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Abstract. 

The Loch A i l s h i n t r u s i o n , Assynt, was i n t e r p r e t e d by Phemister (1926) 

as a s t r a t i f i e d l a c c o l i t e , the b a s a l u l t r a b a s i c , intermediate, and upper 

l e u c o c r a t i c portions being d i f f e r e n t i a t e d a t depth and intruded s e p a r a t e l y . 

The whole complex r e s t e d on a t h r u s t plane. 

The leuco-syenites are here divided i n t o three i n t r u s i o n s , S I , S2 and 

S3. S3 i s l a t e s t and roofs S l - 2 . T h e i r contacts are sharp or g r a d a t i o n a l , 

when f e l d s p a r s of S l - 2 type are enclosed as xenocrysts i n S3. B a s i c a l k a l i n e 

rocks form a discontinuous zone a t the top of S2; c a l c - s i l i c a t e rocks occur 

a t the same horizon. S i m i l a r b a s i c types grade i n t o limestone x e n o l i t h s 

i n the north of the i n t r u s i o n . 

A magnetometer survey showed anomalies corresponding to the outcrop of 

the u l t r a b a s i c rocks allowing t h e i r continuation to be t r a c e d . The magnetic 

properties of these rocks require t h a t the induced component of the magneti­

zation be used i n i n t e r p r e t a t i o n of the anomalies. They are caused by a 

st e e p l y i n c l i n e d sheet. Further u l t r a b a s i c masses were proved by excavation. 

B r i e f petrographic d e s c r i p t i o n of the rock types i s made wi t h modal data. 

C e l l dimensions of pyroxenes from metamorphosed limestones and b a s i c and 

u l t r a b a s i c types are i d e n t i c a l . The mafic aggregates i n the b a s i c rocks 

represent the remains of m a t e r i a l of metamorphic o r i g i n . 

The a l k a l i f e l d s p a r s are described i n terms of t h e i r appearance i n 

t h i n s e c t i o n , optic a x i a l angle, bulk composition and X-ray powder and s i n g l e -

c r y s t a l p r o p e r t i e s . They are low a l b i t e - m i c r o c l i n e and low a l b i t e - o r t h o c l a s e 

p e r t h i t e s i n the compositional range 0 r27"" 0 r41* Onty S I and S2 have mono-

c l i n i c m a t e r i a l i n the potassium phase. There may be a systematic d i s t r i b u ­

t i o n of microc l i n e o b l i q u i t i e s with l o c a l i t y . L i t t l e m o d i f i c a t i o n of 

f e l d s p a r s was found a t contacts between s y e n i t e s and xenocrysts preserve 



higher temperature fea t u r e s than host m a t e r i a l . Minimum c r y s t a l l i z a t i o n 

temperatures are suggested. The v a r i a t i o n depended on concentration of 

v o l a t i l e s during cooling. A mechanism i s suggested f o r the metastable 

preservation of orthoclase. 

The u l t r a b a s i c rocks are a skarn between limestone and s y e n i t e . The 

ba s i c a l k a l i n e rocks are hybrids of f e l d s p a t h i c magma contaminated by 

metamorphic m a t e r i a l , and represent the remains of a roof to S2, disrupted 

by S3. The mass does not have a major t h r u s t a t i t s contacts and i s a 

stock l i k e body with stoping i t s mode of emplacement. 
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F r o n t i s p i e c e ; 

G e n e r a l view of the a r e a of the Loch A i l s h complex from the 
e a s t e r n shore of Loch A i l s h , l o o k i n g n o r th i n e a r l y A p r i l . The 
snow-covered h i l l s forming the s k y l i n e a r e , from the west, 
C o n i v a l , Ben More Assynt and M e a l l an Aonaich. The s y e n i t e s 
extend to the base of the l a t t e r h i l l which i s l a r g e l y of L e w i s i a n 
r o c k s • 

The rocky h i l l i n the l e f t - h a n d middle d i s t a n c e i s B l a c k Rock. 
The dark overhang on i t s s o u t h e r n s i d e i s weathered i n along a 
c r u s h c o n t a i n i n g b a s i c a l k a l i n e r o c k s , w h i l s t the remainder of the 
h i l l i s l e u c o - s y e n i t e . The u n d u l a t i n g r i d g e w i t h three c l e a r 
summits i s S a i l an R u a t h a i r , the most e a s t e r l y summit being the 
m e l a n i t e bearing s y e n i t e of the South Top. 

The rough ground immediately behind the farmhouse i s Durness 
l i m e s t o n e . The low c l i f f beneath the sheep exposes Moine r o c k s . 
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Abstract. 

The Loch Ailsh intrusion, Assynt, was interpreted by Fhemister (1926) 

as a s t r a t i f i e d l a c c o l i t e , the basal ultrabasic, intermediate, and upper 

leucocratic portions being differentiated at depth and intruded separately. 

The whole complex rested on a thrust plane. 

The leuco-syenites are here divided into three intrusions, S I , S2 and 

S3. S3 i s l a t e s t and roofs Sl-2. Their contacts are sharp or gradational, 

when feldspars of Sl-2 type are enclosed as xenocrysts i n S3. Basic alkaline 

rocks form a discontinuous zone at the top of S2; c a l c - s i l i c a t e rocks occur 

at the same horizon. Similar basic types grade into limestone xenoliths 

i n the north of the intrusion. 

A magnetometer survey showed anomalies corresponding to the outcrop of 

the ultrabasic rocks allowing the i r continuation to be traced. The magnetic 

properties of these rocks require that the induced component of the magneti­

zation be used i n interpretation of the anomalies. They are caused by a 

steeply inclined sheet. Further ultrabasic masses were proved by excavation. 

Brief petrographic description of the rock types i s made with modal data. 

C e l l dimensions of pyroxenes from metamorphosed limestones and basic and 

ultrabasic types are ide n t i c a l . The mafic aggregates i n the basic rocks 

represent the remains of material of metamorphic origin. 

The a l k a l i feldspars are described i n terms of t h e i r appearance i n 

thin section, optic a x i a l angle, bulk composition and X-ray powder and single-

c r y s t a l properties. They are low albite-microcline and low albite-orthoclase 

perthites i n the compositional range (^r27"^r/tl' ^1 and S2 have mono-

c l i n i c material i n the potassium phase. There may be a systematic d i s t r i b u ­

tion of microcline obliquities with l o c a l i t y . L i t t l e modification of 

feldspars was found at contacts between syenites and xenocrysts preserve 



higher temperature features than host material. Minimum c r y s t a l l i z a t i o n 

temperatures are suggested. The variation depended on concentration of 

vo l a t i l e s during cooling. A mechanism i s suggested for the metastable 

preservation of orthoclase. 

The ultrabasic rocks are a skarn between limestone and syenite. The 

basic alkaline rocks are hybrids of feldspathic magma contaminated by 

metamorphic material, and represent the remains of a roof to S2, disrupted 

by S3. The mass does not have a major thrust at i t s contacts and i s a 

stock l i k e body with stoping i t s mode of emplacement. 



CHAPTER 1. 

INTRODUCTION. 

Contents• 

1) Location of area studied. 

2) Previous work. 

3) Summary of the s t r u c t u r e of the mass according to Phemister (1926). 

k) Relationship to the Assynt D i s t r i c t . 

5) Age of the i n t r u s i o n . 

1) Location of area studied. 

The i n t r u s i o n described i n t h i s study l i e s at the most e a s t e r l y 

extension of the Assynt Culmination, near the top of the i n t r i c a t e p i l e 

of nappes revealed i n that area, and immediately oelow the overtnrust 

Moine s e r i e s . 

The area i s included e n t i r e l y by the square given by the National Grid 

coordinates NC 355118 - 355160 - 310160 - 310118. Names of l o c a l i t i e s 

are those used on the Ordnance Survey 6" : 1 mile sheets of the area. 

For a general picture of the geology of the region the Geological 

Survey 1" : 1 mile sheet of the Assynt D i s t r i c t i s a v a i l a b l e , and a much 

s i m p l i f i e d picture of the s t r u c t u r a l s e t t i n g of the Loch A i l s h mass i s 

given as f i g * 1.1. 

2) Previous work. 

Igneous rocks i n the eastern part of Assynt, north of Loch A i l s h , 

were recognized by Murchison ( l # 6 o ) , who described them as s y e n i t e . I n 

h i s s e c t i o n across the Assynt d i s t r i c t he showed the igneous rock as being 

enclosed i n limestone. °rior to 1926 only general d e s c r i p t i o n s had been 

made of the exposed rocks, by Peach, Horne and T e a l l (1907). Callaway 

(1883) traced the outcrop of the Loch A i l s h i n t r u s i o n but considered i t 



F i g . I . I . 
S i m p l i f i e d s t r u c t u r a l map of the Aseynt culmination , 

to show the looation of the major a l k a l i n e plutone, the area 
mapped i n t h i s study, -nd the major nature of the Ben More-
Glenooul thrust plane as evidenced by the d i s t r i b u t i o n of 
f e l s i t e e of grorudite type. (Sabine, 1953)* The map and 
section are from the Geological Survey I * sheet of the 
Aseynt D i s t r i c t , 
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continuous with the Loch BoraLan mass from which i t i s now known to be 

separated by at l e a s t one mile and very probably by a major thrust plane. 

I n 1926, however, Phemister published a map and a d e t a i l e d p e t r o l o g i c a l 

account of the Loch A i l s h s y e n i t e . This remains the only published 

source of d e t a i l e d information on the i n t r u s i o n , although comments on i t s 

f i e l d r e l a t i o n s were made by Bailey (1935)• and on i t s r e l a t i o n s h i p to 

the minor i n t r u s i o n s of Assynt by Sabine (1953). A b r i e f resume of 

^hemister's main conclusions and of B a i l e y ' s comments w i l l now be made. 

3) Summary of the s t r u c t u r e of the mass according to ^hemister 

Phemister followed previous workers (Peach and Horne) i n that the 

i n t r u s i o n was supposed to be c a r r i e d forward on a plane of d i s l o c a t i o n , 

which he c a l l e d the Sgonnan Beag Thrust. The i n t r u s i o n thus constituted 

a d i s t i n c t nappe, between the Ben More na^pe and the Moine rocks ( f i g . 1.1). 

Within the mass i t s e l f he recognised a number of d i f f e r e n t rock types 

which are tabulated below (table 1.1) with the present w r i t e r ' s 

equivalents• 

He considered that the i n t r u s i o n h'd a l a c c o l i t h i c form, being 

s t r a t i f i e d i n the sequence given i n table 1.1 ( f i g . 1.2). The a e g i r i n e -

melanite-syenite occupied a pipe through which i t was supposed the r e -
* 

mainder of the i n t r u s i o n had come. The base of the l a c c o l i t e was i n the 

Pipe-rock, the top i n the Durness Limestone. 

The l a y e r i n g did not, however, demonstrate g r a v i t a t i v e d i f f e r e n t i a ­

t i o n i n place, but was the r e s u l t of separate phases of i n t r u s i o n of 

already d i f f e r e n t i a t e d and progressively more l e u c o c r a t i c a l k a l i n e magmas, 

(op. c i t . p.91). Since the d i f f e r e n t i a t i o n had undoubtedly taken place 

at depth the hypothesis of a s s i m i l a t i o n of limestone to account for the 

a l k a l i n e nature of the rocks (as proposed by Shand (1910) for the 



Table 1.1. 

Kock types o f Phemister (1926) and the present w r i t e r ' s 
equivalents. 

'hemister (1926) Equivalent 

Perthosite 

Aegirine-Melanite Syenite 

Nordmarkite 

Pulaskite 

S3 

Melanite bearing S3 

S I and S2 

Leuco-
s y e n i t e s 

Riebeckite syenite 

Basi c Pulaskitea 

Shonkinites 

Hybrid Rocks 

Intermediate and 
basic a l k a l i n e types 

(Hybrids) 

Biotite-pyroxenite 

Hornblendite J 

U l t r a b a s i c s of C a t h a i r Bhan 
type - (Skarn r o c k s ) -



F i g . I . 2 . 

Sections of the Looh Al l e h mass as postulated by 
Phemieter, (1926). 
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neighbouring Loch Borralan i n t r u s i o n ) was considered untenable, 

Phemister noted the existence of numerous xe n o l i t h s of Cambrian 

sediments and observed that at c e r t a i n l o c a l i t i e s abnormal types of 

contaminated syenite and modified sediment were produced, often very 

s i m i l a r to the u l t r a b a s i c and " s h o n k i n i t i c " rocks observed at other 

l o c a l i t i e s . He discounted the p o s s i b i l i t y that a l l of these l a t t e r 

rocks were hybrids formed by contamination of syenite by sediment, or 

that the u l t r a b a s i c rocks were a l t e r e d sediments, on the grounds that 

the intruded sheet was not thick enough to produce the necessary volume 

of d e r i v a t i v e s . He further believed that he could recognise d i f f e r e n c e s 

between rocks which had sedimentary a s s o c i a t i o n s , and the normal b a s i c 

rocks of the i n t r u s i o n . 

The main s y e n i t e s were broadly divided i n t o two groups on the b a s i s 

of obvious f i e l d d i f f e r e n c e s , and the more mafic types were then sub­

divided on the b a s i s of the nature of the c h i e f mafic constituent and 

the presence or absence of quartz, i n t o p u l a s k i t e (quartz poor or quartz 

free a l i c a l i - f eldspar r i c h rock with 3 to 30 per cent, of pyroxene or 

b i o t i t e j , r i e b e c k i t e - p u l a s k i t e , and nordmarkite (2 or more per cent, 

q u a r t z ) . To the l a t e r , extremely f e l d s p a t h i c s y e n i t e he gave the name 

"p e r t h o s i t e " . This rock graded i n t o the aegirine-melanite-syenite, the 

youngest part of the i n t r u s i o n . 

**•) Relationship to the Assynt D i s t r i c t . 

B a i l e y (1935) suggested a modification of the s t r u c t u r a l r e l a t i o n ­

ships proposed by Peach and Home (1907) and accepted by Phemister (1926). 

Lugeon ( i n 1912, quoted by B a i l e y (1935)) had suggested that i f the 

Sgonnan Beag thrust revealed the Loch A i l s h rocks through a window, i t 

would be simply a reappearance of the Ben More t h r u s t . No major d i s l o c a ­
t i o n would then separate the L. A i l s h and L. Borralan i n t r u s i o n s , which 
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could be one mass. B a i l e y , however, observed that, despite strong 

shearing at the margins, the syenite mapped across the whole of the 

Cambrian qua r t z i t e of the Ben More nappe with the o u t l i n e of an i n t r u s i o n . 

The w r i t e r agrees with B a i l e y ' s notion that the i n t r u s i o n can be 

regarded as being emplaced i n the Ben More nappe. There are comparatively 

minor marginal d i s l o c a t i o n s , which, as w i l l be demonstrated l a t e r , are 

not co n s i s t e n t with the existence of the Sgonnan Beag t h r u s t as a major 

plane of movement• 

5) Age of the i n t r u s i o n . 

C l e a r l y the age of the i n t r u s i o n i s post-Cambrian and pre-Moine-

t h r u s t i n g . At L. Borralan evidence was found by Eskola ( B a i l e y and 

McCallien, 193*0, that the deformation and i n t r u s i o n overlapped somewhat 

i n time. This was i n the form of unsheared pegmatite veins c u t t i n g 

sheared borolanite. Despite search for r e l a t i o n s h i p s of t h i s type, no 

evidence has been found at L. A i l s h for i n t r u s i v e a c t i v i t y younger than 

the t h r u s t i n g . 
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Contents: 

Introduction. 

1) ?orth Top of S a i l an Ruathair. 

2) The 'Metamorphic Burn. 1 

3) Northern margin of the mass. 

4 ) Srdn o g a i l e . 

5) C e n t r a l area, around the confluence of the R. Oykel and A l l t S a i l 

an Ruathair. 

6) Black Rock Burn. 

7) Black Rock, 

8) a^onnan Beag. 

9) Cathair Bhan Area. 

10) South Top of 3 a i l an Ruathair. 

Summary and Conclusions. 

a ) Contacts between the leuco-syenites. 

b) delations of the v a r i a b l e basic types, and of the u l t r a b a s i c rocks. 

Introduction. 

The i a t a obtained by normal mapping methods could be considerably 

amplified by data obtained by geophysical means (Chapter 3 ) , which, i n 

turn, suggested reassessment of f i e l d data and worthwhile excavations. 

The s t r u c t u r e of the mass as a whole i s suggested oy consideration 

of ten c r i t i c a l areas where contacts or t r a n s i t i o n s between the rock 

types are exposed. 

A geological map i s given as Map 1, at the back of t h i s t h e s i s . 

The l o c a l i t i e s described i n the following s e c t i o n s are named tnereon. 
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1) North Top of S a i l an Ruathair. 

This area was chosen as a f i r s t example as i t shows most c l e a r l y 

the r e l a t i o n s h i p s between two of the l e u c o c r a t i c s y e n i t e s . The upper 

part of the Northern summit of the S a i l an Ruathair spur c o n s i s t s of 

moderately coarse grained grey or brown feldspar rock, the 'perthosite* 

of Phemister (1926), which makes up the greater part of the exposed rock 

of the L. A i l s h mass. This w i l l be known as S3. Occasionally at t h i s 

l o c a l i t y small bright red f e l d s p a r s can be discerned i n the grey-brown 

feldspar matrix. At the base of the c l i f f s , and j u s t above the top of 

the grassed-over scree (see photograph and explanatory sketch , F i g : 2.1) 

i s a zone, usually not more than 3 m. i n height, i n which a coarse 

grained rock appears, with tabular red f e l d s p a r s up to 5 cms. i n length. 

Above,it i s enclosed as xenoliths i n S3, below,it i s i n t i m a t e l y veined by 

S3. This rock w i l l be known as S I . ( J u l a s k i t e of Phemister (1926)). 

In t h i s rock dark green mafics are usually obvious i n hand specimen; i n 

S3 they cannot normally be seen. 

The l i n e of contact can be traced through the g u l l i e s to the south 

of the North Top, on to the base of the c l i f f s below the 2nd Top of S a i l 

an Ruathair, The contacts are always sharp, with no apparent c h i l l i n g 

of o3« C r y s t a l s of S I f e l d s p a r s can be seen broken a c r o s s . At 

l o c a l i t y 'D1 ( F i g . 2..k) rounded or somewhat angular S I x e n o l i t h s can 

be seen ( F i g . 2.2) from more than a metre across to small groups of a 

few c r y s t a l s , and i n some places ( F i g . 2.3J i n d i v i d u a l red feldspar 

xenocrysts can be seen broken off and incorporated i n the massive 03. 

The S I rocks are frequently quite strongly f o l i a t e d . The dip of 

t h i s igneous lamination i s here generally steeply to the west, ( F i g . Z.k). 

often S3 veins appear simply to have d i l a t e d the 31 rock, the f o l i a t i o n 



Photograph and explanatory sketch showing tfce 
doaal form of the SI-S3 contacts on the North and 2nd 
tope of S a i l an Ruatfaair. View taken from the E.N.E. approx. 
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being conformable on both s i d e s of the v e i n , ( l o c a l i t y • C , F i g , 2 . 4 ) . 

.Vhen the proportion of S3 to S I m a t e r i a l i n c r e a s e s S I blocks can be shown 

to conform no longer to the p r e v a i l i n g dip ( l o c a l i t y • C , above previous 

p o s i t i o n ) . 

At l o c a l i t y *A» ( F i g = 2 . 4 ) ,on the 2nd Top, narrow (15 to 30 cms.) 

6 m. long sheets of S I are held i n S3. The S I f e l d s p a r s are aligned 

p a r a l l e l to the si d e s of these sheets. The S I lamination i n massive 

blocks below dips steeply to the west. A tendency f o r l e n t i c u l a r masses 

of 51 to form, or for xen o l i t h s to wedge out at one end, i s a l s o seen 

on the North Top, ( F i g . 2 . 3 ) , but more equidimensional rounded blocks 

are a l s o common ( F i g . 2.2). 

On the west side of the S a i l an Ruathair ridge S I outcrops over a 

lim i t e d area only, and i s taken to represent a large x e n o l i t h removed 

from the main mass. Analogous masses are seen i n the Metamorphic Burn 

and Cathair Bhan are a s . 

2) The 'Metamorphic Burn. 1 

This was the name given by Phemister (1926) to the l a r g e s t of the 

streams feeding Loch S a i l an Ruathair from the north. Since i t repre­

sents an e x c e l l e n t l o c a l i t y f o r inspection of a range of contact metamor­

phic rocks, a sketch exposure map i s shown ( F i g . 2.5). This i s simply 

a copy of a f i e l d sketch measured by pacing, and should not be regarded 

as accurate. 

There are c e r t a i n d i f f e r e n c e s between P h e m i s t e r ^ (1926, p.77) 

i n t e r p r e t a t i o n of t h i s area and that of the present w r i t e r . I n summary, 

the succession up the stream from the f i r s t exposures above the lower 

obscured area (where the stream flows through d r i f t ) , can be described 

as follows: 



SI-S3 contact relationships, North Top, S a i l an 
Suathair. A rounded SI xenolith ( the pale rook above the 
hammer head) i s aleo out by a fine S3 vein* 
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SI/S3 contact r e l a t i o n s h i p s , North Top, S a i l an Ruathair, 
Hasslveveins of 33 (the dark, smooth textured rook to which the 
p e n c i l i s stuck) cutting S I . A t h i n wedge of S I i s seen 
pinching out near the pencil point. 

I n d e t a i l (below) individual red SI feldspar xenooryste 
can be seen being incorporated i n the S3 matrix* 
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F i g .2.4* 
Map of Coire S a i l an Ruathair to show l o c a l i t i e s 

mentioned i n t e x t , d i p of l a m i n a t i o n o f S I , and the area 
considered i n the s e c t i o n on the Ketamorphic Burn. 
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a) S3, w i t h sparse red feldspars i n an otnerwise grey or brown 

medium grained feldspar matrix, with numerous lenses of micaceous or 

pyroxenic rock c l e a r l y representing metamorphosed Durness Limestone. 

(Specimens 200-215) . 0 - 180 yards. 

b) Large mass of limestone w i t h apparent d i p downstream, i n con­

t a c t w i t h a pale white f e l d s p a t h i c rock w i t h obvious small black grains 

of melanite. 

(Spec. 216, 4 6 2 ) . 180 - 182 yards. 

On the west side of the stream normal brown S3 w i t h included red 

feldspars i s seen. This extends a l i t t l e above the melanite-syenite 

exposure• 

(Spec. 2 1 8 ) . 190 yards. 

c) S3 i s seen i n sharp contact w i t h a coarse red f e l d s p a t h i c rock 

i d e n t i c a l i n hand specimen t o the SI of the North Top of S a i l an Ruathair. 

This type (SI) continues f o r about 35 yards. 

(Spec. 219, 229, 230, 237, 238). 190 - 225 yards. 

d) SI gives way sharply to a f o l i a t e d more mafic type. The 

v e r t i c a l contact runs p a r a l l e l to the sides of the stream, i n the middle 

of the stream, f o r a short distance. The f o l i a t i o n of the mafic 

minerals dips 5 5 ° E. Occasionally c l o t s of dark minerals may be seen. 

This rock i s very s i m i l a r t o the basic rocks outcropping i n the River 

Oykel and Black Rock Burn areas. I t i s presumed t o correspond w i t h 

the lower of "'hemister's "shonkinites 

(Spec. 231-235) . 225 - 230 yards. 

e) Brown S3 w i t h coarse red c r y s t a l s included at i n t e r v a l s , 

occasional basic patches and Limestone x e n o l i t h s . 
(Spec. 236, 239-243). 230 - 275 yards. 



Fig. 2*5* 
Sketch exposure map of the Ifetamorphlc Bum* Specimen 

l o c a l i t i e s are shown with numbers as given in the text. 
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f ) Limestone x e n o l i t h s , i n contact w i t h f i n e f l i n t y dark green 

rock, w i t h conspicuous pink feldspars and mafics (3 y a r d s ) , i n contact 

upstream, w i t h hard white or dark grey q u a r t z i t e . This i s supposed 

to represent the S e r p u l i t e G r i t , by comparison to t h i s horizon exposed 

i n the Biver Oykel a l i t t l e south of i t s confluence w i t h the Black Rock 

Burn. 

(Spec. 244-248). 275 - 295 yards. 

( G r i t occupies 13 y a r d s ) . 

g) Hard baked f i n e grained cleaved shaley rock, w i t h black streaks. 

The cleavage dips upstream. This rock i s c l e a r l y part of the Fucoid 

Bed (Spec. 249). The f i n e grey rock continues f o r some 20 yards, when 

i t gives way to dark green pyroxenite (Spec. 250-253) and micaceous 

x e n o l i t h s (255) of a type s i m i l a r to those produced from the Durness 

Limestone lower down the stream. Further smaller basic x e n o l i t h s (256) 

are enclosed i n grey S3 w i t h occasional conspicuous red feldspars enclosed. 

A f u r t h e r basic type (258) rims the exposures above. I n terms of d i s ­

tance from the base of the burn t h i s group appears to correspond to the 

upper "shonkinite" of Phemister, but he does not mention the coarse 

pyroxenite or micaceous m a t e r i a l (which i s i d e n t i c a l t o types produced 

downstream at the horizon of Durness Limestone) which are associated 

w i t h the f i n e grained types. 

(Spec. 250-258) . 295 - 335 yards. 

h) S p l i n t e r y white or glassy green q u a r t z i t e (5 yards) gives way to 

f i n e grained dark green syenite w i t h occasional conspicuous pink f e l d ­

spars. This type borders numerous xaassive q u a r t z i t e x e n o l i t h s which 

occur above t h i s p o i n t . ("Syenite w i t h a d d i t i o n a l mafics", on f i g . 2 . 5 ) . 

Otherwise the syenite i s pale grey 33 w i t h conspicuous red feldspars 
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included, t h e i r long axes aligned i n places (near specimen 2 6 8 ) . 

(Spec. 261-268) . 335 - ^07 yards. 

i ) At the 357 yard point (Spec. 265) blocks of a b r i g h t red v a r i e t y 

of syenite are enclosed i n S3. Although s i m i l a r to SI i n appearance, 

i t i s c a l l e d S2 on petrographic grounds. 

j ) The l a s t s o l i d rock seen i s a red S2 type, w i t h obvious dark blue 

r i e b e c k i t e (Spec. 2 6 9 ) . Above t h i s point i s obscured, but there are 

many boulders of Lewisian gneiss and a contact (of unknown type) w i t h 

t h i s rock i s presumed t o be close. 
420 yards. 

The syenite i n the Burn i s thus believed to be mainly S3» e a r l i e r 

generations only occurring over l i m i t e d extents as massive rock. The 

Cambrian succession i s s t r a i g h t - f o r w a r d . Making allowance f o r apparent 

downstream dip the r e l a t i v e thickness of the various horizons i s of 

comparable order t o those given i n the s t r a t i g r a p h i c a l column appended 

to the 1" Geological map of Assynt (Geol. Surv. Scotland, 1923) . 

The w r i t e r cannot see the r e p e t i t i o n of sequence by t h r u s t i n g or 

apparent reversal of Fucoid Bed and Se r p u l i t e G r i t as described by 

Phemister (1926). Furthermore leu c o c r a t i c syenite w i t h q u a r t z i t e 

i n c l u s i o n s i s the l a s t ("lowest") rock seen and i t appears t o continue 

up the burn a greater distance than was believed, by Phemister. Discus­

sion of the status of hi s " s h o n k i n i t i c " types and the d e t a i l e d s t r u c t u r e 

of t h i s part of the mass w i l l be made a f t e r the petrography of the rocks 

has been considered. They are r e f e r r e d to as "hybrids" on the exposure 

map* 
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3) Northern Margin of the Mass. 
At various l o c a l i t i e s along the northern and north-eastern sides 

of Coire S a i l an Ruathair, S3 rocks, sometimes crushed, enclose calc-
s i l i c a t e x e n o l i t h s of types s i m i l a r to those i n the lower part of the 
Metamorphic Burn. I n the stream E of the Metamorphic Burn feldspar-
pyroxene rocks s i m i l a r t o the hybrid types of the l a t t e r l o c a l i t y are 
found i n close association w i t h metamorphosed Durness Limestone. 

4) Sron Sgaile. 

A series of specimens were taken from base t o top of t h i s enigmatic 

mass. About halfway up the broken S. f a c i n g c l i f f there i s a zone i n 

which the rock has a pronounced roughly h o r i z o n t a l banding r ( F i g . 2.6). 

This does not e s p e c i a l l y correspond to the change from very basic to 

less basic types, because mixed basic and more l e u c o c r a t i c types extend 

above and below t h i s zone (see Chapter 3, section k). The t h i n sections 

of rocks from t h i s banded zone show obvious evidence of c a t a c l a s i s , and 

i t appears tha t the banding i s nothing more than a cleavage induced by 

t h r u s t i n g which happens to be developed i n p a r t of the basic-intermediate 

t r a n s i t i o n zone on t h i s h i l l . 

B e a u t i f u l net veining by narrow white and pink f e l d s p a t h i c veins, 

which contain dark minerals v i s i b l e i n hand specimen, i s w e l l seen at 

numerous horizons ( F i g . 2.6). 

The w r i t e r can see no evidence f o r the m u l t i p l i c i t y of t h r u s t s 

supposed previously to surround the Sron Sgaile rocks. 
5) Central area, around the confluence of the River Oykel 

and A l l t S a i l an Ruathair. 
The area considered here i s t h a t part of the mass H mile downstream 

from the w a t e r f a l l i n the R i v t r Oykel (the f i r s t w a t e r f a l l above Loch 
A i l s h ) to about % mile upstream i n the Oykel and A l l t S a i l an Ruathair, 



F i g 2.6,ABOVB 
Photograph to enow the "banded" zone on the S. 

faee of Sron Sgaile. 

F i g 2.6« BELOW 
Intricate net veining of Sron Sgaile basic rocks 

by feldepathie veins. Unlike other feldspathic veins in 
basic rooke of the mass, they contain conspicuous dark 
minerals which may be eeen in the photograph* 



23 

1 

arts 

-

m 



24 

above the confluence of these two streams. 

In t h i s area a t r a n s i t i o n i s seen between a coarse pink fel d s p a t h i c 

syenite ( c a l l e d by the w r i t e r S2, the nordmarkites and pulaskites of 
naemister, 1926) and grey-brown feldspathic S3 rocks i d e n t i c a l to those 

0 

described i n the Coire S a i l an Kuathair area. I n a d d i t i o n a complex 

r e l a t i o n s h i p between these two rock types and basic types i s seen. 

A traverse up the Oykel, from the 'S* bend N.H. of the south end of 

Cathair Bha*n shows the f o l l o w i n g sequence: 

On the track above the *. bank of the r i v e r grey and pink syenite i n 
r 

a crushed c o n d i t i o n i s seen. In the r i v e r , at the northern limb of the 

bend, basic masses are enclosed i n pale grey syenite w i t h included pink 

fe l d s p a r s . These basic masses continue upstream, become the predominant 

rock type near the w a t e r f a l l , and then become progressively less abundant, 

the l a s t representative being seen about 120 yards below the Oykel-Allt 

S a i l an Ruathair confluence G i g . 2.7(C)). The best exposures are around 

the w a t e r f a l l and immediately upstream. between t h i s p o i n t and the 

bend lower down the stream, tae basic rocks are veined by medium grained 

pale grey syenite. On the h. bank, 50 yards oelow the w a t e r f a l l , a small 

eastward-dipping t a r u s t c a r r i e s pink, coarse syenite over the grey syenite 

w i t h basic i n c l u s i o n s . 

At the w a t e r f a l l i t i s more correct; to describe the basic rocks as 

being veined by leuco-syenite ( F i g . 2.6 above). Northwards the basic 

types become x e n o l i t h i c i n leuco-syenite- The veining of tne basic types 

i s i n t r i c a t e , broad and narrow pale net v ^ i n i n g d i s s e c t i n g the dark 

green basic rocks, and weathering out to stand above the basic m a t e r i a l , 

( < i g . 2.8 below). 

Diagram 2.7(B) snows the det i l e d r e l a t i o n s h i p s w i t h i n a t > p i c a l 



Plg.2.7. 
At Form of massive basic inclusions in leueo-

syenite • (Locality A, map C«) This shows a vert i c a l 
c l i f f section on the E. bank of the river. 

Bt Detail of the mode of enclosure and veining 
( two generations ) of a basic xenolith with ultrabasio 
d o t s . (Locality B, map C.) 

Ot General map of irea around the Oykel f a l l s , 
to show general zones exposed • 
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Pip.2*8*ABOVE, 
Massive basic rooks veined Tjy broad and fine 

feldspathic veins. (Out weathering). P a l l s , S. Oykel. 

Fig,2,8, BELOW. 
Detail of net veining 
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Fig* 2. 9. 
Detail of basic xenoliths to show feldapathic 

veining and ultramafic inolu&ions which sometimes show 
sharp margins to the normal basio material and to the 
enclosing leueo-syenite (above), or, in some oases grading 
into the basic material (below). 

Both from the f a l l s . R.Oykel. 
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basic x e n o l i t h i n sketch form. Photographs of the v a r i a b l e basic 

xe n o l i t h s appear as F i g . 2.9. The most abundant basic rock has a pale 

white or pink f e l d s p a t h i c matrix w i t h conspicuous patcaes of pyroxene 

and mica. Interspersed throughout the basic types are dark green u l t r a -

basic patches i n which l i t t l e or no feldspar i s v i s i b l e - As demonstrated 

i n F i g . 2.9 these may abut d i r e c t l y on the l a t e r leuco-syenite; they form 

neit h e r rims nor cores to the basic rocks, but are d i s t r i b u t e d apparently 

randomly through i t . They o f f e r e i t h e r sharp or g r a d a t i o n a l contacts 

to the enclosing basic types. 

I n t r i c a t e l y veining the basic masses are at l e a s t two generations of 

veins. The e a r l i e r are red i n colour and are cut by both the l a t e r grey 

or brown generation of veins, and the massive enclosing leuco-syenite. 

I t seems reasonable to suppose that the two generations of veining 

correspond to S1/S2 and S3 r e s p e c t i v e l y . 

I n the area around the f a l l s the basic rocks are massive and veined 

by sometimes broad sheets of s y e n i t e . South of the f a l l s the syenite 

i s predominantly a pale grey type, i . e . S3. At the f a l l s a grey or brown 

f e l d s p a t h i c matrix encloses large pink feldspars and sometimes coherent 

blocks of a pink rock. This w i l l be c a l l e d S2. A l i t t l e below the 

Oy k e l - A l l t S a i l an Huathair confluence the leuco-syenite i s e n t i r e l y of 

t h i s pink v a r i e t y (S2). A l l gradations between the two types seem to be 

present, gradual increase i n the number of pink S2 feldspars leading to 

a rock i n which only a small amount of S3 m a t e r i a l i s present. By 

analogy w i t h the exposures on trie north Top of ^ a i l an Ruathair the r e l a ­

t i o n s h i p i s believed to be one i n wnich the l a t e r invading i>3 encloses 

S2 m a t e r i a l as xenocrysts; at the l a t t e r exposures the xenocrystic 

r e l a t i o n s h i p can be seen developing but the invasion and break-up of the 
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e a r l i e r m a t e r i a l by S3 has not proceeded so f a r as i n the c e n t r a l area. 

Sometimes the xenocrysts have t h e i r long axes aligned p a r a l l e l to 

the sides of veins. I n the centre of the w a t e r f a l l xenocrysts can be 

seen concentrated i n embayments at the edge of a basic x e n o l i t h . 

Upstream from the j u n c t i o n of the two r i v e r s coarse red roclcs of S2 

type continue f o r about >£ m i l e . They are also exposed i n the low ground 

between the two r i v e r s , but on the v a l l e y sides, towards Black Hock and 

the head-waters of the A l l t Cathair Bhan, brown S3 i s exposed. I n the 

low undulating ground F. of Black Rock i t i s possible to map a zone of 

S3 w i t h included red feldspars and masses of S2, above the S2 exposures 

i n the r i v e r . These x e n o l i t h i c masses are o f t e n elongate i n form, but 

an attempt to map the d i r e c t i o n s of t h e i r long axes did not show any 

consistent p a t t e r n . The two types are also d i f f i c u l t to d i s t i n g u i s h 

on the lichen-covered surfaces i n t h i s area. On the summit of the low 

ridge between the A l l t S a i l an Ruathair and the upper branch of the A l l t 

Cathair Bhan, however, co n t r a s t i n g dark red S2 held as large veined 

masses i n pale brown S3 i s w e l l seen. 

The northern margin of S2 i n the two r i v e r s does not y i e l d such a 

clear p i c t u r e of the contact r e l a t i o n s h i p s , but a g r a d a t i o n a l contact, 

S2 being veined by and incorporated i n S3, may be demonstrated. 

6) Black Rock Burn. 

This stream demonstrates s i m i l a r r e l a t i o n s between S2 and S3 and 

basic rocks as does the area around the f a l l s i n the Oykel. Basic 

masses occur at various l o c a l i t i e s up the stream where i t f a l l s most 

steeply down from the edge of Coire na Mang i n t o the Oykel v a l l e y . Basic 

types w i t h i n t r i c a t e f e l d s p a t h i c veining l i k e the types exposed i n the 

Oykel are seen ( F i g 5 2.10 above). Near the top some v a r i e t i e s occur 



Mfi,2«l0« ABOVE. 
Intrioate net veining of massive basic xenolith. 

Black Hook Burn. 

yig.aio. BELOW, 
Rusty coloured, in-weathering baked silioeoue 

limestone xenollth, Black Rook Burn* The oreamy oolour of 
a fresh surface may be seen on the l e f t of the photograph. 
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w i t h r a t h e r more i r r e g u l a r basic patches and streaky f e l d s p a t h i c areas. 

An important discovery at three l o c a l i t i e s (marked A on the main 

map) was of specimens which have clear a f f i n i t i e s w i t h metamorphosed 

limestone. At the two lower l o c a l i t i e s the x e n o l i t h s consist of s o f t , 

pale green powdery f e e l i n g rocks. The upper specimens are found as 

rus t y weathering i n c l u s i o n s i n the leuco-syenite, which on breaking open 

have hard, but c l e a r l y carbonate bearing creamy white i n t e r i o r s ( F i g . 

2.10 below). There are occasional s i l i c e o u s bands v i s i b l e , and also 

lenses of dark mica. There can be no doubt whatever t h a t t h i s x e n o l i t h 

i s of a baked s i l i c e o u s limestone. 

The existence of these types, at the same horizon as the basic 

a l k a l i n e types, i n the Black Rock Burn, an association observed i n the 

Metamorphic Burn area and the streams on the north side of Coire S a i l an 

Ruathair, has an important bearing on the revised p i c t u r e of the s t r u c ­

t u r a l r e l a t i o n s h i p s and o r i g i n of these basic rocks. 

The enclosing leuco-syenite of the burn again i l l u s t r a t e s a t r a n s i t i o n 

from grey and brown S3 to a red type grouped w i t h S2. The leuco-syenite 

at the base of the steeper part of the stream i s pale grey S3. Red 

feldspars are seen r a r e l y , but, 30 yards above the base of the slope, 

b r i g h t red masses of S2 appear i n the S3 m a t e r i a l . The S3 i n places 

becomes crowded w i t h the red feldspars which are believed to be xenocrysts 

from 32. (This idea was also put forward by Phemister, 1926, p.79). 

A l i t t l e above the lowest S2 x e n o l i t h the lowest basic x e n o l i t h appears. 

From t h i s p o i n t on the massive leuco-syenite i s progressively of red S2 

type. For a considerable distance 32 i s seen veined by S2. The veins 

are t y p i c a l l y about 5 cm. across and cut o f f angular or s l i g h t l y rounded 

masses of S2 usually a few fe e t i n length. For some distance (near the 
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middle l o c a l i t y marked X on the map) the veins show pr e f e r r e d d i r e c t i o n s , 

e i t h e r v e r t i c a l or dipping at 20° upstream* Near the top of the stream 

33 m a t e r i a l becomes less frequent and the l a s t exposures seen are of S2, 

which, although deep red i n colour, i s not so c h a r a c t e r i s t i c a l l y coarse, 

grained as below. 

The w r i t e r ' s observations i n the Black Hock Burn area thus suggest 

that much more S2 m a t e r i a l i s present than was believed by Phemister 

(1926). S2, r a t h e r than occurring r a r e l y as blocks, makes up most of 

the exposed rock of the ourn, and i s presumed to continue to the edge of 

the mass* 

7) Black Rock, 

The greater part of t h i s w e l l exposed h i l l i s made up of s t r i k i n g l y 

homogeneous even-textured pale brown 53. Very occasionally patches w i t h 

numbers of red feldspars i n a loose group are seen. I n the f l a t area 

at the f o o t of Black Rock elongate veins of S3 m a t e r i a l w i t h included red 

phenocrysts are sometimes seen c u t t i n g the normal S3» These have coarsely 

c r y s t a l l i n e rims, the matrix feldspars apparently growing inwards from 

the edge of the body, and they would seem to represent a l a t e phase of 

S3 i n j e c t i o n which had acquired S2 xenocrysts en route to i t s present 

l e v e l . 

Also seen i n t h i s area are narrow (jh 1 cm.) v e i n l e t s c o n s i s t i n g of 

dark green coarsely c r y s t a l l i n e pyroxene. The veins are r e a l l y a succes­

sion of i n d i v i d u a l large pyroxene c r y s t a l s , not necessarily i n contac't. 

They can be traced as dark l i n e s , sometimes gently curving, over d i s ­

tances of at least 20 yards i n some cases, although they o f t e n die out* 

A photograph of an e n t i r e t h i n section across a narrow example of one of 

these veins i s given as F i g . 2.11 (above)* 



Fig.2.II. ABOVE* 
Photograph of an e n t i r e t h i n section o f a 

pyroxene v e i n l e t from the base of the Black Hock.( Presented 
as a negative! the pyroxene appears white, Ord. L i g h t , X5. ) 

Fi*» 2. I I . BELOW. 
Crushed basic rocks beneath the conspicuous 

overhang on the S.w. side of Black Book. The cross-cutting 
pinohed out band passing Justbelow the hammer head i s a 
leuco-syenite vein which has been deformed but has not 
l o s t i t s coherency. 
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On the western side of Black Hock, a l i t t l e below the summit, 

red S2 rocks are seen i n contact w i t h S3, w i t h a s i m i l a r veining r e l a t i o n ­

ship as i s seen i n the Black Hock Burn- This contact, which i s dipping 

steeply to the E., can be traced around the l i n e of crags forming the 

western edge of Black Rock. I t i s w e l l exposed above the conspicuous 

overhang a t the base of the south-west corner of Black Rock. East of 

t h i s p o i n t i t dips beneath trie grassed over slopes of Black Rock, and 

s t r i k e s e x a c t l y towards i t s reappearance at the base of the Black Rock 

Burn. 

The s t r i k i n g overhang beneath the south-west corner of Black Rock 

i s weathered i n along a crush b e l t . I n the crush and immediately below 

are found basic rocks s i m i l a r t o those of the Black Rock Burn. They are 

veined by leuco-syenite, the veins being drawn out but nevertheless main­

t a i n i n g t h e i r coherency across the crush zone. This suggests t h a t the 

magnitude of the displacement along t h i s shear zone may be quite small, 

despite the quite broad band of crushed rock involved ( F i g . 2.11, below). 

The S2 s l i g h t l y above i s veined by SJ, and the zone of S3 alone i s less 

than 10* above the basic rocks. 

8) Sgonnan Boag. 

