal fold or that it is a continuous strat-

igraphic unit and that one of the flanking semi-pelites is 
older while the other is younger than the paammitic group. 

:he complete absence of sedimentary structures indicating 
direction of younging makes a decisive choice impossible. 

The two outcrops of sera-politic rocks which flank the 

psammite are identical within the limits of the method of 

study that were adopted. 	A typical exposure of such rocks 

is illustrated in figure 2.1. 	This exposure consists 

largely of semi-politic rocks with bands of psammite up to 

4-5cms tlick. 	These Psaarlite bands are separated by semi- 

politic beds which have an average thickness of 20-40cm. 

The semi-pelitic rock forming the bulk of these exposures 

is pale to medium grey in colour and is of fine to medium 

grain size. 	On fresh surfaces 

The remainder of the megasconic 

composed of quartz and feldspar 

of these two minerals cannot be 

the outcrop of the semi-pelites 

muscovite is prominent. 
fraction of the rock is 
but the relative proportions 

seen. 	In certain parts of 

pinkish-brown garnet crystals 

up to 3-4mm in diameter are very common, The psammite bands 

within the semi-polite are off white to pale grey and con-

sist largely of quartz of medium grain size with only very 

small amount of feldspar. 	Some small crystals of biotite 

are also distinguishable. 

The main group of psam]itic rocks between the two out-

crops of semi-petite is made up of bands of 5-30cms thickness 

separated by very thin partings of micaceous material. 

These banded psammites are of a buff or orange-pink colour, 
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probably rich in potassium feldspar, and thus contrast strongly 
with the thinner bands of grey psammite in the seni-relitic 

groups. 	The grain size ranges from medium to very coarse; 

the average rock being medium-coarse. 	In the very coarse 

rocks the grains of quartz and feldspar are visibly elongated; 

a structure thought to be associated with the Baravaig, or 

first period of folding. 	The quartz is coloured in various 

shades of blue-Grey as distinct from the feldspar which is 

a bright orange colour. 	The micaceous partings between 

the bands of psammite are of medium grain size and yellowish- 

grey in colour. 	With the exception of the muscovite in 

these partings no other minerals can be distinguished in 

these rocks. 

In the high sea cliffs near Tormore by far the greater 

proportion of the rocks laying to the east of the Cstaig 

line are of semi-politic composition and no major division 

into psemmitic and seni-politic outcrops can be made. 
These sesi-pelitic rocks are very similar to those at Ard-
vasar and only minor points of difference have been noted: 

the Tormore rocks have no megascopic garnets and the thin 

psamiiitic bands are much more variable in texture. 	These 
bands of psammite are up to 10cms thick and tend to be con-

centrated together in zones one or two metres in thickness. 

These zones of psammitic bands are separated by serf-pelitic 

rocks several 'A3tres thick in which there are occasional 

psammitic intercalations. 

On weathered surfaces some of the ,nsammite bands have 

smooth, compact marginal zones which. Grade into rough interior 

zones from which the large individual grains of cuartz project. 
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Feldspar is not prominent except in some of the bands where 
it is coloured deer orange. 	In general, the thinner the 
psarmite bands, the coarser are the constituent grains. 
Very rarely the coarse rsammite bands, in which the grains 
may be 2-5mm across, can be seen to pass laterally into 
curious bands composed of isolated grains of white quartz 
up to 13mm in diameter in a fine to medium grained semi
pelitic host rock. 

To the west of the Ostaig line the iloine rocks are of 
a much finer grain size and only very rarely can individual 
mineral grains be distinguished. 	Although both panemitic 
and semi-pelitic types of rock are present they are inter- 
laminated on a small scale. 	Individual laminaD vary from 
about 3mm to 3css. 	The psamnitic layers are usually yel- 
lowish-Grey but may be pink. 	Alternating laminae' cloudy 
and translucent represent layers with various proportions 
of quartz and feldspar. 	In the semi-politic rocks the 
micas are much less dominant than in the rocks to the east 
of the Ostaig line. 	such rocks are pale to medium grey, 
tinged with yellow. 

In a few exposures to the west of the Cataig line 
very small garnets are visible in the loine rocks. 	Folds 
of the Ard Thurinish croup from one such locality are illus-
trated in figure 4.7. 

The junctions between the Moine rocks and the Lewisian 
rocks to the east of the Ostaig line are all faulted and 
have been described in Chapter 8. 	To the west of the 
Ostaig line, however, there are several localities where 
the junction between these two groups of rocks does not 
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appear to have been the site of late stage faulting. 	The 
lines of junction are disturbed by conjugate folds and must, 

therefore, be of an earlier date than these. 

On the fore-shore, about 100yds to the SW of the Tormore 
farmhouse, the contact between the home and the Lewisian 

is well exposed. 	At this locality, however, brecciac 

would seem to indicate that the junction has been faulted. 
The plane of diolocatTion is approximately parallel to the 
foliation in both groups of rock. 

An un-faulted Koine-Lewisian contact is exposed at the 

head of a small Sully which rises above the road some 200yds 
NW of the Tormore farmhouse. 	There is perfect concordance 

between the two groups of rock at this place but no indication 

of dislocation movements which post-date the conjugate folds. 

The plane of the junction dips at about 2O to the ENE. 

and the 1,,oine rocks lay above the Lewisian. 

Another good exposure of the contact lays on the east 

bank of the small stream which enters the sea naur ac.n a' 
Chlcirich. 	ihis exposure is about 900yds from the nouth 
of the stream and is about ;oft above the stream bed. 

Foliation planes in both groups of rock are concordant 

with the contact which dips towards the north at about 200. 
The floine rocks lay above the Lewisian. 

Along the greater length of the outcrop of the junction 
between the Moine and the Lewisian, where this is not obviously 
disrupted by large vertical faults, the loine rocks lay 
above the Lewisian, 	however, along that part of the contact 
which passes for a distance of 500yds to the west of a point 
600yds i[NE of Tormore, there can be little doubt that the 
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loine rocks are dipping beneath the Lewisian. 	Bailey 

(1955, p150) noted this. 	Further to the west, as far as 

a point 900yds HE of real]. Buidhe, the rocks are so poorly 

exposed that the relations at the junction cannot be deduced 

with certainty. Nearer to Meall Buidhe the noine rocks 

lay above the Lewisian. 

Bailey postulated (1955, p150) that the :eine rocks in 

the hills to the west of Tormore were sandwiched between 

two layers of Lewisian. 	It seems that this layer of loine 

rock must be discontinuous otherwise it should be traceable 

i. a ITE direction until cut off by the Moine thrust or come 
other dislocation. 	To account for this discrepancy it is 

suggested that the Moine rocks nay occupy the core of a large 

scale isoclinal fold. 	This fold lust close to the HE with 

axial plane dipping to the SE and must have been refolded 

by the large scale monoclinal fold of figure E.2. 	If such 

a large scale isoclinal fold exists then it is probably a 

member of the Baravaig, or first generation. 	Another 

large scale fold of the Baravaig generation appears to be 

present in the Foine rocks of Ardvasar and had been described 

in Chapter 3. 

Very few conclusions with regard to the metamorphic 

history of the Moine rocks can be drawn simply from a study 

of their negascopic properties in the fieLl. 	Mention has 

already been made in Chapter 3 (page 71) of the orientation 
of mica and the elongation of quartz and feldsnar which is 

seemingly associated with the Tormore, or third group of 

folds. 	It is assumed that the fine grained loine rocks 

to the west of the C,staig line are t,e result of a grain size 
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reduction after the development of the Knock synform 

(second generation) in the same way as are their Lewisian 

counterparts further to the north 
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The conclusions of Clough and bailey with regard to 

the relative ages and importance of the different planes 
of dislocation in the rocks of the southern part of the 
.Seat peninsula were discussed in Chapter 14 and alternative 
ideas were presented. 	The original concepts of Clough and 

Ilailey are outlined in figure 0.4 and a newly formulated nom-
enclature ef the dislocations is presented in figure 14.2. 

These new hypotheses are fundamentally different from those 
of Clow!h and Bailey in that all of the Tarskavaig if,oine rocks 

and the Lewisian with which they are associated are thought 

to belong to one thrust slice, or nappe, as opposed to the 
two separate nappes of Clough and Bailey. 	Tevertheleas, 

the term "Caradal nappe" is retained, for convenience of pres-
entation, to den ote those rocks which are bounded by the 

Tarskavaig thrust and the Caradal fault as shown in figure 

14.2. 	The rocks to be described in this Chapter are, there-

fore, exactly the same as those which Bailey (1955, p140) 

defined as laying above the Caradal thrust. 
neither Clough (in Peach et alia, 1907), nor Bailey 

(1955) seem to have recognised r'ore than one generation of 
folding in the rocks of the Caradal naape. 	As stated in 

Chapter 12, Clough undoubtedly saw that his "Caradal trust" 

and "Lamarscaig thrust" had been distorted by large scale 

folds which are now classified as belonging to the Caradal, 

or third group wit in the Caradal nappe. 	However, the 

evidence presented in Chaater 10 indicates that an earlier 
generation of major folds has affected the rocks of the Caradal 
nappe. 	These early major folds, the Capistal or first gen- 
eration, are isoclinal. 	'ihe establishment of the preaence 
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of the Canistal folds would, therefore, seen to invalidate 

or partially invalidate the stratigraphical succession 

which was erected by Clough in the Tarakavate. Moine rocks 

(Peach et alia, 1907 and also Bailey, 1955, p142). 	Thus 

many of the lit"noloel.cal descriptions which were written 

by Clough (in Feach et anal  1907) and by Bailey (1955) 

would now seem to be somewhat haphazard in their arrannee- 
sent. 	eh° stratigraphical ouccenelon which takes into account 
the complex geometry of tne polyphase folding and which is 
based on sedimentary structures indicating "way up" is as 
follows:- 

Upper Psaminite 	 Tarskavalig 
Laidhe na greine group 	Moine 
Lower Psammite 
	 :erica 

Lewisian 
These stratigraphical units will be described in this 

Chapter in ascending order, beginning with the Lewisian. 
A few notes will also be included on the Torridonian outcrop: 
to the SW of Loch a'Ghlinne. 	These Torridonian rocks are 
separated on all sides from the Tarakavaig noine rocks by 
dislocations and do not form part of their stratigraphical 
succession. 	It is postulated in Chapter 14 that the Torrid-
onian rocks reached their approximate present position during 
or later than the Caradal period of folding. 

The degree of exposure which allows the sequence of 
deposition and the sequence of styuctures to be elucidated 
in the Tarakavaig Moine rocks is indicated in figure 0.2. 

TAccept near to the Caradal fault and the Tarakavaig thrust 
this degree of exposure is fairly representative, 	Close 
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to these dislocations the rocks are normally very poorly 
exposed. 

he are_ of outcrop of undoubted Lewisian rocks is res-
tricted to the east of the Caradal nappe and is indicated on 
Plate 5. 	Pocks typical of the southern part of the exposure 
are illustrated in figure 11.1(a). 	These rocks consist of 
alternating laminae 3• 4mm thick of differe .t colours. 	The 
pale coloured layers, which are too fine grained to allow 

megaccopic identification of the minerals, are probably cos- 

rosed of euartz and feldspar. 	They are pink or reddish- 
pink while the darker layers are various shades of green. 
The varies depths of this green colouration suggest that the 

rocks contain val.:eine proportions of epidote and chlorite. 

The different laminae in these rocks folnow very smooth, 

streamlined curves. 
Towards the northern part of the Lewisian outcrop the 

rocks grade from being predominantly pink and green into 
rocks weich are pale-grey -and greenish-grey. 	These rocks 

are of very fine grain size and the different minerals can- 

not be identified in the field. 	In all carts of tee Le' 

isian outcrop thin, etraicht sided veins of milky quartz 
follow both the foliation and the axial plane cleavage of 

the Doire na h-Achlais, or second generation of bolds. 

Clough mentioned l particlee of pea-sized `hornblende' 
in his description of the Lewisian rocks of the Caradel nappe. 
Slough also reprted long, narrow outcrops of Lewisian rocks 

laying directly upon his "Caradal thrust" (see figure o.4 
for Clough's definition of Caradal tlerust). 	Certainly there 

are fine grained green rocks in these positions but for the 
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reasons stated in Chapter 14, pages 225-226, Clough's 

identification of these rocks is disputed. 	The rocks in 

question are thought to be members of the Laidhe na greine 
group and will be described subsequently under this title. 

the Tarskavaig Moine rocks have been sub-divided into 
three stratigraphic units. 	hithin each unit there arc al-
ternating beds of psa-A.te, semi-petit'e and polite so that 

hard and fast boundaries cannot be drawn on the map between 

a psammite outcrop and a semi-pelitic outcrop. 	To overcome 

this difficulty and to construct a map which may be readily 
reproduced by independant surveyors the convention has been 
adopted of drawing boundaries at the limits of occurence of 
beds of a particular type. 	Thus the boundaries of the 
Laidhe na greine group are so constructed 

practically all the bands of aemi-nelitic 
thickness. 	Thus, although the Laidhe na 
dominantly semi-politic, it also incha es 
of psamalte near to its borders which are  

that they enclose 
rock of measurable 
greine .group is 
considerable areas 
quite indistinguishable 

from the typical rocks of the Upper and Lower Psa4mites. 
The area of outcrop of the Lower Psammite is indicated 

on I-late 5 by clone ,:aced dots. 	This outcrop is confined 
to the connon limb between the Caradal synform and the 
Caradal antiform and borders on most sides against the 
Laidhe no greine group. 	To the eant, however, the junction 
against the Lewisian is somewhat different and will be described 

and discussed separately after an account of the rocks of t-n: 
Upper I-sammite. 

The rocks cf the Lower Psammite are illustrated by 
photographs in figures 10.1, 14.4(c) and 18.1(ezb). 	Over 
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the greater part of the outcrop these psammites are of medium 

or coarse grain size and contain pebbles of milky quartz 
either in layers or scattered throughout the host rock of 

saaller grain size. 	ouch pebbles are shown in figures 
10.1(h) and 18.1(an). 	The pebbles are the only particles 
in the Lower Psariiite which retain a shape which is distinctive' 
of sedimentary origin. 	Az opposed to the smaller Trains in 

the rock the pebbles are well rounded and are not noticeably 
elongated. 	he smaller particles are, on the other hand, 
considerably elongated and may also arpear to be "flattened" 
as described in Chapter 10. 	These tectonic features are 
associated with the Capistal, or firebt group of folds. 
Crains of feldspar are rarely obvious among the Lover Psammitea. 

In a few localities very dubious false bedding; may be 

seen in the Lower Psamaite. 	Only in one exposure can there 
be no doubt. 	This is illustrated in figure 18.1(b). 	Here, 
a aeries of alternating layers of pale-grey and aid-grey 
psamaite at the bottom of the exposure is sharply truncated 

by a bed of pebbles near the top of the exposure. 	This bed 
of pebble-a- is overlain by a layer of such finer grain size. 
The exposure illustrated is located 450yds SW of the Loch 
Capistal outlet, very close to the axial trace of the Capistal 
antiform. 	From the evidence presented at this exposure it 
may be suggested that within the area of Loch Caaistal the 
Capistal antiform ie indeed an anticline and the rocks of the 
Laidhe na rreine group are younger than those of the Lower 
Paamite. 

The only remaining notable feeture of the rocks of the 
Lower Psamaite is the abundance of veins of milky quartz. 
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These were mentioned in Chapter 10 where it was stated that 
the great majority of these veins carry the elongation lineation 
aesociated with the Capistal, or first group of folds in 
the Caradal nappe. 	Some veins do, however, transect the 
axial planes of the Doire na h-Achlais, or second folds 
and rust, therefore, be later than these structures. 	hose 
euterieveins do not carry a lineation. 

The area of outcrop of the Laidhe na greine group 
includes practically al the semi-pelitic bands of meacureable 
thickness as well as a fairly high proportion of psammitic 
rock and a very small amount of rock of pelitic composition, 
The rocks of the Laidhe na greine group fall into two main 

areas of outcrop as shown on Plate 5. 	These may conveniently 
be called the western and eastern outcrops. 	The latter 
will be discussed first. 

By far the best exposures in the iaidhe na greine group 
arc to be found along the coastal section to the SW of the 
village of Aird of Sleet. 	Some of these will be described 
in detail and will be followed by more general remarks 
concernin the eastern outcrop. 

Approxleately 165Cyds to the 1SW of the Aird of Sleet 
a part of the coastal exposure shows alternating bands or 
beds of gri#, siltstone and semi-pelitic rock. 	The latter 
is by far the most abundant and the two former constitute 
together only about 10% of the exposure: 	l e  he beds of coarse 
grit contaie large grains of quartz as d feldspar distributed 
in a finer grained matrix. 	The proportion of these coarser 
grains varies from about 	to about 50;_ of the rock. 	The 
quartz, which is much more abundant than the feldspar, is 
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very angular and is coloured pale-blue. 	The size range is 

variable but seems to average 2-3mm. 	'.be feldspar is like- 

wise rather angular and is coloured a deep orange. 	The 

groendmass appears to consist eszentially of the same mieerals. 

The beds of siltstone are hard and are of uniforn grain 

size. 	No individual mineral grains are identifiable although 

quartz is almost certainly doninant. 	The rock cleaves fairly 

readily along planes parallel to the bedding and on some of 

these surfaces a feint lineation can be seen. 	On fresh, 

wet surfaces, thin alternating layers of dark-grey and olive- 

green rock can be seen. 

