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I M 1 B Q D U C I I 0 K .

The i n v e s t i g a t i o n  i s  a  c o m p a r a t i v e  s t u d y  o f  t h e  

g e o l o g y  a n d  p e t r o l o g y  o f  some i n t e r e s t i n g  c o m p o s i t e  and  

m u l t i p l e  i n t r u s i o n s  f ro m  t h e  I s l e  o f  A r r a n  i n  t h e  F i r t h  

o f  C l y d e ,  The s t u d y  i n c l u d e s  a  r e v i s i o n  o f  J u d d ’ s  famous 

w o rk  on t h e  d y k e s  o f  Tormore s h o r e  and C i r  Mhor,  and  a 

d e t a i l e d  e x a m i n a t i o n  o f  t h e  t h o l e i i t e — q u a r t z - p o r p h y r y  s i l l  

a n d  dyke  o f  Drumadoon ( B u t e s h i r e ,  6 i n c h  O rdnance  S u r v e y  

s h e e t s  253 N.E.  an d  248  S . E . ) ,  and  t h e  h y p e r s t h e n e - d o l e r i t e  

q u a r t z - p o r p h y r y  i n t r u s i o n s  o f  Bennan ( B u t e s h i r e ,  6 i n c h  

O rd n an ce  S u r v e y  s h e e t s  254 S .E .  and 259 N » E . ) .
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P R E V I Q U S  R E S E A R C H .

T h e s e  i n t r u s i o n s  hav e  b e e n  d e s c r i b e d  i n  t h e  

p a s t  by v a r i o u s  g e o l o g i s t s  among whom w e re  J am e so n  and  

Ramsay.  No m o d ern  w ork  h a s  a p p e a r e d  on t h e  Tormore  and 

C i r  Mhor d y k e s  e x c e p t  t h a t  o f  J u d d  who a l s o  i n c l u d e s  a 

s h o r t  s t u d y  o f  t h e  Drumadoon c o m p o s i t e  dyke  a t  An Cjimhann 

(1 8 9 3 ,  pp .  5 4 3 - 5 6 4 ) .  The f i r s t  m odern  d e s c r i p t i o n  o f  t h e  

Bennan  i n t r u s i o n  i s  g i v e n  by C o r s t o r p h i n e  i n  h i s  s t u d y  o f  

r o c k s  f rom  S o u t h  A r r a n  ( 1 8 9 5 ,  p p .  4 4 3 - 4 7 0 ) .  J . V . H a r r i s o n * s  

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

i n t r u s i o n  ( 1 9 2 5 ,  p p .  1 7 3 - 1 8 3 ) .  I n  t h e  G e o l o g i c a l  S u r v e y  

Memoir on t h e  G eo logy  o f  A r r a n ,  G.W. T y r r e l l  g i v e s  s h o r t  

d e s c r i p t i o n s  o f  a l l  t h e s e  i n t r u s i o n s  and  b r i n g s  them up t o  

d a t e  by i n c l u d i n g  h i s  own d a t a  ( 1 9 2 8 ) .  I n  v ie w  o f  t h e  

s c a n t y  n a t u r e  o f  o u r  k n o w led g e  r e g a r d i n g  t h e s e  i n t r u s i o n s ,  

t h i s  d e t a i l e d  c o m p a r a t i v e  s t u d y  was u n d e r t a k e n .
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D Y K E S  O F  T O R M O E E  S H O R E  

A N D  G I B .  M H Q R .

THE GREAT NORTH AND SOUTH DYKE-

( J u d d ’ s  N o . I  dyke  on Tormore S h o r e ) .

J u d d * 8 d e t a i l e d  d e s c r i p t i o n  o f  t h i s  dyke was c o n f i r m e d  

by t h e  p r e s e n t  m ap p in g  ( P l a t e  XI ,  b .  F i g .  l ) .  The dyke shows 

num erous  v a r i a t i o n s  i n  had e  and  a t  i t s  n o r t h e r n  e x t r e m i t y  i t  i s  

a v e r t i c a l  b o d y ,  w h e r e a s  i n  t h e  s o u t h  i t  h a s  a hade  o f  a t  l e a s t  

60 d e g r e e s .  I t  i s  m a i n l y  composed o f  p i t c h s t o n e  w h ich  i s  ban d ed  

p a r a l l e l  t o  t h e  w a l l s  o f  t h e  i n t r u s i o n  and  a t  t h e  s o u t h e r n  

e x t r e m i t y  i s  i n t e r m i t t e n t l y  f l a n k e d  by a  s i m i l a r l y  b an d ed  f e l s i t e  

w h ic h  i s ,  h o w e v e r ,  c o m p l e t e l y  a b s e n t  n e a r  t h e  h i g h - w a t e r  m ark .

