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NOTE. 

The t e x t i n t h i s t h e s i s i s s p l i t i n t o chapters, with 

each chapter a l s o subdivided f o r ease of reference. 

Each f i g u r e , p l a t e and t a b l e i s numbered according to 

chapter i e . F i g u r e 1.1 being the f i r s t Figure i n 

Chapter 1. Anything p r e f i x e d by the l e t t e r 'A' i n d i c a t e s 

the p a r t i c u l a r item occurs i n the appendix. A l l f i g u r e s 

p l a t e s and t a b l e s occur at the end of each r e l e v a n t 

chapter, EXCEPT F i g u r e 2 and F i g u r e 6.1 which w i l l be 

found i n a pocket on the i n s i d e back cover. 

N.J.S. Sept. 1987 
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'The Age and S t r u c t u r a l S e t t i n g of Limestone and B a s a l t 

on the Main Ring F a u l t i n South-east Rhum, Inner Hebrides, 

Scotland'. 

By 

Nicholas John Smith B.Sc. Hons. (Dunelm): 

Being a t h e s i s submitted f o r the degree of Master of Science 

within the U n i v e r s i t y of Durham. September 1987. 

ABSTRACT. 

In south-east Rhum a Mesozoic/Tertiary sequence i s 
preserved as a f a u l t bounded/rotated wedge. T h i s i s 
juxtaposed between Precambrian rocks ( T o r r i d o n i a n 
sediments and Lew i s i a n G n e i s s ) and caught up i n the 
complex s t r u c t u r e of the Main Ring F a u l t (MRF). The 
MRF shows three d i s t i n c t phases of movement, each one 
along a d i f f e r e n t s u b - p a r a l l e l component f r a c t u r e ; i ) 
the Outer Ring F a u l t (ORF), i i ) the Centre Ring F a u l t 
(CRF), i i i ) the Inner Ring F a u l t ( I R F ) , Smith (1985). 

The Mesozoic rocks comprise f o s s i i i f e r o u s limestone, 
sandstone and sh a l e , which show d i f f e r i n g degrees 
of thermal metamorphism depending on their proximity 
to the U l t r a b a s i c Complex. On a b a s i s of fa u n a l and 
l i t h o l o g i c a l evidence the Mesozoic sediments have 
been c o r r e l a t e d with the Lower L i a s s i c , 'Broadford 
Beds', of Skye. The Rhum. J u r a s s i c sediments are 
o v e r l a i n by a sequence of sheared T e r t i a r y 
amygdaloidal l a v a s , the contact between them 
probably representing the o r i g i n a l landscape 
unconformity. These l a v a s have been s u c c e s s f u l l y 
c o r r e l a t e d by geochemistry with plateau l a v a s found 
on the adjacent i s l a n d of Eigg, and provide 
evidence for a once extensive l a v a f i e l d extending 
over Rhum p r i o r to the emplacement of the pos t u l a t e d 
Rhum Caldera. 

The presence of these f a u l t bounded l i t h o l o g i e s 
provides c r u c i a l evidence for a major phase of c e n t r a l 
subsidence during the e a r l y t e c t o n i c h i s t o r y of the 
Rhum Volcanic Centre. 

Reference. 

Smith N.J. 1985. The Age and S t r u c t u r a l s e t t i n g of Lime
stones and b a s a l t s on the Main Ring F a u l t i n 
south-east Rhum. Geological Magazine V.122 
pages 435" - 439. 
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Prefaoe 
"Although the rough and dangerous shores, 
the traokless surfaoe, and the perennial 
r a i n of t h i s Island are repulsive to the 
general t r a v e l l e r , the geologist w i l l here 
meet with appearances of such i n t e r e s t , 
as to induce him to brave i t s tempests 
and to defy the t o i l which he must 
encounter i n i t s investigation...." 

John MacCullooh (1819) 

From: 'A Description of the Western I s l e s of 
Scotland' 
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l . a Regional S e t t i n g of the Rhum Centre 

The Rhum C e n t r a l Complex l i e s some 15 km south-west of 

the C e n t r a l Complex of Skye and 20 km and 50 km north-west 

of the Ardnamurchan and Mull Centres r e s p e c t i v e l y . The 

aforementioned c e n t r e s a l l outcrop above sea l e v e l , the 

Blackstones C e n t r e (c.100 km south-east of Rhum) however, 
I t 

i s a submarine c e n t r e and^described by Durant et a l 

(1976). The Blackstones Centre has the highest Bouguer 

g r a v i t y anomaly of any of the western S c o t t i s h T e r t i a r y 

c e n t r e s ( F i g u r e 1.1). Rhum shows the highest g r a v i t y 

anomaly of the exposed centres. C o l l e c t i v e l y a l l the 

T e r t i a r y c e n t r e s of western Scotland and I r e l a n d form 

what i s c a l l e d the B r i t i s h T e r t i a r y V o l c a n i c Province 

(BTVP). 

Rhum l i e s a s t r i d e a north-north-east trending ridge of 

Precambrian s t r a t a c o n s i s t i n g of a basement of Lew i s i a n 

Gneiss o v e r l a i n by Torridonian sediments. To both e a s t and 

west Rhum i s flanked by Mesozoic basins; to the eas t by the 

Hebrides b a s i n and to the west by the Minch ba s i n . The 

Hebrides b a s i n extends under Eigg and Muck and northwards to 

southern Skye (the S t r a t h a i r d Peninsula) but i s separated 

from Rhum by the north-north-east - south-south-west 

trending Camasunary - Skerryvore f a u l t (Binns e t a l 

197 i , f i g u r e 2) . The Minch b a s i n extends westwards from 

Rhum (probably under Canna but see Section 3.d) u n t i l the 

Minch f a u l t i s encountered. The Minch b a s i n i s seen to 

to j u s t l a p onto the the north-western part of Rhum at 

Monadh Dubh, here a t h i n T r i a s s i c s u c c e s s i o n ( c a l c r e t e s , 

g r i t s and sandstone) i s draped over Torridonian s t r a t a . 



By analogy with southern Skye a t h i n s u c c e s s i o n of Lower 

L i a s s t r a t a ( S e c t i o n 3.d) must have covered Rhum i n a 

s i m i l a r way to t h a t now seen at S t r a t h a i r d on Skye (Fi g u r e 

3.3) and a l s o l y i n g to the west of the Camasunary -

Skerryvore f a u l t . Sedimentation i n these e x t e n s i v e 

submarine b a s i n s appears c o n t r o l l e d by the major north -

south trending f a u l t s (Minch, Camasunary, and l o c a l l y on 

Rhum the Long Loch F a u l t (LLF) ) . On Rhum however i t was 

not j u s t sedimentation that was a f f e c t e d by the LLF i t 

may have played a r o l e during emplacement of the l a t e r 

members of the C e n t r a l S e r i e s of the Layered U l t r a b a s i c 

Complex (McClurg 1982, Volker 1983). 

l . b A B r i e f H i s t o r y of the Rhum Pluton. 

The Rhum V o l c a n i c Centre i s not t o t a l l y confined to the 

U l t r a b a s i c pluton (although these rocks are v o l u m e t r i c a l l y 

the most important) but has undergone a very complex 

h i s t o r y . T h i s h i s t o r y has involved an e a r l y p l a t e a u l a v a 

episode, dyke i n j e c t i o n , a c i d and exp l o s i v e magmatism, 

emplacement of the U l t r a b a s i c mass, and a f i n a l waning 

stage of b a s i c magmatism. The geo l o g i c a l h i s t o r y i s 

summarised by Dunham and Emeleus (1967) and Emeleus and 

F o r s t e r (1979). 

The e v o l u t i o n of the Complex can be b a s i c a l l y broken 

down i n t o 3 d i s t i n c t phases (Emeleus e t a l . 1985. See 

Appendix 4) but i t i s the events of Stage 1 which r e l a t e 

most d i r e c t l y to south-east Rhum, consequently i t i s with 

t h i s e a r l y h i s t o r y t h at t h i s t h e s i s i s p r i m a r i l y 

concerned. The most important features of each Stage are 

l a i d out below. 



4 
l . b . i Stage 1 
I n essence t h i s i n v o l v e s emplacement of the e a r l y a c i d 

members, the Western Granophyre and p o r p h y r i t i c f e l s i t e , 

producing doming and the eventual formation of an arcua t e 

r i n g f r a c t u r e , the Main Ring F a u l t (MRF). T h i s was 

accompanied by de-gassing of a c i d magma and the formation 

of a c a l d e r a , p o s s i b l y followed by a period of resurgent 

u p l i f t . T his part of the h i s t o r y i s d e a l t with i n d e t a i l 

i n Chapter 6. 

l . b . i i Stage 2 

Stage 2 (Emeleus et a l 1985) i n v o l v e s the emplacement of 

the U l t r a b a s i c magma to the high s t r u c t u r a l l e v e l s i t now 

occupies. O r i g i n a l l y Wager and Brown (1968) proposed t h a t the 

U l t r a b a s i c s were emplaced as an e s s e n t i a l l y s o l i d body, with 

the margins of the body l u b r i c a t e d by b a s a l t i c magma,/the 

marginal gabbro. I t was thought necessary to invoke such 

a s o l i d emplacement mechanism d,ue to the f a c t t h a t 

l a y e r i n g of the body continues almost up to the contact 

with the country rocks. The i d e a of emplacing an 

e s s e n t i a l l y s o l i d plug of very dense (c.3.0 g/cm 3) rock, 

which on geophysical evidence ( M c Q u i l l i n and Tuson 1963) 

probably extends down to 15 km i n t o basement L e w i s i a n 

Gneiss of density c. 2.8 g/cmS ( a t 11 km) with t h i s 

U l t r a b a s i c plug moving UPWARDS presented some r a t h e r 

fundamental p h y s i c a l problems. 

I f on the other hand ( a s now thought probable - see 

Chapter 6) the emplaced body was e s s e n t i a l l y l i q u i d , 

and d e r i v e d by say f r a c t i o n a t i n g a model p i c r i t e (Cox 1980) 

or a magnesium r i c h o l i v i n e t h o l e i i t e (Thompson 1982) ( a s 

has been postulated for generating the u l t r a b a s i c mass 



beneath the Mull Centre - Bott and Tantrigoda, (1987) 

then the d e n s i t y c o n t r o l s ( F i g u r e 6.1) are more than 

s u f f i c i e n t to allow for emplacement by d i a p i r i c u p r i s e of 

the U l t r a b a s i c mass i n the d u c t i l e lower c r u s t (>12 km) and 

by f o r c e f u l emplacement ( f r a c t u r i n g and stoping) i n the 

cool e r more b r i t t l e upper c r u s t (4 - 12 km). 

1 . b . i i i Stage 3 

T h i s i n v o l v e d l a t e emplacement of evolved b a s i c l a v a s 

( i c e l a n d i t e , hawaiite and mugearite) i n north-west 

Rhum - Emeleus 1987. 

l . c South-east Rhum - D e s c r i p t i o n of F i e l d Area. 

The a r e a d e a l t with i n t h i s t h e s i s l i e s i n the south

e a s t corner of the I s l e of Rhum and c e n t r e s around the v a l l e y 

of the A l l t nam Ba, (NM 406 943). The area (of some 4.5 km*") 

extends from the sea c l i f f s i n the e a s t to the summit of 

Beinn nan Stac i n the west; and from Welshman's Rock (NM 417 

947) southwards to the D i b i d i l v a l l e y ( F i g u r e 2 ) . 

The geology of the area described above i s dominated by 

the arcuate bounding Main Ring F a u l t (MRF) ( B a i l e y 1945). 

I n the south-east the MRF i s a s e r i e s of s u b - p a r a l l e l 

f r a c t u r e s whereas elsewhere on Rhum i t i s only a 'simple' 

s i n g l e component f r a c t u r e . For the sake of c l a r i t y a new 

nomenclature f o r the MRF i n south-east Rhum has been 

proposed (Smith 1985. See Appendix 3 ) . A summary of t h i s 

terminology i s as follows:-

Outer Ring F a u l t (ORF) - Eastern-most arcuate f a u l t 

Centre Ring f a u l t (CRF) - C e n t r a l f a u l t , separating 
sheared b a s a l t s from 
f e l s i t e s and Gneiss. 



Inner Ring F a u l t ( I R F ) - Inner-most low angle r e v e r s e d 
f a u l t b r i n g i n g T o r r i d o n i a n 
a g a i n s t , and over, 
J u r a s s i c sediments and 
sheared l a v a s . 

T h i s new nomenclature w i l l be used throughout t h i s t h e s i s , 

a more i n depth study of the f a u l t i t s e l f comprises Chapter 

5. 

South-east Rhum shows a number of l i t h o l o g i e s which are 

unique on Rhum - the sheared T e r t i a r y l a v a s and 

the Mesozoic ( J u r a s s i c ) sediments. 

P r i o r to t h i s study sheared l a v a s had been noted (Emeleus 

and F o r s t e r 1979) but t h e i r extent has been r a t h e r i n c r e a s e d 

during recent mapping ( c f Figure 2 with op c i t . f i g 5 ) . 

These l a v a s are d e a l t with comprehensively i n Chapter 4. 

The J u r a s s i c sediments were thought to be r e s t r i c t e d to 

hig h l y r e - c r y s t a l l i s e d limestone from immediately south 

of A l l t nam Ba - Duham and Emeleus (1967), and found to 

be f o s s i l i f e r o u s by Dr G. Farr.ow . Limestone containing 

the mineral t i l l e y i t e was described by Hughes (1960b) 

a l s o from A l l t nam Ba, he did not however d i s c o v e r any 

f o s s i l s and consequently assigned i t to the L e w i s i a n (see 

Chapter 3 ) . Hughes' noted that G e i k i e (1897) had found 

limestone 'on the northern slopes o$ Glen D i b i d i l ' and 

assumed that h i s limestone with t i l l e y i t e was th a t of 

Geikie . However, the author has r e c e n t l y d i s c o v e r e d the 

true 'Geikie limestone', which i s shown on F i g u r e 2, and 

i s indeed on the northern slopes of Glen D i b i d i l . Figure 

2 a l s o shows the, extent of two new J u r a s s i c l i t h o l o g i e s -

f o s s i l i f e r o u s sandstone and shale, which have y i e l d e d 

f o s s i l m a t e r i a l allowing for dating of the J u r a s s i c 

sediments to be made (Chapter 3 ) . 



Figure 1.1 BouguerAnomaly Gravity Map 
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Chapter 2 

L i t h o l o g i e s of South-east Rhum 

2.a - I n t r o d u c t i o n . 

2.b - L e wisian Gneiss 

2.c - Torridonian sediments 

2.d - Mesozoic sediments 

2.e - Amygdaloidal b a s a l t s (Sheared w i t h i n MRF) 

2.f - P o r p h y r i t i c f e l s i t e and explosion b r e c c i a 

2.g - Hybrid rocks 

2.h - U l t r a b a s i c s - The E a s t e r n Layered S e r i e s (ELS) 

Figures, P l a t e s and Tables 



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

With the exception of the 'western granophyre' a l l the 

major rock types found on Rhum outcrop to some extent i n the 

south-east, ( F i g u r e 2.1). These major l i t h o l o g i e s are 

d e t a i l e d i n s t r a t i g r a p h i c order i n t h i s chapter and shown on 

(Figure Z ) Only a b r i e f introducion i s made to the Mesozoic 

sediments and sheared T e r t i a r y l a v a s w i t h i n the MRF, as 

these are l i t h o l o g i e s unique to south-east Rhum, they are 

de a l t with f u l l y i n Chapters 3 and 4 r e s p e c t i v e l y . 

2.b Le w i s i a n Gneiss 

Harker (1908a), i n h i s memoir on the Small I s l e s , 

i n t e r p r e t e d a l l Rhum "gneisses" as 'the i n v a s i o n of 

T e r t i a r y u l t r a b a s i c and b a s i c rocks by a c i d i c magma'. 

Thi s i n t e r p r e t a t i o n was not, however, widely accepted and 

T i l l e y (1944) r e - i n s t a t e d Rhum gne i s s e s to the Lew i s i a n . 

I n the south-east the Lewisian s t r a t a are confined to a 

small "whaleback" l i k e outcrop (NM.404 905) ( P l a t e 2.1 and 

Figure 2 ) , t o t a l l y bounded by the Outer and Centre r i n g 

f a u l t s . T his gneiss forms a f a u l t e d i n l i e r between younger 

Torridonian to the east , and T e r t i a r y l a v a to the west. I t 

i s c h a r a c t e r i s e d by la r g e s c a l e " g n e i s s i c " f o l i a t i o n ( P l a t e 

2.1a) which, although showing minor deformation, has a 
o 

general trend of c. 340. T h i s gneiss resembles other 

Lewisian rocks on Rhum, e s p e c i a l l y those d e s c r i b e d from the 

"Southern Mountains Complex" - SMC. 

I n t h i n s e c t i o n the gneiss i s seen to be composed 

predominantly of quartz, f e l d s p a r , b i o t i t e and hornblende 

i n varying proportions, with a l t e r n a t i o n of f e l s i c and 
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mafic components producing the t y p i c a l l y f o l i a t e d nature 

e x h i b i t e d by these r o c k s . 

Both a l k a l i and p l a g i o c l a s e f e l d s p a r occur. The a l k a l i 

f e l s p a r i s t y p i c a l l y m i c r o c l i n e e x h i b i t i n g poor 

cross-hatched twinning, with the p l a g i o c l a s e the more 

s o d i c member a l b i t e . Both types of f e l d s p a r are 

e x t e n s i v e l y a l t e r e d (predominantly to s e r i c i t e ) although 

some r e l i c t m i c r o p e r t h i t i c s t r u c t u r e s are s t i l l 

observed. 

Quartz remains g e n e r a l l y unaltered, but does show some 

evidence of s t r a i n e d e x t i n c t i o n . R e l a t i v ^ y unaltered 

quartz often forms cores to h i g h l y s e r i c i t i z e d f e l d s p a r s , 

as w e l l as forming d i s c r e t e granular aggregates and 

c r y s t a l s . Quartz and f e l d s p a r form the l e u c o c r a t i c 

components of the g n e i s s . The gneisses show d i s t i n c t 

f o l i a t i o n s on both a centimetre and metre s c a l e . 

The mafic components show very high degrees of a l t e r a t i o n , 

c h l o r i t e i s the predominant a l t e r a t i o n product but patches 

of oxide minerals (haematite) are a l s o present. Where the 

o r i g i n a l mafic minerals are d i s c e r n a b l e they are b i o t i t e and 

hornblende. Small high r e l i e f , moderate b i r e f r i n g e n t 

z i r c o n s occur as the only accessory mineral. P l a t e s 2.2 and 

2.3 are photomicrographs of t y p i c a l samples of the Lewisian 

g n e i s s . 

The extent of a l t e r a t i o n i n the gneisses i s i n no small 

way enhanced by a degree of thermal overprinting. This 

phenomenon i s manifest by somewhat embayed margins to the 

f e l d s p a r s and the development of patches of granophyric 

t e x t u r e ( P l a t e 2.4) Granophyric t e x t u r e has been described 

i n g n e i s s e s elsewhere on Rhum, T i l l e y , (1944) i n the 
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gneisses capping the summit of Ard Nev i n western Rhum. 
Th i s feature i s a s c r i b e d by T i l l e y to melting by 
underlying granophyre. T h i s may w e l l have been the case f o r 
the Ard Nev gne i s s , however, other gneisses on Rhum show 
t h i s texture, and are not a s s o c i a t e d with underlying 
granophyre. L e w i s i a n g n e i s s caught up i n otherwise 
t o t a l l y u n altered e x p l o s i o n b r e c c i a e x h i b i t s s i m i l a r high 
temperature f e a t u r e s (see Emeleus et a l 1985). Therefore, 
i t seems necessary to invoke an e a r l y high temperature 
thermal event p r i o r to emplacement of the u l t r a b a s i c mass. 
I m p l i c a t i o n s of t h i s f e a t u r e are d i s c u s s e d f u r t h e r i n 
Chapter 6. 

In conclusion the Lew i s i a n i n l i e r r e p r esents the olde s t 

s t r a t a caught up i n the MRF i n south-east Rhum. The 

s t r u c t u r a l p o s i t i o n i t now occupies i n d i c a t e s t h a t upward 

movement of the order of 2.5 km,on the ORF, i s r e q u i r e d to 

bring the gneiss i n t o contact w,ith the Bagh na h-Uamha shale 

members to the eas t of the f a u l t . A s i m i l a r downward 

displacement ( c . 2km) on the CRF i s required to juxtapose 

the gneiss against T e r t i a r y l a v a s to the west ( F i g u r e 2 ) . 

D e t a i l e d d e s c r i p t i o n s of the f a u l t s and f a u l t movements 

are dealt with i n Chapters 5 and 6 (see a l s o 

Smith (1985), and Emeleus, Wadsworth and Smith. ( 1 9 8 5 ) ) . 

2.c Torridonian sediments 

Precambrian ( T o r r i d o n i a n ) sediments form the country 

rocks i n t o which the Rhum v o l c a n i c centre was emplaced. 

These sediments have, l i k e the Lewisian gneiss, a l s o become 

involved i n the movements on the bounding r i n g f r a c t u r e s . 

For example, i n Coire Dubh, on the northern margin of the 
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complex ( F i g u r e 2.1), b a s a l Torridonian mic^o-conglomerate 
( B a s a l C j r i t ? ) i s brought up i n s i d e the MRF (Dunham 1962, 
Emeleus 1980). 

I n the west and south-west there are no T o r r i d o n i a n rocks 

outcropping at sea l e v e l . Offshore however T o r r i d o n i a n 

rocks are once again i n f e r r e d , found margining the submarine 

por t i o n of the U l t r a b a s i c Complex (Binns e t a l . 1974, 

f i g u r e 2 ) . 

To the north of Kin l o c h Glen the Tor r i d o n i a n sediments 

are best exposed, here they are gently dipping ( c . 15 to 25 

degrees west) and comprise a s u c c e s s i o n of g r i t s and 

arkoses which form a d i s t i c t i v e bench and scar p 

topography ( P l a t e 2.5). Working eastwards, because of 

the r e g i o n a l dip of the r o c k s , s u c c e s s i v e l y older s t r a t a 

are encountered. The b a s a l Torridonian u n i t outside the 

MRF i s a t h i c k ( c . 430m) predominantly s h a l e y u n i t - the 

Bagh na Uamha shale . The tr u e b a s a l Torridonian ( b a s a l 

< j r i t ) i s only ever found i n s i d e the MRF (see Emeleus 
c 

1980). The f u l l Rhum Torridonian sugfession has 

p r e v i o u s l y been d i v i d e d i n t o f i v e u n i t s , by Black and 

Welsh (1961), minimum t h i c k n e s s e s a r e : -

L o c a l Unit 
name 

Thickness 
(metres) 

C o r r e l a t i o n with 
Skye 

(Stewart, 1966) 

G u i r d i l Arkose - 1830 

Loch nan E a l a Arkose - 850 > Applecross Group 

Rudha na Roinne G r i t - 1220 

Bagh na Uamha Shale - 430 i 

B a sal G r i t - 90 
(430m-Dunham 1962) 

Diabig Group 

T o t a l t h i c k n e s s 4420 

Table 2.1 
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Table 2.1 shows the c h a r a c t e r i s t i c l i t h o l o g i c a l f e a t u r e s 

of each of the l o c a l u n i t s . 

I n south-east Rhum i t i s the Bagh na Uamha Shale which 

forms the bulk of the country rock ( F i g u r e 2 ) . The s h a l e 

extends from the sea c l i f f s of Sgeir a Mhaim Ard and Stac 

nam Faoileann westwards, almost to the summit of Beinn nan 

Stac . The above d e s c r i p t i o n gives a r a t h e r f a l s e 

impression as to the true t h i c k n e s s of the Torridonian 

s t r a t a , the reason i s t h a t the MRF int e r v e n e s and brings 

lower Torridonian u n i t s to high s t r u c t u r a l l e v e l s to the 

west of the f a u l t . 

Four f e a t u r e s of the s h a l e i n south-east Rhum are 

important: 

i ) Sandstones, which form subordinate l a y e r s 

low i n the shale sequence. become predominant 

as the boundary with the. Outer Ring F a u l t i s 

approached (see Emeleus 1980) 

i i ) The d i p of the bedding steepens markedly 

towards the MRF (see Smith, 1985, f i g u r e 3) 
o o 

from 4 west at sea l e v e l to c. 60 west 

against the ORF. 

i i i ) The degree of in d u r a t i o n i n c r e a s e s 

towards the MRF zone. 

i v ) The Torridonian to the west of the IRF i s 

more hi g h l y deformed than that to the east of 

the f a u l t . 

The f i r s t point i s made to emphasise that s t r a t i g r a p i c a l l y 
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high members of the Bagh na Uamha Shale, p l u s the lower 
members of the Rudha na Roinne G r i t , outcrop to the e a s t of 
the ORF, whereas to the west of t h i s f a u l t and a l s o the IRF, 
lower members of the T o r r i d o n i a n are present ( i n c l u d i n g 
Basal G r i t ) . T h i s must i n d i c a t e t h a t aggregate displacement 
w i t h i n the r i n g f a u l t was upward. 

The second point concerns the dip of the beds to the 

east of the ORF ( s e e Smith 1985, f i g u r e 3 ) . I f the 

aggregate displacement w i t h i n the Main Ring F a u l t zone 

i s indeed upward then the d i p of these beds to the e a s t 

of the f a u l t i s reversed, i . e . i n d i c a t i v e of downward 

movement. There are two p o s s i b l e e x p l a n a t i o n s of t h i s ; 

that the proven phase of downward movement on the MRF 

(Smith 1985, and Chapter 5) dragged the T o r r i d o n i a n 

outside the MRF downwards, or, t h a t i t was due to 

emplacement of the u l t r a b a s i c rocks ( s e e l a t e r ) . The 

former explanation f a l l s down i n t h a t the Torridonian i s 

bent downward ag a i n s t f a u l t i n g where the movement has 

been upward (eg the southern p o r t i o n of the ORF) or even 

where f a u l t i n g i s not observed at a l l (eg to the east of 

the A l l t Nam Ba w a t e r f a l l ) . By f a r a more reasonable 

hypothesis i s that f o l d i n g was caused by the hot 

u l t r a b a s i c rocks expanding outward on emplacement i e . 

making room for themselves, and f o r c i n g the country rock 

to deform ( p l a s t i c a l l y due to the high heat flow from 

the u l t r a b a s i c r o c k s ) i n t o a s e r i e s of f o l d s p a r a l l e l to 

the edge of the i n t r u s i o n . The r e s u l t a n t downwarping 

could have been enhanced at a somewhat l a t e r date by a 

process i n v o l v i n g the dense u l t r a b a s i c rocks 

g r a v i t a t i o n a l l y r e - e q u i l i b r a t i n g with the l i g h t e r country 
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rock, and so dragging i t downward s l i g h t l y . The 

u l t r a b a s i c rocks j u s t north of the A l l t nam Ba w a t e r f a l l 

do themselves dip inwards at angles approaching 30 

degrees which give s f u r t h e r credence to t h i s hypothesis. 

I n t e r e s t i n g l y though, t h i s r e - e q u i l i b r a t i o n , i f i t d i d 

occur, did not do so around the periphery of the whole 

complex. Country rocks elsewhere (eg the northern margin 

of the complex, around C o i r e Dubh) show dips AWAY from 

the Complex, ( i n d i c a t i v e of c e n t r a l upward movement) with 

the u l t r a b a s i c rocks showing NO signs of inward dips l i k e 

those i n south-east Rhum. 

The cause of i n c r e a s e d i n d u r a t i o n of country rock as the 

MRF i s approached i s due to the r e l a t i v e c l o s e n e s s of the 

underlying u l t r a b a s i c rocks as shown by Smith (1985 f i g u r e 

3 ) , here the margin of the complex i s envisaged as dipping 

almost v e r t i c a l l y below the MRF, and at no great depth from 

i t . Induration i s extreme wheTe the Torridonian country 

rocks abut the u l t r a b a s i c or gabbroic rocks ( F i g u r e 2 ) . I n 

t h i s case e i t h e r t r u e hybrids are developed (see Section 

2.g), or the Torridonian shows evidence of rheomorphism oikK 

r o i d a l ( p s e u d o - c o r a l l i n e ) s t r u c t u r e s , ( P l a t e 2.6) and 

The rheomorphic Torridonian i s shown i n t h i n s e c t i o n i n 

P l a t e 2.8. I t i s c. 90% quartz and a l k a l i f e l d s p a r , with 

a c c e s s o r i e s of b i o t i t e , epidote, i l m e n i t e , and magnetite. 

A l t e r a t i o n i n the form of s e r i c i t i s a t i o n and c h l o r i t i s a t i o n 

can be extensive. The important f e a t u r e s i n t h i n s e c t i o n 

are the development of granophyric t e x t u r e and the presence 

of small a c i c u l a r needles of quartz. These needles are 

/spheroidal 

dykes becoming back-veined and broken up, ( P l a t e 2.7,). 
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thought to represent quartz paramorphs a f t e r t r i d y m i t e ( a s 
descibed i n s e c t i o n 2.g). Paramorphs a f t e r t r i d y m i t e 
c o n s t i t u t e almost 30% of one s e c t i o n (NJ 83 3-10),/but more 
normally c o n s t i t u t e only 4-5%. , The presence of t r i d y m i t e 
i s i n d i c a t i v e of high temperature low pressure c o n d i t i o n s , 
(Black, 1954 4 and Brown,1963). 

I n c o n t r a s t the appearance of un a l t e r e d T o r r i d o n i a n Bagh 

na h-Uamha shale i s shown i n P l a t e 2.9. The t h i n s e c t i o n 

shows very f i n e grained sub-angular quartz and a l k a l i 

f e l d s p a r , i n approximately equal proportions, s e t i n an 

a r g i l l a c e o u s groundmass. Some epidote and d e t r i t a l z i r c o n 

i s a l s o present - up to 0.5% modally. 