The pelitic rock, making up most of the exposure, 

is comrosed of thin laminae of siltstone of the type described 

above alternating with finer ;_:rained more micaceous bands. 

On the more micaceous bedding planes small elongate crystals, 

about 3mm by 	can be seen. 	'Tees° have no preferred orien- 

tetion. 

About 100yde to the ENE of the last locality the cliff 

exposure is dominated by pears cite. 	These rocks comprise 

about 80 of the exposure and of t e remaining 20%, coarse 

grits are about 15 and pelites 5. 

The rsammite is toe fine grained to allow the ratio 

of quartz to feldspar to be reasonably estimated in the 

field. 	,0th on weathered and on fresh surfaces the rock 

has a greasy appearance. 

The coarse grit coetains rounded to sub-rounded grains 

of quartz and feldspar which make up abcut 60'.. and 30'e: of the 

rock respectively. 	he quartz is milky-white, often tinted 
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grey. 	The feldspar is a very deep orange colour. 	6oth  

of these minerals occur in grains measuring up to 1cm in 

their longest dimension. 	The matrix is fine grained and 

dark-green and is possibly rich in chlorite. 

The pelitic rocks occur in thin layers alternating with 

both grit and psammite. 	They form hollows in the oudace 

of the exposure aed contain very closely spaced planes of 

parting. 

Veins of milky quartz with subordinate quantities of 

chlorite form an irregular network cutting the peemmitic roc: e 

but terminate abruptly at the politic layers. 

The next exposure to be described is on the coast 

some 1200yds to the WSW of the Aird of Sleet. 	here, the 

rocks are mostly semi-velite with psammite making only about 

3O of the exTosure. 	The semi-pelitic rocks are hard and 

possess a medium-grey tint. 	They are fairly fine grained 

but biotite and quartz can be distinguished with a magnifying 

glass. 	The psammite is of unii•orm grain size and has a 

greasy appearance on the weathered surfacee. 	On these  

surfaces the rocks show alternating bands coloured Pala-

yellow and greyish-broum.which average 4-5mm thickness. 

The psemmites are in beds 4-10cne thick. 

Inland exposuresof the Laidhe na greine croup are 

abundant. 	One typical exposure is situated 450yds NW of 

the Loch Capistal outlet. 	In this exposure beds of psammite 

alternate with beds of semi-polite. 	The psanuites are 

coarse and well sorted. 	Loth quartz and feldspar grains 

are of the same size and are strongly elongated. 	The quartz 
is bluish-grey; the feldspar is salmon-pink. 	A few irregularly 
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spaced parting, planes of medium-grey pelitic material divide 

the paamslte beds into layers I-1C ems thick. 	The beds of 

semi-pelite consist of layers of medium-grey pelitic material 

and of very fine-grained psammite in approximately equal 

proportions. 	These layers are in the order of a few milli- 

metres thickness. 	The total thickness of any semi-pelitic 

bed is not greater than about 0.6-e.7 metres. 

General remarks on the eastern outcrop of the Laidhe 

ma greine group may be arranged under two headings: sed-

imentary structures and porphyroblasts. 

Over much of the wide part of the eastern outcrop, to 

the west of the Aird of Sleat, semi-pelitic rocks containing 

thin alternations of siltstone and polite are eemmon. These 

alternating layers are measureable in millimetres. 	she 

boundaries between the two are cometimes sharp and sometimes 

gradational and some are higlay suggestive of graded bedding. 

Evidence of "way ups' of a more reliable nature is, nevertheless, 

forthcoming in the form of false bedding. 	One such exposure 

is illustrated in figure 18.2(a). 	This exposure is situated 

320yds ZE of the summit of Sgurran Seilich, immediately south 

of the footpath from the Aird of !neat to the Feint of Sleat. 

The attitude of the sedimentary structures indicate that the 

beds are inverted. 	This observation is in accord with the 

observation cf false bedding in the Lover Psammite quoted 

already in this Chapter and also with the interpretation of 

te major fold structures in the Caradal nape as discussed 

in Part II. 

As both Clough (in Peach et alia, 1907) and Bailey (1955) 

noted, there are porphyroblacts of biotite in the Tarskavaig 
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Loins rocks of the Caradal napp e. 	These porphyroblasts 

appear to be limited to the Si. part of the eastern ouLcrop 

of the Laidhe na greine group, immediately to the west of 

the Aird of Sleet. 	As Clough stated, the porphyroblastic 

crystals of oiotite are better developed in the "sandy" 

layers of the "phyllites". 	The study of these rocks in thin 

section has shown the presence of small garnets first seen 

by Clough and later by Phillips (19Le9). 	Since a thorough 

discussion of these porphyroblastic minerals depends on a 

knowledge of their microscopic properties further consideration 

will be postponed until Chapter 23, where the specific 

localities of the minerals are recorded. 

Dailey (1955, P147), talking of the rocks which are now 

classified as the Laidhe na greine groin: in the eastern out-

crop, stated that the "phyllites" south of Sgurr nan Coarach 

(or Den nan Coarach) were enclosed within an anticline. 

The evidence quoted in support of this was that, although the 

grits flanking the phyllite dipped to the east on both sides, 

those to the west dipped at a steeper angle than those to the 

east. 	The evidence accumuIting from the study of sedimentary 

structures and small and large scale folds and associated 

structures which is presented in this thesis contradicts 

the hypothesis of Bailey. 	It is suggested that the outcrop 

of "phyllite" clearly shown en the map in Bailey (1955, p124) 

is part of a continuous, not-folded etratigraphical sequence. 

The western outcrop of the Laidhe na greine group is 

little sore than 150yde wide and follows the trace of the 

dislocation that is called the Caradal fault on figure 14.2. 

Vdthin this outcrop the rocks are predominantly psammites 
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and, even whore exposure is good, the semi-pelitic roc-ac are 

not abundant. 	3y far the best exposures are on the coast 

near the mouth of the !lilt as Doirionnaich, approximately 

2200yds NNW of the Point of 7:leat. 

A.t a diatance of 100yds to the east of the fault plane 

the rocks of the Laidhe na greine group consist of alternations 

of polite and fine-grained, pale-grey psamr'ite with little 

or no megascopic feldsaar. 	These alternating beds are 

20-50cms thick. 	Further to the east these rocks grade 

into typical members of the Upper Psammite. To the west, 

towards the fault plane, the alternating beds of psanmite 

and semi--polite or polite gradually become thinner until 

they are of the same thickness as sheets of cardboard. 

Within about 4 metres of the fault plane, although the gradation 

is scarcely perceptible, the semi-politic rocks become grey- 

ish-green in colour while the feldspathic bands carry a 

pinkish tinge. 	Apart from these differences in colour 

the other properties of the rocks, such as the thickness of 

t e alternating layers and the grain size, are much the same 

as the rocks further from the fault. 

It is almost certain that the colours of the alternating 

layers of rock close to the dislocation prompted Clough to 

identify them as Lewisian. 	Hovever, they do show certain 

differences (page 225) from those rocks in the eastern part 

of the Caradal nappe which have been identified as Lewisian 

with far greater confidence. 	These differences are thought 

to be of sufficient weight to cast doubt on Clough's iden- 

tification of these rocks as Lewisian. 

she Upper Paaneite occupies much the lamest area of 
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outcrop of the four groups of rocks in the Caradal nappe. 
The wain reasons for this seen to be twofold. 	Firstly it 
is a formation which. must be considerably thicker than any 

of the others and, secondly, it occupies the core of the 
very large Caradal synform. 

Some general views of the nature of the exposure in the 

Upper Psammite are shown in figures 0.2(a) and 12.1. 	Moser 
views of beds near to the middle of the succession are show n 
in figure 1e.3(beec). 	These are typical of the greater part 
of the present area of outcrop. 

As shown in figure 18.3(b), most of the Upper Psammite 
is divided into beds 10-20cms thick by thin partings of semi- 
pelitic material. 	Alese beds are pink, pinkish-white or 
buff coloured on weathered surfaces and where these surfaces 
are waterworn, as in figure 18.3(b), dusty-grey streaks may 
become prominent. 	The grain size is usually fine or medium 
but occasional coarse layers are encountered. 	One of these 
is illustryted in figure 18.3(c) which is a closer view of 
the bottom right corner of the exposure illustrated in fig- 
ure 13.3(b). 	Quartz is the most abundant constituent of 
these rocks and nearly always occurs as elongate grains. 
Grains of feldspar are ubiquitous but are less frequently 
elongated. 	The elongation of the ;_;rains-:; is parallel to 
the axes of the Capistal group of folds. 	The quartz ;rains 
are coloured white, pale-grey, or more rarely pale-blue. 
lost of the feldspar grains are a striking orange colour. 

Deviations from the typical lithology of the Upper 
Psamrnite are three-fold. 

Firstly, near to the stratigraphical bottom of the 
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succession the partings of semi-pelitic naterial tend to 

become more closely spaced. 	This feature is illustrated 

in figure 18.3(a). 	Apart from the closer spacing of the 

semi-peitic partings, the grain size, colour, and other 

properties of the rocks are, within practical limits, the 

same as in the higher parts of the succession. 

Secondly, near to the top of the exposed succession, 

come Psarelite bands have abnormally coarse elastic texture. 

The Caradal synform plunges towards the south and thus the 

highest exposed beds of the Upper Psorenite are to be found 

in the far south of the Sleet peninsula. Among these exposures, 

there are many which contain sizeable pebbles both of quartz 

and of feldspar. These pebbles are usually of elongate 

shape with their longest axes parallel to the elongation 

lineation in the host rock. 	The pebbles may be as much 

as 2cms in their longest dinension. The quartz is usually 

milky white; the feldspar brilliant orange. 

Lastly, a third kind of difference from the common as- 

pect of the Upper Psammite is the presence of semi-pelitic 

beds of apprecciable thickness. 	Although the position of 

these beds has not been recorded in detail, the overall 

impression is gained that they are most common near to the 

middle of the exposed succession than elsewhere. 	There 	are, 

for example, several such bands in the cliff exposures below 

Creag Mh6r. 	One of the semi-pelitic beds can be seen in 

figure 18.3(b) not far above the handle of the hammer. 	These 

beds are of medium grey colour and of uniform fine-grain 

size. 	The thicker cemi-pelitic beds, up to one metre, 

may contain well-defined, thinner beds of psammite as shown 

in figure 12.3(b). 
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Sedimentary structures indicative of "way-up" are present 
In the Upper Psemnito. 	However, partly because of the 
deformation the rocks have suffered and partly because of 
their original nature, they are not usually sufficiently 
distinct to allow a completely unambiguous interpretation 
to be made. 	The dusty grey streaks shown in figures 16.3(b&c) 
may, in places, be suggestive of false bedding. 	One example 
of false bedding which may be accepted as being reasonably 
conclusive is illustrated in figure 18.2(b). 	This is situated 

on the right bank of the Alit ma Doirionnaich about 950yds 
from the coast and demonstrates that the beds in the vicinity 

arc "right way up". 

False bedding was noted in the rocles of the Tarshavain 
Moine series by Clough (in Peach et alia, 1907, p590, p620) 

and by Bailey (1955, P1431 0461 p149). 	Bailey (1955, p146) 

noted that rather poorly preserved current bedding in Group 

(3) (sec page 286) supported the conclusion that the order 

of deposition was from Group (1) to Group (3). 
False bedding from which 

the strata say be confidently 
all three stratigraphic units 
in the Caradal nappe. 	These  

the direction iaf younging of 
deduced has been observed in 
of the Tarskavaig Moine rocks 
localities, as well as the 

directions of younging and the axial traces of the major 
folds are shown in figure 13.4. 

Before passing on to a discussion of the relation of 

the Tarskavaig Moine rocks to the Lewisian rocks in the 

Caradal nappe, an attempt will be made to estimate the 
stratigraphical thicknesses of the three units in the sed-

imentary succession. 	Because of the strong deformation, 



CHAPTER 18. THE ROCKS OF THE CARADAL NAPPE. 	299. 

this is difficult. The results that are attainable may bear 

little relation to the original thicknesses of the units. 
The first problem is that the rocks have been twice folded 
by structures of large scale and, furthermore, that the in- 
clination of the bedding, as shown in figure 12.2, is subject 
to curious deviations. 	A second problem is that the rocks 
contain a very strong elongation lineation. 	It seems reasonable 
to assume that the elongation of quartz and feldspar is an 
inclination that the rocks have suffered deformation. 	The 
caracter and amount of this deformation cannot be reliably 
estimated by any present method. 

Haking no allowance for the second of t:lese problems, 
the present stratigraphic thicknesses of the three units 
of the Tarskavaig Eoine rocks are very approximately as follows:- 

Upper Psamnite 	2000-2500ft (Top not seen) 
Laidhe na greine Group 	1200ft 
Lower Psammite 	 600ft 

The junctions between the Tarskavaig Moine rocks and 
the Lewislan are of two types in the Caradal nappe. 	No 
discussion will be included of junctions which are obviously 
the site of faults which post-date, or are possibly contemporaneous 
with the Caradal, or third generation of folds. 	The other 
type of junction is clearly of much greater fundamental im- 
portance. 

Unfaulted junctions arc well exposed in many places and, 
as was noted in Chapter 14, the Tarskavaig Moine rockaploce 
to this junction, as well as all of the Lewisian, are mylonitea. 
_he distribution of these nylonised rocks is shown in figure 
10.4. 
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Some good exposures of the mylonised Tarskavaig Moine 

rocks are situated 500yds EN73 of the Loch Sgurr nan Caorach 
outlet. 	These may be taken as typical of the ,,roue as a 
whole. 	In one of theses  the exposures are mostly of very 
fine grained rocks in which it is quite impossible to distinglish 
individual grains. 	Judging by the colours of these rocks, 
which are different shades of yellow and greyish-yellow, 
they are composed essentially of quartz and feldspar. 	The 
individual foliee, which may be very thin, follow smoothly 
flowing Paths and outline in places small, tight folds of the 
Doire na h-Achlais, or second generation. 	Less common layers 
are of a bluish-green colour and contain veins of milky quartz 
with subordinate clots of bright orange feldspar. 	These 
veins are also folded. 

Some illustrations of such rocks from other localities 

are presented in figure 11.1(3-e) and in figure 18.1(c). 

Further away from the junction with the Lewisian, these rocks 
of mylonitic aspect grade into the normal rocks of the Tars- 
kavaig Moine succession. 	To the SE of Loch Ben nan Coarach, 
where the Capistal synform is most easily demonstrated, the 
rocks of the Lower Psammite grade from almost their normal 
appearance in the hinge zone of the fold into the mylonites 

close to the Lewisian on the limb of the fold. 	The orientation 

of the mylonite zone is much the same as that of the axial 

plane of the Capistal synform and all of the Lower Psammite, 

therefore, could conceivably be present in the mylonite zone. 
Thus there is no reason to postulate any major dislocation 

between the Tarskavaig Moine rocks and the Lewisiani the 

Lower Psammite, the youngest member of the Tarskavaig Moine 
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succession, may well be present, in a mylonised form, along 

the entire length of this junction. 

The L:eidotic Grits of the Torridonian to the SW of Loch 

a'Ghlinne are not thought to belong strictly to the Caradal 

nappe. 	The evidence for this statement is contained in 

Chapter 14. 	Both Clough (in Peach et alia, 1907) and Bailey 

(1955) bestowed a great deal of attention to these rocks and 
nothing of velue can be added to their excellent petrographic 

descriptions. 	Although bedding may be seen in these rocks, 

they are completely devoid of any other structures such as 

folds or elongation lineation. 	A short description of the 

microscopic appearance of Ghese rocks will be presented in 

Chapter 23. 

In the rocks of the Caradal narpe, three important 
metamorphic events have been established. 	These are: the 

production of the elongation lineation, the mylonisation of 

the Lewisian and some of the Tarokavaig Moine rocks, and the 
growth of the porphyroblasto in the Laidhe na greine Group 

in the SE part of the Caradal nappe. On the basis of evideece 

gathered in the field and summarised so far in this thesis, 

it is possible to draw some correlation between these metamorphic 

events and the structural history of the Caradal nappe. 

There can be little doubt that the elongation lineation 

is geneticall"connected with the development of the Capistal, 

or first folds in the Caradal nappe. The grains of quartz 

and Feldspar in the poammites are so shaped that they are 

elongate parallel to the axes of the small Capistal folds 
and in many cases the grainy can also be seen to be flattened 
parallel to the axial planes of these folds. 	It was argued 
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in Chanter 10, pace 187, that the processes by which the elongation 

lineation was formed must have outlasted the development of 

the Capistal folds. 

The mylonitic banding in the LeWiEd.r. rocho, and. in some 

of the Tarskavais Moine rocks, is distorted by folds of the 

Doire na h-Achlais generation. 	The quartao-feldspathic bands 

in these mylonites also carry the lineation parallel to the 

axes of the apistal group of folds. 	The process of mylonisation 

must, therefore, be earlier than the Doire na h-Achlais folds 

but its ace relation to the elongation lineation remains obscure. 

The lineation can be seen in the mylonised rocks but is much 

less obvious than in the normal Tarskavaig Moine rocks. 	This 

could suggest that the mylonites and the elongation lineation 

may have been produced at the sane time. 	Another observation 

which adds weight to this conclusion is that, on the regional 

scale, the mylonite belt in the 'larskava.ig noine rocks is 

parallel to the axial planes of the Capistal folds. 