On t h e  e a s t e r n  m a r g i n  o f  t h e  s o u t h e r n  end  o f  t h e  dy k e ,  

J u d d  n o t e d  a  band  o f  *a u g i t e - a n d e s i t e . ' A s i m i l a r  band  h as  a l s o  

b e e n  o b s e r v e d  by  t h e  a u t h o r  on t h e  w e s t e r n  s i d e .  B o th  t h e  b an d s  

c a n  be  t r a c e d  f ro m  l o w - w a t e r  m ark  t o  a b o u t  h i g h - w a t e r  mark  

beyond  w h ich  t h e y  c a n n o t  be f o l l o w e d .  J u d d  r e c o r d s  t h a t  t h e  

e a s t e r n  ban d  i s  l a t e r  t h a n  t h e  p i t c h s t o n e .  The a u t h o r  fo u n d  

t h a t  b o t h  t h e  b a n d s  c h i l l  a g a i n s t  e i t h e r  t h e  f e l s i t e  o r  t h e  

p i t c h s t o n e  a n d  h e n c e  t h e y  a r e  l a t e r  t h a n  t h e  p i t c h s t o n e .

PETROGRAPHY.

P i t c h s t o n e ; ( S p e c i f i c  g r a v i t y :  2 . 3 4 3 ) .  The r o c k  i s  g r e e n ,  

d i s t i n c t l y  b a n d e d ,  composed o f  a l t e r n a t i n g  l a y e r s  o f  g r e e n i s h
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and y e l l o w i s h  g l a s s y  m a t e r i a l .  I n  t h i n  s e c t i o n  t h e  r o c k  

shows num erous  f e a t u r e s  c h a r a c t e r i s t i c  o f  p i t e h s t o n e s  a s  

d e s c r i b e d  by H a r k e r  ( T y r r e l l ,  1928 ,  p p .  2 2 4 - 5 ) .  I t  i s  

m i c r o p o r p h y r i t i e  w i t h  c o r r o d e d  p h e n o c r y s t s  o f  q u a r t z  and 

b a s i c  o l i g o c l a s e ,  some o f  w h ic h  show p e c u l i a r  t w i n n i n g .  The 

f e l s p a r s  o f t e n  e n c l o s e  s p a r i n g  a n h e d r a l  g r a i n s  o f  p a l e  y e l l o w  

a u g i t e  i n t i m a t e l y  a s s o c i a t e d  w i t h  i r o n - o r e ,  t h e  l a t t e r  a l s o  

o c c u r r i n g  s e p a r a t e l y .  Some g r a i n s  o f  i r o n - o r e  a r e  a s s o c i a t e d  

w i t h  e u h e d r a l  a p a t i t e  and z i r c o n .  The r o c k  has  a g l a s s y  b a se  

w i t h  num erous  c r y s t a l l i t e s  and  m i c r o l i t e s .  The c r y s t a l l i t e s  

a r e  a l l  p l e o c h r o i c  f ro m  p a l e  brown t o  d a r k  g r e e n  w i t h  an  

e x t i n c t i o n  a n g l e  o f  1 7 ° ,  and a r e  h o r n b l e n d e .  The m i c r o l i t e s  

show f e r n - l i k e  and  a r b o r e s c e n t  g r o w t h s .  T h e re  a r e  a number 

o f  s p h e r u l i t e s  composed o f  r a d i a t i n g  a l k a l i - f e l s p a r  and 

c r y s t a l l i t e s  o f  h o r n b l e n d e ,  b e s i d e s  many d r u s y  c a v i t i e s  f i l l e d  

w i t h  i r r e g u l a r  g r a i n s  o f  q u a r t z .  The b a n d i n g  o f  t h e  r o c k  i s  

r e l a t e d  t o  t h e  u n e q u a l  d i s t r i b u t i o n  o f  c r y s t a l l i t e s  a s  d e s c r i b e d  

i n  t h e  A r r a n  memoir  ( o p . c i t . ,  p . 2 2 6 ) ,  and w e l l  s e e n  i n  t h e  

G e o l o g i c a l  S u r v e y  s l i d e s  (5 6 5 6 ,  5 6 5 7 ) .