This area i s the only one i n which syenite i s a c t u a l l y seen i n con­

t a c t w i t h country rock which i s massive r a t h e r than as x e n o l i t h s . At 

the base of the c l i f f s forming the southern r i m of Coire na Mang pink 

syenite i s seen i n contact w i t h white q u a r t z i t e . Between them i s an 

extensive oand of f i n e grained deep red mylonite, w i t h a b r i t t l e f r a c t u r e , 

the g r a i n size of the normal leucosyenite being r a t h e r coarse above. 

This contact, however, c l e a r l y dips to the south-west. Further down the 

slopes of Sgonnan Beag, i n the " P e r t h i t e Burn*1 (see map) a crush b e l t can 
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be traced i n the syenite. This too dips to the south-west. The 

south-western margin of the i n t r u s i o n i s thus pushed over the main mass 

by a t h r u s t (or perhaps reverse f a u l t , as the plane of movement i s 

steep), but there i s no evidence p o i n t i n g to the whole syenite mass 

being moved over the Cambrian q u a r t z i t e by a major t h r u s t . (The 

"Sgonnan Beag" t h r u s t , of Phemister and predecessors). 

At the extreme highest end of the crushed syenite exposed on the 

edge of Coire na Mang, (at about 1 4 5 0 * ) , a small (25 cms. i n s i z e ) 

mass of q u a r t z i t e was found enclosed i n the mylonite. This had main­

tained i t s coherency but nevertheless proved, i n t h i n s e c t i o n , to show 

evidence of r e c r y s t a l l i z a t i o n f o l l o w i n g shearing. I t i s possible t h a t 

t h i s represents a q u a r t z i t e x e n o l i t h , i n which case the syenite at the 

base of the lower end of the Coire na Mang crags (at about 9 0 0 ' ) could 

bear an i n t r u s i v e r e l a t i o n s h i p to the q u a r t z i t e a l i t t l e above. 

9 ) Cathair Bhan. 

( A l l t Cathraichean Bkna). 

Most of the data on t h i s poorly exposed area was obtained by 

geophysical means. The suggestion of Phemister ( 1926 ) was that a sheet 

of u l t r a b a s i c rocks l i e s beneath leucosyenite and t h a t leucosyenite 

occurs between the u l t r a b a s i c rocks and the Durness limestone to the 

south-east. The geophysical data show t h i s hypothesis to be untenable, 

so t n a t a reassessment of the exposures considered c r i t i c a l by Phemister 

was made• 

The lower of these i s at the sharp bend i n the A l l t Cathair Bhan 

700 yards from i t s j u n c t i o n w i t h the River Oykel. Here leuco­

syenite i s supposed to be seen overlying u l t r a b a s i c s . A small excava­

t i o n t o the west of the top of the exposure showed tha t a l l the 
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l e u c o c r a t i c m a t e r i a l at t h i s l o c a l i t y occurs as veins. One of these 

happens to be cut obliquely by the surface topography, and gives the 

impression of representing massive leuco-syenite. D e t a i l of t h i s 

l o c a l i t y i s shown i n F i g , 2 . 1 2 . 

I n the upper branch of the A l l t Cathair Bhan, where the stream 

turns to the east, leuco-syenite forms a w a t e r f a l l and appears to over­

l i e u l t r a b a s i c s . Above, u l t r a D a s i c s a r e a g a i n seen. The magnetic 

anomaly suggests that t h i s too i s a minor sheet of leuco-syenite i n 

the u l t r a b a s i c r o c k (see Chapter 3). 

At no l o c a l i t y has massive syenite been seen between the A l l t 

Cathair Bhan and the Durness Limestone to the east. An excavation i n 

the ground between the exposed limestone and the A l l t Cathair Bhan, at 

a point south-east of the southern end of the Cathair Bhan r i d g e , revealed 

many angular fragments of pale green c a l c - s i l i c a t e rocks, apparently a 

buried scree. A b e l t of normally contact metamorphosed Durness limestone 

thus extends p a r a l l e l t o the dark blue u l t r a b a s i c exposures i n the A l l t 

Cathair Bhan. One of these specimens contained a f i n e grained f e l d s -

pathic vein, i n d i c a t i n g t h a t apophyses of the syenite extend beyond the 

u l t r a b a s i c exposures and invade normally metamorphosed limestones com­

parable t o those of the Metamorphic Burn. At K i n l o c h a i l s h s i m i l a r 

contact metamorphosed limestones can be seen r and marbling extends f o r 

some distance i n t o the massive limestone. 

The u l t r a b a s i c rocks are much veined by pink f e l d s p a t h i c m a t e r i a l , 

and there i s a c e r t a i n amount of shearing v i s i b l e at some l o c a l i t i e s . 

Both u l t r a b a s i c s and leuco-syenite are sheared, although the veins main­

t a i n c o n t i n u i t y . At the base of the south end of Cathair Bh&n interme­

d i a t e basic types are seen veined by leuco-syenite i n a s i m i l a r 



Fig> 2 . 1 2 . 

Diagram i l l u s t r a t i n g the veining of u l t r a b a s i c s 
by loucoayenite i n the A l l t Cathair Bhan, 760 yards from 
i t s junction with the S* Oykel. 
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r e l a t i o n s h i p to t h e i r counterparts i n the Oykel and Black Rock Burn 

areas. These l i e between the u l t r a b a s i c rocks and the massive leuco-

syenites• 

10) South Top of S a i l an Kuathair. 

The e n t i r e mass of t h i s h i l l consists of a melanite bearing 

v a r i e t y of a rock otherwise i n d i s t i n g u i s h a b l e from S3« The melanite 

i s usually v i s i b l e i n hand specimen as dark brown equidimensional g r a i n s , 

usually not more than 2 mm. i n s i z e . I f the amount i s small, however, 

i t i s not easy to detect. Thus the nature of the t r a n s i t i o n between 

melanite bearing S3 and normal S3 between the South and 3rd Tops of 

S a i l an Ruathair i s uncertain. I t appears to be l a t e r a l and continuous, 

although the disappearance of melanite takes place over a short distance. 

At the southern base of the South Top the S3 contains both melanite 

and S 2 xenocrysts, and i t can thus be snown on the map (Map 1 ) i n t e r s e c t ­

in g the xenocrystic zone. Specimens f o r a short length of the A l l t 

S a i l an Ruathair also contain melanite, so t h a t the melanite syenite can 

be shown extending a l i t t l e f u r t h e r to the east than on the map of 

Phemister ( 1 9 2 6 ) . 

Summary and Conclusions. 

Hating presented d e s c r i p t i v e data f o r the areas showing best the 

i n t e r - r e l a t i o n s of the main rock types, some gene r a l i z a t i o n s can now 

be made. 

a) Contacts between the leuco-syenites. 

The contact phenomena observed at various l o c a l i t i e s (North Topj 

S a i l an Ruathair; Metamorphic Burn; Black Rock Burn; Oykel f a l l s ) 

c l e a r l y demonstrate the existence of two or more generations of leuco-

c r a t i c s y e n i t e . The contact r e l a t i o n s h i p s can c l e a r l y be seen because 

of the co n t r a s t i n g colours of the two phases of the i n t r u s i o n - S 1 / S 2 red 



or pink, S3 grey or brown. *'ig» 2.13 summarises diagrammatically the 

contact r e l a t i o n s observed. At a l l l o c a l i t i e s S3 can be said t o o v e r l i e 

S1/S2. The r e l a t i o n s h i p i s clear on the North Top of S a i l an Ruathair. 

On the S. side of the Black Rock the dip of the contact can be traced 

t o the base of the Black Rock Burn, so t h a t the mixed rocks exposed i n 

a traverse upstream are progressively f u r t h e r from a contact dipping a 

l i t t l e more steeply than the f a l l of the stream. 

I n the region around ,the Oykel f a l l s one has only t o climb a short 

distance above the low ground made up of S2 t o come on t o S 3 f which thus 

again o v e r l i e s S2. Here the S2 seems t o r i s e as a dome (as does SI 

on the North Top of S a i l an R u a t h a i r ) , dipping under S3 again above the 

branching of the Oykel and A l l t S a i l an Ruathair. At the southern end 

of the i n t r u s i o n S2 i s thus seen as having an undulating surface, domed 

beneath the Oykel, and r i s i n g again beneath the S3 of Black Rock. 

On the North Top of S a i l an Ruathair S I must have a steep domal 

form. I t i s massively veined by,and enclosed in,S3« Occasionally 

at t h i s l o c a l i t y the breaking down of x e n o l i t h s can oe observed y i e l d i n g 

i n d i v i d u a l xenocrysts. The r e l a t i o n s h i p s here suggest t h a t S3 i s the 

l a t e r rock, and t h a t S I i s roofed by S3. (Whether the whole of Coire 

S a i l and Ruathair should be mapped as SI i s d o u b t f u l , out c e r t a i n l y 

i d e n t i c a l rocks are exposed on both sides of the Coire at s i m i l a r 

l e v e l s ) . The p o s s i b i l i t y t h a t these contact e f f e c t s are due to rheo-

aorphism and t h a t S3 i s r e a l l y the e a r l i e r rock, may be r u l e d out, since 

a) Xenocrysts are found f a r i n t o S3, both around the S I mass i n the 
n o r t h , and the S2 i n the south. 

b) At other l o c a l i t i e s , i . e . Metamorphic Burn, west of the upper 

branches of A l l t Cathair Bhan, and on the Black Rock, x e n o l i t h i c masses 
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of S I or S2 are found hundreds of yards from massive 551 or 32, a scale 

of rheomorphism considered improbable• 

On the North Top, S a i l an Ruathair, most of the S I e x i s t s as blocks 

i n S3 t and development of xenocrysts i s only observed t o a l i m i t e d 

degree. The S3 of the lower part of the Black Hock Burn, and above the 

S2 of the c e n t r a l area, c a r r i e s xenocrysts i n profusion, and coherent 

masses of S2 are only r a r e l y found at the l a t t e r l o c a l i t y * The j u n c t i o n 

here can be said to be g r a d a t i o n a l , since progressive increase of S2 

and diminution of S3 ma t e r i a l does not allow a true sharp contact t o be 

mapped• 

Thus the contact between the two main generations of leuco-syenite 

may be e i t h e r sharp (North Top, S a i l an Ruathair; Black Hock) or grada­

t i o n a l (parts of Black Rock Burn, c e n t r a l area). I n the f i r s t case 

e a s i l y recognizable masses of Sl/2 are held i n 3 3 * I n the second the 

Sl/2 i s broken up by the invading S3 and incorporated as xenocrysts. 7 

These gradually increase i n amount towards the massive Sl/2 u n t i l there 

i s p r o p o r t i o n a l l y less S3 m a t e r i a l . 

At the S1/S3 contact on the North Top of S a i l an Ruathair, SI c r y ­

s t a l s along contacts may be seen broken across. The blocks of SI are 

subangular or rounded and have been r o t a t e d i n some cases by the S3 

i n t r u s i o n . At one l o c a l i t y f l a t sheets of SI are seen, t h e i r feldspars 

o r i e n t a t e d p a r a l l e l t o the sides of the sheets. There i s no diminution 

of g r a i n size of S3 at contacts. The conclusion i s t h a t S I was i n a 

f u l l y consolidated s t a t e on i n t r u s i o n of S3, but th a t at c e r t a i n points 

some p a r t i a l r e m o b i l i z a t i o n of SI may have occurred. 



Pig. 2.13* 
Generalized columns i l l u s t r a t i n g the oontact 

rel a t i o n s h i p s between leueeoyenites. The columns are drawn 
i n t h e i r true way-up. The aotual topographic top i s marked 
*T'« Limits of exposure are given with a dashed l i n e , uncertain 
t r a n s i t i o n s witha dotted l i n e . 
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b) Relationships of the variable basic types, and of the 
ul t r a b a s i c rocks* 

The S2-S3 contacts i n the southern part of the c e n t r a l area, i n 

the Black Rock Burn, and on the Black Rock are complicated by the 

presence of basic and u l t r a b a s i c i n c l u s i o n s . As represented on F i g . 

2 . 1 3 these become more sparse downwards i n t o S 2 and, i n the c e n t r a l 

area, eventually die out. They never extend i n t o 33 above the zone of 

S 2 x e n o l i t h s and xenocrysts. 

Thus i t may be seen that the basic rocks form a discontinuous zone 

always concentrated near the top of S 2 . 

I n the Black Rock Burn and i n the Metamorphic Burn, basic rocks are 

at the same l e v e l as xeno l i t h s obviously derived from Purness limestone. 

Any hypothesis as to the o r i g i n of the basic types must consider t h i s 

f a c t , especially bearing i n mind the undoubtedly upward r e l a t i v e p o s i t i o n 

of the limestone. I t seems reasonable to suggest t h a t the basic rocks 

are the remains of a roof to S 2 , some portions of which sank i n t o S2, 

others remaining i n place u n t i l the i n t r u s i o n of S3* This broke up 

the roof zone, and, i n some cases, l i f t e d fragments i n t o i t s lower 

p o r t i o n , w i t h other fragments and xenocrysts from S 2 . 

I n the Cathair Bhan area the u l t r a b a s i c types e x i s t between syenite 

and limestone. Syenite i s not seen above them. Their a t t i t u d e cannot 

be established from exposural evidence alone. Geophysical data o f f e r i n g 

a s o l u t i o n to t h i s problem i s given i n Chapter 3 . 
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General I n t r o d u c t i o n . 

Determination of the r e l a t i o n s h i p s of the u l t r a b a s i c pyroxenites 

and hornblendites of the A l l t Cathair Bhan to the leuco-syenites i n the 

west and the Cambrian sediments to the east i s c l e a r l y v i t a l i n discussion 

of possible s t r u c t u r e s f o r the i n t r u s i o n as a whole. 

Since the u l t r a b a s i c rocks have a high magnetite content i t seemed 

that the area l e n t i t s e l f to i n v e s t i g a t i o n by magnetic means. Models 

could be suggested to give r i s e to anomalies of the observed form. I n 

a d d i t i o n some of the magnetic properties of o r i e n t a t e d samples of the 

u l t r a b a s i c rocks were determined allowing i n t e r p r e t a t i o n of the observed 

anomalies w i t h l i t t l e fear of ambiguity. 

The magnetic data suggests a r a d i c a l l y d i f f e r e n t i n t e r p r e t a t i o n of 

the s t r u c t u r e of t h i s part of the mass to tha t suggested by Phemister 

( 1 9 2 6 ) . Kxcavations have f u r t h e r substantiated the r e l a t i o n s h i p s 

determined geophysically. 

Section 1 . 

F i e l d Data and Techniques. 

a) F i e l d survey method. 

Measurements of t o t a l magnetic i n t e n s i t y were made using an Usee 

proton precession magnetometer. An as s i s t a n t was always used when 

making the measurements. Traverses were made by pacing along a pre­

determined bearing, readings being taken a t d i f f e r e n t i n t e r v a l s appro­

p r i a t e to the l o c a l magnetic gradient. Location was checked at 

i n t e r v a l s on a i r photographs. The instrument was read a t each s t a t i o n 

three times t o e s t a b l i s h a steady reading. (An unsteady reading u s u a l l y 

means e i t h e r t h a t the magnetic gradient i s too high f o r the instrument or 

t h a t the instrument requires r e - t u n i n g ) . Normally s t a t i o n s would be 



20 yards apart, decreasing to 2 . 5 yard i n t e r v a l s when the magnetic 

gradient was steep. Time was noted at # hourly i n t e r v a l s , and the 

reading at the o r i g i n of each traverse recorded at the end as w e l l as 

the beginning of most traverses. 

b) Data. 

Instrument readings were recorded at 1010 s t a t i o n s on the eastern 

side of the Loch A i l s h mass. The l o c a t i o n of p r o f i l e s made i s shown 

on diagram 3 . 1 . Work was concentrated on the A l l t Cathair Bh£h area, 

w i t h some p r o f i l e s across the Sron Sgaile body. The data i s presented 

as contour maps of t o t a l magnetic i n t e n s i t y (Map 2 , at back of t h e s i s , 

and F i g . 3 « 3 ) f and selected p r o f i l e s ( F i g . 3 » 2 ) . These are p l o t t e d 

as raw equivalents i n ^ (gamma • 1 0 * ^ oersted) to the magnetometer 

scale readings using the r e l a t i o n s h i p 
H 9 24050 
('f ) ~ count 

The magnitude of the anomalies was such as to make corrections 

f o r d a i l y v a r i a t i o n and d r i f t unnecessary. 
V--

c) Description of anomalies, A l l t Cathair Bhan area. 

As shown by Map 2 and the p r o f i l e s of F i g s 3 » 2 , an anomaly of 

considerable magnitude (up to 5000 **f) was found f o l l o w i n g the general 

course of the A l l t Cathair Bhan and corresponding to the exposures of 

u l t r a b a s i c rocks i n t h i s stream. The c o n t i n u i t y of these rocks between 

the upper and lower parts of the A l l t Cathair Bhan i s therefore proved. 

Their extension to the south-west, where the anomaly passes across 

the Hiver Oykel, s t r i k i n g l y turns westward when limestone appears i n 

the r i v e r . 

At the north-east end, beyond the highest exposures of u l t r a b a s i c s 

i n the stream, the anomaly can be traced u n t i l i t turns a L i t t l e t o the 



Outline map of the i n t r u s i o n showing lo o a t i o n of proton 
magnetometer p r o f i l e s , and the areas shown by the two contour 
maps of magnetic i n t e n s i t y * (Map 2 and Fig. 3 *3* ) 
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Fig.3.2. 
Selected t o t a l magnetic i n t e n s i t y p r o f i l e s aoross the 

ultrabaele rooke of the A l l t Cathair Bhan. South I s to the 
l e f t of the diagram* 
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east and dies out at the base of the feature ascribed to the Molne 

Thrust. 

On i t s southern side the main p o s i t i v e anomaly i s sharply bounded 

by more or l e s s constant values, and such values extend i n t o the known 

Durness Limestone area. At no point was massive leuco-syenite found 

between limestone and the main anomaly. Indeed the anomaly follows 

p e r f e c t l y the general area of the contact between limestone and i n t r u s i o n . 

The form of the i n d i v i d u a l p r o f i l e s w i l l be discussed i n the l a t e r s e c t i o n 

concerning t h e i r i n t e r p r e t a t i o n . 

A s u r p r i s i n g feature of many of the p r o f i l e s i n the A l l t C a t h air 

Bhatn area, p a r t i c u l a r l y at the southern end, was the presence, i n a 

wide b e l t to the north-west of the most pronounced anomaly, of numerous 

sharp i r r e g u l a r i t i e s i n the magnetic f i e l d , often i n the form of pro­

nounced p o s i t i v e anomalies. Some attempt has been made on Map 2 to 

contour these i r r e g u l a r i t i e s when they seem to correspond, but t h e i r 

complexity makes t h i s d i f f i c u l t and many s u b s i d i a r y i r r e g u l a r i t i e s are 

smoothed out on the contour map. 

The source of these not inconsiderable ( > 1500 ) disturbances 

i n the magnetic f i e l d was obscure, s i n c e only l e u c o c r a t i c s y e n i t e s were 

exposed i n most of the area concerned, with some intermediate and basic 

types at the south-eastern t i p of the C a t h a i r Bhan r i d g e . Neither of 

these rock types would be expected to give such anomalies, p a r t i c u l a r l y 

by comparison with the t r a v e r s e i n c l u d i n g the zone of b a s i c i n c l u s i o n s 

i n the R. Oykel. (See the northern end of p r o f i l e 6, F i g . 3*2). 

An excavation was therefore undertaken at the point 'X* of Map 3, 

(see back of t h e s i s ) , on t r a v e r s e I d , at the s t a t i o n corresponding to 

the maximum of one of these anomalies. This was taken to a depth of 
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abdut 10* and passed mainly through weathered blue-grey crumbly m a t e r i a l 

b u t r e v e a l e d s e v e r a l unweathered f e l d s p a t h i c v e i n s , up t o 2" i n w i d t h , 

e x a c t l y as seen i n the u l t r a b a s i c rocks i n the stream below. A t h i n 

s e c t i o n o f a f r e s h e r p o r t i o n o f the dark weathered m a t e r i a l showed i t t o 

be p y r o x e n i t e o f the A l l t C a t h a i r Bhain t y p e . 

Since i t may s a f e l y be assumed t h a t the o t h e r i r r e g u l a r anomalies 

observed i n t h i s area have s i m i l a r sources, the importance o f these 

o b s e r v a t i o n s i n assessing the s t r u c t u r e o f t h i s p a r t o f the i n t r u s i o n 

must be f a r r e a c h i n g , the presence o f u l t r a b a s i c r o c k s on the r i d g e o f 

C a t h a i r Bhan being h i t h e r t o unsuspected. 

The form i n depth o f the u l t r a b a s i c r o c k masses cen be deduced from 

the shape o f the magnetic anomalies, u s i n g the techniques d e s c r i b e d i n % 

S e c t i o n 3« 

I n an appendix comparison i s made w i t h s t r i k i n g l y s i m i l a r anomalies 

d i s c o v e r e d i n a comparable g e o l o g i c a l s e t t i n g a t the s o u t h e r n boundary 

of the nearby Loch B o r r a l a n s y e n i t e , 

d) D e s c r i p t i o n of anomalies, Sron S g a i l e a r e a . 

A l i m i t e d magnetometer survey was made o f the e n i g m a t i c Sron Sjgaile 

a r e a . No anomalies o f comparable magnitude t o those o f the A l l t 

C a t h a i r Bhan were found, and no southward c o n n e c t i o n w i t h the l a t t e r 

anomalies i s suggested. Diagram 3-3 shows the l i m i t e d a r c u a t e anomaly 

fo u n d . The l o n g t r a v e r s e (19) showed no sharp changes i n magnetic 

i n t e n s i t y , b ut a d i s t i n c t change o f g r a d i e n t towards i t s s o u t h e r n end 

suggests the p o s i t i o n of the Moine T h r u s t * 

The data suggests t h a t t h e Sron S g a i l e r o c k s are l i m i t e d i n extend 

and are not i n near s u r f a c e c o n n e c t i o n w i t h rocks o f C a t h a i r Bhan t y p e . 
They are n e i t h e r s u f f i c i e n t l y c l e a r l y d e f i n e d nor the data adequate t o 
o f f e r p o s s i b i l i t i e s o f d e t a i l e d i n t e r p r e t a t i o n . 



Pig. 3.3. 
Contour nap of t o t a l magnetic i n t e n s i t y of the Sr6n 

Sgaile area, together with rook types exposed, 
KET TO ROCK TTPKSi (Exposures indioated by appropriate 

l e t t e r . ) 
S» Leuoosyeni te• 
Bt Basic rooks of Sron Sgaile type. 
Qi Quartsite* 
Lt Limestone xonolithe. 
Mi Koine rooks* 
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S e c t i o n 2. 

Magnetic p r o p e r t i e s o f the / ' l i t C a t h a i r Bhan u l t r a b a s i c r o c k s . 

a) I n t r o d u c t i o n . 

To o b t a i n an unambiguous s o l u t i o n f o r the sha e of a rock mass t o 

gi v e a magnetic anomaly of any observed form, i t i s necessary t o know 

both the o r i e n t a t i o n and i n t e n s i t y o f m a g n e t i z a t i o n o f the rocks f o r m i n g 

the body. 

I n rocks such as those s t u d i e d the > f f e c t i v e d i r e c t i o n of magnet­

i z a t i o n I T and i > T , and i t s magnitude J T , i s the v e c t o r sum of two 

components. One, the remanent m a g n e t i z a t i o n , i s a c q u i r e d by the r o c k 

as i t cools through the Curie temperatures o f i t s magnetic components, 

and w i l l u s u a l l y r e f l e c t the o r i e n t a t i o n o f the e a r t h ' s magnetic f i e l d 

a t the time the r o c k c o o l e d . This d i r e c t i o n can ue rep r e s e n t e d by 

D y ( d e c l i n a t i o n ) , I r ( i n c l i n a t i o n ) , and J y ( m a g n i t u d e ) . 

The o t h e r component i s the r e s u l t o f m a g n e t i z a t i o n induced by the 

present magnetic f i e l d of the e a r t h . I n a magnetic f i e l d s t r e n g t h 

H the induced i n t e n s i t y ( i n the d i r e c t i o n o f the f i e l d I , ) i s 

gi v e n by 

J. • kH 

where k i s the magnetic s u s c e p t i b i l i t y of the sample. 

The e f f e c t i v e d i r e c t i o n of m a g n e t i z a t i o n 1 ^ and i s the v e c t o r 

sum o f l p , I i f D r, and 5^, and the i n t e n s i t y o f m a g n e t i z a t i o n : 

J T = J r * kH 

A l l these components may be determined e x p e r i m e n t a l l y . I ± and , 

of course, correspond t o the o r i e n t a t i o n o f the e a r t h ' s f i e l d a t the 

l o c a l i t y from which the samples are take n . 
b) O r i e n t a t e d samples. 

O r i e n t a t e d specimens o f A l l t C a t h a i r Bh^n rocks w t r e obtained u s i n g 
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a t r i p o d device w i t h b u i l t - i n s p i r i t l e v e l K i n d l y l e n t by Dr. R.v . 

G i r d l e r . C y l i n d r i c a l specimens 1" i n l e n g t h by 1" i n diameter, 

s u i t a b l e f o r measurement were then cut usi n g a s p e c i a l c o r i n g machine. 

c ) Measurement of remanent m a g n e t i z a t i o n * 

The measurements were made on the "igneous" a s t a t i c magnetometer 

i n the Dept. of ">hysics, King's C o l l e g e , Newcastle-upon-Tyne. (See 

Kuncorn, C o l l i n s o n and Creer, i n 1960, p,120 f o r d e t a i l s ) . The 

c y l i n d r i c a l specimens described above were used and the i n t e n s i t y of 

ma g n e t i z a t i o n determined by comparison w i t h a standard c o i l . 

d ) R e s u l t s . 

I t was soon apparent t h a t the specimens used were f a r from i d e a l 

f o r these measurements since they were f r e q u e n t l y markedly inhomogeneous 

and d i d not approximate t o the d i p o l e r e q u i r e d f o r the s u c c e s s f u l 

f u n c t i o n i n g of the i n s t r u m e n t . Of the 22 specimens measured o n l y t e n 

gave s i g n i f i c a n t r e s u l t s , a f a r from s a t i s f a c t o r y sample. These are 

g i v e n i n t a b l e 3»1» and i n diagram 3.^ ( l e f t ) . 

The c o n s i d e r a b l e s c a t t e r i s obvious. There i s no c o r r e l a t i o n 

between specimen l o c a l i t y and o r i e n t a t i o n , except i n so f a r as the 

specimens which c o u l d not be measured tended t o come from areas wnere 

the rocks were n o t a b l y deformed. 

e) Measurement of s u s c e p t i b i l i t y . 

The second component o f the m a g n e t i z a t i o n depends on the s u s c e p t i ­

b i l i t y o f the r o c k . This p r o p e r t y was determined f o r a l l o f the 22 

a v a i l a b l e samples on an A.C. s u s c e p t i b i l i t y b r i d g e (see C o l l i n s o n and 

Creer i n Kuncorn e t a l . , o p . c i t . , p.196) a t the Physics Pe t . , King's 

C o l l e g e , Newcastle-upon-Tyne. 



Table 3*1* 

O r i e n t a t i o n and i n t e n s i t y of remanent mag n e t i z a t i o n of 
specimens o f A l l t C a t h a i r Bhan u l t r a b a s i c r o c k s . 

Specimen No. D e c l i n a t i o n . 
5 r . 

(degrees) 

I n c l i n a t i o n , 

(degrees) 

I n t e n s i 
J 
r 

(F.m•u•cm 

M2 6 - 4 1.72 

M3 3* • 5 1.82 

222 -50 0.54 

M5 327 -3^ 0.57 

M6 130 +37 0.79 

M7 302 +42 1.67 

M17/1 323 -18 0 .27 

M17/2 5 -28 0.25 

Ml8 180 -64 1.70 

M19 261 -18 1.72 

-3 

* Measured r e l a t i v e t o True N o r t h . 
* Measured r e l a t i v e t o the h o r i z o n t a l . 

+ poles down, - po l e s up. 

The values are p l o t t e d s t e r e o g r a p h i c a l l y on f i g u r e 3.4 



Pig»3«4» 
LEFTi Directions of remanent components of magnetization 

of A l l t Cathair Bhan ult r a b a s i o rooks* 
RIGHTi Direotione of re s u l t a n t s of remanent and induced 

magnetisations* 
Points linked by the broken l i n e are oores from the same 

hand specimen. 
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Table 3.2. 

S u s c e p t i b i l i t y , i n t e n s i t y of induced component, and magnetite 
content o f A l l t C a t h e i r Bhan u l t r a b a s i c r o c k s . 

Specimen S u s c e p t i b i l i t y 
No. 

-3 1 A 6 e.m.u.cm xlO 

I n t e n s i t y i n 0.5 ^r^J± Modal % 
oers t e d f i e l d ( J , ) /v-r.—r—v magnetite 

11 — A (Konxgsberger 9""^— 
e.m.u.caT^xlO^ R a t i o ) vvox;. 

M2 10260 5.13 0.34 4 .1 

M3 11733 5.o7 0 .31 4 .2 

M4 1560 0.78 0 .69 0.5 
M5 10533 5.27 0.11 3.9 
M6 10933 5.^7 0.14 6.9 
M7 13067 6 .53 0.26 6.8 
M17/1 2114 1.06 0.26 0.7 
M17/2 1927 0.96 0.26 0.6 
M18 8027 4.04 0.42 4.8 
Ml 9 6900 3.45 0.50 4 .2 

M8 9715 4.86 - -
M9 12833 6.42 - -
M10 13860 6 .93 - -
M l l / 1 4180 2 .09 -
M l l / 2 3915 1.96 - -
M13/1 4971 2.86 - -
M13/2 6200 3 .1 - -
M13/3 7770 3.89 - -
M22 2261 1.13 -
M24/1 5029 2.52 - -
M24/2 4077 2 .04 - -
M25 3600 1.8 
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Table 3*3* 

Orientation and magnitude of r e s u l t a n t s of remanent and 
induced magnetizations of A l l t Catfaair Bhan u l t r a b a s i c rocks. 

Specimen No. Declination I n c l i n a t i o n I n t e n s i t y 
D t . 

(degrees) 
X t 

(degrees) 
J t 

(e.m.u.cm 

M2 357.5 55 5.79 

M3 11 55.5 6.67 

M4 88.5 ^9.5 0A26 

M5 3^5 65 5.1^ 

M6 7^ 5.79 

M7 333 65.5 7.38 

M17/1 335 57 1 .09 

M17/2 356 56.5 0.95 

M18 337.5 75.5 2.33 

M19 295*5 ^9.5 3.037 

* R e l a t i v e to true north. 

* R e l a t i v e to h o r i z o n t a l ; a l l downwards. 

Note that specimens M4 and M19, which depart f u r t h e s t from the mean, 
have the highest Konigsberger r a t i o s . (See Table 3 . 2 ) . 
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f ) R e s u l t s . 

The r e s u l t s are t a b u l a t e d i n t a b l e 3*2, t o g e t h e r w i t h c a l c u l a t e d 

from = kH, H being taken as 0*5 o t r ~ t e d , the approximate background 

i n t e n s i t y value observed i n the Loch A i l s h a r e a . A l s o shown are modal 

volume percentages o f magnetite determined by p o i n t c o u n t i n g p o l i s h e d 

sections« (There was a l i t t l e coarse i l m e n i t e i n some specimens)* 

From the column showing J y / J ^ i t may be seen t n a t the induced component 

i s always l a r g e r than the remanent component by, on average, a f a c t o r 

o f 3» and i n a l l but two cases a f a c t o r o f 5» The mean value o f i s 

3*&6 x 10~^ e.m.u.cm"^. 

There i s a g e n e r a l , but n o t p r e c i s e , c o r r e l a t i o n between the modal 

magnetite content and the s u s c e p t i b i l i t y * Using the means o f the 

magnetite content and s u s c e p t i b i l i t y , the s u s c e p t i b i l i t y ( i n e.m.u.cn"^ x 

10 ) i s appr o x i m a t e l y 2 x x v o l . per c e n t * m a g n e t i t e * Thus specimen 

kS (Table w i t h 11#6 per c e n t , magnetite would have a s u s c e p t i b i l i t y 

of 23200 e.m.u.cflT^ x 10^ and o f 11,6 e.nuu.cm"^ x 10^, which r e p r e ­

s e n t s the maximum probable f o r the Loch A i l s h samples, 

g ) R e s u l t a n t d i r e c t i o n s o f m a g n e t i z a t i o n . 

The c o m p a r i t i v e l y l a r g e values o f J. mean t h a t the e f f e c t i v e d i r e c t i o n 

of m a g n e t i z a t i o n w i l l l i e near t o the o r i e n t a t i o n o f the e a r t h ' s f i e l d 

a t the present day. The r e s u l t a n t of two v e c t o r s as d e s c r i b e d here i s 

g i v e n by: 
N = J cos I cos D r r r r 
E = J cos I s i n D r r r r 

r r r 
N i ' * i a n d Z i a r e c a l c u l a t e d s i m i l a r l y and 

N. « N • N, t r i 
h = F r + E i 
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Tan D f = 
• t 

S i n I . = f t 

The r e s u l t a n t d i r e c t i o n s c a l c u l a t e d are tabulated as table 3«3» 
and plotted on diagram 3.^ ( r i g h t ) . The earth's f i e l d was taken to 

be D & = 350*, I n • 7 1 ° , J f l = 0.5 oersted. The vector sum of a l l the 

unit vectors i n the sample i s the best estimate of the true mean d i r e c ­

t i o n of the population ( F i s h e r , 1953). This point i s a l s o plotted and 

f a l l s at 

D m = 355.5°, I m = 6 5 . 2 5 ° , 

or r a t h e r close to the o r i e n t a t i o n of the earth's f i e l d , 

h) General conclusions. 

These r e s u l t s suggest that the anomaly must be i n t e r p r e t e d i n terms 

of the induced component which can be determined by d i r e c t measurement 

of s u s c e p t i b i l i t y or estimated from the modal magnetite content of the 

rocks. This conclusion i s reached uearing i n mind tne following points: 

( i ) The measurements of d i r e c t i o n of remanent magnetization are 

widely s c a t t e r e d even i n the ten measured specimens, and a further eleven 

specimens did not have a consistent d i r e c t i o n of magnetization even over 

the short (1") distance of the cored samples. This suggests that the 

remanent magnetization i s e f f e c t i v e l y random, probably as a r e s u l t of 

the i r r e g u l a r deformation that the rocks have undergone. 

( i i ) The measurements of s u s c e p t i b i l i t y show that i n any case the 

induced component w i l l be considerably the l a r g e r , and the c a l c u l a t e d 

p o s i t i o n of the vector sum of the e n t i r e group,of samples i s s t r i k i n g l y 

near to the p o s i t i o n of the vector for the present day f i e l d of the e a r t h . 
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This c o n f i r m s the v a l i d i t y o f assuming the l a t t e r d i r e c t i o n as the 

d i r e c t i o n of m a g n e t i z a t i o n o f the body as a whole. 

1) Assumed v a l u e s . 

A mean value o f s u s c e p t i b i l i t y l o r the 22 measured specimens i s 

7.069 x 10*^ e.m.u.cm""**, so t h a t the average i n t e n s i t y o f the r o c k w i l l 

be 3 . 5 3 x 10"^ e.m.u.cm"^. For the 10 specimens which c o u l d be f u l l y 
-3 -3 

measured the mean was 3*86 x 10 e.m.u.cm . From t h i s data the value 

used f o r the i n i t i a l stages o f computation was taken t o be 0.004 e.m.u.cm"' 

d e c l i n a t i o n 350° , I n c l i n a t i o n 71° • 

j ) Sources of d e v i a t i o n from the mean. 

The most i m p o r t a n t f a c t o r i n f l u e n c i n g the form o f the anomaly w i l l 

be changes i n the magnetite c o n t e n t o f the r o c k s . The modal data show a 

co n s i d e r a b l e range o f magnetite c o n t e n t which w i l l be a major c o n t r i b u t i n g 

f a c t o r i n d e t e r m i n i n g the magnitude o f the anomaly. I t i s a l s o p o s s i b l e 

t h a t i n a p a r t i c u l a r l y u n d i s t u r b e d p a r t o f the mass, J y / J ^ c o u l d become 

such t h a t t h e d i r e c t i o n o f m a g n e t i z a t i o n approached more c l o s e l y t o the 

remanent than the induced m a g n e t i z a t i o n . 

Using the assumptions of s e c t i o n ( i ) , and bea r i n g i n mind the above 

remarks, we can now t u r n t o the i n t e r p r e t a t i o n o f the magnetic 

anomalies. 
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S e c t i o n 3« 

I n t e r p r e t a t i o n of magnetic anomalies. 

a ) Technique. 

The magnetic i n t e n s i t y a t a gi v e n p o i n t over a b u r i e d magnetic mass 

i s g i v e n by: ( H o l l a n d , 1940.) 
For t h e h o r i z o n t a l component: 

and f o r the v e r t i c a l component: 

c o s ! i U ^ e ^ ] } 

The t o t a l i n t e n s i t y , which the p r o t o n magnetometer measures, i s g i v e n by: 

A F * AH «*J s^^c'-f 1 7 

where 
k F Q c T o t a l m a g n e t i z a t i o n J. 
^ = S t r i k e o f the body measured c l o c k w i s e from the d e c l i n a t i o n 

of the t o t a l m a g n e t i z a t i o n . 

I = I n c l i n a t i o n of the t o t a l m a g n e t i z a t i o n . 

0C* = S t r i k e of body measured cl o c k w i s e from the d e c l i n a t i o n of 
the present e a r t h ' s f i e l d . 

I = I n c l i n a t i o n o f the present f i e l d . 

A l l these f a c t o r s have been measured e i t h e r i n the f i e l d ( S e c t i o n 1) 

or the l a b o r a t o r y ( S e c t i o n 2 ) . 

i , r and j2f are f u n c t i o n s o f the shape o f the body, which are 

c a l c u l a t e d by the computer which i s f e d o n l y xy c o o r d i n a t e s . These are 



the o n l y unknowns i n the problem considered here. 

Since t h i s r a t h e r l e n g t h y e q u a t i o n must be solved f o r a l a r g e 

number of s t a t i o n s on any p r o f i l e , i t can o n l y be s o l v e d i n p r a c t i c e by 

use of an e l e c t r o n i c computer. 

The machine used was the F e r r a n t i "Pegasus" computer, a t King's 

C o l l e g e , Newcastle-upon-Tyne, u s i n g a program (2D Magnetic S i m u l a t o r ) 

devised by Mr. ft .A • Stacey, M.Sc, Dept. of Geology, Durham U n i v e r s i t y , 

wnose a s s i s t a n c e throughout the computing work i s e s p e c i a l l y g r a t e f u l l y 

acknowledged• 

The technique i s t o c o n s t r u c t p o s s i b l e g r a p h i c a l models of cross 

s e c t i o n s of the mass g i v i n g r i s e t o the anomaly, endow them w i t h the 

a p p r o p r i a t e magnetic p r o p e r t i e s and c a l c u l a t e the magnetic anomaly due 

t o the model* This i s compared t o t h a t observed i n the f i e l d , and the 

model p r o g r e s s i v e l y r e f i n e d u n t i l a good f i t i s a c h i e v e d . To t h i s end 

the computer i s g i v e n : 

( i ) A s e r i e s o f c o o r d i n a t e s e x p r e s s i n g the v e r t i c a l and h o r i z o n t a l 

p o s i t i o n s of s t a t i o n s on a p r o f i l e normal t o the s t r i k e o f the anomaly. 

For most work t h i s i s adequately taken w i t h a c o n s t a n t v e r t i c a l component 

( i . e . w i t h a h o r i z o n t a l l a n d s u r f a c e ) a l t h o u g h f o r t r a v e r s e s w i t h 

a p p r e c i a b l e r e l i e f the topography may be d e f i n e d . 

( i i ) OL1 (a about 65°) 

and i ' (= 71°) 

( i i i ) A s e r i e s o f xy c o o r d i n a t e s e x p r e s s i n g the proposed shape of 

the body, t o g e t h e r w i t h the c o n t r a s t between the t o t a l magnetizations 

( J ) at i n t e r f a c e s between the body and e n c l o s i n g c o u n t r y r o c k , and the 

values (C and I . I n our case these o r i e n t a t i o n parameters have been 

shown t o approximate t o the present f i e l d o f the e a r t h , so t h a t CC • & si 

1 = 1 . The value o f J (dependent on the s u s c e p t i b i l i t y of the r o c k s ) 
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was e s t a b l i s h e d i n the preceding s e c t i o n as b e i n g about 0.004 e.m.u.cnT . 

°) I n i t i a l c a l c u l a t i o n s . 

I n i t i a l l y i t was decided t o see whether the p r e v i o u s l y h e l d 

s t r u c t u r a l h y p o t h e s i s , due t o Phemister (1926) f i t t e d w i t h the new data. 

Re b e l i e v e d t h a t the u l t r a b a s i c rocks i n the A l l t C a t h a i r Bhan had a 

s h a l l o w a n t i c l i n a l f o r m . A s i m p l i f i e d model based on h i s diagram 

(reproduced as F i g * 1*2, below) was used. This and the c a l c u l a t e d anomaly 

are shown as F i g * 3#8 ( l e f t ) . The topography was used i n the c a l c u l a ­

t i o n . Comparison w i t h the observed p r o f i l e ( t r a v e r s e 11) shows a marked 

d i f f e r e n c e , both i n amplitude and shape* I t i s considered t h a t t h i s 

diagram c l e a r l y demonstrates the need f o r a reassessment of the form i n 

depth o f these i l l exposed r o c k s . y 

Diagram 3»5 shows a s e r i e s of anomalies computed f o r the v a r i o u s l y 

d i p p i n g sheets i l l u s t r a t e d , made up of r o c k w i t h the magnetic p r o p e r t i e s 

determined f o r t h a t o f the A l l t C a t h a i r Bhan. These are snown i n some 

cases w i t h an a d d i t i o n a l curve f o r a body b u r i e d 5 m. below the s u r f a c e -

i . e . below 5m. o f peat, which must be a maximum e s t i m a t e f o r the area 

considered• 

From these curves some g e n e r a l p o i n t s emerge: 

( i ) Low angle s t r u c t u r e s , whether d i p p i n g northwards i n t o the s y e n i t e 

or southwards beneath the limestone are unable t o produce magnetic 

anomalies of s u f f i c i e n t magnitude, unless the r o c k s a t depth have appre­

c i a b l y d i f f e r e n t magnetic p r o p e r t i e s t o those observed. This would 

n e c e s s i t a t e a h i g h magnetite c o n t e n t , probably a t l e a s t 25 per c e n t , i n 

the case of the very low angle s t r u c t u r e s * 

( i i ) The most n o t a b l e v a r i a t i o n i n the form o f the anomalies on 

changing the d i p o f the s t r u c t u r e , i s i n the r e l a t i v e magnitudes o f the 



Magnetic anomalies computed f o r sheets of varying dip. 
The anomalies produced when the body has i t s top at the surface 
and at 5n* below are shown* 
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p o s i t i v e and ne g a t i v e peaks o f the anomaly. Since a very s i m i l a r v a r i a ­

t i o n i s seen i n the C a t h a i r Bhan anomalies i t seems l i k e l y t h a t the 

s t r u c t u r e has a v a r i a b l e , i f s t e e p , deep. 