The norphyroblEts of biotite in the SE part of the Caradal 

nappe are certainly later then the elongation lineation since 

they cut across it. 	Small microfolds in these porphyroblasts 

seem to be associated with very locally developed strain-slip 

structures. 
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EXPLANATION OF wIGURE 18.1. 

(a) Coarse members of the Lower Psammite with a 1-Ner 

rich in pebbles of milky quartz. 	200yds SW of the 

Loch Capistal outlet. 

(b) False bedding in the Lower Psammite. 	400yds SW of 

the Loch Capistal outlet. 	The layer containing pebbles 

of milky quartz at the top of the exposure truncates 

the bedding planes in the coarse grained rocks of 

the Lower part of the exposure. 

(c) Mylonised Tarskavaig Moine rocks 550yds NW of the 

Loch Ben nan Oaorach outlet. 



Lower 
Psammite 
and 
mylonised 
rocks 

Fourc18.1 
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EXPLANATION OF FIGURE 18.2. 

(a) False bedding in the Laidhe na greine Group. 	350 

yds LL of the summit of Sgurran Seilich. At the 

top and bottom of the sketch, the rocks are semi- 

pelites. 	Between them is a finer grained, feldspar-

free psammite on the upper (or younger) side of which 

is a thin yellow layer indicated by a thick black 

line. 

(b) False bedding in the Upper Psammite on the right 

bank of the Alit na Doirionnaich about 950yds from 

its mouth. 	The dark lines represent groove-like 

indentations in the strface of the exposure. 



a)  
Scale not known approximately one sixth. 

False bedding in Tarskavaig Moine rocks 

b)  0 	 20 c,rts 
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EXPLANATION OF FIGURE 18.3. 

(a) Rocks of the Upper Psammite 120yds WSW of the 7•:1; tip 
offthe main outcrop of Torridonian Epidotic Grit. 

These rocks are near the bottom of the Upper Psammite 

and demonstrate the closer spacing of the semi-pelitic 

nartinf^s as compared with the rocks near the middle 

of the exposed portion of the Upper Psammite illus-

trated in (b) and (c). 

(b) Lxposure in the Upper Psamuite in the northernmost 

part of the bay to the west of Creag Mh6r. 	These 

rocks are close to the middle of the exposed Upper 

Psammite succession. 	Semi-pelitic beds, such as 

that shown near the middle of the photograph, are 

common in this part of the Upper Psammite. 

(c) A close view of the lower, right corner of the exposure 

illustrated in (b) showing dusty grey streaks and 

a coarser brained layer. 
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EXPLANATION OF FIGURE 18.4. 

Map showing the distribution of mylonites in the Caradal 

nappe as well as the axial traces of major folds and the 

localities at which "way-up" of the strata has been 

determined. 



False bedding and inylonites 

in the Caradal nage 

d 
	 I 	-.:.‘,. • / 	 • —  

I 	 -1 ...." 	\ 
I 	 I / 	.\ -...  ,--. 

...• 	 bi ,e.1 	
— — 	

......., _ \ 

I 	 >.  6".------ 	"r.;ic..  

	

/
i q 	 --7.— 	 \ 	iL7\ 

	

/ :::k tA_____ P- 	/—\. 
___. k 	........- 	1 

/ 	 • 	E. 	 k . .___--•------ 	 ,;:_l: 	, 	.4 

1 	 k 	1,'  =1,:t. 	 0  4  
1 	 --\ 	_ 	o 	  •-.‘ / / 	 1 •---2.Fi 	 

/ 	 - -1 	_ :L-•  	
.. 

I 	 ..r.  
/ 	 ....' 

/-- / 	 F 	E!----../ 	-"" 

/ 	 e A Et
.  

-s 

/ 
/ 

/ / 
/ 

/ 
/ 

/ 

Mylonite of tswiSian 

Mylonites derived from Tarskavaig Moine roux. 

i  Younger 
Localities demonstrating -way up" Older 

scale 1 31,080 or tins to one mile 

Fgure184 



CHAPTER 19. 	SUMMARY OF THE FIELD DESCRIPT/OR.S OF -511. 

THE ROCK 
Part III of this thesis has been concerned with the 

appearance of the different groups of rocks in the field as 
observed megascopically and with the aid of a magnifying 

From the textures that have been observed and des-
cribed, it is possible to make numerous deductions and to 
recognise several events in the metamorphic histery of the 
rocks. 	The purpose of this Chapter is to summarise these 
descriptions and deductions. 	The Chapter is organised en 
the sane plan as the Part of the thesis that it summarised: 
the rocks of the Moine nappe are treated first, the rocks of 
the Caradal nappe second. 

In the lloine nappe the outcrops have been divided into 
three areas by two lines: the Ostaig and Knock lines. 	hese  
lines are shown on Plate 4 and the factors which define them 
erecisely are shown in the key. 	These lines are also shown 
on Plate 5 in a more generalised form. On this latter map 
allowance has been made for the poor decree of inland exposure 
and the lines are drawn in positions titre they would most 
likely be found if the exposures were complete. 

To the east of the Knock line only Lewisian rocks are 
to be found in the area of study. 	These rocks contain 
structures belonging to the Baravaig, or first and Rudha Phoil, 
or second groups as well as a few structures of the Tormore, 
or third group. 	These Lewisian rocks are, on the whole, massive 
and coarse grained and contain porphyroblasts. 

Between the two lines, both Lewisian and Moine rocks occur. 
In these rocks the Baravaig, Rudha Phoil, and Tormore structures 
are developed and are particularly well displayed in the 

Moine series. 	The rocks are in part massive and coarse 
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grained and in part fissile and fine grained. Porphyroblasts 

are present here as well as to the east of the anock line 
and are particularly prominent in the fine grained rocks 

because of the contrast in grain size. 

est of the ()ethic, line, both Leyisian and home rocks 

are represented. 	Apart from small outcrops of massive ampibolite, 

the rocks arc fine-grained or very fine-grained and arc com- 

pletely free of megascopic porahyroblasts. 	Folds of the Ard 

Thurinish croup are very cosson. 

The Lewisian rocks east of the Knock line fall into 

three weiLdefined croups distinguished on Plate 5. 	In terms 

of area of outcropl  the smallest of these is the serpentinite. 

This rock forrs a massive, dark coloured, unfoliated body 

which in places contains brown spots (possibly of carbonate), 

garnets and magnetite Ieiniets. A second and larger group 

is designated "unmigmatised amphibolites" on Plate 5. 	These 

amphibolites have sharp boundaries with the country rocks and 

in places may be seen to be discordant. 	They are sheet-like 

in form and vary in thickness from a few ems to several scores 

of metres. 	The composition of the amphibolites is very uniform. 

They contain dark green amphibole sometimes accompanied by 

pink, feldspathic spots. 	IrreGular veinlets of white, 

quartzo-feldspathic material are common. 
The country rocks which form the greater part of the 

Lewisian outcrop to the east of the Knock line are widely 

variable in composition and the boundaries between these 

different rock types are mostly gradational and very ill- 

defined. 	Some of the different types of rocks are: apple-

green amphibolite, pink acid gneisses, Greenish-grey biotite 

epidote rocks, q artzo-feldspathic rocks with orientated and 
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not so obviously orientated porphyroblasts of biotite and 
amphibole in widely varyint abundances, zoned basic lenses, 

rose-pink feldspar porphyroblasts in acid gneiss, and bottle- 

creen chlorite rocks. 	reaall, pinkish brown carnets are 

commonly seen in the amphibole-biotite rneisses and pale-creen 

epidotic streaks are often found in acid and basic rocks. 

Curiously shared bodies of euartzo-feldspathic rocks indicate 

that migmatisation occured before the Baravaig, or first period 
of foldia,. 	The unmicmatised amphibolites cross-cat these 
migmatites and presumably represent igneous sheets. 
vnolL;aatised amphibolites are also earlier than the Baravaig 
period of folding. 

;'etween the Knock and Ostaig lines both Lewisian end Voine 
rocks occur. 	Among the Lewisian rocks the types which character-
istically occur to the east of the Knock lire are found in 
pod-like and lens-shaped bodies. 	The most common types of 
massive, coarse i-rained rocks in these pods and lenses are 
acid ameisses with amphibole porphyroblasts and unmigmatised 
amphibolites. 	The massive rocks are surrounded by fine-grained, 
fissile rocks with closely spaced parting planes. 	The fine- 

grained rocks vary in comrosition from pink or pale-rey 
quartzo-fcldspathic rocks to dark-green chloritic schists. 

r 
The alternating bands are ralely rore than )cms thick. 	Veins 
of milky quartz may contain subordinate amounts of calcite, 
chlorite, feldsrar and amphibole. 	The Forphyroblabts, which 

are prominent in the fine-grained rocks, include several var-
ieties of chlorite, small needles of amphibole (up to 3mm long), 
and biotite. 	The amphibole invariably lay on the foliation 
planes and within these planes they may have a preferred orien- 
tation or may be random. 	The micaceous minerals usually occur 
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with their cleavage aligned parallel to the foliation but 

there are cases where they are clearly oblique to the foliation 

and may also be orientated into a. girdle fabric which defines 
a lineation associated with the Tormore, or third group of 

fold structures. 

The boundaries between the massive, coarse-grained rocks 
and the fine-grained fissile rocks are of interest. 	The 

contacts of massive acid rocks are sharp but those of the 

massive unmigmatised amphibolites grade almost imperceptibly 
into fine-grained chlorite schists. 	This latter fact seems 

to indicate that the fine-grained rocks to the west of the 
Knock line were derived from rocks of the type now outcropping 
to the east of the Knock line by a process of grain size red- 
uction. 	This process must post-date the Rudha Ihoil, or 

second period of folding but is earlier than the Tormore, 
or third period of folding because some of the micaceous 
rorphyroblasts in the fine-grained rocks define a girdle fabric 
which seems to be associated with the Termer° folds. 

The Moine rocks between the Knock and Ostaig lines are 
exposed on the peninsulas at Ardvasar and on a short coastal 

section near Tormore. 	At the former locality there is a well- 
defined outcrop of psarmAte and two separate areas of semi- 
pelite which are shown in fiynre 3.4. 	There are no detectable 
differences between the two outcrops of semi-pelite and a typical 
exposure is shown in figure 2.1. The rocks are pale to medium- 
grey and of fine to medium grain size. 	Muscovite is prominent, 
and garnets measuring up to 3-41fen are visible in some parts. 

The psameite bands, usually 5-6cms thick, contain only a low 

Proportion of feldspar. 	In the main outcrop of psaninite, the 
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individual bands are 5-50cms thick and are separated by thin 

micaceous partings. 	They are of medium to coarse grain 

size. 	ne feldspar, which is stained bright orange, forms 

a high proportion of the rocks. 

At Tormore, the Moine rocks which lie between the Knock 

and Ostaig lines are mostly semi-pelitic and contain only a 

few, thin psammite bands. 	The semi-politic bards are similar 

to those at Ardvasar but the poammite bands show a wider var- 

iety of textures. 	Some psammite bands are coarse, and possess 

compact marginal zones but interior zones which are very roughly 

weathered and which probably contain a high proportion of 

calcite. 	'barely, well-defined coarse bands can be seen to 

pass laterally into layers containing widely scattered grains 

of milky quartz (up to 13mm long) which are contained within 

a fine-grained semi-pelitic host. 	Features such as this 

are almost certainly remnants of an original sedimentary 

texture. 

To the west of the Ostaig line, both noine and Lewisian 

rocks are represented. 	They are of much finer grain size 
and only very rarely can individual mineral grains be dis- 

tinguished. 	Soth groups are free of menascopic porphyroblasts. 

The representatives of the Lewisian series are composed mostly 
of pink or pale-rey acid rocks interlayered with dark-green 

chloritic schists. 	A few layers are tinged with the charac- 

teristic pale-green of epidote. 	The massive rocks are rep-

resented only by a few bodies of foliated amphibolites con-

taining feldspathic lenticles which grade almost imperceptibly 

into the dark-green fissile rocks. 	Discordant veins of 

milky quartz enclose small bodies of dark-green chlorite 
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and some calcite. 	The psammitic and semi-pelitic types of 

the Moine series are intercalated on a very small scale. 

In a few localities, small garnets are visible. 
The contact between the Moine and Levisian groups in 

the Moine nappe is exposed in a number of places. 	However, 

to the east of the °stale line all such exposures demonstrate 

a contact that has been affected by late-stage faulting. 

Thus nothing of the more fundamental relations of the Moine 

and Lewisian groups can be seen. 	To the we; of the Ostaig 

line there are several localities where the Noine-Lewisian 

contact is free of late-stage dislocation. 	In all of these 

exposures, the foliation in both groups is perfectly concordant 
with the plane of contact and the Moine and Lewisian rocks 

immediately adjacent to the contact are in no way different 
from comparable Moine and Lewisian rocks at a considerable 

distance. 

Over most of the length of the contact, the Moine rocks 

lie above the Lewisian; both formations dipping SE. 	Along 

the poorly exposed northern part, however, the Moine rocks 

clearly dip beneath the Lewisian. 	Bailey (1955) postulated 

a sandwich arrangement with a slice of Leine rocks flanked 

by Lewisian. 	This hypothesis say be elaborated in that the 

Moine rocks are probably contained in the core of a large 

scale isoclinal fold of the Baravaig, or first generation 

which closes to the ;1E and plunges to the SE. 

Many of the metamorphic events which affected the rocks 

of the Moine nappe and which have been discussed in the earlier 

Chapters of Part III can be related to the sequence of folds 

established in part I. 	A brief summary of the inter-relations 
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of structural, metamorphic, and icneous events in the rocks 

of the Moine nappe can be conveniently tabulated:- 

1. Nigmatisation in the widely variable rocks of the 

Lewisian complex. 

2. A phase of igneous activity during which basic sheets 

were itruded. 	These sheets are now represented by 
unmigmatised amphibolite. 

The Moine rocks contain no amphibolite and have not been 

migmatised. 	However, they are of such small extent in the 

present area of study that no far reaching conclusions can 

be drawn from this observation. 	They have been affected 

by the Baravaig folding. 

3. The first, or Baravaig period of folding. 

4. The Rudha 1-hoill  or second period of folding. 

5.Considerable reduction in grain size of the rocks 

on the NW limb of the Knock synform. 

6. The Tormore , or third period of folding. 	This • 

may have been accompanied by the crystallisation of 

the prophyrbblasts in both Moine and Lewisian rocks. 
If not, then the porphyroblastic crystals certainly 

grew at a later stage. 

Because of the difficulty of determining the age relations 

of the Ard Thurinish and Tormore, or third folds (a topic that 
was discussed in Chapter 4) this table cannot be continued 
directly. 	On the basis of the evidence presented in Part I 

it is possible that the Ard Thurinish folds are of the same 
generation as the Tormore, or third folds. 	If not, then the 

Ard Thurinish folds are certainly later. 	Taking these con- 
siderations into account, the table may be continued thus:- 
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A. Development of the Ard Thurihish group of folds. 

A third or possibly fourth generation. 

B. Introduction of veins of milky quartz with subordinate 

calcite and chlorite. 

C. The development of the Fort a'Chuil group of folds. 

D. The conjugate Group of folds. 

E. Movement on the ::nine thrust plane. 

The rocks of the Caradal nappe are fairly well-exposed 

over most of the area of their outcrop. 	In Chapter 14 the 

dislocations which affect these rocks were discussed at length 

and a new hypothesis was put forward. 	According to this view, 

the "Caradal nappe" is composed of those rocks which are contained 

within the area enclosed by the Tarskavaig thrust, the Caradal 

fault and the west coast of the Sleat peninsula as shown in 

figure 14.2. 	The foie structures in the Caradal nappe are 

complex but an elucidation of the geometry of these fold 

structures together with a knowledge of the few sedimentary 

structures which reliably indicate "way-up" has allowed the 

following stratiCrpphical succession to be recornised:- 

Upper Psammite 2000-2500ft. (Top not seen) 

Laidhe na greine Group 1200ft. 

Lower :esammite 	600ft. 

Lewisian. 

The thicknesses quoted in this table take no account 

of deformation due to the development of the elongation 

lineation or of the folding. 	They indicate the present 

thicknesses and say bear little relation to the original 

stratigraphical thicknesses. 
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The Lewisian rocks of the Caradal nappe are fine-grained 

mylonites. 	In the wide southern part of the outcrop they 

are composed of alternating laminm coloured pink and green 
by chlorite and eridote. 	In the narrow northern part of the 

outcrop shades of grey ox' greenish-grey are more common. 

Thin, straight sided veins of milky quartz are abundant. 

Clough claimed to have recognised Lewisian rocks in the a 
extreme west of the Carad nappe, next to the dislocation 

which is called the Caradal fault on figure 14.2. 	This iden-

tification it disputed in Chapter 14 and the rocks in question 

are thought to be members of the Ialdhe na greine Croup. 

The Lower Poaremite is illustrated in the photographs 
of figures 10.1, 14.4(c), and 13.1(a&b). 	The rocks are mostly 

of medium to coarse grain size and may contain pebbles of milky 

quartz either in layers or scattered through the host rock. 

Grains of feldspar are rarely obvious in the Lower Psareeite. 