P e l s i t e : ( S p e c i f i c  g r a v i t y :  2 . 5 3 8 ;  t h i s  v a l u e  i s  h i g h e r  t h a n  

t h a t  f o r  t h e  p i t c h s t o n e ) .  The r o c k  i s  g r e y i s h ,  v i t r e o u s  and 

b a n d e d  s i m i l a r  t o  t h e  p i t c h s t o n e .  One h a n d s p e c im e n  shows a 

p a s s a g e  b e tw e e n  t h e  p i t c h s t o n e  and t h e  f e l s i t e .  I n  t h i n  s e c t i o n  

t h e /
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t h e  f e l s i t e  shows a  few m i c r o p h e n o e r y s t s  o f  a l t e r e d  f e l s p a r  

i n  a  g ro u n d m a ss  composed m a i n l y  o f  m i c r o p e g m a t i t e  and 

s p h e r u l i t e s .  Numerous n e e d l e - l i k e  p seudom orphs  o f  a m a f i c  

m i n e r a l  c a n  be r e c o g n i s e d .  The s i m i l a r i t y  o f  t h e  b a n d i n g ,  

t h e  t r a n s i t i o n  n o t i c e d  i n  h a n d s p e c im e n ,  and  t h e  o c c u r r e n c e  

i n  t h e  two r o c k s  o f  m a f i c  p s e u d o m o rp h s ,  s u g g e s t  an  i n t i m a t e  

r e l a t i o n s h i p  b e t w e e n  t h e  t y p e s ;  a c c o r d i n g  t o  J u d d  t h e  f e l s i t e  

i s  a  d e v i t r i f i e d  fo rm  o f  t h e  p i t c h s t o n e .

T h o l e i i t e : ( S p e c i f i c  g r a v i t y :  2 . 7 2 6 ) .  M e g a s c o p i c a l l y  t h e  

r o c k  i s  d a r k  g r e y  and  m e d i u m - g r a i n e d  w i t h  numerous  p y ro x e n e  

g r a i n s *  No x e n o c r y s t s  o r  p h e n o c r y s t s  c a n  be r e c o g n i s e d .  I n  

t h i n  s e c t i o n  t h e  r o c k  i s  m o s t l y  composed o f  t i t a n a u g i t e ,  

p l e o c h r o i e  f ro m  l i l a c - b r o w n  t o  p a l e  y e l l o w i s h  brown; many

o f  t h e  g r a i n s  a r e  s u b o p h i t i c  and  o p h i t i e  w i t h  l a t h s  o f
*

p l a g i o c l a s e  ( P l a t e  V I ,  f i g . l ) .  The p l a g i o c l a s e  f e l s p a r  

o c c u r s  a s  i r r e g u l a r  p l a t e s  and  p r i s m s  o f  v a r i o u s  s i z e s ,  m o s t l y  

m u l t i p l e - t w i n n e d ,  w i t h  a  r e f r a c t i v e  i n d e x  h i g h e r  t h a n  t h a t  o f  

Canada  b a l s a m  and  h a v i n g  a  maximum e x t i n c t i o n  a n g l e  o f  37°  

( a c i d  t o  mid  l a b r a d o r i t e ) . I r o n - o r e  o c c u r s  v i s i b l y  o n l y  

i n  s m a l l  q u a n t i t y  b u t  p r e s u m a b l y  i t  i s  e x t e n s i v e l y  p r e s e n t  

o c c u l t  i n  t h e  d a r k  g r e e n  g l a s s y  m e s o s t a s i s ,  a  f e a t u r e  common 

t o  t h o l e i i t e s .  T h e re  a r e  some o c e l l i - l i k e  a r e a s ,  c o n s i s t i n g  

o f  f e l s p a r  m i c r o l i t e s ,  s k e l e t a l  i r o n - o r e  an d  o c c a s i o n a l l y ,  

f i b r o u s ,  s e r p e n t i n e .
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NATURE Off THE DYKE.

J u d d  h a s  d e s c r i b e d  t h i s  a s  an  ’‘i n t e r e s t i n g  exam ple"  

o f  a  c o m p o s i t e  d y k e ,  w h ic h  a c c o r d i n g  t o  h im i s  one ’’f i l l e d  

w i t h  m a t e r i a l s  d i f f e r i n g  f ro m  one a n o t h e r  i n  c h e m i c a l  o r  

m i n e r a l o g i c a l  c o n s t i t u t i o n . ” ( o p . c i t . ,  p . 5 3 6 ) .  At t h i s  s t a g e ,  

t h e  m odern  t e r m i n o l o g y  r e g a r d i n g  c o m p o s i t e  and  m u l t i p l e  

i n t r u s i o n s  may be  r e v i e w e d .  D a ly  ( 1 9 3 3 ,  p . 91)  and T y r r e l l  