( i i i ) The e f f e c t o f the peat cover i s t o depress the maxima and 

minima and g e n e r a l l y t o gi v e a smoother, somewhat broader anomaly. The 

peat cover over the A l l t C a t h a i r Bhan rocks i s v a r i a b l e , r a n g i n g from 

zero i n the exposed stream s e c t i o n s t o moderate t h i c k n e s s e s i n the peaty 

b a s i n between the upper and lower p a r t s o f the stream, and i n the area 

t o the n o r t h o f the stream exposures. I t i s i n these areas t h a t an 

a p p r e c i a b l e smoothlng-out o f the anomaly i s observed. 

Fig* 3*6 shows two of the more s t e e p l y d i p p i n g models r e c a l c u l a t e d 

w i t h t h e i r bases a t v a r y i n g depths. When the base becomes s h a l l o w , a t 

l e s s t h a n 50 m. or 2*5 times t h e ou t c r o p w i d t h , a s m a l l n e g a t i v e begins 

t o develop on the south side o f the s t i l l i n t e n s e main p o s i t i v e peak. 

J one of the Loch A i l s h anomalies show t h i s f e a t u r e , i n a simple form, but 

t h e r e i s a s u g g e s t i o n , a l t h o u g h much more i r r e g u l a r l y r e p r e s e n t e d , i n some 

p r o f i l e s from the southern end o f the body. 

Diagram 3*7 i l l u s t r a t e s the e f f e c t o f in c r e a s e i n the magnitude o f 

the t o t a l m a g n e t i z a t i o n o f a body, i n t h i s case from the value o f 0.004 
-3 -3 e.m.u.cm used i n previ o u s s e c t i o n s t o 0.007 e,m.u.cm , w e l l w i t h i n 

the range encompassed by the modal magnetite c o n t e n t o f the r o c k s . 

I n summary we can var y the f o l l o w i n g f e a t u r e s o f our simple sheet-

form model: 

( i ) Angle o f d i p . 
( i i ) Depth o f b u r i a l o f t o p . 

( i i i ) Depth t o base, 
( i v ) Magnitude o f t o t a l m a g n e t i z a t i o n . 



Fig.3.6» 
Magnetio anomalies computed for two sheet-form bodies 

with various depths to t h e i r base. 
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Magnetic anomalies calculated for deep and shallow 
based v e r t i c a l sheets with two magnitudes of t o t a l magnetiz­
ation i n each case. 
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c ) Refinement. 

With the computer t h e r e i s l i t t l e l i m i t t o the c o m p l e x i t y o f the 

models one can a t t e m p t t o f i t t o the observed curves* Hounded p a r t s 

o f models must be expressed as a s e r i e s o f s t r a i g h t l i n e s but such 

approximations have l i t t l e e f f e c t as i t i s easy t o show t h a t the maxima 

o f anomalies develop over the sharp corners o f a g i v e n body* 

I n the time a v a i l a b l e i t was decided t o r e f i n e t o a c l o s e r degree 

a model t o approximate t o one o n l y o f the observed p r o f i l e s * P r o f i l e 11 

( F i g * J2) was chosen f o r a number of reasons: 

( i ) I t approximates t o the s e c t i o n ,B I g i v e n by Phemister (1926, 

reproduced here as f i g * 1*2) and thus comparison o f observed and c a l c u ­

l a t e d p r o f i l e s f o r b o t h h i s body and o t h e r bodies f i t t i n g the exposures 

c o u l d be made. 

( i i ) I t s basic form i s c o m p a r i t i v e l y s i m p l e . 

( i i i ) There are numerous exposures along the l e n g t h o f the p r o f i l e 

t o which any model must be f i t t e d . 

As a f u r t h e r r e f i n e m e n t the topography shown on the p r o f i l e due t o 

Phemister was i n c o r p o r a t e d . Sharp changes of s l o p e , p a r t i c u l a r l y when 

the body i s near s u r f a c e , can have a pronounced e f f e c t on the f o r m o f 

the anomaly. 

I n f i g . 3*8 comparison i s made between the observed p r o f i l e 11 and 

the anomalies due t o two complex models, one f o l l o w i n g Phemister, the 

o t h e r u t i l i z i n g the same o u t c r o p le n g t h s but having a t o t a l l y d i f f e r e n t 

form i n depth. 

The new model, w h i l s t not i n any way being a p e r f e c t f i t . o f f e r s a 

good comparison o f g e n e r a l f o r m and a m p l i t u d e * The u l b r a b a s i c s form a 

v e r t i c a l mass w i t h a s e r i e s o f v e r t i c a l s y e n i t e sheets w i t h i n them. 



Refinement of models* 
The observed p r o f i l e (11) lo compared to a 

model based on the seetion of Phemistor ( 1926 ) 9 l o f t 
and a sories of v e r t i c a l sheets t right* 
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These are observed i n the f i e l d when they are much more i r r e g u l a r i n 

form t h a n used f o r the model, but the g e n e r a l e f f e c t o f producing an 

i r r e g u l a r zone between the maximum and the minimum o f the o v e r a l l 

anomaly may be seen* 

rffhen t h i s model was o r i g i n a l l y t r i e d the n e g a t i v e on the n o r t h 

s i d e was much t o o l a r g e * A m o d i f i c a t i o n which brought the curve t o 

i t s present e q u a l i t y i n magnitude was the assumption t h a t the s y e n i t e , 

both as the s m a l l dykes and as massive s y e n i t e t o the n o r t h , c o n t a i n s 

some m a g n e t i t e , w h i l s t the limestone t o the south was magnetite f r e e . 

The c o n t r a s t i n t o t a l m a g n e t i z a t i o n over the seven u l t r a b a s i c - l e u c o -

s y e n i t e i n t e r f a c e s was taken as 0.002 e.m.u.cm""^ and t h a t f o r the u l t r a -

b a s i c - l i m e s t o n e i n t e r f a c e g i v e n as t h e normal 0*004 e.m.u.cn"'. 

No attempt was made t o es t i m a t e the depth t o the base o f the body, 

s i n c e i t has been e s t a b l i s h e d ( F i g * 3*6) t h a t o n l y a ver y shallow base 

has an a p p r e c i a b l e e f f e c t on the form o f the anomaly, and t h i s p r o f i l e 

and a d j a c e n t ones d i d not show such a m o d i f i c a t i o n , 

d ) General c o n c l u s i o n s . 

I t has been shown t h a t magnetic anomalies o f the c o r r e c t g e n e r a l 

f o r m can be ob t a i n e d u s i n g the magnetic p r o p e r t i e s o f the r o c k s , determined 

e x p e r i m e n t a l l y * The unknowns are s o l e l y those d e f i n i n g the form o f the 

body* Comparison o f observed and computed forms suggests t h a t the body 

i s s t e e p l y d i p p i n g and not a low angle s t r u c t u r e , and f o l l o w s the c o n t a c t 

between s y e n i t e s and l i m e s t o n e * I n places the observable v e i n i n g o f 

u l t r a b a s i c by l e u c o - s y e n i t e c o m p l i c a t e s the anomaly* F u r t h e r masses o f 

u l t r a b a s i c r o c k s h e l d i n s y e n i t e t o the west have been proved by 

e x c a v a t i o n * 

Map 3 (back o f t h e s i s ) i s an attempt t o produce a s t r u c t u r a l p i c t u r e 
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o f the A l l t C a t h a i r Bhan area, b r i n g i n g t o g e t h e r e x p o s u r a l and geophysical, 

evidence. The d i p s suggested were deduced by comparison o f observed 

anomalies w i t h the curves c a l c u l a t e d i n the p r e v i o u s s e c t i o n s . 

The base o f the u l t r a b a s i c body must i n most cases be a t l e a s t 2.5 

times the o u t c r o p w i d t h , except p o s s i b l y a t i t s s outhern end. 
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Appendix to Chapter 3« 

Note on the Loch Borralan Complex. 

During the course of the f i e l d magnetometer survey a number of 

a d d i t i o n a l t r a v e r s e s were made across parts of the Loch Borralan i n t r u s i o n . 

Two t r a v e r s e s , a t the l o c a l i t i e s shown on f i g . 3«9» showed magnetic 

anomalies s t r i k i n g l y s i m i l a r to those of A l l t Cathair Bhan, Loch A i l s h , 

both i n shape and magnitude. (One i s shown on f i g . 3«9; the other 

was c l o s e l y s i m i l a r ) . The maximum of the anomaly corresponds c l o s e l y 

to the contact of the i n t r u s i o n postulated by Shand (1910, see b i b l i o ­

graphy of Chapter 1 ) . The nearest exposures observed are Durness 

Limestone, to the south, and ba s i c s y e n i t e s to the north. The anomaly 

s t r i k e s d i r e c t l y towards the basic rocks of Bad na h'Achlaise 

( c r o m a l t i t e s ) . According to Shand, however, cromaltite does not contain 

magnetite. Nonetheless magnetite bearing rocks undoubtedly occur i n the 

area described. By analogy with the L. A i l s h magnetic rocks they are 

probably steeply dipping, and, f u r t h e r , appear to occupy the same p o s i t i o n 

between limestone and syen i t e as do the Loch A i l s h pyroxenites. A com­

parable zone of i r r e g u l a r anomalies i s a l s o seen on the s i d e of the main 

anomaly nearest the s y e n i t e . 

The f i e l d evidence of l a c c o l i t h i c form f o r the L. Borralan complex 

would seem to be tenuous. This data does not support the hypothesis. 

Further work could y i e l d valuable information on the f i e l d r e l a t i o n s of 

these unusual r o c k s . 



Magnetic data on the Loch Borralan intrusion. 
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CHAPTER h. 

G1NSHAL °i T^-X^RA^HY. 

Contents; 

General introduction. 

Section 1 . Leucocratic s y e n i t e s . 

a ) General statement. 

b) Modal data. 

c ) V a r i a t i o n i n content of mafic c o n s t i t u e n t s . 

d) V a r i a t i o n i n quartz content* 

e) Contamination by country rock. 

f ) Minerals of the leuco-syenites, excluding f e l d s p a r s . 

Section 2 . Kocks produced near contacts between leuco-syenite and 
country rocks. 

a ) Introduction. 

b) Contaminated leuc o - s y e n i t e s . 

c ) Metamorphosed country rocks with a d d i t i o n a l m a t e r i a l derived 
from s y e n i t e . 

d) Contact metamorphosed country r o c k s . 

Section 3* Basic and u l t r a b a s i c types x e n o l i t h i c i n the s y e n i t e . 

a ) General statement. 

b) Feldspar-pyroxene rocks and r e l a t e d pyroxenites. 

c ) Ultramafic mica r i c h and sometimes amphibole bearing types. 

d) Feldspar-mica-pyroxene rocks (intermediate t y p e s ) . 

Section 4. Srdn Sg a i l e r o c k s . 

Section 5 . U l t r a b a s i c rocks a t Cathalr Bhan. 

Section 6 . Chemistry of the Loch A i l s h rocks. 

Section 7 . Clinopyroxenes from the, complex, 

a ) Introduction. 



is-

b) Technique. 

c ) Data* 

d) Conclusions* 

Section 8. General conclusions* 

Appendix* Technique for determination of b and a s i n f i of c l i n o -
pyroxenes• 

General introduction* 

Phemister, i n h i s 1926 account of the L. A i l s h mass, gives a f u l l 

account of the petrography of the main rock types represented, and a l s o 

mentions a number of unusual forms* This account does not attempt to 

duplicate h i s de s c r i p t i o n s * but to r e a s s e s s the i n t e r - r e l a t i o n s of the 

rock types i n the l i g h t of the revised s t r u c t u r a l p i c t u r e developed i n 

Chapters 2 and J5. 

For the purpose of these d e s c r i p t i o n s a s u b - d i v i s i o n of the rock 

types w i l l be made, following Phemister ( 1 9 2 6 ) i n a general way. The 

purpose of t h i s chapter i s to e s t a b l i s h which of these d i s t i n c t i o n s i s 

r e a l , on petrographic grounds, or whether, as i s suggested by the r e v i s e d 

s t r u c t u r a l p i c t u r e developed i n the preceding chapters, a common o r i g i n 

i s shared between a number of the rock types* 

The following broad sub-divisions w i l l be considered: 

( 1 ) Leucocratic s y e n i t e s . 

( 2 ) Rocks produced near contacts between syen i t e and x e n o l i t h i c 

sedimentary m a t e r i a l * 

(3) B a s i c and u l t r a b a s i c types x e n o l i t h i c i n the leuco-syenite. 

The " s h o n k i n i t e s " and "b a s i c knots" of Phemister ( 1 9 2 6 ) . 

(4) Sr&n S g a i l e r o c k s . 

( 5 ) The u l t r a b a s i c rocks of Cathair Bhan* 
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The l e u c o c r a t i c rocks were investigated l a r g e l y through t h e i r 

a l k a l i feldspars which are f u l l y described i n Chapter 5 » I n t h i s 

chapter notes on the major mafic constituents only are given. 

Minor veins and the various dykes w i t h i n the mass w i l l not be 

described except i n cases where they are considered to throw l i g h t on 

r e l a t i o n s of the massive rocks. 

The l o c a l i t i e s of a l l specimens mentioned i n the text are shown 

as f i g . 4.1, 

Section 1. 

Leucocratic s y e n i t e s . 

a ) General statement. 

The l e u c o c r a t i c s y e n i t e s have previously been sub-divided i n t o two 

main groups, S I and S2, and the l a t e r S3» S I and S2 are ea r l y s y e n i t e s 

perhaps a r t i f i c i a l l y sub-divided on the b a s i s of l o c a t i o n , but proving to 

d i f f e r i n terms of the nature of the potassium phases of t h e i r p e r t h i t e s , 

(see Chapter 5 ) , and i n the type of mafic minerals present. The marginal 

forms of S2, i n the Black Kock Burn, and at the top of the Metamorphic 

Burn, are c h a r a c t e r i z e d by a s t r i k i n g l y pleochroic (purple-turquoise-

yellow) amphibole, sometimes together with a pyroxene and dark mica. I n 

the c e n t r a l area of S2 a green pyroxene i s more t y p i c a l , although 

amphibole i s sometimes present. S I on the other hand c h a r a c t e r i s t i c a l l y 

c a r r i e s e i t h e r a dark green or a c o l o u r l e s s mica, with both c o e x i s t i n g 

i n some ca s e s . The pyroxene i s often r a t h e r pale green i n colour. S3 

has normally very l i t t l e mafic material which may be e i t h e r a green 

pyroxene,.the purple amphibole, a c o l o u r l e s s mica or sometimes opaque 



Outline map of intrusion showing l o c a l i t i s p and rook 
types of specimens described i n the text of Chapter 4* 
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m a t e r i a l alone. The melanite bearing v a r i e t i e s of the South Top, 

S a i l an Ruathair, carry a very dark green pyroxene. Diagram 4.2 

summarizes the d i s t r i b u t i o n of the c h i e f mafic c o n s t i t u e n t s of the leuco-

s y e n i t e s . 

b) Modal data. 

A number of modal analyses were made by point counting t h i n s e c t i o n s , 

i n i t i a l l y to t e s t whether t h i s was an adequate method for d i f f e r e n t i a t i n g 

Sl/2 from S3 i n cases where some doubt had a r i s e n . S I i s frequently 

rather coarse and often e x h i b i t s a strong lamination which makes s t r a i g h t ­

forward point counting i n a p p l i c a b l e . S2, however, i s u s u a l l y not as 

coarse and i s u s u a l l y unlaminated. The modal analyses completed, 

however, show some overlap between t h i n s e c t i o n s of S l / 2 and S3 rocks. 

The data are presented as table 4 . 1 , and plotted as f i g u r e 4 . 3 . 

At l e a s t 2000 points were counted for each t h i n s e c t i o n . A l l the 

rocks shown were chosen as being uncrushed examples, s i n c e crushing i s 

seen to lead to reduction of mafics to s t r i n g s of opaque material, and 

i s often associated with the introduction of quartz. 

c ) V a r i a t i o n i n content of mafic c o n s t i t u e n t s . 

S3 i s normally a most l e u c o c r a t i c rock, except i n i t s melanite 

bearing v a r i e t y when the t o t a l mafic constituents are at l e a s t equal to 

S l / 2 . When the rock has acquired considerable S2 m a t e r i a l , to develop 

the xenocryatic r e l a t i o n s h i p described i n Chapter 2, the mafic content 

a l s o i n c r e a s e s , showing that the whole of the immediately p r e - e x i s t i n g 

S2 rocks have been broken up and mixed with 33 m a t e r i a l . Since mixed 

rocks of t h i s type appear to represent a considerable portion of the 

exposed rocks, and bearing i n mind the f a c t o r s rendering the point 

counting method I n a p p l i c a b l e , modal data are inadequate to d i f f e r e n t i a t e 



Outline map of intrusion summarizing the d i s t r i b u t i o n 
of the chief mafic minerals i n leuco-syenites of which t h i n 
sections showed f r e s h mafic material* 
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Modal analyses of leuoo—syenites. 
Triangular diagram of t o t a l feldspar-quartz-total 
as volume percentages. 
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the rock types. 

d) Variation I n quartz content. 

Leuco-syenites i n which quartz i s present which can witfc c e r t a i n t y 

be s a i d to be o r i g i n a l , are comparatively r a r e , the majority of rocks 

being quartz f r e e . The crushing frequently observed i s often associated 

with quartz veining, and i t i s sometimes d i f f i c u l t to a s c e r t a i n whether 

quartz i s o r i g i n a l or introduced. I n the table of modal data the 

quartz volume percentages quoted are for quartz judged to be an o r i g i n a l 

constituent of the rock; i . e . quartz i n t e r s t i t i a l to or sometimes 

i r r e g u l a r l y intergrown with the f e l d s p a r , r a t h e r than present i n aggre­

gates of g r a i n s , or as v e i n l e t s . 

O r i g i n a l quartz cannot u s u a l l y be seen i n hand specimen, and thus 

i t i s not possible to map areas of quartz-bearing s y e n i t e i n the f i e l d . 

The most marked concentration of quartz-bearing types i s i n the 32 of 

the area around the confluence of the River Oykel and the A l l t S a i l an 

Ruathair. Quartz i s r a r e l y found i n non-xenocryst bearing S3» but i s 

abundant i n xenocryst-rich v a r i e t i e s , suggesting that quartz too was 

contributed by the e a r l i e r rock. 

e) Contamination by country rock. 

I n the foregoing remarks d i s c u s s i o n has been r e s t r i c t e d to minerals 

i n a s s o c i a t i o n s that show no evidence of t h e i r being derived by r e a c t i o n 

with country rock, and are therefore true products of c r y s t a l l i z a t i o n 

of the a l k a l i n e magma. However, i n the Metamorphic Burn area and 

elsewhere c l e a r examples of incorporation of mafic minerals at contacts 

with, i n p a r t i c u l a r , limestone, are to be seen. Quartz may also be 

incorporated from x e n o l i t h i c Cambrian q u a r t z i t e s . This form of contam­
i n a t i o n , which was recognized by ^hemister ( 1 9 2 6 , pp.95-102 ) , w i l l be 
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dealt with i n separate s e c t i o n s . 

f ) Minerals of the leuco-syenites. 

( i ) Pyroxenes. 

A pleochroic apple green pyroxene i s e s p e c i a l l y w e l l developed 

i n the S2 of rocks of the c e n t r a l a r e a . Attempts to f i n d the unit c e l l 

to t h i s chapter 9 were only p a r t i a l l y s u c c e s s f u l . The diffractometer 

peaks believed to represent the relevant r e f l e c t i o n s were i l l defined 

but appeared to bring the c e l l parameters i n t o p o s i t i o n s between those 

of aegirine and those of the soda-free d i o p s i d i c pyroxenes measured. 

I n the absence of a n a l y t i c a l data i t i s not possible to s p e c i f y t h e i r 

p o s i t i o n i n the aegirine-augite s e r i e s . 

( i i ) Amphiboles. 

No s p e c i a l work was c a r r i e d out on the numerous amphiboles of 

the i n t r u s i o n . The c h a r a c t e r i s t i c purple amphibole of the leuco-syenites 

w i l l be r e f e r r e d to as r i e b e c k i t e on the same grounds as Phemister ( 1 9 2 6 . 

p.J>k). I t i s present as an a l t e r a t i o n of pyroxene f or i n some cases, 

apparently as an o r i g i n a l mineral. F i g . k,k shows t h i s amphibole i n 

development along f r a c t u r e s i n , and rimming, a pale green pyroxene core, 

the amphibole being again rimmed by a darker green pyroxene. This i s 

i n an xenocryst bearing v a r i e t y of S3# and suggests that t h i s stage of 

a l t e r a t i o n of pyroxene to amphibole preceded the incorporation of the 

S2 m a t e r i a l i n S3• 

( i i i ) Melanite. 

A golden brown garnet occurs i n two d i f f e r e n t s e t t i n g s i n the 

mass. I n the massive s y e n i t e of the South Top of S a i l an Ruathair a 

garnet i s present over a nearl y c i r c u l a r area with a v e r t i c a l thickness 

dimensions b and a s i n by the X-ray technique outlined as the appendix 



F l g « 4 . 4 . 

Photomicrograph (Specimen 63) showing a zoned pyroxene 
i n a xenocryst bearing v a r i e t y of S3 f riebeokite having 
developed around and within the inner zone of pyroxene before 
I t s incorporation into S3» when a darker pyroxene formed 
outside the rlebeckite* (Crossed nichols, X70). 
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of a t l e a s t 550 f e e t . I n the Metamorphic Burn a white f e l d s p a t h i c 

type contains an abundance of small garnets* The S a i l an Kuathair 

garnets are freque n t l y intergrown w i t h sphene and a e g i r i n e , (Fig* 4 . 5 a ) 

and are homogeneous i n colouring* The rock from near-by limestone i n 

the metamorphic burn contains only colour-zoned garnets as dark 

minerals, the cores being a deeper brown than the rims ( F i g . 4 . 5 b ) . 

The apparent association of t h i s rock w i t h a limestone mass perhaps 

suggests t h a t t h i s rock should be considered i n s e c t i o n 2 , w i t h contam­

inat e d rocks* A colourless i s o t r o p i c z e o l i t e w i t h colourless micaceous 

i n c l u s i o n s was believed by Phemister (1926) to represent pseudomorphs 

a f t e r a feldspathoid* Another example of brown garnet a t the horizon 

of limestone x e n o l i t h s was found at the top of the Burn east of the 

Metamorphic Burn (Specimen 2 8 2 v F i g * 4 . 5 c ) . Here a mass of colour zoned 

granules i s aggregated w i t h opaque m a t e r i a l * I n the S2 area at the base 

of the South Top of S a i l an Ruathair i n the A l l t S a i l anRtfathair a 

f e l d s p a t h i c dyke was found carrying s k e l e t a l garnets ( F i g . 4 . 5 d , Specimen 

5 6 a ) . 

The u n i t c e l l edge of a specimen from the South Top of S a i l an 

Ruathair ( 8 9 ) and another from the Metamorphic Burn ( 2 l 6 ) , were determined 

from X-ray d i f f r a c t o m e t e r traces, and are compared below (Table 4 . 2 ) to 

examples of andradite and schorlomite, quoted by Deer, Howie and Zussraan 

( 1 9 6 2 ) . 

The large c e l l dimensions of the Loch A i l s h specimens show th a t they 

are t r u e members of the melanite-schorlomite s e r i e s , and comparison w i t h 

the specimens quoted from Deer, Howie and Zussman (1962) shows that they 

l i e approximately midway between t h e i r andradite and schorlomite examples. 

Determinative data r e l a t i n g composition t o c e l l size does not e x i s t f o r 

t h i s range. 



Examples of d i f f e r e n t occurences of melanite. 
At Intergrown with aegirlne and ephene9speo* 37., 

S.Top, S a i l an Ruathair. The dark mass at the top i s aegirlne, 
the angular p o r t i o n at the bottom, Bphene. (Ord. l i g h t , X25)# 

Bi Colour zoned melanite, r4ck 216, Metamorphic 
Burn. The large hexagonal grain has a darker brown core. 

(Ord. l i g h t , X40). 
Ct Granular melanite and ores. Stream S. of Metamorphic 

Burn. Speo. 282. (Ord. l i g h t , X40). 
DJ Skeletal melanite, dyke i n S2, Central Area. 

Speo. 56a. A euhedral sphene and p e r t h i t e lamellae can also 
be seen. (Ord. l i g h t , X25). 
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Table 4.2. 

C e l l dimensions of Melanite Garnets. 

Specimen 
No. 

89 

216 

(4) 

(10) 

L o c a l i t y 

Base of South Top, S a i l 
an Ruathair. 
Metamorphic Burn, 4' 
from Limestone. 
In metamorphosed * 
andesite, C o t i l Bay, 
Jersey. 

* 
Oberbergen. 

a 
(X) 

12.055 

12.037 

11.996 

12.104 

Appearance 

Golden brown i n t h i n 
s e c t i o n . 
Colour-zoned, 
brown cores. 

Deep 

Chestnut brown. Massive 

Black, w e l l 
c r y s t a l l i z e d . 

Mol. per cent, end members: 
( 4 ) * 
5.5 Almandine 

Andradite 
Grossular 

Pyrope 
Spessartine 

78.5 
12.3 

0.1 
3.6 

ANDRADITE 

(10) 
2.4 
93.7 

3.1 
0.8 

SCHORLOMITE 

• From Deer, Howie and Zussman, 1962. Vol.1, Table 15 



Section 2* 

Kocks produced near contacts between leuco-eyenite and 
country rocks. 

a ) Introduction* 

In t h i s s e c t i o n rocks are described which broadly f a l l i n t o three 

main groups* 

Sub-section ( b ) : Predominantly leuco-syenite with included 

m a t e r i a l c l e a r l y derived from x e n o l i t h i c country rock~"contaminated" 

s y e n i t e s * 

( c ) Country rock with some m a t e r i a l derived from the 

i n t r u d i n g leuco-ayenites* 

(d) Contact metamorphosed country rocks* 

This s e c t i o n i s included before that on the mafic f e l d s p a t h i c types 

of the River Oykel and the Black Rock Burn, because i n the cases con­

sidered here there can be no doubt as to the o r i g i n of the basic m a t e r i a l . 

I n the following s e c t i o n remarkably s i m i l a r rocks are described for which 

a t o t a l l y d i f f e r e n t o r i g i n has previously been Invoked ( ^ e mister, 1926)* 

b) Contaminated l e u c o - s y e n i t e s . 

Examples of rocks f a l l i n g i n t o t h i s category are found a t numerous 

l o c a l i t i e s i n the Metamorphic Burn, and throughout the x e n o l i t h r i c h 

northern side of Coire S a i l an Ruathair* The rocka described always 

demonstrably margin, or are c l o s e l y associated with x e n o l i t h i c sediments* 
* 

On f i g * 2*5 an attempt i s made to show these rocks i n the Metamorphic 

Burn, but t h e i r i r r e g u l a r and gradational nature of n e c e s s i t y makes 

recognition of a l l examples i n the f i e l d d i f f i c u l t , and i n f a c t they may 

be more widespread than i n d i c a t e d * To underline the e s s e n t i a l l y 

i r r e g u l a r and inhomogeneous nature of these types a s e r i e s of photographs 

of e n t i r e t h i n s e c t i o n s are given, together with b r i e f d e s c r i p t i o n s i n 



F i g . 4*6, ABOVE 
Photograph of entire thin section, presented I n negative 

form. (Ord. l i g h t . X $ ) . 

Specimen ?07. base of Metamorphic burn* 

Leuoo-syenlte margining a limestone xenolith enoloses 
ooaree well-formed, green pyroxenes, and euhedral sphene. (Par l e f t ) . 

Fig.4.6.BELOW 
Photograph of entire thin section, presented i n negative 

form. (Ord. l i g h t , X5). 
Specimen 21e 9 F a l l s , H.Oykel. 
Leuco-syenite margining a basic xenolith encloses s i m i l a r 

w e l l - formed green pyroxenes , as well as fine ragged grains. 
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Photograph* of ent i r e t h i n section*.(Presented 
i n negative form*) Ord* lig h t f X % 

ABOVEi Specimen ? I 3 , Wetaoorphio Bum. tfioa-aaphibole 
baeio olot i n leuoosysmite* 

BFLOWt Specimen 23d 9 ?<otasorphio Burn* Pyroxene ~mloa 
•eaphibole baeio s t r i n g i n leueo-eyenit*. 
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the t e x t f o l l o w i n g (Figs. 4.6; 4.7; 4.8). 

(1) F i g , 4.6 (above). Specimen 207, Baae of Metamorphic Burn. 

Most of the hand specimen i s pale brown Sj5, but immediately 

adjacent to a micaceous and d i o p s i d i c Durness limestone x e n o l i t h , coarse 

pyroxenes and sphene are enclosed i n the f e l d s p a t h i c m a t e r i a l . The 

pyroxene i s o f t e n euhedral or p a r t i a l l y corroded by the normal coarsely 

p e r t h i t i c a l k a l i f eldspar. This type dies out i n t o normal leuco-syenite 

( r i ^ h t of p i c t u r e ) at a distance of about 2 cms. from the massive marble 

x e n o l l t h . 

For comparison a ra t h e r s i m i l a r texture i s i l l u s t r a t e d ( F i g . 4.6, 

below) from a rock margining a basic x e n o l i t h i n the Oykel f a l l s area. 

Fine twinning can be discerned i n the pyroxene. S i m i l a r f i n e lamellae 

are sometimes developed i n specimens from diopside marbles. 

( i i ) F i g . 4.7 (above). Specimen 218, Metamorphic Burn (see F i g . 2.5 
f o r d e t a i l of l o c a l i t y ) . 

At the top r i g h t of the photograph euhedral magnetite can be seen 

i n a ragged s t r i n g . The somewhat angular l i g h t area i s a cross section 

of a small equidimensional mafic i n c l u s i o n . The pale m a t e r i a l forming 

the outer part of t h i s c l o t i s l a r g e l y a f e l t e d mass of yellow-green 

mica, and presents sharp faces to the enclosing f e l d s p a r . The grey 

centre of the c l o t consists of a f i n e r t extured purple amphibole, w i t h a 

l i t t l e green mica, and patches of c a l c l t e . 

( i l l ) F i g . 4.7 (below). Specimen 238, Metamorphic Burn (see 
F i g . 2.5 f o r d e t a i l of l o c a l i t y ) . ~" ~~ 

I n t h i s case the basic m a t e r i a l i s included as ragged edged bands. 

Such a band runs across the top l e f t of the photograph. The lowest 

p a r t , appearing white on the photograph, i s deep green pyroxene, which 

i s i n contact above w i t h an amphibole w i t h the v i o l e t - t u r q u o i s e - s t r a w 
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yellow pleochroiam common i n the mass. This i n t u r n becomes gradually 

colourless and gives way, i n the centre of the medium grey band, to a 

greenish yellow mica* Between the mica and the f e l d s p a t h i c m a t e r i a l 

i s a f u r t h e r narrow zone of very pale blue amphibole. 

I n numerous other rocks from the Metamorphic Burn occur small 

aggregated includions of mafic minerals of the types described. Such 

contamination (as demonstrated, can give r i s e t o c l o t s , s t r i n g s or 

disseminated i n c l u s i o n s of mafic m a t e r i a l i n an otherwise normal 

f e l d s p a t h i c matrix. 

( i v ) F i g . 4.8. Specimens 277, 278. top of stream % mile E» of Metamorphic 
Burn. 

These two specimens come from a basic mass about 2• x 3 V i n outcrop, 

and e x h i b i t features reminiscent both of the types described above, and of 

the more homogeneous basic rocks x e n o l i t h i c i n the southern part of the 

i n t r u s i o n . 

The inhomogeneous nature of both rocks i s shown by f i g . 4.8. The 

general t e x t u r a l r e l a t i o n s of mafic minerals to enclosing feldspar has 

exact counterparts i n the basic x e n o l i t h s of the southern p a r t of the 

mass. Tet the i r r e g u l a r d i s t r i b u t i o n of mafics, the concentration of 

pyroxene i n t o one area, of mica i n t o another, i s s t r i k i n g l y l i k e the 

textures described i n the foregoing sub-sections. 

Specimens demonstrating the enclosure of basic m a t e r i a l o r i g i n a t i n g 

from limestone x e n o l i t h s , e i t h e r as s i n g l e c r y s t a l s or as aggregates of 

c r y s t a l s , may be encountered at numerous l o c a l i t i e s throughout Coire S a i l 

an Ruathair. 
( v ) Specimens 231-236, 238A. Metamorphic Burn. ("Lower Hybrid" of 

F i p . 2.$|~" 

This i s a rock which the w r i t e r considers must be described i n t h i s 
s e c t i o n because of i t s obvious a f f i n i t i e s w i t h other contaminated rocks. 



Photographs of entire t h i n rections presented i a negative 
form. (Ord* l i g h t , X5). 

ABOVEi 8pe©lmen 277t stream 1/8 ml. E. of Met amorphic 
Burn* Margin of xenolith* 

B?X£Vt Specimen 278, central portion of same xenolith* 
I n both photographs the green pyroxene appears white, 

mica i a medium grey, and feldspar dark* Hote that i n the upper 
photography part, (centre,top) i a micaceous 9 part pyroxenio, 
w h i l s t i n the lower photograph they are intergrown i n ragged 
aggregates. 
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I t appears to correspond t o the lower of the "shonkinites" reported i n 

the Metamorphic Burn by Phemietcr (1926) , although i t i s d i f f i c u l t to be 

c e r t a i n , as basic a l k a l i n e types seem much more common i n t h i s series of 

exposures than h i s table ( o p . c i t . p.77) would suggest. The rock i s 

massive, not associated w i t h indisputable c a l c - s i l i c a t e rocks, and has a 

strong f o l i a t i o n imparted by alignment of the mafic c o n s t i t u e n t s . (The 

dip of t h i s f o l i a t i o n i s shown on F i g . 2 . 5 ) . The f e l d s p a t h i c part of 
mafic 

the rock i s p i n k i s h i n colour but the conspicuous^constituents impart an 

o v e r a l l greenish t i n g e . The rock i s s t r i k i n g l y s i m i l a r t o specimens from 

the southern part of the mass, wit h which i t was grouped by Phemister 

(1926) . On the other hand there i s also a s i m i l a r i t y t o specimen 278, 

described previously, and some of the a v a i l a b l e specimens, 23$A and 235» 

e x h i b i t the s o r t of inhomogeneity described f o r rocks 238 and 277* 

I r r e g u l a r mafic r i c h s t r i n g s of mica, pyroxene and purple amphibole occur. 

The v a r i a b l e t e x t u r e of parts of t h i s rock i s comparable t o rocks which 

have arisen by contamination of leuco-syenite by country rock. I t i s 

included w i t h i n the horizon of limestone x e n o l i t h s . Both these f a c t o r s , 

and other considerations to be described below, lead the w r i t e r t o propose 

t h a t t h i s rock i s a product of contamination of syenite, rather than a 

d i f f e r e n t i a t e thereof. 

( • i ) Modifications t o leuco-syenite at contacts w i t h q u a r t z i t e . 

The examples of contamination described above concern syenite-

limestone contacts. I n the upper part of the Metamorphic Burn ,syenite 

int r u d e s q u a r t z i t e . Some specimens of syenite from t h i s area show 

unusually high quartz contents. Rock 266 contains at least 20 per cent, 

(by volume) of quarts i n patches i n t e r s t i t i a l to the fe l d s p a r , not i n 

veins as the case w i t h those rocks which have quartz introduced w i t h the 
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crushing. I t stems l i k e l y t h a t some adoption of quarts from the 

q u a r t z i t e has taken place. 

Another abnormal type of eyenite produced a t contacts w i t h q u a r t z i t e 

i s represented by specimens 245 % 248, 2 5 6 , 2 6 l , 263 , 267 from the 

Metamorphic Burn (see F i g . 2 . 5 ) . Whilst moat of the specimens come 

from the horizon of the Pipe-rock, 245 and 248 come from the q u a r t z i t i c 

horizon believed t o represent the Se r p u l i t e G r i t i n p a r t . This type 

appears t o correspond to the " f i n e grained s h o n k i n i t e " of Phemister 

(1926, p.57), although i t i s uncertain which of the examples found by 

the w r i t e r corresponds exactly t o his example. Specimen 256 d i f f e r s 

from the others I n t h a t i t appears t o be associated w i t h micaceous and 

pyroxenie rocks t o be described i n Section 2 ( c ) . I t i a probably pro­

duced by r e a c t i o n w i t h a s i l i c e o u s p a r t of the Fucoid Bed, the pyroxenic 

and micaceous types corresponding t o do l o m l t i c horizons. I n hand s p e c i ­

men they are f i n e grained dark green or grey rocka, although i n specimens 

2 4 5 , 248 and 261 coarse pink feldspars may be seen. 256 and 263 both 

have some pink f e l d s p a t h i c v e l n l n g . 

I n t h i n section Che specimens are characterized by a f i n e grained 

feldapar matrix of i r r e g u l a r g r a i n s , sometimes p e r t h i t i c , and sometimes 

representing discreet grains of a l b i t e and potassium f e l d s p a r . I r r e g u l a r 

quartz gralnm of s i m i l a r size are sometimes present. Specimens 245 , 

2 4 8 , 261 a l l carry p o r p h y r i t i c feldapara up to 5 mm. i n le n g t h , w i t h 

h i g h l y corroded margins and cloudy centres. These would appear t o 

represent S l / 2 xenocryata held i n a c h i l l e d S3 m a t r i x . Set i n t h i s 

matrix are f i n e granular pale green pyroxenes and green-yellow mica 

e i t h e r as i n d i v i d u a l s or as aggregates. Specimen 263 has mainly f i n e 

( * 0.05 mm.) b i o t i t e s arranged roughly p a r a l l e l , w i t h occasional areas 
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i n which both feldspar and dark minerals are coarser grained, and i n 

which s t r i n g s of comparatively coarse pale green diopsides occur. 

Sphene i s abundant i n these rocks. 
c) Metamorphosed country rock w i t h a d d i t i o n a l m a t e r i a l derived from 

syenite» 
There w i l l , of necessity, be a continuous gradation between rocks 

of the types described i n t h i s sub-section and those described i n sub­

sections (a) and ( c ) . Description of s p e c i f i c examples of the rock 

types involved w i l l be made, 

( i ) Specimen 202. Base of Metamorphic Burn. 

A d e s c r i p t i o n of contamination of the leuco-syenite around t h i s 

x e n o l i t h has been given previously (specimen 201). The specimen 

considered here, rather than i l l u s t r a t i n g the contamination of a leuco-

syenite w i t h a small amount of basic m a t e r i a l , shows the r e s u l t s of 

invasion of a metamorphosed limestone x e n o l i t h by f e l d s p a t h i c m a t e r i a l . 

Part of the t h i n section has not been invaded by f e l d s p a t h i c m a t e r i a l , 

and i n t h i s p a r t of the s l i d e coarse ( ̂  2 mm.) blades of pale yellow-

green mica are set i n , and sometimes enclose, rounded,granular.colourless 

diopsides. Sometimes the mica i s absent, and the rock consists of a 

close textured mass of f i n e (• 0.2 mm.) equigranular diopside. This 

t e x t u r e i s c h a r a c t e r i s t i c of the d i o p s i d i c metamorphosed limestone 

x e n o l i t h s , and i s i l l u s t r a t e d (specimen 308) i n f i g . 4 . 9(a). This zone 

grades i n t o a rock c o n s i s t i n g of the same rounded pyroxenes, now pale 

green w i t h darker green margins, set w i t h cloudy i n t e r s t i t i a l f e l d s p a r s . 

The coarse mica i s absent, but mica i s represented now more st r o n g l y but 

s i m i l a r l y coloured, i n occasional groups or s t r i n g s . A feature p a r t i ­

c u l a r l y worthy of note i s the r e t e n t i o n , i n the f e l d s p a t h i c p a r t s , of 

rounded granular aggregates of diopside w i t h the c h a r a c t e r i s t i c close 
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equigranular texture described. The enclosure of one of these areas i n 

f e l d s p a t h i c m a t e r i a l i s i l l u s t r a t e d as f i g u r e 4 . 9(b). The f e l d s p a t h i c 

p art of t h i s rock i s s t r i k i n g l y s i m i l a r t o specimen 435, which comes from 

the basic x e n o l i t h r i c h part of the Black Rock Burn. The d i o p s i d i c 
aSg*«gates haveja close s i m i l a r i t y w i t h the d i o p s i d i c aggregates observed 

i n other basic rocks from the southern part of the mass and considered 

to represent a synneusis texture by Phemieter (1926). F i g . 4 . 9(c) shows 

t h i s texture i n specimen 43d, and t h i s close s i m i l a r i t y w i l l be commented 

upon i n l a t e r sections. 

( i i ) Specimens 230. 232. 258. Metamorphic Burn. "Upper Hybrid" of 

These specimens are associated i n part w i t h rock 256 which was 
A 

described i n the foregoing s e c t i o n . Rock 233 i s a wholly micaceous type 

and w i l l be described i n the next s e c t i o n . Rock 252 i s a type apparently 

t r a n s i t i o n a l between the f i n e grained type represented by 256, and the ? 

coarse type represented by 250 and 258. The a s s o c i a t i o n of the l a t t e r 

rocks w i t h the micaceous type, 255, and t h e i r close t e x t u r a l s i m i l a r i t y 

i n t h e i r more mafic parts to the diopside marbles of elsewhere, suggests 

th a t the feldspar bearing types are d e r i v a t i v e s , i n p a r t , of metamorphosed 

limestone. From t h e i r p o s i t i o n i n the otherwise undisturbed '•stratigraphy' 1 

of the Metamorphic Burn, i t seems l i k e l y t h a t they represent the f e l d s -

pathized equivalents of metamorphosed dolomitic bands i n the Fucoid Bed. 

Rocks 258 and 250 are closely s i m i l a r . Apple green but only s l i g h t l y 
< 

pleochroic equidimensional pyroxenes up to 2 mm. i n l e n g t h , but o f t e n 

less than 0.1 mm., are sometimes held separately i n a f e l d s p a t h i c matrix, 

or are bunched together i n the granular aggregates described as character­

i s t i c of diopside marbles. The c e l l dimensions b and a s i n ̂  of t h i s 
pyroxene 6how i t to be close t o diopside, despite i t s strong c o l o u r a t i o n 



At Typical granular texture of dlopelde~rook« 
(Spec, 308«y tie tamorphle Burn* OrtU light. X40«) 

Bi Bounded mass of colourless diopside broken from 
massive diopaide rook and enolosed In feldepathlo material* The 
darker rim le pale green in colour, the oentre oolourlese* Other 
individual pyroxenes are also pale green in colour , held in the 
feldapathlo part«(Speo« 202 f Hetamorphio Burn. Ord.light. X#0« ) 

Ci Biopaide aggregate in a baelo type from the 
Blaok Book ftirn. Note the granular aggregates of pyroxene9 and 
the overall rounded shape of the nyroxene rich area* 

(Spec* 433 f Ord. liefet. x 2 % ) 
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(see Section 7 ) . The feldspars are of comparable size t o the pyroxenes, 

and f i l l i n t e r s t i c e s between the coarse pyroxenes or are moulded on the 

f i n e r pyroxene aggregates. The feldspar may be e i t h e r p e r t h i t i c , or, 

rare i n the Loch A i l s h mass, be n o n - p e r t h i t i c microcline w i t h w e l l 

developed cross-hatched twinning. 