The Rudha na Roinne G r i t , the b a s a l part of which i s a l s o 

present i n south-east Rhum as a s t r i p c. 100m wide to the 

ea s t of the MRF ( F i g u r e 2, and Emeleus 1980), i s shown i n 

t h i n s e c t i o n i n P l a t e 2.10. The rock i s a f i n e grained 

a r k o s i c sandstone, with a g r e e n i s h t i n g e . The g r a i n s are 

equigranular, sub-angular g r a i n s of quartz, p l a g i o c l a s e and 

a l k a l i f e l d s p a r . G r a i n s i z e i s i n the range 0.1-0.3mm. 

Small l a t h s (c.0.2 mm) of b i o t i t e and muscovite are a l s o 

common, ( c . 5% modally). 

The only other T o r r i d o n i a n i n south-east Rhum i s a small 

t r a c t of 'Basal G r i t ' . T h i s occurs sandwiched between the 

ORF and CRF, along with L e w i s i a n Gneiss, (see F i g u r e 2 ) . 

A l t e r a t i o n i s extensive ( t o s e r i c i t e and c h l o r i t e ) but the 

mineralogy i s a l k a l i f e l d s p a r ( 6 5 % ) , quartz (25%) plus 

b i o t i t e and z i r c o n as a c c e s s o r i e s . The rock has 

undergone quite e x t e n s i v e thermal metamorphism judging 

by the s t r a i n e d e x t i n c t i o n of the quartz and r a t h e r 

embayed margins of both quartz and feldspar. 
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The l a s t point to be explained i s the r a t h e r more deformed 

nature of the Torridonian Bagh na Uamha Shale to the west of 

the MRF zone. To the east of the MRF zone the Torridonian 

i s only h i g h l y deformed c l o s e to the MRF. To the west of 

the MRF zone si g n s of e x t e n s i v e a l t e r a t i o n are present 

throughout the whole sequence. The dip and s t r i k e of t h i s 

T o r r i d o n i a n v a r i e s g r e a t l y (see Figure 2 ) , with no r e a l 

o v e r a l l s t r u c t u r a l p i c t u r e emerging. I t has to be admitted 

t h a t more d e t a i l e d work i s required on these sediments to 

unravel the true complexity. I n essence though the rocks 
o 

here dip westwards at angles which can reach 90, but i n 

general the degree of f o l d i n g i s such t h a t few of the 

o r i g i n a l s t r u c t u r e s remain. Induration to produce f l i n t y 

h o r n f e l s e s i s common. Included dykes are often involved i n 

the deformation but some l a t e dykes t r a n s g r e s s the whole 

area r e l a t i v e l y undisturbed. 

Large d i s l o c a t i o n s , e a s i l y d i s c e r n i b l e on a e r i a l 

photographs, are i n t e r p r e t e d as low angle t h r u s t s or 

f a u l t planes, d i s c u s s e d f u r t h e r i n Chapters 3 and 6. 

One of these ' t h r u s t s ' i s v i s i b l e i n c r o s s s e c t i o n on 

the northern slopes of D i b i d i l , where Torridonian r e s t s 

on J u r a s s i c sandstone and limestone (see P l a t e 2.18). 

Deformation must have taken place with these rocks i n a 

p l a s t i c s t a t e , judging by the degree of contortion of f i n e 

laminations w i t h i n the s h a l e s , ( P l a t e 2.12). The heat source 

involved i s undoubtedly the U l t r a b a s i c Complex. The 

U l t r a b a s i c Complex l i e s beneath the Torridonian sediments 

(see Smith 1985,figure 3, ) with the j u n c t i o n dipping gently 

eastwards. The j u n c t i o n between u l t r a b a s i c rocks and 

T o r r i d o n i a n i s g e n e r a l l y not very sharp but i s more 
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g r a d a t i o n a l . The sequence of rocks a t the j u n c t i o n i s ; 
u l t r a b a s i c rock ( p e r i d o t i t e and a l l i v a l i t e ) , marginal 
gabbro, a c i c u l a r h y brids, indurated T o r r i d o n i a n s h a l e . 
Where the boundary i s somewhat sharper, as often occurs on 
the southern s i d e of Beinn Nan Stac, the reason i s probably 
t h a t hybrids could migrate from the o r i g i n a l s i t e of 
formation along the boundary of the complex and thereby act 
as separate i n t r u s i v e bodies. Hybrids, and t h e i r 
r e l a t i o n s h i p s with adjacent rocks, are d i s c u s s e d i n 
Section 2.g. 

I t appears t h a t the Torri d o n i a n of Beinn Nan Stac i s 

roof rock to the o r i g i n a l u l t r a b a s i c i n t r u s i o n , hybrids 

forming i n s i t u (with p o s s i b l e l a t e r migration) a t the 

igneous c o n t a c t s , and with o v e r l y i n g T o r r i d o n i a n s h a l e 

being baked by heat r a d i a t i n g outwards from the l a r g e 

body of underlying u l t r a b a s i c magma. P l a t e 2.13 shows 

the present day appearance of Beinn Nan St a c taken 

looking southwards from A l l t nam Ba. 

2.d Mesozoic sediments 

The Mesozoic rocks only r e q u i r e b r i e f i n t r o d u c t i o n here 

as they are described at length i n Chapter 3. E s s e n t i a l l y 

they are composed of an overturned f a u l t e d wedge l y i n g 

between older Torridonian sediments (see Figure 2 ) . 

The l i t h o l o g i e s present are; sandstone, sandy limestone, 

limestone and dark organic r i c h s h a l e . Outcrop i s not 

extensive, but the a r e a l extent can be e s t a b l i s h e d to some 

extent by the d i s t r i b u t i o n of s i n k h o l e s . 

The J u r a s s i c sediments are a l l f o s s i l i f e r o u s to some 
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degree, although metamorphism, which i s extreme i n c e r t a i n 
outcrops, often precludes p r e c i s e f o s s i l i d e n t i f i c a t i o n . 

Where f o s s i l s are b e t t e r preserved a J u r a s s i c , Lower 

L i a s s i c assemblage i s found. F o s s i l s i n clude; Chlamys sp. 

P a s s a l o t e u t h i s sp. and the s c l e r a t i n i a n c o r a l s 

T h ecosmilia sp. and Montvaltia sp. 

The maximum t h i c k n e s s of the Lower L i a s s i c rocks of Rhum 

i s i n the region of 60 m, t h i s t h i c k n e s s i s developed j u s t 

to the south of the A l l t Nam Ba w a t e r f a l l (NM 405 933). 

Limestone and sandstone of probable J u r a s s i c age have 

r e c e n t l y been discovered i n D i b i d i l . I t i s h e a v i l y l 
r e - c r y s t a ^ i s e d making d i r e c t c o r r e l a t i o n with the A l l t Nam 

Ba limestone d i f f i c u l t . 

2.e The sheared amygdaloidal b a s a l t s 

S i m i l a r l y to the Mesozoic sediments, the sheared l a v a s 

are an important feature of the MRF i n south-east Rhum, 

consequently they are d e a l t with comprehensibly l a t e r 

(Chapter 4 ) . 

The sheared b a s a l t s were f i r s t recorded by Emeleus and 

F o r s t e r (1979) as a small f a u l t bounded wedge of 'crushed 

b a s a l t i c rocks', ( i b i d , f i g u r e 3 l o c a l i t y I I . 3 ) . Recent 

work has enlarged the known outcrop and, by using 

p e t r o g r a p h i c a l and geochemical techniques, shown them 

to l i e i n the f i e l d of a l k a l i o l i v i n e b a s a l t s . On the b a s i s 

of f e a t u r e s such as incompatible t r a c e element r a t i o s , 

c o r r e l a t i o n has been made with l a v a flows on the 

neighbouring i s l a n d of Eigg, and cobbles found i n 

conglomerates below the lavas i n north-west Rhum. 

I n hand specimen the b a s a l t s are f i n e grained melanocratic 



rocks, often highly amygdaloidal, with the amygdales 

g e n e r a l l y i n f i l l e d with green epidote. O c c a s i o n a l 

phenocrysts of fe l d s p a r can a l s o be observed. E x t e n s i v e 

shearing i s present, the rocks l y i n g as they do between the 

IRF and the ORF, (Fig u r e 2) and Smith (1985). Where the 

b a s a l t s are not t o t a l l y f a u l t bounded ( a s to the north of 

NM 4032 9370) the contact i s ag a i n s t the Mesozoic 

sediments, with the contact probably r e p r e s e n t i n g the 

o r i g i n a l T e r t i a r y landscape unconformity (Chapter 4 ) . 

2.f Pp]g4ivritic F e l s l t e and Explosion B r e c c i a 

Outcrop of these two rock types i n south-east Rhum i s not 

ex t e n s i v e but i s nonetheless important to the understanding 

of the t e c t o n i c h i s t o r y of the MRF (Chapter 5 ) . Elsewhere 

on Rhum p o r p h y r i t i c f e l s i t e and explosion b r e c c i a can form 

e x t e n s i v e outcrop, and have been d e s c r i b e d i n d e t a i l (eg. The 

Southern Mountains Complex (Hughes 1960a), The Northern 

Marginal Complex (Dunham 1965, 1968)). I n south-east Rhum 

the outcrop i s r e s t r i c t e d to two main areas, ( F i g u r e 2 ) , 

f i r s t l y as a capping to the summit of Beinn Nan St a c , and 

secondly, within the MRF zone. I t i s the a s s o c i a t i o n 

w i t h i n the MRF zone which i s of p a r t i c u l a r i n t e r e s t to 

t h i s study. On the ORF, outcrop i s r e s t r i c t e d to a number 

of small pockets of explosion b r e c c i a , ( P l a t e 2.14) with 

no f e l s i t e i n evidence ( F i g u r e 2 ) . T h i s explosion b r e c c i a 

i s e s s e n t i a l l y monomict, composed of country rock c l a s t s 

( c . 2 cm) of Torridonian Bagh na Uamha sh a l e but with 

o c c a s i o n a l a r k o s i c fragments. The matrix i s composed of 

s i m i l a r but high l y comminuted country rock . The 

r e l a t i o n s h i p of t h i s explosion b r e c c i a to the ORF 



r e p r e s e n t s u t i l i s a t i o n of the s t r u c t u r a l weakness of the 

f a u l t during a phase of de-gassing of underlying f ^ l s i t i c 

magma (Emeleus et a l 1985, and Chapter 5 ) . The second 

occurence of explosion b r e c c i a , t h i s time a s s o c i a t e d with 

f e l s i t e , i s to the south of the gneiss 'whaleback' (NM 404 

935), along the l i n e of the CRF. The outcrops along the 

CRF are predominantly of dark p o r p h y r i n i c f e l s i t e , 

e x p l o s i o n b r e c c i a i s very much s u b s i d i a r y i n volume and i s 

r e s t r i c t e d to patches of lightly b r e c c i a t e d country rocks 

around some of the smaller outcrops of f e l s i t e . 

Where f e l s i t e i s i n contact with the gneiss i n the 

e x t e n s i v e 'whaleback' at around (NM 4027 9338) f e l s i t e 

i n t e r f i n g e r s i n t o the gneiss producing v e i n s and s t r i n g e r s 

of f e l s i t e , often many centimetres long. T h i s c o n t r a s t s 

s h a r p l y with the contacts where the CRF i s e x p l o i t e d 

d i r e c t l y by the f e l s i t e . Here the contacts are very sharp 

( P l a t e 2.15) against both the gneiss to the e a s t and 
* 

sheared l a v a s to the west. The f e l s i t e along the CRF i s 

e a s i l y d i s t i n g u i s h e d from the surrounding l i t h o l o g i e s as i t 

breaks down r e a d i l y i n t o cm s i z e i b l o c k s producing a very 

c h a r a c t e r i s t i c rubbly weathering ( P l a t e 2.16). 

I n t h i n s e c t i o n ( P l a t e 2.17) the f e l s i t e shows a flow 

banded g l a s s y matrix c o n s t i t u t i n g about 60% of -the s l i d e , 

with phenocrysts (often s k e l e t a l ) of quartz, p l a g i o c l a s e and 

augi t e . The feldspar shows some a l t e r a t i o n to 

s e r i c i t e . Ferromagnesian minerals are t o t a l l y r e s t r i c t e d 

to a few grains of b i o t i t e . Apatite i s a l s o o c c a s i o n a l l y 

present as small (mm) euhedral g r a i n s . Other f e a t u r e s of 

p a r t i c u l a r i n t e r e s t include g l a s s shards, fiamme and 

fragments of b a s a l t i c materia^. The presence of g l a s s 
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shards tends t o suggest formation of t h i s f e l s i t e i n a 
sub-aerial/high l e v e l environment, the shards and fiamme 
produced from u n d e r l y i n g v o l a t i l e r i c h magma de-gassing on 
reduction of overburden pressure as the surface was 
approached. Such de-gassing also e x p l a i n s the close s p a t i a l 
r e l a t i o n s h i p s of f e l s i t e and explosion b r e c c i a . Structures 
s i m i l a r t o those j u s t described from -the south-east Rhum 
f e l s i t e (shards, fiamme",embayed phenocrysts and fragments of 
country rock, eg b a s a l t ) have r e c e n t l y been described by 
Williams (1985) where c e r t a i n f e l s i t e s i n and around 
Cnapan Breaca have been ascribed t o a s u b - a e r i a l /high 
l e v e l o r i g i n . Many of the Cnapan Breaca f e l s i t e s are i n 
f a c t r e - c l a s s i f i e d as 'eutax i t i c t e x t u r e d welded t u f f s ' 
or welded i g n i m b r i t e s ( c f Smith 1960). Although i t i s 
by no means suggested t h a t the south-east Rhum f e l s i t e s 
are welded t u f f s the infe r e n c e i s f o r a f a i r l y h i g h 
l e v e l o r i g i n . 

The f e l s i t e - e x p l o s i o n b r e c c i a assemblage along the ORF 
and CRF i s regarded as s o l i d i f i e d magma, i n j e c t e d up along 
the p r e - e x i s t i n g f a u l t s on collapse of the ' c e n t r a l p i s t o n 
block' of Emeleus et a l (1985). S o l i d i f i c a t i o n of f e l s i t e 
magma along the CRF must have occured a f t e r movement on the 
f a u l t was f i n i s h e d as no f a u l t i n g , shearing or deformation 
i s observed w i t h i n t h i s f e l s i t e . 

So f a r no mention has been made of the f e l s i t e - e x p l o s i o n -
breccia assemblage of Beinn nan Stac. The Beinn nan Stac 
f e l s i t e i s separated from the Tor r i d o n i a n country rock 
( h i g h l y indurated Bagh na h-Uamha shales) by a zone of 
explosion breccia v a r y i n g i n width from approximately a 
metre t o many tens of metres. The contacts w i t h the f e l s i t e 
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are g r a d a t i o n a l , w i t h the number of country rock c l a s t s 
d i m i n i s h i n g over a distance of c.2m. 

S i m i l a r l y t o the Cnapan Breaca/Meall Breac f e l s i t e s and 
explosion breccias the U l t r a b a s i c Complex u n d e r l i e s the 
Beinn nan Stac f e l s i t e at no great depth. These f e l s i t e s at 
both Cnapan Breaca and Beinn nan Stac are i n roof l i k e 
r e l a t i o n s h i p s t o the u l t r a b a s i c s , w i t h the contacts dipping 
outwards, away from the v o l c a n i c centre. " I n t e r e s t i n g l y i f 
the contacts are projected upwards they converge on a p o i n t 
not f a r above the present l e v e l of A s k i v a l , t h i s may w e l l 
suggest t h a t the present summit of A s k i v a l was not f a r 
removed from the actual top of the magma chamber. The 
o v e r l y i n g roof rocks of Lewisian gneiss, Torridonian 
sediments, granophyre and e a r l y T e r t i a r y plateau lavas 
having been eroded o f f , but preserved i n part i n the 
conglomerates beneath the north-west lava h i l l s of Fionchra, 
Bloodstone and Orval, (Emeleus, 1985 and Chapter 5). 

2.g Hybrid rooks 

Around the margins of the u l t r a b a s i c , Eastern Layered 
Series (ELS) i n south-east Rhum, thermal metamorphism of the 
surrounding country rocks can be so severe as t o produce 
evidence of p a r t i a l melting (granophyric t e x t u r e , quartz 
paramorphs a f t e r t r i d y m i t e and back veined dykes). These 
fea t u r e s are described i n Section 2.a. Occasionally however 
the f u s i o n has been so complete t h a t hybrids have been 
produced by mixing of mafic l i q u i d s w i t h g r a n i t i c 
l i q u i d s produced by the a n a t e c t i c m e l t i n g of arkosic country 
rqck. 

Hybrids o f t e n occur as d i s c r e t e bodies, w i t h sharp 
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contacts between Torridonian country rocks and 'marginal 
gabbro', eg. t o the south of the A l l t nam Ba w a t e r f a l l at 
(NM 4061 9420) Figure 2. The most extensive hybrids however 
are those beneath the Torridonian sediments w i t h i n the r i n g 
f a u l t (below the summit of Beinn nan Stac) Figure 2,and 
Emeleus and Forster (1979) l o c a l i t y I I . 4 , f i g u r e 5. Along 
-this contact, the t r a n s i t i o n from '-marginal gabbro' through 
h y b r i d t o To r r i d o n i a n sediments i s g r a d a t i o n a l . Such 
gr a d a t i o n a l contacts are found r i g h t around the contact of 
u l t r a b a s i c and Torridonian rocks below Beinn nan Stac. 

e 
The south-east Rhum hybrids seem t h e j f r o r e t o e x i s t i n two 

d i s t i n c t forms, i e those w i t h g r a d a t i o n a l contacts and those 
forming d i s c r e t e bodies. I t has been p o s t u l a t e d (R.C. 
Greenwood pers comm) t h a t a f t e r the fo r m a t i o n of the hy b r i d s 
the r e s u l t i n g l i q u i d s could e i t h e r act as separate i n t r u s i v e 
bodies and migrate along the margins of the i n t r u s i o n , or, 
remain i n place,as seen beneath Beinn nan Stac. S i m i l a r l y 
the 'marginal gabbro', which i s probably not so much a 
gabbro as contaminated marginal members of the U l t r a b a s i c 
Complex (R.C. Greenwood pers comm, based on Pb and Sr 
isotope work), could also act as a separate i n t r u s i v e body 
mig r a t i n g along the margins of the i n t r u s i o n . The f a c t t h a t 
below Beinn nan Stac the contacts between u l t r a b a s i c rocks 
and Torridonian appear g r a d a t i o n a l tends t o imply t h a t the 
Torri d o n i a n was i n i t s present p o s i t i o n above the u l t r a b a s i c 
rock at the time of i n t r u s i o n of the main U l t r a b a s i c 
Complex, i e . th a t the Torridonian as we now see i t on 
Beinn nan Stac i s o r i g i n a l roof m a t e r i a l (see Plate 2.18). I f 
t h i s i s so then igneous l a y e r i n g was able t o form t o w i t h i n 
a few metres of the w a l l of the i n t r u s i o n . P late 2.18, taken 



from the south side of D i b i d i l c l e a r l y shows the roof l i k e 
nature of the Beinn nan stac Torridonian w i t h the l a y e r i n g 
forming t o w i t h i n a metre or so of the contact. 

I n the f i e l d the hybrids are e a s i l y d i s t i n g u i s h e d , they 
are l e u c o c r a t i c f i n e t o medium grained rocks 
c h a r a c t e r i s a c a l l y c o n t a i n i n g v i s i b l e (5-10 mm) a c i c u l a r 
green amphibole ( P l a t e 2.19). The-amphibole .appears r a t h e r 
embayed g i v i n g i t a somewhat ' g r a p t p l i t i c ' appearance. 

I n t h i n s e c t i o n the most prominent f e a t u r e i s 
a c i c u l a r amphibole ( P l a t e 2.19). The amphibole i s s k e l e t a l 
i n nature v a r y i n g i n length, from 0.5-10 mm w i t h a width of 
0.005-0.5mm. Pleochroism i s pronounced; a = l i g h t brown b=red 
brown, c=dark red brown. The amphibole appears t o be an 
a l t e r a t i o n of o r i g i n a l ortho-pyroxene (hypersthene),although 
the p o s s i b i l i t y also e x i s t s t h a t conversion from o r i g i n a l 
t i t a n - a u g i t e i n the u l t r a b a s i c rocks t o the t i t a n i u m 
amphibole k a e r s u t i t e has occured. Some of the amphibole i n 
these hybrids does show e x t i n c t i o n angles r a t h e r less than 
f o r hornblende. K a e r s u t i t e has been p o s i t i v e l y i d e n t i f i e d 
by e l e c t r o n microprobe.micro-analysis of amphibole from 
s i m i l a r hybrids from the northern slopes of Beinn nan Stac 
(R.C Greenwood pers comm.). 

Another f e a t u r e of these rocks are the small (0.1-0.5 mm) 
r a d i a t i n g c l u s t e r s of quartz a f t e r t r i d y m i t e (Plate 2.19c)-
Such features have been described from contacts of 
b a s i c / u l t r a b a s i c rocks w i t h arkoses and sandstones elsewhere 
i n the B r i t i s h T e r t i a r y province; Wager, Weedon and Vincent 
(1953), Black (1954), Brown. (1963). I t i s s t i l l 
u n c e r t a i n as t o the precise c o n s t r a i n t s of pressure and 

n 
temperature under which such ^version t o t r i d y m i t e occurs, 
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although i t i s g e n e r a l l y accepted (Black. 1954) t h a t i t 
forms under c o n d i t i o n s of high temperature but low 
pressure . This f a c t i s also conducive t o p r e v a l e n t ideas 
t h a t the u l t r a b a s i c s e r i e s formed i n ~ s i t u at f a i r l y high 
c r u s t a l l e v e l s , ( i e low c o n f i n i n g pressures; Emeleus et a l 
(1985), Emeleus (1987), and R.C Greenwood (pers comm)). 

Granophyric t e x t u r e i s a f e a t u r e also w e l l developed i n 
th e hybrids -(Plate 2.19^, r a t h e r s i m i l a r t o t h a t developed i n 
the h i g h l y indurated T o r r i d o n i a n , i e graphic i n t e r g r o w t h s of 
quartz and a l k a l i f e l d s p a r . The r e s t of the mineralogy i n 
the hybrids i s p l a g i o c l a s e f e l s p a r (AN 50+) w i t h opaque 
oxides c o n s i s t i n g of i l m e n i t e , magnetite and p y r i t e . I n 
one section of h y b r i d i s e d gabbro (NJ 83.3-12.) p y r i t e 
forms 30% of the s l i d e . 

2.h U l t r a b a s i c rocks - The Eastern Layered Series (ELS) 
To the north and west of the A l l t nam Ba w a t e r f a l l , 

(NM 4060 9436) the rocks exposed are those of the Eastern 
Layered Series (ELS)and are shown on Figure 2. They are 
comprised of a l t e r n a t i n g layers of p e r i d o t i t e and a l l i v a l i t e . 
although higher up i n the sequence t h i n seams of chromite are 
found. Both the lower ELS ( u n i t s 1-5 Of Brown,1956) and the 
upper ELS ( u n i t s 5-15) have been the subject of much recent 
study. Far more d e t a i l e d d e s c r i p t i o n s of these rocks than i s 
here presented can be found i n the f o l l o w i n g p u b l i c a t i o n s ; 
F a i t h f u l l (1985) -the Lower ELS, Butcher (1985) -the Upper 
ELS, T a i t (1985) -geochemistry of u n i t 10, Palacz and T a i t 
(1985) - i s o t o p i c study of u n i t 10. These more recent works 
supplement the c l a s s i c studies by; Brown (1956) and Wadsworth 
(1961). 

This study i s not r e a l l y concerned w i t h a d e t a i l e d 



a n a l y s i s of the u l t r a b a s i c rocks, although one p a r t i c u l a r 
d e t a i l of the Lower ELS i s unique, and u s e f u l i n the 
i n t e r p r e t a t i o n of the s t r u c t u r a l h i s t o r y of the MRF. This 
f e a t u r e i s the r e l a t i v e l y steep d i p of u n i t 1 a l l i v a l i t e s and 

o o 
p e r i d o t i t e s (30 - 40 westwards), i n conjunction w i t h the 
steep westerly d i p of the country rock t o the n o r t h of A l l t 
nam Ba. As F a i t h f u l l (1985) p o i n t s out t h i s s o r t of s i t u a t i o n 
i s more con s i s t a n t w i t h c e n t r a l subsidence, r a t h e r than 
u p l i f t as has been/postulated (Dunham, 19BO J. 

Plates 2.20 and 2.21 show the appearance of the layered 
s e r i e s on Rhum. 
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Plate 2.1 Gneiss 'whaleback' and the Trace of the 
Centre Ring F a u l t ( l o o k i n g N o r t h ) . 

v -

1 

Plate 2.1a F o l i a t i o n i n the gneiss 'whaleback* 
( l o o k i n g s o u t h - e a s t ) . 
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Plate 2.2 Leucocratic Lewisian Gneiss (NJ 83, 6-7) 
» 

X-polars. F i e l d of view 9mm. 
Composed predominantly of a l k a l i feldspar (cloudy) 
quartz ( c l e a r ) and hornblende (seen bottom r i g h t as 
small moderate b i r e f r i n g e n t g r a i n s ) . C h l o r i t e i s 
present (centre of s l i d e ) showing anomalous ' B e r l i n ' 
blue i n t e r f e r e n c e c o l o u r s . Note quartz forming cores 
t o c e r t a i n a l k a l i feldspar g r a i n s . For f u l l d e s c r i p t i o n 
of the Lewisian Gneiss see t e x t - Section 2.b 
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• » . 

Plate 2.3 Fo l i a t i o n i n Lewisian Gneiee (NJ 83, 32-1) 
x - p o l a r s . F i e l d of view 9mm. F o l i a t i o n i s shown 
by the hornblende (bottom l e f t to top r i g h t ) . 

A*' 

Plate 2.4 Development of granophyric texture, i n d i c a t i v e 
of remelting. See text - Section 2.b. F i e l d of view 3.5mm 
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Plate 2.5 Development of bench and scarp topography 
i n T o r r i d o n i a n sediments t o the north of Kinloch 
Glen. (Looking n o r t h ) 
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• 

Plate 2.6 Pseudo-coraline s t r u c t u r e s i n rheomorphic 
T o r r i d o n i a n arkose, A l l t nam Ba 



Plate 2.7 Dyke i n foreground has become broken up and 
'back-veined* due t o rheomorphism of the surrounding 
Torridonian arkose. A l l t nam Ba. 



Plate 2.8 Rheomorphic T o r r i d o n i a n arkose, A l l t nam Ba. 
NJ 83, 3-IO. X-polars. "Field of view 3.5mm. 
Shows good development of granophyric t e x t u r e (graphic 
i n t e r g r o w t h o f quartz a n d - a l k a l i f e l d s p a r ) due t o 
m e l t i n g and r e - c r y s t a l i s a t i o n of the arkose. Other 
minerals present are b i o t i t e , and small needles of 
opaque oxides ( i l m e n i t e ? ) . A small d e t r i t a l z i r c o n can 
be seen j u s t t o the l e f t o f c e n t r e . See a l s o t e x t -
Section 2.c. 

\ 



Plate 2.8a Rheomorphic T o r r i d o n i a n arkose (NJ 83, 3-10). 
X-polars. F i e l d of view I.5mm. A c i c u l a r needles of 
quartz paramorphs a f t e r t r i d y m i t e i n a mesostasis of 
quartz and a l k a l i f e l d s p a r . 



Plate 2.9 Unaltered Bagh na h-Uamha Shale (NJ 83,1-1) 
Plane p o l a r i s e d l i g h t . F i e l d of view 9mm 

I T ' \ 
Plate 2.10 Unaltered Rudh na Roinne G r i t . (NJ 83, 3-1) 

X-polars. F i e l d of view 3.5mm. 



P l a t e 2.12 Kink banding i n Torridonian Bagh na h-Uaraha 
Shale t o the west of the Inner Ring F a u l t . See t e x t 
S ection 2.c. 
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P l a t e 2.13 Looking southwards towards Beinn nan S t a c . 

Note the roof l i k e aspect of the T o r r i d o n i a n 
sediments w i t h i n the MRP, and how the l a y e r i n g 
i n the u l t r a b a s i c rocks i s developed almost up t o 
c o n t a c t . 



P l a t e 2.14 A 'Pocket' of monomict explosion b r e c c i a oh 
the Outer Ring F a u l t , j u s t north of the deeply i n c i s e d 
dyke channel a t (NM 4030 9357). see t e x t . 
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P l a t e 2.15 The c o n t a c t of the L e w i s i a n Gneiss with 
p o r p h y r i t i c f e l s i t e along the l i n e of the Centre 
Ring F a u l t . Note sharpness of the contact. 
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P l a t e 2.16 T y p i c a l 'rubbly' weathering c h a r a c t e r i s t i c 
of the p o r p h r y t i c f e l s i j t e . Hammer marks the j u n c t i o n 
of the f e l s i t e with L e w i s i a n Gneiss* 



P l a t e 2.17a Flow banded p o r p h y r i t i c f e l s i t e (NJ 85, I - I 6 ) 
plane p o l a r i s e d l i g h t . F i e l d of view 9mm. See t e x t -
Section 2.f. 

P l a t e 2.17b F e l s i t e showing p a r t i a l r e s o r b t i o n of f e l d s p a r 
phenocrysts (NJ 85, I - I 6 ) . X - p o l a r s . F i e l d of view 9mm. 



P l a t e 2,I7c Fiararae i n f e l s i t e from along the Centre Ring 
F a u l t (NJ 83, 8-10). F i e l d of view 9mm 

P l a t e 2yl7d B a s a l t i c 'fragment* i n f e l s i t e (NJ 83, 8-10) 
See t e x t s e c t i o n 2.f 
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P l a t e 2.19a Hybrid rock (NJ 84, 27-5). Plane p o l a r s . 
f i e l d of view 9mm. Shows a c i c u l a r , s k e l e t a l amphiboles, 
but see t e x t - S e c t i o n 2.g. 