False bedding is present in sone localities but at only one 

of these is the order of deposition unambiguous. 

The boundary between the Lower Psammite and the Laidhe 

na greine Group is trarcitional and is defined on Plate 5 at 
the lowermost appearance of semi-pelitic bands of measureable 

thickness. 	The area of outcrop of the Laidhe na greine Group, 
in fact, includes nearly all semi-pelitic bands which are more 

than a few millimetres thick. 	It also includes a high pro- 

portion of 	-psammitic rocks as well as a few of pelitic 

connosition. 	The feldspar in the psammites is often stained 

deep orange while the quartz is milky-white or tinted pale- 

grey or pale-blue. 	Both of these minerals may occur in grains 

up to lcm long. Most of the rock types appear to be well 
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sorted. 	In the SE part of the outcrop, many of the exposures 
are composed of reeeid alternations of siltstone and petite 
and among these, a graded bedding relationship is very common. 
False bedding is not common in the Laidhe na greine Croup 
and only one exposure has been observed at which the direction 
of younging can be determined with certaihty. The SE Tart 
of the outcrop of the Laidhe na greine group is also notable 
for the presence of porphyroblasts of biotite. 	None of 
these appear to demonstrate a well-eqarked preferred orientation. 
mall lath-shaped crystals, which may be ilmenite, are 

scattered with random orientation over some of the dark-grey 
politic nartin planes and, very rarely, small pin-head 

garnets can be seen. 
Rooks of the Upper Psammite are illustrated in the photo- 

graphs of figure 18.3(b&c). 	They are typically pink or buff 
coloured and are of fine to medium grain size. 	Towards the 
top of the exposed succession coarse or very coarse layers 
become more common. 	The feldspar grains are often of a 
striking orange colour. 	Towards the bottom of the Upper 
Psa=ite the beds boo m° thinner and near the middle of the 
exposed succession there are a few beds of semi-pelite which 
may be as much as one metre thick. 	False bedding is very 
common in the Upper Psammite but on account of the deformed 
state of the rocks it can rarely be used to determine the "way-
up" conclusively. 

The contact between the Tarskavaig Moine rocks and the 
Lewisian rocks is very well-expesed in many places. 	All of 
the Lewisian and a narrow strip of the Tarskavaig hoine rocks 
are mylonised as shown in figure 18.4. 	The foliation in both 
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groups is perfectly concordant with the plane of the contact. 

Lome of the mylonised rocks are illustrated in figures 11.1(b-e) 

and 13.1(c). 	These rocks of mylonitic aspect grade imperceptibly 

into the normal rocks of the Tarskavaig Moine series further 

away from the contact with the Lewiaian. 

The Lower Psammite is probably represented, in a mylonised 

form, along the whole length of the junction between the 

Tarskavaig Moine rocks and the Lewisian and it is not necessary 

to postulate any dislocation between the two groups. 

The 4idotic Grits of the Torridonian series, which occur 

in three small outcrops near the north of the (aradal nappe, 

do not strictly belong to the Oaradal nappe, 	They are 

separated from the Tarskavaig Moine rocks by dislocations 

on all sides and contain no folds or elongation lineation. 
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Hiceoscope inveotications of thin sections are con-

centrated on the observation of the textures rather than the 

analysis of their mineral composition. 	The rocks of the 

Koine and earadal nalapos show a wide range of texture and mineral 

composition. 	Some of these textures can be related to 

aetamorphie and structural events. 

Relatively little space will be given here to the details 

of the mineraloLy of the rocks and the implications they carry. 

ehese are the main aspects of research being carried out by 

David eiatthews of eambridge University. 

In prefereeee to describing many thin sections in detail, 

each mineral species will be discussed in turn with specific 

reference to se*ted thin sections which show particular 

featured of intereet. 	The localities from which the material 

was collected will not usually be given but may be quickly 

found by reference to appendix 1 and Plate 6. 
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In Chapter 16, the Lewisien rocks of the Moine nappe 

were allocated to one of tree groups according to their position 

relative to the Knock and Ostaig lines shorn on Plate 4. 
To the east of the Knock line, the rocks were described as 
ultra-basic tgneisses' (or serpentinites), amphibolites, 

and the third and largest group, the country rocks of widely 

variable composition. 	3etween the Knock and Ostaig lines, 

massive rocks of the type more usually found east of the 

Knock line are represented in scattered lenses of different 

sizes. 	These lenses are surrounded by fissile and flag;y 

rocks, generally of finer grain size. 	Porohyroblasts are 

prominent in some of these fissile and flaggy rocks. 	To 

the west of the Ostaig line, there are no megasconic porphyroblasts 

and coarse grained gneisses are only represented in rare 
outcrops of amp .00litic composition. 

The Rocks East of the Knock Line: The Country Rocks. 

The groups of rocks are of widely variable composition 

and arc ornamented with vertical lines on Plate 5. The most 

common minerals are: quartz, feldspar, epidote, orthite, apatite, 
biotite, muscovite, chlorite, carnet, calcite, pyrite and other 

opaTue minerals. 	These will be briefly described in this 

order. 

:Aaartz varies widely in abundance in these rocks. 	Light 

coloured rocks are often composed largely of quartz whereas 

in some mafic rocks it appears to be totally absent. 	In most  

of the rocks, the extinction position of the quartz grain 

often varies from one part of the grain to another 	This  

phenomenon is known by several different names but "undulose 

extinction"is probably the best descriptive term. 
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Undulose extinction varies from a type in which there 

are no distinct internal boundaries in the grain (so that 

the extinction position varies continuously from one part 

of the grain to another) to a type in which there are distinct 

internal boundaries within the grain (so that the extinction 

position varies discontinuously.) 	In the latter case, the 

extinction positions of the individual sub-grains (the blocks 

of the crystal lattice that are defined by the internal 

boundaries, or sub-boundaries) are slightly different from 

one sub-grain to the next so that the lattices of the sub-grains 

differ only slin3htly in their orientation relative to each 

other. 	Sander (see Griggs and Bell, 1938, p1728) has measured 

the variation in the extinction position of reany single quartz 

grains and reports that it may exceptionally be as much as 

700. 	In deformation experiments, Griggs and Bell, 1933, 

induced unduloce extinction in quartz grans in an unconsolidated 

powder. 	The angle over which the extinction position varied 

was not greater than 7°. 

Very similar structures to those described above are 

well-known in other crystalline solids. 	The existence of 

sub-grains in crystals of polycrystalline acezregates was first 

reported in 1927 in ferrite. 	Beck (1952) reviewed the then 

current knowledge on this subject and in figures 20-22 of his 

paper he shows excellent microphotographs of sub-grain structure 

in aluminium which compare very closely with sub-grains in 

quartz. 	Cahn (1950) investigated the development of the 

structure in single crystals and reported it in aluminium, 

mild steel, alpha brass, zinc, lead, sodium, magnesium, 

rock-salt, and cadmium. 	The process, which Cahn called 
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"polygonisation", was further investigated by Cottrell (1955) 
who accounted for it in terms of a teory of lattice dislocations. 
CottreIl's theory is now widely accepted. 

The result of these, and other experimental studies indicate 
that the sizes of sub-grains are determined by:- 

1. The temperature at which deformation takes place. 

2. The rate of strain during deformation. 

3. The amount (if any) of sub-grain growth after the 

deformation. 

Voll (1960) suggested that the sub-grain structure of 

quartz ':fight be a result of polygonisation and Harris and 

Mast (1960) have based a theory of evolution of quartz fabrics 

on this idea. 	However, arguments put forward by Beck (1952) 
do not support either of these hypotheses. 

The textures and patterns of preferred orientation in 
'olycrystalline solids are determined largely by the way in 
which the grain boundaries move, and the conditions under 

which new grain boundaries may be formed (eg, Beck, 1952; 

Burke, 194-9,; Burke and Shiau, 1947; and Faddigan and Blank, 
1940). 	The formation of new grain boundaries and the movement 
of grain boundaries through crystal lattices would appear to 

be governed by:- 
1. Temperature. 

2. Degree of strain in the crystal lattices. 

3. Initial grain size. 

4. Time. 

Differences in composition, or com7osition gradients. 

There are many different phenomena associated with the 

movements of grain boundaries which may be classified as:- 
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1. Recrystallisation (strict sense) 

2. Grain growth. 

3. Discontinuous grain growth. 

4. Strain-induced grain boundary migration. 

Burke (1949), Beck (1952), and Smith (1953) have described 

these phenomena very clearly and no further discussion will 

be given here. 

The relevance of these different processes of re-

crystallisation, grain growth, etc. to the interpretation 

of the textures of quartz in thin section is as follows. 

d_th very few excentions, it is found in experiments that 

a recystallised, polycrystalline substance is free of any 

kind of sub-grain structure. 	:Even in the exceptional 

cases (such as aluminium) it is found that only a few of the 

newly recrystallised grains possess a sub-grain structure; 

the sub-Grain structure is usually completely eliminated 

when the recrystallization takes place. 	However, sub-grain 
structure is common in the quartz of.  the Moine and Caracli 

nappec of Sk17e. 	Probably, therefore, the presence of sub-grains 
in such large numbers indicates that the quartz is not in a 

recrystalliced state. 	Quartz with sub-grain structure in 

the rock3 east of the Knock line is common and well-displayed 

in sections 18789, 18800, 18801, 18806, 18973, 19249 and 19250. 

In some of the sections, eg 19250, the quartz occurs in 
a very wide range of grain sizes. 	The large grains and the 
small grains tend to be segregated into bands that define 
the foliation. 	The large grains are clearly divided into 

sub-grains whereas the small grains are usually free of sub- 

boundaries. 	Also the large grains often have much more complex 
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boundaries than the small grains: the boundaries of the small 

grains commonly meeting each other at trip4x toints where 

the boundaries subtend angles of aplroximately 120°. 	It 	is 
possible that under the conditions of the metamorphism the 
boundaries of all the grains migrated -a distance comparable 
to the grain sine of the small erains (cf, the results of 
Burke and Shiau, 1947). 	The sub-grain structure of the 
small grains, assuming it to have existed in the first place, 

would thereby be eliminated while it would persist in the larger 
grains. 	Also a certain amount of ordinary grain growth 

a ong the smaller grains would lead Lo the production of a 
mosaic texture of grain boundaries meeting at triple points 
of 120°. 

Feldspar is common but varies considerably in abundance 

in the rocks east of the Knock 

very small (ca. 0.3m m) and are 

twins occur in sections 18801, 

and 19250. 	In 19249 the twin 

line. 	Most of the grains are 

not twinned. A few albite 

18602, 18803, 18969, 19249 

lam401se are distorted. 

The range of train size of the feldspar is usually similar 
to that of the quartz in the same section. 	Boundaries between 
adjacent feldsrar grains are simpler than those between adjacent 
quartz grains. 	Undulose extinction is both less common and 

less striking than that to be seen in the quartz. 	Feldspar 

sub-grains are to be seen only in 18801 and 12802. 
Inclusions of sericite and etidote are prominent in the 

coarser feldspar grains. 	The inclusions are often localised 
in certain parts of the feldspar crystals, the remilgning 

parts being clear. 
The most usual interpretation of this phenomenon is that 
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the feldspars have suffered alteration by solution penetrating 
along the grain borndaries, cleavages and other lattice planes. 

An alternative possibility is that the feldspars have suffered 
a process of discontinuous precipitation during grain boundary 
migration such as illustrated by Smith (1954) figure 26. 
Those parts of the feldspar crystal that are crowded with 
inclusions have been swept by a moving grain boundary and have 
thus been able to adjust their chemical composition to the 
prevailins metamorphic conditions. 	The clear parts of the 

feldspar crystals are thus possibly in a relatively meta-
stable state. 

Porphyroblasts of feldspar are seen only in section 

1959. 	They are much larger than the other minerals of the 

host rock and possess a curious undslose extinction. 	The 

inclusions are only of quartz and are arranged in strings 
parallel to tie foliation in te host rock. 	The quartz 

grains are round or elliptical with their long axes parallel 

to the foliation. 

The shape of the quartz inclusions is almost certainly 

an indication that the quartz-feldspar boundary was freely 
mobile. 	Smith (1953) points out that, under the influence 
of interfacial tension, the equilibrium shape of a crystal 

which is totally enclosed in another crystal is spherical, 

assuming that the grain boundary is free to move and that 

the interfacial tension is the same in all directions. 

In the case of the quartz-feldspar texture thus described, 

it cannot be fairly deduced that the feldspar is replacing 

or corroding the quartz in any way: the volume of the quartz 

included in the feldspar may remain c nstant as the boundary 

migrates, the spherical shape representing the lowest state 
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of free energy. 

Epidote is a prominent constituent of all rocks east 

of the Knock line. 	As well as the inclusions in feldspar, 

it also occurs in small granular or prismatic crystals 

rarely longer than 0.25mm. 	These cptals are usually con- 

centrated in trails defining the foliation and in sections 

13300 and 19249 these trails outline microscopic folds of the 

Rudha Phoil, or second generation. 	Lear these nicrofolds, 

the prisms of cpidotc are undistorted and similar undistorted 

prisms often occur in close association with Quartz and feldspar 
which show indications of internal strain such as cub-grain 
structure and undulose extinction. 	The present state of 

crystallisation of the epidote thus appears to post-date 

the Rudha Ihoil, or second folds while the highly deformed 

state of the quartz and feldspar probably dates to the time 
of the Baravaig, or first folding, when a, strong elongation 

lineation was induced throughout the area. 

Orthite occurs in sections 18789 and 19249. 	Some of 

the orthito occurs in the cores of euhedral epidote crystals. 

The orthite cores are sub-rounded and very few remains of the 

crystal structure may be seen. 	The rounded shapes of the 

orthite cores, reminiscent of augen, seem to suggest that 
the mineral was present at an early stage in the deformational 

hidbry of the rocks and was possibly strained at the same 

time as the quartz aLd feldspar. 

Apatite is rare. 	The crystals are of the same size 

as the more common epidote and the occurence in trails is 

also fiery similar. 

Biotite is very widespread but is not so persistent in 
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occurence as epidote. 	The colour varies widely between different 
types of green and brown. 	The crystals are larer than 
the co-existing quartz, feidsrar, or epidote and are of 
porphyroblastic habit. 	In sections 13300, 192 49 and 19250, 
the biotite porphyroblasts may be seen to have overgrown 
small second folds outlined by epidote trails. 

Rarely, in some localities in the field (described in Chapter 
3), and in some thin sections (eg 18789) there is an obvious 
pattern of preferred orientation of the biotite. 	These 

patterns of preferred orientation are thought to be of the 
same origin as similar muscovite patterns in the Moine semi-
pelitic rocks at Ardvasar where they define the third lineation. 

The evidence in the Moine rocks indicates a close connection 

between the development of the third folds and their associated 
elongation lineation and the development of the natterns of 
preferred orientation in the biotite (and the muscovite of 

the Moine rocks). 	{owever, the biotite crystals as bSey exist 
now need not have been present at the time of development of 
the third folds: the porphyroblasts may have grown from nuclei 

which owe their orientation to the strain system reponsible 
for the third folds. 	These nuclei may have been biotite, 
but the possibility of amphibole or pyroxene nuclei cannot 

be ruled out. 	'When different polycrystalline solids are 

deformed experimentally and then recrystallised it is found 
that various preferred orientations may or may not develop 
depending on the degree of deformation, tenperature at deform- 

ation, etc. 	The impersistent nature of the preferred or- 
ientation of the biotite from place to place may be a result 
of variations in the decree of deformation. 



CHAPTER 20. 	THE LEWISIAN POCKS OF THE MOINE NAPPE. 331. 

At some localities, biotite porphyroblasts are distorted 

in close vicinity to what appear to be cleavage planes 
associated with the Pudha ?hail, or second folds (eg figure 

2.5(a)). 	In thin section, movement on the cleavage planes 

is indicated by the distortion of biotite crystals. 	The 

cleavage planes, however, follow the attenuated limbs of 
microfolds of the second generation and it seems- that the 

distortion of the biotite crystals is due to posthumous 

movement on these fold limbs. 	The structure is thus similar 

to that described as "Totfalten" by Ampferer (1938). 

Muscovite has been noted in 13803, 18959, and 13969. 

It is not common and seems to be generally of smaller grain 

size than the co-existing biotite. 

Chlorite occurs in sections 18739 and 13970 in contact 
with biotite, amphibole, or garnet. 

Amphibole occurs in many of the rocks east of the Knock 
line but is not so abundant as biotite. 	The other common 

associates of amphibole are garnet and pyrite. Crystals 

of these mafic and opaque minerals often occur together in 

clusters of up to about six individuals. 	The amphibole 

crystals are usually of porphyroblastic, blade-like habit 
and may be 6cms long. 	In some sections, eg 18970, the 

amphiboles are twinned on (100). 

Inclusions in the amphibole crystal; are mostly of 

quartz, feldspar and epidote. 	The smaller inclusions are 

nore abundant in the central zones while the marginal zones 

are relatively clear. 	The larger quartz and feldspar in- 

clusions are round or elliptical in section. The epidote 

trails described above can be traced through the amphibole 

porphyroblasts. 
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The relation of the amphiboles to the epidote trails 

and the patterns of preferred orientation that are developed 

at some localities suggest that the amphibole porphyroblacts 

developed at the same time as the biotite porphyroblasts. 