In rock 250 perfect euhedral c r y s t a l s of an almost colourless but 

very f a i n t l y pleochroic (pale pink to pale blue) amphibole are set 

amongst the pyroxene. Fractures i n 258 contain c a l c i t e , rare quartz, 

and f i b r o u s blue pleochroic amphibole, together w i t h t i n y f l e c k s of 

greenish mica. These rocks have exact p a r a l l e l s w i t h pyroxenic parts 

of the x e n o l i t h i c basic types from the southern part of the i n t r u s i o n . 

Table 4.3 gives comparative modal data, and f i g . 4.10 compares the 

textures of rocks from these two environments. 

Rock 252 also has exact counterparts i n the southern part of the 

i n t r u s i o n . I t consists of a f e l t e d mass of green mica (up to 0.5 mm. 

i n length) and pale blue colourless amphibole blades. There are 

numerous granules of colourless pyroxene, and occasional patches of 

ore and carbonate. Fine i n t e r s t i t i a l feldspars are sometimes p e r t h i t i c , 

and sometimes are n o n - p e r t h i t i c w e l l twinned a l b l t e . Comparison i s 

drawn i n table 4.3 between t h i s rock and l6e, an u l t r a m a f i c type from 

the Black Rock Burn. 

d) Contact metamorphosed country rocks. 

The previous sections have been devoted t o rocks i n which m a t e r i a l 

has been contributed (by a mechanical mixing) by the leuco-syenites 

and country rock. Because i n many respects parts of rocks f a l l i n g i n t o 

these categories resemble and preserve the textures of the parent s e d i ­

ment, a b r i e f resume' of especi a l l y relevant features of the rock types 
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Table 4 . 3 * 

Modal Analyses of Basic Types from the southern part of the 
I n t r u s i o n , and s i m i l a r rocks from the Metamorphic Burn. 

(Vol. per c e n t . ) . 

Spec. Feld- Quartz ^yro- Amphi- Bio- Ores Apa- Sphene Cal- Others 
No. spar xene bole t i t e t i t e c i t e 

21c 78 .8 - 12.2 - 8.3 0.1 0 .3 0 .3 -
21a 10 .4 P 84 .8 1 .4 0.1 P P P 3.2 

258 17.0 P 74 .8 5.0 0.2 P P P 3 . 0 

I6e 9.3 - 39 .7 - 50 .5 P P P 0.5 

252 4 . 4 - (34.2) 56 .3 P 0 .6 0 . 4 4.2 
p = present. 

Type and L o c a l i t y . 

21c - Normal basic x e n o l i t h l c type, Oykel F a l l s . 

21a - Ultramafic • c l o t 1 i n above. 

258 - pyroxene-feldspar rock associated w i t h l s t j f c x e n o l i t h , 
Metaraorphic Burn. 

l 6 e - Micaceous u l t r a m a f i c type, Black Rock Burn. 

252 - Micaceous basic type, Metamorphic Burn. 



yig.4»io. 
Photomicrographs. (Ord* l i g h t * X40-) 

ABOVEt Rook 250. Pyroxene-feldspar rock associated with 
o a l o - s i l i e a t e types, Hetaaorphio Burn. 

BELOWt Rock 408. Pyroxene-feldspar rook* Part o f i n t e r ­
mediate x e n o l i t h from the f a l l s , R. Oykel. 

Note the i r r e g u l a r d i s t r i b u t i o n of the pyroxene and i t s 
tendency to e x i s t as aggregates of equidimenslonal grains* Compare 
t h i s texture to that shown i n Fig* 4*9* 
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produced by thermal metamorphiam (and metasomatism, as opposed to the 
mechanical mixing described before) of the sediments i s given. 

Phemiater (1926, p.92) described the types of metamorphic rocks 

produced. L o c a l i t i e s at which such rocks were found i n t h i s study are 

shown on the main map (Map 1 ) . 

Contact metamorphiam of the Pipe Rock. 

Numerous xe n o l i t h s from t h i s horizon occur at the top of the 

Metamorphic Burn. E a r l i e r i n t h i s Chapter ( s e c t i o n 2 ( b ) ) basic syenites 

margining these xenoliths were described. The q u a r t z i t e s themselves 

are baked to a s p l i n t e r y glassy rock, o f t e n white i n colour but sometimes 

adopting a pale greenish t i n g e . Unlike the specimens described by 

Phemister (1926, p.92) several of the specimens found by the w r i t e r show 

a development of metamorphic minerals. 

Rock 260 i s glassy and pale green i n hand specimen, w i t h numerous 

p i n k i s h streaks. I n t h i n section the green c o l o u r a t i o n i s found to be 

caused by the presence of w e l l formed i f somewhat blunted tabular c r y s t a l s 

of a pale green pyroxene, i n d i v i d u a l grains being up t o k mm. i n l e n g t h . 

The matrix i s of r e c r y e t a l l i z e d quarts. There i s a tendency f o r the 

pyroxene t o occur i n f i n e grained parts of the m a t r i x . I t i s always 

associated w i t h numerous a p a t i t e prisms, and rounded aggregates of t h i s 

mineral occur throughout the rock. A very pale b l u i s h amphibole also 

occurs i n ragged s k e l e t a l patches, enclosing quartz. 

The coarse pyroxene-apatite association i n t h i s rock i s most unusual. 

Sometimes the corroded pyroxenes show evidence of breakage, w h i l s t the 

quartz matrix has r e c r y s t a l l i z e d around them. This perhaps suggests 

t h a t the pyroxene was introduced i n t o a q u a r t z i t i c matrix which was able 

t o f l o w . C e r t a i n l y these pyroxenes do not i n any way resemble the t i n y 
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granular diopsides scattered r e g u l a r l y throughout the metamorphosed 

carbonate bearing q u a r t z i t e s , which are more commonly found, p a r t i c u l a r l y 

at the S erpulite G r i t horizon, 

Metamorphism of limestones. 

A l l the types of metamorphosed limestones described by Pnemister 

(1926, p.92 et seq*) have been found by the w r i t e r , the diopside r i c h 

type being by f a r the most abundant w i t h varying development of the 

micaceous v a r i e t y , o f t e n grading i n t o the pyroxenic type. The diopside 

x e n o l i t h s have a p a r t i c u l a r l y c h a r a c t e r i s t i c granular t e x t u r e ( f i g . 4.9a) 

w i t h masses of s l i g h t l y rounded equidimensional grains i n a close packed 

mosaic. I n rock 202 a rounded mass of t h i s type of diopside mosaic was 

shown breaking away from the massive diopside of the remainder of the 

se c t i o n , and being enclosed i n f e l d s p a t h i c m a t e r i a l ( F i g . 4.9b). Numerous 

other rocks (2^0, ( F i g . 4.10a), 2$8, 277) show the r e t e n t i o n of the 

diopside hornfels texture i n rocks i n which f e l d s p a t h i c m a t e r i a l has 

entered. 

The hybrid types described are thus characterised by mafic minerals 

present as aggregates set i n the f e l d s p a t h i c matrix. There w i l l be 

a close s i m i l a r i t y between a texture developed i n t h i s fashion and the 

so-called "synneusis" texture described by Phemister (1926, p.57). I n 

the process envisaged by the w r i t e r , and i l l u s t r a t e d i n f i g , 4.9, the 

basic aggregates are i n a process of d e s t r u c t i o n on invasion of the 

fe l d s p a t h i c m a t e r i a l . I n the process envisaged by °hemister surface 

tension was supposed t o cause the mafic minerals, c r y s t a l l i z i n g from the 

magma, to draw together i n t o the rounded heaps. I n the present w r i t e r ' s 

process, the basic aggregates are r e l i c s of a hornfels texture and have 

not c r y s t a l l i z e d from the a l k a l i n e magma. Although the t e x t u r a l 



io4 

a f f i n i t i e s of pyroxenic types have been considered, the development 

of mica, commonly intergrown w i t h the pyroxene, has been described i n 

the metamorphic rocks. Comparison of the basic rock types found i n the 

southern part of the mass w i l l be made i n Section 3* 

Sedimentary x e n o l i t h s i n the Black Rock Burn. 

Three types were found x e n o l i t h i c i n the leuco-syenite of the Black 

Rock Burn f o r which a sedimentary o r i g i n cannot be doubted. The f i e l d 

r e l a t i o n s of these types are described i n Chapter 2, s e c t i o n 6. 

I n t h i n section rock 490 consists e n t i r e l y of r e c r y s t a l l i z e d quartz 

and carbonate, the l a t t e r usually r a t h e r f i n e grained w h i l s t the quartz 

i s found i n coarse grained lenses, w i t h rims of f i n e r grained m a t e r i a l . 

I n hand specimens i r r e g u l a r lenses of dark mica may be seen. 

There can be no doubt t h a t t h i s rock i s a s i l i c e o u s limestone i n 

which thermal metamorphism has produced only a l i m i t e d development of mica. 

S i m i l a r r e c r y s t a l l i z e d rocks w i t h l i t t l e m i n e r a l o g i c a l change are found 

as x e n o l i t h s i n Coire S a i l and massively a l l along the eastern margin 

of the mass. 

Rock 433 also consists l a r g e l y of c a l c i t e , but a colourless mica i s 

also present i n small f l a k e s . A p a t i t e , opaque m a t e r i a l and very occasional 

feldspar grains are also seen. Some of the carbonate i s secondary since 

the feldspars are very cloudy and corroded. 

Rock 433 a«8 been compared previously t o rock 202, the edge of a 

limestone x e n o l i t h from the Metamorphic Burn. I t consists l a r g e l y of 

pale diopside i n the c h a r a c t e r i s t i c granular mosaic, w i t h bands of small 

feldspars and occasional green b i o t i t e s . 



Section 3* 

Basic and uXtrabasic types x e n o l i t h i c i n the s y e n i t e , 

a) General statement. 

I n t h i s section basic rocks, usually as small x e n o l i t h s but some­

times massive, w i l l be described from the Black Rock Burn, from the 

southern shoulder of Black Rock, the River Oykel around the w a t e r f a l l 

west of Cathair Bhan, and the south-eastern base of the Cathair Bhan 

r i d g e • 

I n s t a n t l y s t r i k i n g i n t h i s group as a whole i s the v a r i a b i l i t y and 

inhomogeneity of the rocks v i s i b l e on a broad scale i n hand specimen, 

and also being apparent i n t h i n s e c t i o n . I n the f i e l d i t may be observed 

(Figs. 2.7* 2*6, 2.9* 2.10) that the intermediate basic types sometimes 

have sharp contacts against syenite but sometimes grade i n t o i t . They 

enclose u l t r a m a f i c fragments, which are themselves sharply or g r a d a t i o n a l -

l y bounded against intermediate m a t e r i a l , and may abut against leueo-

s y e n i t e • 

Rather a r t i f i c i a l l y the rocks can be divided i n t o three groups: 

1) Feldspar-pyroxene rocks, grading i n t o pyroxenites. 

2) Ultramafic mica-rich and sometimes amphibole bearing types. 

3) Feldspar-mica-pyroxene rocks, the percentage of mafics being 

v a r i a b l e between the extremes of (1) and (2 ) . 

Even over the short distance of a t h i n s e c tion a t r a n s i t i o n between 

any of these groups may take place, mica fr e e areas and pyroxene fr e e 

areas o f t e n grading i n t o one another. 

Some comparative modal data are given i n t a b l e 4.3 (21e, 21a, 

I6e ) . 
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b) Feldspar-pyroxene rocks and re l a t e d pyroxenites. 

tyroxenite occurs i n t h i s group as u l t r a b a s i c patches i n the more 

normal intermediate types. I n rock 21a the pyroxene i s a b r i g h t apple 

green (but has c e l l dimensions r a t h e r close t o diopside. w h i l s t those of 

specimen 225 depart a l i t t l e from those of the more common colourless 

diopsides of the mass - see section 7 ) , and occurs as i n d i v i d u a l c r y s t a l s 

up t o 5 mm. i n length or as a f i n e r grained granular mosaic. There 

i s occasional development of blue amphibole along f r a c t u r e s , and 

abundant small brown sphenes. The rocks mentioned have at le a s t 80 per 

cent, of pyroxene, the remainder being l a r g e l y p e r t h i t i c feldspar moulded 

on the euhedral pyroxenes. 

At the margins of such u l t r a b a s i c types against leuco-syenite. 

intermediate feldspar-pyroxene types are found, the pyroxenes occurring 

as i n d i v i d u a l euhedral c r y s t a l s or as granular aggregates (21e, 131)-

There i s a s t r i k i n g s i m i l a r i t y between such rocks and mafic types 

from the Metamorphic Burn, which may be traced i n t o rocks w i t h c l e a r 

a f f i n i t i e s w i t h metamorphosed limestone. F i g . 4.10 compares two such 

rocks, 408 and 250. The c e l l dimensions of the pyroxenes are almost 

i d e n t i c a l (see Section 7)-

c ) Ultramafic mica-rich and sometimes amphibole bearing types. 

This type also forms some of the conspicuous u l t r a m a f i c sharply-

bounded patches i n the intermediate rocks, and i s also present as i l l -

defined areas i n these types. Feldspar i s subordinate to the mafic 

con s t i t u e n t s and occurs as i r r e g u l a r i n t e r s t i t i a l grains or as small 

aggregates. The remainder of the rock consists of chains of green mica 

blades enclosing granular aggregates of colourless pyroxene and sometimes 

i n d i v i d u a l pyroxenes up to 3 mm. i n len g t h . Specimen 401A has a 



generally s i m i l a r texture but consists e x c l u s i v e l y of a f e l t e d mass of 

very pale blue to colourless amphibole. The s t r i k i n g s i m i l a r i t y between 

t h i s rock and rock 2^2 from the Metamorphic Burn has been mentioned ( t h i s 

chapter, section 2,b). 

d) Feldspar-mica-pyroxene rocks (common intermediate t y p e s ) . Black Rock 
Burn and R. Oykel. 

These rocks are the c h a r a c t e r i s t i c and most widespread type of basic 

i n c l u s i o n i n the leuco-syenites of the Black Rock Burn, Black Rock, 

Oykel F a l l s and Cathair Bhan areas. The r a t i o of feldspar to mafics 

i s very variable even i n a s i n g l e t h i n s e c t i o n , parts of which may tend 

towards e i t h e r the pyroxenic or the micaceous v a r i e t i e s described above. 

A'ithin a few m i l l i m e t r e s a t h i n section may show a change from a rock 

i n which euhedral coarse pyroxenes are set i n a f e l d s p a t h i c matrix, 

through one i n which aggregates of pyroxene and mica are intergrown, t o 

a type i n which ragged s t r i n g s and patches of green mica occur, w i t h 

only rare pyroxene granules. Other areas of the s e c t i o n may be f r e e 

of mafic minerals and consist of what appears to be normal p e r t h i t i c 

feldspar as seen i n the leuco-syenites. There i s a tendency f o r the 

feldspars i n the more mafic areas to be r a t h e r coarsely exsolved and t o 

show w e l l developed although s t i l l narrow a l b i t e twin lamellae- Some­

times i n d i v i d u a l grains of a l b i t e are present and i n some cases an i n t e r -

growth of discreet potassium and sodium-feldspar grains form the matrix 

of the rock. 

The most abundant rock type i n the group, however, consists of 

aggregated granular diopside (see Section 7) and a greenish yellow mica, 

forming u l t r a m a f i c • c l o t s ' i n the f e l d s p a t h i c m a t r i x . This was described 

as a synneuais t e x t u r e by Phemister (1926). I n preceding passages, 

(Section 2,d), development of i d e n t i c a l aggregates was described. Rather 
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than representing the r e s u l t s of growth by c l o t t i n g together of mafic 

m a t e r i a l as suggested by Phemister, the w r i t e r suggests (by analogy w i t h 

the undoubted cases i l l u s t r a t e d ) t h a t they represent the incorporated 

remnants of a texture derived from a metamorphosed limestone parent 

(see F i g . 4.9, 4.9c representing a rock i n the group here considered). 

I n some cases a pale blue amphibole replaces the pyroxene (419, 

479) which i n others i s accompanied by ragged masses of epidote (475)* 

The rocks from the base of the c l i f f on the south side of Black 

Rock (475, 476, 478 and 479) are s t r o n g l y sheared, and the mafics are 

then drawn out i n t o elongate s t r i n g s of mica and granules of epidote. 

There i s also much secondary c a l c i t e . 

Base of south-east f l a n k of Cathair Bhan r i d g e . 

Most of the specimens from t h i s area are i n the advanced stage of 

crushing described above. Rock 221, however, shows no signs of 

mechanical breakdown and i s c l o s e l y s i m i l a r t o Sron Sgaile rocks of type 

•4# - '"sieve-mica 9*-hornblende-feldspar r o c k s . 1 
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Section 4. 
Sron Sgaile Hocks. 

The rocks making up t h i s group l a r g e l y outcrop i n the low broken 

c l i f f on the southern face of the spur of Meall an Aonaich known as 

Sron Sgaile. Their s t r u c t u r a l r e l a t i o n s remain enigmatic as indeed 

do the reasons f o r t h e i r mineralogical d i f f e r e n c e s . The only t e x t u r a l l y 

s i m i l a r rock found elsewhere i n the i n t r u s i o n was th a t from the Cathair 

Bhan area mentioned i n the preceding paragraph. Chemically, as 

i l l u s t r a t e d by f i g , 4.13, they l i e p e r f e c t l y along the compositional 

trend of the other L. A i l s h types and are comparable t o members of the 

basic and u l t r a b a s i c x e n o l i t h i c types. 

L o c a l i t i e s of rocks from Srbn S g a l l s of which t h i n sections were 

cut are ahown on f i g . 4.11. Phemister (1926) observed t h a t there was 

a t r a n s i t i o n upwards i n t o less basic rocks, and th a t the t r a n s i t i o n was 

through a mixed zone. I n t h i s a clear banding expressed by d i f f e r e n t i a l 

weathering (see F i g . 2.6, above) was believed t o correspond to the complex 

mixing of more mafic and le u c o c r a t i c v a r i e t i e s . The w r i t e r ' s observa­

t i o n s suggest t h a t t h i s i s a shear zone, since the i r r e g u l a r t r a n s i t i o n 

can be shown t o take place over a much wider b e l t than i s expressed i n 

the observed banding. Further, t h i n sections of rocks from the banded 

zone show obvious evidence of mechanical breakdown which i s not generally 

observed i n the Sron Sgaile rocks. < 

In t h i s study the rocks were divided i n t o four groups on the basis ! 

of mineral content and the t e x t u r a l r e l a t i o n s of the mica. The d i s t r i ­

b u t ion of these types i s saown on F i g . 4.11. 
Type 1. Ultramafic b i o t i t e - p y r o x e n t rock. 
One example only of t h i s type was found, at the lowest and most 

ea s t e r l y exposure on the h i l l . 



Sketch of Sron S g a i l e ( s i d e view, from the s o u t h ) , 
showing l o c a l i t i e s of sectioned specimens and the rock types int o 
whioh they f a l l * 
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The r o c k c o n t a i n s abundant r a t h e r rounded, sometimes c l o s e packed 

c o l o u r l e s s d i o p s i d e s , o f t e n w i t h a g r e e n i s h r i m . Sometimes they occur 

i n l e n t i c u l a r a g g r e g a t e s , but more u s u a l l y appear as s t o u t C* 1 mm. i n 

l e n g t h ) t a b l e t s , o f t e n rimmed by a green mica, which a l s o o c c u r s as 

ragged g r a i n s e n c l o s i n g pyroxene. There a r e a l s o a number of angular 

a r e a s f i l l e d w i t h a c o l o u r l e s s amphibole which appear to be pseudomorphs 

a f t e r an unknown m i n e r a l . F e l d s p a r o c c u r s a s x a r e i n t e r s t i t i a l g r a i n s , 

and u s u a l l y appears to be a l b i t e * There a r e r a r e g r a i n s of q u a r t s * 

Type 2. B i o t i t e - h o r n b l e n d e r o c k . 

These r o c k s c o n s i s t almost e x c l u s i v e l y o f a mass of p a l e green t o 

pa l e g r e e n i s h y e l l o w p l e o c h r o i c hornblende, i n t e r g r o w n w i t h a dark 

g r e e n i s h brown t o st r a w y e l l o w p l e o c h r o i c mica* The i n t e r s t i t i a l 

f e l d s p a r , which i s crowded w i t h t i n y c o l o u r l e s s g r a i n s of h i g h r e l i e f , 

i s sometimes w e l l twinned a l b i t e , and sometimes appears to be s l i g h t l y 

p e r t h i t i c . O c c a s i o n a l g r a i n s of a b r i g h t y e l l o w member of the epidote 

group a r e p r e s e n t . 

Type 3* F e l d s p a r - h o r n b l e n d e r o c k . 

These r o c k s a r e a r a t h e r more f e l d s p a t h i c v a r i e t y of type 2; the 

d i v i s i o n made f o r the purposes of f i g . ̂ .11 was v i s u a l o n l y and thus by 

no means p r e c i s e * Mica i s c o m p a r a t i v e l y r a r e and o c c u r s as s m a l l ragged 

g r a i n s * The p a l e green amphibole i s f r e q u e n t l y w e l l formed, and has 

p a l e c o r e s and d a r k e r green r i m s * The f e l d s p a r i s somewhat more coa r s e 

g r a i n e d (• 0.5 mm.) and i n d i v i d u a l a l b i t e , m i c r o c l i n e ( w i t h w e l l developed 

c r o s s - h a t c h e d t w i n n i n g ) and p e r t h i t i c g r a i n s a r e p r e s e n t . 

Type *f. ' S i e v e - m i c a • - f e l d s p a r - h o r n b l e n d e r o c k . 

T h i s type i s g e n e r a l l y s i m i l a r t o type 3 , hut e x h i b i t s a c h a r a c t e r i s ­

t i c development of mica which makes i t a t once r e c o g n i z a b l e . I n d i v i d u a l 
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dark green B i c a s up to 1 cm. i n l e n g t h a r e always p r e s e n t , and they 

p r e s e n t c h a r a c t e r i s t i c ragged o u t l i n e s to the f e l d s p a r and hornblende, 

which they a l s o e n c l o s e p o i k i l i t i c a l l y ( F i g . 4 . 12 ) . C o l o u r l e s s rounded 

pyroxenes a r e a l s o p r e s e n t i n some specimens. 

G e n e r a l comments on the Sron S g a i l e r o c k s . 

The d i s t r i b u t i o n of t h e s e r o c k types i s shown on f i g . 4.11. 

R i e m i s t e r ' s o b s e r v a t i o n of a g e n e r a l upward t r a n s i t i o n to more l e u c o c r a t i c 

m a t e r i a l i s born out, and the mixing of t y p e s demonstrated. T e x t u r a l l y 

type k r o c k s have a c o u n t e r p a r t i n r o c k 221 from the C a t h a i r Brian a r e a . 

C l e a r l y t hese r o c k s have c h e m i c a l a f f i n i t i e s ( s e e F i g . 4 .13) w i t h the 

i n t e r m e d i a t e r o c k s of the mass, but t h e i r c h a r a c t e r i s t i c mineralogy and 

t e x t u r e perhaps suggest r e c r y s t a l l i z a t i o n a t some s t a g e i n t h e i r h i s t o r y . 

P o s s i b l y t h i s i s i n some way r e l a t e d to t h e i r n e a r n e s s t o the e s t e r n 

margin o f the mass ( b e a r i n g i n mind the l o c a t i o n of 221) . T h e i r d e r i v a ­

t i o n remains l a r g e l y a mystery, however, but t h e i r c h e m i c a l a f f i n i t i e s 

undoubtedly suggest a common o r i g i n w i t h the b a s i c h y b r i d t y p e s of o t h e r 

p a r t s of the i n t r u s i o n . 



?lg«4«lg« 
Photomicrograph,(ord. l i g h t X25 ) f of " s e i v e " typo mloa 9 

appearing b l a c k y e n c l o s i n g hornblende, f e l d s p a r and o c c a s i o n a l 
pyroxene i n the upper rock of Sron S g a i l e . 
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S e c t i o n 5* 

U l t r a b a s i c r o c k s of C a t h a i r Bhan. 

T h i s s u i t e of r o c k s g i v e s r i s e to the magnetic anomalies d e s c r i b e d 

i n Chapter 3 . They were demonstrated to be a s t e e p l y i n c l i n e d s h e e t 

margining the s y e n i t e where i t a d j o i n s l i m e s t o n e , and always f o l l o w i n g 

the observed margin of the i n t r u s i o n . 

Modal d a t a a r e t a b u l a t e d i n t a b l e kA. I t w i l l be observed t h a t 

f e l d s p a r i s r a r e , and i n two c a s e s only was judged t o be an o r i g i n a l 

m i n e r a l ; i n a l l o t h e r c a s e s i t was i n v e i n s , and the s e c t i o n s moded were 

chosen to be f r e e of l a t e a d d i t i o n a l m a t e r i a l . 

No c o n s t r u c t i v e a d d i t i o n s can be made to the t h i n s e c t i o n d e s c r i p t i o n s 

of Phemister (1926). 

F e l d s p a t h i c v e i n s i n the b a s i c r o c k can be seen b r e a k i n g o f f pyro­

xenes i n the manner d e s c r i b e d p r e v i o u s l y f o r the h y b r i d r o c k s of the 

Metamorphic Burn. The pyroxene rimming such v e i n s i s c o n v e r t e d t o a 

p a l e green form, the green c o l o u r d i m i n i s h i n g i n i n t e n s i t y away from the 

c o n t a c t even i n a s i n g l e c r y s t a l . 

Other r o c k s of the C a t h a i r Bhan a r e a . 

I n the exposures to the E . of the s p e c i a l t y p e s of p y r o x e n i t e s and 

h o r n b l e n d i t e s d e s c r i b e d above a r e found normal d l o p s i d e h o r n f e l s e s and 

f o r s t e r i t e marbles, demonstrating t h a t the l i m e s t o n e i s i n the p o s i t i o n 

i t o c c u p i e d a t the time of i n t r u s i o n of the l e u c o - s y e n i t e , r a t h e r than 

being r e l a t e d to s y e n i t e by a t h r u s t . An e x c a v a t i o n i n the s l o p e t o 

the e a s t of A l l t C a t h a i r Bhkn, about halfway between the limestone expo­

s u r e s and the str e a m , r e v e a l e d a b u r i e d s c r e e i n which fragments of meta­

morphosed li m e s t o n e ty p e s were found, and i n c l u d e d one example (286) of a 

f i n e g r a i n e d f e l d s p a t h i c v e i n c u t t i n g d i o p s i d e r o c k , and i n c o r p o r a t i n g 



Table 4 .4 . 

( V o l . per c e n t . ) . 

S p ec. 
No. 

Px. Am. B i . Opaques Sph. A p - ( o f f | : ) (Fv5?5 C a l c i t e 

43 84.4 3.7 0.6 4.2 0.9 0.4 0.5 5.4 0.1 

46 68.3 12.6 7,3 11.6 0.2 - - -
132 75.5 4.1 10.6 8.8 0.7 0.3 - -
91(1) 49.6 4.8 38.3 1.9 1.1 3.4 0.9 

91(2) 42.4 3.9 43.6 4.7 0.5 4.8 - 0.1 

94b (2) 35.9 1.0 49*6 0.4 0.4 2.7 - -
M22 49.8 1.2 36.3 6.0 3.4 2.9 0.5 -
M25 43.1 - 47.0 3.6 1.1 4.7 - 0.5 

480 _ 6lA 11.8 8.5 1.5 2 .0 0.4 0.5 8.8 

N.B. A d d i t i o n a l modal i n f o r m a t i o n (opaque m i n e r a l s 
o n l y ) i s g i v e n i n T able 3 . 2 . 



d i o p s i d e g r a i n s i n the manner d e s c r i b e d from the Metamorphic Burn a r e a . 

Thus f e l d s p a t h i c v e i n i n g extends beyond the A l l t C a t h a i r Bhan u l t r a b a s i c 

t y p e s , i n t o the more normal c a l c - s i l i c a t e r o c k s to the e a s t . 

The s y e n i t i c body s e e n c u t t i n g l i m e s t o n e of the so u t h bank of the 

B l a c k Rock Burn c l o s e to i t s j u n c t i o n w i t h the H. Oyk e l , i s seen i n t h i n 

s e c t i o n to c o n s i s t of a ve r y f i n e g r a i n e d f e l d s p a t h i c m a t r i x i n which 

a r e s e t corroded p e r t h i t i c c r y s t a l s up to 2 mm. i n l e n g t h . T h i s r o c k 

i s s i m i l a r t o some of the minor i n t r u s i v e s observed w i t h i n the l e u c o -

s y e n i t e s and i s b e l i e v e d t o r e p r e s e n t a member of the Assynt s u i t e of 

dykes i n t r u s i v e i n t o the l i m e s t o n e . ; $ 

! 

S e c t i o n 6. 

Chemistry of the Loch A i l s h Rocks. 

F i g , *t.l3 was p l o t t e d ( u s i n g the a n a l y s e s t a b u l a t e d i n Phemister 

(1926)). l a r g e l y t o demonstrate the a f f i n i t i e s of the v a r i o u s Loch A i l s h 

r o c k s , and i n p a r t i c u l a r the p o s i t i o n of Srbn S g a i l e t y p e s i n the range* % 

r e p r e s e n t e d . 

The c o m p o s i t i o n o f the 33 example approximates t o the composition 

determined f o r the f e l d s p a r s ( s e e Chapter 3 ) , s i n c e the r o c k i s almost 

monomineralic. The re m a i n i n g r o c k s l i e on a c l o s e approximation to a 

s t r a i g h t l i n e approaching the S i 0 2-(CaO, MgO, FeO, ?e2°y T i 0 2 ^ s i d e l i n e * 

The r a t i o CaO:MgO r e v e a l s a sudden and d i s t i n c t change of magnitude 

between the l e u c o - s y e n i t e s and the more b a s i c t y p e s . The a c t u a l amount 

of CaO • MgO i n th e s e r o c k s i s much h i g h e r than the l e u c o - s y e n i t e , but 

the r a t i o CaO:MgO approximates to t h a t of d i o p s i d e , the most abundant 

m a f i c c o n s t i t u e n t of the b a s i c t y p e s . Note a l s o the p o s i t i o n of the 

example ( F ) of s i l i c e o u s dolomite from the F u c o i d Bed. The p l o t s u g g e s t s 

1 



T r i a n g u l a r d i a g r a m i l l u s t r a t i n g t h e r a n g e o f c o m p o s i t i o n s 

o f L . A i l s h r o o k s , w i t h some a d d i t i o n a l d a t a o n C a m b r i a n s e d i m e n t s * 

I n a d d i t i o n t o w e i g h t p e r o e n t o f t h e e l e m e n t s q u o t e d t h e r a t i o 

o f CaOsMgO ( w e i g h t p e r o e n t ) i s a l s o shown, u s i n g a l i n e n o r m a l 

t o t h e S i O ^ K g O + f l a g O - f - A l g O ^ ) s i d e l i n e a s a b s c i s s a . 

T h e r o c k names u s e d a r e t h o s e o f P h e m l s t e r (1926) f r o m 

whom t h e a n a l y s e s o f t h e L . A i l s h r o c k s a r e t a k e n * 

The two e x a m p l e s o f C a m b r i a n s e d i m e n t s a r e f r o m Knox (1941)• 
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a s h a r p d i s c o n t i n u i t y between the b a s i c t y p e s and the l e u c o - s y e n i t e s , 

a break a t t r i b u t a b l e l a r g e l y t o the presence of d i o p s i d i c pyroxene. 

The w r i t e r b e l i e v e s t h a t t h i s d i o p s i d i c m a t e r i a l r a t h e r than being a 

d i f f e r e n t i a t e of the a l k a l i n e magma9 i s an a d d i t i o n d e r i v e d from 

metamorphosed s i l i c e o u s l i m e s t o n e s . 

S e c t i o n 7« 

Pyroxenes from the complex. 

a ) I n t r o d u c t i o n . 

The o b s e r v a t i o n has been made p r e v i o u s l y i n t h i s c h a p t e r t h a t 

n o r m a l l y c o l o u r l e s s pyroxenes, whether undoubtedly from metamorphosed 

l i m e s t o n e or from the more obscure A l l t C a t h a i r Bhfen p y r o x e n i t e s , were 

converted to a green v a r i e t y of pyroxene around s y e n i t i c v e i n s . Some 

pyroxenes from the p y r o x e n i c c l o t s i n the B l a c k Rock Burn and R. Oykel 

b a s i c t y p e s , and some from the Metamorphic Burn, connected w i t h r o c k s 

of metamorphosed l i m e s t o n e t y p e , a r e a b r i g h t green, i n the former c a s e 

q u i t e as i n t e n s l y c o l o u r e d as the a e g i r i n e - a u g i t e s ( s e e l a t e r ) from the 

l e u c o - s y e n i t e a . I t thus seemed worthwhile to t r y to e s t a b l i s h whether 

t h i s change i n c o l o u r was l i n k e d to major changes i n composition, and 

whether, i n f a c t , a range of pyroxenes i n the d i o p s i d e - a e g i r i n e s e r i e s 

was p r e s e n t . 

b) Technique. 

Pyroxenes were s e p a r a t e d from t e n r o c k s by magnetic s e p a r a t o r . 

Smear mounts f o r the d i f f r a c t o m e t e r were made and the p o s i t i o n of the 

600, 060, 150 and 510 r e f l e c t i o n s e s t a b l i s h e d . U s i n g a method suggested 

by Mr, W.G. Hancock (Geology Dept., Durham U n i v e r s i t y ) , the c e l l parame­

t e r s b and a s i n A c o u l d be c a l c u l a t e d . These dimensions a r e used by 
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Brown (1960), to d e f i n e compositions i n the system CaMgSi^Og-CaFeSi^Og-
M g 2 S i 2 ° 6 " F e 2 S i 2 ° 6 # D e t a i l s of the method of c a l c u l a t i o n and of the 

d i f f r a c t o m e t e r s e t t i n g s used a r e g i v e n i n an appendix. 

The c e l l dimensions of a e g i r i n e and some members of the a e g i r i n e -

a u g i t e s e r i e s f a l l o u t s i d e the range d e f i n e d by the tr a p e z i u m ( F i g . 4 .14) , 

i n c r e a s e i n soda l e a d i n g to a de c r e a s e i n both b and a s i n /S throughout 

the s e r i e s , ( T a g a i , 1958, quoted i n Deer, Howie and Zussman, 1962). 

The parameters measured could not i n any cas e g i v e an unambiguous measure 

of the sodium c o n t e n t , but i t was hoped would suggest whether a g r a d u a l 

t r e n d of sodium enrichment e x i s t s , and p o s s i b l y a l l o w e s t i m a t e s of 

composition of sodium f r e e specimens, 

c ) D a t a . 

The r e s u l t s o b t a i n e d a r e t a b u l a t e d i n t a b l e 4.5 and p l o t t e d on f i g * 

4.14. A l s o I n d i c a t e d on t h i s diagram a r e the b and a s i n dimensions 

of a e g i r i n e ( a f t e r Deer, Howie and Zussman). The com p o s i t i o n s quoted 

a t the c o r n e r s of the trapezium cannot s t r i c t l y be taken a t f a c e v a l u e 

a s the amount of sodium, i n p a r t i c u l a r , which may be p r e s e n t i s not known. 

The diagram s h o u l d i n d i c a t e c o mposition s a t i s f a c t o r i l y , however, f o r the 

c o l o u r l e s s pyroxenes of the metamorphosed l i m e s t o n e x e n o l l t h s . 

Specimens which d e p a r t from the main group and a r e thus probably soda 

b e a r i n g a r e shown by s o l i d c i r c l e s ; both specimens a r e b r i g h t green i n 

c o l o u r , and i t i s i n t e r e s t i n g to note t h a t of the remainder, 250 and 21a 

a r e a l s o i n t e n s l y c o l o u r e d . Both l i e on the s i d e of the main group 

towards specimens 225 and 25. 

The d i f f r a c t o m e t e r p a t t e r n s of 25 and l6a (not shown as measurement 

was i m p o s s i b l e ) were c h a r a c t e r i s t i c a l l y d i f f e r e n t from the o t h e r specimens 

i n t h a t the r e l e v a n t r e f l e c t i o n s were i l l d e f i n e d and had d i f f e r e n t r e l a t i v e 
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Table 4.5 

Spec. 
No* 

2?2 

240 
312 

91 

21c 

250 

21a 

223 

23 

16a 

C e l l dimensions b and a s i n /h of Loch A i l s h c l i n o -
pyroxenes J 

(8) 
L o c a l i t y 

Burn # m i l e E • 
of Metamorphic 
Burn* 
Metamorphic Burn. 
I . s i d e of C o i r e 
S a i l an R u a t h a i r . 

Rock Type 

Metamorphosed 
l i m e s t o n e xeno. 

•1 

i t 

A l l t C a t h a i r Bhan. B i o t i t e -
p y r o x e n i t e -

F a l l s , R. Oyk e l . I n t e r m e d i a t e 
x e n o l i t h . 

Metamorphic Burn. S y e n i t e - m e t a -
l i m e s t o n e h y b r i d 

F a l l s , R. Oykel U l t r a m a f i c i n c l . 
i n 21c. 

A l l t C a t h a i r Bhan. U.B. v e i n e d by 
s y e n i t e , W. of 
main U.B. mass. 

Above f a l l s , R. 
Oy k e l . 
B l a c k Rock Burn. 

S2. 

S2 

s i n ^ Remarks 

8.928 9.384 

8.931 9.390 
8.922 9.378 

8.916 9.384 

Very p a l e y e l l o w -
g r een. 

C o l o u r l e s s . 

M / 

8.931 9.384 V. p a l e g r e e n . 

8.922 9.375 

8.922 9.369 

8.898 9.322 

8.886 9.298 

not measurable 

B r i g h t y e l l o w i s h 
g r e e n . fr• \ 
I n t e n s e pleochrojbc 
apple-green.' 

(1) 

I t 

(2) 

(2) 

N.B. (1) X-ray pattern of intermediate type. 
(2) X-ray pattern with c h a r a c t e r i s t i c poorly defined 

r e f l e c t i o n s , rendering 16a impossible to measure 

Colour as seen i n t h i n s e c t i o n . 



Fig*4*14* 
Coll parameters b and a s i n A of nine pyroxenes 

plotted on the diagram of Brown (19^0).Open c i r c l e s are for 
specimens whioh appear to be soda-free or low i n soda, and the 
c e l l dimensions thus may be used as an indicator of composition* 
The s o l i d c i r c l e s appear to deviate from the bulk of the specimens 
and t r e r l towards the value of aegirine (from Deer, Howie, and 
Zussman , 19<>2) and are probably soda be' ring* The diagram cannot 
therefore be used as an indicator of composition f o r these specimens* 
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i n t e n s i t i e s , allowing these specimens to be d i f f e r e n t i a t e d at a glance 

from the main group* The chart of 225 appeared to l i e somewhere between 

the two types, and indeed plotted i n an intermediate p o s i t i o n , 

d) Conclusions. 

The specimens from the u l t r a b a s i c rocks, basic x e n o l i t h s and meta­

morphosed limestones with the exception of 2 2 5 , a l l f a l l close together 

near the diopside corner of the trapezium f and l i e around the junction 

of the diopside, s a l i t e and augits f i e l d s of Poldervaart and Hess (1951)-

The other specimens are tending towards the l a t t i c e dimensions of a e g i r i n e 

although one could not, on the b a s i s of these parameters alone, d i f f e r e n ­

t i a t e them from endiopside. 

The conclusion seems j u s t i f i e d that the development of green rims 

against f e l d s p a t h i c m a terial i s a r e f l e c t i o n of the adoption of soda, 

but the green colour of a pyroxene may become intense without appreciable 

change i n the l a t t i c e parameters b and a s i n y3 • 

Since rock 225 i s very s i m i l a r to 21a but has l a t t i c e parameters 

deviating towards a e g i r i n e , i t seems l i k e l y that t h i s rock alone represents 

a stage i n the metasomatic adoption of soda by d i o p s i d i c pyroxenes to give 

a e g i r i n e - a u g i t e s . C l e a r l y the conditions f o r t h i s to occur must be very 

s p e c i a l , since pyroxenes i n highly f e l d s p a t h i c rocks such as 250 and 21c 

are nonetheless close i n composition to the diopsides of massive, non-

f e l d s p a t h i c diopside hornfels x e n o l i t h s . The c l o s e grouping of the b a s i c 

a l k a l i n e specimens should be noted. A sharp d i s c o n t i n u i t y thus e x i s t s 

between the pyroxene of the leuco-syenitea and those of the remaining 

rocks* The c e l l dimensions of the pyroxenes of the b a s i c a l k a l i n e types 

and the A l l t Cathair Bhan u l t r a b a s i c s are i d e n t i c a l with those of metamor­

phosed lines tone x e n o l i t h s , and except i n one s p e c i a l case ( 2 2 5 ) show no 
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gradation towards those of the l e u c o - s y e n i t e s . 

Section 8. 

General Conclusions* 

During t h i s d i s c u s s i o n of c e r t a i n features of the petrography of 

these rocks a number of s i g n i f i c a n t p a r a l l e l s have been drawn. I t has 

been pointed out that there i s a s t r i k i n g s i m i l a r i t y between c e r t a i n rock 

types produced by contamination of leuco-syenite by m a t e r i a l o r i g i n a t i n g 

from the metamorphism of limestone, and the x e n o l i t h i c b a s i c a l k a l i n e 

rocks of the southern part of the mass. The o r i g i n proposed by the 

w r i t e r for these l a t t e r types i s based on consideration of the following 

s a l i e n t observations: 

( i ) D e f i n i t e examples of limestone have been found amongst the basic 

xenoliths of the Black Rock Burn. 

( i i ) There can be no doubt that e f f e c t i v e l y i d e n t i c a l types are 

found a t the limestone x e n o l i t h horizon i n the Metamorphic Burn, and i n 

c e r t a i n cases can be traced i n t o metamorphosed limestones. 

( i i i ) The group as a whole has great v a r i a b i l i t y • 

( i v ) The aggregated texture (the synneusis texture of Phemister) of 

the mafic materials i n the basic types i s a l s o developed when metamorphosed 

limestone i s broken up and incorporated i n t o l e u c o - s y e n i t e . 

( v ) There i s a d i s c o n t i n u i t y of composition (Ca:Mg) between the basic 

and u l t r a b a s i c types and the leuco-eyenites. 

( v i ) tyroxenes of basic a l k a l i n e x e n o l i t h s , u l t r a b a s i c types and 

metamorphosed limestone x e n o l i t h s are i d e n t i c a l . 

There are thus s p a t i a l , t e x t u r a l and chemical r e l a t i o n s h i p s between 

the b a s i c a l k a l i n e x e noliths and metamorphosed limestone, and i t i s 
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believed that the evidence presented suggests that the former type are 

the r e s u l t of incorporation of metamorphosed limestone i n t o f e l d s p a t h i c 

m a t e r i a l , i n a l a r g e l y mechanical fashion. (The aggregate texture and 

s i m i l a r i t y of composition of pyroxenes suggest t h i s ) . 

The A l l t Cathair Bhkn u l t r a b a s i c s are believed to have a s i m i l a r 

o r i g i n * They are a n a t u r a l extreme of the trend shown by progressive 

o s s i f i c a t i o n of leuco-syenite. and t h e i r p o s i t i o n a t the contact of the 

leuco-syenite against limestone has been proved (Chapter 3 ) * 

Conversion of dolomite to diopside-mica assemblages (with the 

adoption of potash from the s y e n i t e ) and subsequent incorporation of t h i s 

m a t e r i a l into the invading a l k a l i n e magma, gave r i s e to types r e f l e c t i n g 

the u n i v e r s a l v a r i e t y observed i n the metamorphic rocks* Sometimes 

i n d i v i d u a l c r y s t a l s are incorporated, sometimes aggregates r e t a i n i n g the 

t e x t u r a l features of the parent metamorphosed dolomite. Thus a contin­

uous gradation e x i s t s from the leuco-syenite with r a r e a d d i t i o n a l mafic 

m a t e r i a l , to the u l t r a b a s i c pyroxenic or micaceous types* Since the 

bas i c m a t e r i a l i s x e n o l i t h l c i n the leuco-syenite, contacts may be sharp, 

where the mixing of a l k a l i n e and basic m a t e r i a l took place a t an e a r l i e r 

pulse of i n t r u s i o n than that now enclosing the x e n o l i t h , or gradational, 

when the mixing i s taking place i n s i t u . 