Plat e 2.19b Hybrid rock (NJ 84, 27-5).X-polars. F i e l d of 
view 3.5mm. A c i c u l a r amphibolesplus graphic t e x t u r e . 
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P l a t e 2.19c Hybrid rock (NJ 85, 8-2). X - p o l a r s . F i e l d of 
view 1.5mm. Quartz paramorphs a f t e r t r i d y m i t e ( a c i c u l a r 
needles) c o n s t i t u t e c . 30% (modally) of t h i s s l i d e . 
See t e x t - s e c t i o n 2.g. 
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P l a t e 2.20 The H a l l i v a l , A s k i v a l ridge (from B a r k e v a l ) , 
showing the l a y e r i n g i n the u l t r a b a s i c r o c k s . The 
highest Unit (Brown 1956) i s Unit IS on the summit 
of A s k i v a l (the peak on the r i g h t ) . 
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P l a t e 2.21 U l t r a b a s i c l a y e r i n g on the summit 
of A s k i v a l . Note the t y p i c a l l y stepped 
weathering, t h i s i s due t o p e r i d o t i t e 
being l e s s r e s i s t a n t t o e r o s i o n thus i t 
i s c ut back l e a v i n g prominent r i d g e s of 
a l l i v a l i t e . 
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5. a Description of outorop 

To the south of the va l l e y of the A l l t nam Ba, and over 
the eastern flank of Beinn nan Stac (Figure 2) ooours a 
succession of inclined and fault-bounded s t r a t a . These 
s t r a t a consist of beds of sandstone, limestone, 
sandy-limestone and shale, the succession i t s e l f being 
intimately associated with sheared amygdaloidal basalt 
lavas (see Figure 2, and Chapter 4 ) . The sediments represent 
a group of Mesozoic ( J u r a s s i c ) rocks (see section 3.d) 
caught up i n the complex MRF i n south-east Rhum. 

On the lower north-east slopes of Beinn nan Stac 
(NM 4050 9408. Plate 3.1) an estimated thickness of Mesozoic 
rocks t o t a l s c.35 metres. This sequence oan be divided up as 
shown i n Table 3.1; 

TABLE 3.. 1 

Lithology l o c a l i t y i n Thickness 
outcrop (metres) 

Basalt east 
(unconformity) 
Quartzite 
Limestone 
(no exposure - limestone 
and sandy-lst inferred) 

Shale west 
from Smith(1985) 

60(minimum) 

7.4 
14.5 

10.5 
C. 2.0 

There i s some l a t e r a l variation i n the thickness of 
individual units but poor exposure precludes precise 
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determinations being made. The sandstone unit dips at c.60 
to the west, the limestones and shale units are more steeply 

o 
i n c l i n e d at c.70 vest. The variation i n dip between 
ind i v i d u a l units of the succession needs to be explained. A 
clue as to the most l i k e l y cause for such variation i n dip 
i s i n the presence of large sink holes i n the v i c i n i t y 
( Plate 3.2). Such t o t a l dissolution of limestone adjacent 
to other more re s i s t a n t units could cause l o c a l i s e d rotation 
and collapse of suoh unsupported units. 

Structural setting: the Mesozoic fault s l i c e i s 
bounded to the west by the low angle Inner Ring Fault (IRF) 
and . abuhs Precambrian ( T o r r i d o n i a n ) sediments, while 
to the east, the contact i s with the sheared amygdaloidal 
b a s a l t s , situated to the west of the Centre Ring Fault 
(CRF), (Figure 2) , 
g.b Mesozoic l i t h o l o g i e s 

» 

S.b.i Sandstone 

The Mesozoio sandstones of Rhum (Plate 3.6 fif 3.6a) 
were previously thought to belong to the Torridonian 
'Basal G r i t ' . A more detailed examination however has 
di f f e r e n t i a t e d between true 'Basal G r i t ' and the rather 
d i s s i m i l a r Mesozoic sandstone. Unlike the 'Basal G r i t ' the 
Mesozoic sandstones are composed of sub-rounded quartz 
grains with an approximately bi-modal size distribution 
(2-3mm and 0.2-0.5mm). There i s l i t t l e or no feldspar, t h i s 
i s i n sharp contrast to the Torridonian which often contains 
greater than 50%, and therefore i s variously classed as an 
arkose or arkosio sandstone (see also Section 2.b). 

The thickness of the sandstone i s rather variable. 
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On the lower'north-eastern shoulder of BeInn nan Stac, 
(NM 4050 9408) 7.4 m are exposed, whereas further south 
some 19ro are exposed. The contacts of the sandstone at both 
l o c a l i t i e s are with limestone to the east and the sheared 
amygdaloidal lavas to the west. The variation i n thickness 
could quite simply be explained as l a t e r a l v a r i a t i o n s i n 
thickness of the origina l sequence, or a l t e r n a t i v e l y as the 
consequence of the extensive fa u l t movement that a f f e c t s a l l 
rocks hereabouts. The nature of the contaot with the l a v a 
i s however, an interesting one. No faulted contact i s 
observed, but the sandstone i n contact with the basalt does 
show evidence of l o c a l thermal metamorphism and leaohing, 
(Plate 3.5). i t i s therefore postulated that the preserved 
contaot i s i n fact the o r i g i n a l landscape unconformity 
as preserved elsewhere i n the B r i t i s h T e r t i a r y Igneous 
Province (BTIP), t h i s would of course explain any l a t e r a l 
variations i n thickness of the sandstone, (see Chapter 4 ) . 

At the contact with the amygdaloidal lavas the sandstone 
i s very pale weathering and appears to have been extensively 
leached. A thin section (NJ 85 19-13) reveals that the rock 
i s even more indurated than i s usual, the quartz showing 
evidence of embayed margins and undulose extinction. Since 
the sandstone l i e s at some distance from the underlying 
ul t r a b a s i c rocks, i t i s considered that the rather greater 
than normal induration was caused by extrusion of the basalt 
lavas onto the Tertiary land surface eroded into the 
J u r a s s i c s t r a t a . 

Plate 3.6 shows a t y p i c a l thin section of the 
unleached J u r a s s i c sandstone. The bi-modal s i z e 



d i s t r i b u t i o n of the quartz grains i n the ranges (2-3mm 
and 0.2-0.5mm) i s clear and ferruginous dust rims are 
seen around original quartz. Grain to grain contacts are 
low, the grains being supported by a s i l i c e o u s cement. 
Occasionally the cement i s rather more calcareous, where 
t h i s does occur the original miorite often shows 
al t e r a t i o n to c a l c - s i l i c a t e minerals, commonly 
wollastonite,( e.g. NJ 85 19-10 - Plate 3.7). 

S . b . i i - Limestones 

The Rhum Mesozoic limestones vary from r e l a t i v e l y 

unaltered and quite f o s s i l i f e r o u s rocks, through pure 
c a l c i t e marble to a high temperature c a l c - s i l i c a t e mineral 
assemblage including T i l l e y i t e and Harkerite/ As 
described i n the introduction (Section 2 . c . i i . ) , 
limestone was discovered i n south-east Rhum by Geikie 
(1897) and 'rediscovered' l a t e r by C.J. Hughes (1960b) 
who f i r s t described c a l c - s i l i c a t e s from the A l l t nam Ba. 
Hughes noted i n particular the presence of ' t i l l e y i t e ' 
from a wall l i k e outcrop i n the A l l t nam Ba valley, 

i 

(Emeleus and Forster. 1979, f i g 5 l o c a l i t y l i b ) . This 
c a l c - s i l i c a t e outcrop probably represents a large 
xenolith of impure limestone caught up i n the marginal 
gabbroic members of the complex, Smith (1985). Even 
where the limestone i s not obviously i n contact with 
gabbroic or ultrabasic material i t often s t i l l shows a 
high degree of thermal metamorphism. In a small easterly 
facing c l i f f , 50m south of A l l t nam Ba, the original 
limestone i s t o t a l l y recrystalased to a 'sugary' textured 
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c a l c i t e marble and i n addition, contains small c r y s t a l s 
of grossular garnet and idocrase (Plate 3.8). 

Further to the south, where the limestones are more 
distant from the u l t r a b a s i c rocks, metamorphism i s l e s s 

v 

severe and the remains of biva^es are observed. These 
are the exposures f i r s t discovered by Dr C.H. Emeleus 
and i n which Dr G.Farrow noticed bivalve remains (Dunham 
and Emeleus, 1967). The state of preservation of these 
bivalves i s not good enough to apply anything more than 
the phylum or c l a s s to them. As the limestone i s traced 
westwards exposure i s l o s t , however although i t forms 
r e l a t i v e l y few surface outcrops, i t s extent may be 
determined by the d i s t r i b u t i o n of deep sink holes, 
(Plate 3.2). 

A number of new exposures of limestone have however, been 
found. One of these exposures, an impure sandy-limestone, 
contains some of the best f o s s i l remains to come out of the 
area. This assemblage i s described i n Section 3.c. 

The limestone, and other J u r a s s i c sediments, are now known 
to have a much more extensive outcrop than that shown on the 
published maps ( c f . Emeleus 1980, Smith 1985 figure 1). The 
southern l i m i t of the limestone had been thought to be about 
100m north of a deeply incised dyke channel (NM 4036 9375) 
where the limestone was seen to be cut out beneath 
overthrust Torridonian sediments (Smith 1985 figure 1) along 
the Inner Ring Fault. Subsequently, a new exposure of 
limestone, sandstone and amygdaloidal basalt has been 
discovered on the northern slopes of D i b i d i l (NM.399 935), 
about 0.75 km south-west of the previous southern l i m i t of 
the limestone. Limestone i n the new outcrop (Plate 3.10) 



i s heavily recrysta^Lsed to a pale grey marble but retains 
a few ill^.preserved f o s s i l remains. Overlying the heavily 
r e - c r y s t a ^ s e d limestone (the contact not observed) i s a 
pale weathering fine grained sandstone. This sandstone 
l i e s d i r e c t l y beneath overthrust Torridonian sediments, see 
below. The sandstone and marble appear t o t a l l y inverted as 
amygdaloidal lavas (similar to those found further north) 
now l i e BELOW the sediments. The junotion of the basalts 
with the overlying Mesozoic rocks i s marked by a break i n 
slope at about 200 m altitude. 

Torridonian sediments overlie the Ju r a s s i c rocks 
and the lavas, the junction i s a low-angle thrust dipping to 
the south-west. The thrust i s c l e a r l y defined at a number 
of places on the h i l l s i d e and there i s a tendency for the 
Mesozoic rocks to weather away leaving the Torridonian 
sediments as a well defined, (sometimes undercut) scarp. 
Exposure of Mesozoic rocks hereabouts i s due to erosion i n 
the D i b i d i l valley cutting down through the thick 
Torridonian succession revealing a'window'of younger rocks 
beneath the thrust f a u l t . The limestone i n t h i s outcrop i s 

r 
c l e a r l y that to which Geikle (1897 p351) refe^ed and not the 
outcrops further north which Hughes (1960b) attributed to 
Geikie. The stuctural implications of t h i s area are 
examined i n a subsequent section (Chapter 5). 
g . b . l i i Shale 

Just to the west of the very f o s s i l i f e r o u s sandy-
limestone exposure, about 250m south-southeast of the A l l t 
nam Ba waterfall, (NM 4051 9410) there i s an outcrop of 
black, indurated shale (Plate 3.1 & 3.11). Previously, a l l 
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shales were postulated as belonging to the Torridonian, Bagh 
na h-Uamha shale member. However, the Jurassio age of t h i s 
one outcrop can now be c l e a r l y established. A d e f i n i t i v e 
set of f o s s i l s has been collected, including; belemnites 
(Passaloteuthis sp), bivalves, and co r a l s (Montvaltia sp.-
Dr.J. Senior, pers. comm.). 

Like the Torridonian the J u r a s s i c shales are indurated, 
dark, and f i n e l y bedded. Unlike the Torridonian they 
contain 6-10% angular quartz grains and up to 5% opaque 
grains ( p y r i t e ) . The pyrite usually occurs i n d i s c r e t e 
patches which appear to have nucleated around f o s s i l 
fragments (Plate 3.12). The shale i s fault-bounded to the 
west against the IRF, where i t comes against Torridonian 
sediments. To the east, there i s a conformable junction 
with sandy-limestone. The shale exposure i s not extensive 
since i t i s l o s t under overthrust Torridonian sediments on 
the north-eastern shoulder of Beinn nan Stac (at c. 
NM 4047 9403). 

5.c - Palaeontology 

The only f o s s i l s previously recorded from south-east 
Rhum were those described i n Dunham and Emeleus (1967) as; 
'belemnite and brachiopod remains '. These were from a 
s l i g h t l y sheared marble (not i n - s i t u . ) . C.H. Emeleus did 
l a t e r disoover limestone with bivalve and coral remains i n 
s i t u about 250m south of the A l l t nam Ba va l l e y . A 
tentative Jurassic age was applied, thus negating Hughes' 
(1960b) view of a Lewisian age. 

Re-investigation of south-east Rhum has led to the 
discovery of much new f o s s i l material, allowing the s t r a t a 



to be dated. The best f o s s i l s were from an impure sandy 
limestone (Plate 3.13) at about 170m alt i t u d e and 300m 
south-southwest of the A l l t nam Ba wa t e r f a l l (NM 
4052 9405). The following f o s s i l assemblage i s present; 
belemnltes (Passaloteuthis sp.), d i s s a r t i c u l a t e d pectinid 
bivalves (Chlamys sp.), serpulid worm tubes (2-3mm i n 
diameter) and other indeterminate f o s s i l fragments. The 
preservation was typioally of a cast-and-mould type. 

The purer limestone also contains large quantities of 
f o s s i l material although the indurated nature of t h i s rock 
unfortunately precludes precise i d e n t i f i c a t i o n s . Generally 
the f o s s i l material i s ; crinoid o s s i c l e s , echinoderm plates 
and spires? (Plate 3.14), with much d i s - a r t i c u l a t e d bivale 
debris. Interestingly, some of the s h e l l fragments preserve 
fine scale a l g a l boring into the outer layers of the s h e l l 
(Plate 3.15). This sort of feature i s t y p i c a l of slow 
stdittentabpft where s h e l l debris, l i e s around on the sea-floor 
for for some considerable time. The di s - a r t i c u l a t e d nature 
of the debris also suggests a moderate to high energy 
environment. 

The highly indurated shale has proven remarkably 
f o s s i l i f e r o u s . I t contains well preserved belemnites 

o f f a l 

(Passaloteuthis sp.), py r i t i z e d bivalves - which a r e / s t i l l 
articulated (Plate 3.12), and a well preserved s o l i t a r y 
s c l e r a c t i n i a n coral (Monvaltia sp.),(Plate 3.16). 

The sandstone i s generally devoid of f o s s i l s , t h i s i s 
p a r t i a l l y a primary feature but i s enhanced by the generally 
highly baked, q u a r t z i t i c nature of the rock. One section 
however does contain a small (5mm) s o l i t a r y coral (probably 
(Thecosmilia sp. Plate 3.17). Table 3.2 shows the typ i c a l 



faunal d i s t r i b u t i o n i n the Rhum Mesozoic rocks. This fauna! 
assemblage indicates a J u r a s s i c (Lower L i a s s i c ) age for 
these beds. 

g.d Comparison of the Rhum J u r a s s i c rooks to other 
Hebridean ocounfenoes. 

J u r a s s i c rocks outcrop to some extent on a l l the other 
Small I s l e s , with the exoeption of Canna, where i t has been 
suggested that they may under-lie the exposed Tertiary lavas 
at no great depth (Binns, Me Q u i l l i n , Kenolty et a l . 1974). 
However, Mesozoic fragments are not found i n the extensive 
volcanic breccias of Canna, as would be expected i f the lavas 
were underlain by Mesozoic sediments. The above authors 
also record finding extensive Mesozoic sediments i n a number 
of fault-bounded submarine basins (op c i t . f i g 2). 

The most extensive outcrop i s that on Skye, where an 
» 

almost complete sequence from the Lower L i a s (Broadford 
Beds) through Middle and Upper L i a s into the Corallian i s 
preserved. These have been desoribed i n d e t a i l by Peach et 
a l . (1910) and Hallam (1959, 1983). Comparative Mesozoic 
sections are shown i n Figure 3, taken from Smith (1985).' 

Section 3.c has shown the Rhum Mesozoic rocks to be Lower 
L i a s s i c i n age, therefore some correlation with the Lower 
L i a s s i o (Broadford beds) of Skye would be expected. A short 
f i e l d season was spent examining the Broadford beds on Skye, 
using Hallam (1959) as a guide. The rocks consist of a 
s e r i e s of limestones, sandstones, sandy-limestone and 
shales, often with abundant bivalves, brachiopods and 
corals, (Table 3.3). The limestones were p a r t i c u l a r l y 



interesting, e s p e c i a l l y the Ob Lusa and Ob Breakish coral 
beds (Hallam, 1959). In thin section and weathering 
c h a r a c t e r i s t i c s (Plates 3.18 and 3.19) they resemble the 
Rhum limestones ( c f Plate 3.13 and 3.19). 

Both Rhum and Skye limestones show numerous 
di s a r t i c u l a t e d bivalves, crinoid o s s i c l e s , and small 
corals (of Plates 3.18 and 3.18a), fche main difference 
between the two being that the mi c r i t i o mud whioh forms 
the groundmass of the Broadford limestonesis 
r e - c r y s t a ^ s e d to c a l c i t e i n the Rhum rocks. I t i s of 
particular i n t e r e s t to note that a l g a l boring i s well 
developed i n rocks from both l o c a l i t i e s (see Section 3.d 
and Plates 3.15 and 15a). 

The Rhum and Skye sandstones are also similar to each 
other, as shown by a comparison of thin sections NJ-84 
25-4 (from Rhum) and NJ-84 35-14 (from Broadford on 
Skye). Both sections show rounded to sub-rounded quartz 
grains i n a fine grained matrix. The grain to grain 
contacts are very low with a supporting cement. In the 
Broadford rock the cement i s c a l c i t e (micrite) whereas 
i n the Rhum specimen the cement has been re-crysta^Lsed 
to a f i n e l y disseminated form of c a l c - s i l i c a t e 
(wollastonite). 

At Abhainn Ashik, (NG 688 240), j u s t to the south of 
Broadford, the stratigraphic section shown i n Table 3.4 was 
measured. The alternation of lithologies - limestone, sandy 
limestone and shale (cf.Tables 3.1 and 3.4) i s almost 
i d e n t i c a l to that preserved i n the inclined fault-bounded 
wedge on Rhum. 

The Rhum rocks therefore are considered to represent 
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the only l o c a l remains of a once extensive Lower L i a s s i c 
s t r a t a which would have covered much of the Hebridean area, 
including probaly the whole of Rhum. Lying as they do to 
the west of the Camasunary - Skerryvore fault , the Rhum 
Ju r a s s i c i s appreciably older than that preserved to the 
east of the f a u l t on Eigg. At the s t a r t of the Tertiary the 
re^Ltionship of the Great Estuarine group rooks of Eigg to 
the Broadford rocks of Rhum would have been similar to that 
now seen at St r a t haird on Skye, shown on Figure 1.3 (taken 
from Peach et a l (1910) figure 3, revised by Hallam (1983). 
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FIGURE 3.1 
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P l a t e 3.1 General view of the A l l t nam Ba Mesozoic 
sediment l o c a l i t y and the Main Ring F a u l t (looking 
south from NM 405 943). Note l u s h ' f i n g e r s ' of 
grass/, such improved g r a z i n g i s c h a r a c t e r i s t i c of 
t h i s predominantly limestone a r e a . 
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P l a t e 3.2 Large s i n k h o l e j u s t south of the 
A l l t nam Ba w a t e r f a l l . Sinkholes are a 
common feature of t h i s a rea. 
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Plate 3.5 Contact of sheared b a s a l t w i t h 
Mesozoic sandstone, (see t e x t - Section 
3 . b . i ) . Note leaching o f the sandstone 
i n d i r e c t contact w i t h the b a s a l t . This 
contact appears t o be u n f a u l t e d and i s 
thought t o represent a remnant of the 
o r i g i n a l T e r t i a r y landscape unconformity, 
the b a s a l t lava having f l o w n out over the 
p r e - T e r t i a r y landscape. 
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Plate 3.6 Mesozoic sandstone (NJ 84, 25-4) PPL. F i e l d of 
view 3.5mm. Note sub-rounded quartz grains w i t h b i -
modal s i z e d i s t r i b u t i o n , (see t e x t - Section 3 . b . i ) . 

• 

Plate 3.6a Mesozoic sandstone X-polars. note r a t h e r a l t e r e d 
nature of the quartz and presence o f c a l c - s i l i c a t e s . 



Plate,3.7 Mesozoic sandstone (NJ 84, 19-10).X-polars. 
F i e l d of view 9mm. Shows r e - c r y s t a ] ^ s a t i o n of 
o r i g i n a l m i c r i t i c cement predominantly t o the c a l c -
s i l i c a t e mineral w o l l a s t o n i t e , some c a l c i t e and a 
l i t t l e pyroxene (diopside) i s a l s o shown. 
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Plate 3.8 C a l c i t e marble (NJ 83, 3-15).PPl. F i e l d of 
view I.5mm. Shows development of small (c.0.2mm) 
Idocrase c r y s t a l s . See t e x t - Section 3 . b . i i . 

m 
; i 

Plate 3.8a As above but X-polars. Note the very low 
b i r e f r i n g e n c e (0.004) of the Idocrase. 



Plate 3. IO 'Geikie'e' timestone l o c a l i t y i n D i b i d i l , 
(NM 399 935). Note lush grass. See Section 3.b.ii, 

Plate 3.10a Limestone from above l o c a l i t y shows r e -
c r y s t a l i s a t i o n to pure c a l c i t e marble. 



It 

1 

Plate 3 . I I Meaozolc Shale with belemnite guard 
(Passaloteuthis sp.) 

* 
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Plate 3.12 Thin s e c t i o n of Mesozoic shale (NJ 84, 19-8). 
PPL. F i e l d of view 3.5mm. Note angular quartz grains i n 
f i n e l y disseminated 'shaley' m a t r i x . The large dark 
area t o the r i g h t of centre i s p y r i t e n u c l e a t i n g around 
a small s h e l l fragment (see t e x t - Section 3 . b . i i i l 



74 

" i s 

P l a t e 3.13 Impure s<xnd»j-lime stone from south of A l l t nam Ba 

(NM 4052 9405) showing c a s t and mould prese r v e d 

b i v a l v e s - i n c l u d i n g Chlamys sp. and the remains of 

a belemnite phragmacone ( P a s s a l o t e u t h i s s p . ) . 



_sfek . 
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Plate 3.14a Dis-a r t i c u l a t e d bivalve remains in A l l t nam 
Ba limestone, (NJ 84, 5-22a). PPL. F i e l d of view 9mm. 

ftp 
Plate 3.14b Crinoid ossicles in A l l t nam Ba limestone 

(NJ 84, 5-22). x-polars. F i e l d of view 9mm. 



Plate 3.14c S c l e r a c t i n i a n c o r a l (Thecosmilia sp.?) i n 
A l l t nam Ba limestone. NJ 84, 3-21. X-polars F i e l d o f 
view 3.5mm. Note s l i g h t e l ongation due to shearing. 

4 

to 

• 

Plate 3.14d Echinoderm p l a t e from A l l t nam Ba limestone, 
(NJ 85, 1-4). PPL. F i e l d of view 3.5mm. 
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Plate?.IS Algal boring into bivalve debris (NJ 84, 5-221) 
A l l t nam Ba Limestone, Rhura. PPL. F i e l d of view 3.5mm 

Plate 3.15a Algal boring in Bradford bed limestone, Skut 
(NJ 84, 35-22a). PPL. f i e l d of view 3.5mm. 
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Plate 3.16 Sc l e r a c t i n i a n coral Montvaltia ap. from J u r a s s i c shale 

south of A l l t nam Ba (MM 4051 9410). 



Plate 3.17 S o l i t a r y s c l e r a c t i n i a n c o r a l (Thecoamilia sp.) 
i n sandstone from the Southern most sandstone exposure 
(see Figure 2 ) . Note a l s o the development of diopside 
and w o l l a s t o n i t e . See t e x t - Section 3.d. X-polars. 
F i e l d o f view 3.5mm. 
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Plate 3.18 Limestone from A l l t nam Ba showing small 
c o r a l i t e . PPL. F i e l d of view 3.5mm. (NJ 84, 5-22L). 

4 
! 

Plate 3.18a Small c o r a l i t e i n Broadford limestone ( I s l e of 
Skye). PPL. F i e l d of view 3.5mm. (NJ 84, 35-15). 



P l a t e 3.19 Sandy-limestone from the Abhainn Ashik stream s e c t i o n 

n orth of Ob B r e a k i e h , Skye (NG 688 240). Specimen 

shows weathering producing c a s t and mould p r e s e r v a t i o n 

of d i s a r t i c u l a t e d b i v a l v e s . Cf. P l a t e 3.13. 
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Table 3.3 
Broqdford Beds F a una I Assemblage 

Key 
x-common 
o- occurs 

Fauna 

Ammonite Zo(^e 

Key 
x-common 
o- occurs 

Fauna Pl
an

or
 b

is
/ A

 n
gu

la
 ta

 

c 
m 

u 3 
m Se

m
ic

os
ta

tu
m

 

Tu
rn

er
i 

O
bt

us
um

 

Nautilus stn'atUS J.S«werby 0 

Nanoobelus brevis (Biainviiui 0 0 

Cardinia cf concinna u .swi rby ) 0 

C. listen N. Sowar by) 0 X 

Chlamys ? catva (Qoinruui 0 

C. textOria (Schtothoin) 0 X 0 0 

Gryphea arcuata L»IMH> 0 X 0 0 

Hippopodium ponderosun J . soworby 0 

Plagiostoma giganteum u s o v e r b y ) 0 0 X 

Antic qui Uma succincta &chieth«i« 0 

Liostrea irregularis (Kunsttri X ? 
Lsp 0 

Mactromya unionides mow***). • 0 

Modiolus sp 0 0 

Nuculana sp 0 0 

Oxytoma inequivalva usowtrbyi X 

Parallel odon cf hettangiensis rurqMn) 0 

Pholladomya sp 0 0 0 

Pinna harmanni z i e t t n . 0 X 0 

Pteuromya galathea 4«»ni i X Q 

Psp 0 

Pseudolimea pectinoidesi isonvby) 0 0 

Terquemia arietis (amnfUdH 0 

Bourguetia sp 0 

Pleurotomaria anglica u. sovwbyF 0 

Procerithium sp 0 

Ptychomphalus expansus I ) . s o w b y) 0 

Calcirhynchia calcaris s .aucknm 0 

Piarorhynchia juvensis iau««t B dt i X 

Spiriferina pinguis <Z i t f«n) 0 

S . ualCO tti \ J.Sowtrby) X 

Zeilleria perforata (put te) 0 b 

Isocrinus sp 0 0 

Echinoid spines X 

Thecosmflia martinr i Frantntaii 0 

After Hallam (19S9J 
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TABLE 3.4 
Stream section at Abhainn Ashik, Skye (NG 688 240) 

Lithology Thickness 
(metres) 

Comments 

M i c r i t i c limestone 0.5 -
Sandstone 2.25 X-bedded 
Sandy-limestone 1.00 -
Sandy-shale 0.25 -
S i l l - d o l e r i t e base not 

seen 
-

Sandstone 
Sandy-shale 

1.00 
0.25 

bivalves and escape 
burrows 

Sandstone 1.2 calcareous 
Sandy-limestone 0.9 -

M i c r i t i c limestone 0.05 -
Sandy-limestone 0.95 -
M i o r i t i c limestone 0.95- bivalves, plus weathers 

s i m i l a r to Rhum L' s t , 
Shale 0.8 l i o s t r e a 
sandstone 1.00 ferruginous partings 
sandy-limestone 1,66 sandy partings 
m i c r i t i c limestone 1.58 sandstone partings 
S i l l - d o l e r i t e c. 0.75m -
sandstone base not 

seen 
cast-and-mould 
bivalves 

sandstone 2.0 f i s s i l e 
Base of section. Base of section. 
Minimum thickness e. 18.m 
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4. a Introduction 

Emeleus, (1980) mapped a s l i v e r of what he termed 'crushed 
b a s a l t i c rocks', on the south-east side of Beinn nan Stac. 
The present more detailed study of south-east Rhum has 
revealed that these b a s a l t i c rocks have a somewhat greater 
areal extent, and that t h e i r associations with other 
li t h o l o g i e s , p a r t i c u l a r l y the Mesozoic sediments (Section 
3. b . i ) , are rather interesting. 

The sheared basalt i s of l e n t i c u l a t e form with a length of 
c.lkm and a maximum width of 150m (Figure 2 ) . The whole 
mass i s fa u l t bounded, except where i t i s i n contact with 
Mesozoic rocks. The eastern margin i s formed by the ORF to 
the north and the CRF further south, where the ORF i s seen 
to bifurcate. The IRF forms the westernmost boundary, u n t i l 
Mesozoic sediments are encountered when the boundary becomes 
an unconformity (section S.b.i and Figure 2 ) . 

One of the aims of t h i s project was to compare and, 
i f possible, to correlate the sheared basalts with other 
Hebridean b a s a l t i c lavas; e s s e n t i a l l y those of Rhum, Skye, 
Eigg and Canna. Comparison was carr i e d out using both a 
petrographic and geochemioal approach, with x-ray 
fluorescence analysis for major and trace elements proving 
most useful. 

4. b Geological setting 

The ORF, when i n contaot with the basalt, i s well defined; 
o 

a steep slickensided f a u l t surface ( i n c l i n e d 65 west) 
indicative of downward movement to the west. To the east 
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of the ORF are Torridonian sediments, these are contorted, 

o 
indurated, and steeply dipping westward at angles up to 60. 
Also along t h i s contact are looalised bodies of 'explosion 
breccia' (Fig. 2 and Section 2 . f ) , composed of highly 
comminuted Torridonian and b a s a l t i c rock fragments. 

Direct contact between the sheared basalt and the CRF i s 
always obscured by the presence of intervening f e l s i t e 
(Seotion 2 . f ) . 

The contact of basalt and f e l s i t e , and of the f e l s i t e and 
Lewisian gneiss i s exposed i n v e r t i c a l gully walls of a 
deeply incised, l a t e r cross-cutting dyke (NM. 4030 9357). 