Carnets have been seen at many localities and appear 

in sections 13789, 18970 and. 18971. 	They are always accompanied 

by either amphibole, or biotite, or both. 	The crystals are 

rounded or euhedral and up to 1mm in diameter. 	The inclusions 

in garnet crystals are usually very small and comprise 

quartz, epidote, and opaque minerals. 	These inclusions are 

nearly always confined to the central zones of the garnets. 

Calcite occurs in some of the Lewisian rocks east of the 

Knote line (ee sections 18300. and 13802) and :pyrite and other 

opaque minerals occur in single crystals or aggregates of 

crystals up to 2mm long. 

The Rocks East of the Knock Line: The Amphibolites. 

Some aspects of these rocks have been described and dis- 

cussed on pages 25-23 and pages 252-254. 	The amphibolites 

are represented in sections 18957 and 18972. 

In both sections, the blue-green amphibole has two modes 

of occurence. 	The first group compesises many of the larger 

crystals, and some of the small ones also. 	They have a ragged 

outline, curved cleavage traces, and a type of sub-grain 

structure. 	The second grout comprises moot of the smaller 

crystals, which are more blade-like than the other group, 

have sharp boundaries, are not curved, and do not possess 

sub-grain structure. 	Some of the crystals in the latter group 

are twinned. 
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It seems that the texture of the amphibole in these rocks 

represents an arrested state of recrystallisation. 	The yex- 

ture is very closely comparable to stages in the recrystallisation 

illustrated by Burke (1949, figure 2). 	Thus, the large am-

phibole crystals with ragged boundaries, sub-grain structure, 

and curved cleavage traces, have been deformed. 	In this matrix 

of deformed crystals, new nuclei with different orientations 

have developed and have grown under the prevailing metamorphic 

conditions. 	This process has been arrested so that the old, 

deformed matrix has not been entirely consumed by the new, 

crowing crystals. The new crystals can be recognised because 

they show no indication of having been distorted even though 

they are often decidedly acicular. 	The old amphibole crystals 

possibly suffered most of their defomration at the time of 

the Baravaig, or first folding when the quartz and feldspar 

of the country rocks was also deformed. 	The new amphibole 

crystals probably grew at the same tine as the amphibole and 

biotite porphyroblasts in the courrty rocks, ie after the 

Tormore, or third generation of folds. 

Apatite is common in section 18957 and occurs close 

to the cuartz and feldspar. 	Epidote is not very common; 

nany of the medium-sized crystals possess orthite cores. 

The quartz is very fine grained. 	The feldspar is not 

twinned and has undulose extinction. 	It occur in a wide 

range of (.;rain sizes. 

The Rocks Between the Knock and. Ostaie Lines. 

Some description of these rocks is given in Chapter 16, 

pages 235-263. These rocks are essentially fine-grained and 
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fissile with alternating bands of quartzo-feldspathic rocks 

and chlorite schists which rarely exceed 3cms thickness. 

.orphyroblasts of micaceous minerals are prominent because 

of their large grain size in comparison with the crystals of 

th4matrix. 	Among the fissile rocks there are a number of 

lenticular bodies of the massive gneisses of the types which 

predominate east of the knock line. 	The mode of occurence 

of those lenticular bodies suggests that they are relics of 

a grain size reduction process which has produced the fine- 

, rained fissile types. 	This process probably operated between 

the second and third periods of folding. 	The mineral 

species which occur between the Knock and Ostaig lines 

are very similar to those which occur east of the Knock line, 

but the textures are rather different. 

warts and feldspar are usually difficult to distinguish 

because of their fine grain size and the general abse-ce of 
anong the feldspars. 	In section 16462, there are 

lenticular patche3 composed almost entirely of quartz. 

nese natches are of coarser grain size, the individual crystals 

are elongate, possess highly sutu_red boundaries, and display 
a well-developed sub-„rain structure. 	These natches of coarser 

grained quartz are a fairly common feature of the rocks between 

the Knock and Ostaig line and also occur to the west of the 

Ostaig line. 

Feldspar occurs not only in the fine-grained quartz-

feldspar aggregates but also in a porphyroclastic habit. 

This is seen in sections 16435, 16434, 13795, 13796 and 13965. 

Coarse ,:rained feldsrar is abundant in section 16482. 	The 

fclds' crystals are up to 1mm diameter, possess shadowy 
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extinction and contain many inclusions of epidote and other 

lAnerals in ultra-nicrosconic cryHtals. 	Very narrow albite 

twin lamellae are preseot in some of the larger feldspar crystals. 

In the fine-grainn0 oyartzo-felds:athic agEregates of 

some of these rocks (ej sections 1(482 rne 16483) the proportion 

of quartz is very low. 

The node of occurlpnco of epidote between the 'n_ocl nd 

Ostaig lines is very sinilar to that east of the Knock line 

irrespective of the degree of fissility of the rocks. 	The 

epidoto is very- widespread and forns trails, parallel to the 
Zonation, of snail, granular or sometimes prismatic cry:tsls. 

ection 16488 contains zoned epidoto crystals. 

Snhene and apatite are each found in one section only. 

"lose are, respectively, 18964 and 16457. 

13iotd;e is green or brown and always enclose the epidote 

trails in a porphyroblastic habit. 	In some sections, the 

orientation is apparently hapha-Ird (ec 16486) whereas in 

others the biotite crystals lie along the foliation (eg 16482). 
In section 16482, some of the biotite crystals are oblique 

to the foliation and such crystals often contain snail 'inks. 

3ections 16457 and 18795 show biotite in parallel growth 

with chlorite. 
Disoovito or talc makes up rather fine-grained ar,gregates 

in section 18795. 

Chlorite has a similar mode of occurfance to biotite and 

forms porphyroblasts enclosing ecidote trails in sections 
16434, 18795, 18798 and 18799. 	In 16484, the chlorite por- 
phyroblasts are 3mm long, arc curved, and have polysynthetic 
twinning developed. 	The colour of the chlorite varies widely 
in these porphyroblastic rocks. 
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Amphibole seems to have two distinct modes of occuileece 

in the rocks between the Knock and °stair lines. 	Sections 

16484, 13795 and 18798 contain distinct amphibole porphyroclasts 

set in fine-rrninci! ampllibole matrices. 	The porrhyroclasts 

in 15484 show undulose extinction. 

The amphibole of porphyroblastio habit is renerally of 

cleaner -rain size than the corresponding occurrences on the 

east side of the Knock line. 	These amphibole crystals are 

frequently acicular and are aligned parallel to the foliation 

as seen in sections 16459, 16482, 18799 end 18956. 

The Pocks Vest of the Osatig Line. 

These rocks ore essentially the same as the fine-grained 

rocks which occur between the Knock and. Ostaig lines. 

Although no megancopic porphyroblasts con be distinguished 

in the field, crystals with this habit are seen in thin 

section. 

Amphibole occurs in two modes: as porphyroblasts and 

porphyroclasts. 	The former are -_such smaller than in the 

corresponding rocks east of the Ostaig line. 

Biotite prophyroblasts are also smaller and less common. 

The biotite crystals occur in close proximity to, both the 

coarse quartz lenticular patches (mentioned above) and the 

fine-grained quartzo-feldspathic aggregate. 	In both of 

these settings, the biotite crystals are generally undistorted 

whereas the enclosing quartz or quartzo-feldspathic aggregate 

possesses strongly undulose extinction. 	In section 16227, 

foliation (defined by banding of the coarse quartz lenses 

and the quartzo-feldspathic aggregates) is folded by an Ard 
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Thurinish fold. 	The small biotite proiphyroblasts show a 
-: -.2eferential aliLmment of their cleavaze traces towards the 

al plane direction of the fold. 
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These are represented in two sections: 13807 and 18808. 

In both of these rocks, there is a grartzo-feldspathic matrix 
of very fine, sonetic:es irresolvable train size. 	Some len- 
ticular /atches of quart:7, with Frnattional boundnrier, are 

of slightly laiT;cr Crain rise. 	Undulore extinction is common. 
Eridote is comron ir 18308 are occurs mostly as small, 

granular crystals. 	Some larger cr7stals of eridote arpenr 

to be of rorphyroclastic habit. 	Section 18808 also contains 

a number of feldspar rorphyroclasts. 	These are without 
t-rinning and heve stron-ly undulose extinction. 	The diameter 

of the eridote and feldspar pornhyroclasts reaches 1mm. 

:Icaceous minerals are rerresented by muscovite and chlorite. 
Sone of the muscovite crystals in 18807 are 2-3mm long and 
have a lenticular outline as if deformed. 	The more delicate 
crystals of bot'l muscovite and chlorite, which may be seen 

scattered widely through 	matrix, appear to be undistorted. 
few thin layers in 18807 about 1mm thick arc comnosed almost 

e'ltirely of micaceous minerals. 
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The mineral co-position of these rocks is much less complex 

than that of the Iewisian rocks of the 7'01.PO nappe. 	A coe- 

tieouetios of the Gs twig line into the area of the Noine oetcrcep 

can be recognised (see Plate 4) but the Knock line hes no 
eeeivalent. 	The rocks east of the Ostrig line are exposed 

clone two coastal strips: one on the headlands near Ardvasar, 

the other near Tormore. 

The Rocks Fast of the Ostais Line:  Ardvasar. 

Quartz occurs in all rocks and always shows undulose ex- 

tinction to varying degrees. 	Sub-grain structure is also 

common. 	The range of grain size shown by the quartz is often 

very wide but small and large grains occur together haphazardly 

ac opposed to being segregated into bands and lenticles as 
In many of the Lets sign rocks. 	In sections 16476 and 16478, 

the quartz is particularly coarse. 

Feldspar is not so common as quartz and in most sections 

is generally of finer grain size than the quartz. 	Twinning 
of the feldspar is exceptionally rare. 	Epidote and sericite 
inclusions are sometimes present, but not in the same abundance 
as in the Lewisian rocks of the Moine nappe. 	Epidote in trails 

of small granular and prismatic crystals parallel to t e 
re

fol-

iation has the same mode of occu T  nce as the epidote in the 
Lewisian rocks. 

Of the micaceous minerals, muscovite is most common. 

In some sections, eg 16464, there is a preferred orientation 

of the muscovite. 	A girdle, or rartial girdle fabric of 

micas is very common in the rocks on the peninsulas of Rubha 

Dubh and Rubha Phoil. 	An example is shown in figure 22.1 
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and others were derived from sections 16473, 16475 and 16476. 
The megascopic lineation defined by this girdle fabric is rarallel 
to the eeee of the Tormore, or third generation of folds. 

riotite is useally less comnor than muscovite but its 
rce7e of occeeierce is very similar. 	In. section 16477, from 
the islands opposite Ardvaser, biotite, teeether with mus- 
covite and sphere, is very common. 	The colour of the biotite 
is widely variable. 	In sections 16475, 16477 and 16481 it 
occurs in parellel Frowth with chlorite. 

Garnet is present in many sections and varies in form 
from small euhedral crystals largely free of inclusions to 
larger, raeged crystals crowded with inclusions. 	In sections 
16468 and 16478 the trails of inclusions inside the garnets 
Yeve s different orientation to the foliation outside. 	3ec- 
tion 16478 is cut perpendicular to the axial direction of 
a fold of the Pudha Phoil, or second generation. 	The rotation 
of the foliation inside the garnets relative to the foliation 
outside is thus probably connected with the development of 
the second folds. 	If so, then the garnets must have existed 
in the Moine rocks et the time of the second folding. 

Sphere, apatite and calcite are rare constituents. 
Sphene occurs in section 16476 in a band together with garnet. 
Apatitie has a mode of ecc4nce similar to that of eridoto. 
The 00cite is found in section 16469. 

The Pocks Tast of the Enock Line: Termore. 
Yost of the microsecric feeturec, such as the internal 

structure of the quartz grains and the epidote trails, are 
similar to those described in the rocks at Ardvasar. 	These 
rocks are interesting, however, in that the Tormore, or third 
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lineation ana some small folds of the same seneration are 

ruch better developed. 

"ection 16339 is a muscovite, biotite schist with micro- 

scopic Tormore 	The miens in this section, instead 

of beinff bent into conformity with the folds, forr polygonal 

arches around them end then inaicete crystal growth after the 

development of the folds. 

Sections 16159 and 16341 also contain undistorted mus-

covite crystals which, in the former, are orientated into a 

girdle fabric, the axis of which is Parallel to the Tormore 

lineation. 

Calcite is nresent in quantity in coarse usammitic rocks 

renresented in sections 16340 and 16341. 

The Rocks West of the Ostaig Line. 

As in the case of the fine-grained, fissile Lewisian 

rocks to the west of the Cstaig line, tno corresponding 

Mnine rocks contain small, lenticular patches, composed 

lareely of coarse-grained quartz (up to lrm), embedded in a 

fins-grained, quartzo-feldsnathic matrix. 	These lenticular 

patches of quartz are seen in sections 16230, 16338 and 16401. 
The quartz usually has a shadowy extinction. 

Feldspar occurs in the fine-grained groundmass and as 
porphyroclasts. 	The groundmass feldspar usually lacks twinning 
although some polysynthetic twins are seen in sections 16244 
and 16338. 	The porphyroclastic feldspar in 16231 is plag- 
ioclase. 	Section 16338 contains only one, untwinned feld- 

spar porphyroclast but there are several in 16401. 
Mica in the rocks west of the Cstaig line is Lore usually 
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muscovite although biotite may be seen in 16466. 	The mica 

crystals, both in the lenticular tsathhes of coame quartz 

1(,:738), and in the finer grained quartzo-feldspathic 

(eg 162/4, 16338 ftnd 16466), 7-,r(-  often strcinht. 

7oucver, bent crystels arc also pr-sent. 	The biotite in 

16466 is dark green. 

7,ridote, in various -roportionc, in Ilbinuitous ard often 

occurs in trails of small crystals. 	Very snail garnet crystals 

are found in secion 162/:4. 	P,mv11 cblorite cr7:-tc7s arc fairly 

cornT.on in Ic317a 



EXPLA}iATIOH, ,OF : FIGURE 22.'1., 

: -1..-:,,' 
,;; 'i"~., 

A Girdle f2.bric of nicas :in- section ,16470.,,' The section 

is cut 'DO!'lJC!'Ht:i.culfti· to', the 'th:Lrc~,': lineation. - - ,', ' '" 

:'. 
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Thartz and feldspar predominate in there rocks. 	Other 

minerals such as biotite, chlorite and muscovite are important 
in .^o ^.c se :1-politic and pelitic rocks and epidote, garnet, 
sphenc and ilmenitc are accesscry miacrale. 	There is no 
cenentina; Tnateri:-1 in there rocks. 	The grain boundaries 
are usually tortuous and undulose extinction is corn 	in 
the quartz. 	The mylonitic rocks which occur imnedJately 
adjacent to the Lewisian rocks of the Caradal nappe will be 
described first, the Lower Isammite next, and the Laidhe na 
greine Group and the Upper Psammite will follow respectively. 
The development of perphyrotlactic biotite, chlorite and 1.1-
nenite in the Laidhe na greine Croup and the Lower Pnamaite 
in the SE corner nf the Carrdal nap-e will he dencrited and 
discussed last. 
The Mylonised  Tar6havaic Moine Pocks of the Oaradal  

_These are reareaented in sections 18790 and 18791. 
Ecth shot, very fine-grained cuartzo-fc]dspathic a7[regaten 
with irreaularly shaped patches of quartz of slightly larger 

grain size. 	Undulose elatinction is well-developed throughout 

but the grains are not markedly elongate. 	7nidote and mus- 

covite are fairly widespread. 	The epidotc' occurs in very 

small granular crystals: the muscovite in very small laths 
which are noctl:; aligned parallel to the foliation. 	The 
muscovite laths are not noticeably distorted even though some 
cross the foliation at high angles. 
r_le Lower Pommite. 

There is a wide range of grain size between different 
horizons of the Lower Psamnite although individual beds 
(eg section 16334) appear well-sorted. 	Quartz commonly 
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shows undulose extinction in the coarser grained rocks. 

Feldsrar varies widely in composition and content of in- 

clesions (eg section 16393). 	The grains are probably of elastic 

origin, 	The potassic feldspars are represented by orthoclase, 

microcline, and various typec of perthite. 	Plagioclase is 

not common. 	Sericite, as very small crystals, is especially 

common in the finer grained beds but occurs widely throughout. 

mall granular epidote crystals are very widely distributed. 

The Laidhe na greine Group. 

Chlorite is more important in the rocks of the Laidhe 

na greine Group than in the Lower Psammite; especially in 

the semi-pelitic aeld politic beds. 	In the coarse, psammitic 

beds near the top of the Laidhe na greinc Group the feldspar 

is more usually microcline. 	In finer grained beds (eg in 

sections 16242 and 16333)graded bedding is seen. 	L;mall 

garnets are rare but have been found in sections 16206, 16210, 

16392 and 16394. 	Apart from these characters, and the 

porphyroblasts described below, the rocks of the Laidhe na 

greine Group are very similar to the correspondine rocks in 

the Lower Psammite. 

The Upper Psammite. 

The feldspar in the .Upper Psammite is usually petthite 

or microcline. 	Plagioclase is sometimes found. 	These 

feldspars are sometimes stained red or :'range (eg section 

16232) by innumerable microscopic inclusions : possibly 

hematite. The feldspar grains have more simple outlines 

than the quarto and are usually larger. Feldspar crystals 

only rarely show undulose extinction. 	Sericite and epidote 

inclusions in the feldspars vary widely in concentration 
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2. The rate of strain durinT deformation. 