The w r i t e r does not consider that the s p a t i a l , t e x t u r a l and chemical 

r e l a t i o n s h i p s of these rocks are compatible with an o r i g i n as d i f f e r e n ­

t i a t e s of the a l k a l i n e magma. The term •hybrid 1 has been adopted and 

used elsewhere i n the text to cover these rocks produced by mixing of 

metamorphic and Igneous m a t e r i a l i n varying proportions* 
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Appendix to Chapter 4 . 

X-ray technique f or determination of b and a a i n fi of 
clinopyroxeneq. — y — 

(Suggested by Mr* W.o. Hancock, Durham Univ e r s i t y Geology 
Department). 

B a s i s of Method. 

Brown uses the c e l l dimensions b and a s i n ^ f o r compositions i n 

the CaMgFe t r i a n g l e . 

These are most e a s i l y c a l c u l a t e d using r e f l e c t i o n s with h = 1 = 0 , 

f o r b and k « 1 * 0 f o r a s i n ̂  , since the general formula for mono-

c l i n i c c r y s t a l s i s t 

So -foot- 4ov cj te^ecA-iou. OkO • 

aMdi -f*v * f&ftee+iM WOO : , 

The only s u i t a b l e r e f l e c t i o n s i n p r a c t i c e are 600 and 0 6 0 . The indexing 

of the r e f l e c t i o n s and possible mistakes i n measurement can be checked 

(but t h e i r accuracy not in c r e a s e d ) by use of the nearby l $ u and 510 

r e f l e c t i o n s , i n which case: 
tp0v iSO : b = 

a n a . - f* ' S"^ a. wt*t ^4 — ? ! . 

5Jb => > a 5 l 0 
X-ray technique. 

Smear mounts with s i l i c o n i n t e r n a l standard were used. 

Instrument s e t t i n g s were: 

Radiation: CuKflL a t kO kV 20 mAf Ni f i l t e r ; s l i t s ^° - 0 . 2 - 4 ° . 
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Scanning spaed: #°/min. 

Chart speed: 200 mm/hr. 

Kate Meter: 4 , Time constant: 8 . 

Pulse height d i s c r i m i n a t o r used at attenuation 4 , amplitude 3 0 2 , 

channel width k* 

S i l i c o n r e f l e c t i o n s 220 a t k?.302° 26 and 311 at 5 6 . 1 2 2 ° 2B 

were used as standard peaks. 
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Abstract. 

The a l k a l i f e ldspars of the i n t r u s i o n are described i n terms of 

t h e i r appearance i n t h i n s e c t i o n , o p t i c a x i a l angle, bulk composition 

and X-ray powder and s i n g l e c r y s t a l p r o p e r t i e s . 

Phey are shown to be low-albite-microcline and low-albite-orthoclase 

p e r t h i t e s i n the compositional range Or^ to O r ^ . F a r l y phases of 

the i n t r u s i o n d i f f e r fundamentally from the l a t e r i n the r e l a t i v e pro­

portions of monoclinic and t r i c l l n i c m a t e r i a l present i n the potassium 

phase. There i s a suggestion of a systematic d i s t r i b u t i o n of microcline 

o b l i q u i t i e s throughout the mass. 

Very l i t t l e modification of e a r l y f e l d s p a r s was found at contacts 

between s y e n i t e s , and xenocrysts preserve higher temperature features 

than host m a t e r i a l . 

Compositions of the f e l d s p a r s are discussed i n the l i g h t of 

experimental knowledge of l l q u i d u s - s o l i d u s r e l a t i o n s i n the Ab-Or-An 

system and minimum c r y s t a l l i z a t i o n temperatures suggested* The v a r i a ­

t i o n observed i n the nature of the potash phase and i n the form of the 

p e r t h i t e s i s not thought to depend p r i m a r i l y on the Caledonian t h r u s t i n g 

but probably on the concentration of v o l a t i l e s during the cooling of 

the rock. The apparent metestable preservation of orthoclase bearing 

forms i s discussed and a possible mechanism suggested. 

Introduction. 

The l e u c o c r a t i c s y e n i t e s of Loch A i l s h c o n s i s t predominantly of 

p e r t h i t e s which e x h i b i t a considerable v a r i e t y of forms. The occurrence 

of a range of p e r t h i t e s showing varying coarseness of exsolution from 

f i n e blebs to coarse patches or even d i s c r e e t grains was noted by 

Phemister ( 1 9 2 6 , p.25) , who commented that segregation of perthite i n t o 
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i t s components was common i n rocks thet have r e c r y s t a l l i z e d , e i t h e r as 

a r e s u l t of deformation or because of the presence of hot s o l u t i o n s . 

His e a r l y observation of the s i g n i f i c a n c e of the exsolution process i n 

the formation of the common textures of the ac i d and a l k a l i n e igneous 

rocks was quoted by Tut t i e (1952) i n h i s important d i s c u s s i o n of the 

o r i g i n of the contrasting mineralogy of the extrusive and plutonic s a l i c 

r o c k s . Furthermore there are i n the L. A i l s h mass s e v e r a l d i s t i n g u i s h -

able generations of s y e n i t e s whose fe l d s p a r s have obvious d i f f e r e n c e s 

both i n hand specimen and i n t h i n s e c t i o n . The contact r e l a t i o n s h i p s 

between the d i f f e r e n t rock types are w e l l e s t a b l i s h e d and contacts with 

country rock, as massive xenoliths or protrusions, are present i n the 

Metamorphic Burn area. 

Thus i t seemed that a d e t a i l e d i n v e s t i g a t i o n of the a l k a l i f e ldspars 

of these rocks could y i e l d valuable information on both the r e l a t i o n s h i p s 

between the s y e n i t e s themselves and on the behaviour of a s u i t e of per-

t h i t e s of s e v e r a l types. The work was gre a t l y f a c i l i t a t e d by the extreme 

l e u c o c r a t i c nature of the rocks, and absence of p l a g i o c l a s e as a separate 

phase rendering lengthy separation procedures unnecessary. 

A l o c a l i t y map of fe l d s p a r s described i s shown together with specimen 

numbers as quoted i n brackets throughout the t e x t , ( F i g . 5 .1) . 

A number of abbreviations of common terms w i l l be used i n the text 

as tabulated below: 

Ab : ALBITL. 

Or : ORTHOCLASE, used generally for the potassium feldspar molecule. 

When a low temperature monoclinic potassium feldspar i s s p e c i f i c a l l y 

implied the term "orthoclase" w i l l be quoted i n f u l l . 
Mi : MICROCLINE. 



Outline map of the i n t r u s i o n showing l o c a l i t i e s 
of rooks from which feldspars have been described,, with 
specimen numbers ae used i n the text* 
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Na-feldspar, Na-phaee 

K-feldspar, K-phase 

An t ANORTHITE• 

q t QUARTZ. 

: Sodium r i c h feldspar or sodium r i c h phase 
of p e r t h i t e . 

: Potassium r i c h feldspar or potassium r i c h 
phase of p e r t h i t e . 

N.B. A l l X-ray data i s for CuKoi r a d i a t i o n . 
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Section 1. 

Techniques and Data. 

Appearance of the feldspars i n hand specimen and t h i n s e c t i o n . 

1) Hand specimen. 

I n hand specimen f e l d s p a r s from the e a r l y s y e n i t e s S I and S2 

tend to be pink or reddish brown i n colour w h i l s t those of the l a t e r 

s y e n i t e , S 3 , have a grey or grey-brown co l o u r a t i o n . This allows con­

t a c t s between the rock types to be c l e a r l y v i s i b l e and f u r t h e r makes 

i t possible to recognize xenocrysts of S I and S2 where they are held i n 

S 3 « At the western contact of S I on the North Top of S a i l an Ruathair, 

where the rock i s strongly laminated, c r y s t a l s often exceed 2.0 cm. i n 

length, i n contrast to the intruding S3 i n which f e l d s p a r s r a r e l y exceed 

0 . 5 cm. i n length and are u s u a l l y much l e s s . Rarely throughout the 

mass do S3 f e l d s p a r s approach 1 cm. i n length; for the most part h a l f 

t h i s value i s more t y p i c a l . 

M aterial i n contact with massive q u a r t z i t e x e n o l i t h s i n the 

Metamorphic Burn are i s often c h i l l e d to a f i n e greenish-grey rock i n 

which i n d i v i d u a l c r y s t a l s cannot be seen, although i n some cases coarse 

pink xenocrysts are present. 

2 ) Thin s e c t i o n . 

Adequate d e s c r i p t i o n of the form of p e r t h l t e s i n t h i n s e c t i o n i s 

d i f f i c u l t and thus a s e r i e s of photomicrographs i s shown which attempt 

to cover the range of types and coarseness of exsolution that may be 

found i n these rocks ( F i g s . 5.2 - 3 ) . I t i s d i f f i c u l t to generalize 

about the v a r i a t i o n exhibited but a few points can be made. 
(1) Feldspars from S I . 

The f i n e s t s c a l e of exsolution seen i s i n rock 313, a red laminated 

type from the northern side of Coire S a i l an Kuathair. I n t h i s rock the 



Qgl2*** Photomicrographs. 
At Fine s c a l e of ezeolution I n SI of Coire 

S a i l an Ruathair* Specimen 313» (Crossed niohole, X40.) 
Bt The same grain at higher magnification. 

(Crossed niohols. X2O0.) 
Ot Normal fine SI perthite. The K-phase i n the 

right-hand grain (of the twinned p a i r ) appears pale* Note 
the pale l i n e s of complete exsolution running more or l e s s 
straight aceoSB both c r y s t a l s at various angles* These are 
presumedto follow fractures.(Specimen 160, crossed nichols, 

x 65.) 
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K-feldspar i s seen as spindles or f i n e veins i n the Na-feldspar host* 

The diameter of these spindles may be as l i t t l e as 2 ^ . I n sections 

w i t h 'c* approximately v e r t i c a l the p e r t h i t e i s barely v i s i b l e as a vague 

c r e n u l a t i o n . General fineness of veins or spindles and vague, hazy 

e x t i n c t i o n are t y p i c a l of SI rocks, but there i s a tendency i n some 

specimens to develop areas of greater coarseness around which the f i n e 

lamellae are not seen. Where coarsening of p e r t h i t e occurs i t i s always 

i n the form of the development of i r r e g u l a r patches or blebs around which 

the f i n e p e r t h i t e has disappeared. I n i n d i v i d u a l t h i n sections the 

basic f i n e lamellae tend to be of more or less constant dimensions 

(although o f t e n coarser towards the margins of c r y s t a l s , or i n zones 

p a r a l l e l t o the c r y s t a l edges) w i t h areas on which the development of the 

bleb type has been superimposed. Within the more coarsely exsolved rocks 

of S I , Ab and p e r i c l i n e twinning can be discerned on a f i n e scale i n the 

Na-phase. The K-phase was found to show microcline type Ab-pericline 

twinning only r a r e l y i n three specimens (160, 311, 30$) classed w i t h 

t h i s s y e n i t e . Even bearing i n mind the d i f f i c u l t y of discerning t h i s 

type of twinning i n the more f i n e l y exsolved rocks, and the comparative 

r a r i t y of i d e a l l y o r i e n t a t e d specimens (+^ normal t o 001) t h i s s t y l e of 

twinning i s much more r a r e l y seen i n the SI rocks, an observation consis­

t e n t w i t h X-ray data on the nature of the K-phase i n t h i s s y e n i t e . There 

i s complete absence of twinning, at l e a s t on a scale v i s i b l e o p t i c a l l y , 

i n the K- or Na-phases of many specimens, although s i n g l e c r y s t a l X-ray 

photographs u n i v e r s a l l y show an Ab twinned Na-phase ( F i g . 5.2a, b, c ) . 

(2) S2 rocks. 

I n general these rocks are s i m i l a r t o S I , but considerable develop­

ment of , , b l e b M types i s seen. I t i s worth noting t h a t the f i n e s t and 

most regular p e r t h i t e seen i n t h i s generation i s i n those rocks, i n the 
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c e n t r a l area, which have unaltered pyroxene as the mafic constituent 

r a t h e r than r i e b e c k i t e or mica, e i t h e r as a primary mineral or rimming 

pyroxene. Microcline type twinning i s f r e q u e n t l y observed i n the K-phase 

of these feldspars ( F i g . 5«3a). 

(3) 33 rocks. 

Perthites i n the S3 rocks, i n c l u d i n g the melanite bearing v a r i e t i e s , 

are very regular i n form and s i m i l a r to the more regular types of S2. 

C h a r a c t e r i s t i c a l l y the K-phase occurs as elongate sinuous veins. 25 

would be a t y p i c a l f i g u r e f o r the width of these veins although there i s 

some v a r i a t i o n . I n s u i t a b l y o r i e n t a t e d sections Mi-type twinning can 

fr e q u e n t l y be seen. Carlsbad twinning, g i v i n g a " h e r r i n g bone'1 e f f e c t 

i s o f t e n observed. Fine Ab twinning i s usual l y v i s i b l e i n the Na-phase 

( F i g . 5.3b). . 

(k) Local v a r i a t i o n s i n the type of p e r t h i t e . 

(a) Metamorphic Burn. 

A l l specimens from the Metamorphic Burn area, i n c l u d i n g those from 

the stream exposures % ml. to the east and on to the shoulders of the 

North Top of S a i l an Ruathair, i r r e s p e c t i v e of rock type, show extreme 

coarsening of scale of e x s o l u t i o n . The now coarsely Ab twinned Na-phase 

encloses large i r r e g u l a r areas of K-feldspar o f t e n up to 1 mm. i n width 

and t y p i c a l l y i n excess of 0.25 mm. The polysynthetic twinning of the 

Na-phase i s much more coarsely developed i n both the Ab and p e r i c l i n e 

d i r e c t i o n s and s t r i k i n g chequer e f f e c t s are produced. Mi-type of t w i n ­

ning of the K-phase can e a s i l y be discerned i n ap p r o p r i a t e l y orientated 

sections ( F i g . 5«3c). 
(b) Central area. 
A tendency f o r s i m i l a r coarsening to be developed i s also 

c h a r a c t e r i s t i c of the quartz bearing v a r i e t i e s of S2 i n the c e n t r a l area 



Photomicrographs. A l l crossed niohols, X25* 
At Pine patch ©••bleb1 type of exsolution, 

K-phase dark* Speoimen 70, 32. 
Bt Typical S3 e i s o l u t i o n , with a *herring 

bone' twin e f f e c t . Speoimen 21f, S3* 
Ct Ultra-coaree exsolutlon 9 t y p i c a l of the 

Metamorphic Burn area. K-phase black. Mi-type twinning can 
be discerned i n the larger patches. Speoimen 268, S3 wit h 

xenooryste. 
Di Areas of coarse a l b i t e i n a quartz r i c h 

type from the central area, rimmed Ijy p e r t h i t e . 
Specimen 59t S2. 
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around the confluence of the h. Oykel and the A l l t S a i l an Ruathair. 

The tendency here i s not so w e l l marked as i n the Metamorphic Burn area. 

An extreme type (59) seems t o be exsolved t o a stage when c e n t r a l por­

t i o n s of c r y s t a l s are n o n - p e t t h i t i c Ab, the edges of c r y s t a l s being 

coarsely p e r t h i t i c . This type of zoning i s very i r r e g u l a r and every 

gradation i s observed i n the s e c t i o n . This rock has 19 per cent, (by 

volume) of modal quarts, the highest observed at L. A i l s h , w i t h the 

exception of contaminated m a t e r i a l from the Metamorphic Burn ( F i g . 5«3d). 

(5) Zoned or 'mantled' feldspars. 

(a) Feldspars w i t h plagioclase cores and p e r t h i t i c rims. 

Rare c r y s t a l s w i t h a l b i t e - o l i g o c l a s e cores which appear t o be the •;. 

r e s u l t of o r i g i n a l c r y s t a l l i z a t i o n occur near the exposures of u l t r a b a s i c 

rock i n the upper part of A l l t Cathair Bhan (92). Here the Ab cores 

are regular and angular i n form and the rimming p e r t h i t e i s r a t h e r f i n e . 

Chemical analysis of these feldspars shows them t o be unusually sodic 

and t h i s would appear t o be o r i g i n a l compositional zoning. By no means 

a l l c r y s t a l s i n the rock show t h i s f e a t u r e . 

(b) Feldspars w i t h concentric zones of clouding. 

A more common form of zonation i s e x h i b i t e d by some S1-S2 feldspars 

(9, as xenocrysts) as concentric zones of clouding generally f o l l o w i n g 

c r y s t a l margins. Usually i n p e r t h i t e s the K-feldspar i s t u r b i d w h i l s t 

the Ab i s c l e a r . I n the zoned type described the clouding crosses the 

p e r t h i t e lamellae, which are f i n e veins ( F i g . 5.*fa). This suggests 

t h a t t h i s i s a zonation imposed during growth as a homogeneous fel d s p a r . 

I t i s very c l e a r l y brought out i n s l i g h t l y weathered examples, when i t 

may be seen i n hand specimen. 



Photorn!orographsi 
At Concentric zones of clouding (dark) 

c u t t i n g across p e r t h i t e lamellae ( f a i n t l y v i s i b l e running 
from top r i g h t to bottom l e f t ) . Xenocryst i n S3, Black 
Rock Burn. Specimen 9* (Ord. l i g h t , X 20*) 

Bt Coarsely exsolved margin to f i n e l y 
exsolved xenocryst ( l e f t ) i n S3 of the Black Rook. 
Speoimen 359-§ (crossed nichols, X 60,)• 
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(6) Contrast between xenocryeta and host* 

Where S1-S2 xenocrysts are held i n an S3 matrix they may be 

i d e n t i f i e d i n t h i n section because they are f r e q u e n t l y of large size and 

r e t a i n a f a i n t pink clouding. Rather remarkably many of these xenocrysts 

have preserved t h e i r f i n e l y exsolved s i l k y p e r t h i t i c centres (3^8, 9, 

16a, 3 5 9 ) . I n a marginal zone of the order of 0 .5 mm. wide the p e r t h i t e 

i s o f t e n coarser and equal i n coarseness to the enclosing S3 ( F i g . 5«^b). 

Even i n the otherwise unusually coarsely exsolved rocks of the Metamorphic 

Burn area xenocrysts sometimes show areas of f i n e r p e r t h i t e ( 2 0 6 ) , w h i l s t 

becoming coarsely exsolved i n other areas of the same c r y s t a l . 

(7) S1-S3 contact r e l a t i o n s h i p s , North Top, S a i l an Ruathair. 

At t h i s l o c a l i t y S I c r y s t a l s may be seen broken across ( 137)* The 

f i n e r SI p e r t h i t e and the shadowey e x t i n c t i o n i s preserved up to the 

contact although at t h i s l o c a l i t y the contrast i n p e r t h i t e coarseness 

between S I and S3 i s not s t r i k i n g . A s l i g h t amount of crushing ( t e c t o n i c ) 

i s also i n evidence at t h i s contact but i t does not i n general mask the 

i n t r u s i v e contact r e l a t i o n s h i p and i s e a s i l y i d e n t i f i e d . 

(8) E f f e c t s undoubtedly a t t r i b u t a b l e t o stress during the t h r u s t movements, 

A discussion of the importance of the Caledonian t h r u s t i n g i n 

governing the o v e r a l l features of these p e r t h i t e s w i l l be made a f t e r a l l 

the data has been presented. The p a r t i c u l a r textures described here are 

those connected w i t h obvious c a t a c l a s t i c f r a c t u r i n g of the rock and 

associated e f f e c t s . I t i s commonly observed t h a t along cracks i n 

c r y s t a l s coarse twinning develops ( F i g . 5 » 3 a ) the feldspar Immediately 

beside the crack being n o n - p e r t h i t i c Na-feldspar. S i m i l a r bands of 

h i g h l y exsolved and coarsely twinned feldspar can extend across c r y s t a l s 

without obvious f r a c t u r e s but presumably i n areas of s t r a i n . The same 
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e f f e c t sometimes only extends to developing a plane through the c r y s t a l 

i n which the p e r t h i t e lamellae broaden. A series of photomicrographs 

showing stages i n mechanical breakdown of a leuco-syenite are given as 

f i g . 5.7. 

( 9 ) C r y s t a l margins. 

A s t r i k i n g feature of t h i n sections of feldspars from L. A i l s h i s 

the u n i v e r s a l occurrence of sutured margins or 'swapped rims* ( V o l l , 

1960) between c r y s t a l s . Frequently t h i s reaches a p o i n t when an i r r e g u ­

l a r narrow b e l t of one feldspar i s completely enclosed i n a neighbouring 

feldspar (Photo 5.5b). Sometimes t h i s stage has not been reached and V-: 

an i r r e g u l a r lobate s u t u r i n g has developed. I n the photomicrograph 

(Photo 5.5b) i t can be seen t h a t the lobes of one f e l d s p a r have adopted 

an elongation i n the same d i r e c t i o n as the p e r t h i t e lamellae of the host 

c r y s t a l , w h i l s t maintaining the c r y s t a l l o g r a p h i c o r i e n t a t i o n of the parent 

as shown by the conformity of the Ab t w i n lamellae* Fnemister ( 1926) 

suggested that these i n t e r d i g i t a t i n g areas between c r y s t a l s were the 

r e s u l t of c r y s t a l l i z a t i o n of the l a s t dregs of the magma i n c o n t i n u i t y 

w i t h adjacent c r y s t a l s . 

V o l l (,1960) discusses the development of such rims, and shows t h a t 

they may develop i n the s o l i d s t a t e , even between randomly ori e n t a t e d 

adjacent g r a i n s . Stress and i n t e r s t i t i a l f l u i d s would undoubtedly f l u x 

t h i s type of boundary m i g r a t i o n . I t i s worth n o t i n g t h a t "swapped rims" 

are not found i n the undisturbed Ben Loyal complex (B.C. King, 19**2). 

Sometimes i t can be seen th a t the m a t e r i a l associated w i t h these 

sutured rims i s coarsely Ab twinned, and the Ab rims f r e q u e n t l y recorded 

around p e r t h i t i c a l k a l i feldspars are o f t e n observed here. Broad rims 

and even dis c r e e t grains of Ab are p a r t i c u l a r l y w e l l seen i n the specimens 



Photomicrographs! 
At Exsolution and ooares twinning of a l b i t e 

induced by s t r a i n * Specimen AT At crossed nlohols, XIOO. 
Bs "Swapped rias".Hote that the"swapped" 

portions of the darker c r y s t a l on the l e f t adopt the elong­
ation of the p e r t h i t e lammelae of the host feldspar (pale) 
w h i l s t maintaining the o r i e n t a t i o n of the a l b i t e twinning 
of the oarent. Specimen 26.f crossed niohols,, X 50« 
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from the quartz syenites of the c e n t r a l area (59 t 52b) where i t i s 

o f t e n concentrated around the I n t e r s t i t i a l grains of quartz. 

(10) Two feldspar rocks. 

A l l the textures described previously concern i n d i v i d u a l c r y s t a l s 

w i t h both K and Na feldspars c o e x i s t i n g w i t h i n the boundaries of a s i n g l e 

morphological u n i t . Some of the l e u c o c r a t i c veins and small dykes i n 

the basic rocks consist of a f i n e l y i n t e r l o c k i n g mass of discreet K 

and Na feldspar grains (103t ^18, 326) or i n some cases p e r t h i t i c m a t e r i a l 

i s present e i t h e r (326) as coarse c r y s t a l s enclosed i n the f i n e two-

feldspar matrix (xenocrysts?) or (4l8) apparently grading through areas 

of coarse lobate types of p e r t h i t e from more normally p e r t h i t i c f eldspars. 

The l a t t e r rock c a r r i e s a considerable amount of coarse muscovite. 

Very s i m i l a r i n appearance t o the l a t t e r i s the t e x t u r e e x h i b i t e d 

by a mass of r i e b e c k i t e and b i o t i t e - b e a r i n g S2 from the Oykel f a l l s area 

( 4 1 3 ) . Here again the normal blebby S2 p e r t h i t e gives way t o a f i n e 

granular i n t e r g r o w t h of rounded d i s c r e e t K and Na feldspar grains ( f i g . 

5.6a). I d e n t i c a l e f f e c t s can be seen i n pe r t h o s i t e s from the Black Rock 

(352, 360, 3 6 l ) . I n 352 an intermediate type seems to be seen w i t h the 

development of broad marginal Ab to p e r t h i t i c c r y s t a l s , which i n places 

has segregated i n t o d iscreet rounded blebs w i t h d i s t i n c t i n t e r f a c e s 

between grains ( f i g . 5.6b). 



Photomicrographs. Both oroesed niohols, X 40* 

At "Two-feldspar texture. Granular mass of 
discreet Ab and Ml grains. Specimen 413* 

Bt Lobate rims of Ab to p e r t h i t i c grains. 
A stage i n the development of the two~feldspar texture 
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Pho tomi crographs. 
At "Mortar gneiss" stage of breakdown. Speoimen 116 
Bt Complete m y l o n i t i z a t i o n . Specimen 72a. 

Both orossed nichole. X40* 
Ct Miorooline type twinning developed i n a 

crushed rook* Specimen 113* Crossed niohols. 
X 80 . 
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3 ) Bulk composition. 

Pure a l k a l i feldspar f r a c t i o n s f o r a n a l y s i s were obtained by 

crushing and magnetic separation* 

Na^O, K 20 and CaO were determined by the flame photometer using 

sodium oxalate, potassium n i t r a t e and calcium chloride f o r c a l i b r a t i o n . 

The standard Na-feldspar (American Bureau of Standards spec. 99) was 

used as a check. For Na 20 and K^O the r e s u l t s were reproducible to 

0.16 wt.% i n the amount present; for the small amount of CaO present 

the r e s u l t s were reproducible to ± 0.05 wt.#. A l l the values quoted 

i n table 1 are means of two determinations except f o r 401X and 401M \-% 

of which l e s s than 0.5 grm. was a v a i l a b l e . 

Some of the specimens contained quarts and thus the t o t a l a l k a l i s 

f a l l f a r short of 100%. The bulk of the powders d e f i n i t e l y did not 

contain quartz but nevertheless a l l the analyses t o t a l considerably l e s s 

than the maximum. This f a r exceeds the observed d i f f e r e n c e i n duplicated 
f 

analyses and would appear to be genuine. Presence of BaO could p o s s i b l y 

account for some of t h i s discrepancy and f u r t h e r , microscopic evidence 

shows brown t u r b i d i t y and sometimes numerous f i n e needles of an unknown 

mineral aligned along the cleavage d i r e c t i o n s of the host f e l d s p a r . 

Perhaps the combined e f f e c t of these i m p u r i t i e s and presence of BaO and 

SrO would account for the apparent d e f i c i e n c y of a l k a l i s . 

The r e s u l t s are plotted on f i g s . 5.8a and 5.SB, and as table 5*1. 

In diagram 3b i t can be seen that the S I rock has the most eodic 

f e l d s p a r s , S2 intermediate values and S3 the most p o t a s s i c , although the 

range of the analyses i s not great and f u r t h e r work might ho doubt show 

overlap.Despite some doubt as to the accuracy of the determinations of 

the xenocrysts (401X) and matrix (**01M) d r i l l e d from an x e n o c r y s t i c 



Fig»5 .8 . 
ABOVEi Bulk compositions of a l l (14) analysed L.Allsh 

feldspars plotted on the Ab-An -Or llquidus surface at 
5000 bare Ĥ O pressure as determined by Yoder at al*(l957)f 
and the frequency contours of feldspar compositions f or 
a l l rooks i n Washington's tables with more than 80 per cent* 
modal Ab+Or+Q as shown by Tuttle and Bo wen. (1958), 

BELOWs Detail of the compositional range covered 
showing the trend towards pojtaeh enrichment i n l a t e r phases 
of the in t r u s i o n . 
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Table 5*1. 

Bulk composition* of L. Allah A l k a l i F e l d s p a r s . 

Spec • 
No. 

Rock* 
type 

Ra^O * 2 ° 
wt. % 

CaO T o t a l 
% 

observed 

Ab Or 
Uecalc• to 

An 
100. 

r;.B. 

170 S I 7.84 4.33 0.47 94.19 70.4 27.2 2.4 
26 S2 7.35 4.75 0.36 92.03 67.5 30.5 2.0 Q present 
70 32 7-49 4.99 0.36 94.63 66.9 3X.2 1.9 
24 32 7.30 5.10 0.35 93.63 65.9 32.2 1.9 
21b S3 7.30 5.20 0.35 94.22 65.5 32.7 1.9 
89 33+m 7.38 5.44 0.39 96.51 64.7 33.4 2.0 
67d S3 7.20 5.46 0.35 94.91 64.1 34.0 1.8 

65 o3+m 7.08 5.60 0.33 94.53 63.3 35.0 1.7 
2 I f 

66 

S3 

33 

6.86 

6.76 

6.10 

6.21 

0.34 

0.33 

9i>.77 

95.53 

60.6 

59.8 

37.7 

33.5 

1.8 

1.7 

Mica-
z e o l i t e (? 
i n t e r -
growths 

216 S9*Xsi 6.15 6.28 0.40 91.14 57.0 40.8 2.2 

55 S2,Cr 5.26 4.80 0.29 74.30 59.8 38.2 1.9 Much Q 
16a S3+S2 6.17 5.80 0.38 88.37 59.0 38.8 2.1 Q 
92 Mantled 

type 
6.90 1.80 0.30 70.47 82.8 15.1 2.1 Much Q 

kou 
4OIM 

(S2) 

1*5) 
8.53 

6.75 

3.85 

6.03 
0.55 
0.45 

97.63 
94.98 

73.9 
60.1 

23.3 
37.6 

2.8^ 

2 . 4 / 
One deter 
a i n a t i o n 
only 

• symbols, see appendix 
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c e n t r a l area rock the incorporated xenocrysts would seem to be 

s i g n i f i c a n t l y more sodic than the host S3 m a t e r i a l . 

The only exception to t h i s apparent s e r i e s i s specimen 55% which 

i s a s l i g h t l y crushed rock of S2 type- X-ray diffractoraeter t r a c e s f o r 

r e l a t e d but more deformed rocks from the c e n t r a l area of the mass (114, 

116) show very strong K-phaae peaks and very weak Ha-phase r e f l e c t i o n s , 

the reverse of the arrangement normally seen i n f e l d s p a r s from L. A i l s h . 

The uncrushed equivalent (117) 1 metre from (116) shows normal peak 

i n t e n s i t y r a t i o s . Thus i t seems that i n t h i s area at l e a s t , l a t e stage 

potash enrichment has occurred l o c a l i z e d w i t h i n the crush b e l t s * There 

i s a l s o considerable quartz veining a s s o c i a t e d with t h i s zone. 

The analyses given i n the table were f o r rocks s e l e c t e d as having 

escaped crushing and i t would seem from the narrow range and s e r i e s i n t o 

which they f a l l , and to t h e i r r e l a t i o n s h i p s to the l i q u i d u s surface i n 

the ternary Ab-Or-An system (see d i s c u s s i o n ) , that they do i n f a c t r e ­

present true values for the o r i g i n a l bulk compositions of the f e l d s p a r s 

(with the exception mentioned of spec. 55)• No other major anomalies 

i n bulk composition can be seen by i n s p e c t i o n of other diffractometer 

c h a r t s , although small v a r i a t i o n s would not be detected i n t h i s way s i n c e 

no s p e c i a l precautions were taken to make peak i n t e n s i t i e s a p r e c i s e 

measurement• 

if) Optic a x i a l angle. 

2V was measured on t h i n s e c t i o n s of a number of rocks using a 

f i v e - a x i s u n i v e r s a l stage. Measurement was made only when both o p t i c 

axes were a c c e s s i b l e . For the most part the fineness of the p e r t h i t e 

lamellae was too great to allow estimates of 2V f o r the components e i t h e r 

conoscopically or by the e x t i n c t i o n method. Thus the conoscopic method 
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was used to obtain an o v e r a l l f i g u r e . The isogyres produced were 

ra t h e r d i f f u s e but r e p r o d u c i b i l i t y was very good- The r e s u l t s are 

given i n table 5 . 2 . 

The range of 2V's thus obtained on a s e c t i o n depends on a number 

of independent f a c t o r s : 

a ) D i f f e r e n t volumes of Na and K phases w i t h i n the f i e l d of the 

obje c t i v e giving an in t e r f e r e n c e f i g u r e biased towards one or other 

component• 

b) D i f f e r e n t degrees of Al and S i ordering within the feldspar phases -

i n p r a c t i c e i n these f e l d s p a r s v a r i a t i o n i n the K-phase, a l l the Na-

phases being close to low Ab. 

c ) C r y s t a l d i s t o r t i o n , e i t h e r due to l a t t i c e s t r a i n s imposed by 

the coexistence of two feldspar phases with d i f f e r e n t l a t t i c e parameters, 

or aa a r e s u l t of o v e r a l l disturbance of the rock during movements at 

i n t r u s i o n or during l a t e r tectonism. 
4 

F i g . 5*9 (below) shows the range and mean of 2 V fs from s e c t i o n s of -

rocks from which fe l d s p a r s have been analysed plotted on the diagram of 

Tutt l e (1952) s l i g h t l y modified by Eraeleus and Smith (1959). I n some | l z 

cases the p e r t h i t e was coarse enough to measure each phase s e p a r a t e l y ^ 

(by the e x t i n c t i o n method) and no d i s t i n c t i o n has been made with s p e c i ­

mens measured i n t h i s way. 

F i g . 5*9 (above) i s the same diagram as the above with a d i s t o r t e d 

s o l v u s , as shown by MacKenzie (1959, e t c J , plotted on i t . The three 

2V/compo8ition plots on i t are means of a l l 2V*s for each generation 

plotted against the mean fel d s p a r composition for each generation. Since 

a l l the Na-phases are low Ab t i e l i n e s may be drawn from low a l b i t e 

through the three points to project on the s o l v u s . The diagram thus 



Fig*5.9. 
BSLOWt Range,( as shown ay the length of the 

v e r t i c a l l i n e s ) and means, (as shown by dots) of optic 
a x i a l angles of feldspars i n thin sections of rocks of 
which the feldspars were analyzed f plottedon the diagram 
of Tuttle (1952) s l i g h t l y modified by Emeleus and Smith, 

(1959). 

ABOVBt Mean 2V and mean compositions of a l l 
examples of S1,S2 and S3 respectively plotted on the same 
diagram with the distorted solvus as used by Mackenzie, 
(1959) superimposed. The projection of a l i n e through 
low a l b i t e and these points onto the solvus r e f l e c t s 
the general tendency towards development of microcline 
as shown by the X-ray data. 
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Table 5.2 
feldap a r a . 

S p e c i ­
men 

Rock 
genera­
t i o n 

Or 
content 

Mean 
2V 

Range of 2V No.of N.B. 
meaa. 

170 S I 27.2 85 90 - 81 5 

311 87 91 - 84 8 

313 85 87 - 83 4 

70 31 90 99 - 83 6 

219 90 93 - 87 2 

269 88 94 - 80 8 Coarse p e r t h i t e 
265 

19 S2 

91 
92 

105*-87 

9 4 - 9 0 

5 

5 

V. coarse p e r t h i t e 
* D i s c r e e t Ab areas 

17 91 93 - 88 3 

55 

24 

38 

32 

92 

86 

107*-75 
88 - 84 

17 
6 

V. coarse p e r t h i t e 
•for Ab patches 

26 30 90 92 - 88 6 

53 90 92 - 89 5 
92 15 90 95 - 86 8 

16a 

9 

S2 
+ 

S3 
!} 3 , { 88 

87 
87 

91 
95 
91 

- 83 
- 78 
- 85 

5 
25 
9 

Matrix. 
Includes xenosryat 
measured i n d e t a i l to 
show zoning. (No 
s i g n i f i c a n t r a r i a t i o n ) 

66 39 83 88 - 80 3 
89 33 89 93 - 85 7 
2 I f 38 83 89 - 74 8 
87 89 93 - 84 $ 
216 S3 41 85 90 - 81 6 

65 35 89 95 - 84 8 
21b 33 86 91 - 79 7 
67d 
94 
67e 

34 91 
89 
87 

92 
93 
93 

- 90 
- 83 
- 82 

5 
8 
8 

418 

417 
222 

v i > 
V2 
V » Veins. 

100 

85 
88 

109*-91 
93 - 79 
95 - 84 

7 

7 
7 

Non-perthitic 
Ab gr a i n s * 

103 V 88 105*-70 9 Non-perthitic 
Ab grains* 
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suggests that the K-phaae of S I rocks i s s u b s t a n t i a l l y orthoclaoe w h i l s t 

S2 and S3 ca r r y highly oblique microcline. 

5) X-ray diffractometry. 

a ) Technique. 

X-ray d i f f r a c t o a e t e r measurements were made using a Ftoilips wide 

angle d i f f T a c t o m e t e r . CuK* r a d i a t i o n was uaed throughout and a l l 

20 values are quoted f o r t h i s r a d i a t i o n . Whenever possible pressed 

mounts were used s i n c e these gave aore coaparable r e s u l t s p a r t i c u l a r l y l a 

cases where the general shape of peaks was considered. A l l data quoted 

are the means of at l e a s t one pair of measurements. The c h a r t s were 
2 

measured by taking the mid-point / J J up the limbs of symmetrical peaks, 

or i n cases where the peak showed s i g n i f i c a n t assymmetry, the top of the 

peak* Measurement of the estimated peak p o s i t i o n s was made to 0 .005° 26 

using a v e r n i e r . D e t a i l s of the Instrument s e t t i n g s are given i n an 

appendix (Appendix No.1). 

Because of the f e l d s p a t h i c nature of most of the roeks separation 

was unnecessary and adequate feldspar t r a c e s i n d i s t i n g u i s h a b l e from those 

of separated f e l d s p a r s were obtained from crushed whole r o c k s . Quarts 

produced the only non-feldspar r e f l e c t i o n s and can e a s i l y be d i s t i n g u i s h e d . 

R e f l e c t i o n s were indexed using the 2 6 t a b l e s of S a i t h (1956) and 

Qoldsaith and Laves (1954a) . (See Appendix No . 2 ) . 

b) Measurement of o b l i q u i t y . 

A s e r i e s of c h a r a c t e r i s t i c scans from 26 20° to 20 3 3 ° are shown 

l a the appendix together with a diagram i l l u s t r a t i n g the overlapping of 

peaks of the two phases present ( F i g s . 5 .19 and 5.20). The most important 

data that can be obtained from d i f f r a c t o a e t e r patterns i s of the nature 

of the potassium phase as shown by the s p l i t t i n g of c e r t a i n s i n g l e 



r e f l e c t i o n s i n monoclinic K-feldspare i n to doublets I n t r i c l i n i c It-

f e l d s p a r s . Doublets which have been used previously f o r t h i s measure­

ment (•obliquity* - MacKenzie , or •triclinicity» - Laves) are lll/lll» 

130/lJO and 1 3 1 / l 3 l . I n sodic p e r t h l t e s these comparatively weak K-

phase r e f l e c t i o n s are masked completely or i n part by the strong Na-phaae 

r e f l e c t i o n s * Of the doublets mentioned above 131/l3lalone offered a 

f e a s i b l e means of estimating o b l i q u i t y . As shown i n f i g . 5*10, No.6, 

the 131 r e f l e c t i o n of the microcline doublet i s c l e a r l y resolved a t 

high o b l i q u i t y . Hie i j l r e f l e c t i o n , however, i s completely masked by 

low a l b i t e l 5 l . Since d i r e c t measurement of the separation of 131/131 

was not possible i t seemed that measurement of h a l f the doublet - i . e . 

the movement of 131 alone - might be a usable i n d i c a t o r of o b l i q u i t y 

r e l a t i v e to a s u i t a b l e standard peak. Data supplied by Dr. W.3. 

HacKensie (personal communication) on the 20 p o s i t i o n s of the 131/131 

peaks for some of the a l c r o c H n e s described i n h i s 1954 paper (see table 

l a appendix) show that the doublet s p l i t s more or l e s s symmetrically about 

a mean p o s i t i o n of 20 29.37° (compare Laves, 1954, f i g u r e of 29.80° 

for 131 sanidine which may or may not be comparable). As a reference 

peak the 022 r e f l e c t i o n of a l b i t e was chosen. I t i s p o s s i b l e that t h i s 

peak i s a f f e c t e d by Ab 041. Dr. MacKensle suspects that 022 i s i n f a c t 

the strongest r e f l e c t i o n and the peak i s always found to be sharp. The 

advantages of using 022 as a reference peak a r e : 

a ) I t i s c l o s e enough to Mi 131 to p e r a l t d i r e c t measurement and to 

cut down time taken by the instrument i n making the pa t t e r n . 

b) I t i s more or l e s s s t a t i o n a r y i n the s e r i e s from low to high 

a l b i t e , any movement due to changes i n thermal s t a t e or composition of 

t h i s phase being e a s i l y determined by consideration of the position of Ab 

131. 



A possible check for t h i s method, by separating the perthite i n t o 

i t s components, i s described i n an appendix, 

c ) Nature of the potash phase. 

I n f i g . 5.10 s i x d i f f e r e n t types of r e f l e c t i o n s i n the region of 

2 29° - 33° are shown. Oblquity i s only measurable on patterns of 

types 5 and 6. Possibly more important i s the nature of the potash 

phase as shown by the forms of the 1 3 1 / l 5 l r e f l e c t i o n s . For the s i x 

patterns shown the i n t e r p r e t a t i o n would seem to be: 
1) K-phase monoclinic i n e n t i r e t y . 

2) K-phase mainly monoclinic but a l s o contains some ma t e r i a l of 

Intermediate and high o b l i q u i t y . 

3 ) and 4 ) . Both monoclinic and t r i c l i n i c m a t e r i a l present i n 

quantity giving very broad and i l l defined peaks with no r e a l l y measurable 

values• 

5) K-phase predominantly microcline of high o b l i q u i t y but undoubtedly 

intermediate and possibly monoclinic m a t e r i a l present* 

6) K-phase e n t i r e l y microcline of high o b l i q u i t y . 

Naturally there are Intermediates possible but these patterns were 

found to be c h a r a c t e r i s t i c of d i f f e r e n t rock types w i t h i n the mass. 

On f i g . 5*11 peak types as defined i n f i g . 5^° are plotted against 

t h e i r l o c a l i t y i n the i n t r u s i o n for S I and S2 rocks only, since S3 was 

found, without exception, to be of type 6. The category i n t o which a 

given t r a c e was placed was judged simply by comparison with f i g . 5.10and 

i s thus by no means a p r e c i s e quantity. S I rocks w i t h in the main mass 

i n Coire S a i l gave patterns of types 1 to k - i . e . the K-feldspar i s 

predominantly orthoclase (see 2V data) - but at i t s margins (219» 69) 

the r e f l e c t i o n s are of group 5• Hocks c l a s s e d as S2 can be seen to show 

patterns 5 or 6, except f o r two crushed rocks on the shoulder of Coire na 



Pig.5.10. 
o 

Parte of diffractometer patterns between_29 

(20 CuK*) and 31 #5° to enow s i x types of 131-131 r e f l e c t i o n s 
i n dicating the variable nature of the K- phase of these 
feldspars. 