I t appear*that the f e l s i t e magma . d i r e c t l y u t i l i z e d the 
fa u l t plane, so that the dip of the igneous contacts r e f l e c t 
the origin a l dip of the f a u l t . This seems a reasonable 
assumption to make as the igneous contacts are very sharp, 
and the f e l s i t e i t s e l f shows no sign of any shearing or 
structures to suggest that i t too was caught up i n movement 

o 
on the CRF. The dip of the CRF therefore i s 65 west (Plate 
2.15). 

The western margin of the basalt shows two di f f e r i n g 
contact relations; to the south of (NM.4032 9374) the basalt 
i s i n contact with overthrust Torridonian sediments (along 

o 
the shallow - 45 west - IRF), whilst to the north of t h i s 
point the basalts are i n an unfaulted landscape 
unconformable junction with the Mesozoic sediments (see 
Section 3.b.i). Where the basalt i s i n close proximity to 
the IRF the faul t plane i s e a s i l y discernable, with rocks on 
both sides of the fault showing mylonitisatlon. The 
Torridonian to the west of the fault shows very high degrees 
of deformation and induration, rather greater than 
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a l t e r a t i o n of other Torridonian sediments caught up i n the 
MRF. I t i s possible therefore (but see Chapter 6) that the 
folding and induration was enhanoed at a date coincident 
with or l a t e r than movement on the IRF, due to emplacement 
of the underlying u l t r a b a s i c rocks (See Smith (1985) f i g 3, 
and Chapter 6). 

4.o - Mineralogy and Geochemistry 

The lavas i n south-east Rhum were examined both 
mineralogically and geochemically, i n the hope that 
correlation could then be made with other b a s a l t s i n the 
Hebridean province. Unfortunately extensive secondary 
al t e r a t i o n masks much of the o r i g i n a l mineralogy, but 
analyses for both major and trace elements has proven 
more forthcoming. 

4.c.i - Mineralogy 
In hand specimen the lavas are melanocratic, f i n e grained 

rocks, aphyrie to s l i g h t l y porphyritio (feldspar-phryrio) 
and containing c h a r a c t e r i s t i c small (c.5-10mm) amygdales 
i n f i l l e d with green epidote. Small scale fractures and 
leucoojatic veins are generaly also present. The weathered 
surface i s reddish i n colour due to a high proportion of 
iron oxides (up to 10% modally). 

Localised deformation, both mylonitization and 
slickensiding occurs, especially olose to the main 
component fractures of the MRF, because of the f a i r l y small 
a r e a l extent of the amygdaloidal basalt shearing i s present 
throughout.this body of rock (Plate 4.1). 

A thin section (Plate 4.2) shows the rock to be composed 



of a groundmass of piagioclase lathe (0.25 - 0.5mm) wholly or 
p a r t i a l l y enclosed within pinkish coloured, s l i g h t l y 
titaniferous, augite. Plagioolase compositions of the 
ophitic/sub-ophitio laths are An 50-55 determined o p t i c a l l y . 
Phenocrysts are generally small ( c . 0.5 - 0.75mm), rather 
rounded, and more c a l c i c i n composition - t y p i c a l l y An 70 
(labradorite/bytownite). Rounding i s more related to 
-extensive alteration around the periphery of the phenocryst 
than say due to resorbtion. The clinopyroxene (augite) 
shows alteration, often extensive, to green, f i n e l y 
disseminated ohlorlte, secondary opaque minerals and 
epidote. Plagioclase, i n both groundmass and phenocrysts, 
i s also altered, t y p i c a l l y to f i n e l y disseminated s e r i o i t e 
plus epidote. This type of alteration, termed 
saussuritization, i s t y p i c a l of the low grade hydrothermal 
metamorphism of basic igneous rocks. The other major 
constituent of the lavas i s an opaque oxide phase. Modally 

» 

the oxides can reach 10%, the oxides being magnetite and 
ilmenite +- haematite. The opaques also show some degree of 
alte r a t i o n , with minor amounts of leucoxene, secondary 
haematite, and hornblende developing at the grain margins. 

I n f i l l e d v e s i c l e s (amygdales) are very common at some 
l o c a l i t i e s . They vary i n si z e from 2 - 10mm i n diameter, 
and are composed of epidote, quartz, c a l c i t e , garnet and 
some zeolite minerals ( n a t r o l i t e & thompsonite -
determined using x-ray d i f f r a c t i o n ) , (Plate 4.3). 
Certain sections show amygdales which are elongated due 
to shearing, whilst others re t a i n remnant concentric 
i n f i l l i n g structures, (Plate 4.3). 

Shearing i s common and oan be observed on two scales; 
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f i r s t , mylonitization produces a shear f a b r i c shown c l e a r l y 
i n t h i n section NJ 84 20-9; Plate 4.4. This sample comes 
from the northern margin of the lava wedge (NM 4061 940?) 
where t h i s mylonitic basalt serves to delimit the l i n e of 
the ORF. Note the way i n which the f e l s p a r phenocrysts a r e 
shattered and typioally show strained extinction. The 
second scale of shearing i s observed i n section NJ 83 6-9 
(Plate 4.5). Here a plagioclase phenocryst i s broken into two 
along a s l i g h t l y mineralised shear surfaoe, the two halves 
of the c r y s t a l being displaced by 2.5mm. 

Because of the rather altered nature of these rocks 
comparisons with other b a s a l t i c lavas cannot be made on 
mineraloglcal and petrographic grounds alone. Consequently 
XRF techniques,* a l l i e d to mineralogy and f i e l d observations 
have been used. 

4 . c . i i - Geochemistry.. 

The lavas of south-east Rhum were analysed using a 
P h i l l i p s PW 1400 X-ray fluoresoence (XRF) spectrometer. 
Major element (Si,Al,Fe,Mg,Ca,Na,K,Ti,Mn,P) determinations 
were made on fused glass beads whilst traoe element ana l y s i s 
used whole rock powder p e l l e t s . A detailed explanation -of 
the techniques used for the production of glass, beads, 
powder p e l l e t s , and data reduction programs are given i n 
Appendix 1. 

Tables 4.1 and 4.2 show t y p i c a l major and traoe element 
analyses of the south-east Rhum lavas. C.I.P.w norm 
calculations are also shown, and were calculated using the 
computer program 'normoal' by R.C.O. G i l l , an outline of 

g4m i s given i n Appendix t h i s pro 



91 
During the processing of the geochemical data i t was 

noted that the lavas could be grouped into two d i s t i n c t 
categories on the basis of t h e i r major and traoe element 
geochemistry. The f i r s t group (Group 1, Table 4,1) i s 
characterised by a t y p i c a l high temperature, l e s s evolved 
geochemical signature. The group 1 rocks show high Mg (7%) 
und Ca (12.5%) coupled with low values for the more 
residual elements Fe and Na - 9% and 2.4% respectively. 
The f a i r l y unevolved nature of the rocks i s also reflected 
i n trace element geochemistry, the incompatible elements 
show lower vaues than the group 2 lavas; 
Zr(77),Sr(375),Ba(144), Zn(48),V(236), the figures i n 
parentheses are mean values expressed i n parts per million 
(ppm). The value for Cr i s higher than that for the group 2 
lavas at 3Q8ppm, t h i s i s due to i t partitioning into 
pyroxene. The primitive nature of these rocks i s shown by 
the low value for the Thornton - Tuttle d i f f e r e n t i a t i o n 

* 

index - a mean of 23.1 as compared with 33 for the group 2 
lavas. 

The group 2 lavas (Table 4.2) show a more evolved 
chemistry. They are much higher i n Fe(16%) and Na(3.6%) and 
also Ti(2.6%) (possibly due to i t s partitioning into 
augite). Incompatible trace elements show enrichment when 
compared to the group 1 lavas; 
Zr(184),Sr(537),Ba(204).Zn(B4),V(320). Cr conversely i s 
depleted, with a value of only l&ppro. Figure 5 shows that 
both groups of south-east Rhum lavas plot predominantly i n 
the a l k a l i - o l i v i n e basalt f i e l d on a %anorthite v 
di f f e r e n t i a t i o n index diagram. Unfortunately alteration 
has produced r e s u l t s which occasionally plot outside t h i s 
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f i e l d (due to hydrous alt e r a t i o n ) thus reducing the XRF 
tot a l s to rather l e s s than 100%. Plotted on t h i s same 
diagram (Figure 4.1) a r t data for Eigg lavas, north-west 
Rhum lavas, and lava c l a s t s from conglomerates beneath 
the north-west Rhum lavas. From Figure 4.1 i t should be 
noted that i t i s the Eigg lavas which are the nearest 
geochemical eqivalent to those lavas of south-east Rhum, 
(see section 4.d). 

4.d Comparison of south-east Rhum lavas with adjacent areas 

From geochemical data given i n Tables 4.1 and 4.2, the 
sheared lavas i n south-east Rhum are shown s p l i t into two 
groups, both having a c h a r a c t e r i s t i c geoohemioal 
'fingerprint'. Using t h i s 'fingerprint' a correlation was 
attempted i n order to find out i f l a t e r a l l y equivalent 
lavas could be found. 

On Rhum the only other lavas are those forming the 
north-western h i l l s of Bloodstone, Fionchra, and Orval. 
These lavas have been described i n d e t a i l (Emeleus 1985) 
with geochemistry shown i n Table 4.3. From Table 4.3 i t dan 
be seen that i n the main these lavas are far more evolved 
than those i n the south-east. Figure 4.1 highlights the 
more evolved nature of these rocks, plotting i n the 
f i e l d s of mugearite and hawaiite as opposed to the 
a l k a l i - o l i v i n e basalt (AOB) nature of the lavas i n the 
south-east. On the t o t a l a l k a l i v s i l i c a diagram 
(Figure 4.2) the north-west Rhum lavas show a wide 
spread, hut s t i l l most of these rocks plot i n the more 
evolved Ardnamurohan trend, (Thompson, Esson and 
Dunham ,1972). 



Lying beneath the lavas i n the north-west of Rhum are 
extensive water-lain boulder conglomerates (see Emeleus 
1980). These conglomerates are composed primarily of c l a s t s 
of the l o c a l Torridonian sediments, Lewisian gneiss, 
porphyritic f e l s i t e , abundant western granophyre, a few 
ult r a b a s i c cobbles and quite importantly b a s a l t i c rocks. The 
b a s a l t i c rock cobbles are of a far l e s s evolved nature than 
the overlying lavas, although i n bulk composition they do 
somewhat resemble the lea s t evolved flows of Fionchra 
(Emeleus 1985). E s s e n t i a l l y they are r e l a t i v e l y low i n Na, 
Fe and T i and also i n the incompatible trace elements (Ba, 
Nb, Zr, Sr, Rb), (Table 4.4). 

Emeleus (1985) comes to the conclusion that these b a s a l t i c 
cobbles must represent the remains of an e a r l i e r lava 
formation, now t o t a l l y removed by erosion. Perhaps not 
t o t a l l y removed, the fault bounded south-east Rhum lavas 
could represent the only other, remnant of t h i s e a r l i e r lava 
episode. Such a theory can be proven by the use of trace 
element r a t i o s which should remain e s s e n t i a l l y constant for 
any given lava episode. This does seem to be the case for 
c e r t a i n of the lava cobbles and the south-east Rhum lavas. 
Cobble samples SR 244e and 244g with Rb/Sr and Nb/Zr values . 
of around 0.02 and 0.02-0.032 repeatively compare well with 
the mean group 2 Rhum lava values (Rb/Sr of 0.013 - 0.02, 
and Nb/Zr of 0.032). The f u l l range of Rb/Sr and Nb/Zr 
r a t i o s are given i n Tables 4.5 and 4.6. 

Rocks from the Eigg lava plateau plot i n the f i e l d of 
AOB (Figure 4.1), as do the south-east Rhum lavas and the 
b a s a l t i c conglomerate cobbles. Therefore a geochemical 
comparison to the Eigg lavas was also made. 

* 
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E.A Allwright, i n an unpublished M.Sc t h e s i s (1980), 
worked on the lava plateaus of the Inner Hebrides. On 
Eigg she discovered that the lavas could be s p l i t up into 
two d i s t i n c t groups on the basis of geochemistry. 
Representative samples from both of these Eigg lava 
groups are shown on Tables 4.7 and 4.8. 

The group 1 Eigg lavas (Table 4.7) are f a i r l y primitive 
- high Ca and Mg, low Na, T i and K. Incompatible trace 
element values are low, l i k e the south-east Rhum lavas, and 
Cr shows enrichment. 

The group 2 Eigg lavas (Table 4.8) are more evolved, 
having higher Fe, Na and T l values but with low Mg and Ca. 
Incompatible trace elements are also enriched. 

What i s even more remarkable than the simple faot that 
the Eigg lavas can also be divided up into two d i s t i n c t 
geochemical species, as can the south-east Rhum ones, i s 
that both show almost i d e n t i c a l ranges for trace elements 
within the two groups (Table 4.9). 

Not surprisingly then the Rb/Sr and Nb/Zr r a t i o s are 
often nearly i d e n t i c a l - Tables 4.5 and 4.6, a resume of 
t h i s data i s also shown i n Table 4.9. An example, of the 
close s i m i l a r i t y of the lavas of Rhum and Eigg i s ; 

south-east Rhum Rb/Sr Nb/Zr 
NJ 84 17-9 0.011 0.033 

Eigg lava 
E7427 0.08 0.032 

Figure 4.3 shows a graphical representation of the 
correlation between two lavas from Rhum and Eigg, the . 
correlation i s extremely good for both major and trace 
elements. 
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From the data presented above and i n the associated text 

figures and tables, c e r t a i n conclusions can now be drawn 
about the lavas i n south-east Rhum. I t would seem that 
prior to emplacement of the Rhum ult r a b a s i c complex an 
extensive plateau lava f i e l d , composed e s s e n t i a l l y of f a i r l y 
unevolved AOB, extended over what i s now Eigg, Muck, Canna 
and Rhum. During the emplacement of the Rhum volcano the 
lavas over Rhum were u p l i f t e d to high structural l e v e l s 
(probably c.2 km higher than at present - Emeleus, Vadsworth 
and Smith, 1985) with subsequent extensive erosion. This 
erosive period on the u p l i f t e d lava plateau i s possibly 
shown by the boulder conglomerate containing b a s a l t i c 
c l a s t s now underlying the north-west Rhum lavas, but, 
see also Section 6.c.i - Phase 8. 

Subsequent oaldera collapse of the Rhum volcano early in. 
i t s emplacement (Emeleus, Vadsworth and Smith, 1985) 
caught up a small s l i v e r of t h i s once extensive lava 
plateau, now only preserved as a fault bounded s l i v e r on 
the MRF, (Figure 2, and Smith 1985, figure 3). 
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Figure Lf[ 

OO'DS 

31IH1U0NB 7. ° 

u. 

• a a 
m 
> . > 
a • 
ml 

IU 
• • 

z 
w 

E ': E 
a a 
JS X 
c c • 
1 1 
• < 

« a. 
JE 

• a 
• e 

e • 
> u. • 
•J 9 

e 
' a • • • 

mm* 

• 
mm a a, ' • 
B '' JO 
D • f i 

o IU o 
1 1 



I f 

w 
9 
Jr. 

10 

V/1 
at 

in 

S 
CD 



IK* 

97 

F•inure 4-2 

CD 
CM 
(£1 

O 

00 
i n 

i n 

+ 

+ ID 

• • 

CD • CM 
DO I 0*2 D8 L 099 8 

siwiu IUIOI 

E l 
t I I 

-II 



98 

Figure 4.3 
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Figure 4-3a 

ID 

CO 
CE 

CO 

CD 
CD 
I — I Ld 

10 
CO 

UJ 
en 

CD 
t-H CO LU 

I — I 
cr 

CJ 

00 009 00 08* 00D9E 000*2 00031 

(01-12) xyisiw3H3039 wnHy * 
0 
I 

5 3 Ml i i 2 
* s s s 5 

01 
i I 

3 3 3 ? i » 8 <0 V o 



m m m m m m m m m m m m m m 

100 

mi 

I 
• v : mm 

P l a t e 4.1 One of the many v e r t i c a l l y 
s l i c k e n s i d e d s u r f a c e s w i t h i n the sheared 
b a s a l t l a v a wedge. From a point c l o s e to 
the ORF. (NM 4o6 9 3 7 ) . 
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m 

P l a t e 4.2 Sheared b a s a l t (NJ 83, 6-9). PPL. F i e l d of view 
9mm. Shows phenocrysts of p l a g i o c l a s e (Labradorite) 
i n an o p h i t i c mesostasis of p l a g i o c l a s e l a t h s enclosed 
w i t h i n a u g i t i c clino-pyroxene. Note presence of opaque 
oxides - up t o 10% modally. See a l s o t e x t - Sec t i o n 4.c 
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P l a t e 4.2.a Sheared b a s a l t (NJ 83, 6-9). same view as 

/
alttrurte*-
t o green/brown 

c h l o r i t e , and high b i r e f r i n g e n t epidote (termed 
s a u s s u r i t i c a l t e r a t i o n ) See t e x t - S e c t i o n 4 . c . i . 
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Plate 4.3 Amygdales in sheared basalt (NJ 83. 7-13). p P L. 
Field of view 9mm. shows remnant concentric i n f i l l i n g 
structures. See text-Section 4.c.i. 
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P l a t e 4.4 Sheared b a s a l t (NJ 83. 20-9). X-polars. F i e l d of 
view 9mm. Note development of a q u i t e intense shear 
f a b r i c (running h o r i z o n t a l l y ) plus the s h a t t e r e d 
p l a g i o c l a s e phenocryst. See t e x t - Section 4 . c . i . 
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P l a t e 4.5 Sheared b a s a l t (NJ 84, 6-4). X-polars. F i e l d of 
view 9mm. F e l d s p a r phenocryst sheared and d i s p l a c e d 
s i n i s t r a l l y by 2.5mm. Note a l s o the m i n e r a l i s a t i o n 
of the shear s u r f a c e . 



TABLE 4.1 
Rhum Basic Rocks - Geochemical comparison table 

Group 1 lavas (S.E Rhum) 
NJ 84 NJ 84 NJ 84 

Oxide 17-3 21-3 10-2d 
% 
SiOt 46.48 44.25 45.12 
AlzO, 18.38 17.39 16.98 
FejD» 8.77 9.14 10.02 
MgO 6.49 7.33 9.30 
CaO 12.06 12.86 12.97 
NaL0 2.37 2.39 2.69 
KtO 0.67 0.44 0.86 
TiO* 0.90 0.89 1,14 
MnO 0.138 0.123 0.145 
P.tOf 0.10 0.08 0.10 
Total 96.40 94.93 99.36 

Trace Elements (ppm) 
Ba 191 96 75 
Nb 2 1 1 
Zr 77 77 72 
Y 10 11 13 
Sr 349 400 197 
Rb 30 18 42 
Zn 46 50 63 
Cu 156 141 142 
Ki 161 166 262 
Pb 3 3 5 
U 1 1 1 
Th 0 0 1 
V 251 220 260 
Cr 310 305 620 
Nd 2 0 0 
Ga 18 18 18 
La 4 15 8 
Ce 15 1 6 

CIPW Norms 
Quartz 0.0 0.0 0.0 
Ortho: 4.1 2.8 5.2 Albite 21.0 14.7 8.2 
Anorth. 39.2 37.6 32.2 
Neph. 0.0 3.7 8.1 
Diop. 18.3 23.8 26.0 
Hypers. 1.4 0.0 0.0 
Olivine 10.5 11.7 14.0 Magnet. 3.5 3.7 3.9 
I linen. 1.8 1.8 2.2 Apatite 0.2 0.2 0.2 
Diffn. 
index 25.1 21.1 21.4 



TABLE 4.2 
Rhum Basic Rocks - Geochemical comparison table 

Group 2 lavas 
NJ 84 NJ 84 NJ 84 NJ 84 

Oxide 16-9 17-9 21-10 21-11 
SiOi 44.26 42.36 43.97 44.52 
Al,o, 16.77 16.46 17.02 16.50 
FetO, 16.00 15.68 15.62 15.59 
Mg 0 4.33 4.16 6.17 3.48 
CaO 9.60 9.47 8.21 8.76 
NatO 2.88 3.10 4.67 3.56 
KtO 0.23 0.07 0.35 0.21 
TiOt 2.62 2.57 2.75 2.66 
MnO 0.195 0.253 0.175 0.231 
P̂ O* 0.25 0.22 0.26 0.26 
Total 97.17 94.39 99.25 95.81 

Trace Elements (ppm) 
Ba 226 135 241 215 
Nb 6 6 5 6 
Zr 184 182 189 181 
Y 29 30 31 31 
Sr 534 551 527 535 
Rb 10 5 7 6 
Zn 84 83 95 75 
Cu 29 13 15 21 
Ni 57 43 24 22 
Pb 2 4 1 5 
U 2 1 0 1 
Th 0 0 0 1 
V 340 308 293 323 
Cr 16 -23 16 16 
Nd 24 11 30 27 
Ga 22 20 21 18 
La 18 11 16 11 
Ce 36 21 30 36 

CIPW Norms. 
Quartz 0.0 0.0 0.0 0.0 
Ortho. 1.4 0.4 2.1 1.3 
Albite 24.7 28.1 24.7 31.8 
Anorth. 33.9 33.0 24.9 30.0 
Neph. 0.0 0.0 8.4 0.0 
Diop. 11.7 13.2 12.2 11.8 
Hypers. 10.9 0.7 0.0 4.8 
Olivine 5.2 12.2 15.5 7.9 
Magnet. 6.4 6.5 6.1 6.3 
Ilmen. 5.2 5.2 5.3 5.3 Apatite 0.6 0.6 0.6 0.7 
Diffn. 
index 35.3 28.6 35.3 33.1 



TABLE 4.3a 
Rhum (north-west) lavas geoohemical comparison 

table. 
Oxide SR.217 SR.156 SR.213 DO.9678 SR.215 

43.70 46.33 47.71 45.99 47.54 
Alfc©i 16.39 17.56 16.74 16.89 16.53 
FeO 7.98 6.97 8.82 10.11 9.98 
Fe203 6.11 5.23 5.55 4.68 3.33 
Mg£> 8.50 4.33 4.96 4.61 5.06 
CaO 11.46 11.59 8.00 10.16 9.81 
Nato 2.04 3.93 3.92 2.91 3.23Z 
Kt0 0.48 0.27 0.67 0.48 0.74 
TiO, 2.00 2.29 2.09 2.52 2.06 
MnO 0.23 0.16 0.21 0.19 0.21 

0.22 0.57 0.34 0.34 0.39 

Trace Elements (ppm) 
Ba 159 433 330 350 387 
Nb 6 17 7 6 6 
Zr 121 132 122 128 135 
Y 22 24 30 27 31 
Sr 337 842 444 365 412 
Rb 1 6 10 10 17 
Zn 91 84 91 108 67 
Cu 147 - - 127 — 
Ni 363 - - 55 — 
Pb 
TT 

- - - -. -
U 
Th 
17 

- - - - -
V 
Cr 420 • — 122 
Nd - — — — — 
Ga - — — — — 
La - — — — — 
Ce — — — _ — — 

CIPW Norms. 
Quartz 0.0 0.0 0.0 0.0 0.0 
Ortho. 2.9 1.6 4.0 2.9 4.4 
Albite 12.8 24.0 33.1 25.0 27.2 
Anbrth. 34.6 29.8 26.5 32.1 26.5 
Neph. 2.5 5.2 0.3 0.0 0.1 
Diop. 17.7 20.5 9.6 14.5 14.9 
Hypers. 0.0 0.0 0.0 2.0 0.0 
Olivine 22.9 10.2 18.7 16.1 17.8 
Magnet. 2.2 2.9 2.9 2.2 2.2 
Ilmen. 3.9 4.4 4.1 4.9 3.9 
Apatite 0.5 1.4 0.8 0.8 0.9 
Diffn. 
index 18.2 30.8 37.4 27.9 31.7 
This data i s extracted from results collated by C.H 
Emeleus (1985). 

- € , . . ' ••* v • - . .--'V **,..-\- .. • 



TABLE 4.3b 
Rhum lavas (north-west) geochemical comparison 

table 
Oxide SR.165 SR.237 SR.189 SR.230 SR.232 
% 
SI Ox 49.30 51.70 53.75 56.06 57.26 
AlkO> 14.47 15.27 15.61 16.89 15.44 
FeO 4.73 9.19 5.78 3.02 3.99 
Fe203 12.85 4.31 5.56 7.65 6.37 
MgO 3.00 3.05 2.83 2.42 1.75 
CaO 8.15 8.05 7.25 5.27 5.60 
Nâ .0 2.60 3.79 4.01 4.67 4.81 
K».0 0.99 0.87 1.36 2.95 2.67 
TiOx 2.71 2.07 2.04 1.98 1.85 
MnO 0.21 0.18 0.18 0.16 0.17 

0.56 0.50 1.00 0.88 0.85 

Trace Elements (ppm) 
Ba 1022 1002 1252 1486 1488 
Nb 10 9 13 10 13 
Zr 236 236 219 320 300 
Y 38 38 46 52 46 
Sr 509 521 671 635 609 
Rb 12 47 34 60 62 
Zn 142 127 137 139 130 
Cu 35 63 — 3 2 
Ni 3 4 - 0 0 
Pb 
TT 

— — — — -
U 
Th 
M 

- - - - -
V 
Cr 10 10 

* ~• 

4 6 
Nd - - - - — 
Ga - - - -
La - - - - -
Ce - - - - -

CIPW Norms. 
Quartz 2.7 1. 9 
Ortho. 6.0 5. 2 Albite 22.4 32. 5 
Anbrth. 25.3 22. 4 
Neph. 0.0 0. 0 
Diop. 10.4 12. 5 
Hypers. 24.6 17. 4 
Olivine 0.0 0. 0 Magnet. 2.2 2. 9 
Ilmen. 5.2 4. 0 Apatite 1.4 1. 2 
Diffn. 
index 31.0 39. 6 

5.5 0.3 3.7 
8.2 17.6 15.9 
34.5 39.0 41.0 
20.9 17.0 12.8 
0.0 0.0 0.0 
7.6 3.0 8.2 
14.1 13.6 9.2 
0.0 0.0 0.0 
3.0 3.7 3.7 
3.8 3.8 3.5 
2.4 2.1 2.0 

48.1 56.8 60.7 
This data i s extracted from results collated by C.H 
Emeleus (1985). 
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TABLE 4.4 

Geochemistry of Cobbles from conglomerate at 
base of Fionohra 

* * 
Oxide SR .244c SR.244d SR. 244e SR.244f SR.244C 
wt.% 
SiO t 47 .70 46.60 46. 23 46.70 48.08 
Ali©» 15 .52 15.09 16. 44 15.48 16.24 

12 .71 11.82 12. 99 11.78 11.14 
MgO 8 .94 8.25 7. 45 8.88 6.31 
CaO 11 .31 10.61 12. 76 10.88 12.48 
NaKo 1 .62 1.93 1. 78 1.95 2.21 
Kuo 0.49 0.69 0. 48 0.21 0.54 
TlO l 1.32 1.83 1. 59 1.26 2.42 
MnO 0 .21 0.159 0. 27 0.161 0.31 

0 .18 0.19 0. 18 0.15 0.27 
Total 100.00 97.20 100. 00 97.49 100.00 
Trace Elements(ppm) • 

Ba - 91 60 46 76 Nb 4 2 3 5 
Zr - 133 102 82 152 
Y - 19 28 26 36 
Sr - 247 218 201 292 
Rb - 39 4 12 6 
Zn - 84 80 88 88 
Cu - 100 149 113 79 
Ni -. 130 145 188 125 
Pb -. 5 5 6 6 
U - 1 1 1 1 
Th - 1 1 3 4 
V - 340 351 286 444 
Cr - 253 391 434 404 
Nd - 7 2 15 23 
Ga - 23 21 18 22 
La - 19 19 16 11 
Ce — 20 22 15 35 
CIPW Norms 
Quartz 0.0 0.0 0. 0 0.0 0.0 * 
Ortho. 2.9 4.2 2. 9 1.3 3.2 
Albite 13.9 17.0 15. 2 17.1 - 18.9 
Anorth. 34.0 31.6 35. 4 34.0 33.1 
Neph. 0.0 0.0 0. 0 0.0 0.0 
Diop. 17.6 17.5 22. 6 16.8 22.6 
Hypers. 17.9 17.2 3. 9 18,5 10.7 
Olivine 8.5 3.7_ 14. 4 4.8 4.0 
Magnet. 2.2 4.7 2. 2 4.7 2.2 
Ilmen. 2.5 3.6 3. 1 2.5 4.6 
Apatite 0.4 0.5 0. 4 0.4 0.7 
Diffn. 
index. 16.8 21.2 18. 1 18.4 22.1 
*. Denotes major element chemistry by XRF using fusion 
beads. The other results are by C.H. Emeleus, using 
raw rock powders and normalised to 100%. 