3. The amount of sub-Frain growth after deformation. 

The presence of sub-Trains in crystals usually indicates 

that they are not in n recrystallised state. 	Foliation in 

thin sections of the Le' sign rocks is defined by bands in 

which the mrain size of the nuartz differs markedly from 

one band tc the next. 	Feldspar crystals are usually small 

and not twinned. 	Sericite and epidote inclusions are Prominent 

in. the larmer feldspar grains. 	Feldspar rorphyroblasts have 
been found. in one section only. 	Trails of undistorted epidote 
crystals outline microfolde of the Rudha Phoil, or second 

seneration. 	The rresent state of crystallisation of the epidote 

thus arrears to post-date the development of the second folds. 

Some of the larFer eridote crystals have cores of metamict 
orthite. 

Pophyroblastic amphibole and biotite crystals ere common. 

These over ;ow the epidote trails and the second veneration 

microfoldo. 	Rarely the biotite crystals are orientated into 
a girdle fabric and the amPhibole crystals into a fabric isisth 

long axes parallel. 	The megascopic lineations thus formed 
are parallel to the axes of the Tormore, or third generation 

folds. 	The variation in the decree of preferred orientation 
from Place to Place is possibly an. indication of variation 

in the desrec of deformation associated with the third folds. 

Garnet occumin euhedral or rounded crystals. 
In the amphibolites, the amphibole has a bimodal occurence. 

A matrix of larse, deformed crystals contains ssaller, often 
acicular, undeformed crystals. 	This texture probably rerresents 

an arrested state of recryctallisation. 	During this process 
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CHAPTER.  25. GENERAL SUMMARY. 

The Moine appe: General Description of the Rocks. 

l'rom east to west across the i,ioine nappe, there are dis- 

tinct changes in the megascopic and microscopic textures of 

the rocks. 	East of the Knock line (Plate 4) only Lewisian 
rocks occur. 	These Lewisian rocks are generally massive 

and coarse grained. 	The largest group is of widely variable 

composition and there are very few distinct lithological boun- 

daries. 	!4afic minerals form porphyrobiasts, generally ran- 

domly orientated, of amphibole or biotite. 	There are some 

small lenticular bodies in which exotic minerals are arranged 

zonally. 	A smaller croup of rocks comprises amphibolite 

sheets of more uniform composition. 	These sheets have sharp 

contacts and some of them cross-cut the foliation in the 

country rocks. 	Between the Knock and Ostaig lines (Plate 4) 
there are both Moine and Lewisian rocks. 	The Lewisian rocks 

are mostly fine-grained and fissile and contain small por- 

phyroblasts of amphibole, biotite and chlorite. 	In these 

fissile rocks, there are embedded pods and lenses, up to 10m 

wide, of coarse-grained rocks of the type that occur east of 

the Knock line. 	The boundaries to the pods and lenses of 

acid composition are sharp. 	The amphibolitic pods and lenses 

have transitional boundaries. 	The Moine rocks are coarse- 

grained psarmites and finer grained, garnetiforous semi- 

velites. 	Sedimentary textures are preserved at Tormore. 

Discordant quartz veins in the Lewisian contain amphibole, 

biotite and chlorite. 	'est of the Ostaig line, with the 

exception of a few large amphibolite lenses in the Lewisian, 

all the rocks are fine-grained and fissile. 	Lewisian rocks 
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are represented by interlayered pink acid rocks and chlorite 

schists. 	the Moine rocks are muscovite schists with occasional 

small garnets. 	Microscopic porphyroblasts are of muscovite, 

biotite, chlorite and amphibole. 	In discordant quartz veins, 

chlorite is very common. 	The Moine-Lewisian junction is 

only clearly exposed west of the Ostaig line where the foliation 

in both groups is concordant to the plane of contact. 

Thin sections of nearly all of the rocks of the Moine 

narpe contain small granular or prismatic crystals of epidote 

arranged in trails. 	Practically all of the quartz has un- 

Calone extinction. 	West of the Knock line, the fissile 

rocks Have a fine-grained, quartzo-feldspathic matrix in 

which there are lenses, up tp 2 x 0.2cms, composed essentially 

of coarser ;rained quartz. 

The 1.;oine Nape: The Initial State of the Rocks. 

Before the first reconisable period of folding both 

Moine and Lewisian rocks were present. 	The 1:Aeine rocks were 

bedded psammitic and pelitic sediments. 	The Lewisian rocks 

were foliated, migmatised gneisses of widely varying composition 

with cross-cutting sheets of amphibolite. 

The Moine Nappe: The Baravaip;, or First Structures. 

The Baravaig, or first folds have a very strong axial 

lineation. 	This lineation was produced by the intense 

deformation and elongation of quartz and feldspar in both 

Moine and Lewisian rocks. 	The Baravaig structures occur 

throughout the Moine nappe but only in the area east of the 

Ostaig line are they relatively unmodified by later periods 

of deformation. 	Except for one large fold in the Moine 

rocks at Ardvasar, all of the folds are small. 	The profile 
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shape varies from isoclinal to open and the orientation of 

axes and axial planes are variable because of later periods 

of folding. 

Intense deformation during the Earavaig period of folding 

induced undulose e:tinction in the quartz, feldspar and some 

of the amphibole in the rocks east of the Knock line. 

The Moine Nanpe: The Pudha Phoil, or Second ::structures. 

These structures occur only in rocks east of the Ostaig 

line. 	The small folds are more open in profile than many 

of the small first folds and they have deformed the strong 

elongation lineation associated with the first folds. 	The 

large scale Knock synform (Plate 2) is of the second generation 

and has produced a regional change in trend of the first 

lineation (Plate 2 and figure 2.7). 	The axial planes of 

the Knock synform and the associated small folds dip 20 

-40°  SE. 	The axes are near horizontal except on Rudha Dubh 

where interference with the large first fold has introduced 
complications. 	Microfolds of this generation are outlined 

in thin section by trails of small epidote crystals. 

The Moine Napme: Deformation of the NW Limb of the Knock Synform. 

The pods and lenses of coarse rocks between the Knock 

and Ostaig lines seem to be the remnants of a process which 

produced the fine-grained fissile rocks from the coarse-grained 

rocks of the type found east of the Knock line. 	he average 

thickness of compositional banding in the fine-grained rocks 

is much less than that of the corresponding bands in the coarse-

grained rocks and thus ccnsiderable deformation pas occurred. 

The banding in the fine-grained rocks is folded by small folds 

of the third generation and thus the deformation process must 
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be earlier. 	On the other hand, the fine-grained rocks do 

not emerge on the SE limb of td7,e Knock synform (see figure 

25.1) in a position that would indicate that the deformation 

process pre-dates the second generation folds. 	The conclusion 

is that either the NW limb of the Knock synform suffered 

much more deformation than the SE limb during the second 

folding, or the deformation process is entirely later than 

the development of the Knock synform. 

The Moine :Tappe: The Tormore and Ard Thurinish Structures  

of the Third Generation. 

The field evidence is ambiguous and suggests that the 

Tormore and Ard Thurinish structures might be of different 

f7enerations. 	Additional microscope evidence, however, 

indicates that the Tormore and Ard Thurinish folds have more 

in common than the writer originally realised and it seems 

very probable that they are of the same generation. 

The Tormore group of structures arc most common between 

the Knock and Ostaig lines but are also occasionally found 

east of the Knock line. 	The most common type of structure 

is a megascopic lineation plunging SE which is either parallel 

to the axis of a girdle fabric of micaceous porphyroblasts 

in Moine and Lewisian rocks or is defined by the parallel 

orientation of the long axes of amphibole porphyroblasts in 

Lewisian rocks. Near Tormore, there are small folds of this 

generation developed in lloine psanuitic rocks and they have 

an elongation lineation developed narallel to their axes also 

plunging SE. 	These folds, and some similar folds at Ardvasar, 

have deformed small folds of the second generation. 	The Moine 

semi-politic rocks at Tormore contain microfolds of the third 



CHAPTER 25. GENERAL SUMMARY. 	 359. 
generation. 	These microfolds are outlined by undistorted 

Latscovite crystals which thus form polygonal arches. 	The 

rock tends to split preferentially along the limbs of these 

microfolds and thus a crude kind of cleavage is developed 

parallel to the axial planes of the Tormore folds. 

The Ard Thurinish folds mostly occur west of the Ostaig 

line but there are a few representatives in the Lewisian rocks 

between the two lines. 	These are small folds with axial 

planes dipping SE. 	The axes are often strongly curved, but 

the average direction of plunge lies in the SE quadrant. 

Licroseepic micaceous porphyroblasts are aligned approximately 

parallel to their axial planes. 	These folds have deformed 

the first lineation in such a way that the "a" directions 

(Ramsay, 1960) are frequently meacureable. 	Some small folds 

near Tormore seem to be transitional between the characteristically 

open-profiled Tormore folds with staight axes and the tighter- 

profiled Ard Thurinish folds with curved axes. 	In the pelitic 

rocks near some of these transitional folds, there is developed 

a crude axial plane cleavage of the type described above. 

The Tormore/Ard Thurinish folds and associated structures 

show interesting changes in style from east to west. 	In the 

Lewisian rocks east of the Knock line, orientated porphyroblasts 

are rare: most are random. 	Between the Knock and Ostaig lines 

orientated prophyroblasts are more comrion and close to the 

Cstaig line, in the Moine rocks, small folds with axial 

elongation lineation are developed. 	West of the Ostaig line, 

there are no lineations of this generation, the folds are 

tighter in profile, and have curved axes. 
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The Loine I:appe: The Growth of the Porphyroblastic Minerals. 

Biotite porphyroblasts in Lewisian rocks enclose second 
generation microfolds outlined by epidote trails. 	Amphibole 
porphyroblasts in Lewisian rocks, and micaceous porphyroblasts 

in both Moine and Lewisian rocks define megascopic lineations 

and outline microfolds of the third generation and yet are 

not distorted. 	In their present form, therefore, the porphy- 
roblastic crystals have grown since the development of the 
third folds. 	Their orientation, however, seems to have been 

governed by strains which were set up during the third period 

of folding. 	The porphyroblastic minerals have thus probably 

crown from sub-microscopic nuclei which themselves took up 

a preferred orientation as a result of the strains induced 

during the third folding. 
Quartz veins in the Lewisian rocks of the yoine nappe, 

which cut discordantly across (seed thus post-date), structures 

of the first, second and third generations carry crystals of 
chlorite, biotite and amphibole. 	There is possibly a direct 

connection between the emplacement of these veins aid the Growth 
of the chlorite, biotite and amphibole porphyroblasts in the 
host rocks. 
The Moine Mappe: The Port a'Ghuil, or Fourth Folds. 

These folds only occur within 100m of the Moine thrust 
Plane. 	They are small folds with tight angular and isoclinal 

profiles. 	A delicate ribbon lineation is developed parallel 

to their axes. 	Lire trend of this lineation is ENE. 	Further 

from the Moine thrust, a lineation of this trend is found upon 

the quartz veins which cross-cut the first, second and third 

structures (see above). 
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The Leine rappe: The Conjugate, or Fifth Folds. 
These are small, angular folds with multiple axial 

plane directions which occur widely in the fissile, fine- 

grained rocks west of the Knock line. 	They have deformed 

structures of the fourth and all previous generations. 
The Moine ::apse: The Moine Thrust. 

The floine thrust plane dips SE. 	:,ear the thrust plane, 
the rocks are brecciated and in some fragments, conjugate 
folds are seen. 	The final, if not all of the movement on 

the thrust plane must have occured after the development of 

the conjugate folds. 

The Moine Napre: Faults. 

Vertical faults in the Moine napre (see figure 8.2) 
are probably a continuation of the Strathconon fault system 

on the mainland. 	The faults die out near Tormore but the 

system is continued in a monrlinal flexure. 	The relation 

of this flexure to the Moine thrust plane is not known. 

The Caradal Nappe: General Description of the Rocks. 

2lie rocks of the Caradal nappe comprise the Tarskavaie 

Moine rocks, a series of metasediments, which rest upon 

derivatives of the Lewisian gneiss. 	All of the Lewisian 

rocks in the Caradal nappe are mylonites and a narrow belt 

of Tarshavaig Moine rocks immediately adjacent to they arc 

also mylonites. 	The Lewisian mylonites are banded rink 

and green and contain porphyroelasts of feldspar and epidote 

and relic lenses of pyroxenite (Clough, in peach et alia, 

1907, p17). 	The Tarskavaig Moine mylonites are banded yellow, 

gre7 and green and contain no porp hyroclasts. 	In the rest 

of the Tarskavaie ioine rocks, the only remaining sedimentary 
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microtexture is graded bedding in the nore politic rocks of 

the Laidhe na greine Group. 

The Tarskavaig Moine succession begins with the Lower 

Psammite which, in a mylonised form, is possibly continuous 

along the whale length of the contact with the Lewisian. 

The Lower Psammite is generally coarse and contains some 

Pebble beds. 	The Laidhe na greine Group consists of inter- 

bedded psamnites, semi-pelites and pelites. 	The Upper 

Psammite is feldspathic. 	The upper and lower boundaries 

of the Laidhe na greine Group are transitional. 	In the SE 

corner of the outcrop of the Caradal nappe, porphyroblastic 

crystals are developed. 

The earadal Nappe; The Early Events. 

Previous to the Capistal, or first folds, both the Tars- 

kavaig Moine and Lewisian rocks were present. 	The Lewisian 

rocks were probably gneissose and contained rocks of pyroxenitic 

and hornblendic composition (Clough, in Peach et alia, 1907, 

P5)4). 	The Tarskavaig Moine rocks were well-sorted psammitic, 

semi-pelitic and politic sodisents cross-cut by a system of 
quartz veins. 

The Caradal Sappe: The Capistal, or First =structures. 

These structures occur throughout the earadal nappe. 

The strong axial elonL;ation lineation and axial plane foliation 

associated with the Capistal folds indicate a very high degree 
of deformation. 	Distorted pebbles arc several tines longer 

than wide. 

There are two lar:ce folds of this generation (Plate 2). 

During the formation of these folds, it is possible that extreme 

deformation on the east limb of the eapistal synform produced 
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the mylonitic rocks and caused the beddine in the Tarskavaig 

roino rocks to be dragged into parallelism with the foliation 

in the Lewisian mylonitea. 	The present orientation of the 

Capistal structures is largely governed by deformation they 

suffered during the third phase of folding. 

The Caradal Nappe: The Doire na h-Achlais, or Second Folds. 

These fold structures are virtually limited to the mylonitic 

rocks. 	They are small, tight folds with rounded hinges and 

an axial plane cleavage. 	They have deformed the Gapistal 

axial lineation. 

The Caradal Vappe: The Tarskavai5 Thrust. (Figure 14.2) 

Near the Tarskavaig thrust, structures of the second 

eeneration are disrupted. 	Thus the movements on the Tarckavaig 

thrust plane occurred after the development of the second folds. 

The Caradal Nappe: The Caradal, or Third Structures. 

These folds have occurred on a large scale only (Plate 2) 

and have ,deformed the first and second folds and the Tarskavaig 

thrust plane. 	The axial planes of these large folds dip 
40-50°  E3E and the axes plunge gently south. The folds have 

produced rceional changes in the trend of the first axial 

lineation (Plate 2 and figure 12.2) and la the orientation 

of the second axial plane cleavaet(figure 11.2). 

The Caradal Nappe; Faults and Slides. 

A short length of the boundary between the Upper Psammite 

and the Laidhe na groine Group- ou the east limb of the Caradal 

syn:Corm (fi.,;ure 14.2) is unusually sharp. 	It seems that 

during the third period of folding, flexural slip occurred 

at this horizon and a slide developed. 
The Caradal and Lamascaig faults (figure 14.2) cut across 



CNAPTLR 25. GENERAL SULEARI. 	 364. 

the axial plane of the Garadal synform but are only gently 
curved. 	Movement on these faults seems to largely post-date 
the development of the third folds. 	The rocks in the outcrops 
of Torridonian epidotic Grits (Plate 5) seem to have reached 
their preeent position as a result of these fault movements. 
The Caradal Nappe: The Growth of the Porphyroblastic 1-•dnerals. 

The porphyroblasts are of chlorite, biotite and ilmenite 

and occur only in the SE corner of the outcrop of the Caradal 

name. 	Their distribution is not controlled stratigraphically 

because, further north, the Laidhe na greine Group is free 

of porphyroblasts. 	They seem to be confined to a zone which 
cross-cuts the large third folds and thus were developed later. 

The porphyroblasts do not show any preferred orientation. 

Locally, the porrhyroblasts are deformed by a late stage 
r 

"strain-slip" structure of very restricted occuience. 	Some 
quartz veins with lark: crystals of biotite and chlorite are 

probably connected with the development of the porphyroblasts. 
The Caradal :appe: The Port aiChuil Folds. 

These folds occur in a narrow zone immediately below the 

Moine thrust plane. 	They arc small scale only and have strong 

elongation lineations and mullions parallel to their axes. 

The axial trend is ENE and the folds are almost certainly of 

the same generation as similar structures immediately above 

the hoine thrust plane.  
The Caradal Nappe: The eonaueate Folds. 