The soles i s generally s i m i l a r to the ill-named 
"Random Disorder" s e r i e s of C h r i s t i e . (19^2, i n Korek 
Oeologiek T i d s s k r i f t , Bind 42*2.) 
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F i g . 5 . 1 1 , 

Map showing d i s t r i b u t i o n of 131-131 re f l e c t i o n 
types as defined by f i g . 5.10. S3 rocks aro u n i v e r s a l l y 
of type 6 . , and are thus omitted from the diagram* 
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Mang and rock 16a which has an a d d i t i o n a l r e f l e c t i o n at 29-8 and has 

been c l a s s e d with group 4 . Patterns of group 5 are very frequent i n the 

rocks of the SW area of the mass* 

This rough c l a s s i f i c a t i o n of the rocks on the b a s i s of the nature 

of t h e i r potassium phase shows that the rocks from S I to S3 form a s e r i e s 

with i n c r e a s i n g development of m i c r o c l i n e . This was roughly i n d i c a t e d 

by the SV measurements. Furthermore i t can be seen that the pattern 

i s preserved even when the S I or S2 rock i s c l o s e to contact with S 3 , 

or when i t i s being invaded by S3 to produce an x e n o c r y s t i c v a r i e t y of 

S 3 . Material d r i l l e d out of S I (137) r i g h t up to w i t h i n l e s s than 0 .5 cm. 

of the contact with S3 maintained i t s type 3 pattern, w h i l s t the invading 

S3 gave normal type 6 r e f l e c t i o n s . Xenocrysts d r i l l e d from an xeno­

c r y s t i c rock (*f01) from the c e n t r a l zone showed a type 5 pattern i n 

contrast to the type 6 of the matrix. The s i g n i f i c a n c e of the preserva­

t i o n of these features which was a l s o noted i n a d i f f e r e n t form i n terms 

of the contrasted appearance of the p e r t h i t e i n t h i n s e c t i o n w i l l be 

discussed l a t e r . The o r i g i n of the two group 3 and k specimens on 

Sgonnan Beag i s not c l e a r but they are very strongly crushed. Normally 

the e f f e c t of s t r a i n would be to a s s i s t ordering and t h i s i s i n f a c t seen 

i n the case of rocks Ilk, 116, e t c . , which appear to have higher o b l i q u i ­

t i e s than the uncrushed rock nearby. Complete crushing with subsequent 

r e c r y s t a l l i z a t i o n might, however, lead to development of metastable higher 

temperature forms. I t i s not impossible that the types 3 and k patterns 

of specimens ?2b and ^65a, on Sgonnan Beag, both extremely highly 

crushed, o r i g i n a t e i n t h i s way. (See Smith, 1962, i n Norsk Geologisk 

T i d s s k r i f t , Bind k2). 

From t h i s aspect of the diffractometer work i t can be seen that S I 
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and S2 might w e l l better be regarded as parts of a s i n g l e i n t r u s i o n 

disrupted by S3. Nevertheless t with t h i s i n mind, i t i s convenient 

to d i f f e r e n t i a t e S I as those rocks, i n ̂ o i r e S a i l an Ruathair, having 

a predominantly monoclinic potash feldspar component, 

d) Obliquity of the potash phase. 

As described above, the o b l i q u i t y of the microcline phase of the 

fe l d s p a r s was determined using the separation of Ab 022 and Mi 131-

On f i g , 5.12 the values of*Ab 131 - Ab 025, an42*b 025 - Mi 131 are 

plott e d against the separation of the 501 r e f l e c t i o n s of the r e s p e c t i v e 

phases from the 101 r e f l e c t i o n of KBrO^ as an i n t e r n a l standard. This' 

l a t t e r dtfistenc© was o r i g i n a l l y thought to be a method of determining the 

composition of the unmixed phases of p e r t h i t e s but numerous workers 

(Laves, 1952; Coombs, 195^, e t c . ) found that some p e r t h i t e s gave values 

outside the l i m i t s s e t by pure Na and K-feldspar. Smith (196D has 

demonstrated that t h i s e f f e c t i s due to l a t t i c e s t r a i n between the 

unmixed components i n t h e i r attempts to provide a good f i t along the 

p e r t h i t e composition planes. F i g , 5*12 shows that numerous values f or 

the L. A i l s h f e l d s p a r s are indeed outside the l i m i t s of the pure compo­

nents, p a r t i c u l a r l y i n the Na-phase. The diagram i s shown p r i m a r i l y for 

two points: 

a ) The values of Ab 131 - Ab 022 with one exception (313) are 

sc a t t e r e d t i g h t l y about the p o s i t i o n found by Smith (1956) for low 
a l b i t e (Amelia). The unusual values for 313 are probably genuine and 

t h i s i s the only rock with an e n t i r e l y monoclinic K-phaee. (See a l s o 

s i n g l e c r y s t a l data f or t h i s r o c k ) . The mean value of 29 Ab 131 -

28 Ab 025 for the L. A l l a h f e l d s p a r s i s 0,722 as compared to Smith's 

figu r e f o r low a l b i t e of 0,73* This does suggest that the 025 peak i s a 



Diagram showing d i s t r i b u t i o n of 20 values of 52 

feldspars f or which both 20 (Fsp Sbl-EBrO^ 101) and 
20 (Ab 02?-Fep 131) were measured, plotted against the 
published l i m i t s of the pure end members and the theo r e t i c a l 
position of the potassium r i c h limb of the solvus as drawn 
by Mackenzie ( I 9 6 I ) 9 d i s t o r t e d to f i t these coordinates* 
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r e l i a b l e datum for measurement of movement of K-131. 

b) In comparison with the Ab side of the diagram there i s a very 

r e a l s c a t t e r of points at the Or s i d e . A l l the rocks of groups 1 to k 

are shown plotted as monoclinic although microcline i s present i n a l l 

except 313* The form of these peaks does not make an estimate of 

maximum o b l i q u i t y for the t r i c l i n i c components of these K-phases possible 

although high o b l i q u i t y would seem to be i n d i c a t e d . A l l S2 and S 3 rocks 

have values of moderate to high o b l i q u i t i e s . There i s no systematic 

d i f f e r e n c e between S I and S2 rocks. 

F i g . 5*13 shows the v a r i a t i o n of o b l i q u i t y over the L. A i l s h mass. 

The f i g u r e s quoted are o b l i q u i t i e s expressed as percentages of the 

maximum observed at X*. A i l s h , which must be very close to Maximum 

Microcline (see Appendix). Note that the values of A 2 & Ab 0 2 2 / 

K 131 quoted on f i g . 5 o l 2 are l a r g e r than t h e o r e t i c a l l y p o s s i b l e from 

Smith's and MacKensie's f i g u r e s . This i s thought to be due to p a r t i a l 

r e s o l u t i o n of Ab 022 and Okl at the slow (# 0/min.) scanning speed used 

here, s i n c e scans made at Smith's s e t t i n g s give good agreement (see 

appendix)* From the map i t can be seen that a simple contouring i s 

po s s i b l e , with few exceptions, and that there i s quite a strong tendency 

for high values i n the N.W. corner and low values i n the S.W. area of the 

mass. The possible s i g n i f i c a n c e of these measurements w i l l be discussed 

l a t e r . 

6) Single c r y s t a l X-ray data, 

a ) General data. 

S i n g l e c r y s t a l X-ray o s c i l l a t i o n photographs were taken of about 

f o r t y s e l e c t e d f e l d s p a r cleavage fragments. Only a dozen gave s a t i s f a c ­

tory photographs for measurement using the technique of Smith and 

MacKensie ( 1 9 5 5 ) , s i n c e the majority showed elongation of the r e f l e c t i o n s 



Map showing the regional v a r i a t i o n of obliquity 
of feldspars with a t r i c l i n l o K-phase* 
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along l i n e s of constant 9 i n d i c a t i n g d i s o r i e n t a t i o n . This i s p a r t i c u ­

l a r l y c l e a r i n fragments from rocks which have obviously been crushed 

and i s c e r t a i n l y p a r t l y connected to the t h r u s t i n g these rocks have 

undergone, although such smearing of r e f l e c t i o n s i s reported i n other 

plutons (e.g. Bartmoor G r a n i t e ) which have not been s e v e r e l y a f f e c t e d by 

tectonisra, and may be the r e s u l t of s t r e s s e s at a l a t e stage of i n t r u s i o n . 

Table 5 . 3 gives d e t a i l s of the i n t e r p r e t a b l e photographs, together 

with the r e c i p r o c a l l a t t i c e angles X* and of the Na-phases which 

are plotted on diagram 5*14«These are a l l c a l c u l a t e d from Ab twinning. 

°ericline twinning of the Na-phase i s seen weakly i n three specimens, 

where i t occurs i n the *M• type of r e l a t i o n to the a l b i t e twinning (Smith 

and MacKensie, 1958) i n d i c a t i n g o r i g i n a l unmixing of a monoclinic Na-phase. 

The K-phase r e f l e c t i o n s when t r i c l i n i c appear to be twinned i n 

the 'diagonal a s s o c i a t i o n ' (MacKensie, 195*0 often close to the p o s i t i o n 

of Ab twinning. 
ill 

As shown i n diagram 5 . 1 ^ the values of d* and H f a l l very c l o s e 

to the published f i g u r e s of low a l b i t e with the s o l e exception of 313 

anomalous and the d i s t i n c t i v e form of the p e r t h i t e was described p r e v i o u s l y . 

This i s the only rock found i n which a l l the K-phase i s monoclinic. 

MacKenzie ( 1 9 5 9 , 1955) a s c r i b e s deviations of t h i s type to s o l i d s o l u t i o n 

of potassium and calcium, an observation c o n s i s t e n t with the l e s s highly 

exsolved and ordered nature of f e l d s p a r s from t h i s rock, 

b) S l - 3 3 contact r e l a t i o n s . 

I t was suggested above that features of S I and S2 rocks were p e r s i s t i n g 
when they were i n contact with S3 as massive rocks, or even when they were 

phase 

which twinned on i n v e r s i o n to a t r i c l i n i c Na-phase. (See diagram and 

photographs i n appendix). 

which has = 89 3 1 T h e powder pattern of t h i s rock was a l s o 



Reciprocal l a t t i c e parameters oi and If of the 
Na-phasee of twelve feldspar cleavage fragments determined 
from single c r y s t a l X-ray o s c i l l a t i o n photographs by the 
method of Smith and Mackensfe, (1955)t plotted on t h e i r 
diagram showing the range of these values i n the a l k a l i 
feldspars* 
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Table 5 .3* 
Summary of Data from Single C r y s t a l X-ray Photographs. 

Spec- Bulk com-
imen p o s i t i o n 

(0r% -
rock) 

Hock 
gener­
atio n 

Na-
phase 
Ab 

Twin­ning 
PC 

Reciprocal 
l a t t i c e /* 

K-phase 

170 27 S I x 8 6 ° 3 9 ' 90°311 M 
313 - SI X 86°30» 89°31l M 
137F - 31 X 86°42• 9 0 ° 2 5 1 M+ 
137A - 31 X 86°42• 90 ° 2 9 f M 
(137B) - S I X - - T(Diag?) 
(137P1) - S I X - - T( » ) 
(137P3) - S I X - - T( » ) 
219A - 31 or 2 X 86°30» 90°3k' T Diag. ^ Ab 
(219B) - 31 or 2 X - - T? Diag.? 
3X1B - SI X x 8 6 ° 3 2 • 90°25• T Diag.^ Ab 
26A 31 S2 X 86°34• 9 0 ° 2 9 ' ( M ) 
53X - S2 X 8 6 ° 4 5 • 90°31t ( M ) 
(117) - S2 X - - ( " ) 
(269) - S2 X - - ( 11 ) 
(70) 31 32 X - - ( "? ) 
67d 34 S3 X X 86°31t 9 0 0 2 9 ' T Diag. 
216 41 S3 X X 8 6 ° 3 2 • 9 0 ° 2 3 f T Diag. 
66 38 S3 X 86°45« 9 0 ° 2 9 f T.Diag.^ Ab 
137D - S3 X 86°37' 90°29f ± Ab 
250 - Microcline X mm Ab 

r i c h per-
t h i t e from 
basic rock. 

Photographs showing excessive constant 9 smearing: 
137B1; 137B3; 137P2; 305 ; 311A; 116 A & B; 19; 137E; 219C; 92 

M a monoclinic. T = t r i c l i n i c . Diag. = Diagonal a s s o c i a t i o n . 
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fragmented and included as xenocrysta• An attempt was thus made to see 

whether xenocrysts could be distinguished from t h e i r host rock by t h e i r 

s i n g l e c r y s t a l X-ray patterns, and whether any changes could be detected 

a t contacts* 

a ) A number of xenocrysts of S I (recognizable by t h e i r red colours-

were picked from S3 i n the neighbourhood of the S I contacts on S a i l an 1 

Huathair North Top. A l l fragments photographed from the massive S I i n 

t h i s area possessed s i n g l e untwinned monoclinic K-phases (although the 

dlffractometer r e s u l t s suggested that t r i c l i n i c m a t e r i a l was a l s o present) 

but a l l the xenocrysts t r i e d showed extreme smearing of r e f l e c t i o n s i n d i ­

c a t i n g d i s o r i e n t a t i o n and appeared to have two potash phases which may 

w e l l have both been t r i c l i n i c although the constant 0 smearing precluded 

p o s i t i v e i d e n t i f i c a t i o n . 

b) A s e r i e s of cleavage fragments were taken across a contact on a 

large hand specimen ( 1 3 7 )• The appearance of the 242 r e f l e c t i o n s f o r a 

s e r i e s of fragments across the contact are sketched i n diagram 5 . 1 5. As 

can be seen, untwinned monoclinic K-phases p e r s i s t up to l e s s than 2 cms. 

from the contact. Nearer to the contact smearing of r e f l e c t i o n s becomes 

acute but the K-phase r e f l e c t i o n s are resolved i n t o p a i r s . The c e n t r e s / 

of these smeared r e f l e c t i o n s appear to l i e a t a small angle to the row 

l i n e s suggesting t r i c l i n i e phases i n a diagonal a s s o c i a t i o n although i t i s 

not possible to be sure. The invading S 3 r i g h t up to the contact r e t a i n s 

i t s c h a r a c t e r i s t i c pattern with some d i s o r i e n t a t i o n , so that the appear­

ance of the r e f l e c t i o n s i s very s i m i l a r to that of the S I rock. 



Fig.5*15* 

Sketches of the 242 reflections on oscillation 
photographs of a series of specimens taken across the 
S1-S3 oontact on the North Top* S a i l an Ruathair. 

N.B. M: Monocrlinic-K-phase. 
T: T r i c l i n i c K-phase. 
A: A l b i t e twinned Na-phase. 
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Section 2 . 

DISCUSSION. 

7) C r y s t a l l i z a t i o n temperatures. 

None of the features which have been described can give us d i r e c t 

information about the temperature of c r y s t a l l i z a t i o n of these f e l d s p a r s 

from a melt. Using the experimentally known r e l a t i o n s h i p s i n the f e l d ­

spars i t i s possible to suggest upper and lower l i m i t s f o r the c r y s t a l l i ­

z a t i o n of the Loch A i l s h f e l d s p a r s by considering t h e i r bulk composition 

and the observation that they have exsolved s t a b l y along a solvus l i k e 

that shown on the phase diagram ( f i g * 5 . l 6 ) . 

I n f i g u r e 5 .8(a) the range of composition of L . A i l s h f e l d s p a r s i s 

plotted on the Ab-Or-Aa l i q u i d u s surface at 5000 bars water vapour 

pressure as determined by Yoder et a l . (1957)• Also shown are the con­

tours of d i s t r i b u t i o n of a l l analysed rocks i n Washington's Tables (1269) 

that carry 80 per cent, or more normative Ab • Or • Q, a f t e r Bowen and 

Tu t t l e (1958). The tendency of the su c c e s s i v e s y e n i t e s to be r e l a t i v e l y 

more pot a s s i c thus brings the composition of the f e l d s p a r s (which, 

p a r t i c u l a r l y i n the case of the p e r t h o s i t e s , i s close to the composition 

of the whole rock) towards the low temperature trough determined i n t h i s 

system. None of the analysed f e l d s p a r s l i e s on the p o t a s s i c s i d e of the 

c o t e c t i c l i n e . (Potash metasomatism has accompanied crushing i n pla c e s , 

however - see appendix 4 ) . 

The bulk composition of these analysed f e l d s p a r s i s thus completely 

i n accord with c r y s t a l l i z a t i o n i n equilibrium with a melt, the l a t e r 

phases of i n t r u s i o n tending towards a minimum melting composition. There 

i s no reason to believe that the p e r t h i t e s owe themselves to any form of 

r e p l a c i v e process, as postulated by King (1942) f o r the Cnoc nan Cuilean 
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mass. Fxception to t h i s i s made only i n the case of the crushed, 

potassium enriched rocks of the c e n t r a l area (114, 116), where r e d i s t r i ­

bution of a l k a l i s , p r o b a b l y connected to the quarts veining accompanying 

the crushing, has taken p l a c e . 

Because of lack of knowledge of the vapour pressures a t the time of 

c r y s t a l l i z a t i o n / t h e ternary diagram of Yoder et a l . cannot be used as a 

d i r e c t i n d i c a t o r of temperature of c r y s t a l l i z a t i o n . A minimum tempera­

ture-maximum pressure may be deduced from the observation that the f e l d ­

spars c r y s t a l l i z e d above the top of the s o l v u s . I n the dry system 

NaAlSi^Og-KAlSi^Og (calcium f r e e ) exsolution should commence at about 

660° for the most potassic L. A i l s h f e l d s p a r (using the solvus shown on 

Mackenzie's 196l diagram). Two f a c t o r s w i l l tend to put the inception 

of exsolution at a higher temperature: 

a) The small and more or l e s s constant An content. 

b) Pressure of water vapour and other v o l a t i l e s . 

The degree to which the small An content w i l l r a i s e the solvus i s 

not known accu r a t e l y since i t depends on the l o c a t i o n of the i n t e r s e c t i o n 

of the solvus with the s o l i d u s i n the Or-Ab-An-temp. prism y which i s 

only roughly known and has been deduced l a r g e l y from g e o l o g i c a l evidence. 

To get a general estimate of the r e l a t i o n s h i p between Ca content and 

i m m i s c i b i l i t y the l i n e shown by Bowen and T u t t l e (1958, p.132), showing 

the bulk composition of a large number of analysed f e l d s p a r s , can be 

taken to represent the i n t e r s e c t i o n of solvus with s o l i d u s i n the dry 

Ab-Or-An system. The nearness of the l i m i t of the i m m i s c i b i l i t y f i e l d 

to the Ab-Or s i d e l i n e shows that calcium w i l l have a profound e f f e c t i n 

r a i s i n g the exsolution temperature. Making the assumption that i n the 

Ab-Or r i c h portion of the diagram the s o l v u s - s o l i d u s i n t e r s e c t i o n w i l l 
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be at about 1200°C i t can be c a l c u l a t e d that i n a general way the pre­
sence of only 1 per cent* of An could r a i s e the aolvus as much as 40°C. 
The e f f e c t of Ca may not be d i r e c t l y proportional to i t s concentration 
s i n c e the solvus may be dome-shaped or the cr o s s s e c t i o n normal to the 
Ab-Or face of the prism between the top of the solvus on t h i s face and 
the i n t e r s e c t i o n of the solvus with the s o l i d u s could be convex or con­
cave upwards. I t i s usual l y shown to be convex and making allowance f o r 
t h i s e f f e c t i t seems safe to conclude that the 1*3 to 2 per cent* An i n 
the L. A i l s h feldspars could r a i s e the solvus by something up to about 
100°C. 

I n addition water vapour pressure w i l l have a sm a l l e f f e c t on the 

po s i t i o n of the solvus. Yoder, Stewart and Smith (1957) concluded 

that the solvus was elevated by about 14°C. per 1000 bars and that the 

so l i d u s i n t e r s e c t e d the solvus a t 5000 bars i n the Ab-Or system. Actually, 

even at t h i s high pressure i n s p e c t i o n of the diagram of Toder et a l . 

(1957» p.208) shows that f e l d s p a r s to the sodic side of the ternary 

minimum w i l l s t i l l c r y s t a l l i z e as homogeneous sanidines but 5000 bars i s 

very c l o s e to the pressure at which i m m i a c i b i l i t y w i l l extend a l s o the 

sodic s i d e of the minimum. Calcium would r a i s e the i m m i s c i b i l i t y break 

so that two fel d s p a r s would c r y s t a l l i z e w e l l below t h i s pressure. I t 

should be noted that the r e l a t i o n s h i p between s o l i d u s and pressure i s 

not l i n e a r and that i n i t i a l l y small i n c r e a s e s i n pressure have a large 

e f f e c t which f a l l s o f f at higher pr e s s u r e s . I n the absence of knowledge 

of the slope of the so l i d u s i n the ternary Ab-Or-An system we can only 

suggest that a pressure of about 2000 bars i s the maximum before i n t e r ­

s e c t i o n w i l l occur, with the Ca contents considered. This corresponds 

to a temperature of about 780°C. 

The ternary p r o j e c t i o n of Yoder et a l . at 5000 bars shows that i f 



pressure had remained constant the temperature i n t e r v a l over which these 

f e l d s p a r s would have c r y s t a l l i z e d i s small - about 50°C. 

In summary the range of feldspars a t Loch A i l s h c r y s t a l l i z e d as 

homogeneous sodic sanidines i n the temperature range of 1200°C. (normal 

pr e s s u r e ) to about 800°C. a t 2000 bars ( p t B^O), and a t constant pressure 

would have c r y s t a l l i z e d over a narrow temperature range of about 50°C. 

8) Subsolidus h i s t o r y * 

a) E a r l y stages of exaolution. 

From the foregoing s e c t i o n i t was suggested t h * t the L# A i l s h 

f e l d s p a r s c r y s t a l l i z e d at above about 800°C. at l e s s than 2000 bars 
pressure. From MacKenzie•s 196l phase diagram ( f i g . 5.l6) i t w i l l be 

seen that feldspars i n the compositional range considered w i l l s t r i k e 

the solvus very nearly at i t s highest point and w i l l commence exaolution 

over a very narrow range of temperature* The f i g u r e s given as minimum 

c r y s t a l l i z a t i o n temperatures are the maximum values at which exsolution 

w i l l commence - 800°C. at 2000 bars but i n the absence of v o l a t i l e s at 

about 750#C. At t h i s temperature the fel d s p a r w i l l have monoclinic 

symmetry and the primary stage of exsolution w i l l be to give a p e r t h i t e 

c o n s i s t i n g of potassium and sodium r i c h s a n i d i n e s * (The nomenclature 

of MacKenzie and Smith i s used throughout* I t d i f f e r s somewhat from 

that of Laves, p a r t i c u l a r l y over anorthoclase and the modifications of 

a l b i t e ) * Fvidence that the sodium phase was monoclinic i s given by the 

s i n g l e c r y s t a l X-ray data showing a l b i t e and p e r i c l i n e twinning i n the 

•M1 type r e l a t i o n s h i p of Smith and MacKenzie (1958). This type of 

twinning i s supposed to develop on i n v e r s i o n of the soda-sanidine phase 

to an anorthoclase phase as represented by the point S on the phase 

diagram ( f i g . 5.16). Because of lack of knowledge of the shape of the 



rig«5.i6. 
Phase diagram(stable)of the a l k a l i feldspars 

(Ca-free) as suggested by Mackenzie and Smith ( I 9 6 l ) t 

with some additions to show the courses followed by 
an SI and an S3 feldspar, and the f i n a l forms attained. 

At the poi n t ' s 1 the ' I I'-type twinning of the 
previously monoolinic Ka-phase develops* 
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Two current versions of the "stable* phase 

diagram f o r the a l k a l i feldspars* 
ABOVEi Mackenzie and Smith, I96I. 
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solvue •tunnel 1 i n the Ab-Or-An-temp. prism and of the shape of the 

sanidine-anorthoclase d i s p l a c i v e transformation i n t h i s p r o j e c t i o n 

(Smith and MacKenzie. 1958) exact p r e d i c t i o n of the temperature at 

which t h i s i n v e r s i o n occurred cannot be made. Smith and MacKenzie 

describe the cooling h i s t o r y of a f e l d s p a r of comparable composition 

(1958, p.881-2) and the s i n g l e c r y s t a l X-ray photograph i s very s i m i l a r 

to that obtained for a number of Loch A i l s h specimens, but exsolution 

(and ordering) has not proceeded so f a r . I t must be remembered that 

the e f f e c t i v e shape of the solvus for a feldspar cooled quickly enough 

to prevent the achievement of A l / S i ordering w i l l d i f f e r from that of a 

slowly cooled f e l d s p a r i n which ordering i s i n e q u i l i b r i u m a t a given 

temperature. A further complication a r i s e s from Laves* suggestion that 

the d i f f u s i v e m o n o c l i n i c - t r i e l i n i c t r a n s i t i o n may occur a t a higher 

temperature than the d i s p l a c i v e one under equilibrium conditions. ( I n 

other words, the feldspar becomes t r i c l i n i c by movement of A l and S i 

atoms from l a t t i c e s i t e to l a t t i c e s i t e as against the d i s p l a c i v e t r a n s ­

formation which e n t a i l s only change i n l a t t i c e geometry appropriate to 

Na, K, and Ca r a t i o s and occurs more or l e s s instantaneously at the 

appropriate temperature). The two phase diagrams are shown i n f i g . 5.17. 

I n the absence of experimental data to support Laves* contention i t seems 

that the experimentally determined d i s p l a c i v e boundary i s most s a f e l y 

used w h i l s t r e a l i s i n g that i f Laves i s r i g h t the •M1 type of twinning 

may have developed at a higher temperature than the point Z ( f i g . 5.16) 

would suggest (modified by Ca and pHgO). 

The observation that the Na-phase was monoclinic a t an e a r l y stage 

i n i t s h i s t o r y i s f u r t h e r evidence that the present bulk composition of 

the f e l d s p a r s i s that at which they c r y s t a l l i z e d and that there has been 

no addition of soda a t l e a s t below the temperature of the monoclinic-
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t r i c l i n i c d i a p l a c i v e i n v e r s i o n of the soda-phase a t some temperature 

above 600°C. 

b) Late stages of exsolution and ordering of A l / S i , 

Discussion of the o r i g i n s of the features now seen i n these feldspars 

demands consideration on the one hand of features which seem to be r e l a t e d 

to the cooling h i s t o r y and v o l a t i l e content of the rocks, and on the 

other of features Impressed by the Caledonian t h r u s t i n g . Phemister 
* 

(1926, p.23) suggests that the very existence of these f e l d s p a r s as 

p e r t h i t e s i s an e f f e c t of the tectonism and of the hot s o l u t i o n s which 

he believed permeated the syeni t e a f t e r i t s c o n s o l i d a t i o n . The e f f e c t 

of l o c a l concentrations of v o l a t i l e s i n the l a t e stages of the cooling 

of the i n t r u s i o n i s of undoubted importance i n development of the range 

of textures seen, as i s s t r e s s i n promoting features described p r e v i o u s l y . 

When s t r e s s has been important i n developing the textures of the rock 

the e f f e c t s are l o c a l i z e d i n planes, u s u a l l y , but not n e c e s s a r i l y , 

mappable as thr u s t planes of varying degrees of i n t e n s i t y . Ultimately, 

with extreme f r a c t u r i n g mylonites are developed. There i s a good 

p a r a l l e l with the Adirondack s y e n i t i c rocks described by Buddington 

(1939)» The bulk of the Loch A i l s h rocks are very s i m i l a r i n texture 

to h i s rare undeformed massive s y e n i t e s from the Diana complex ( o p . c i t . 

p.282) and textures l i k e those of h i s Mortar Gneiss ( o p . c i t . p.283) and 

Syenite Mylonite ( o p . c i t . p.287) are o c c a s i o n a l l y seen a t L. A i l s h 

( F i g . 5«7af R e c r y s t a l l i z a t i o n of i n i t i a l l y p e r t h i t i c rocks to give 

two-feldspar types has been mentioned. At L. A i l s h , however, i n contra s t 

to the Adlrondacks, extreme c a t a c l a s i s i s exceptional and most rocks seem 

to preserve o r i g i n a l magmatic t e x t u r e s . Other fea t u r e s of the f e l d s p a r s 

seem to vary e i t h e r over large areas of the mass or from rock type to rock 
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type. These features w i l l be discussed i n turn and suggestions made 

of possible o r i g i n s and modifications by the t h r u s t movements. 

(A) Local coarsening of the p e r t h i t i c intergrowth. 

As described on p. I?7 a11 the rocks ln tne N#w# cornlir of the mass 
show extreme coarsening of the p e r t h i t i c texture and of the polysynthetic 

twinning. Another l o c a l i t y at which t h i s type of coarsening of p e r t h i t i c 

textures takes place i s i n the quartz bearing v a r i e t i e s i n the c e n t r a l 

a r e a . I t i s possible that t h i s i s an e f f e c t of s t r e s s and the develop­

ment of coarsely twinned non-perthitic types under s t r e s s has been 

described i n Section 1. However, i f s t r e s s has been important a t these 

l o c a l i t i e s i t has had a more widespread e f f e c t than elsewhere i n the mass. 

Thrust planes do occur i n the c e n t r a l area, but not more commonly than 

elsewhere, and they are rare i n the Metamorphic Burn, which appears to 

contain an undisturbed succession of Cambrian xenoliths or protrusions. 

I t seems l i k e l y that t h i s e f f e c t i s due to l o c a l concentration of v o l a -

t i l e s able to act as f l u x e s to the exsoiution process. Concentration 

of water i n marginal and apophysal regions of plutons i s often invoked 

and would seem to be a reasonable suggestion for the c l e a r l y marginal and 

probably apophysal Metamorphic Burn area . Apophysal and marginal 

development of mlcrocline r a t h e r than orthoclase has been noted i n 

g r a n i t i c rocks i n France ( C a i l l e r e and Kraut, 1960) and bearing i n mind 

the general interdependence of exsolution and ordering of A l / S i , might be 

comparable. Microcline from the Metamorphic Burn area has the highest 

o b l i q u i t y observed i n the L. A i l s h mass. 

(B) V a r i a t i o n i n the nature of the potash phase. 

As i s i l l u s t r a t e d i n f i g . 5*10, specimens of L. A i l s h rocks show 

every gradation from a K-phase which i s monoclinic ( i . e . orthoclase i n the 
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sense accepted by MacKenzie), to a t r i c l i n i c one with the maximum 

departure from monoclinic symmetry. The range that t h i s represents 

i n terms of the current phase diagram i s shown on f i g . 3*12. Obliquity 

as measured by separation of the 131 - 131 r e f l e c t i o n s i s not n e c e s s a r i l y 

l i n e a r l y r e l a t e d to d i s t a n t ordering but t h i s assumption i s made f o r 

the diagram. The diagram does not show clearly^owever f the f a c t that 

a l l but one of the specimens plotted as mainly monoclinic a l s o contain 

t r i c l i n i c m a t e r i a l , and that many of those plotted as t r i c l i n i c proba­

bly contain monoclinic m a t e r i a l . 

The type of pattern as c l a s s i f i e d by f i g * 5*10 was found to oe 

c h a r a c t e r i s t i c of d i f f e r e n t rock u n i t s i n the mass. I n f i g . 5*11 the 

v a r i a t i o n i s plotted on a l o c a l i t y map. The mode of transformation 

from orthoclase to microcline-bearing rocks i s such that parts of a 

specimen are monoclinic and parts t r i c l i n i c , of high o b l i q u i t y . 

Since o b l i q u i t y i s r e l a t e d to d i s t a n t ordering of Al and S i , and ordering 

i s i d e a l l y dependent on temperature t i t follows that these rocks are 

not i n s t r i c t thermal equilibrium even over short d i s t a n c e s . I t has 

been suggested (Smith and MacKenzie. 196l) that "orthoclase d i f f e r s 

so l i t t l e i n s t a b i l i t y from microcline that once formed i t would per­

s i s t i n d e f i n i t e l y unless other f a c t o r s (than temperature), the most 

l i k e l y one being s t r e s s , provide a d d i t i o n a l a c t i v a t i o n energy f or the 

conversion to microcli n e • " The existence of rocks giving 131 ret l e c ­

t ions of types 1 to 5 ( f i g . 5.10) implies that t h i s " a c t i v a t i o n 

energy" has been a v a i l a b l e only through l i m i t e d volumes of the rock 

and r a i s e s an important question as to whether the nature of the K-phase 

i s not simply dependent on d i f f e r e n t degrees of deformation of d i f f e r e n t 

portions of the mass, connected with the Caledonian t h r u s t i n g . 

Two observations would seem to discount t h i s p o s s i b i l i t y . v i r s t l y , 
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the patterns are c h a r a c t e r i s t i c of d i f f e r e n t rock types, and a l l S3 

rocks have highly oblique microcline with no intermediate m a t e r i a l . 

This d i s t r i b u t i o n would not be expected i f the development of 

microcline was s o l e l y due to the t h r u s t i n g . Secondly, i t has been 

mentioned that these patterns are maintained r i g h t up to contacts, 

(S1/S3 on North Top, S a i l an Ruathair, 137), and when the e a r l y 

c r y s t a l s are present as xenocrysts (401X, e t c . ) . This second obser­

vation i s conclusive evidence i n d i c a t i n g that the basic causes of the 

features observed were impressed during the i n t r u s i v e and cooling 

h i s t o r y of the rocks. The apparent 'metastable' pr e s e r v a t i o n of the 

higher temperature forms on i n t r u s i o n of the second magma w i l l be 

discussed l a t e r . 

We must, therefore, look f or a process which, i n the post-

c o n s o l i d a t i o n a l h i s t o r y of the mass, allows t h i s general arrangement to 

develop; 

S I : Predominantly orthoclase with v a r i a b l e 
development of microcline i n coexistence 

E a r l y i n t r u s i o n . ' 
with dominant orthoclase 

Microcline developed mainly, but monoclinic 
S2: m a t e r i a l i s probably present i n many c a s e s . 

S3i The ent i r e K-phase i s microcline of high 
ob L i q u i t y • 

The lack of e f f e c t of the l a t e r i n t r u s i o n on the xenocrysts and 

at massive contacts i n d i c a t e s that cooling r a t e alone i s not adequate 

to e x p l a i n the d i f f e r e n c e s , and i n any case, i f cooling r a t e was the 

only agent of importance 31 and S2 should have constant potash phase 

properties over ld>ng d i s t a n c e s , rather than the short range v a r i a t i o n s 

observed. Differences i n cooling rate may have been important i n 
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determining whether S I was o v e r a l l a more "quenched" rock than S3, 

but other f a c t o r s must have played a c r i t i c a l p a r t . 

The most l i k e l y suggestion i s that the d i f f e r e n c e s r e f l e c t 

v a r i a t i o n s i n water content of the consolidating magma. On t h i s 

b a s i s , S I , when wholly monoclinic, would represent the d r i e s t portion 

of the magma, and S3 would be the l a s t and wettest phase of the i n t r u ­

s i o n . I t i s l i k e l y that water, although g e n e r a l l y d i s t r i b u t e d 

according to the thermal gradients within the rock mass, would be 

l o c a l l y concentrated and p r e f e r e n t i a l l y channelled through l i n e s of 

weakness i n the r e c e n t l y consolidated rock, and thus with some r e s e r v a ­

t i o n s outlined below the uneven but roughly systematic development of 

microcline i n S1-S2 i s explained. S3 would, i n c o n t r a s t , be consider­

ably wetter, and the c r i t i c a l volume of water required to allow the 

orthoclase-microcline transformation to go to completion would every­

where be present. Local concentration of v o l a t i l e s has been invoked 

as a primary f a c t o r i n governing s t r u c t u r a l s t a t e i n more r a p i d l y 

cooled rocks (Kmeleus and Smith (1959)), and a po s s i b l e c a t a l y t i c 

mechanism has been described by Donnay, Wyart and Sa b a t i e r ( 1 9 6 0 ) . 

However, fur t h e r considerations given below i n d i c a t e that complica­

t i o n s to t h i s simple picture a r i s e . A mechanism i s required whereby 

the e a r l y ( i . e . above-solvus) cooling h i s t o r y of the fe l d s p a r s modifies 

t h e i r l a t e r behaviour and t h i s p o s s i b i l i t y w i l l be discussed i n the 

following s e c t i o n s . 

c ) E f f e c t s observed at contacts. Contrast between xenocrysts and 
host rock. 

As described on pages and the S I rock on the North Top 

of S a i l an Ruathair preserves i t s predominantly monoclinic potash phase 

almost to the contact with the invading S3 with a highly oblique potash 
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phase. Very close ( ̂  2 cm.) to the contact s i n g l e c r y s t a l s from 

Al show severe s t r a i n i n g and the apparent development of a t r i c l i n i c 

K-phase, the twins probably being i n a diagonal a s s o c i a t i o n . Although 

the diffractometer patterns i n d i c a t e d the presence of t r i c l i n i c material 

i n S I away from the contact i t was not detected i n s i n g l e c r y s t a l 

photographs and the common development of a t r i c l i n i c K-phase, together 

with d i s o r i e n t a t i o n , near the contact would seem to be a genuine e f f e c t * 

The a s s o c i a t i o n with constant 0 smearing suggests that the f o r c e f u l 

i n t r u s i o n of S3 may be responsible, i n s t r a i n i n g the outer c r y s t a l s of 

the more or l e s s r i g i d l y held S I , and eventual breakage i s evidenced by 

the o c c a s i o n a l red xenocrysts found held i n S3* S t r e s s w i l l have 

promoted the development of microcline from o r t h o c l a s e . The diagonal 

twin a s s o c i a t i o n could conceivably be r e l a t e d to s t r e s s i n g , which could 

modify the d i r e c t i o n s i n which the ordering domains present i n ortho­

c l a s e could enlarge and thus be recognizable as microcline twins. 

Contrast between xenocryetic and host f e l d s p a r s has been described. 

Sometimes coarsely p e r t h i t i c rims can be seen around otherwise f i n e l y 

p e r t h i t i c c e n t r e s . The xenocrysts a l s o appear to be more sodic and to 

y i e l d type 5 ( f i g . 5.10) X-ray r e f l e c t i o n s . 

There seem to be two p o s s i b i l i t i e s f o r the development of these 

rims. i i t h e r they are the r e s u l t of overgrowth of S3 on to an S2 

core, and the S3 m a t e r i a l was d i f f e r e n t i n some way (see below) s u f f i ­

c i e n t to allow i t to exsolve, and order, more than the S2 nucleus, or 

the rims are the r e s u l t of l i m i t e d d i f f u s i o n of water from S3 assisting 

the e x s o l u t i o n of S2 m a t e r i a l , or f l u x e s were able to penetrate the 

c r y s t a l l a t t i c e only to the depth of an i n i t i a l S3 overgrowth. Some 

specimens (3^8) seem to have included grains of f e l d s p a r , pyroxene and 

sphene i n the coarsely exsolved rim ma t e r i a l only, the f i n e core having 
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no i n c l u s i o n s , which might suggest overgrowth, but i t i s not possible 

to be c e r t a i n on t h i s point. Nevertheless the existence of these 

apparently l e s s exsolved cores and the persistence of orthoclase up 

to the S I contact r a i s e s an important question as to the mechanism 

of the apparent 'metastable' persistence of orthoclase under conditions 

i n which microcline i s forming, 

d) Persistence of orthoclase. 

I f the processes involved i n t h i s d i s c u s s i o n went r a p i d l y to 

equilibrium with temperature and were not appreciably a f f e c t e d by 

f l u x e s , we could i n t e r p r e t the lack of any •metamorphic* e f f e c t of the 

l a t e r syenite on the e a r l i e r i n terms of i t s temperature of i n t r u s i o n 

being below the temperature equivalent to the s t r u c t u r a l s t a t e repre­

sented by the e a r l i e r s y e n i t e . This would imply a temperature of i n t r u ­

s i o n of S3 of below 500°C (a l i t t l e above allowing f o r the e f f e c t of 

calcium, and using MacKenzie•s t e n t a t i v e s t a b l e phase diagram) and 

c e r t a i n l y w e l l w i t h i n the range at which two f e l d s p a r s would c r y s t a l l i z e , 

thus requiring that S3 be intruded i n a semi-solid s t a t e . (We know that 

i t c r y s t a l l i z e d as a homogeneous one-feldspar r o c k ) . There i s no 

suggestion that 33 was intruded i n any such fashion and i n f a c t i t has 

an unusually even grained texture, there are only r a r e i n d i c a t i o n s of 

a f o l i a t i o n , and no i n d i c a t i o n of c r y s t a l breakage i n a flowing matrix. 

I t i s necessary therefore to consider whey S1/S2 f e l d s p a r s are funda­

mentally d i f f e r e n t from S3 even though we can be sure that, a t contacts 

and when in t i m a t e l y mixed as xenocrysts, they have had the same cooling 

h i s t o r y , from the temperature of i n t r u s i o n of S3, as a magma, down to 

normal temperatures. 

The nature of orthoclase i s at present not f u l l y understood and 
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c u r r e n t l y there are three schools of thought. The most r a d i c a l , of 

Ferguson, T r a i l and Taylor (1958), based on the hypothesis that e l e c t r o * 

s t a t i c n e u t r a l i t y i s the primary s t r u c t u r e determining f a c t o r i n the 

feldspars, holds that the i d e a l s t a b l e form of KAlSi^Og i s monoclinic i n 

symmetry. This hypothesis seems to be contrary to the common occur­

rence of microcline i n those rocks which have been annealed f o r the 

longest periods and i s c r i t i c i z e d on these and c r y s t a l s t r u c t u r a l 

grounds by MacKenzie and Smith (1961, 1959)* These l a t t e r authors 

believe that orthoclase has a st r u c t u r e that i s s t a b l e or nearly so at 

some intermediate temperature. They agree that i t may c o n s i s t of t r i ­

c l i n i c ordered domains, as st r e s s e d by Laves, who considers t h i s a good 

reason f or the persistence of orthoclase. He b e l i e v e s ( d i s c u s s i o n i n 

Smith and MacKenzie, 196l) that the common occurrence of orthoclase i s 

because of i t s f i n e l y twinned s t a t e and the d i f f i c u l t y of i n c r e a s i n g 

the domain s i z e (to the s t a t e when i t i s recognized as microcline 

twinning) which requires the " r e c r y s t a l l i z a t i o n " of domains twinned i n 

a H l e f t - h a n d " sense i f they are to enlarge a "right-hand" domain and 

v i c e - v e r s a . 

A number of authors (Marmo, 1959; Smith and MacKenzie, 196l) have 

recognised the problem posed by c e r t a i n rocks i n which orthoclase seems 

to p e r s i s t even when microcline i s growing. Marmo quotes the case of 

microcllne-bearing a p l i t i c dykes c u t t i n g orthoclase g r a n i t e s and con­

cludes that "once orthoclase has been formed i t seems to be as st a b l e 

as microcline a t low temperatures." MacKenzie and Smith, invoking 

t h e i r phase diagram with l i n e s of iso-order-dlsorder sloping steeply 

downwards towards the solvus, consider t h i s to be a r e f l e c t i o n of 

appreciable ("at l e a s t 10 per cent") Na i n the orthoclase whereas "the 
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microcline i s l i k e l y to be nearly pure K - f e l d s p a r T h e Na-bearing 

orthoclase can be i n equilibrium at c e r t a i n temperatures with Na-free 

m i c r o c l i n e a . 