TABLE 4.5 
Rubidium:Strontium ratios(Rb/Sr) 

Rhum 8 Eigg Lavas 
RHUM LAVAS(S.E) EIGG LAVAS 
NJ 84 E 
17,3 0.086(1) 7467 0.028(1) 
NJ 84 E 
21-3 0.045(1) 7469 0.033(1) 
NJ 84 E 
16-9 0.020(2) 7636 0.021(1) 
NJ 84 E 
21-10 0.013(2) 7649 0.031(1) 
NJ 84 EA 
21-11 0.011(2) 8 0.021(1) 
RHUM LAVAS(N.W) E 

7427 0.008(2) 
SR 
217 0.003 E 

7429 0.020(2) 
DU 
9868 0.009 E 

7430 0.013(2) 
SR 
156 0.007 E 

. 7458 0.013(2) 
SR 
213 0.02 

COBBLES(FIONCHRA) 
DU 
9878 0.027 SR 

244c 
SR 
215 0.04 SR 

244d 0.16 
SR 
230 0.096 SR 

244e 0.018 
SR 
232 0.10 SR 

244f 0.06 
SR 
244g 0.021 

The numbers in brackets refer to which group of 
lavas the sample belongs to.(See text) 
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TABLE 4.6 
Niobium:zirconium ratios (Nb/Zr) 
Rhum and Eigg lavas 

RHUM LAVAS (S.E) EIGG LAVAS 
NJ 84 E 
17.3 0.026(1) 7467 0.088(1) 
NJ 84 E 
21.3 0.013(1) 7469 0.029(1) 
NJ 84 E 
16.9 0.033(2) 7636 0.038(1) 
NJ 84 E 
17.9 0.033(2) 7649 0.035(1) 
NJ 84 EA 
21.10 0.027(2) 8 0.13(1) 
NJ 84 E 
21.11 0.033(2) 7427 0.032(2) 
RHUM LAVAS (N.W) E 

7429 0.043(2) 
SR 
217 0.05 E 

7430 0.066 
DU 
9868 0.041 E 

. 7458 0.06 
SR 
156 0.13 COBBLES (FIONCHRA) 
SR SR 
213 0.057 - 244c 
DU SR 
9873 0.063 244d 0.03 
SR SR 
215 0.044 244e 0.02 
SR SR 
230 0.031 244f 0.037 
SR - SR 
232 0.043 244g 0.033 

Numbers in brackets refer to the'group'to which a particular 
lava belongs (see text) 



TABLE 4.7 
Eigg Lavas - Geochemical comparison table 

Group 1 Lavas 
Oxide 
% 
SiOx 
Fe xo 3 

Mgo 
CaO 
N ai° Kto TlOx 
MnO 
Pi©* 

E7467 E7469 E7636 EA8 E7649 
45.95 47.05 47.62 47.81 49.51 
16.10 16.00 15.04 8.32 15.21 
12.35 11.67 12.31 9.88 10.20 
10.21 8.90 9.84 9.78 9.65 
10.89 11.22 10.03 11. 39 10.36 
2.40 2.82 2.72 2.55 2.91 
0.29 0.57 0.42 0.31 0.61 
1.45 1.43 1.60 1.07 1.22 
0.21 0.19 0.19 0.17 0.16 
0.14 0.15 0.22 0.12 0.17 

Total 100.0 100,0 100.0 100.0 100.0 

Trace Elements (ppm) 
Ba 122 198 250 97 281 
Nb 8 3 5 10 4 
Zr 91 105 133 75 113 
Y 19 22 24 17 19 
Sr 284 303 336 324 353 
Rb 8 10 7 7 11 
Zn 76 84 74 58 70 
Cu 113 125 94 98 79 
Ni 322 234 208 81 144 
Pb - - — — — 
D - - — — 
Th 
« 

- - • - -
V 
Cr 430 420 496 375 480 
Nd - — — — — 
Ga - • — — — — 
La - — — — — 
Ce - — -

CIPW Norms. 
Quartz 0.0 0. 0 
Ortho. 1.7 3. 4 
Albite . 17.6 18. 3 
Anorth. 32.3 29. 3 
Neph. 1.4 3. 0 
Diop. 17.0 20. 7 
Hypers. 0.0 0. 0 
Olivine 24.7 20. 0 Magnet. 2.1 2. 2 
Ilmen. 2.8 2. 7 Apatite 0.3 0. 4 
Diffn. 
index. 20.8 24. 7 

0.0 0.0 0.0 
2.5 1.8 3.6 

23.0 21.5 24.6 
27.6 33.8 26.6 
0.0 0.1 0.0 
16.9 17.8 19.2 
1,9 0.0 3.5 

22.4 20.5 17.5 
2.2 2.3 2.2 
3.0 2.0 2.3 
0.5 0.3 0.4 

25.5 23.4 28.2 
This data i s extraoted from results collated by E.A 
AUwrijght (1980). Unpub. M.Sc. Thesis U. of Durham. 
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.TABLE 4.6 

Eigg Lavas - Geochemical comparison table 
Group 2 lavas 

Oxide E7430 E7429 E7427 E7458 
% 
Sio,. 45.31 45.58 47.02 46.02 
Al xO, 15.46 14.87 15.61 16.25 

15.76 16.23 14.67 15.36 
MgO 7.88 8.17 7.34 6.96 
CaO 8.88 8.70 8.84 8.67 
Na^o 3.27 2.92 3.13 3.27 

0.43 0.45 0.45 0.41 
TiOi 2.57 2.81 2.56 2.60 
MnO 0.2 0.21 0.19 0.20 

0.25 0.31 0.26 0.25 
Total 100.0 100.0 100.0 100.0 
Trace Elements (ppm) 
Ba 252 284 254 266 
Nb 11 8 6 10 
Zr 167 184 189 178 
Y 30 37 37 33 
Sr 520 451 508 529 
Rb 7 9 4 7 
Zn 85 94 85 84 
Cu 20 42 17 13 
Ni 20 41 49 12 
Pb - - - — 

U - - - — 

Th 
\7 

— — • -
V 

Cr 23 70 45 24 
Nd - - - -
Ga - - - -
La - - -
Ce - -

CIPW Norms. 
Quartz 0,0 0.0 0.0 0.0 
Ortho. 2.5 2.7 2.7 2.4 . 
Albi t e 21.9 24.2 26.5 25.7 
Anorth> 26.2 25.2 27.2 28.5 
Neph. 3.1 0.3 0.0 1.0 
Diop. 13.3 13.3 12.5 10.8 
Hypers. 0.0 0.0 2.5 o . o -
Olivine 25.2 26.3 21.1 23.9 
Magnet. 2,1 2.1 2.1 2.1 
Ilmen. 4.9 5,3 4.9 4.9 
Apatite 0.6 0,7 0.6 0.6 
Diff n . 
index 27.6 27.1 29.1 29.2 
Data extracted from r e s u l t s collated by E.A.Allwright, 
unpublished M.Sc Thesis, University of Durham (1980). 
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TABLE 4.9 

Ranges of trace element values - Rhum (SE) and Elgg 

Rhum (SE) - group 1. Eigg - group l . 
Zr 72-77 75-113 
Y 10-11 17-20 
Sr 350-400 380-353 
Cu 141-156 94-125 
Hi 161-166 81-322 
Cr 305-310 375-500 

Rhum (SE) - group 2. Eigg - group 2. 
Zr 181-189 167-190 
Y 29-31 30-37 
Sr 527-551 450-530 
Cu 13-29 13-40 
Ni 22-57 20-50 
Cr 16-23 23-70 • 

Values for Nb/Zr and Rb/Sr r a t i o s 
Nb/Zr .1 Rb/Sr 

Rhum (south-east) lavas 
group 1 

C. 0.032 0.045 -0.086 

Rhum (south-east) lavas 
group 2 

O. 0.032 0. 0 .013 

Rhum (north-west) lavas 0.040-0.120 0.003 
0.096 

-0.009 
-0.100 

Cobbles (below Fionchra) 0.020-0.032 0.060 -0.021 

Eigg lavas - group 1 C. 0.032 C. 0 .028 

Elgg lavas - group 2 C. 0.032 C. 0 .013 
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5.a Introduction 
The Main Ring Fault (MRP), Figure 2.1, forms an 

es s e n t i a l l y annular boundary to the igneous rocks of the 
Rhum complex enclosing both the ultr a b a s i c rocks and the 
acid voloanios of western Rhum, (the KMC; Dunham, 1968, 
and the SMC; Hughes, 1960a). The aoid volcanics are 
t o t a l l y bounded by the fau l t , whereas the ult r a b a s i c 
rocks often transgress (thermally erode ? ) the l i n e of 
faulting. In south-east Rhum however, the MRF i s no 
longer a simple single arcuate fracture (Figure 2) but 
comprises 3 sub-parallel fractures. These component 
fractures have been defined e a r l i e r (section 2.a and 
Smith, 1985) as the Outer Ring Fault (ORF), Centre Ring 
Fault (CRF), Inner Ring Fault ( I R F ) . Each of the 
components of the MRF i n south-east Rhum i s described i n 
d e t a i l below. Plate 5.0, an a e r i a l photograph of south
east Rhum, picks out the major lineations produced by the 
MRF. 

S.b The MRF as seen i n south-east Rhum 
The single arcuate fracture of the MRF i n south-east 

Rhum i s never observed d i r e c t l y , i t s course i s -infer ed . 
to l i e along a deep gully (Plate 5.1 and 5.1a) produced 
by the erosion of e a s i l y weathered marginal gabbro. The 
Torridonian to the east of the fault l i n e i s highly 
deformed (dips up to 70 degrees west) and often exhibits 
signs of rheomorphism with the occasional production of 
true hybrid rocks (Section 2.c). Emeleus and Forster 
(1979), describe the path of the MRF i n t h i s area as a 
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'moat l i k e ' feature, the cover photo (op o i t ) i s am 
a e r i a l view of Rhum from the south-east which shows up 
t h i s feature admirably. To the west of the marginal 
gabbro are the unit 1 peridotite and a l l i v a l i t e of the 
Lower Eastern Layered Series ( F a i t h f u l l 1985). The unit 
1 a l l i v a l i t e dips west at angles of c. 3 0 - 4 0 degrees, 
and i s deso^Lbed i n Section 2.e. 

I t seems therefore that i n south-east Rhum the l i n e of 
the MRF has been 'exploited' during emplacement of the 
ultrabasios with severe thermal metamorphism of the 
Torrldonian to the east of the marginal gabbro. 
Transgression of the MRF caused by the ultrabasics/gabbro 
perhaps indicates that thermal erosion of the MRF also took 
place at t h i s stage. 

5.b.i The Outer Ring Fault 
At a point j u s t south of the c a l c - s i l i c a t e 'dry stone w a l l ' 

l o c a l i t y (Emeleus and Forster, 1979, location I I lb. and 
Figure 2 ) , the MRF may bifurcate. This bifurcation of the 
fa u l t i s not observed d i r e c t l y due to masking by marginal 
gabbro. I t i s possible that the MRF was 'double' to the 
north of A l l t nam Ba but a l l evidenoe i s now l o s t . Just' to 
the south of the presumed point of bifurcation the fault 
plane of the ORF i s observed, i t i s marked by the presence 
of pockets of explosion breccia, and intense myionitization 
of the b a s a l t i c rocks to the west of the fault. As w i l l be 
outlined i n Chapter 6, t h i s particular portion of the ORF 
has been u t i l i z e d on at lea s t two occasions. Along t h i s 
northern portion of the ORF the displacement on i t must have 
been down to the west; juxtaposing sheared Tertiary basalts 

8 



11 
against Torridonian s t r a t a (Figure 2). The faul t plane dips 
c.65 west and can be traced southwards to a point where the 
fault once again bifurcates (NM 4054 9386). The ORF now 
separates basal Torridonian/Lewisian Gneiss from Torridonian 
Rudha na Roinne g r i t . Consequently displacement within t h i s 
southern portion of the ORF must have been upward to the 
west. Mylonite, slickensiding and pockets of explosion 
breccia a l l serve to delimit the fault plane hereabouts. 

The Lewisian Gneiss i s foliated, with the f o l i a t i o n 
generally trending c. 340. Along the ORF however, the 
fo l i a t i o n i s bent around ( i n c. lm) to become coincident 
with the l i n e of faulting, t h i s implies that there must have 
been a component of horizontal movement, and presumably a 
f a i r degree of heating as no brittle, shearing i s observed. 

Explosion breccia i s very common along the southern 
portion of the f a u l t plane, especially to the south of the 
deeply incised cross-cutting dyke (Figure 2 and Plate 2.14). 
Ultimately, to the north of the dyke channel"„ explosion 
breccia becomes associated with porphfritic f e l s i t e and the 
fault plane becomes obscured. The explosion breccia and 
f e l s i t e presumably exploited the existing s t r u c t u r a l 
weakness of the ORF (see Chapter 6 ) . Explosion breccia*oan 
be traced over the south-eastern shoulder of Beinn nan Stac 
into the D i b i d i l v a l l e y where exposure i s l o s t beneath thick 
peat. 

S.b.ii The Centre Ring Fault 
The CRF i s the shortest of the three components 

comprising the MRF i n south-east Rhum. -The CRF juxtaposes 
Lewisian Gneiss/basal Torridonian sediments against the 

o 

o 



sheared b a s a l t i c lavas l y i n g south-west of the point of 
bifurcation of the CRF and ORF (Figure 2), The fa u l t plane 
i s never observed d i r e c t l y with the CRF always exploited by 
porphfritic f e l s i t e . 
The f e l s i t e along the f a u l t becomes far more abundant 
southwards, eventually terminating the Lewisian Gneiss 
exposure completely (Figure 2 ) . Explosion brecoia I s 
associated with t h i s f e l s i t e and forms extensive outcrops 
between the ORF and CRF. 

To the west of the CRF are the sheared. Tertiary b a s a l t i c 
lavas, which show signs of extensive shearing (Plate 4.1). 
At (NM 4015 9375) the CRF i s cut out by the l a t e r IRF. 

The l a s t phase of movement on the CRF must have been 
downwards to the west, thereby juxtaposing Lewisian Gneiss 
against T e r t i a r y b a s a l t i c lava, (Plate 2.15). 

5 . b . i i i The Inner Ring Fault 
This f a u l t forms the inner-most fracture and separates 

the sheared T e r t i a r y lavas and Mesozoio sediments from the 
heavily deformed Torridonian s t r a t a within the MRF. 

The northern portion of the IRF i s not observed as i t , 
l i k e the MRF north of the A l l t nam Ba waterfall, has been 
presumably thermally eroded by the marginal gabbro. To the 
south of the A l l t nam Ba v a l l e y the IRF i s s t i l l not well 
defined, but must separate J u r a s s i c f o s s i l l f e r o u s shale from 
the u n f o s s i l i f e r o u s Torridonian Bagh na h-tJamha shale. 
The f a u l t plane i s e a s i l y disoernable further south. 
Here J u r a s s i c limestone has dissolved along the 
interface, with Torridonian rooks producing, a prominent 
undercut scarp feature (Plate 5.3). Often there are 
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considerable sink boles along the contact, with the 
'hanging wall' Torridonian rooks commonly collapsing 
into them.' 

o 
The dip ( c . 45 ) of the IRF i s rather l e s s than that of 

either the ORF or CRF. Where the Mesozoic 
sediments eventually wedge out (Figure 2), sheared basalt i s 
now brought into contact with Torridonian sediments inside 
the Ring Fault. Dark f l i n t y mylonites are developed 
for c. lm i n rocks on both sides of the IRF. 

Where the oft mentioned deeply incised dyke channel 
crosses the IRF (Figure 2), i t exposes a small t r a c t of 
Ju r a s s i c sandstone (altered to quar t z i t e ) . This i s the 
southern-most v i s i b l e extent of Jur a s s i c s t r a t a on the MRF 
system, although the presence of deep sink holes along the 
IRF for some tens of metres south of t h i s point indicate the 
presence of calcareous rooks. The IRF continues 
south-wards, cutting off the CRF, and can be traced over the 
south-western flank of Beinn nan Stac into the lower D i b i d i l 
valley, where exposure i s l o s t . Rocks which are exposed on 
the l i n e of the IRF before i t i s lo s t are highly brecciated . 
and deformed Torridonian sediments. 

A cross section through the MRF system i n south-east >Rhum 
i s given i n Smith (1985, figure 3 - Appendix 3).. 
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Plate 5.0 Aerial view of south-east Rhum. 
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P l a t e 5,1 General view looking north, taken 
from the Mesozoic limestone l o c a l i t y 
(NM 405 943). Note the g u l l y formed by 
the e a s i l y weathered gabbro along the l i n e 
of the MRF, and a l s o the i n c l i n a t i o n of the 
Unit I p e r i d o t i t e / a l l i v a l i t e . (See t e x t ) . 
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II 

P l a t e 5.la Shows the moat and r i d g e f e a t u r e caused by the 
e a s i l y weathered marginal gabbro l e a v i n g a g u l l y a g a i n s t 

orKose 

the more r e s i s t a n t rheomorpho&«/ Torridonian/. I n the 
foreground i s the c a l c - s i l i c a t e dry-stone w a l l j u s t 
below the A l l t nam Ba w a t e r f a l l . 
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p l a t e 5 - 2 Th« Steep elickensided f a u l t plan • O f the ORP 
against the sheared Tertiary lavas. See also P l a t e 3.1. 
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Plate 5.3 The IRF seen dipping c. 45° west. Note the 
undercut nature of the* 'hanging wall* of Torridonian 
sediments (to the l e f t of the shot) due to dissolution 
of limestone adjacent to the f a u l t plane. 
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Chapter 6 
The Main Ring Fault i n south-east Rhum and i t s 
implications to the early teotonlo history of the 
voloanio complex. 
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6.o.i Phases i n the development of the Rhum caldera 
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6.a Introduotion 

Emeleus, Vadsworth and Smith (1985) proposed a model 
for the early history of the Rhum volcanic centre i n 
terms of an earl y caldera forming event. I n i t i a t i o n of 
the caldera was thought to be due to the d i a p i r i c uprise 
of a c i d i c magma, now expressed at the surface by the 
'western granophyre'. Such a thesis seems reasonable i n 
the l i g h t of recent work which appears to suggest that 
caldera forming events preceded or where integral parts 
of many of the Tertiary intrusions of the B r i t i s h 
T ertiary Volcanic Province (BTVP) eg; Mull - Bailey et. 
a l . (1924), Bott and Tantrigoda (1987). Arran - King 
(1954), and Skye - B e l l (1966,1976) Thompson (1980). 
More recent studies on the Rhum Complex, especially i n 
the south-east, suggest that a sligh t modification i s 
required to the Emeleus et. a l . (1985) model. 

Calderas are a common feature of other volcanic 
provinces associated with the emplacement of 
add/intermediate lavas to high crust a l l e v e l s , for 
example; Timber Mountain (Christiansen, Lipman et. a l . 
1965. Lipman, 1976), Valles (Smith, Bailey and Ross, 
1961), Sabolka (Almond, 1977). An excellent further 
referenoe l i s t i s given i n Lipman (1984). 

In order to help oorrelate the features found on Rhum 
with the stages i n the development of better documented 
calderas, a summary of the primary stages i n the 
development of calderas i s given below. 



6.b The development of Calderas. 
Stage 1 
Pre caldera forming events, especially i n the Scottish 

Tertiary, appear to be dominated by an intense 
phase of basic dyke intrusion, producing surface f i s s u r e 
eruptions and the consequent development of an extensive 
lava plateau, (of Walker 1975). Magma for t h i s dyke 
phase was probably ponded at the base of the crust , with 
batches r i s i n g under excess hydrostatic pressure to 
reach the surface. However, basic dykes are also seen 
to cut l a t e r rocks of the^oomplex (eg. f e l s i t e and 
explosion breccia), so dyke formation seems to have 
continued throughout the formation of the Rhum caldera 
(see also section 6.c.i Phase 1). 

Stage 8 
Caldera development i s i n i t i a t e d by emplacement of 

magma l e s s dense than the surrounding country rocks to 
high s t r u c t u r a l l e v e l s i n the orust. At low l e v e l s i n 
the crust the buoyant magma can r i s e by a method of 
diapirism as the crust tends to deform i n a duc t i l e 
manner.In the cooler more b r i t t l e upper crust the 
emplacement i s by stoping. The buoyant a c i d i c magma i s 
most l i k e l y derived by a combination of primary 
d i f f e r e n t i a t i o n of the ponded basic magma of Stage 1 
plus partial-melting of the Surrounding c r u s t a l rocks, 
(Thompson 1980, 19.82. Thompson e t . a l . 1986). 

Stage 3 
Emplacement of the buoyant magma to high s t r u c t u r a l 

l e v e l s tends to deform the crust with the development 

Khun 



of an early phase of regional tumescence. E a r l y acid 
vulcanism and continued dyke emplacement are common 
during t h i s stage. 

Stage 4 
Tumescence culminates i n ring fracturing with 

associated vulcanism i n the form of vent agglomerates 
and other types of py r o c l a s t i c rock eg. ignimbrites and 
welded t u f f s . The association of such rocks with a c i d i c 
vulcanism i s t y p i c a l of P l i n i a n type explosive 
eruptions, the best documented of which i s the Askja 
volcano i n Iceland (Thompson 1980). 

gtage_5_ 

Expulsion of v o l a t i l e s during ring-fracture vulcanism 
produces regional detumesoence as the, magma pressure i s 
l o s t . Detumescence occurs along the bounding ring 
fractures, developed during Stage 4, and a caldera i s 
formed at the surface. As caldera formation i s governed 
by the ring fraotures an e s s e n t i a l l y annular margin i s 
produced. The actual margin of the caldera may l i e some 
distance outside the l i n e of annular faulting, due to the 
collapse inwards of the walls. Such collapse, along 
with the associated acid/pyroclastic v u l c a n i s m , - i n f i l l s . 
the oaldera often to considerable depths. The depth of 
i n f i l l by pyroclastic rocks and 'collapse breccias' i s 
dependent on the i n i t i a l extent of collapse (Llpman 
1976, 1984). I t i s of intere s t to note that Lipman 
(1976) states that the floors of oalderas generally 
collapse as intaot plugs, e s p e c i a l l y i n Precambrian 
cratonic crust, and not i n a t o t a l l y random, piecemeal 



fashion. This can preserve stratigraphloally high l e v e l 
c r u s t a l successions at low st r u c t u r a l l e v e l s ( c f Figure 
6.1 to Lipman 1976 figure 2 ) . 

Stage 6 
A common feature of many calderas i s resurgence 

(Smith and Bailey 1968), the causes of which are not 
totally, understood but four hypotheses are generally 
propounded: 

i . Continued uprise of magma 
i i . Hydrostatic rebound 
i i i . Regional detumesoence and oentripetal pressure 
i v . Return to magma pressure maximum 

A l l four of these mechanisms are evaluated i n a review 
of the mechanics of such mechanisms by Marsh (1984). I t 
i s probably the case that a l l these mechanisms take place 
to some extent. Resurgence i s mentioned at t h i s point 
i n order to introduce the p o s s i b i l i t y that the floor of 
calderas can be re-elevated to high structural l e v e l s , 
t h i s i s an important factor i n the development of the 
Rhum caldera. 

Stage 7 
Post resurgent vulcanism i s a t y p i c a l waning caldera 

feature with l a t e stage acid vulcanism including 
pyroclastio flows and i n some calderas the development 
of ring dykes (Smith and Bailey 1968). Erosion can also 
be an important factor during t h i s stage, and t h i s was 
probably the case on Rhum. 

Formation of the Rhum Caldera - Introduction 
On Rhum i t i s quite possible that a l l of the caldera 



forming events outlined above took place however, 
extensive erosion has stripped off much v i t a l evidence. 
A further complication i s also present i n the form of 
the Ultrabasic Complex whioh post-dates the early 
caldera forming events (Emeleus et. a l . 1985). The 
rocks of the oaldera (granophyre,felsite, explosion 
breccia, t u f f i s i t e and country, rock..(inside the MRP)) 
seen i n the NMC, SMC and south-east Rhum, are often i n 
roof l i k e r e l a t i o n s to the UB complex (Plate 2.18, f i g . 
1 of Emeleus e t . a l . 1985, and J i g . 3 of Smith 1985). 
As indicated i n Stage 5 above, the i n i t i a l caldera could 
have f i l l e d to a considerable depth (o. 2 - 8 km) with 
the UB complex/injected into the base of the overlying 
caldera f i l l . Dunham and Emeleus (1967), Paithfull(l985) 
and Emeleus (1987) came to the conclusion that the UB 
Complex was probably emplaced within 1 km of the 
surface. Consequently the caldera i n f i l l i s more than 
thick enough to cater for t h i s . Emplacement of the UB 
Complex i s discussed further i n Phase 8 below. 

6.0.1 Phases i n the development of the Rhum oaldera 
As i n Walker's (1975) model for the development of 

the Tertiary Volcanic Centres, i t i s envisaged -that the 
f i r s t phase i n the development of the Rhum centre was 
one of extensive basic dyke formation. Dyking was 
probably i n i t i a t e d by the ponding of basic magma at the 
base of the crust, with batches of t h i s magma r i s i n g 
under excess hydrostatic pressure towards the surface. 
_Magma pressure was high enough to allow the dykes to 

i 

reach the surfaoe producing f i s s s u r e eruption and the 



development of an extensive lava plateau. Remnants of 
t h i s lava plateau are retained on the nearby i s l e s of 
Eigg and Muck to the east. However, basic dykes also 
cut l a t e r rocks of the caldera ( f e l s l t e s and explosion 
breccias within the MRF zone) and so basic magma must 
have been available throughout much of the history of 
the Rhum caldera. There i s a further problem i n that 
the feeders for the extensive lava plateau have not, as 
yet, been discovered. The plateau lavas are of a l k a l i -
o livine basalt a f f i n i t i e s (Allwright, 1980) and 
geochemical evidence presented i n chapter 3 shows that a 
small s l i v e r of t h i s lava plateau i s caught up i n the 
MRF i n south-east Rhum, so proving the existence of the 
lava f i e l d over Rhum during i t s early history (see also 
Smith, 1985 and Emeleus et a l 1985). Dagley and Musset 
(1986) have recently proven by palaeomagnetic study that 
the plateau lavas of Eigg and Muck pre-date the 
development of the Rhum centre. 

Phase 2 
The hot basic magma which ponded at the base of the 

crust began to generate a body of a c i d i c magma above i t 
by a process involving f r a c t i o n a l crysta^tsation 
and. p a r t i a l fusion of the s i a l i o crust (Fig. 6.1). 
In the hot ductile lower portion of the crust, greater 
than 12 km depth, the acidio magma would begin to r i s e 
upward d i a p i r i c a l l y . The dia p i r grew by continued 
fractionation/partial fusion, with heat energy supplied 
from below by the hot basic l i q u i d . The density of t h i s 
basic l i q u i d was also such that i t too rose towards the 
surface, a l b e i t more slowly, (of Walker 1975). 



The r e l a t i v e densities of possible parental l i q u i d s , 
( e i t h e r olivine t h o l e i i t e (Thompson 1982) or pl.crite 
(Cox 1980)) have been calculated by Bott and Tantrigoda 
(1987) for the Mull Volcanic Centre. The densities of 
these basic melts vary ( see below) but none has a dry 

3 
density greater than 2750 kg/m and even with only a 
small water content t h i s value i s s i g n i f i c a n t l y reduced 

3 ._. ... 
(to around 2700 kg/m for a p l c r i t e ) . Similar basic 
rocks could be parental to the Rhum Ultrabasic Complex, 

Pressure 
Parental magma 

surface 11 km depth 
Mc> r i c h 01. Thol e i i t e 

(1300 c e l s i u s ) 
a) anhydrous 2670 - 2727 2700 - 2750 
b)0.5% water 2630 - 2670 2690 - 2700 

model p i c r i t e 
(1400 c e l s i u s ) 

a)anhydrous 2690 - 2725 2730 - 2755 
b)0.5% water 2645 - 2680 2685 - 2720 
From Bott and Tantrigoda 1987. P m K 3 

The basement rock beneath Rhum i s predominantly Lewisian 
3 

Gneiss, which has a density of around 2750 kg/m at the ' 
3 

surface r i s i n g to around 2800 kg/m at depth. 
Consequently there i s a s u f f i c i e n t density contrast 
between basic magma and the country rocks to allow them 
to r i s e towards the surface behind the more buoyant acid 

3 
magma (with a density of c. 2500 kg/m - but again 
dependant on depth and water content). 
. Certain batches of the bas i c magma continued to r i s e 
towards the surface without encountering the dia p i r , 



these fed the surface f l s s ure eruptions thus extending 
the lava plateau. 

Phase 3 
As the acid diapir approached the surface l o c a l i s e d 

tumescence occured warping upward the overlying crust. 
Oh Rhum doming of the country rocks outside the MRF i s 
c l e a r l y seen i n the attitude of dip and s t r i k e of the 
Torrldonian s t r a t a around the northern margin of the 
Complex (Fig. 2.1). The Torridonian rocks are affected 
for about 1 km from the MRF, the dips increasing towards 
the fault to a maximum of 85 degrees. Country rocks 
within the MRF also show some evidence of doming i n 
teras of t h e i r d i s t r i b u t i o n and st r u c t u r a l attitudes 
(EmeleuB et. a l . 1985). 

Phase 4 
In order to explain the present dist r i b u t i o n of 

Lewisian gneiss around the margins of the complex and 
caught up between the ORF and CRF i n south-east Rhum, i t 
i s necessary to invoke a period of u p l i f t . Following 
Emeleus et. a l . (1985) i t i s proposed that oontinued 
uprise of the acid diapir culminated i n fracturing of 
the country rocks around the periphery of the dome of 

i 

Phase 3. The r e s u l t was the development of the annular 
MRF. The central plug of strong Precambrian cratonic 
crust was pushed upward by magma pressure (Fig. 6.1) 
thus elevating Lewisian basement to high structural 
l e v e l s . This raised central plug would,presumably, have 
been, subjected to intense erosion thus stripping off 
much of the cover of Tertiary plateau lavas and 



possibly some of the underlying th i n Mesozoic sediments, 
although these would tend to be protected by the 
overlying lava flows. 

During t h i s phase the a c i d i c magma dia p i r must have 
approached close to the surface, c e r t a i n l y into the 
b r i t t l e upper part of the c r u s t . This l e s s d u c t i l e 
upper crust (< 12 km) does not allow diapirism to ocour, 
rather, emplacement of magma i n t h i s region i s by a 
prooess of fracturing and stoping (dense blocks of 
country rook sinking into the l e s s dense magma which i s 
consequently displaoed upwards). One common method of 
stoping i s by sub-surfaoe cauldron subsidence, where a 
la r g e . r e l a t i v e l y intact cylinder of oountry rock becomes 
detatched and sinks ( F i g . 6.1). Often the surfaoe 
expression of such a cauldron subsidence at depth i s the 
production of a caldera (Walker 1984). The Mull 
caldera, centred on the l a t e Loch Ba centre has recently 
also been ascribed by geophysical evidence as the 
surface expression of a sub-surface cauldron (Bott and 
Tantrigoda 1987). The acid magma which exerted a 
positive magma pressure on Rhum i s probably now 
represented by the 'western granophyre'. 

Phase S 
Deflation of the buoying acid magma, due to escape 

of v o l a t l l e s along the propagating fractures of the MRF, 
would have had two effe c t s ; f i r s t l y , the production of 
large quantities of pyroclastio deposits and secondly, 
the relaxation of d i a p i r i c pressure must have caused the 
central piston to subside producing a oaldera(Fig. 6.1). 