Gonjugate folds are fairly widely distributed, and occur 

especially in the mylonitic rocks and in the thinly bedded 

netasediments. 	They have deformed all other folds structures 
in the Caradal nappe. 
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The Correlation of Structural and Metamorphic Events across  
the Moine Thrust Plane  

The most likely correlations across the Moine thrust plane 
appear to be as follows:- 

CARADAL NAPPE 	MOINE NAPPE 
Capistal folds (with develop- 	Baraltaig folds 

ment of mylonites?) 
Doire na h-Achlais folds 

Lo-wcment,s on the Tarskavaig thrust plane 

Caradal folds (with slide 	Rudha Phoil folds 
and faulta'i) 

  

Deformation of the 71(7 limb 
of the Knock synform 

Tormore and Ard Thurinish folds 1.0101111101110..m. 

Growth of porphyroblastic minerals and emplacement of 
ouartz veins containing the same minerals  

Port a'uhuil folds 	 Port a'Chuii folds 
Conjugate folds 	 Conjugate folds 

Movements on the Moine thrust pla-ie 

The Ca-oistal and 3aravaig folds have very stronE axial 
elonEaiou lineaLions and indicate widesi)read and rcther 
Intense deformation throu3ht ti)e. Moine and Caradal nappes. 
The Doire na h-Achlais folds and the oylonites in whi,:h they 
occur are resricted to the Caradal nappe. 

Caradal and Rudha Phoil folds occur as large structures. 
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Their axial directions, and more important, the orientations 

of their axial planes are very similar. 	The Caradal synform 

and the Knock synform produce very similar changes in the 

regional trends of the lineations associated with the Capistal 

and 3aravaig folds respectively. 

The deformation of the NW limb of the Knock synform, 

and the Tormore and Ard Thurinish fold structures, are restricted 

to the Moine nappe and appear to have no equivalents in the 

aradal nappe. 

The size of the porphyroblastic crystals in the Moine 

nappe decreases markedly from east to west. 	In the Caradal 

nappe, the porphyroblastic crystals also decrease in size from 

east to west. 

The Port a'Chuil folds and the conjugate folds are found 

on both sides of the Moine thrust plane. 	They seen to indicate 

the final stages of the Caledonian deformation before the 

rocks yielded by brittle rupture along the koine thrust plane. 
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Oir FIGURE 25.1. 

A schematic cross-section through the south part of 

the Sleat peninsula, showing the '1:arskavaig and I4oine nappes. 
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3etween. Skye and the Achnashellach Forest, published 

geallogical accounts of the areas near the Moine thrust plane 

into two groups: those written before 1956, and those 

written during or after 1956. 	The earliest full accounts 

(Peach and others, 1907, 1910) contained much that was des- 

criptive but upon the many details that they record, many of 

the more recent investigations have been based. 	Bailey 

(1939, 1955) discusses further sone of the problems raised 

by the enlier surveyors, particularly with regard to the 

relative ages of metamorphism, deformation, and thrust movements. 

Phillips (1937, 1939, 1945) applied the technique of fabric 

analysis to siilar Problems and also (1939) to the geestion 

of Moine-Torridonian correlation. Kennedy (1951) discussed 

the chemical features of the Moine and Torridonian rocks as 

sediments and argued a possible correlation. 	Later, (1954), 
Kennedy described the structure of the southern part of the 

Moine thrust zone in terms of large napre structures and 

indicated comparisons with current interpretations of the 

structure of the Alps. 

The more recent accounts of the areas near the southern 

part of the Moine thrust zone, those written since 1955, have 

demonstrated how the detailed study of small and large fold 

structures may resolve many of the problems that puzzled 

earlier workers. 	The understanding of the geometry and 

sequence of fold structures assists in the determination of 

stratigraphical succession, and scows t at metamorphism, my- 
ionisation, por-)hyroblastic growth, rimatisation, t''rusting, 

etc. are events 1;hich are often clearly separable fr7e each 
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other in a well-defined sequence. 	These seeuences of events 

form the main nart of recent publications and it is possible, 

in this final Chapter, to make correlations of the tectonic 

and metamorphic history of the Moine and Tarskavaig nappes 

in Skye with the tectonic and metamorphic histories of ad-
jacent areas. 

The conclusions drawn as a result of the present work 

may be set out as under the headings below. 	These conlusions 

are based partly on the observations recorded during t'le 

present work and partly on observations recorded by workers 

in adjacent areas. 
1. The origin of the Lewisian rocks at the base of the 

Tarskavaig nappe. 

2. A correlation of stratigraphic groups between floine, 

Tarskavaig Moine, and Torridonian rocks. 

3. Regional correlation of generations of fold structures. 
4. The age of the Lochaish fold. 
5. The evolution of the large scale structures. 

1. The Origin of the Lewisian rocks at the base of the Tars-
kavaig nappe  

Clough delaonstrated the remarkable continuity of the thin 

sheet of mylonised Lewisian rocks at the base of the Tarskavaig 

nappe. 	He thought (Peach and others, 1307, p591) that the 
Tarskavaig thrust was a fracture that developed near the top 
of the Lewisian gneiss. 	He concluded that the Lewisian rock 

were already soft and granulitic before the thrust developed 

because he found many small folds in the Lewisian rocks that 
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had not folded the thrust Inlane. 

,7- ailey (1955) suggests that the Lewisian rocks at the 
base of the Tarskavaig nappe were picked up in the form of 

scales and slices as the Tarskavaig Moine rocks moved forward 
on the Tarskavaig thrust. 

Dr. J.V.Watson has suggested (private communication) 
that when the Tarskavaig thrust first developed, the Lewisian 
sheet was of uniform thickness. 	Further movement on the 
Tarskavaig thrust plane caused attenuation of the sheet, 
especially those parts more distant from the root of the 
nappe. 

Clough (in Peach and others, 1907, )591) also suggested 
that the Lewisian gneiss formed part of a belt of weakness 
along the plane of which the Tarskavaig thrust developed, 
and the present work adds more evidence in suppert. The 
Tarskavaig thrustplane has developed in a zone of rocks which 
had already been mylonised and folded by small Loire na h-Achlais 
folds. 	This zone of rocks is unique in age in the Sleat of 
Skye. 	There are no structures of comparable age in the 
Moine nappe (see table p365). 

The small Loire na h-Achlais folds are all overturned 
in the same direction. 	This may suggest that the mylonite 
mono may form:- 

(a) one limb of a very larre scale Loire na h-Achlais 
fold. 
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(b) one limb of a Capietal fold. 
(e) part of a zone of special deformation of Caledonian 

a7;e in the Lew Sian basement rocks. 

. A Correlation of Stztiraphic Uroups between eioine, Tars-
kavaig Leine, and Torridonian 'Rocks. 

The strati,;raphical succession in tle Torridonian rocks 
of SE Skye was described at length by Cleugh (in Poach and 
others, 1307, pp348-362) and more briefly by Clough (in Peach 
and °tiers, 1)10, pp57-u1). 	In the Cienelg and Knoydart districts 
of the 3cottish nainland, the stratiraphical succession in 
the Moine rocks has been described by Ramsay and Spring (1962). 

(a) Comparison with the Moine succssion of itlenelg and Knoydart. 

The meet likely correlations between the ilioine sequence 
in Knoydart/Gleneig and the Tarskavaig Fioine sequence in Skye 
are shown in figure 26.1. The 1aidhe na greine Group is 
asymmetrical, like the Rubha Ruadh Semi-petite: there is much 
more interbedding with the underlying Lower Pcarnnite than there 
is with the overlying Upper Psammite. 	Both the Laidhe na greine 
group and the Rubha Ruathi 6emi-pelite comprise alternating 
beds of psammite, semi-polite, aed polite. 

False bedding; is veiy common in both the Upper Psammite 
and the arrisdale Psammite, but is not so common in either 
the Lower Psammite or the Arnisdale teeaeleite. 	3oth the Arn-
isdale Psaminite and the Lower keeareelte are 1:4:111y nuartzitic 



CHAPTER 26. 	CONCLUSIONS. 	 373. 

and have only rare seni-pelitic bands. 	Heavy minerals are 

common in the Lower Paam_ite, but they do not occur iA many, 

well-defined bands as in the Arnisdale Psars site. 	Unlike the 

Arnisdale PaamAte, the Lower Psammite contains some thin 

'osephitic beds with white -wart site pebbles. 	Both the Upper 

Psammite ana the 6arrisdale Psamnite are notably more feldspathic 

than the underlying Lower Psamnite and Arnisdale Psammite 

respectively. 

The Basal Pelitic member of the Moine succession in Glenelg 

and Knoydart would appear to be absent from the Tarshavaig 

Moine succession in Skye. 	fear the Tarshavaig Moine-Lewisian 

boundary in Skye, it seems that the Lower Psam ite and the 

lower part of the Laidhe na greine group pass laterally into 

a zone of uylonised Tarakavaig Moine rocl:s about '50yds wide 

alon,7 the contact with the Le*,Ltian. 	Ii Skye, therefore, 

the fine grained rocks at the base of the ?arskavaig 

succession are of tectonic origin. 	Barber and Lambert (in 

discussion of }?amsay and Spring, 1)62) suggest that the Basal. 

Pelite may be partly, if not wholly, of tectonic origin. 

The character of the Tarskavaig Moine-Lowisian contact in 

Skye lends support to this suggestion. 

(b) Comparison with the Torridonian Succession of SE Skye. 

A correlation of the 2orridonian and the Tarakavaig Moine 

sequences in Skye is shown in figure 26.1. 	Both the Lpidotic 

Grits and th,. Lower Psazoite are essentially coarse Grained 

'eoups althouh both have politic intercalations. 	Chlorite 
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and epidote are abundant in the tl.o croups. 	The Eridotic 

Grits and the Lower Psammite have pserhitic beds but these 

are much less common in the latter. 	False bedding does not 

hove the or,-e abundance in either the Bpidotic (,rit or the 

Lower )esammite as it does in the higher Beinn na qeamreig 

Grits or the Upper Pcamnite. 

The ,2;2idotic Grits and the Loch na Dal beds are interstrat-

ified in a similar way to the Lower Psamnite and the Laidhe 

na greine group. 	Both the Laidhe na greine group and the 

Loch na Da4 beds consist of interbedded psamaites, seni-pelites, 

and pelites. 	The psammites are often coarse. 	Thin units, 

grading from silt to nelite, are con on. 	Near the top of 

both the Loch us Dal beds and the Laidhe na groin° group, 

there arc ILsammitic beds of the type that make up most of 

the overlying psamnitic groups. 

The 3einn na eamraig Crits and the Upper Psammite are 

both composed largely of psammitic beds and there are only 
very few intercalated shale or semi-pelitic beds. 

3. Rej:;ional Correlation of Generations of Fold Structures. 

The Structural astory of the Nein() and Lewisian rocks 

of Gleaelg has been described by '2amsay (1958) and by Sutton 

and Watson (1959). 	There is a close similarity between this 

structural history and the early stages in the structural 

history of the loine nanne in Skye. 
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The Baravaig folds in the Moine nappe of Skye are almost 

certainly of the same generation as the first folds of Ramsay 

(1958) and the folds of the second movement phase of fArtton 

and Watson (1959). 	Let these folds in Glenelg be called 

the Leinn a' Chapuill folds. 	Both the Baravaig and einn a' 

Chapuill folds are characterised by a very strone axial lineation, 

usually defined by quartz rodding, or ribbon lineation, etc. 

(Ramsay, 1958, 004; Sutton and Watson, 1959, p239). 	The 

small folds are usually tight in profile and arc "generally 

lon-limbed" (Ramsay, 1953, p54). 	An axial plane foliation 

is commonly developed and often takes the form of a flatteting 

of quartz and feldspar grains or quartz aggregates ( `utton 

and ';;atson, 1959, p239). 

The secone. folds of Ramsay (1958) are the same generation 

as the folds 01 the t .ird movemert -ehase of utton and Watson 

(1959) and the third folds of I.amsay (1960, p82). 	The Morar- 

Loch Ecurn antifors. (Kennedy, 1954, p369; Spring, 1960) and 

the Beinn a'Chaoinich-Beinn hialairidh fold (Ramsay, 1958) 

are also of this generation. 	'hose could be called the Loch 

Mourn folds. 	These Loch Bourn folds are probably of the same 

generation_ as the Rudha Phoil folds in the Leine nappe of Skye. 

Ramsay (1938, p507) notes that the small folds of this generation 

are "usually very different in style from the first (Beim a' 

Chapuill) minor folds." 	These small folds are "straight-limbed 

structures with angular hinges"  (Sutton and ',.atson, 1959, p21+5) 

and the axial plane structure, where developed, takes the form 

of a "crude cleave e" (2amsay, 1958, -1)508). 	The Knock synforni, 

which is of tne Pudha Phoil generation in ;Skye, is probably 
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of the same generation as the norar-Loch Hourn antiform. 

The first folds and associated structures of Ramsay (1960, 

p32) have not been recognised in Skye. 	If these folds are 

called the Arnisdale generation of folds, then a correlatio2n 

of the fold generations between the Moine nappe in Skye and 

the districts of Glenelg, Knoydart and Morar takes the form:- 

floine nappe 	Skye. 	Glenelg, Knoydart and 1orar. 

Arnisdale folds. 

Baravaig folds. 	Beinn a'Chapuil folds. 

Rudha Phoil folds. 	Loch Hourn folds. 

The Termer°, Ard Thurinish, and Port a'Chuil folds of 

the Moine nappe in Skye (see page 365) do not seem to be re-

presented in Glenelg, unless some of the small folds in the 

extreme west of the area described by Sutton and Watson (1959) 

arc of these generations. 	A lineation defined by the 
orientation of hornblende crystals which cut across an ealier 
ribbon lineation (Sutton and latson, 1959, p244) may be of 

the Tornore group of structures. 

On the south side of Loch Carron, between Stroneferry 

and Attadele, the geology of an area which includes the Eoine 

thrust has been studied by May (1959). 	There are no large 

folds in this area earlier than the i'ioine thrust. 	Small folds 

belong to three F2enerations. 

The first folds (May One) seen to be very similar to the 

3aravaig folds of the Moine nappe in Sye. 	These folds are 
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"well -ere';erved in the main Lewisirei mass of Attadale" (May, 

1959, p104) and have various axial lineations. 	Feldspar 

(May, 1959, 1154) ftoften occurs ns anreLates which are acme-

times draw out parallel to Li". "In the hornblende gneisses 

south of Attadale (May, 1959, p114) the first lincntion (is) 

a quartz, pencil structi.re." 	A foliation narallel to the axial 

planes of the hay One folds is also found. 

May's description of the second (hay Two) folds and associated 

structures, especially the microsoonic features, many of which 

I have exanined, is very similar to the descri-ption of Tormore 

structures from the Moine nappe of Skye. 

The third fold system of May (1959) does not appear to 

have any directly comparable equivalent in Skye. The correlations 

of fold structures between the Moine nappe in Skye, and the 

area south of Loch. Carron aprear to be:- 

Moine nappc in Skye. 

Baravaig folds. 

1udha Phoil folds. 

Tornore folds. 

111. •••• lab 

Stromeferry-Attadale area. 

May One roles. 

May Two folds. 

May Three folds. 

To the north of Loch Carron, much of the area has been 

studied by Johnson (1957, 1960A, 1960B). 	Johnson recognises 
e 

three, widely developed genhtions of small folds in both 

the Noine and .is coin nawees. 	The first (Johnson One) folds 

and associated structures are very similar to the °einn a'Chapuill, 
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May One, and Parrvaic folds further south. 	Johnson eescribes 

a:ial lineations (1960A, p150) such as roc dine, mullions and 

elonga: eed augen as well rs cleavage, beedine intersection 

and mineral alignment. 

The correlation of the second (Johnson Two) folds is less 

easy. 	Superficially, they all resemble the folds of the 

flioil generation further south. 	however, in the area 

immediately north of Loch Alch, A.J.Barber (personal eonnunication) 

has deccribed small folds in the Lewisiar mylonites of the 

73almacara napne and in the immediately adjacent, highly 

deformed Torridonian rocks which have a similar style and orien- 
tation to the Jonnson "_`tiro folds. 	73ecruse of the very closely 
comparable deformatienal history and features of the Balmacara 
nappe and the rarolanvaig nanpe, there can be little doubt that 
the small, IT-S trending folds in the Balmacnra nappe are of 
the same generation as the Doire na h-Achlais folds of the 

Tarakavaig nappo (see nage 365). 	These Loire na h-Achlnic 

folds are suTerficially similar to the small - udha Phoil folds 
of the rano nappe in Skye not only in style but also in their 
relations to the Canistal/Baravair; lineation. 	But the Doire 

na b-Achlais folds and the fludha Phoil folds are of different 

generations (see raze 365). 	It is possible, therefore, that 

the remarkable parallelism of the rock groups in Lochcarron 

(Johnson, 1960A, m145) and the absence of large folds has 

introduced a false simplicity into the fold history o the 

Lochcarron area. 	In Skye, the Moine thrust has separated 

two areas with rather different structural history. 	It may 

be possible that the Johnson Two folds below Lae Moine thrust 
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are cf the Doire na h-Achlais generation whereas the Johnson 

Two folds above the Moine thrust are of the Loch Hourr ceneration. 