The Loch A i l s h feldspars seem to show a s i m i l a r problem i n a 

d i f f e r e n t l i g h t f o r i t appears that the orthoclase bearing and microcline 

bearing pe r t h i t e e must have cooled together through the temperature 

range i n which exsolution and the bulk of the ordering process took 

place* Since the K-feldspar considered here i s a phase i n p e r t h i t i c 

intergrowth the arguments of MacKenzie and Smith do not seem to apply* 

From the phase diagram, f i g * 5«l6» i t can be seen that exsolution 

would commence over a very narrow temperature range s i n c e the composi­

tions encompassed by S I and 33 are only O r ^ to O r ^ . The difference 

between two f e l d s p a r s of these bulk compositions exsolving side by side 

assuming they are both i n equilibrium a t a given temperature w i l l be 

simply i n the d i f f e r e n t volumes of Na-rich and K - r i c h m a t e r i a l present. 

The compositions of the two K-phases at s p e c i f i c temperatures should be 

the same and under the same conditions of cooling r a t e and i n the pre­

sence of the same fl u x e s there would seem to be no apparent reason why 

S I f e l d s p a r s should not develop highly oblique microcline as has S3« 

Pock 313, the only specimen with wholly raonoclinic K-phase, has 2© 

values appropriate for a K-phase with at l e a s t 10% Na i n s o l i d s o l u t i o n . 

The highly oblique microcline K-phases of S3 have Sol spacings i n d i c a t i v e 

of almost pure K-feldspar. Since p e r t h i t e s of any bulk composition 

may contain a t r i c l i n i c potash phase the bulk composition of the per­

t h i t e s cannot be a c o n t r o l l i n g f a c t o r here. Two po s s i b l e sources f o r 

the e f f e c t s described w i l l thus be discussed. 
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e ) Limited d i f f u s i o n of v o l a t i l e s . 

As proposed on page 1 6 0 the v a r i a t i o n s within S1/S2, and the 

o v e r a l l d i fference of S3 may w e l l be connected to v o l a t i l e content 

during the l a t e stages of consolidation and cooling of the rock. The 

l a t e r 33 i s taken to be wetter than S I * I n the absence of other f a c ­

t o r s the preservation of S I and S2 features at contacts with S3 and as 

xenocryste cores requires that water must have been unable to d i f f u s e 

f a r i n t o the coarser e a r l y c r y s t a l c e n t r e s . The c o a r s e l y p e r t h i t i c 

rims on the xenocrysts might therefore be e i t h e r more highly exsolved 

than o r i g i n a l S I m a t e r i a l , or S3 overgrowth which has been the l i m i t of 

d i f f u s i o n of the v o l a t i l e m a t e r i a l . The rims are of the same order 

of width and coar&eness of exsolution as the enclosing m a t e r i a l and i f 

v o l a t i l e s have been important only very l i m i t e d l a t t i c e d i f f u s i o n i s 

Implied a f t e r S I and S3 had come into contact ( l e s s than about 0.5 mm.). 

A l t e r a t i o n of the mafic minerals i n S I on the North Top of S a i l an 

Ruathair, does suggest that v o l a t i l e s from S3 were mobile and that 

disDersion could occur over f a r greater distances at l e a s t between 

c r y s t a l i n t e r f a c e s . I f l i m i t e d l a t t i c e d i f f u s i o n has been important i n 

preserving the xenocryst cores i t i s remarkable how short i s the range 

through which i t might occur p a r t i c u l a r l y bearing i n mind the low c o o l ­

ing r a t e implied by the highly oblique microcline i n the l a t e r m a t e r i a l . 

Coarsely exsolved rims l i k e those seen on the S2 xenocrysts are not 

found at the S1/S3 contacts where the s t r e s s e s imposed by the second 

i n t r u s i o n seem to have provided a c t i v a t i o n energy for the development 

of m i c r o c l i n e . I t i s thus d i f f i c u l t to see how the e a r l y forms could 

have r e s i s t e d following the s t r u c t u r a l patterns developed by the l a t e r 

forms, i f the e f f e c t s of fluxes a c t i v e at temperatures below that 

represented by the thermal s t a t e of the S I rocks were of great importance. 
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I t docs not seem Impossible, however f that the e a r l i e r cooling h i s t o r y 

of the f e l d s p a r s might be important i n determining the ease with which 

they could transform from orthoclase to microcline, and a t e n t a t i v e 

mechanism by which t h i s could a r i s e i s suggested below, 

f ) Variable s t r u c t u r e of orthoclase. 

Orthoclase i s generally agreed to be a p a r t i a l l y ordered form and 

MacKenzie and Smith (1961), Hafner and Laves (1957), and Barth (1959) 

have discussed the way i n which Al and S i may be d i s t r i b u t e d between the 

four s l i g h t l y d i f f e r e n t Al or S i / 0 tetrahedra i n the K-feldspar s t r u c t u r e . 

s a n i d i n e ) Al/Al + S i i n each of these s i t e s i s 0 . 2 5 and i n the f u l l y 

i n b~, 1* There are various oaths which may be followed between these 
2 ' * / 

two extremes (see diagram 5«l8 for summary), Barth proposing that 

orthoclase might have 0, 0 t 0 . 5 , 0.5 A l i n the r e s p e c t i v e s i t e s . The 

other workers point out that the intermediate microcline for which a 

s t r u c t u r e determination was made by B a i l e y and Taylor (1955) had values 

of 0.05, 0.07, 0 . 2 5 , O.58 i n the four tetrahedra which i m p l i e s that a 

f e l d s p a r which had achieved Berth's i d e a l s t r u c t u r e would have to regain 

A l i n the â , and a^ s i t e s . MacKenzie and Smith thus suggest values of 
about 0.15» 0»15» 0 . 35• and 0.35 for orthoclase but consider that con­
s i d e r a b l e l a t i t u d e i s p o s s i b l e . 

The p o s s i b i l i t y of v a r i a b l e atomic arrangements f o r orthoclase does 

suggest a mechanism by which c e r t a i n o r t h o c l a s e s , once formed, could 

p e r s i s t under conditions i n which other orthoclases would be continuing 

the ordering process to give m i c r o c l i n e s . The proposition i s that under 

certato r a t e s of cooling and i n presence or absence of s u i t a b l e f l u x e s 

some fe l d s p a r s (at Loch A i l s h those of S I ) might be able to reach a 

condition i n which more Al was i n the "b• tetrahedra than was i d e a l f o r 

I f these are designated a.,a_,b.,0-, i n the disordered s t a t e (high 

ordered (maximum mic r o c l i n e ) condition 

i t e s i s 0 . 2 5 and i n the f u l l y 

A l/Al • S i i n a.a 0 ib 1 , i s 0 and 
1T2T1 



Fig«5»l8, 
Diagram i l l u s t r a t i n g known and hypothetical arrangements 

possible of Al and S i i n l a t t i c e s i t e s i n the high-sanidine 
-maximum microcline s e r i e s , and the p o s s i b i l i t y of diff e r e n t 
paths being followed by two feldspars having di f f e r e n t thermal 
h i s t o r i e s above the temperature of the inception of recog­
nizable t r i c l i n i c symmetry. 

The representations of high-sanidine and -maximum: 
microcline are th e o r e t i c a l i d e a l s not ne c e s s a r i l y ever achieved. 
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attainment of the microcline condition* Such a f e l d s p a r would require 

a d d i t i o n a l a c t i v a t i o n energy to allow l o s s of A l to f a * tetrahedra 

before f u r t h e r r e l a t i v e gain of Al to could take place* Other 

conditions might give r i s e to a f e l d s p a r which would be able to t r a n s -

form d i r e c t l y to microcline from an orthoclase with some Al s t i l l i n 

the a^a^ tetrahedra (S3 f e l d s p a r s ) . Considerable l a t i t u d e i s possible -

i n f a c t a l l that i s required i s that the a c t i v a t i o n energy required 

to transform the orthoclase of the S1/S2 f e l d s p a r s i s greater than that 

of the S3 f e l d s p a r s . Additional a c t i v a t i o n energy could be provided 

by l a t e r s t r e s s i n g or the c a t a l y t i c a c t i o n of water f which allows for 

some of the v a r i a t i o n observed i n the S1/S2 r o c k s . A very diagramma­

t i c representation of the s i t u a t i o n i s given as f i g . !>•18. 

This suggestion does require that even though the S I c r y s t a l s were 

homogenized by the S3 i n t r u s i o n , the b a s i c A l / S i d i s t r i b u t i o n attained 

p r i o r to the i n t r u s i o n of S3 was not destroyed. This i s a p o s s i b i l i t y 

bearing i n mind the ease with which homogenization but not s a n i d i n i z a t i o n 

may be achieved, p a r t i c u l a r l y at the near solvus temperatures envisaged. 

" o s s i b l y a l s o the i n a b i l i t y of the S l - 2 orthoclase to follow the 

host f e l d s p a r s i n adoption of the microcline s t a t e i s b e t t e r envisaged 

i n terms of the shape and s i z e of the domains of ordered s t r u c t u r e which 

have attained t r i c l i n i c symmetry i n a ' l e f t 1 or »right-handf sense 

r e l a t i v e to t h e i r neighbours. I f the e a r l y cooling h i s t o r y of S I 

developed ordering domains which *changed s e n s e 1 over shorter distances 

than the enclosing S3, cooled at a more optimum r a t e , the S3 would be 

able to develop the large t r i c l i n i c domains necessary for the r e c o g n i t i o n 

of the microcline form, w h i l s t the S I could not overcome the b a r r i e r 

made by the need to reverse the sense of one of each p a i r of adjacent 
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ordering domains. The small S I domains (the f r u i t s perhaps of quicker 

cooling or l a c k of v o l a t i l e f l u xes e a r l y i n t h e i r cooling h i s t o r y ) would 

not be destroyed by enclosure i n the S3 magma p a r t i c u l a r l y i f t h i s was 

at a low temperature, j u s t above the s o l v u s . 

These t e n t a t i v e suggestions, i n summary, are that r a t e of cooling 

and v o l a t i l e a c t i o n i n the temperature range above that at which ortho­

c l a s e i s a s t a b l e form, may determine the ease with which microcline i s 

formed as cooling proceeds. Since i t appears that exsolution and 

ordering and s i z e of exsolved u n i t s are generally i f not p r e c i s e l y 

i n t e r - r e l a t e d , i t follows that the f i n e s t y l e of exsolution could be 

preserved i n the xenocryst cores. Although these ideas are thoroughly 

s p e c u l a t i v e they are suggestions of possible s o r t s of s o l u t i o n s to a 

problem which cannot, as f a r as can be seen, be solved i n terms of 

mechanisms previously invoked, 

g) Variable o b l i q u i t y of the m i c r o c l i n 6 phases. 

There i s some i n d i c a t i o n (fig.513) of a systematic d i s t r i b u t i o n of 

o b l i q u i t y values f or f e l d s p a r s with a t r i c l i n i c K-phase. This v a r i a t i o n 

i s p a r t l y connected to rock type - e.g. S1/S2 rocks (219) (269) i n the 

Metamorphic Burn have low o b l i q u i t i e s , 52 rocks from the mixed zone 

around the Oykel f a l l s have lower o b l i q u i t i e s than the enclosing S3, 

as do xenocrysts from (^01). (See t i e l i n e s on f i g ^ . p ) . On the other 

hand i t p a r t l y transcends the boundaries of the rock types - e.g. across 

the S3/32 contact to the E . of Black Rock. An explanation of t h i s 

apparent c o n t r a d i c t i o n may l i e with the f a c t that the 32 on the shoulder 

of Black Pock i s a massive rock and whatever the c o n t r o l l i n g f a c t o r for 

determination of o b l i q u i t y , i t a l s o applied to the invading S3. Wherever 

o b l i q u i t i e s of S2 and S3 i n contact apparently d i f f e r i t may imply that 



the S2 m a t e r i a l has been moved from the environment which o r i g i n a l l y 

determined the o b l i q u i t y i n t o an environment which determined the 

d i f f e r e n t o b l i q u i t y of the intruding S3-

Confidence i n the f i n e r points of the v a r i a t i o n as described above 

i s not great, since the v a r i a t i o n i s s m a l l . There seems to be l i t t l e 

doubt, however, that values i n the Black Bock - Sgonnan Beag area are 

s i g n i f i c a n t l y lower than normal w h i l s t values i n the Metamorphic Burn 

area tend to be higher than the mean. The one low f i g u r e f or S3 rocks 

i n the Metamorphic Burn (Rock 2 1 6 , o b l i q u i t y 5 9 # ) i s from a melanite and 

feldspathoid pseudomorph ( ? ) bearing form only 1* from a contact with a 

massive limestone x e n o l i t h or protrusion. This rock i s not as co a r s e l y 

p e r t h i t i c i n s e c t i o n as the bulk of the Metamorphic Burn rocks and i t i s 

possible that some form of quenching (perhaps only removal of v o l a t i l e s ) 

i s operative here. Otherwise the bulk of the Metamorphic Burn rocks are 

very coarsely exsolved and p o l y s y n t h e t i c a l l y twinned, an observation i n 

keeping with the high o b l i q u i t y . 

The meaning of the other v a r i a t i o n s i n o b l i q u i t y i s not known. 

V a r i a t i o n i n o b l i q u i t y with p o s i t i o n i n plutons has been described e l s e ­

where but i t s meaning i s not at present understood. The suggestion i n 

the Metamorphic Burn area i s that concentration of v o l a t i l e s able to 

act as f l u x e s to the exsolution process i s important. This area would 

seem to be best i n t e r p r e t e d as a region where syenite i s i n t e r l e a v i n g 

with massive tongues of sediment, perhaps near the roof of the i n t r u s i o n * 

The apparent diminution of o b l i q u i t y near the contacts i n the Black Rock 

area would imply that t h i s contact was not s i m i l a r to the Metamorphic 

Burn. Taking the Black Rock and South Top of S a i l an Ruathair together 

i t would seem that o b l i q u i t y i s tending to diminish upwards, an observation 



191 

i n c o n s i s t e n t with the Metauorphic Burn area . 

More observations and a greater knowledge of the f a c t o r s c o n t r o l l i n g 

the l a t e r stages of the ordering process are necessary before apparently 

systematic v a r i a t i o n s l i k e that observed here can be i n t e r p r e t e d . I t 

might then provide a u s e f u l technique i n zoning a c i d and a l k a l i n e 

plutons. A study of l e s s disturbed rocks would c l e a r l y o f f e r the best 

approach* 

Bibliography to Chapter 5. 

For a concise summary of present knowledge of the a l k a l i f e l d s p a r s , 

together with d i s c u s s i o n with authors of c o n f l i c t i n g views, the reader i s 

recommended to the following two papers: 

SMITH, J.V. and MacKENZIE, W.S., 1 9 6 l . Atomic, chemical, and p h y s i c a l 
f a c t o r s that control the s t a b i l i t y of a l k a l i f e l d s p a r s . 
I n s t i t u t o "Lucas Mallada". C.S.I.C. (Espana) C u r s i l l o s 
y Conferencias• Fasc V I I I , pp.35 -52 . 

MacKENZIE, W.3. and SMITH, J.V., 1961. Experimental and ge o l o g i c a l 
evidence for the s t a b i l i t y of a l k a l i f e l d s p a r s . 
As above, pp.53-69• 

and other papers i n the same p u b l i c a t i o n . 

Further recent views on a l l aspects of f e l d s p a r s are given i n : 
Norsk Geologisk T i d s s k r i f t , Bind 42, 2 (Halvbind). (Feldspar volume).1962. 

General Bibliography. 

BAILFY, S . W . and TAYLOR, W.H., 1955. The s t r u c t u r e of a t r i c l i n i c 
potassium f e l d s p a r . Acta Cryet., 8, 621 - 6 3 2 . 

BARTH, T.F.A., 1959. The i n t e r e l a t i o n s of the s t r u c t u r a l v a r i a n t s of 
the potash f e l d s p a r s . Z e i t . K r i s t . , 112, 263 - 2 7 4 . 

BROWN, W.L., 1960. L a t t i c e changes i n heat treated p l a g i o c l a s e s - the 
existence of monalbite at room temperature. Z e i t . 
K r i s t . , 113, 297-329. 

BUDDINGTON, A .F., 1939- Adirondack igneous rocks and t h e i r metamorphism. 
Geol. Soc. Am. Memoir, 7 . 



CAILLFRE, S . and KRAUT, F • , 1960 . Sur l a r e p a r t i t i o n des feldspaths 
potaasiques dans l e s roches eruptives et metamorphiques 
de l a region d'Avalon. B u l l * Soc. fr a n c * Mln* C r i s t . , 
8 3 , 21 - 2 3 . 

COOMBS, D.S., 1954. F e r r i f e r o u s orthoclase from Madagascar. Miner. 
Mag., 3 0 , 4 0 9 - ^ 2 7 . 

DONNAY, Q. and D0NN*Y, J.D.H., 1952. The symmetry change i n the high-
temperature a l k a l i - f e l d s p a r s e r i e s * Am. Jour. S c i . , 
Bowen Volume, 115-132. 

DONNAY, Q., WYART, J . and SABATIER, G., 1960. The C a t a l y t i c Nature of 
high-low feldspar transformations. Carnegie I n s t i t u t i o n 
of Washington. Annual report of the D i r e c t o r of the 
Geophysical Laboratory, 1959-1960, pp.173-175 . 

EMFLEUS, C*H. and SMITH, J.V. , 1959* The A l k a l i F e l d s p a r s , VI* Sanidine 
and orthoclase p e r t h i t e s from the S l i e v e G u l l l o n area, 
Northern I r e l a n d * Amer* Min., 4 4 , 1187-1209. 

FERGUSON, R.B., TRAILL, R.J. andTAYLOR, W.H., 1959. Charge balance and 
the s t a b i l i t y of a l k a l i f e l d s p a r s . A d i s c u s s i o n . 
Acta C r y s t . , 1 2 , 7 1 6 - 7 1 8 . 

FFRGUSON, R.B., TRAILL, R.J. and TAYLOR, W.H., 1 9 5 8 . The c r y s t a l 
s t r u c t u r e s of low temperature and high temperature a l b i t e . 
Acta Cryot., 11, 331-348* 

GOLDSMITH, J.R. and LAVES, F . , 1954a. The microcline-sanidine s t a b i l i t y 
r e l a t i o n s . Geochim. Cosmochim. Acta, 5, 1-19* 

GOLDSMITH, J.R. and LAVES, F., 1954b. Potassium f e l d s p a r s s t r u c t u r a l l y 
intermediate between microcline and s a n i d i n e . Geochim. 
Cosmochim. Acta, 5, 1 0 0 - 1 1 8 . 

HAFNER, S t . and LAVES, F . , 1957* Ordnung/Unordnung und u l t r a r o t 
absorption I I . V a r i a t i o n der Lage und I n t e n s i t a t e i n i g e r 
Absorptionen von Feldspaten. Z e i t . f . K r i s t . , 109, 2 0 4 - 2 2 5 . 

KING, B.C., 1942. The Cnoc nan Cuilean area of the Ben Loyal igneous 
complex. Quart. Journ. Geol. Soc*, 1942, 98 , pp . l 4 7 - l 8 5 * 

LAVES, F . , 1 9 5 2 . Phase r e l a t i o n s of the a l k a l i f e l d s p a r s , I and I I . 
Journal of Geology, 6 0 , 4 3 6 - 4 5 0 and 5 4 9 - 5 7 4 . 

LAVES, F., 1 9 6 0 . Al - S i-Verteilungen, Phasen-Transformations und Namen 
der A l k a l i f e l d s p a t e . Z e i t . f . K r i s t . , 113, 2 6 5 - 2 9 6 . 



193 

MacKFNZIE, W.S., 195**- The ort h o c l a s t - m i c r o c l i n e i n v e r s i o n . Miner. 
Mag. XXX, No .225, P P . 3 5 ^ - 3 6 6 . 

MacKENZIE, W.S., 1 9 5 2 . The e f f e c t of temperature on the symmetry of 
high-temperature soda-rich f e l d s p a r s . A m . Jour. S c i . , 
Bowen Vol., pp.319-342. 

MacKFNZIE, W.S. and SMITH, J.V., 1 9 6 l . 

(See page I ? I ) . 
MacKENZIE, w.S. and SMITH, J.V., 1959- Charge balance and the s t a b i l i t y 

of a l k a l i f e l d s p a r s . Acta C r y s t . , 1 2 , 73* 

MARMO, V«, 1959* On the s t a b i l i t y of potash f e l d s p a r s . B u l l . Comm. 
Geol. Finlande, 2 9 , 133-137-

ORVILLE, P.M., 1958- Feldspar i n v e s t i g a t i o n s . Carnegie I n s t i t u t i o n 
of Washington. Annual report of the D i r e c t o r of the 
Geophysical Laboratory. 1957-1958. pp . 2 0 6 - 2 0 9 . 

READ, H.H., PHEMISTER, J . et a l . , 1926. Geology of S t r a t h Oykell and 
Lower Loch Shin. Geological Survey, Scotland, 1926. 

SCHNEIDER, T.R., 1957- Rontgenographische und optische untersuchung 
der Umwandlung Albit-Analbit-Monalbit• Z e i t * K r i s t . , 
1 0 9 , 245-271 . 

SMITH, J.V. and MacKENZIE, W.S., 1955- The A l k a l i F e l d s p a r s I . 
Orthoclase microperthites• Am. Min., 4 0 , 7 0 7 - 7 3 2 . 

SMITH, J.V. and MACKENZIE, W.S., 1955. The A l k a l i F e ldspars I I . A 
simple X-ray technique f or the study of a l k a l i f e l d s p a r s . 
Am. Min., 40 , 7 3 3 - 7 4 7 . 

SMITH, J.V. and MacKENZIE, W.S., 1958. The A l k a l i F e l d s p a r s IV. The 
cooling h i s t o r y of high temperature sodium-rich f e l d s p a r s . 
Am. Min., 43 , 8 7 2 - 8 8 9 . 

SMITH, J.V. and MacKENZIE, W.S., 1959. The A l k a l i F e l d s p a r s V. The 
nature of orthoclase and microcline p e r t h i t e s and observa­
t i o n s concerning the polymorphism of potassium f e l d s p a r . 
Am. Min., 44, 1169-1186. 

SMITH, J.V., 1956 . The powder patterns and l a t t i c e parameters of 
pla g i o c l a s e f e l d s p a r s . I . The soda-rich p l a g i o c l a s e s . 
Miner. Mag., 31, 4 7 - 6 8 . 

SMITH, J.V-, 1961. Explanation of s t r a i n and o r i e n t a t i o n e f f e c t s i n 
p e r t h i t e s . Am. Min., 46 , pp .1489-1493. 

SMITH, J.V., 1962. i n Norske Geologiske T i d d e k r i f t . (See above). 



TUTTI£, O.F., 1952b, Origin of the co n t r a s t i n g mineralogy of extrusive 
and plutonic s a l i c rocks. Jour. Geology, 60, pp.107-124. 

TUTTLE, O.F. and BOWEN, N.L., 1958. Origin of granite i n the l i g h t of 
experimental studies i n the system NaAlSi^Og-KAlSi^Og-
SiO^-h^O. Geol. Soc. Amer. Memoir, 74. 

VOLL, G., 1960. New work on petr o f a b r i e s • Liverpool and Manchester 
Geol. Journ. 2, pp.521-525. 

YODER, H.S., STEWART, D.B. and SMITH, J.R., 1957. Ternary f e l d s p a r s . 
Carnegie I n s t i t u t i o n of Washington. Annual report of 
the D i r e c t o r of the Geophysical Laboratory, 1956-1957. 
pp.206-214. 



APPENDICES TO CHA j T F K 5. 

1) Diffractometer S e t t i n g s . 

Diffractometer instrument s e t t i n g s used were: 
For measurement of scans from 20° to 33° 2 d ( C u K o O : scanning 

speed #°/min. f chart speed 400 mm/hr., r a t e meter 4, time constant 8. 
S l i t s 1° - .1° - 1° , at 40 kV 20 raA. The 2 0 values quoted f or t h i s 
range (Table 5.6) are for specimens scanned s i x times, i . e . three times 
i n each d i r e c t i o n using the o s c i l l a t i n g device. Only the f u l l y resolved 
s i n g l e r e f l e c t i o n s or the most important combined r e f l e c t i o n s , shown 
underlined i n t h i s t a b l e , are the means of s i x measurements. For 
measurement of 20 201 f e l d s p a r - 2 & 101 KBrO^ the same s e t t i n g s were 
employed, the goniometer being o s c i l l a t e d between 19»5° and 22.5°• 

v. 
KBrO^ or a quartz powder were used as an i n t e r n a l standard where appro­
p r i a t e (Q masks K-phase 5oi r e f l e c t i o n and KBrO^, K-feldspar 131, among 
o t h e r s ) • 

For measurement of the Ab 131, Ab 022, and Mi 131 r e f l e c t i o n s , to 
improve r e s o l u t i o n of the region between Mi 131 and Ab/Mi 131 the slower 

o * 
scanning speed of % /min. was employed together with a rate-meter s e t t i n g 
of 2. At l e a s t one complete o s c i l l a t i o n was made for each record, 
between 29° and 32° . 

2 ) D e t a i l s of diffractometer patterns between 
20° and 33° 2fl . 

A s e r i e s of t y p i c a l c h a r t s i s shown i n f i g s . 5.19, 20. 2* 
values f or a p a i r of L. A i l s h feldspars are given ( s i x measurements) i n 
table 5*6 together with the 20 values f or pure forms of KAlSi^Og and 
NaAlSi^Og as determined by previous workers for comparison (Tables 5.5 
and 5 .4 • 

I n addition Dr. W.S. MacKenzie supplied unpublished 2* values f or 
three microclines of varying o b l i q u i t y from h i s 1954 paper. These were: 

Table 5.7. 

131 l 3 l Separation 
Blue Mountain microcline: 29.455 30.240 0.785 
Spencer E.: 29.670 30.055 O.385 
Spencer U.: 29.740 29.990 0.250 

The separation observed f or Blue Mountain microcline i s very c l o s e 



Diagrammatic representation of diffractometer charts 
between 21° and 33° . showing overlapping of peaks f o r the 
individual phases* I n t e n s i t i e s are drawn with roughly the 
same r e l a t i v e magnitude as observed a t L.Ailsh. 
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o o 
Copies of diffraotometer traces from 21 to 33 

of feldspars showing varying proportions of monoclinic to 
t r i e l i n i o material i n the K-phaee. (66) has a K-pheee of 
highly oblique miorooline alone, whilst (313) , at the other end 
of the range^ has exc l u s i v e l y monoclinic K-feldspar* 
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Table 5.4. 
X-ray powder data of monoclinic and t r i c l i n i c K A l S i , 0 J 

between 20 (CuKot ) 20° * 3 1 ° . 

h k l 2 * c a l c . Z& oba. q hkl 2a c a l c . 2 eoba. 
201 21.05 21.14 6 201 20.9^5 20.9^5 8R 
111 22 .25 22 s j 4 3 111 22 . 54 22.525 3H 
111 22.66 22.66 1- 200 22.98 22.92-22.99 IK 

200 23.03 130 23.^85 23.475 10R 
130 23.21 23.21 5 131 24.565 24.57 4R 
i3o 24.0 24.0 4 221 25.05 25 .035 3H 

131 24.32 24.48 1- 112 25.76 25.755 8R 
221 24.6*1 220 26.79 26 .7*5 9R 
131 24.95 24.91 2 202 27.13 27 .13 9R 
115 25.52] 040 27.35 27.35 6K 

221 25.66 > 25 .64 5 002 27.66 27.655 10R 
112 25.66, 131 29 .795 29.80 6R 

220 26.43 26.48 5 222 30.43 30 .465 1 

202 27.06 27.1 4 041 30.73 30.73 2 
220 27.361 022 30.93 30.92 1 

OT2 27.^3 r 27.46 10 
040 27.5 , 
131 29.^9 29.52 4 

222 
131 

30.2 ] 
30.26J 30.15 5 

022 30.7 ^ 
041 
022 

30.7 
30.85 

r 30.6 5 

o4l 30.90 

Microcllne Sanidine ( A r t i f i c i a l ) 
(Laves, 195^a, converted to (Donnay and Donnay, 1952). 

CuK^ ) . 
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Table 5.5. 

X-ray powder data of high and low NaAlSi^On, between 
2P 2 0 ° and 32" (CuK*,) 

h k l 2G c a l c . 2 & obs. q h k l 2© c a l c . 20 obs. q 

201 22.055 22.057 60 201 21.995 22.0 60 
111 23 .07 23 .071 20 111 22.905 22 .915 40 

111 23 .54 23.538 85 130 23.715 23 .73 100 

130 24.155 24.155 70 111 23.75 
131 24.27 24.306 50 130 24.47 24 .46 35 
i3o 24.335 131 24.5** 

002/1 25.185 5 002^ 25.35 5 
112 25.40 25.392 35 112 25.635 25.63 15 

221 25*565 25.57 5 112 26 .46 26 .445 25 
112 26.4l§ 26 .418 20 22o 27.66 
002 27.92 27 .915 360 040 27.79 27.785 160 
040 27 .99 202 27.805 
220 28.12 002 28.095 28.095 360 
250 28.325 28.325 30 220 28.535 28.525 40 

i 3 i 30 .145 30.148 30 131 29.62 29.62 25 
222 30.225 041 30.305 30.295 30 
022 30.51 30 .48 50 022 30.52 30.52* 35 
041 30.5^ 222 30.655 30.65 5? 
131 31.23 31.21 20 131 31.595 31.61 35 

Low a l b i t e (Amelia) Heated Amelia a l b i t e 

Smith (1956) . 
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Table 5.6. 
26 values of two feldspars from L. A i l s h . 20° to 32° 20 CuK*. 

Phase hkl 29 obs. q Phase hkl 20 obs. q 
K 301 20.97 3R K 2oi 21.095 1R 
Na 201 22.032 7R Na 2oi 21.950 3R 
K 111 22.24 1 Na i l l 22.95 1 
K 111 22.58 1 Na i l l 23.508 3R 

t K 130̂  1 23.05 4 Na 130,131 24.2 3 
Na 111 J Na 221| 25.5 to 1 
Na 111 23.519 10R K 112J 25.65 
K l3<M Na 112 26.4 1 
Na 130 24.28 9 K 2201 26.9 to 1 
Na 131 202J 27.15 1 
K 131 24.78 <1 K 2201 
K 131 24.91 < 1 002 
K 22l^ 040 

112 Na 220 • 27.7 10 
112 i 25.52 5 002 

Na 112 040 4 

22l, K 131 29.805 5R 
Na 112 ' | 26.40 7 Na i 5 i 30.15 1 
K 220 | 26.40 ? ? 30.26 3 

Na 022 \ 
30.26 

K 202 27.04 4 0411 30.43 3 
Na 220 > K 222 j 

002 K 0411 30.75 o4o 
K 

022 J 30.75 2 
K 220 

002 
040 

[ 27.7 10+ Na 131 31.198 1R 

Na 220 27.31 
K 131 29.443 2R 
Na,K 131 30.152 6 
Na 041) 

022 1 
30.48 7 

K * I » 0 2 2 l 3 0 71 2 2 2 , 0 4 l F ° - 7 1 3 
Na 131 31.199 2 

Specimen 16a Specimen 313 



Plot of 20 values f o r 131 and 13l r e f l e c t i o n s of a 
s e r i e s of mlerocllnes determined by Dr.W.S.Mackenzie, together 
with three L.Ailsh feldspars, 313*?16 r and 16a. 

Bt Blue Mountain microoline. 
St Spenoer E. 
Us Spenoer U. 
Bt A r t i f i c i a l KAlSi^Og (Donnay and Donnay) 

fk' i s the measurement assumed ror c a l c u l a t i o n of 
percentage obliquity at L.Ailsh, rather than k+ ac, c being 
the extrapolated position of orthoolase 131 from Mackenzie's 
figures.(•a* i s the 131 position determined from the raono-
o l i n i c K-phaee of specimen 313* ) 
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to Laves* Maximum Microcline and was used by Mackenzie to e s t a b l i s h 
l a t t i c e parameters appropriate for t h i s m a t e r i a l . The 2 0 values aDove 
were used to e s t a b l i s h whether the doublet concerned (131/l5l) s p l i t 
symmetrically about the s i n g l e 131 peak r e f l e c t i o n of a raonoclinic 
K-feldspar. Diagram 5*21 shows the r e l a t i o n found; the 131/l5l doublet 
d i v i d e s l i n e a r l y about an extrapolated 1monoclinic 131 1 p o s i t i o n a t about 
29.87! 

OBSERVED 2© 29-3 303° 1313 300 MONOCUNC. 
s 

O-l 

m U 

i 

216 

-* 

B o-e 

Donnay and Donnay give the 131 r e f l e c t i o n f o r monoclinic KAlSi^Og a t 
29*80°, or applying the c o r r e c t i o n to t h e i r f i g u r e s suggested by Smith 
(1956), a t 29.825°. The 131 p o s i t i o n found f or the monoclinic potash 
phase of specimen 313 was 29.805° but i t must be remembered that t h i s 
f i g u r e i s not s t r i c t l y comparable with that of the above workers since 
i t c e r t a i n l y contains appreciable Na i n s o l i d s o l u t i o n . The e f f e c t 
of Na or the p o s i t i o n of the 131 r e f l e c t i o n of monoclinic potash f e l d s p a r 
i s to increase i t s 20 value, however (see Donnay and Donnay, 1952, 

O r ^ 131 a t 30 .14°) , so there i s some uncertainty i n the s i g n i f i c a n c e of 
t h i s value f o r sp. 313. I t was, however, used as the datum of "zero 
o b l i q u i t y " i n the construction of figu r e 5.12 and a l s o i n construction 
of f i g s 5.13. F i g . 5.21 shows that i f Donnay and Donnay 1a and 
MaeKensie's 2 8 values are s t r i c t l y comparable at low £ 2 & values 

^ 1 2 JiJM 1964 ) 
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the movement of 131 r e l a t i v e to any f i x e d datum does not n e c e s s a r i l y 
bear a s t r a i g h t l i n e r e l a t i o n s h i p to the corresponding movement of 131, 
but t h i s r e l a t i o n holds at high A 2& values within the range found. 
Because percentage o b l i q u i t i e s are c a l c u l a t e d on the basis that the 
l i n e ab (diagram 5.21) i s 0 o b l i q u i t y - i . e . 131 orthoclase i s at 
29.8) and t h i s l i n e does not i n t e r s e c t 0 o b l i q u i t y a t c, we get low 
values of % o b l i q u i t y f o r a l l but o b l i q u i t y * 100% r e l a t i v e to the 
1 3 1 / l 3 l doublet were i t measured, as i s i d e a l , d i r e c t . The quoted 
f i g u r e s should not therefore be used f o r comparison with other areas 
but are valuable r e l a t i v e to one another. 

There i s good agreement between values o f o b l i q u i t y determined using 
Ab 022 and that deduced from the p o s i t i o n of 131 r e l a t i v e to a standard, 
e.g. (216), o b l i q u i t y with 02? as datum 59% t p o s i t i o n of 131 peak with 
quartz standard 29.585°$ equivalent o b l i q u i t y from f i g . 5»21 f 61%. 

I t w i l l be seen a l s o that c e r t a i n high o b l i q u i t y values exceeded 
( i . e . had lower 20 v a l u e s ) the p o s i t i o n of 131 of MacKenzie »s Maximum 
Microcline, thus: 

Blue Mountain microcline : 29.455* 
Loch A i l s h 268 : 29.447° 
Loch A i l s h 16a : 29.443* 

In the absence of d i r e c t measurement of the separation of the 
1 3 1 - l 3 l doublet i t i s not c e r t a i n that t h i s does i n d i c a t e the existence 
of microcline8 of higher o b l i q u i t y than previously recorded. 

A further complication arose when i t was discovered that the 
separation of Ab 022 and microcline 131 measured at low scanning speeds 
(#°/ttia* a n d r a t e meter 2 ) , gave c o n s i s t e n t l y higher values of separation 
than those measured at K°/«in. and R.M. 4. The f i g u r e s plotted on 
f i g . 7 are those obtained at the low scanning speed which was adopted 
for improved r e s o l u t i o n e s p e c i a l l y of the region between K 131 and 131. 
C a l c u l a t i o n of the maximum value of ^0 Ab 022 - 2 0 Mi 131 to be 
expected using Salth'a low a l b i t e 20 values and MacKenzie's microcline 
2 0 values showed that t h i s was exceeded by L. A i l s h f e l d s p a r s i n 
numerous cas e s . Measurement at the higher scanning speed used by Smith 
(and presumably MacKenzie) gave much bet t e r agreement. I t i s believed 
that the slow scanning speed allowed p a r t i a l r e s o l u t i o n of the datum 
peak i n t o the r e f l e c t i o n s 022 and 041. This may be a major source of 
s c a t t e r but the r e l a t i v e values obtained should be v a l i d s i n ce a l l plotted 
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measurements were made at the same Instrument s e t t i n g s . 

Symbols used i n the tables of X-ray data. 

Rock types: 

1 = S I . 2 = S 2 . 

3 s S3. 3m * Melanite bearing 33* 
3 X m = Melanite bearing S3 i n Metamorphic Burn. 
Z = Zoned or mantled v a r i e t y . V s Minor dyke or v e i n . 
Cr = Crushed rock. B = Feldspars from basic rocks. 

Where a rock i s mixed - e.g. S2 xenocrysts i n S3 f the m a t e r i a l i n 
greatest amount (simply judged very roughly by eye i n the hand specimen) 
i s placed f i r s t , thus: *2 + 3 # . I f the admixed m a t e r i a l i s small i n 
quantity the p r e f i x ' r 1 i s used. Thus: *2+ r 3 * . 
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Table 5.8. 
Table of Important X-ray Data for Loch Allah A l k a l i F e l d s p a r s . 
( A l l 2$ are means of at l e a s t two measurements, except those 
marked •. Radiation CuKoC • For symbols of rock type, see 

Spec • 
No. 

Rock 
Genera­
ti o n 

(2£Kfsp 
2oi)-
(20KBrO x 

101) 3 

(2dNafsp 
2oi)-
(20KBrO, 
101) * 

131/131 
peak 
type 

(Fig.5.10) 

(20Nafsp 
022)-

(2*Kfsp 
131) 

(20Nafsp 
131)-

(2eifefep 
022) 

Obi 
* 

66 3 0.81 1.84 6 1.030 0.705 88 
170 1 0.8o 1.83 3 - 0.720 -
89 3m 0.82 1.82 6 1.030 0.735* 88 
2 l f 3 0.79 1.82 6 1.055 0.713 <* 
87 3m 0.82 1.83 6 1.013 0.705 84 
216 3/U o.8o 1.83 6 0.913 0.723 59 

65 3m 0.78 1.83 6 1.013 0.730 84 
21b 3?Cr 0.77 1.85 6 1.060 0.710 95 
24 2+3 0.79 1.83 5 1.020 0.708 85 
70 2 0.80 1.84 5 1.000 0.713 80 
55 2Cr 0.80 1.83 6 1.023 O.708 86 
67d 3+2 0.77 1.84 5 1.013 0.718 83 
16a 3+2 0.82 1.86 4 1.075 0.700 99 
9^ 3 0.78 1.83 6 1.017 0.730 84 
26 2+3 o.8o 1.84 6 1.035 0.735 89 
92 2Z - 1.84 6 1.070 0.713 98 

4l8 2V 0.79 1.82 6 1.055 0.7^0 94 
417 3V o.8o 1.85 6 1.065* 0.720* 96 
219 2 0.79 1.83 5 0.998 0.733 80 
311 1 0.80 1.83 2 - 0.760* -
72b 2?Cr 0.76 1.83 3 - 0.730* -
269 2 0.83 1.84 5 1.048 0.723 92 
465« 2?Cr 0.76 1.84 4 - 0.74* -
250 B 0.82 1.87 5 - 94 
232 B 0.79 1.82 3 - O.76* — 

above). 

N.B. 

Mi 131 peak 
strongly 
assymetrls. 
Obliq. 
measured 
at top. 

V.strong 
Na-phase 
r e f l . 
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21c B 0.80 1.81 4 1.050* O.76 — 

1370 1 0.78 1.82 3 m 0.73* -
200 3+r2 0.82 1.88 6 1.060 0.715 95 
239 3+r2 0.83 1.88 6 1.045 0.710 91 
33 2 0.82 1.86 6 I.025 0.738 86 
67e 3 0.78 1.83 6 1.043 0.720 91 
9 2+3 0.73 1.83 5 1.020 0.720 85 
19 2 0.82 1.83 5 0.998 0.728 80 
17 2 0.81 1.84 5 1.020 0.743 85 
305 1 0.84 1.87 4 - 0.750* -
313 1 0.89 1.75 1 - 0.76* 0 

117 2+3 O.78 1.84 6 1.010 0.715 82 
116 
114 

2+3Cr 
2+3Cr 

1 Masked ^ 
by 

J quartz J 
Not 

present 
6 
6 - -

90 
94 

469 3 0.78 1.82 6 0.965 0.725 71 
413 2 0.81 1.84 5 0.975 0.738 74 
361 3 0.79 I.85 6 0.980 0.728 75 
466 2 0.77 1.83 5 0.998 0.720 80 
360 3+2 0.81 1.87 5 0.993 0.728 78 
331 V not present 1.84 - - 0.75* -
359 3+2 0.77 1.84 6 1.055 0.715 94 
474 2 O.76 1.82 6 0.993 0.733 78 
352 3+r2 0.79 1.84 6 1.040 0.720 90 
347 2c3 0.77 1.82 5 1.040 0.715 90 
35 2?Cr 0.80 1.86 5 0.950 0.725 67 
353 3 + + 6 1.013 0.743 84 
151 V 0.81 1.85 6 1.040 0.730 90 
280 3+r2 + + 6 1.060 0.720 95 
401X 2 0.74 1.84 5 1.010* 0.725* 82 
401Ma 3 0.80 1.84 6 1.045* 0.740* 91 
401Mb 3 0.76 1.84 6 1.040* 0.705* 90 
271 
268 

3 
3+2 

+ 
+ 

+ 
* 

6 
6 

1.073 
1.075 

0.708 
0.718 

99 
99 

K 131 v. 
i r r e g . but 
+, type 4. 

V. sharp 
strong K 
131 r e f l . 

Crushed K 20 
enriched. % 
obi.from sep. 
of 131/131 
Mi peaks. 

A l b i t e 
r i c h vein. 
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Table 5.8 cont. 
459 3m + + 6 1.020 0.743 85 
120 3+2Cr + + 6 1.030 0.723 87 
428 3 + + 6 1.023 0 .733 85 
139 ?Cr • + 5 1.005 0.728 81 
147 2+3Cr + + 6 0.988 0.723 77 
100 2Cr + • 6 1.068 0.707 97 
101 2Cr + + 6 0.975 0.703 74 
59 2+3 + + 6 1.058 0.723 94 
32 2+3 + + 6 1.050 0.700 92 
45 2+3 + + 6 1.023 0.723 86 
446 3 + + 6 1 .043 0.718 91 
454 3m + • 6 0.990 0 .718 77 
451 3m + + 6 1.035 0.718 89 
464 3 + + 6 1.033 0 .710 88 
348 2+3 + + 5 1.015 0.730 84 
156 3+1 + + 6 1.048 0.710 92 
12 3+2 + + 6 1.015 0.720 84 
95 3 + + 6 1 .033 0.730 88 
453 3m + + ?6 1.048 0.730 92 

29.8° due to 
contamination 
by minor v e i n ) . 