On Rhum t h i s explosive phase of de-gassing and 



detumescence i s shown by large quantities of explosion 
brecoia, which i s always i n close s p a t i a l association 
to porphyritlc f e l s i t e . These two rock types are 
prevalent i n the SMC (Hughes 1960a) and NMC (Dunham 
1968) and i n smaller quantities i n south-east Rhum.such 
rocks are described i n d e t a i l i n seotion 2.f. In 
essence these rooks were o r i g i n a l l y ascribed to a near 
surface but e s s e n t i a l l y sub-terranean origin, and formed 
by i n - s i t u brecciation of the country rock by 'gas 
boring' along vents and sub-surface planes of s t r u c t u r a l 
weakness. There are possible vents i n the KMC i n Coire 
Dubh and Cnapan Breaoa (Dunham 1968) but reoent 
re-investigation (Williams 1985) fcas shown that some at 
l e a s t of the KMC f e l s i t e s are more akin to e u t a x i t i c 
textured welded t u f f s (ignimbrites). Ignimbrites are 
sub - a e r i a l , o r near surface feeders to surface 
p y r o c l a s t i c flows, and t y p i c a l l y form i n a caldera 
environment. 

Recent re-examination of some of the f e l s i t e s and 
explosion breccias i n the SMC has shown that they too 
contain features reminiscent of ignimbrites/pyroolastic 
flows (C.H. Emeleus pers comm.). More work i s at 
present being c a r r i e d out i n t h i s area which may prove 
that these deposits could have formed i n a caldera 
environment. 

From section 2.f i t i s shown that some of the south
east Rhum f e l s i t e s contain features reminiscent of 
fiamme and glass shards, again features indicative of a 
high l e v e l origin. Similar textural features are also 
found i n the KMC ' f e l s i t e s ' '.described by Williams 



(1985). 
Evidence for the second consequence of deflation, i e . 

downward movement of the central piston, i s best seen 
i n south-east Rhum. The ORF has i n part at l e a s t 
(Smith 1985) not been u t i l i z e d during the deflation of 
the central piston, rather a new fracture l i n e (the 
CRF) has -developed sub-parallel to the ORF (Fig.2). 
Stranded between the two f a u l t s i s a s l i v e r of Lewisian 
s t r a t a (Gneiss 'whaleback', Plate 2.1 and 2.1a) now at a 
high s t r u c t u r a l l e v e l . The remainder of the central 
piston seems to have subsided e s s e n t i a l l y i n t a c t (see 
Stage 5) along the same plane of faulting as was produced 
during the phase of central u p l i f t (phase 4 above), 
Emeleus et. a l . (1985). 

Phase 6 
The s i z e of the caldera produced i n phase 5 (above) 

» 

can be estimated from the approximate margins of the 
present day MRF and by using the r e l a t i v e caldera s i z e s 
produoed s t a t i s t i c a l l y by Walker (1984). 

The MRF on Rhum has a somewhat asymmetrical form, with 
a north-south dimension (measured approximately along 
the l i n e of the Long Loch f a u l t ) of 8 km and an-
east-west diameter s l i g h t l y l e s s than t h i s (c. 6 km). 
The western extent of the MRF i s sub-marine so the value 
for the east-west dimension i s only an estimate. 
Taking a diameter for the Rhum Complex of c. 8 km and 
applying Walker's findings an idea of the minimum 
.size.of the Rhum caldera comes out at c. 12 km. On 

i 

geological evidence from south-east Rhum the t o t a l 



downward movement of the central plug was of the order 
of 2 km (Emeleus et. a l . 1985, Smith 1985). The 
subsidence i n south-east Rhum took place along the 
northern portion of the ORF and the CRF (Smith 1985), 
both these fractures exhibit evidence for acid/explosive 
vuloanism; the ORF has pockets of explosion breccia 
along i t (Fig. 2, and section 2 . f ) , whilst the traoe of 
the CRF i s exploited by f e l s i t e (section 2 . f ) . The 
f e l s i t e intrudes along the plane of the CRF i n a manner 
somewhat analogous to a ring dyke (Anderson 1936), 
features produced during phases of subsidence (of the 
Loch Ba f e l s i t e ring dyke of Bailey et. a l . 1924). An 
interesting feature of the Rhum f e l s i t e 'ring dyke' i s 
the presence of blebs of basic material (Plate 2.17d and 
seotion 2 . f ) . This could provide evidence for the 
coexistence of acid and basic magma at depth. On Hull 
the Loch Ba f e l s i t e i s also noted for the abundant 
elongate dark mafic inclusions i t contains. 
These are thought to represent stringers of basic magma 
incompletely assimilated with the f e l s i t e magma prior to 
in j e c t i o n as a ring dyke (Blake et. a l . 1965. Marshall 
and Sparks 1984), a similar situation i s envisaged for 
Rhum. The important significance of the coexistence of 
aoid and basic magma i s discussed below. 

Phase 7 
On collapse of the central piston the ensuing caldera 

on Rhum was gradually i n f i l l e d with debris - both 
collapse brecoias (now best represented by the deformed 
Torridonian sediments within the MRF Plate 2.18) and 
pyro c l a s t i c deposits (of phase 5 above). I n previous 



work on the early tectonic history (Emeleus et. a l . 
1985, Smith 1985) the IRF of south-east Rhum was ascribed 
to possible resurgent u p l i f t , with u p l i f t of the central 
block not occuring along the pre-existing l i n e of 
weakness (ie.the ORF and CRF). This phase of resurgent 
u p l i f t was required i n order to juxtapose older 
Torridonian s t r a t a (Bagh na Uamha shale) west of the IRF 
against the J u r a s s i c sediments/Tertiary lavas to the 
east ( F i g . l ) . However, recent discoveries i n D i b l d l l 
and on Beinn nan Stac, have revealed new exposures of 
J u r a s s i c sediments and T e r t i a r y lavas (Fig.2) t o t a l l y 
overlain by Torridonian shale. The boundary between the 
Toridonian and J u r a s s i c / T e r t i a r y appears tectonic, a low 
angle thrust dipping o. 30 degrees west. The 
Torridonian above the thrust seems to be faulted into a 
s e r i e s of large blocks (see Plate 2.18), rather 
reminiscent to the sort of feature caused by r o t a t i o n a l 
slumping /faulting at the margins of a caldera (Fig. 
6.1). The faulted blocks oould have accumulated on the 
caldera floor (collapse breccias ? ) and become 
intercalated with t u f f s and volcanic rocks evacuated 
from the underlying a c i d i c magma chamber. Suoh caldera 
i n f i l l has been termed 'mega breccia' (Lipman 1976), and 
i s a common feature of the Lake C i t y oaldera of the 
western San Juan Mountains. Both the SMC and NMC, along 
with the rocks described from Beinn nan Stac, could 
reasonably have formed i n such a collapse dominated 
environment. 

- The problem remains however that i f downward oaldera 
collapse had been the terminal phase i n the e a r l y 



history of the Rhum centre t h i s would not account for. 
the fact that Lewisian gneiss and basal Torridonian are 
only found inside the MRF (Emeleus et. a l 1985). 
Therefore evidence for renewed central u p l i f t i s clea r . 

* 

Phase 8 
This phase can be t i e d i n with the required l a t e 

phase of central u p l i f t (see phase 7) and also the 
emplacement of the ult r a b a s i c rocks. 

The envisaged cauldron subsidence at depth (Phase 4) 
which produced the sub-terranean magma chamber into 
which origina l acid magma was displaoed upward, must 
have become somewhat evacuated by continued acid 
magmatism (seen on Rhum as f e l s i t e , explosion breccia 
and T u f f i s l t e ) erupted into the surface caldera. As i n 
Walker's (1975) model i t I s thought that the acid diapir 
of Phase 2 was followed by a basic ( u l t r a b a s i c ? ) 
column. This following basic magma must presumably have 
begun to i n f i l l the p a r t i a l l y evacuated a c i d i c magma 
chamber underlying the surface caldera. Magma mixing, 
with the i n j e c t i o n of hot basic magma into stagnant 
semi-crystalline acid magma chambers induces vigourous ' 
convection, vesiculation and as a consequence renewed 
magma pressure (Sparks et. a l . 1977). This renewed 
magma pressure could produce resurgent u p l i f t of the 
original central plug of the oaldera, thereby r a i s i n g 
rooks within the annular ring fault to high str u c t u r a l 
l e v e l s . Magma mixing as a trigger for Plinian type 
eruption and caldera formation has also been postulated 
as a mechanism for the emplacement of the western 



Redhills Complex of Skye (Thompson 1980). 
Onoe elevated to a high s t r u c t u r a l l e v e l , erosion of 

the central plug would once more have taken place, 
stripping off most of the remaining lavas and Mesozoio 
rocks - apart from the lower f a u l t bounded blocks 
trapped, by resurgent u p l i f t , at lower l e v e l s . 

There i s evidence on Rhum of major erosion, i n the form 
of coarse pebble conglomerates beneath the north-west 
Rhum lavas (Emeleus 1985), but these must have been 
formed a f t e r the emplacement of the Ultrabasic Complex. 
The conglomerates contain o l a s t s of a c i d i c rocks (both 
granophyre and f e l s i t e ) , large quantities of Torridonian 
sediments and Lewisian gneiss, b a s a l t i c fragments (some 
of which show chemistries s i m i l a r to the early plateau 
lavas - Chapter 4) and, importantly, a few c l a s t s of 
a l l i v a l i t e . However, NO unequivocal examples of Mesozoic 
c l a s t s have yet been i d e n t i f i e d . As these conglomerates 

» 

contain a l l i v a l i t e c l a s t s the erosive event which 
produced them must have begun to unroof the Layered 
Complex. Therefore these conglomerates ca h not provide 
evidence J-or ero&ion - caused by resurgent u p l i f t 
of the central plug, as a consequence of the emplacement' 
of the ult r a b a s i c rocks at depth. 

The Rhum Caldera mega-breocias, collapse breccias 
and pyroclastic deposits would have l a i n above the 
evacuated a c i d i c magma chamber, therefore,on emplacement 
of basic/ultrabasic magma into t h i s chamber, they would 
form roof material. Such roof l i k e relationships are 

. seen on Beinn nan Stac where explosion breccia, f e l s i t e 
and Torridonian sediments inside the MRF (Fig.2) (plus 



presumably the whole MRF zone of south-east Rhum) overlie 
the layered ultrabasics as seen i n Plate 2.18 (of Smith 
1985 figure 3 to Plate 2.18). Layering i n the 
ultrabasios i s developed almost d i r e c t l y up to the 
contact, presumably because the overlying caldera f i l l 
was already pre-heated prior to emplacement of 

OftJ conducted 

ultrabasics by oonveoted/heat from the origina l aoid 
magna chamber, consequently any c h i l l i n g was minimised. 

Generally hybrids and 'marginal gabbro' are present 
along the margins of the u l t r a b a s i c rooks (section 2.g). 
As already stated hybrids and marginal gabbro can be 
seen to form either i n s i t u (suoh as below the summit of 
Beinn nan Stac) or as dis c r e t e intrusions (such as north 
of A l l t nam Ba and i n the SMC - R. Greenwood pers 
comm.). Such phenomena are e a s i l y explained by the 
model outlined above, as the u l t r a b a s i c l i q u i d i s 
injected into the p a r t i a l l y evacuated acid magma chamber 
ultra b a s i c and any remaining acid l i q u i d can readily mix 
to produce hybrids (along with intense convection and 
vesiculation). The production of hybrids by such a m i x i ^ 

prooess i s rather more fe a s i b l e than producing a l l 
hybrids by i n - s i t u anatectic melting of surrounding 
c r u s t a l rocks (predominantly Torridonian arkose^. 
Anatectic melting requires a great deal of energy 
applied to the system to produce even a small amount of 
remelting (D.M.Hirst pers. comm). Undoubtedly some 
i n - s i t u melting has taken place (the gradational 
contacts observed i n places below the summmit of Beinn 
.nan-Stac - Fig,2), and i s proven by isotope data from a 
number of hybrid/ultrabasic junctions (R. Greenwood 
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pers. comm.) but such hybridisation i s complimented by 
those produced by magma mixing. Evidence for the 
co-existence of acid and basio magmas and resultant 
magma mixing i s also documented from elsewhere i n the 
BTVP: Thompson 1880, 1982. Thompson et a l . 1986. 
Marshall and Sparks 1984. 

In conclusion therefore magma mixing seems to have 
played an i n t r i n s i c part i n the development of many 
in t r u s i v e centres i n the BTVP not l e a s t of which i n the 
emplacement of the Rhum Volcanic Complex. 

\ 
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X-Ray Fluorescence - Introduction 

Analysis of s i l i c a t e rock and mineral samples was 
carried out by x-ray fluorescence (ZRF) methods using a 
P h i l l i p s PW 1400 XRF spebtrometer (Plate A . l ) . Rock 
samples were analysed for 10 major and 18 trace 
elements: - . 

Major elements; S i , Al, Fe, Mg, Ca, Ka, K, T l , Mn, P. 
Trace elements; Ba, Nb, Zr, Y, Sr, Rb, Zn, Cu, Ni, Pb, 

U, Th, Cr, Nd, La, Ce, Ga, V. 

Following convention major elements were determined as 
oxides and expressed as weight percent, and trace elements 
calculated as parts per milli o n (PPM). 

Fused glass beads were used for major element analysis, 
after the method of Norrish and Button (1969), whilst 
for trace elements whole rock pressed powder p e l l e t s were 
used. Sample preparation techniques are described i n 
Section Al.a. 

Raw count data obtained from the ZRF spectrometer was 
compared s t a t i s t i c a l l y to international standard samples* 
of precisely determined composition and c a l i b r a t i o n 
curves plotted. Data reduction techniques are described 
i n section Al.b. A l l analyses were corrected for mass 
absorbtion e f f e c t s using the tables published by Heinrich 
(1966). A discussion of the theory of XRF analysis i s 
beyond the scope of t h i s project but i t i s discussed i n 
d e t a i l i n Jenkins and de Vries (1967), Norrish and 
Chappell (1977). 
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Al.a Preparation of samples 

A l . a . l Rook grinding. 
Rocks for both major and trace element analyses have 

f i r s t to be ground to a f i n e powder. Grinding techniques 
are described i n d e t a i l i n Fitton, James and T h i r l w a l l 
(1984). B a s i c a l l y a sample of around 100 grams of 
unweathered rook chips i s placed i n a 'Terna' swing m i l l 

and ground for around 3-4 minutes. The resulting fine 
powder should f e e l smooth i f rubbed between thumb and 
forefinger, i f i t does not then continue grinding for a 
further minute before repeating the t e s t . 

Al.a.11 Production of fused glass beads. 

1. Powdered rock samples were f i r s t dried at 110 degrees 
Celsius for around an hour. 

2. Between 0.45 and 0.5 grams of dried sample were 
accurately weighed into a clean Pt/Au orucible. The 
weight of the cr u c i b l e and crucible + sample were 
recorded. 

5. The weight of sample (from 2 above) was multiplied 
by 5.000 to give the weight of flux to be added. 
The weight of c r u c i b l e + sample + flux was 
calculated and recorded, 

4. Flux (Johnson Hathey 'Spectroflux 105') was added 
to make up to the t o t a l calculated i n 3. above. 
The flux was dried overnight at 500 degrees 
Celsius to expel any flux v o l a t i l e s and the dried 
flux kept i n a desiccator during the work period. 

5. The crucibles, covered with Pt l i d s , were placed on 
a s i l i c a tray and put i n a furnace at 1050 Celsius 
for at l e a s t 20 minutes. 

6. The resu l t i n g molten l i q u i d was then taken out of the 
furnace and swirled to ensure thorough mixing. The 
melt was then poured onto a graphite disc 
surrounded by a s t a i n l e s s s t e e l c o l l a r and the 
fusion bead formed by moulding the molten bead with 
an aluminium plunger. The whole operation from 
furnace to fusion bead should take around 10 

' seconds, the plunger was removed from the oast 
bead a f t e r about 5 seconds. The aluminium plunger 
and graphite d i s c s were kept on a hotplate 



149 
maintained at 220 Celsius to avoid quenching of the 
melt. The platinum crucible with any remaining 
globules of melt were placed onto a Meker burner. 

7. The s t a i n l e s s s t e e l c o l l a r was then removed from the 
graphite d i s c and the graphite d i s c and fusion bead 
covered with a s i l i c a dish. The fusion bead should 
have a uniform 'orange peel' surface texture, i f i t 
does not or i s wedge-shaped or cracked then break 
i t up and replace the fragments i n the Pt crucible, 
replaoe l i d , reheat u n t i l fused, and repeat step 6. 

8. The crucible was removed from the Meker burner 
and any remaining droplets of melt shaken out dnto a 
beaker of de-mineralised water. The crucible was 
then quenched i n the water to dislodge any remaining 
glass and then placed i n warm 50% HC1 for 10-15 
minutes. The now clean crucible was then rinsed i n 
de-mineralised water before being dried i n the oven 
at 110 oelsius. 
9. After about fi v e minutes the graphite d i s c and 
mould were removed to the cooling block. When cool 
(about 1 hour) the fusion bead was trimmed with 
p l i e r s to remove any excess glass and a s e l f adhesive 
i d e n t i f i c a t i o n label applied to the non an a l y t i c a l 
surface (the side i n contaot with the graphite d i s c ) . 
After numbering, the bead was put into a s e l f 
sealing polythene bag making sure NOT to touch the 
an a l y t i c a l surface with the fingers. 

The equipment used for the preparation of fused glass 
beads i s shown i n Plate A.2. 

A l . a . i i Preparation of pressed powder p e l l e t s . 

1. Approximately 7 grams of rook powder were weighed 
into a clean glass beaker. P e l l e t s should NOT be 
made with l e s s than 5 grams of powder. 

2. Six drops of 'Mowiol' (2% aqueous soution of PVA) 
were added to the beaker of rock powder. 

3. This was mixed thoroughly with a glass rod for 
around 2 minutes, or u n t i l an even consistency 
was obtained. 

4. The powder was then put into the assembled 
s t a i n l e s s s t e e l mould (Plate A.3) and tamped 
down using a glass tamping rod. 

5. The s t a i n l e s s steel plunger was then inserted into 
the mould and the f u l l y assembled mould placed 
under the hydraulic press. 

6. The mould was compressed at about 7 tons 



pressure for a minute before the pressure was 
slowly released. 

7. The mould was ca r e f u l l y dismantled and the 
pe l l e t removed, taking care not to touch the 
an a l y t i c a l surface of the p e l l e t . 

8. The p e l l e t was i d e n t i f i e d by writing on one surface 
with a soft fibre pen before being plaoed 
a n a l y t i c a l side uppermost i n pe l l e t trays. 

9. A l l components of the mould were thoroughly 
washed i n warm water and dried after eaoh sample. 

10. Prior .to analysis a l l p e l l e t s were dried i n an 
oven at 110 -Celsius for around 10 minutes. 

Al.b Data c o l l e c t i o n and reduction techniques. 

Al.b.i Major elements 
At Durham the normal method for major element analysis 

was to use whole rock pressed powder pellets- However, as 
an experiment i t was decided to use fused glass beads. 
Fusion beads are a preferred method over whole rock 
p e l l e t s because of th e i r better homogeneity and, because 
of the lower concentration of .elements i n the bead, i n t e r -
elemental and mass absorbtion effects are reduced. 

Twenty international standards (Table A l . l ) were 
prepared as both fusion beads and pressed powder p e l l e t s 
using the methods outlined i n section Al.a. Each set of 
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standards was then run through the XRF spectrometer to 
obtain raw count data. The raw counts were then 
processed i n two ways; using the MTS s t a t i s t i c s package 
'Midas', and a program written by C.Rr Vatson c a l l e d 
'XRF.QD'. 
The MIDAS method 

This involved plotting the raw count data for eaoh of 
the ten analysed elements (See Introduction) against the 
known concentration of that element i n the standard (from 



Abbey 1983).. From these simple l i n e a r regression ourves 
i t would be expected that i f there were no 
inter-elemental and mass absorbtion e f f e c t s then a 
straight l i n e centred on the origin would be obtained, 
however, there i s always some interference. Consequently 
these c a l i b r a t i o n plots produced 2 co e f f i c i e n t s for each 
element; f i r s t the gradient of the best f i t l i n e , and 
also the intercept of the l i n e with the 'x' axis. Such 
plots of count rates v known composition were also 
inspected to see i f the count rate was dependant upon the 
concentration of any other element i n the sample. 
Certainly for fused beads i n t e r element e f f e c t s were 
found to be i n s i g n i f i c a n t (Table A1.2). 

The regression c o e f f i c i e n t s obtained above were then 
entered into the XRF logging and analysis program 
attaohed to the XRF spectrometer (Plate A.la). The same 
international standards were then run as 'unknowns'. 
The logging program, using the regression c o e f f i c i e n t s 
entered above, then calculated the weight % oxide of 
each of the ten elements analysed i n the 'Unknown' 
standards. The values obtained were then compared to 
acoepted values (from Abbey 1983). 

The XRF.QD method. 
The raw count data for the standards, weight % 

composition of the standards and the raw counts for 
standards run as 'unknowns' were carefully formatted into 
an input f i l e . This input f i l e was then run as the data 
set for the program XRF.QD. 

The main difference between XRF.QD and 'Midas' i s that 



instead of using a simple l i n e a r regression (applying an 
equation of the form y - ax + c) XRF.QD uses a quadratic 

2 
f i t ( i e . applies an equation of the form y - ax + bx 
+ o ) . Also XRF.QD oorrects for mass absorbtion 
(from Heinrioh 1966) and a l l r e s u l t s are normalised to 
100 %. 

Both the Midas and XRF.QD methods were carried out on 
20 international standards and on both fused beads 
and powder p e l l e t s . 

Table A1.3 shows r e s u l t s for 10 of the international 
samples run as 'unknowns* and showing the variation i n 
accepted values with those obtained using Midas and 
XRF.QD. These r e s u l t s i n Table A1.3 were obtained using 
only fused glass beads. Table A1.4 however,is a 
comparison table of both fusion and neat powder p e l l e t s , 
with the r e s u l t s expressed as a percentage of the 
r e l a t i v e mean deviation from the accepted compositional 
value from Abbey (1983). 

From table A1.4 i t can be seen that using fusion beads 
and simple l i n e a r regression coefficients (Midas) gives ' 
superior r e s u l t s to neat p e l l e t s using either a-quadratic 
f i t (XRF.QD) or Midas. That i s except for sodium 
analyses, the l i g h t e s t major element analysed (At. No. 
11, At. mass 23). Here concentration of sodium i n the 
fused glass sample i s adversely affected by v o l a t i l i z a t i o n 
of sodium during the heating phase of the production of 
the fused bead. 

Using whole rock powder p e l l e t s the best major element 



analyses were obtained using XRF QD. (Table A1.4). 

In t h i s t h e s i s a l l major element analysis of Rbum 
samples was ca r r i e d out using fusion beads. 

A l . b . i l Trace element analyses 

The techniques used to analyse for traoe elements 
i s similar to that used for major elements, except that 
because of the generally low concentrations of these 
elements i n a sample fused beads cannot be used and 
counting times are also increased. 

A l l samples were analysed for 18 traoe elements and 
cal i b r a t i o n made using 12 international standards. The 
trace elements analysed were; Ba, Nb, Zr, Y, Sr, Rb, Zn, 
Cu, Ni, Pb, U, Th, Gr, Kd, La, Ce, Ga, V. and the r e s u l t s 
obtained were expressed i n parts per million (ppm) 

Data reduction was carried out using R.C.O. G i l l ' s 
program 'Tratio'. This program uses a simple l i n e a r 
regression c a l i b r a t i o n (see section A l . b . i ) , although 
correction i s made for mass absorbtion and 
inter-elemental e f f e c t s including Kb l i n e interference 
where necessary. 

Table Al.5 shows a comparison of the acoepted- values 
for trace element concentrations i n international 
standards against the same standards run as 'unknowns'. 



P l a t e A.I P h i l l i p s PW 1400 X-Ray f l u o r e s c e n c e spectrometer, 
note the remote sample changer i n the foreground. 



P l a t e A . I a Shows microcomputers f o r c o n t r o l l i n g the XRF 

spectrometer and the p r i n t e r used f o r o b t a i n i n g 'hard' 
copies of r e s u l t s produced by the i n t e r n a l 'Logging 

and A n a l y s i s Program' - e i t h e r the raw count d a t a or 
weight % composition i f r e g r e s s i o n c o e f f i c i e n t s have 

been entered (see S e c t i o n A . I . b ) . 
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1 
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P l a t e A.2 Apparatus used i n the production of fused g l a s s beads. 

1) Platinum c r u c i b l e s on s i l i c a t r a y r ^ J y to be put irvVo 2 

2) Furnace - maintained a t 1050 C e l s i u s . 

3) Hotplate - maintained a t 220 c e l s i u s 

4) Graphite moulds and s t a i n l e s s s t e e l c o l l a r 

5) Aluminium plunger 

6) F r e s h l y c a s t bead covered w i t h s i l i c a d i s h 

7) Meker burner 

8) Cast beads on c o o l i n g block 

9) Pt tipped tongs,and p l i e r s used f o r trimming 

f i n i s h e d beads. 

10) F i n i s h e d bagged and l a b l e d f u s i o n beads. 
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BUST. 
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P l a t e A.3 Equipment used i n the production of neat powder p e l l e t s . 

1) Beaker f o r mixing rock powder w i t h 'Mowiol' 

2) 'Mowiol' - a 2% aqueous s o l u t i o n of PVA 

3) S t a i n l e s s s t e e l p e l l e t mould 

4) H y d r a u l i c p r e s s 

5) Oven maintained a t 110 c e l s i u s f o r d r y i n g f i n i s h e d 

p e l l e t s p r i o r t o a n a l y s i s . 
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Table ft 1.5 Fusion Bead Standards- - r u n ats 

'unknowns' - comparison of da t a 

r e d u c t i o n t e c h n i q u e s . 

Element Si02 (Wt. 7. o x i d e ) . 

Midas method XRF.QD method 

Val ue Di F-f. Value D i f f . 

AG VI 60.27 +0.66 60. 12 +0.51 

BR 38.87 +0.48 38.75 +0.36 

G2 68.19 -1.03 68.84 -0.38 

PCC1 42.27 +0. 17 43.27 + 1. 17 

MRG1 39.6? +0.37 38.28 -1.04 

DTS1 40.58 +0.03 40. 12 -0.49 

GSP1 66.50 -0.B2 * 67.74 +0.42 

SY2 60.40 +0.30 59.69 -0.41 

SY3 59. 10 -0.58 59.88 +0.20 

SY1 59.05 -0.45 59.77 +0.27 

GA 69.09 -0.B7 70.66 +0.70 

Gl 72. 14 -0.50 71.81 -0.83 

Si'BLNK, 100.61 +0.61 100.49 +0.49 

X 0.57 X 0.86 

* 0.957. * 1. 14 

MEAN DEVIATION •F ALL 21 STANDARDS 

* = MEAN RELATIVE DEVIATION OF ALL 21 STANDARDS (AS 7.) 
(See a l s o Table A1.4). 

Accepted standard compositions are given i n Table A l . l 

Table A1.3 continued. 



Table A1.5 Fusion bead Standards - run as 

'unknowns* - comparison of data 

r e d u c t i o n techniques. 

Element A12Q5 (Wt. 7. o x i d e ) . 

Midas method XRF.QD method 

Value Dif-f. Value Di-f-F. 

ABV1 17.71 +0.52 16.95 -0.21 

BR 10.30 +0.05 10.21 -0.04 

G2 15.29 -0.11 14.95 -0.45 

PCC1 0.87 +0.14 0.73 0.00 

MRG1 8.76 +0.26 B.62 +0.12 

DTS1 0.31 +0.06 0. 13 -0.12 

BSP1 15.01 -0. 27 15.08 
• 

-0.20 

SY2 12.63 +0.51 12.23 +0.11 

SY3 11.88 +0.08 11.76 -0.04 

SY1 9.56 +0.04 9.35 -0.25 

GA 14.89 +0.38 14.74 +0.23 

Gl 14.33 +0.29 . 13.96 -0.08 

Si BLNK. 0.00 0.00 0.00 0.00 

X 0. 18 0.22 

* 1.67. * 2.07. 

X « MEAN DEVIATION OF ALL 21 STANDARDS 

* = MEAN RELATIVE DEVIATION OF ALL 21 STANDARDS (AS "/.) 
(See a l s o Table A1.4). 

Accepted standard compositions a r e given i n Table A l . l 
r 

Table A1.3 continued.. 



Table Al.5. Fusion bead Standards - run as 

'unknowns* - comparison of data 

reduction techniques. 

Element Fe203 (Wt. 7. ox i d e ) . 

Mi das method XRF.QD method 

Value D i f f . Value D i f f . 

AGV1 6.79 0.00 6.79 0.00 

BR 13.07 +0.17 13.69 +0.79 

62 2.61 -0.08 2.26 H3.43 

PCC1 9.09 +0.81 8.10 -0.18 

MRG1 17. SB +0.06 18.06 +0.24 

DTS1 9.12 +0.42 7.80 -0.90 

SBP1 4.23 -0.07 4.39 +0.09 

SY2 6.28 -0.02 6.56 +0.26 

SY3 6.39 -0.02 6.77 +0.36 

SY1 8.24 +0.02 8.56 +0.34 

GA 2.68 -0.09 2.76 -0.01 

61 1.95 +0.02 1.98 +0.05 

Si BLNK. 0.01 +0.01 0.00 0.00 

'- X 0.20 X 0.30 

• * 2.67. * 3. 97. 

MEAN DEVIATION OF ALL 21 STANDARDS 

* ~ MEAN RELATIVE DEVIATION OF ALL 21 STANDARDS <AS 7.) 
(See a l s o Table A1.4). 

Accepted standard compositions are given i n Table A l . l 

Table A1.3 continued.. 



Tabl e A l • 5 Fusion bead Standards; - run as 

'unknowns' - comparison of data 

r e d u c t i o n t e c h n i q u e s . 

Element MqO (Wt. 7. o x i d e ) . 

Midas method XRF.QD method 

Value D i f f . Value D i - f f . 