4. The Ave of  the Loch Aloh  rold. 

The rot4onal correlation of the fold structures in the 

south pert of the Foine thrust zone raises the problon of 

the ave of the Lool. Alsh synforni. 	In the Lochcarron district, 

(Johnson, 1960A) the Torridonian of the Yishorn nappe is inverted 

and dips ESE below the Lewisian. This inversion is a result 

of the formation of the Loch Alsh synforn. 	Johnson thinks 

(1960A, p146, p147,04, p167) that the inversion occurred 

before any of the soall fold structures in the area were 

developed. 	The evidence is , however, scanty. 	The Loch 

!ash fold has no congruent parasitic folds and only one lib 

is e7Tosed in the Lochcarron district. 	The full geometrical 

rclationship of the Loch Alsh fold to the Johnsou One folds 

end lineations car-ot be seen. 

I think it more likely that the Loch lsh fold is of the 

same generation as the Caradal folds of the Tarshavals nappe, 

the Knock synforn, and the Loch gourn folds of Qlenolg, etc. 
The social plane of the Loch Alsh synform in :aye dips ESE 

(Dr. J.V. 'atson, personal cosiiunication) and the a;:fe has a 

very low plunge. The fold is relatively open in profile 

and tiCotono slihtly at deeper structural levels. 	In ito 

orientation and style it is very similar to the Tarokavaig, 

Caradal, and Knock s7nforms further south and also to several 

najor folds in the Cambrian and forridonian rocks of the Ord 
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district of Skye (Karscz, 1963). 	To the north of the Lochcarron 

district, Johnson (196013, p92) mentions large, open folds with 

axial planes dipping SE to ESE and with near horizontal axes 

which he suggest 11,a4r be of the generation that is called here 

the Loch mourn generation. 	All of these tentative oorrelations 

suggest that the Loch Alit fold is a relatively late structure 

in the development of the Koine thrust zone. 

5. The Evolution of the Large Scale Structures. 

This last section comprises largely speculative hypotheses 

concerning the possible development of the area on a regional 

scale. 	The most recent comparable synthesis was made by Kennedy 

(1954). 	Kennedy thought that the Glenelg-hiorar area consisted 

of two major elements: (a) a pre-Caledonian, or Lewisian, 

basemeat with autoehtnouncees nvine cover and (h) the thrust 

"Noine of the "1:orar uappe, 	The Tarskavaig nappe was supposed 

to represent the over-ridden, less highly metamorphic frontal 

porticn of theeoiae nappe. 	Kee-eedy (p376) also says that 

the work of Clough and nailey chews that the entire 3leat 

peninsula consists essentially of a great recumbent syncline 

of Cambrian and ibrridonian rocks closing towards the south-east. 

This fold has been disrupted by clean-cut thrusts and refolding 

of the nappe has introduced certain complexities. 	Thus, 

leennedy distinguishes two phases of movement: (a) deep-seated 

recumbent folding of crystalline becement and Torridenian and 

Cambrian cover, and (b) superficial, clean-cut thrusting. 

The data presented in this thesis has shown that the major 
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folds belong to at least three separate generations and that 
there are at least two phases of clean-cut thrust:Lng (see 
page 
	Thus Kennedy's regional synthesis needs substadial 

modification. 	One of the most difficult problems in working 
out a viable alLernative is to estimate the amount of displacement 
oh the thrust planes. 	There are often distinct breaks in 
the metamorphic state across these nlanos and the first impression 
is of largo scale displacement. 	However, the internal structure 
and mcahlorph:.sm of the individual structural units indicate 
that hisay he necessaAly be the case. 

First consider the Tarskavaig thrust. 	In tiao Tarskavaig 
nappe, the general scheme is that the Tarskavaig Moine rocks 
rest upon Lewisian and "young" away from the Lewisian. Beneath 
the Tarshavaig thrust, the Torridonian rocks, in general, 
also "young" away from the Tarskavaig thrust, and, although 
no Lewisian rocks are exl)osed at present, the Torridonian rocks 
are low in the stratigranhic sequence. 	Thus, the Lewisian 
basement rocks of the Iashorn nappe, upon which these Torridonian 
sediments once lay, are probably not very far below the main 
mass of Lewisian mylonites in the south part of the Tarskavaig 
nappe. 	It has already been suggested (section I above) that 
the Lewisian mylonites of tie Tarekavaig nappe may have once 
occupied part of the core of a Zara° icoclinal fold (figure 
26.2). 	kaybe the Torridonian rocks immediately below the 
Tarskavaig thrust are the remnants of the other limb of the 
same fold. 	Figure 26.2 is a diagram showing a possible 

reconstruction of the folds before the Loch Hourn-Carad.al 

1,eriod of folding and before the TarskavaiL; thrust movements. 
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The Torridonian horizons which lie immediately below the 

TorskavalE thrust in the south of the Sleet reninsula can be 
traced almost un-interuoted in a ITE direction, across the Loch 
Aish synform, to the north shore of Loch 'ash (Geol. Surv. 
sheet 71). 	In the vicinity of the '3almacara thrust (A.J. 
Tarber, persona] cosenunication), the Torridouian rocks are 
hijIly deformed and have foliation parallel to that of the 

Lewisian aylonites in the Balmacera nappe. 	ow miles 

further north, the rocks near the junction between the Torridonian 
-,idotio Grit and the Lewisian of the Kishorn nappe are highly 

deformed. 	If there are more Lewisian rocks below the Tars- 
hoval6 thrust in south Ileat, then they are probably very like 
the Lewisian rocks exposed north of Loch Alsh in the T3almacara 
and Kishorn nanpes (figure 26.3). They may also be in structural 
continuity with the Lewisian of the Kishorn napro. 	Lewisian 
rocks innediately below the 2nrskavaig thrust would indicate 
that the displacement oa the TarmiOrvaig thrust plane would not 
necessarily be very great to give the present outcrop pattern. 

figure 26.3 is a mar which shows the possible geological 
structure below the level of the Moine thrust (ic. with the 
Moine nappe stripped away). 	At this stage, all of the large 
folds in the ro!:;ion had developed. 	karscz (1953) has rfnown 

obv40,4-, that there are large, isoclinal folds in the 	IriaiazI rocks 
of the Kishorn nappe which are very probably of the Capiztal 
(e3einn a'Chapuil generation). 	There is no evidence, either 
in the Tarskavaig nappe or the Kishorn nappe, for any large 

folds of an earlier seneration. 	The Arnisdale folds (section 
3 above) seem to be confined to the area east of the Moine 
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thrust. 	Indeed, even in the Kishorn nappe, the large Canistal 

generation folds seem to occur just beneath the Tarskavaie.  

thrust but not elsewhere. 	Further to the west in the Kishorn 
rappe, and in the Cambrian and Torridonian foreland rocks north 
of Lochcarron, the only large folds belong to the Loch Mourn 
generation. 	Thus, succeesive generations of large folds 
may have occupied progressively wider areas. 

Following the development of the Loch Mourn folds, 

further deforme.tion and small scale folding was confined, to 
the immediate vicinity of what is now the Moine thrust. 
The first of these rather sneciel generations of folds was 

tle Tormore/Ard Therinish group of structures (see pare 365). 

Yhese have a limited occu*nce in the lroine nappe of Skye 
(Chapter 3 and figure 26.4). Further north, on the inverted 
limb of the Loch Alah fold, Snttcin and Tatson (1959, e247) 
and Dr. J.V.Watson (personal communication) have described 
lineation and cleavace ntructures in Torridonian rocks which 
post-date the Loch Alsh fold and which have e strong resemblance 
to Tormore structures which occur in Moine rocks at Totmore. 
May (1959 - see section 3 above) also describes a lineation 
and fold generation which may be of this wee. 	The distribution 
of all these supposed. Tormore structures, before moveeent occurred 
on the Moine thrust plane, is shown in fieure 26.!+. 

After the development of the Tormore folds, further folding 
qeeee either confined to a very limited area (Port a'Chuil folds) 
or did not involve very ereat crustal shortening (Conjugate 
folds). 



CHAPTER 26. 	CONCLUSIONS. 	 386. 

The Moine nappe in Skye is composed largely of Lean Sian 

rocks. 	If figure 26.3 is a reasonable description of the 

distribution of the rocks beneath the Moine thrust, then, 

in the Skye area, there must already have been a considerable 

expanse of Leviaian rocks before the Moine thrust developed. 

Indeed, the rresent axial trace of the Knock synform is 

remarkably close to a southward extrapolation of the axial 

trace of the Loch Alsh synform. 	Could they be the same 

fold? 	If so, then it is possible to arrive et a figure 

for the amount of displacement on the Maine thrust plane. 

This has been used in the conthtraction of figure 26.4. 	The 

direction of movement must have been parallel to the line of 

intersection of two planes; the axial plane oi te Knock synform, 

and the Moine thrust plane. 	That is, the rocks above the 

Moine thrust plane have possibly moved 7 miles NNE relativr 

to the rocks beneath. 

ct 
eent 

Vonday, 31st August, 1964. 
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EXPLXIATION OF FIGURE 26.1. 

A table ohowiaa the 3ir2poo:d :orrelation of stratiiiraphic 

1=oec ia the Torridonian, 2arr3kavair; Moine, and Moine rocks 

of the Skye re3don. 



[-

TORR.DONIAN ROCKS 

OF SKYE 

PELITIC BED5 OF BEN ASLAK 

FALSE BE DOING COMMON 

&inn na SeamraiJJ Grits 

TARSKAVAIG MOINE ROCKS 

OF SKYE 

I · 
I · 

l-

E . . .... 

, . 

---

VERY COAkSI ~[DS UP Hf..RL 

SlMI - FLU If.. HEUS Of LOCH NICHE ANN 
r HIONNLAIDH 

MORE FELDSPAR . L [55 [PIOO f[ THA N 
CAPIST AL P5AMMI TE GROUP 

IAL~L t5LUUINGCOMMON,I:WI USUALLY 
PAR Tl AI I Y 085CURED BY rECTO NIC 
OEFO~MATION 

PELITIC BEDS OF CREAG MH OR 

Aru;sy Psammite Group 
PHI riC BEDS OF LOCH LAMA5CAIG 

MOINE ROCKS 

OF GLENELG AND K'NOYDART 

rnDSPATHIC QUARTliTES 
NO HLAVY MINERAL BANOS 
ABU NDAN T FALSE BEDVI NG 
RARE SEMI -PH /nc BEDS 

Barrisdale Psammite 

, .... .. .... . ::::: .:::::: ____ __________ :::'.:: :::: : __ CONTACT SHARP IN PLACES, III······· .. .. 
............ t PSAMMIT[ BlDS INCREASING ~ A TRANSITIONAL 11'1 orH ERS--

INTfRSTRATlFlED PSAMMI r r , SFMI - PELITE II·· ········· 
AND PEL/IT. 

GRADED BEDDING COMMON 

- ii-CONrAC~R~L~ -­
TRANSI f lONAL IN OTIIF 1<5 

.. iJJ AMMI riC MA rLRIAL INCRLASING 

p=:--=== 
~ 

GRADED BEDDING COMMON 

Loch na Dal Beds 

-- - - -- 1···· ·· ····· ·1 t ----I-I BROAD TRANSITIONAL CON fACT 

t :: ···:·-:·-: 

~-

F ? : 
G; '-
I- - -

..... ---

r .. 
00< 

I> .;~::: ( 

000 ·· 
' 0 ·· 0 ·· 
000<; 

QO" ' O 
· · ~oo · 
OOO( 

OPOO( 
OOoc 

' · · 000 
OOO( 
0000 
000 ' 
000 ,....,-.." 

[PIDOTE [XTRFMELY AgUNUANT 
CHLORITE ABUNDANT 

INCREASING PELITIC BEDS 

P~AMMI T[S AND PSI PHI rf S 

[pidotic Grits 

.-
~=-.'-= 
E= 
t···· 
" - " ­.. ... .. . . . 

.. _ .-
..... .......... 
. ... _ .. . -
. . . . ....... 
• 0 _" •• -

1-- . .. .. _. 

.' " ' OO( 

b·~·~:.:.: :.:: 
I-O '~ .~.~.~ 

• 

P5 AMMI rrc BED5 INCREASING 

IN TE R5TRATlFlED P5AMMI TL SEMI P 
AND PHIT£ 

Laidhe na yreine Group 

-rRANSITlONAL CONTACT 

SO ME PElt fE BE DS 

A FEW HEAVY MIN[RAL BAND5 [P I DOT£, 
CHLO RITL fTC ABUNDA N r 

FALS[ BEDDING RARE 

POOl< IN FELDSPAk 

f<AI<L P[LI T[ BE OS 

Capistal Psammite Group 
WHI TL QUAH 1 L I rt IJ[BBLU 

T. Moine mylonite 

Rubha Ruadh Semi-pelite 

-+-- --~ - -
~ THII NSITIO NAL CO NIAcr 

LARGELY QUARrl lTIC 

JIL AVY MINfRAL BAND5 CO MMON 

Arnisdale Psamm;te 

Basal Semi - pelite 

ngureZ6J 
1<1 C 16 .') 1 PlYtl 

J 



389. 

EXPLAITATIO/T OF FIGURE 26.2. 

A supposed cross-section through parts of the Tarskavaig 

and Kishorn nappos before the developnent of the Tarnhavaig 

thrust plane and before the development of the Caradal folds. 

In the Tarckavaig Moine rocks, the folloldng names are 

equivalent:- 

Am:Leg Psamite Croup 	=Upper Psanvite. 

Laidhe na greine Group 	=Laid 1-.,e na creine group. 

Capistal Pr arx,ite Croup 	=Lower Psamite. 
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EXPLANATION OF FIGURE 26.3. 
A idap showing hot: the major rock croups nay be expected 

to be distributed if tl_e rocks of the Yeine nappe could be 

stripped away. 
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EXPLANATION OF FIGURE 26.4. 

A possible distribution of Tormoro structures before 

the Moine thrust plane developed. 
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APPENDIX 1. NOTES IN EXPLANATION OF THE PLATES. 	395. 

PLATE 1. 	This shows the location cf places mentioned in the 
text. 	The alphabetical list of place-m7mes, together with 
the reference to the grid square on Plate 1 in which they 
can be found, is as follows:- 

A Aird of Sleat 	 C5 
Alit alCham-aird 	 c4 
Alit a'Ghlinne 	 B3 
Allt Garistan Neill 	 Fl 
Allt Leth Sithean 	 El 
Ard Thurinish 	 CG 
Ardvasar 	 D4 
Armadale Pier 	 E4 

B Bagh a'i1huilinn 	 E3 
Baravaig 	 G1 
Bealach Garbh 	 B3 
Bealach na Ceardaich 	34 
Ben nan Caorach 	 34 

C Camas Baravaig 	 G1 
Cnoc Fall 	D3 
Creag Mhor 	 36 

D Dun a'Chleirich 	 C5 
Dun Horavaig 	 Fl 

• Eilean Maol 
Eilean Sgorach 	 E4 

F Ferindonald 	 E2 
G Geur Rudha 	 A5 
K Knock 	 Fl 

Knock Bay 	 Fl 
Knock Castle (=Dun Horavaig) Fl 

L Leir Mhaodail 	 B6 
Loch aiGhlinne 	 C3 
Loch an Ime 	 Fl 
Loch an t-Seilich 	 34 
Loch Aruisg 	 B5 
Loch Baravaig 	 Fl 
Loch Ben nan Caorach 	Cat 
Loch Capistal 	 C5 
Loch Fada 	 E4 
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Loch Lamascaig 	 B4 
Loch nan Dubhrachan 	 Fl 
Loch nan Uamh 	 D2 

M Meall Buidhe 	 05 
O Ob Snosaig 	 G1 
P Point of Sleat 	 AG 

Port a'Chuil 	 c6 
Port na Long 	 C5 

R Rudha Charn nan Cearc 	A4 
Rudha Cille-bhig 	 E3 
RUdha Dubh 	D4 
Pudha Phoil 	E4 

S Sgurran Seilich 	 B5 
T Taralmvaig 	 B1 

Teangue 	 El 
Tormore 	 D5 

PLATE 2. 	Self explanatory. 
PLATE 3. 	Self explanatory except for the Ostaig line. 

See Plate 4. 
PLATE 4. 	Self explanatory. 
PLATE 5. 	Self explanatory. 
PLATE 6. 	This shows the localities from which specimens 
were collected and the thin sections of which were subsequently 
mentioned in Part IV. 
is as follows:- 

The list of numbers and grid references 

16159 D5 16340 D5 
16206 B5 16341 D5 
16210 B5 16385 335 
16227 05 16392 B5 
16230 05 16393 B5 
16231 D5 16394 D5 
16232 D5 16401 D5 
16224 D5 16457 D4 
16333 B5 16459 D4 
16334 B5 16462 D4 
16333 D5 16464 D4 
16339 D5 16466 D4 
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16467 D4 18800 Fl 
16463 D4 10801 G1 
16469 D4 18802 G1 
16473 D4 18803 G1 
16473 E4 18806 G1 
16476 E4 18807 04 
16477 E4 18808 c4 
16478 E4 18956 E2 
16481 E4 18957 Fl 
18789 F1 18959 F2 
13790 c4 18964 Fl 
18791 C4 18965 Fl 
18795 E3 18969 Fl 
18796 E3 18970 F1 
18798 F1 18971 F1 
18799 F1 18972 Fl 

18973 G1 
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