69 ? + + 5 1.005 0.760 81 Fine f a i r l y 
mafic type of 
unknown 
a f f i n i t i e s . 

145 3+P2 + • 6 1.020 0.720 85 
159 3 + + 6 1.038 0.723 90 
78 3? + + 6 1.080 0 .710 100 
460 3m + •f 6 1 .048 0.715 92 
81 3m + + 6 1.038 0.713 90 
160 1 • + 4 • 0.730* -
258 B + + 5 1.05* 0.720* 94 
137A 3 O.78 1.85 6 + + -
B 3 + + 6 + + -
c 1 0.84 1.84 3 - 0.72* -
D 1 • + 4 - 0.72* -

+ : Present but not measured. 
- : Not present or possible to be measured 
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3) Separation of perthltea into phases. 
As a possible s o l u t i o n to the problem of i n d i r e c t measurement of 

o b l i q u i t y an attempt was made to separate the a l b i t e and microcline 
phases of a p e r t h i t s having a K-phase of high o b l i q u i t y . The feldspar 
was ground to pass 300 mesh and d r i e d . Mixtures of bromoform and 
benzene were used and the suspension centrifuged. I f two f r a c t i o n s 
did not form bromofora or benzene appropriately was added a small drop 
at a time i n t o the centrifuge tubes and the suspension again centrifuged 
b r i e f l y . When two d i s t i n c t f r a c t i o n s formed the l i g h t portion was 
f i l t e r e d o f f , dried and X-rayed. A s e r i e s of portions of the X-ray 
chart s i n the 29 # - 32° region at three d i f f e r e n t stages i n the f r a c t i o n ­
a t i o n process are shown i n f i g * 3*22 together with scans from 20° to 
32° of powders before and a f t e r separation. The technique i s c l e a r l y 
quite a f e a s i b l e method of study for such p e r t h i t e a . Dr. W.S. 
MacKenzie, who suggested the method, has separated nepheline from 
feldspar i n a r t i f i c i a l mixtures down to 2 ^ i n g r a i n s i z e - not pure 
separations but concentrations of the one mineral so that i t s X-ray 
pattern i s resolved. Further development of the technique was precluded 
because of lack of time and further i t w i l l be seen that even a f t e r four 
separations some Ab i n e v i t a b l y remains so that uncertainty as to the 
true p o s i t i o n of microcline l 3 l s t i l l p e r s i s t s . Thus the method did not 
seem to o f f e r a c e r t a i n method of o b l i q u i t y measurement, with p a r t i c u l a r 
d i f f i c u l t y i n the more f i n e l y exsolved specimens. 

4) Potash Enrichment. 
The absence of a l b i t e l i n e s i n diffractometer ch a r t s of c e r t a i n 

rocks was mentioned i n Section 1 as associated with crushing. Charts 
showing t h i s e f f e c t are shown on f i g . 5.23. Specimen 117 i s the 
uncrushed c e n t r a l S2 type and 116 the crushed and quartz veined m a t e r i a l 
about 1 m. away. 

5) Orientation of a l k a l i f e ldspars for s i n g l e 
c r y s t a l X-ray o s c i l l a t i o n photographs. 

The technique used i s that of Smith and MacKenzie (1955) t i n t h e i r 
standard o r i e n t a t i o n , i . e . with the •b* c r y s t a l l o g r a p h i c a x i s of the 
g r a i n v e r t i c a l and the X-ray beam to 001 i n the centre of a 15° 
o s c i a l l a t i o n . However, the method of s e t t i n g the c r y s t a l on the f i b r e 
i n t h i s o r i e n t a t i o n i s , of course, not described by them, and the 



Pig,5*22. 
Diagram i l l u s t r a t i n g the removal of a l b i t e from 

perthites subjected to repeated centrifuging i n heavy l i q u i d s 
of olosely controllsd s p e c i f i s gravity* 
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ng*g*23* 
Diffraotoraeter patterns demonstrating the potash 

enrichment along crush-belts i n the central area of the mass* 
117 and 116 are whole rooks about lm* apart* Ab peaks are 
vary weak i n 116 f from near the centre of the orush belt* 
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comparative u n f a m i l i a r i t y of the technique would seem to make a more 
de t a i l e d d e s c r i p t i o n of t h i s part of the process worth wh i l e . (For o r i e n t -
Procedure. a t i o n e e e f i « * 3 * 2 k ) ' 
( 1 ) S e l e c t a cleavage fragment c. 0 . 1 mm. - 0 . 3 mm. i n l a r g e s t dimension, 
showing reasonable cleavage f a c e s . 
( 2 ) Usually such a fragment w i l l l i e on i t s 001 cleavage which i s perfect 
i n the f e l d s p a r s . To check the I d e n t i t y of the cleavage note 

( a ) F l a s h figure or something near i t should be obtained, s i n c e 001 
i s app. // to the optic a x i a l plane, i n low temp, f e l d s p a r s . 

(b) Where present Ab and p e r i c l i n e twinning are normal to 0 0 1 . 

( 3 ) When such a fragment has been obtained 'b* must be determined and set 
v e r t i c a l l y . I n such a g r a i n , which should be roughly rectangular, 
we have to choose between 'a* and 9b*. To determine which note: 

( a ) 010 i s usu a l l y the better of the two cleavages, normal to the 
microscope stage. 

(b) Ab twins are / / 0 1 0 , normal to 1 0 0 . 

( c ) Pc twins are ft 100 , normal to 0 1 0 . 

(d) Note that i f the e x t e r n a l morphology of the g r a i n can be seen, 
even i f i t i s t r i c l i n i c , the s e c t i o n of the c r y s t a l as seen when c o r r e c t l y 
orientated and viewed from the same d i r e c t i o n as the X-ray beam, should 
approximate to a rectangle, s i n c e : 

ORTHOCLASE : oL = 9 0 ° ft « ll6°3' ft = 9 0 ° 

MICROCUNE: 89°19 f ft = l l S ^ O ' f = 92°10» 
ALBITE : 6 * 9k°31* ft * ll6°38« f = 87°l f 

(Values from Winchell, P t . 2 , 1946). 
I f , however, ' a 1 has by accident been s e t v e r t i c a l the angle w i l l 
then a l s o be v e r t i c a l and end view of the c r y s t a l w i l l not be a rectangle 
but w i l l deviate from 90° by 2 5 ° app. Since even sodic p e r t h i t e s tend 
to r e t a i n the e x t e r n a l monoclinic morphology of t h e i r higher temperature 
forms, t h i s can be a u s e f u l way of recognizing the c o r r e c t cleavage. 
(4) The g r a i n may now be mounted on the g l a s s f i b r e and s e t with 001(?) 
v e r t i c a l and 010(?) h o r i z o n t a l , by means of the microscope on the s i n g l e 
c r y s t a l camera. This may be done with considerable accuracy, so that 
i f a p i c t u r e i s now taken the general layout of a photograph s i m i l a r to 
those shown here and i n the l i t e r a t u r e should be obtained. I f so the 
c r y s t a l need only be s e t so that the zero l a y e r l i n e i s h o r i z o n t a l by 
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the normal A-ray s e t t i n g procedure. The most e a s i l y made mistake i n 
the process i s confusion of »af and 'b»; i f *a* has been set v e r t i c a l l y 
c l e a r layer l i n e s should be seen, a l l the spots being roughly i n layer 
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l i n e s without the groupings of spots on close, somewhat o f f s e t layer 
l i n e s commonly seen on photographs of c r y s t a l s i n the standard o r i e n t a ­
t i o n . I n such a case ( i . e . 'a1 v e r t . ) : 

2h^ s 11 .2 mm. app. 
2h£ • 23 .6 mm. app. 

and the c r y s t a l must be removed from the f i b r e and reset a t 90 to the 
o r i g i n a l p o s i t i o n . 

6) Detailed d e s c r i p t i o n of sin g l e c r y s t a l X-ray photographs. 
A series of reproductions of sin g l e c r y s t a l photographs are given 

together wi t h the i n d i v i d u a l descriptions below, and sketches of d e t a i l 
of c e r t a i n groups of r e f l e c t i o n s . 

313 ( F i g . 5-24, above). Coire S a i l , S I . 
Ab twinned Na-phase w i t h s i n g l e w e l l defined r e f l e c t i o n from a monoclines 
K-phase. There i s a c e r t a i n amount of ma t e r i a l i n a d i s o r i e n t a t e d 

y 
p o s i t i o n i n t h i s photograph, probably due to a small detached fragment 
l y i n g on the major cleavage fragment. 

311(B) ( F i g . 5 . 2 5 ) . Coire S a i l , S I . 
There i s s l i g h t s t r a i n d i s o r i e n t a t i o n i n t h i s photograph. A strong Ab > 
twinned Na-phase (AA) shows weak p e r i c l i n e t w i n r e f l e c t i o n s (PP) between 
the Ab twin r e f l e c t i o n s . These are i n the p o s i t i o n known as the 'M'' 
type r e l a t i o n by MacKenzie i n d i c a t i v e of exsolution as a monoclinic Na-
phase. The somewhat d i f f u s e p a i r of t r i c l i n i c K-phase r e f l e c t i o n s 
appear t o l i e o f f the row l i n e s - i . e . i n a 'diagonal a s s o c i a t i o n 1 . 

26 ( F i g . 5 . 2 5 ) . Central Area, S2. 
A strong p a i r of Ab twinned Na-phase r e f l e c t i o n s w i t h two diagonally 
associated K-phase r e f l e c t i o n s close t o the p o s i t i o n f o r Ab twinning. 

67d (Fig= 5 . 2 6 ) . Central Area S 3 . 
Considerable d i s o r i e n t a t i o n i s apparent i n t h i s photograph. Weak p e r i ­
c l i n e twinned r e f l e c t i o n s of the Na-phase i n the ,M ,-type association 
v i s i b l e between the stronger Ab twinned spots. The K-phase i s probably 
i n a diagonal association near Ab twinning. 

92 ( F i g . 5 . 2 6 ) . Zoned type. 
Shows extreme smearing along l i n e s of constant © i n d i c a t i n g 



Fig.5*24.HBLOW, 
Sketch showing the arrangement of unite of 

ide a l i z e d feldepar cleavage fragment, orientated f or single 
c r y s t a l o s c i l l a t i o n photograph, with the fb' axis v e r t i c a l 
and the X-ray beam p a r a l l e l to 'c* i n the centre of a 15° 

o s c i l l a t i o n . 

Figs* 5*24. (ABOVE),*- 5*25*»5»26, 
Reproductions of single c r y s t a l X-ray o s c i l l a t i o n photo­

graphs of f i v e L.Ailsh feldspars i n the standard orientation 
of Smith and Mackenzie. A key to the Interpretation of the 
groups of r e f l e c t i o n s i s sketched i n the come re of each example* 

At Albite twinned Fa-phase. 
Pt Perl©line twinned Ha-phaee* 
Ti T r i c l i n i c K-phase. 
Ms Honoolinlo K-phase* 

Detailed desorlptlonB are given i n the text* 
K.B. I t was found d i f f i c u l t to reproduce adequately the 
weaker r e f l e c t i o n s * and thus the K-phase r e f l e c t i o n s of 26* 
the K-phase and p e r i c l i n e twinned Ha-phaee of 311•» and the 
perlol l n e twinned Na-phase of67d have been touched into the 
reproductions i n ink* 
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d i s o r i e n t a t i o n i n t h i s case connected t o the deformation of t h i s 
p a r t i a l l y crushed rock. Very commonly seen, to a lesser degree, through* 
out L. A i l s h rocks* 

7) Heating Experiments. 
I n t r o d u c t i o n . 

Many d i f f e r e n t workers have experimented w i t h the behaviour of 
d i f f e r e n t feldspars on heating, t h e i r r e s u l t s at times apparently 
c o n f l i c t i n g . I t seemed worth while to t r y heating a number of the Loch 
A i l s h feldspars and determining t h e i r response t o d i f f e r e n t heating 
periods. The method could also provide a check on the wet analyses. 
Technique. 

The powdered samples were heated i n a tube furnace a t 1040°C ± 10°C 
i n small platinum c r u c i b l e s , open, standing i n l a r g e r outer platinum 
crucibles which allowed easy withdrawal of the sample a f t e r the required 
heating period. For the homogenization/time data the c r u c i b l e s were 
removed, a small sample taken out, and the remainder replaced. A con­
t r o l sample not subjected to t h i s succession of rapid quenchings but 
continuously heated f o r 15 hours gave 2 8 values c l o s e l y comparable 
t o a discontinuously heated specimen* No s p e c i a l precautions were 
taken t o ensure r a p i d quenching, the c r u c i b l e s being allowed t o cool to 
room temperature standing on an asbestos sheet, which they d i d i n a few 
minutes• 

X-ray d i f f r a c t o m e t e r charts were made as soon as possible a f t e r 
removing the powders from the oven. Smear mounts were used because 
of the small amount of m a t e r i a l a v a i l a b l e . 
Data. 

The f i g u r e s i n brackets i n table 5«9 are of d o u b t f u l accuracy or 
s i g n i f i c a n c e since they represent merely the most obvious peaks i n a 
d i f f u s e pair of r e f l e c t i o n s as the Sol r e f l e c t i o n s of the two phases 
become one. 

The form of the Sol peaks i s shown i n diagram 5«27* For some 
reason the mode of change from two t o one r e f l e c t i o n i s d i f f e r e n t i n 
specimen 170 from the more potassic specimens 66 and 216. I n the l a t t e r 
the Na-phase r e f l e c t i o n becomes smaller and eventually appears as a 
shoulder on the more intense K-phase peak at lower 28 . 170 on the 
other hand shows the opposite behaviour, the Na r e f l e c t i o n always being 



Table 5.9. 
Table of 26 (Sol F s p . M l O l KBrO,) at various 

heating times* 
Specimen: 170 66 216 
Time(hrs.) K Na 

Natural 0.80 1.83 
0.5 (1.31) (1.745) 
1.0 
2.0 (1.295) (1.765) 
4.0 1.685 
8.0 1.595 
15.0 - - 1.355 
25.0 1.600 - 1.415 
42.0 1.573 1.425 
66.0 1.59 1.435 
96.O 1.60 1.44 
132.0 - - 1.45 
1485.0 1.555 1.44 

Na K Na 

0.81 1.8* 0.80 1.83 
(1.10) (1.78) (1.33) (1.71) 
(1.23) (1.78) (1.24) (1.77) 
(1.25) (1.75) (1.29) (1.70) 
(1.32) (1.725) (1.315) (1.76) 
(1.35) (1.61) 1.33 

Specimen; 21b 24 
Natural 0.77 I.85 0.79 1.85 
1,485.0 1.49 1.48 



Change i n the form of the ? 0 l r e f l e c t i o n s of three 
feldspars a f t e r d i f f e r e n t periods of heating* 
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dominant. Diagram 5.28a shows the movement of the 201 r e f l e c t i o n 
against time and t h i s d i f f e r e n c e i n homogenization behaviour i s r e f l e c t e d 
i n the continuous p l o t of 201 of 170 from higher 26 values w h i l s t the 
201 spacing of 66 and 216 i s continuous from lower 26- values. 

The 201 spacing of homogenised feldspars o f f e r s a method of 
determining bulk composition, to which there are a number of uncertain­
t i e s attached. F i g . 5.28b shows the d i f f e r e n c e i n 2 © of the feldspar 
201 r e f l e c t i o n and 101 KBrO^ of four feldspars heated f o r two months 
a t 1040°C p l o t t e d against bulk composition as determined by flame photo­
metry. The l i n e determined f o r high temperature feldspars by Orvilie*; jj 
(1958) i s shown together w i t h the r e l a t i v e p o s i t i o n of 201 f o r a series 
of t r i c l i n i c potash r i c h feldspars i n t o which Na had been introduced 
by i o n exchange ( O r v i l l e , 1960). 26 201 f o r low a l b i t e i s also 
shown. F i t t o the l i n e f o r high feldspars i a r a t h e r poor (the X-ray 
values being about 5% high f o r NaAlSi^O^) but the f i t t o a l i n e f o r low j 
feldspars made by p r o j e c t i n g the ordered feldspar l i n e of O r v i l l e t o the' 
p o s i t i o n f o r low a l b i t e would be r a t h e r b e t t e r . * 

This underlines the c h i e f uncertainty of t h i s method f o r determina­
t i o n of bulk composition i n that the 201 spacing i s also dependent on the 
order-disorder of the A l - S i framework and between the composition/201 
curves f o r the most ordered and disordered forms there w i l l be an i n f i n i t e 
number of p o s s i b i l i t i e s . These cover a 5% compositional range. A 
lengthy period of heating does not necessarily imply t h a t the s t r u c t u r e 
i s f u l l y high - several workers report persistence of the low forms even 
a f t e r lengthy heating periods. (Hao, N e s b i t t , e t c . ) . I f the flame 
photometer analyses are correct i t would seem that the s t r u c t u r e s of 
these feldspars are not f u l l y high even a f t e r two months 1 heating on the 
basis of the 201 spacing. 

Evidence to the contrary seems to come from the form of the 
d l f f r a c t o m e t e r patterns at higher 2 6 angles. The change i n the form 
of the d i f f r a c t o m e t e r patterns between 20° and 32° are shown i n f i g . 5.29. 
Indexing was c a r r i e d out using the tables of Donnay and Donnay, 1952. 
They gave 2© values f o r high temp, feldspars of composition A b ^ O r ^ and 
Ab^Or^. The agreement w i t h t h e i r f i g u r e s i s good except f o r the r e f l e c ­
t i o n 13l which does not appear on the L. A i l a h t r a c e s . 

The compositions a v a i l a b l e i n the L. A i l s h analysed specimens range 
from Or to Or^ which encompasses the composition Or a t which 



ABOVEt Graph showing the rate of change of p o s i t i o n 
of the 201 r e f l e c t i o n s of three L.Aileh feldspars with d i f f e r e n t 
heating periods* 

BSLOWt (20 feldspar 5Dl)-(2OKBrO 3101) f o r fo«r 
feldspars heated f o r two months plotted against analyzed bulk 
composition* The l i n e s determined by O r v i l l e ( l 9 5 8 and 1960) 
are shown* 
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Change i n form of diffpaotometer patterns between 
20°and 32° 20 for two feldspars, 170 and 66, f a f t e r d i f f e r e n t 
heating periods* 
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disordered le&dspars (at room temperature) begin to deviate from 
monoclinic symmetry w i t h increasing Na content. MacKenzie (1952) used 
the s p l i t t i n g of the l l l / l l l doublet to trace the change i n composition 
of t h i s symmetry change wit h temperature and Donnay and Donnay (1952) 
give f i g u r e s f o r l l l / l l l at room temperature. 

I n f i g . 5.30 (above) the 111 and i l l r e f l e c t i o n s are shown f o r the 
four L. A i l e h feldspars heated f o r a long period. The development of a 
doublet as soda content increases i s c l e a r . Specimen 21b i s not r e ­
solved i n t o two r e f l e c t i o n s as i s specimen 24 which has very s i m i l a r 
composition. This may imply t h a t the chemical analysis i s i n e r r o r , 
although i t can be seen t h a t the peak has a r a t h e r lower height -
breadth r a t i o than specimen 66 which might suggest a small departure 
from monoclinic symmetry. The other specimens a l l show e x c e l l e n t agree­
ment w i t h Donnay and Donnay9s data shown i n f i g * 5.30 (below). This 
X-ray method appears to give values c o n s i s t e n t l y high i n Or (by 2% app. -
compare the 2 0 l method which gave values high i n Ab). The e f f e c t of 
the small amount of Ca i n the L. A l l a h specimens must be remembered, 
however. 

The observations of Schneider (1957) and Brown (1960) t h a t the d i s -
placive sanldine-anorthoclase transformation may not be s t r i c t l y non-
quenchable and t h a t p r otracted heating may allow the preservation of the 
high forms (e.g. monoclinic a l b i t e ) at room temperature are not apparent 
here, the composition at which the d i s p l a c i v e i n v e r s i o n occurs f i t t i n g 
w e l l t h a t established by MacKenzie and Donnay and Donnay w i t h i n the 
l i m i t e d amount of experimental work attempted by the w r i t e r . 

Discussion. 
The c o n f l i c t i n g evidence of two X-ray methods of determining bulk 

composition w i t h each other and w i t h the f i g u r e s determined by wet 
methods suggests that the X-ray techniques are poor s u b s t i t u t e s f o r flame 
photometer determinations of feldspar compositions. The d i f f e r i n g 
responses of feldspars to heat treatment and the long heating time neces­
sary before the X-ray patterns cease to change, coupled w i t h the compli­
c a t i o n discovered by Schneider a l l seem to make the X-ray methods 
unsuitable, although Schneider fs observations may not be so important i n 
p r a c t i c e since f i t w i t h n a t u r a l specimens and w i t h heated specimens such 
as t h i s small number of L. A i l s h specimens seems to be good as f a r as the 



ABOVEi Detail of the 111 and i l l r e f l e c t i o n ? of 
four feldspars heated at 104 ;° for two months together with 
t h e i r bulk compositions. 

BBLOWt 20 values of 111 and i l l r e f l e c t i o n s of the 
same four heated specimens plotted against composition and 
compared to the 20 values of Boimay and Donnay (1952) determined 
on a r t i f i o i a l specimens. 
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l l l / l l l r e f l e c t i o n s are concerned. 
The i n i t i a l r a t e of homogeni2ation aa seen by movement of ths 201 

r e f l e c t i o n s , i s high. The reason f o r the d i f f e r e n t behaviour of the 
201 r e f l e c t i o n s ( F i g . 5.27) i s not known. I t could be r e l a t e d to ths 
bulk composition i n which esse the change i n behaviour must come very 
close t o the composition ( O r ^ ) of the sanidine-anorthoclase d i s p l a c i v e 
transformation at room temperature, or to the top of the solvus or i t 
could be due to the i n i t i a l differences i n thermal states as shown by 
the nature of the K-phasea. Further experimental work i s c l e a r l y 
required• 
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Table 5,10, 

Data f o r f i g . ,..x0 (be low). 

Ponnay and Donnay (1952) Loch Ai l a h 

Ab# 111 2 0 111 Specimen 
% 

Ab+An 
2e 

111 111 
0 22,5 

20 22.57 
4o 22.70 
50 22.80 
60 22.92 66 61.5 22.935 -
65 22.94 21b 67.5 22.955 -
66 22.95 22.84 24 68 23.055 22.865 
70 23.17 22.84 170 73 23.17 22.87 
80 23.36 22.80 
90 23.54 22.84 
100 23.74 22.84 

On the diagram the i n c e p t i o n of t r i c l i n i c symmetry i s taken at Abgj, 
the f i g u r e determined by MacKenzie, and Donnay and Donnay's values i n 
t h i s region are omitted. 



Table .11. 
2 €> Values f o r Hê .• <: ^ ch A i l s h Feldspars. 

(Heated 1485 h r s . at 1040°C). 
(Compare wit h Donnay and Donnay, 1952)-

hkl 2 6 obs. q hkl 2 ^ obs. q 
2 oi 21.755 6 2oi 21.685 6 
111 22.87 2 i l l 22.865 2 
111 23.17 2 i n 23.055 
i3o^ 130 23.755 
200 I 23.7 to 24.25 3 200 to 3 
130. L3U 24.105 
221^ 25.54 1 221] 25.^35 1 
221 221 

r tb 112 , to 112 r tb 

l l 2 26.18 l lISi 26.075 1 

o4£< 040' 
202 27.625 0C2 \ 27.7 10+ 002 27.625 10+ 

220, 220 
\Zx 30.07 2 131 29.835 2 
041 | 30.55 3 041 30.075 2 
131j r 131 30.535 2 

Specimen 170 Specimen 24 

(Ab • An 73, Or 27) (Ab • An 68, Or 32) 



Table 5*11 c o n t . 

h k l 20 q h k l 20 q 

201 21.695 5 2oi 21.645 6 

H I . 
^ 22 .955 3 111 

130 
22.935 
23.7^ 

3 
3 

i5o< 
200 
130 

< 

23.76 and 
24.205 3 

200 
221' 
l l 2 < 

24.12 

| 25 .495 

3 

1? 

221} 25.^35 1 112 26.05 1? 
221 040 ' 
112 202 
1 1 2 . 26.1 < 1 002 [ 27.7k 10+ 
040^ 220 J 
202 1311 
002 

220 

t 27 .645 10+ 222 

041 

30 .15 
f t o 

30.65 

3 

131 30 .155 2 021 
041 

131? 
^ 30.585 

Specimen 21b Specimen 66 
(Ab • An 67, Or 33). (Ab • An 61.5, Or 3 8.5). 
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CHAPTER 6. 

GENERAL CONCLUSIONS. 

Contents: 

I n t r o d u c t i o n , 
Section 1. Structure of the mass. 

A) General considerations. 
B) Conclusions; discussion of cross sections. 

Section 2. Petrogenesis. 

a) Leuco-syenites. 

b) Basic a l k a l i n e types (Hybrids). 

c ) Ultrabasic rocks of Cathair Bhan. 

d) Sron Sgaile rocks. 
Section 3* Summary of igneous h i s t o r y and mode of emplacement. 

I n t r o d u c t i o n . 

I n t h i s chapter an attempt i s made to summarize the more important 

conclusions a r r i v e d at i n previous chapters and to present some s o r t of 

coherent p i c t u r e of the genesis and s t r u c t u r a l r e l a t i o n s h i p s of the roek 

types. There w i l l , of necessity, be a c e r t a i n amount of r e p e t i t i o n of 

points made i n previous chapters. 

Section 1. 

Structure of the Mass. 

A ) General considerations. 

I n t h i s section data from Chapters 2 and 3 must be brought together. 

The f o l l o w i n g generalizations can be made: 

(a) There are at least two generations of l e u c o c r a t i c s y e n i t e , and 

at t h e i r contacts the e a r l i e r (designated SI and S2) i s enclosed i n the 

l a t e r (S3) both as x e n o l i t h s , and, when broken down, as xenocrysts. 



This r e l a t i o n s h i p can be demonstrated around a l l the 81/2-S3 contacts. 

The l a t e r syenite also veins the e a r l i e r f o r a considerable distance 

from the contact. Occasionally large x e n o l i t h s of S l / 2 are held i n S3 

at a s u b s t a n t i a l distance from the main mass, and xenocryst bearing types 

of S3 make up a s u b s t a n t i a l area of the mass. 

(b) S3 always o v e r l i e s SI or S2, the former having a demonstrably 

domal form on S a i l an Ruathair North Top, and the l a t t e r also having an 

undulating top i n the R. Oykel-Black Rock Burn areas. 

(c) I n the southern part of the mass a zone of v a r i a b l e basic alka­

l i n e rocks occurs x e n o l i t h i c a l l y near the j u n c t i o n of S2 and S 3(see 

f i g . 2.13) and occurs i n diminishing amount downwards i n t o S2, and not 

up i n t o S3* The x e n o l i t h i c masses contain two generations of f e l d s p a t h i c 

veins. 

(d) The l a r g e l y xenocryst bearing S3 of the Metamorphic Burn contains 

frequent x e n o l i t h s of an undisturbed Cambrian succession from the Pipe 

Rock to some distance i n t o the limestone. Limestone x e n o l i t h s occur 

at numerous other l o c a l i t i e s i n Coire S a i l an Ruathair. They have also 

been found i n the Black Rock Burn. 

(e) The b i o t i t e - p y r o x e n i t e s and hornblendites exposed i n the A l l t 

Cathair Bhan area are a steeply i n c l i n e d sheet, veined by leuco-syenite 

and occur along the contact between syenite and Durness limestone. To 

the east the limestone i s metamorphosed t o c a l c - s i l i c a t e rocks e x a c t l y 

comparable w i t h those to the n o r t h , i n t o which f e l d s p a t h i c veins also 

extend. To the west, lenses of Cathair Bhan-type pyroxenitee are held 

i n the syenite. 

( f ) Within t h i s leuco-syenite-pyroxenite b e l t occur rocks l i k e those 

of the Sron Sgaile mass. This rock i s most basic i n i t s most e a s t e r l y 



and lowest extension, but has no large magnetic anomaly associated 

w i t h i t . 

(g) The a e l a n i t e bearing syenite i n the centre of the i n t r u s i o n 

c a r r i e s S2 xenocrysts i n p a r t , but i t s angular r e l a t i o n s h i p s to the 

surrounding syenites are obscure. 

(h) The broad contact r e l a t i o n s h i p of syenite t o country rock remains 

obscure. I n the Cathsir Bhan area the contact i s v e r t i c a l or steeply 

i n c l i n e d away from the i n t r u s i o n . On Sgonnan Beag i t appears to be 

p a r t i a l l y a thrusted contact, but may otherwise be steep. On the north 

side of Black Rock, the contact can be traced i n a general way down to the 

Oykel and i s roughly v e r t i c a l . On the opposite side of the v a l l e y , on 

the S a i l an Ruathair r i d g e , i t i s at a low angle. I n the Metamorphic 

Burn the syenite tongues i n t o sediment. I n general, however, i t seems 

th a t the i n t r u s i o n can best be represented by a simple, s t o c k - l i k e body, 

extending t o unknown depth. 

B) Conclusions; discussion of sections. 

On the basis of the considerations o u t l i n e d above two sections are 

appended t o Map 1 . Thrusts are omitted unless the presence of some 

d e f i n i t e s t r u c t u r a l feature has been established by the t h r u s t i n g . 

The basic a l k a l i n e types are seen t o form a discontinuous roof to 

the undulating surface of S2. The form of the melanite bearing body 

of the S. Top, S a i l an Ruathair, has been i n t e n t i o n a l l y l e f t obscure 

since the question of whether i t owes i t s melanite to processes t a k i n g 

place below (and thus could be a plug) or to contamination from above, 

i s not resolved• 

S I and S2 are shown i n forming a continuous mass a t depth; the 

feldspar data suggests t h a t they have tr u e d i f f e r e n c e s i n c o o l i n g h i s t o r y 

which may imply an i n t r u s i v e r e l a t i o n s h i p t o one another, but they could 



merely be d i f f e r e n t facies of the same i n t r u s i o n . 

S3 forms a comparatively t h i n sheet above Sl/2 but the depth t o 

the base of the e a r l i e r portions of the i n t r u s i o n cannot be predicted. 

The A l l t Cathair Bhan u l t r a b a s i c rocks are shown t o be a steeply 

i n c l i n e d or v e r t i c a l sheet veined by sye n i t e , extending t o the top of 

the q u a r t z i t e , although masses w i t h i n the syenite may have deeper bases 

i f stoping has occurred, and t h i s i s in d i c a t e d on Section AAf. 

Section 2. 

Petrogenesis. 

a) Leuco-syenites. 

L i t t l e t n a t has an observational basis can be added to previous 

ideas of the d e r i v a t i o n of the a l k a l i n e magma responsible f o r the main 

rocks of the i n t r u s i o n , or, f o r t h a t matter, the other a l k a l i n e masses 

of the N.W. Highlands. Any hypothesis p e r t a i n i n g t o the rocks of any 

one of these i n t r u s i o n s must take i n t o account r e l a t i o n s h i p s observed 

i n the other a l k a l i n e plutons, as w e l l as the extensive s u i t e of minor 

a l k a l i n e i n t r u s i o n s present throughout the d i s t r i c t . I t can hardly 

be doubted t h a t such a s u i t e of otherwise unusual rocks, of approximate 

l y the same age, had, i f not a common source a t depth, a t least c l o s e l y 

comparable environments f o r t h e i r development. 

The main leuco-syenites were intruded already d i f f e r e n t i a t e d i n t o 

two, i f not three, phases. I f the a s s i m i l a t i o n of limestone and conse 

quent d e s i l i c a t i o n of an acid magma type led t o tne a l k a l i n e nature o f 

the rocks, the process of a s s i m i l a t i o n has been s i n g u l a r l y complete 

and implies an elaborate system of c i r c u l a t i o n and d i f f e r e n t i a t i o n a t 

depth, t o give r i s e to the a l k a l i n e plutons and the very widespread 

a l k a l i n e dykes. 



The w r i t e r can thus only echo the statement of Pnemister (1926) 

t h a t : "the a l k a l i n e character of the Loch A i l s h mass i s o r i g i n a l and 

independent of i t s c o n t i g u i t y t o dolomite." No deductions can be made 

from the observed rocks of the probable petrogenic process at depth, 

except t o observe t h a t the vast bulk of the rock of the mass has a 

composition approximating to and trending towards the minimum melting 

composition i n the system KAlSiyD^-NaAlSi^O^. Since t h i s composition 

corresponds very c l o s e l y t o the bulk composition of the rock of the 

mass as a whole (the basic types being contaminated rocks) some s o r t of 

l i q u i d - c r y s t a l d i f f e r e n t i a t i o n process leading to a f e l d s p a t h i c residuum 

at the minimum of the a l k a l i feldspar system i s i m p l i e d * 

From the data obtained from the feldspars i t was deduced t h a t the 

f e l d s p a t h i c rocks must have been intruded at less than 2000 bars water 

vapour pressure (corresponding to a depth of about 7«5 kme.) and at 

more than #00°C. I f pressure remained constant throughout the c r y s t a l l i ­

z a t i o n i n t e r v a l the leuco-syenites must have begun c r y s t a l l i z a t i o n over 

a narrow range of temperature of about 50°C, S3 being the l a s t and 

lowest temperature type t o c r y s t a l l i z e . 

The evidence from the subsolvus v a r i a t i o n seen i n the feldspars 

i s t h a t S3 was wetter than S2 and i n t u r n S I . A l l rocks i n the 

apophysal Metamorphic Burn region show evidence f o r concentration of 

v o l a t i l e s . 

The feldspars present a problem i n themselves, however, since the 

Sl/2 feldspars incorporated i n S3 preserve the features they adopted 

during the cooling h i s t o r y of Sl/2 r a t h e r than adopting (as might be 

expected) the c r y s t a l s t r u c t u r e of the feldspars of the enclosing S3. 

The o r i g i n of the melanite i n some of the v a r i e t i e s of S3 remains 

obscure. There i s no doubt that melanite i s produced near x e n o l i t h i c 
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limestone i n the Metamorphic Burn area. The melanite of the South Top, 

S a i l an Ruathair, appears t o have only a s l i g h t l y d i f f e r e n t c e l l s i z e , 

but lacks the colour zoning of the Metamorphic Burn examples. I t i s 

also associated w i t h dark aegirine and sphene• 

The lack of colour zonation could be a t t r i b u t e d t o prolonged 

heating and thus homogenization of the types i n the massive sye n i t e . 

However, i f they had developed as a r e s u l t of contamination of the 

syenite by limestone m a t e r i a l the d i s t r i b u t i o n has been s i n g u l a r l y even, 

and there i s no si g n of concentration towards the top as might be ex­

pected i f the melanite was s i n k i n g i n t o the syenite from a roof of lime­

stone. The melanite at t h i s l o c a l i t y i s i n f a c t f u r t h e r from any signs 

of contamination than any other part of the mass, and represents the 

t h i c k e s t v e r t i c a l s e c t ion of syenite seen* 

Most of the evidence points t o the melanite having o r i g i n a t e d a t 

depth, but one cannot hazard a mechanism by which t h i s might have occurred, 

unless by analogy w i t h the development at limestone contacts, i t involves 

the presence of carbonatite a t depth. 

I f t h i s i s so then the pipe hypothesis of Phemister (1926) i s 

co r r e c t and i t could be a feeder f o r the whole of S2-. 

Most of the features of the p e r t h i t e s described are independent of 

the Caledonian deformation, but c e r t a i n s p e c i a l features can be ascribed 

to t h i s period of the h i s t o r y of the mass. Potassium metasomatism has 

been described i n crush b e l t s , 

b) Basic a l k a l i n e types (Hybrids). 

I n the Metamorphic Burn, rocks i d e n t i c a l w i t h the basic a l k a l i n e 

types occurring i n the R. Oykel are found and a l l stages between c a l c -

s i l i c a t e rocks obviously o r i g i n a t i n g from the metamorphism of limestone, 
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feldspathized d e r i v a t i v e s , and contaminated leuco-syenites are seen. 
The discovery of limestone xenolithe i n the Black Rock Burn a t the 

horizon of basic a l k a l i n e x e n o l i t h s lends support to the hypothesis that 

t h i s s u i t e of basic rocks represents a mixture of m a t e r i a l of s y e n i t i c 

and metamorphosed-limestone o r i g i n . 

The "synneusis" texture of Phemister (1926), r a t h e r than demonstrat­

ing the development of d i o p s i d i c c l o t s by a process of aggregation under 

surface tension f o r c e s , i l l u s t r a t e s stages i n the breakdown of the 

granular t e x t u r e so c h a r a c t e r i s t i c of diopside rocks o r i g i n a t i n g from 

the metamorphism of limestone. Certain c e l l dimensions of pyroxenes 

from both metamorphosed limestone and the basic types are i d e n t i c a l . 

The basic rocks i n the southern part of the mass were demonstrated 

to form a discontinuous roof zone on S2. They can now be seen t o 

represent the p a r t i a l l y assimilated remains of the contact metamorphic 

rocks produced when S2 was intruded i n t o the limestone, 

c) Ultrabasic rocks of Cathair Bhan, 

The u l t r a b s s i c mass of Cathair Bhan i s a steep sheet between syenite 

and limestone (the l a t t e r metamorphosed to diopside and f o r s t e r i t e 

marbles). Two p o s s i b i l i t i e s e x i s t ; e i t h e r i t i s an I n t r u s i v e dyke or 

i t i s a skarn assemblage. 

The l a t t e r i s undoubtedly suggested by the s t r u c t u r a l s e t t i n g , the 

way the u l t r a b s s i c rocks f o l l o w exactly the syenite-limestone boundary 

and the presence of u l t r a b a s i c pods w i t h i n the leuco-syenites. 

Diagram 4.13 i l l u s t r a t e s t h a t chemically i t s composition l i e s rather 

close to that of an impure dolomite from the Fucoid Bed. Adoption of 

a l k a l i s , alumina and i r o n i s required to develop the present composition. 

A l l these constituents could be contributed by the i n t r u s i o n . 
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I f i t i s an i n t r u s i v e mass i t has no a f f i n i t i e s whatever w i t h 

other rocks of the i n t r u s i o n since the hybrid o r i g i n of the basic xeno­

l i t h s has been demonstrated. I t i s unclear which syenite i s i n contact 

w i t h the u l t r a b a s i c sheet, but at least i n part i t appears to be S1/S2. 

The u l t r a b a s i c rocks would thus be the e a r l i e s t phase of the i n t r u s i o n . 

I t thus seems u n l i k e l y t h a t the massive leuco-syenite should have been 

in t r u d e d only to the w. of the sheet, and t h a t only f e l d s p a t h i c veins 

extend through the sheet and i n t o the limestone. 

I t appears therefore t h a t both the s t r u c t u r a l and chemical evidence 

points t o these rocks as being a r e a c t i o n skarn w a l l i n g the syenite at 

i t s steep contact w i t h limestone. Perhaps the d i f f e r e n t nature of the 

A l l t Cathair Bhitn rocks and the basic hybrid types i s r e l a t e d t o the 

w a l l i n g r e l a t i o n s h i p of the former and the r o o f i n g r e l a t i o n s h i p of 

the l a t t e r , 

d) Sron Sgaile rocks. 

These rocks are believed to represent a facies of the hybrids 

intermediate both s p a t i a l l y and m i n e r a l o g i c a l l y between the Cathair Bhan 

types and the Oykel - Black Rock Burn types. The pyroxene r i c h part of 

the Sron Sgaile mass i s i t s lowest and most ea s t e r l y extension, but the 

absence of a large magnetic anomaly shows t h a t the Cathair Bhan types 

do not connect w i t h i t . I t must be observed that the Srfcn Sgaile rocks 

l i e at the l e v e l of limestone mnoliths i n SI which outcrop to the west. 

Section 3* 

Summary of the Igneous History of the Mass. 
1) Development by an undefined process at depth of a very f e l d s p a t h i c 

magma, and d i f f e r e n t i a t i o n i n t o a somewhat more sodic and mafic phase 
(Sl/2) and a somewhat more potassic and u l t r a - l e u c o c r a t i c phase (S3). 

2) I n t r u s i o n of SI and S2, e i t h e r representing d i f f e r e n t f a c i e s of 
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a s i n g l e i n t r u s i o n or two i n t r u s i o n s w i t h S I presumably the e a r l i e r * 

The i n t r u s i o n took place upwards i n t o the lower part of the Durness 

limestone only, and limestone fragments are held as x e n o l i t h s i n both 

rocks. Contamination of syenite w i t h c a l c - s i l i c a t e m a t e r i a l near the 

top of the i n t r u s i o n produced intermediate and basic h y b r i d rocks. A 

t h i c k r e a c t i o n skarn was produced along the eastern margin of the 

i n t r u s i o n * 

3) A l a t e phase of t h i s i n t r u s i o n produced the e a r l y v e i n l e t s 

observed i n the Oykel and Black Rock Burn h y b r i d rocks* 

4 ) I n t r u s i o n , l a r g e l y r o o f i n g Sl/2, of the exceedingly leucocratic 

d i f f e r e n t i a t e , S3* This veined SI and 32, and caught up x e n o l i t h s , 

sometimes as s u b s t a n t i a l screens, and xenocrysts, from the e a r l i e r rocks* 

Limestone x e n o l i t h s and r e s u l t a n t h y b r i d types were incorporated* The 

S3 m a t e r i a l , o f t e n w i t h considerable xenocrystic Sl-2 material,veined 

the p r e - e x i s t i n g hybrids of the Black Rock and R* Oykel, and also the 

u l t r a b a s i c Cathair Bhan rocks* 

I t i s possible t h a t the l a t e s t part of the S3 i n t r u s i o n contained 

melanite developed at depth, and i f t h i s i s the case the S3 i n t r u s i o n 

was l a r g e l y i n j e c t e d through a pipe below the South Top, S a i l an Ruathalr* 

5) I n j e c t i o n of minor i n t r u s i o n s (not described; some may pre­

date 33). 

6) I n j e c t i o n of quartz veins* 

7) Potash metasomatism along crush b e l t s during or subsequent t o the 
Caledonian orogeny. 

Mode of emplacement and form of the body. 
I t w i l l be seen from Map 1 th a t there i s a tendency, both i n Coire 

S a i l an Ruathair and i n the Black Rock Burn f o r limestone x e n o l i t h s to be 
held at topographic l e v e l s w e l l below outcrops of q u a r t z i t e on the 



Z36 

surrounding h i l l s . I t suggests t h a t stoping took place and th a t 

x e n o l i t h s were able t o sink i n t o the i n t r u d i n g magma. 

The r e l a t i o n s h i p of S3 to Sl/2 suggests t h a t i t was intruded as a 

sheet between SI and S2 and the present top of the i n t r u s i o n . The 

Metamorphic burn a r e a may be near t o the roof of the i n t r u s i o n . 

No data can be suggested as to the depth of the base of S1/S2, since 

the geophysical data are not c r i t i c a l enough to allow an estimate of 

depth to base beyond very shallow depths and i n any casejit would be ex­

pected t h a t the magnetic skarn rocks would have t h e i r base at the top of 

the q u a r t z i t e and would not extend to the base of tne i n t r u s i o n . The 

p o s s i b i l i t y t h a t the base of the A l l t Cathair Bhan u l t r a b a s i c rocks i s 

nearer the surface at t h e i r southern end was mentioned i n Chapter 3t 

s e c t i o n 3« 

Although a s t o c k - l i k e mass has been postulated t h i s i s l a r g e l y on 

the grounds t h a t some contacts appear to be steep, and no suggestion of 

a base i s ever seen. A shallow c y l i n d r i c a l form cannot be discounted. 
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