AG VI 1.79 +0.27 1.47 -0.05 

BR 13.42 +0.07 13.10 -0.25 

G2 0.43 -0.32 0.93 +0.- IB 

PCC1 43.44 -0.06 43.68 +0.18 

MRG1 13.69 +0.20 13.20 -0.29 

DTS1 49.59 -0.21 48.65 -0.15 

GSP1 0.82 -0.15 ' 1.01 +0.04 

SY2 3.22 +0.52 2.79 +0.09 

SY3 3.13 +0.46 2.59 -0.08 

SY1 4.09 -0.11 4.13 -0.07 

GA 1.30 +0.35 0.92 -0.03 

Gl 0.23 -0.15 0.59 +0.21 

Si BLNK. -0.13 -0.13 0.23 +0.23 

X 0.2B X 0.14 

* 1.97. * 0.97. 

X = MEAN DEVIATION OF ALL 21 STANDARDS 

* = MEAN RELATIVE DEVIATION OF ALL 21 STANDARDS (AS 7.) 
(See a l s o T a b l e A1.4). 

Accepted s t a n d a r d c o m p o s i t i o n s a r e g i v e n i n Table A l . l 

T able A1.3 c o n t i n u e d . . , 
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Tab] e A1. 3 Fusion bead Standards - run as 

'unknowns' - comparison of data 

r e d u c t i o n t e c h n i q u e s . 

Element CaO 

Midas method 

(Wt. V. o x i d e ) . 

XRF.QD method 

Value D i f - f . Value D i - f f . 

AGV1 5.06 +0.12 4.BO -0.14 

BR 13.98 +0.11 13.74 -0.13 

G2 2.09 +0.13 1.8 -0.16 

PCC1 0.54 -0.01 0.50 -0.05 

MRG1 14.88 +0.11 14.71 -0.06 

DTS1 0.18 +0.04 0.07 -0.07 

GSP1 1.96 -0.07 • 1.86 -0.17 

SY2 8.17 +0.19 7.70 -0.28 

SY3 8.32 +0.06 B.17 -0.09 

SY1 10.08 -0.12 9.89 -0.31 

GA 2.59 +0.14 2.36 -0.09 

Gl 1.40 +0.01 1.14 -0.35 

Si BLNK.> 0.03 +0.03 0.00 0.00 

X 0.11 X 0.17 

* 2.67. * 4.07. 

X = MEAN DEVIATION OF ALL 21 STANDARDS 

* = MEAN RELATIVE DEVIATION OF ALL 21 STANDARDS (AS 7.) 
(See a l s o Table A1.4). 

Accepted s t a n d a r d c o m p o s i t i o n s a r e g i v e n i n Table A.1.1 

Table A1.3 c o n t i n u e d . . . 



165 

Tabl e A l • 3 Fusi on bead St andar ds - run as 

'unknowns' - comparison of data 

r e d u c t i o n t e c h n i ques. 

Element Na20 

Mi das method 

<Wt. 7. o x i d e ) . 

XRF.QD method 

D i f f . Value D i f f . 

+0.23 3.85 -0.47 

+0.21 2.71 -0.36 

-0.19 4.65 +0.61 

-0.10 0.37 +0.36 

+0.07 0.28 -0.43 

+0.15 0.00 -0.01 

-0.03 * 2.52 -0.29 

+0.29 4.18 -0.16 

-0.05 4.16 +0.01 

+0.09 3.15 -0.15 

+0.15 3.02 -0.53 

-0.18 3.93 +0.61. 

-0.43 0.65 +0.65 

X 0.25 X 0.38 

* 6.37. # 9.57. 

X = MEAN DEVIATION OF ALL 21 STANDARDS 

* = MEAN RELATIVE DEVIATION OF ALL 21 STANDARDS <AS 7.) 
<See a l s o Table A1.4). 

Accepted s t a n d a r d c o m p o s i t i o n s a r e g i v e n i n Table A l . l 

T able A1.3 con t i n u e d . . . , 

AGV1 

BR 

G2 

PCC1 

MRB1 

DTS1 

GSP1 

SY2 

SY3 

SY1 

GA 

Gl 

Value 

4.60 

3.28 

3. B7 

-0. 09 

0.78 

0. 16 

2.78 

- 4.63 

4. 10 

3.39 

3. 70 

3. 14 

Si BLNK.v-0.43 



Fusion bead Standards - run as 

'unknowns' - comparison of da t a 

r e d u c t i o n t e c h n i q u e s . 

Element K20 (Wt. V. o x i d e ) . 

XRF.DD method Midas method 

Value D i f f . Value D i f f . 

+0.01 2.93 +0.01 

-0.04 1.39 -0.02 

+0.04 4.37 -0.09 

+0.01 0.00 0.00 

0.00 0.15 -0.03 

0.00 0.00 0.00 

-0.02 * 5.45 -0.06 

+0.07 4.46 -0.02 

+0.04 4.22 +0.02 

-0.02 2.61 -0.06 

+0.04 4.13 +0.10 

+0.07 5.45 -0.03 

0.00 0.00 0.00 

X 0.03 X 0.04 

$ 1 . 1 % $ 1 . 3 % 

X =• MEAN DEVIATION OF ALL 21 STANDARDS 

* = MEAN RELATIVE DEVIATION OF ALL 21 STANDARDS (AS '/.) 
(See a l s o Table A1.4). 

Accepted s t a n d a r d c o m p o s i t i o n s a r e g i v e n i n Table A l . l 

Table A1.3 c o n t i n u e d . . . , 

AGV1 

BR 

G2 

PCC1 

MRG1 

DTS1 

GSF'l 

SY2 

SY3 

SY1 

GA 

Gl 

Si BLNK., 0.00 

2.93 

1.37 

4. 5 

0.01 

0. IB 

0.00 

5.49 

4.55 

4.24 

2.65 

4.07 

xJm wJvJ 



T a b l e A1.3 Fusion bead Standards - ru n as 

' un knowns' - compari son o-f data 

r e d u c t i o n t e c h n i ques. 

Element MnO 

Midas method 

<Wt. 7. o x i d e ) . 

XRF.QD method 

AG VI 

BR 

G2 

PCC1 

MRG1 

DTS1 

6SF1 

SY2 

SY3 ' 

SY1 

GA 

Gl 

Si BLNK 

Val ue 

0. 11 

0.2 

0.04 

0. 12 

0. 17 

0. 12 

0.04 

0.32 

0.33 

0. 40 

0.08 

0.03 

0. 00 

D i f - f . 

+0. 01 

0.00 

+0.01 

0.00 

0. 00 

0. 00 

0.00 

0.00 

+0.01 

0.00 

-0.01 

0.00 

0. 00 

0. 005 

2.57. 

Val ue 

0. 11 

0.22 

0,04 

0. 10 

0. 19 

0. 10 

0.05 

0.31 

0. 33 

0.40 

0.08 

0.04 

0.00 

MEAN DEVIATION OF ALL 21 STANDARDS 

D i f f . 

+0.01 

+0.02 

+0. 01 

-0.02 

+0. 02 

-0. 02 

+0. 01 

-0.01 

+0.01 

0.00 

-0.01 

+0.01-

0. 00 

X 0.013 

# 6.57. 

* = MEAN RELATIVE DEVIATION OF ALL 21 STANDARDS (AS 7.) 
(See a l s o Table A1.4). 

Accepted s t a n d a r d c o m p o s i t i o n s can be found on Table Al 

Table A1.3 c o n t i n u e d . . . . 
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Table Al„5 Fusion bead Standards - run as 

'unknowns' - comparison of d a t a 

r e d u c t i o n t e c h n i q u e s . 

Element T i 0 2 

Midas method 

Value D i f f . 

(Wt. 7. o x i d e ) . 

XRF.QD method 

Value D i f f . 

AGVI 1.05 -0.01 1.05 -0.01 

BR 2.64 +0.03 2.70 +0.09 

G2 0.47 -0.01 0.49 +0.01 

PCC1 0.00 -0.01 0.00 -0.01 

MRG1 3.66 -0.03 3.66 -0.03 

DTS1 -0.02 -0.02 0.00 0.00 

GSP1 0.66 0.00 ' 0.68 +0.02 

SY2 0.15 +0.01 0.16 +0.02 

SY3 0.17 +0.02 0.17 +0.02 

SY1 0.48 -0.01 0.50 +0.01 

GA 0.34 -0.04 0.37 -0.01 

Gl 0.24 -0.02 0.27 +0.01 

Si BLNK.- 0.00 0.00 0.00 0.00 

X 0.017 X 0.016 

* 2.47. * 2.37. 

X = MEAN DEVIATION OF ALL 21 STANDARDS 

* = MEAN RELATIVE DEVIATION OF ALL 21 STANDARDS (AS 7.) 
(See a l s o Table A1.4). 

Accepted s t a n d a r d c o m p o s i t i o n s are shown on Table Al„1 

Table A1.3 c o n t i n u e d . . . , 
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Tablre A l . 5 Fusion bead Standards - run as 

'unknowns' - comparison of data 

r e d u c t i o n t e c h n i q u e s . 

Element F2Q5 

Midas method 

(Wt. 7. o x i d e ) . 

XRF.QD method 

AGV1 

BR 

G2 

PCC1 

MRG1 

DTS1 

GSP1 

SY2 

SY3 

SY1 

GA 

Gl . 

Si BLNK. 

Value 

. 0.50 

1.07 

0. 18 

D i f f . 

-0. 01 

+0.02 

+0. 05 

Value 

0. 49 

1.08 

0. IB 

0.06 0.00 0.06 

0.04 +0.04 0.04 

0.29 +0.01 0.29 

0.48 +0.05 0.46 

0.55 +0.01 0.54 

0.24 +0.02 0.23 

0.10 -0.02 0.10 

0.05 -0.04 0.05 

0.00 0.00 0.00 

X 0.02 

* 8.7"/. 

X = MEAN DEVIATION OF ALL 21 STANDARDS 

D i f f . 

-0.02 

+0. 03 

+0. 05 

0. 00 

+0.04 

+0. 01 

+0. 03 

0. 00 

+0.01 

-0.01 

-0.04' 

0. 00 

X 0.02 

* 8.77. 

* = MEAN RELATIVE DEVIATION OF ALL 21 STANDARDS (AS 7.) 
(See a l s o Table A1.4). 

Accepted s t a n d a r d c o m p o s i t i o n s can be found on Table A l . l 

) 



Table A 1.4 - Comparison Table, F:'usion Beads 

versus Powder P e l l e t s - expressed as 

percentage mean r e l a t i v e d e v i a t i o n . 

Neat P e l l e t s Fusion Beads 

Mi das XRF.QD Midas XRF.QD 

Si 02 0.8B 0.9B 0. 95 0.71 

A1203 1.8 4.2 1.6 2.0 

Fe203 5. 0 2.B 2.6 3.9 

MgO 4. 1 i . i J 1.9 0.9 

CaO 4.9 2. 1 2.6 4.0 

Na20 3.0 3.3 6. 3 9.5 

K20 2.0 2.7 1.1 1.3 

Ti0 2 3.5 3.9 2.4 2.3 

MnO B.5 2.4 2.5 6. 5 

P2D5 11.3 3.2 8.7 8.7 

S 2.0 2.0 - -

A l l v a l u e s a r e expressed i n p e r c e n t . 



Table A.1.5 171 

_• 
co »— ID CD r«- CP a r>- i n 

IN 
1 

o 1 (0 CO 
CM •* v— CM o> CM IN 

1 
o 1 T- 1 CM 

CO 
CM 1 1 1 1 

CM o> r— 
>-\n o tO CO CO i n co CO •n CP 1 1 1 CM CM 00 CO CP 

o IS CM CO IO f» CM m m CM 00 
< * CM *~ CM CM CM 1 1 1 

m CM 
CM 

O) CO to 10 CO en KJ ID CM 1 1 m !»* 1 CM 1 1 
o 00 o> •* CP to 00 CM 

7 
u CM K» CM CM 1 1 

00 
1 

CM 
1 1 

—
 

S
P

 

u s> to CO cn S> CO m o> CM m CM CO to •n CP 
o o co CM CO CM * m to in CP m *— en CM cn to 

< 10 m CM CM 
m CM 

IO 

CO CO 
CM 

i n CO CM CO in cn CM co CP S) m 00 00 m to 
o to 

CO 
CM CO m Ol CP co m 

T 
o CM CM ••• M" 

6 
E o co CO m ID CO CO CO in m CP CP m CP CO cn 00 CP m 
s o m CM CO r- CD cn 10 V— CM m »— CM 

< *~ CM "~ *~ m 
CM 

CM co in CO co ^_ ID CM cn CO CO r>- 00 cn 
D CM »— cn CM IO m m ID 

O CO to 
m ID 

< . 
o o CP CO CO CO m co ID f- CP CO CM m to 00 CP 

u m m CM »— 00 «— r> CM lO r~ 
< CO *~ 

CM lO 

CO CO CO CP CS CM ,_ I CM CP I 1 1 1 to i n 
o m »— 1 r— 1 I 1 

i n 

T 
o 1 1 1 1 1 

w \- o m CO CM 19 CO CP CP 00 1 CP i 1 1 i CP CP 
o o I 1 1 

< 1 i < 1 1 1 

co CO 10 CO CM o> CM 1 CM 1 CM CM 
o t0 CM I r— CM 

CM 

• o 1 1 
i 

o . 
o it CO CO CO *- I I in CO CO 1 CP CP CP 

u «*• *— IO 
CP 

< 1 1 
IO 

1 

to CM CN in ID CO CO ^_ in CM m CM ID CO to to 
D *— »— CO to CM CM r— •— CM CM CM to to 

1 O >o IO ? 
CM CM to 

1 
a : o V CO Ol m CO CO m to o CM to CO m CD CM to 
m u m 80 r- CM »— w— CM CM CM CM m 

< CM * to * ~ 
CM CM CM m 

O) CO CO •* m 00 m to IO cn >* CO CP 10 IO _ 
o CM •~• CM <* m to ID 00 CP 
o 10 CM CM to 

ID 00 

Or o CO CO CO " <S CO CP CM CP CO 10 CM in CO CP IP CO CP 
m u in m IO in r» CD to 00 ID CM ao 

< co CM CM CM 10 
CM ao 

_ CO cn co CO K) ID 10 IO •n 00 m ID to «t 
o 00 0) O) ID CO 10 CM m in CM CD 
o oo CM «*• *" 

m in CM 

(Nl . 
1 

e> 
u CO to CO CO CP CO CP CM in to 00 00 IO CM CP 1 

e> u co »— CO 00 00 KJ CM to 
00 

in CM cn CD 
< O) IO 

in CM cn 

CM CO 10 (0 | to CP r- 1 1 <*• to CP 
D CM CO to m 1 

to 
O 1 

m 
1 1 

z 
• 1 

m 
O CO co CO CO 10 CM 00 | 00 CP CP in 1 l in CP CP 
U cn CM «^ fx 

in 

< 1 1 

I 
a 

in 

o 
o 

to 
to CM cn 
— to 

in 
CM 

CP 
co 

cn 
ID 

IP 

lO 
IO 

m 

in * 

CO CO 
m — 

oo oo 
CM 
CM 

m 
CM 
CM 

ao cn 
CM «-

in 
CM 

CM <M 
CM 

CM «-
CM CM 

I I 
I I 

10 K 
CM IO 
* - CM 

in cn 
2 CM 

cn 
to 

to 

I I CM cn 
CO M1" 

cn 
co 

ID 
in 

CP 
CM 

co 
CM 

00 

10 
CM 

o 
co 10 cr 3 — 

u z a. z o 

c 
* 
o 
c Jt 
c 
3 

O 
T3 
C O 

c 
o 

0 6 
3 •-• — K O < 
> te 

o E •o o 
c >-
o o> 

o 
n i. a. 
o o> 
c c 
o — 

— n 
~ 3 
o 
C "U >- • 
« c 

•o o 
*• • 
a 3 
• — 
u o 
t> > 

o — 
o o 

< o 

0) 

CO 
E 
o 
o 
CL 
•o 
4> 

a> 
o. 

e 
2 
a . 
a 

— or 
3 u i 
o o. 
«) tn 
— i -
— < 
c a 
V 6 Z « >— 

< 
a. 

o o 
>- z 
~ o 
C O 
o or 
§ e 
u 

UI 
•1 or 
o < o 
c UI 

3 



172 

Appendix 2 - CIPW Norm c a l c u l a t i o n s . 

From the major element geochemistry determinations 

of b a s a l t s and hyb r i d s from south-east Rhum, CIPW Norms 

and diffenfetion i n d i c e s were c a l c u l a t e d u s i n g the 

computer program 'NORMCAL' by R.C.O. G i l l . T h i s data 

was then used f o r p l o t t i n g v a r i ous graphs and t a b l e s i n 

given o v e r l e a f . 

Table A2.1 shows an example of a summary norm t a b l e 

produced using 'NORMCAL'. The samples shown a r e 

predominantly sheared T e r t i a r y b a s a l t s caught up i n the 

MRF i n south-east Rhum (see Chapter 4 ) . 

enfci 

Chapter 4. An o u t l i n e of how the program i s used i s 
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The age and structural setting of limestones 
and basalts on the Main Ring Fault in 

southeast Rhum 
N . J . S M I T H 
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South Road, Durham, DH1 3LE, U.K. 
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Abstract - In southeast Rhum, a Mesozoic/Tertiary sequence is preserved as a fault-bounded and 
rotated wedge. This is juxtaposed between Precambrian rocks (Torridonian sediments and Lewisian 
gneiss) and caught up in the complex structure of the Tertiary Main Ring Fault (MRF), which shows 
three distinct phases of movement. The Mesozoic rocks comprise fossiliferous limestone, sandstone 
and shale, which show differing degrees of thermal metamorphism depending on their relationships 
to the Layered Complex. On the basis of fauna! and lithological evidence the Mesozoic sediments 
have been correlated with the Lower Liassic Broadford Beds. The Rhum sediments are overlain by 
sheared Tertiary basalts, the contact between them probably representing the original landscape 
unconformity. The presence of these younger strata caught up along the MRF provides crucial 
evidence for a major phase of central subsidence in the early history of the Rhum Tertiary volcanic 
centre. 

1. ntroduction 

G kie (1897) recorded the presence o f a 'much altered 
gi r and white limestone or marble' on the northern 
sli tes of Glen Dibidi l but, in the subsequent Memoir, 
H ker (1908) fails to mention any occurrence of 
lir :stone or marble in southeast Rhum. Many years 
lai r, Hughes (19606) rediscovered limestone near Al l t 
na i Ba. Two small areas were mapped; both were 
fo id to be metamorphosed and the more northerly 
(H ghes 19606, fig. 1) to contain a high temperature 
ca -silicate mineral assemblage including tilleyite. 
H i ;hes also noted that the structural position of the 
lirr stones was similar to a wedge of Lewisian gneisses 
pre erved along the Rhum ring fault some 450 m to the 
soi h and he tentatively assigned a Lewisian age to the 
lim stones, noting that pure calcite limestones had 
pre iously been recorded from Lewisian paragneisses 
(Pe ch el al. 1907). Following the discovery by Dr G. 
Fai ow of loose boulders of fossiliferous metamorpho
sed imestone, the southern limestone area (of Hughes, 
\9t)b) was found to be fossiliferous, containing 
i l l - ] reserved remains of bivalves and a possible 
belt unite. On this basis the rocks were tentatively 
assi ;ned to the Jurassic (Dunham & Emeleus, 1967). 

/ i part o f a reinvestigation of southeast Rhum, the 
wrii :r is at present engaged in a detailed examination 

e structure o f the Main Ring Fault ( M R F ; Bailey, 
) between Al l t nam Ba and Dibidil . Several new 
Mveries have been made. The most significant of 

9 

o f t 
194 
disc 
thes! are the following. 

(i \The limestones extend much further south than 
pre\ iouslyj established, 

(ii I TheV are intimately associated with fairly pure 

sandstones (locally metamorphosed to quartzites) and 
quite highly fossiliferous sandy limestones and shales, 
with faunas indicating a Lower Liassic age. 

(iii) These sediments are closely associated with 
Tertiary basaltic lavas (the 'crushed basaltic rocks' of 
Emeleus & Forster, 1979). 

The purpose of this account' is to describe the 
lithologies and to suggest how these rocks were 
emplaced within the complicated structural setting of 
the M R F in southeast Rhum. 

2. The Mesozoic strata 

The Mesozoic rocks in southeast Rhum consist o f a 
succession of highly inclined, westerly dipping beds o f 
sandstone, limestone, sandy limestone and shale. 
There appears to be some lateral variation in the 
thickness of individual units within the mapped area, 
but poor exposure makes precise measurement 
difficult. On the lower northeast slopes o f Beinn nan 
Stac (some 100 m south of the Al l t nam Ba valley) an 
estimated thickness of Mesozoic strata totals c. 35 m. 
The sequence (now inverted) can be divided up as 
shown in Table 1. 

The quartzites dip at around 50° to the west, with 
the limestones and shales dipping somewhat more 
steeply (c. 70°). This variation in dip would seem to be 
due to localized rotation and collapse within the 
faulted wedge, possibly caused by dissolution of the 
adjacent limestone. 

On the lower southern slopes of Beinn nan Stac 
( N M 405 938), the quartzite is thicker (19 m) although 
the succession appears thinner, with the limestone cut 
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440 N . J. S T H 

Table I . Mesozoic strata of southeast Rhum 

Locality in Thickness 
Lithology outcrop (metres) 

Basalt (unconformity) EasI 60 (minimum) 
Quartzile 7.4 
Limestone 14.5 
(No exposure - limestone and 10.5 
sandy limestone inferred) 

Shale West f . 2 

out against the Torridonian strata at the Inner Ring 
Fault (see Fig. 1, and Section 4 below). Dissolution of 
limestone along this interface has caused localized 
slumping, and a prominent undercut cliff feature has 
formed. Many deep sink holes at the base o f this cliff 
suggest that the limestone continues under the 
reverse-faulted Torridonian rocks. The Jurassic rocks 
are steeply dipping (60° W) and the reverse-faulted 
junction with the Torridonian dips 45° SW. 

2.a. Sandstone 

Originally thought of as basal Torridonian, this 
sandstone is unlike any Torridonian sediments in the 
area. I t consists of rounded to sub-rounded quartz 
grains with a bimodal size distribution (2-3 mm and 
0.2-0.5 mm). Dusty rims of ferruginous minerals are 
common and grain-to-grain contacts are low, the 
grains being supported by a siliceous cement. The rock 
has been metamorphosed by the ultrabasic complex 
producing a highly indurated quartzitic sandstone. 
Feldspar is very rarely present, in marked contrast to 
the common, and frequently abundant, occurrence of 
this mineral in the Torridonian sandstones. 

Calcareous sandstones and sandy limestones also 
occur. The predominant constituents are matrix-
supported sub-rounded quartz grains, 0.2-0.5 nun in 
diameter. Thermal metamorphism o f these rocks has 
occasionally resulted in the formation o f calc-silicate 
minerals. A section of this calcareous sandstone was 
found to contain a single poorly preserved coral cross 
section (IThecosmilia sp.). 

2.b. Limestone 

The limestone varies f rom a calc-silicate mineral 
assemblage through pure calcite marble to a partially 
recrystallized, fairly fossiliferous limestone. Hughes 
(19606) described calc-silicate rocks about 250 m 
south of Al l t nam Ba, and they are also found in the 
valley itself, in a wall-like outcrop just below the 
waterfall at 200 m altitude ( N M 4060 9436; Emeleus 
& Forster, 1979, fig. 5, locality l i b ) . This outcrop is 
within the marginal suite o f the Layered Complex -
hence its highly metamorphosed condition. I t is 
thought that the calc-silicate rocks were originally 
impure (slightly siliceous) limestones that during 
movement on the M R F became detached f rom the 

main faulted wedge and subsequently engulfed the 
hot marginal members of the layered complex 

A short distance to the north of A l l t nam BFig. 
I ) , small nodules of calc-silicate rocks (which c tain 
diopside and idocrase) are included in I t 2 
peridotites. These nodules may also represent f r a j ;nts 
of limestone caught up along the fault and incorp ited 
into the Layered Complex. These particular inch 3ns, 
however, were taken beyond the marginal sui and 
incorporated into part of the layered ultrabasic ries, 
thus implying a fair degree of fluidity in the 1 it 2 
material at the time of emplacement. 

Limestones not directly incorporated in , in 
contact with, marginal rocks o f the Layered Co ilex 
are also substantially metamorphosed. Limestoi in a 
small easterly-facing cliff 50 m south o f Al l t m Ba 
is totally recrystallized to a typical sugary-te; ired 
marble obliterating all remnants of fossils and :her 
structures. Small idocrase crystals (c. 1-2 mm) ai ilso 
present, while harkerite has been tentatively i nti-
fied in an adjoining calc-silicate rock (spe nen 
SR 199 b). Further south, the limestones are H O -
gressively less affected by thermal metamorp sm. 
Recognizable fragments of bivalves and poible 
corals are observed, but poor preservation pret ides 
precise identifications. 

The limestones form relatively few surface outqSps, 
but i t has been possible to delimit their real exte: by 
the distribution of sink holes, often clearly visib on 
aerial photographs. To date, the best fossils reco red 
from the area were found in one o f the i w l y 
discovered outcrops - an area of impure lime one 
contained reasonably well-preserved cast-and-n uld 
pectinid bivalves and a number o f casts o f belerr ites 
of Jurassic affinities. Their genera have not yet een 
identified, but the faunal assemblage arid ge »a l 
character o f the rocks closely resemble lithologi > of 
Lower Lias age (see Section 2.d below). 

2.c. Shale 

In the A l l t nam Ba-Beinn nan Stac area, all shales ave 
hitherto been assigned to the Torridonian Bag na 
h-Uamha Shale member (Black & Welsh, 1! 51). 
However, in one small area c. 250 m south-soutl :ast 
of the Al l t nam Ba waterfall the shale has been ft ind 
to contain a well-preserved beiemnite guard and c her 
indeterminate pyritized fossil fragments. Some o the 
shale at least, therefore, must be Mesozoic. Like the 
Torridonian, this Mesozoic (Jurassic) shale is h i hly 
indurated but contains 6-10% of angular quartz gi tins 
and up to 5% opaque grains (generally pyrite) n a 
fine-grained' mud ' . I t is fault-bounded to the west, ind 
tapers southwards where it is lost beneath overthpist 
Torridonian sediments. 
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; Comparison of Rhum Mcsozoics with neighbouring 
i s 

I eral of the Hebridean islands adjacent to Rhum 
c tain well-developed Mesozoic successions - those 
c ligg. Muck and Skye are summarized in Figure 2. 
I vcver, the successions of Eigg and Muck do not 
r ch the Rhum Mesozoic sediments. 

in Skye, an almost continuous sequence f rom the 
I yer Lias (Broadford Beds) through Middle and 
I )er Lias into the Corallian is preserved (Peach et 
a 1910; Hallam, 1959). Here, the Lower Lias 
c iprises sandy limestones, limestones and thin 
si es, all with abundant bivalves, brachiopods and 
Ic 1 concentrations of corals. The Rhum sequence 
b s a strong resemblance to the Lower Liassic rocks 
n * Broadford, Skye. In particular, the limestone is 
si lar to the Ob Breakish coral bed (Hallam, 1959, 
b 9), even in weathering characteristics. 

he Rhum rocks therefore, are considered to 
re esent a remnant of Lower Liassic strata to the west 
of le Camasunary-Skerryvore Fault (Binns, McQui-
l l i & Kenolty, 1974). The Jurassic rocks of Eigg and 
M :k, to the east of the fault, are appreciably younger 
ar the relationship of these rocks, at the start o f the 
T( iary, to the Rhum succession was similar to that 
nc seen at Strathaird, Skye (Peach et at. 1910, 
fii3). 

3. he sheared Tertiary basalts 

Th basalts outcrop wholly within the M R F , and are 
m ( : extensive than previously established (cf. Fig. 1; 
En leus & Forster, 1979, fig. 5, locality n.3; Emeleus, 
1911). The basalt is fault-bounded to the east and 
soi heast by the ORF and C R F respectively (see Figs. 
I a i 3). To the north, the basalts are adjacent to the 
Me 3zoic rocks and no faulting was observed. 
Co sequently the contact probably represents the 
unc nformity between subaerial plateau lavas and 
Me azoic strata, as occurs elsewhere in the British 
Tei ary Igneous Province (BTIP), although nowhere 
else on Rhum. Unlike the lavas of northwest Rhum 
(En ;leus, 1982, 1985), which post-date the Central 
Coi plex, the lavas in southeast Rhum developed 
bef< e emplacement of the complex had begun. These 
basi Its are regarded as a remnant o f a much more 
exte isive lava field, probably an extension o f that o f 
Eigj and Muck. 

T e lavas are typically ophitic to sub-ophitic basalts 
witt a matrix of plagioclase laths ( A n 5 7 - A n 6 0 ) 
encl sed by augite. They are often feldspar-phyric with 
phei ocrysts predominantly of plagioclase but occasio
nal!; of augite. However, alteration (chloritization and 
saus uritization of mafic minerals and plagioclase) 
obscires much of the original mineralogy. Opaque 
oxid s (magnetite and haematite) are common (up to 
10% modally). Small-scale fractures have channelled 

alteration, with the fracture planes also exhibiting 
signs of shearing - the scale of the shearing demonst
rated by a plagioclase phenocryst which has been 
broken into two parts and displaced by some 5 mm. 
Amygdalcs, which are abundant in some rocks, often 
show signs of elongation due to shearing. Epidote, 
with some zeolite, occupies the cavities, and concentric 
infilling structures are occasionally observed. 

4. Structural history of the Main Ring Fault 

The structure of southeast Rhum is dominated by the 
M R F , which comprises several distinct faults. For the 
purposes of clarification the following nomenclature is 
proposed (see also Figs. 1 and 3). 

Outer Ring Fault (ORF), the easternmost arcuate 
fault; 
Centre Ring Fault (CRF), the fault separating the 
sheared Tertiary basalts f rom felsites and gneisses; 
Inner Ring Fault (IRF), the westernmost fault, which 
brought stratigraphically low-level Torridonian 
against Jurassic sediments and sheared Tertiary 
basalts. 

These three components of the M R F are related to 
different phases of movement in Stage 1 of the early 
Tertiary history of Rhum (Emeleus, Wadsworth & 
Smith, 1985). The sequence of movement was: (i) uplift 
within the ORF caused by diapiric uprise o f acid 
magma; (ii) subsidence within the CRF caused by 
relaxation of diapiric pressure; (iii) renewed uplift on 
the westward-dipping I R F , pre-dating, or possibly 
related to, the emplacement of the Layered Complex. 

In the Al l t nam Ba area, initial movement in Stage 
1 is represented by highly thermally altered but 
recognizable Lewisian gneiss in direct contact with the 
ORF. The fault is marked by extensive mylonitization, 
and the foliation in the gneiss (normally trending 
c. 340°) becomes bent around to become coincident 
with the line of faulting which trends c. 025°. This 
would seem to suggest that lateral movement, plus a 
fair degree of heating, must have accompanied the 
faulting. North of the gneiss a small tract of lower 
Torridonian (? Basal Grit) occurs, within the same 
faulted wedge as the Lewisian gneiss. The Lewisian/ 
basal Torridonian fault-slice wedges out northwards 
where the ORF now comes into contact with the 
Tertiary lavas. Thus the M R F is seen to bifurcate 
leaving Tertiary against Torridonian in the north, but 
Lewisian and basal Torridonian abutting younger 
Torridonian to the south, thus indicating that the 
northern portion of this fault was active on at least two 
occasions, initially for major upward movement, and 
subsequently during subsidence of the 'piston block' 
(Emeleus, Wadsworth & Smith, 1985). From the point 
o f bifurcation southwards, the easternmost fault trace 
(ORF) was exclusively involved in early upward 
movement, while movement on the more westerly 
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C R F was exclusively downwards. Here basalt was 
brought down against Lewisian gneiss. 

Where lavas are against the ORF, the fault plane is 
perfectly defined and dips 65° westwards. Slickensidcs 
on the fault plane are steep and indicative of 
downward movement to the west. There is also intense 
mylonitization, which extends for a number of metres 
on either side of the fault plane, plus scattered evidence 
of explosive brecciation. This brecciation is in the form 
of highly comminuted, angular, basaltic and Torrido-
nian fragments in a matrix of very fine rock powder. 
Similar breccias are found elsewhere within the M R F , 
as in Coire Dubh (Dunham, 1968) and the Southern 
Mountains Complex (Hughes, 1960a). These breccias 
probably represent fragmentation during volatile 
escape from degassing acid magma brought close to 
the surface, with the gas forcibly escaping along the 
pre-existing zone of structural weakness of the M R F . 
Indeed, the fact that the ORF is exploited by explosion 
breccia indicates that both the ORF and CRF were 
present at the time of degassing. 

The CRF dips 65° westwards, with parts of the fault 
plane having been intruded by felsite. This felsite 
shows no indication of faulting, shearing or deforma
tion. Consequently, the downward faulting must have 
been totally completed before solidification of the 
acidic magma. The felsite magma has obscured the 
trace of the CRF, though it is included on Figs. 1 and 
3 for the sake of clarity. The junction between basalt 
and felsite, and that between felsite and Lewisian 
gneiss, is extremely sharp and is well exposed in gully 
walls margining a deeply eroded, later cross-cutting 
dyke ( N M 4030 9357). 

The IRF dips at an angle of 45° to the southwest and 
brings highly indurated and contorted Bagh na 
h-Uamha shales into contact with the wedge of 
Jurassic sediments and Tertiary lavas. This junction is 
well preserved on the lower shoulder of Beinn nan Stac 
( N M 4051 9385), where the contact is with limestone. 
The limestones adjacent to the fault have been heavily 
dissolved, leaving deep sink holes at the base of the 
small cliff feature formed by the contorted Bagh na 
h-Uamha shales. This dissolution has undercut much 
of the cliff, producing localized collapse of the hanging 
wall. Further south, where the fault is in contact with 
the more resistant basalt (Fig. 1), the rocks on both 
sides of the fault are intensely sheared with steep 
slickensides and mylonitization. 

On the southeast slopes of Beinn nan Stac 
( N M 4030 9358), basalt is in contact with a small 
outcrop of pale-weathering sandstone similar to that 
found further north. This outcrop represents the 
southernmost visible extension of the Mesozoic strata. 
A short way to the south, overthrust Torridonian 
rocks cut out both lavas and the sandstones although 
a deep sink hole, present on the fault plane 20 m to the 
south, provides evidence that calcareous rocks are still 
present hereabouts. 

Movement on the IRF and elsewhere along 
M R F represents the last phase of Stage 1 
renewed uplift of the 'piston block' is somewi 
reminiscent of the development of 'resurgent c 
drons* (Smith & Bailey, 1968). Uplif t of about 2 k 
required in order to bring the stratigraphicallylow-li 
Torridonian to the structural levels it now occur., 
within the M R F . The cause of this uplift is uncerU , 
but it may be linked to emplacement of the adjoin 
Ultrabasic Complex at the onset of Stage 2. 

5. Conclusions 

The limestones, and other new sedimentary litholof s 
of southeast Rhum, are seen to contain a Mesoz: 
fossil assemblage and, on the basis of comparison w I 
other Mesozoic strata in the Hebridean area, 
probably an extension of the Lower Liassic Broadfih 
Beds. The sediments are intimately associated w i 
Tertiary lavas, the contact probably representing e 
original landscape unconformity. Originally |e 
Mesozoic sediments and Tertiary lavas would h 
rested on a basement of Lewisian gneiss a]d 
Torridonian sediments, but on Rhum, due 
movements along the M R F and adjacent faults, tljy 
are now limited to overturned and fault-bounded re 
(see Fig. 3). I t is the presence of the small fault-boundd 
sliver, lying as it does between stratigraphically ol r 
rocks, that provides the crucial evidence for ma r 
subsidence in the early Tertiary history of the Rh n 
volcanic centre. 
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Abstract - Early Tertiary igneous activity on Rhum was preceded by doming and the formation of 
a major arcuate fault system, the Main Ring Fault (MRF), within which Lewisian gneisses, 
Torridonian sediments and younger rocks were uplifted by as much as 2 km. Doming and uplift are 
attributed to the diapiric rise of acid magma which ultimately formed the granophyres and felsites 
of Rhum. Felsite emplacement was accompanied and immediately preceded by the formation of 
explosion breccias and tuffisites. This phase involves massive gas escape along the MRF fractures; it 
marked a period of major subsidence within the MRF during which fossiliferous Jurassic sediments 
and relics of Tertiary lava flows were brought to low structural levels within the MRF. Finally, a 
further period of uplift, again of about 2 km, took place once more bringing gneisses and basal 
Torridonian sediments within the MRF to high structural levels. The driving force for this last phase 
of uplift may have been provided by a further uprise of acid magma or, more realistically, may have 
been directly connected with emplacement of layered ultrabasic rocks which now form the core of 
the Rhum centre. 

1 ntroduction 

A hough the main geological components of the Isle 
o Ihum had been clearly defined soon after the turn 
o he century by Harker (1908), i t is to E. B. Bailey 
t i t we owe the first modern, integrated account of the 
Tfltiary tectonics and igneous history of the area. In 
a [lassie paper, Bailey (1945) demonstrated that the 
Ti tiary igneous rocks largely occurred within a major 
at tate fault, termed the Main Ring Fault (MRF) , 

• at , furthermore, he showed beyond doubt that major 
u j f t o f the order of 2000 m had occurred within the 
rir fault. Crucial evidence for this uplift came from 
th occurrence of Lewisian gneisses, which were only 
foi id within the area bounded by the M R F . Similarly, 
tht owermost Torridonian units (the Basal Grit , and 
the lower part of the Bagh na h-Uamha Shale) were 
als confined within the M R F , and were clearly in 
jux iposition with higher members of the Torridonian 
su( ession across the fault. Bailey also recognized that 
the: had been considerable structural disturbance of 
the Torridonian adjacent to the M R F ; in particular, 
the strata immediately outside the fault showed 
ma ced departures f rom the regional dip and strike 
(Fi| 1). 

I addition, Bailey discussed the possible significance 
of he acid complexes (felsite-explosion breccia 
ass( :iations) around Sgurr nan Gillean in the south, 
and Meall Breac in the northeast. He regarded these 
(esp dally Sgurr nan Gillean) as minor ring systems 
wi t l n the M R F , and suggested that the upheaval on 
the ] I R F was due to the upward intrusion of the felsite 
magna. The close spatial connection between Tertiary 
acidrnagmatism and the movement on the M R F was 

subsequently confirmed by more detailed studies of the 
two areas, now termed the Southern Mountains 
Complex (SMC) and the Northern Marginal Complex 
(NMC) , described by Hughes (1960) and Dunham 
(1968) respectively. This theme was further developed 
by Walker (1975) in connection with his proposal that 
acid diapirism was a significant early event in the 
history of all the British Tertiary intrusive centres. 

Three main stages may be recognized in the growth 
and decline of the Rhum centre (Dunham & Emeleus, 
1967; Emeleus & Forster, 1979; Emeleus, 1982,1983). 
Stage 1 was dominated by acid magmatism, although 
the initial activity seems to have been basaltic, giving 
rise to minor gabbro plugs in the N M C (Dunham & 
Emeleus, 1967). The acid magma is represented by the 
large Western Granite (Black, 1954) and by the 
granophyre-felsite-explosion breccia associations of 
the SMC (Hughes, 1960) and the N M C (Dunham, 
1968). Basaltic activity appears to have recurred 
towards the end of Stage 1, when numerous minor 
intrusions (inclined sheets accompanied and followed 
by dykes) were emplaced. The majority of the dykes 
trend approximately northwest-southeast but a signifi
cant number form a subsidiary swarm in a northeast-
southwest direction (Forster, unpub. Ph.D. thesis, 
Univ. Durham, 1980; Speight et al. 1982). Stage 1 is 
considered to have been terminated by. movement on 
the M R F (Dunham & Emeleus, 1967). 

Stage 2 involved formation of the extensive bodies 
of ultrabasic rocks and associated gabbros which 
together form the high, rugged ground in central 
southern Rhum, and mostly lie within the M R F . I t has 
been postulated that emplacement of the ultrabasic 
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been affected by much more extensive faulting and 
fracturing than the Tertiary igneous rocks, suggesting 
that there was significant pre-Tertiary movement on 
the Long Loch Fault, as is known from the 
Camasunary-Skerryvore Fault. 

3. Detailed evidence of Stage 1 igneous and tectonic 
activity 

As a starting point in this discussion, it is assumed, 
following Walker (1975), that the initial high-level 
manifestation of Tertiary intrusive activity on Rhum 
was the doming of the country rock cover in response 
to the diapiric uprise of acid magma. Evidence of such 
doming is provided in the area outside the M R F by 
the local distortion of the regional dip and strike of the 
Torridonian rocks (Fig. 1). In particular, along the 
northern part of the M R F , between Camas na h-Atha 
in the extreme west, and Cnapan Breaca in the east, 
the Torridonian rocks have been strongly uptilted in 
the vicinity of the fault. In a belt approximately 1 km 
wide, the strike is broadly parallel with the curvature 
of the M R F , and the outward dips increase progres
sively in steepness as the fault is approached, locally 
reaching 85°. This effect is less marked in southeast 
Rhum, partly because the regional strike must have 
been roughly parallel to the margin of the dome. In 
this case the Torridonian rocks have not been simply 
uptilted, but appear to have been thrown into a series 
of minor fold structures, which now parallel the mar
gin o f the intrusive complex, f rom Cnapan Breaca to 
south of Al l t nam Ba. In fact, much of the Torri
donian immediately outside the M R F in this area dips 
relatively steeply towards the west. I t is possible that 
the tight small-scale folds found in Torridonian shales 
near the M R F at All t na h-Uamha ( N M 411 965) 
were also developed at this stage. The peripheral 
folding may also account for the unusually gentle 
dips in the Torridonian west of Welshman's Rock and 
for the relative steepness of the small thrust plane 
identified in this area (Emeleus, 1981). 

There is also some evidence of a possible early 
doming event within the area now bounded by the 
M RF, in terms of the distribution and relative attitude 
of Lewisian and Torridonian material. I f the occurren
ces immediately adjacent to the M R F are disregarded 
for the moment, the principal outcrops of Lewisian 
gneiss, which generally appear to cap acid intrusive 
rocks, are found in a more westerly situation than the 
Torridonian Basal Grit and Bagh na h-Uamha Shale 
(Fig. 1; Emeleus, 1980). Further, the contact between 
the Lewisian gneisses and the Basal Grit is found to 
dip towards the northeast in the northern part of the 
area, near the Priomh Lochs ( N M 372 986), and 
towards the southeast in the Ainshval area 
( N M 374 938), closer to the southern margin of the 
proposed dome. Other indications of early deformation 
are found in Coire Dubh, where WNW-trending 

minor folds in Torridonian rocks (Dunham, l 1 ) 
could be the result of peripheral folding around a d ; 
(see also Dunham & Emeleus, 1967). However, it r t 
be emphasized that because of the emplacement ol s 
main ultrabasic/basic complex in Stage 2, the evid< e 
of earlier events within the central area is ra r 
fragmentary, although it is at least consistent with e 
idea of initial (pre-MRF) doming. There has also 1 n 
a considerable amount of later faulting (especial! n 
the southeast, between Dibidil and Papadil) w h 
further complicates the situation. 

I t is proposed that continued upward movemei »f 
acid magma, and accentuated doming, eventi y 
culminated in the development of an arcuate frac e 
(MRF) , within which the central block mc d 
upwards like a piston, carrying Lewisian gneiss d 
immediately overlying Torridonian material to ;h 
structural levels. Corresponding elevation of the u j ;r 
part of the country rock cover (Mesozoic sedimen ry 
rocks overlain by Tertiary plateau lavas) to even hi; er 
levels would presumably have resulted in substai al 
surface erosion, and probably removal of much o il l 
o f these components from the centre o f the updor d, 
proto-volcanic area. 

The exact sequence of the immediately ens lg 
events is uncertain, but central subsidence took pi e, 
presumably on relaxation of diapiric pressure. Subsi
dence was largely guided by the fractures of the inlBal 
M R F but in places the actual movement occuled 
along new fractures situated a short distance ( f f t m 
tens to hundreds of metres) inside the original M l F . 
Thus, when the central piston block subsmd, 
fault-bounded pieces of Lewisian gneiss together mth 
basal Torridonian were left stranded at high structural 
levels along the M R F . The gneiss relics now occul to 
the north of Meall Breac ( N M 386 987), on Ihe. 
southeast side of Beinn nan Stac ( N M 404 935), I n d 
in considerable numbers west of Dibidil on the k /er 
southern slopes of Sgurr nan Gillean (Fig. 1). 
Interestingly, the gneiss relics sometimes, pro ide 
evidence suggesting an early period of intense thei lal 
metamorphism. Leucocratic gneisses on the south ast 
side of Beinn nan Stac show clear signs of pa tial 
melting with felsic rims between quartz and felds ar. 
Similar textures occur in a gneiss block in other 'ise 
little metamorphosed explosion breccias in C lire 
Dubh (C. Ellis, personal communication). Them illy 
metamorphosed Lewisian gneisses are well kn wn 
elsewhere on Rhum (e.g. near the Priomh Lochs ind 
to the West of Ainshval), but at these localities the 
gneisses are adjacent to mafic intrusives of Stage I. 

Clear evidence for major central subsidenc is 
obtained from the exposures on the southeast si pes 
of Beinn nan Stac. Fossiliferous Jurassic strata and 
basaltic rocks, probably lavas of Tertiary age, oicur 
along the M R F but they are generally separated | o m 
the outermost part of the fault system by Lewsian 
gneiss and Torridonian sediments. Where this is not 
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ks occurred along another ring fracture largely 
hin, but partly coincident with, the M R F . This also 
ears to have involved central uplift , possibly 

[ocialed with the formation of a marginal ring-dyke 
abbro (Brown, 1956). A relatively small number of 
es was intruded towards the end of this stage, and 
of interest that several of these aphyric intrusions 
of ultrabasic composition (Forster, unpub. Ph.D. 
is, Univ. Durham, 1980; McClurg, unpub. Ph.D. 
is, Univ. Edinburgh, 1982). Emplacement of the 
bros and ultrabasic rocks frequently caused severe 

al metamorphism of earlier rocks, sometimes 
mating in rheomorphism (Hughes, 1960; Wads-

th, 1961; Dunham, 1964). Although the emplace-
t o f the ultrabasic rocks and associated gabbros 
clearly later than the acid magmatism of Stage 1, 

ttm likely that the concentration of basaltic magma at 
dBth, and the fractional crystallization which led to 
t i l development o f the Rhum layered complex, 
oBrlapped with Stage 1, and may even have been 
v f l l l y connected with it in terms of providing the 
t r f l rna l energy needed to initiate and sustain the early 
acS magmatism. 

3 involved severe subaerial erosion, when 
crJKr o f the order o f 1 km in thickness was removed 
f r B i the top o f the Rhum volcano (cf. Brown, 1963), 
exflbsing part o f its infrastructure. Detritus was swept 
ddl fn the flanks of the volcano, accumulating in 
stJp-sided valleys which became filled with water-
deftsited conglomeratic debris, as well as basalt and 
baftl t ic andesite lava flows, probably originating 
oul ide the Rhum centre (Emeleus, 1982, 1983). 
Igf lous activity terminated with the intrusion of a few 
ballt dykes, including possible far-flung members of 
theftkye swarms (Forster, unpub. Ph.D. thesis, Univ. 
D i i i a m , 1980). 

is account is largely concerned with Stage 1, but 
o f the problem associated with any attempt to 
her the early history of the Rhum volcanic 
lex is the fact that later events have considerably 

moBfied, or even obliterated, the evidence o f the early 
sta||s o f development. However, enough information 
is nlw available to show that, although the dominant 
mo ;ment o f the MRF-bounded central block had 
bee upwards during Stage 1 (and probably in Stage 
2 a: veil), there are certain facts which are difficult to 
recc icile with the relatively simple ' u p l i f t ' model. 
The ; may be summarized as follows. 

(1 The occurrence o f stratigraphically high-level 
rocl ; (fossiliferous Jurassic sediments and amygdaloi-
dal asalts resembling Tertiary lava flows) associated 
with he lower members of the Torridonian succession 
in t l : fault zone o f the M R F . 

(2 The distribution of Lewisian gneiss within the 
area rounded by the M R F . 

(3 The high-level character o f the porphyritic 
felsit and associated explosion breccias. 

I n short, evidence for central uplift is clear, but 

discoveries since Bailey's re-appraisal of Rhum 
tectonics make it plain that there is equally compelling 
evidence for central subsidence. In fact, Bailey (1945, 
p. 180) suggested that 'upheaval was punctuated by 
collapse and explosion'. The problem is to reconcile 
the apparently conflicting evidence and to produce a 
model capable of accommodating both aspects. This is 
attempted by first of all discussing the nature of the 
immediately pre-Tertiary geology in the vicinity of 
Rhum, followed by reconstruction of the possible 
sequence of tectonic and magmatic events during Stage 
1, in the light of detailed field evidence f rom the 
relevant areas within (and adjacent to) the M R F . 

2. The regional setting of the Rhum Tertiary centre 

The Rhum centre lies astride a NNE-trending ridge of 
Precambrian rocks (Lewisian gneisses overlain by a 
thick succession of Torridonian sediments) and is 
flanked by Mesozoic basins to the west and east. The 
Minch basin on the west just laps on to northwest 
Rhum at Monadh Dubh, where Triassic sediments cap 
the higher members o f the Torridoniam succession 
(Fig. i ) . To the east, the Mesozoic basin extending 
from south-central Skye, southwards under Eigg and 
Muck, to western Mul l , is separated from Rhum by the 
major Camasunary-Skerryvore Fault (Binns, McQuil-
lin & Kenolty, 1974). By analogy with southern Skye 
(cf. Wedd, 1910, fig. 3) it is suggested that a thin suc
cession of Lower Jurassic sediments (possibly equiva
lent to the Broadford Beds; see Smith, this issue) 
covered Rhum. These were probably capped by 
Tertiary lavas, possibly representing a western 
extension of the basalt flows found on Eigg and Muck 
which pre-date central igneous activity on Rhum 
(Emeleus & Forster, 1979). 

Major faults, trending approximately north-south, 
were important in controlling development o f the 
Mesozoic basins and may also have influenced 
subsequent lava effusion and accumulation in the 
Eocene (Walker, 1975). One of these is the Long Loch 
Fault, which forms a prominent feature extending 
across Rhum from Kilmory in the north to Papadil in 
the south (Fig. 1). Movement on the fault post-dates 
emplacement of the youngest ultrabasic rocks and the 
associated gabbros. The actual measurable displace
ment is limited to about 800 m in a horizontal 
right-lateral sense. However, investigations into the 
ultrabasic rocks of central Rhum have led McClurg 
(unpub. Ph.D. thesis, Univ. Edinburgh, 1982) and 
Volker (unpub. Ph.D. thesis, Univ. Edinburgh, 1983) 
to suggest that this structure may have played a 
significant part in the emplacement of the younger 
ultrabasic rocks (termed the Central Series). The 3 km 
long, 150-200 m wide, flat floor of Kilmory Glen 
contrasts with the narrow trench eroded along the 
Long Loch Fault where it transects the layered 
ultrabasic complex. The Torridonian rocks may have 
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th<: case, as slightly further north, the basalt in contact 
I wi lh the M R F shows signs of mylonitization with 
as: ociated explosive brecciation, indicative of collapse. 

, Tr e boundary between the gneiss and basalt is a steep 
fai lit (c. 65°WNW) although in part this fault has been 
|ex; >loited by later acid magma in the form of felsite (see 
Sn ith, this issue). 
I This postulated episode of central subsidence is 
'attributed to a reduction in magma pressure in the 
jdu pir as a result of magma escaping along the system 
of fractures forming the M R F (as on southeast Beinn 
pa i Stac, see above) accompanied by deflation 
Consequent on gas release. The formation of ring 
fractures eventually weakened the roof of the acid 
diapir to such an extent that gases from the 
cry stallizing magma were explosively released, shatter
ing the country rocks along the ring fracture and at the 
Sjar le time penetrating along lines of weakness within 
the central block. These lines of weakness were 
f ri icipally faults, but bedding planes within the 
To ridonian may also have been exploited, as 
indicated by the flat-lying breccias within bedded 
1 orridonian rocks on the eastern slopes of Sgurr nan 
Ciillean (Hughes, 1960). Explosive shattering of the 
rocks along the faults permitted the now viscous, 
d ;gassed acid magma from the top of the diapir to 
ir trude to even higher levels, forming the porphyritic 
fc Isite masses which appear steep-sided and dyke-like 
n :ar the M R F , but pass into sheet-like masses further 
in tc the central block. Some features described f rom 
tti e felsites resemble those from pyroclastic flows (e.g. 
fii mme, cf. Williams, this issue) and current investi-
g£ tions aim to determine whether the porphyritic 
fe site-explosion breccia assemblage is essentially 
su baerial, formed on or close to the floor of a caldera 
sti u:ture and brought to lower levels as the caldera 
de sloped, or whether it represents material formed 
fai riy near the surface but still under some cover as is 
su Rested by the Dibidil exposures. I t is possible that 
th< : R.hum felsites and related rocks could have close 
similarities to the sub-surface welded acid rocks 
de: cribed from the Sabaloka Cauldron in the northern, 
S u i i n (Almond, 1977). Whatever the true situation, 
the felsite-explosion breccia assemblage appears to be 
closely linked with the subsidence stage and with the 
ring faulting. Explosion breccia, with small felsite 
intrusions, occurs along the M R F immediately east of 
the; Long Loch Fault (Dunham, 1968), and both are 
present along the faulted boundary between basalt 
lavas, gneiss and country rock on the southeast side 
of Beinn nan Stac. The tuffisites (intrusive tuffs) of 
Rhum are largely, although not exclusively, found 
along or close to the M R F . Significantly, felsites and 
explosion breccias appear to have escaped the effects 
of crushing associated with M R F movements, although 
it can be difficult to distinguish between crush breccias 
and explosion breccias (cf. the 'pseudotachylytes' of 
the Vredefort Dome (Bailey, 1926)). The fundamental 
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question is whether the felsite masses of Cnapan 
Breaca and Meall Breac (NMC) , and those forming the 
Ainshval-Sgurr nan Gillean ridge (SMC), represent 
the remains of domes of acid magma which formed on 
a caldera floor, perhaps covered by a blanket of 
explosion breccia, or whether they are entirely 
intrusive. Whatever their precise mode of formation 
the association is considered to be essentially of high 
level origin, developed during a period of central 
subsidence when they were brought to relatively low 
structural levels. 

The final major event in the Stage 1 activity is 
believed to have been a further period of central uplift 
within the M R F . This seems to be the only satisfactory 
way of explaining the present distribution of the rocks 
involved. Thus, at AHt nam Ba, and on the southeast 
side of Beinn nan Stac, the Mesozoic/Tertiary 
supracrustal rocks lie between Torridonian and 
Lewisian outcrops. The Torridonian on the inner side 
of the Mesozoic/Tertiary material is from lower 
stratigraphic levels than the main Torridonian 
immediately outside the M R F . In other words, i t is 
necessary to invoke a late episode of uplift to more 
than compensate for thepreceding period of subsidence, 
in terms of the Torridonian stratigraphy; on this basis 
final uplift may have been of the order of 2 km. I t 
seems plausible to suggest that the M R F system was 
again utilized during this episode, but that once more 
there were minor divergences, with the development of 
new fracture lines locally. I n particular, along the 
eastern part of the M R F system, the latest movements 
seem to have been concentrated some 100-200 m 
inside the original fault line, with the results that the 
Jurassic sediments and Tertiary lavas were preserved 
as thin, highly inclined and fault-bounded slivers, 
which managed to survive the final uplift and to record 
the intermediate stage of substantial subsidence. I f the 
present erosion level had been a few hundred metres 
higher, this episode of subsidence would not have been 
suspected. The crucial exposures are 900 m southeast 
of the summit of Beinn nan Stac, where Torridonian 
and Jurassic sediments are in reverse-faulted contact, 
with the fault plane dipping at around 45° towards the 
northwest. This fault may be traced many hundreds of 
metres both to the southwest and north-northeast, 
over the shoulder of the hi l l . Thus it is clear that the 
mass of contorted and indurated Bagh na h-Uamha 
Shale, covering southeast Beinn nan Stac, has been 
pushed over the Jurassic sediments and Tertiary 
basaltic rocks and, to the south, over the original 
outer part of the M R F (Smith, this issue). 

4. Discussion and conclusions 

While the motive power for the early phase of uplift 
appears to have been provided by diapiric movement 
of acid magma, the force causing the late uplift is 
uncertain. I t might have involved further upward 
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movement of acid magma, in a manner analogous to 
the development of resurgent cauldrons (Smith & 
Bailey, 1968) or, alternatively, it could have been 
caused by the emplacement of the layered ultrabasic 
rocks and associated gabbros of Stage 2. There is no 
clear evidence of the participation of acid magma(s) in 
the later phase of uplift, but it has been strongly 
advocated that the layered ultrabasic rocks were 
emplaced upwards by as much as 1600 m to their 
present level in the Rhum centre as a hot, but 
essentially solid, cylindrical body lubricated by 
basaltic magma (Brown, 1956; Wager & Brown, 1968). 
With this proposal in mind, it is instructive to look at 
the contacts between the Eastern Layered Series 
ultrabasic rocks and gabbros, and earlier rocks within 
the M R F . On Beinn nan Stac these earlier rocks 
(Torridonian sediments, explosion breccias and felsites) 
appear to overlie the mafic rocks, with the contact 
dipping gently to the southeast, while in the N M C , 
particularly in the upper part of Coire Dubh and in the 
area about 1 km east of Cnapan Breaca, the contact 
between mafic rocks and members of the N M C dips 
fairly gently to the north-northeast. Thus, at these 
localities the curlier rocks appear to be in roof-like 
relationships to the mafic rocks which in turn may 
extend under them as far as the (sub-surface) course 
of the M R F . Furthermore, the layering in the 
ultrabasic rocks also appears to extend under the roof 
of earlier rocks, with the result that successively lower 
layers approach more closely to the M R F . A n 
implication of this observation is that these roof-like 
contacts are original igneous contacts and that 
layering in the ultrabasic rocks was capable of 
developing to within a few tens of metres (or less) of 
the margins of the body of mafic magma. These 
observations are not proof that the last phase o f uplift 
was the consequence o f movement o f the layered 
ultrabasic rocks but this interpretation does remain a 
distinct possibility. I f upward movement of the mafic 
rocks did occur, pushing ahead almost all the earlier 
rocks within the M R F , then it is necessary to find a 
force capable of uplifting the very large mass of dense 
rocks involved, now comprising at least the Eastern 
Layered Series; furthermore, it is necessary to envisage 
a certain amount of (? thermal) erosion along the 
course of the M R F , to judge from the somewhat 
transgressive course of the eastern margin of the mafic 
rocks towards the original trace of the fault between 
Cnapan Breaca and Al l t nam Ba. 

I t is concluded that in the early part of Stage 1 of 
the Rhum centre there was a diapiric uprise of acid 
magma which initially caused doming leading to ring 
fracturing with formations of the M R F . Upl i f t o f the 
piston-like MRF-bounded block amounted to as 
much as 2 km but terminated when degassing and 
escape of acid magma along the M R F resulted in 
deflation, subsidence of the piston block and possible 
caldera formation. A t this stage explosion breccias, 

felsites and tuffisites were formed. In addition 
Mesozoic sediments and Tertiary lavas were broi ght 
into juxtaposition with fragments of Lewisian gneiss 
and basal Torridonian sediments which had been 
elevated in the initial uplift but were effectively left 
stranded along the M R F on collapse of the central 
piston block. Subsequently, further uplift of the pis ton 
block occurred, either powered by a new uprise of acid 
magma or, possibly more realistically, connected i n th 
the upward movement of mafic rocks and/or mag nas 
at the start of Stage 2 in the development of the R l urn 
centre. Further investigations are in progress in 
southern Rhum which, i t is hoped, will help in the 
solution of this major, unresolved problem. 
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T a i l p i e c e 

One of the (only ?) benefits of catching the 5 am.- ferry to Rhum 

'Night and Day Sunrise over Carina. 
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