( 1 9 4 0 ,  p . 31) l a y  e m p h a s i s  on t h e  c o n t r a s t  i n  c h e m i c a l  c o m p o s i t i o n  

among t h e  c o m p o n e n t s .  A c c o r d i n g  t o  them ,  m u l t i p l e  i n t r u s i o n s  

a r e  u n i f o r m  i n  c o m p o s i t i o n  t h r o u g h o u t  t h e  com plex ,  w h e re a s  

c o m p o s i t e  i n t r u s i o n s  a r e  due t o  ’’s u c c e s s i v e  i n j e c t i o n s  o f  

d i f f e r e n t  m e l t s . ” ( D a l y ) .  O t h e r s  l i k e  Thomas and B a i l e y  (1924 ,  

p . 3 2 ) ,  T o m k e i e f f  and  M a r s h a l l  (1 9 3 5 ,  p . 239)  and H a f f  ( 1 9 4 1 ,  

p p . 8 3 9 , 8 5 2 ) ,  e m p h a s i s e  t h a t  t h e  more i m p o r t a n t  f a c t o r  i s  t h e  

t i m e  i n t e r v a l  b e tw e e n  s u c c e s s i v e  i n t r u s i o n s ,  a s  j u d g e d  by t h e  

p r e s e n c e  o r  a b s e n c e  o f  c h i l l i n g  o f  one member a g a i n s t  a n o t h e r .

The p r e s e n t  t r e n d  o f  p e t r o l o g i c  t h o u g h t  may be su m m a r ised  a s  

f o l l o w s  ( a l s o  s e e  p .  6 8  o f  t h i s  p a p e r ) :  ( l )  c o m p o s i t e

i n t r u s i o n s  a r e  composed o f  p a r t s  o f  r e c o g n i s a b l y  d i f f e r e n t  

c o m p o s i t i o n ,  ( 2 ) a s  a  com plex  t h e y  c h i l l  e x t e r i o r l y  a g a i n s t  t h e  

c o u n t r y  r o c k ,  ( 3 )  t h e  com ponen t  p a r t s  do n o t  c h i l l  a g a i n s t  one 

a n o t h e r .  (M u l l  Memoir ,  1 9 2 4 ,  p . 3 2 ) ,  w h e r e a s  “m u l t i p l e  i n t r u s i o n s . . .  

c o n s i s t  o f  s e v e r a l  members  i n  p a r a l l e l  a r r a n g e m e n t ,  e a c h  member 

b e i n g /
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b e i n g  c h i l l e d  a g a i n s t  one a n o t h e r  o r  i t s  a s s o c i a t e s , M 

(A rd n am u rc h an  M em oir ,  1930 ,  p . 6 3 ) .  A c c o r d i n g  t o  t h i s  d e f i n i t i o n ,  

J u d d ’ s  No. I  dyke  m u s t  be c l a s s i f i e d  a s  a  m u l t i p l e  dyke s i n c e  t h e  

t h o l e i i t e  i s  c h i l l e d  a g a i n s t  e i t h e r  t h e  f e l s i t e  o r  t h e  p i t c h s t o n e .

THE NORTHERN TRANSVERSE DYKE.

( J u d d ’ s  No. I I  dyke  on Tormore  S h o r e ) .

C o m p a r i so n  o f  t h e  f i e l d  p l a n s  o f  t h i s  dyke b o t h  by J u d d  

( o p . c i t . ,  p . 555)  an d  t h e  a u t h o r  ( P l a t e  XI and  F i g . 2 ) ,  r e v e a l  

i m p o r t a n t  d i f f e r e n c e s  i n  t h e  o u t c r o p  o f  t h e  ’ p i t c h s t o n e - p o r p h y r y ’ 

w h ic h ,  a c c o r d i n g  t o  J u d d ,  fo rm s  a  p a r t  o f  t h e  f e l s i t e  so m e t im es  

and  a t  o t h e r  t i m e s  i n t e r s e c t s  t h e  a d j o i n i n g  m a ss e s  o f  ’’a n d e s i t e . " 

( o p . c i t . ,  p . 5 5 5 ) .  The a u t h o r  f o u n d  t h a t  t h e  p i t c h s t o n e  o c c u r s  

o n l y  b e t w e e n  t h e  f e l s i t e  a n d  t h e  s o u t h e r n  t h o l e i i t e  a p p a r e n t l y  

p i n c h i n g  o u t  i n  t h e  c l i f f s  t o  t h e  e a s t  and  now here  i n  t h e  

e x p o s u r e s  s t u d i e d ,  c r o s s e s  t h e  f e l s i t e .  The t h o l e i i t e  o c c u r s  

on b o t h  s i d e s  o f  t h e  f e l s i t e  and  i s  c h i l l e d  o n l y  a g a i n s t  t h e  

s a n d s t o n e  b u t  n o t  a g a i n s t  e i t h e r  t h e  p i t c h s t o n e  i n  t h e  s o u t h  o r  

t h e  f e l s i t e  i n  t h e  n o r t h .  H ence ,  i t  i s  c o n c l u d e d  t h a t  t h e  

t h o l e i i t e  i s  e a r l i e r  t h a n  t h e  a s s o c i a t e d  r o c k s  o f  t h e  d y k e - c o m p le x .  

To t h e  n o r t h ,  t h e r e  i s  a  t h i n  l £  f t .  dyke o f  d o l e r i t e  h a d i n g  due 

s o u t h  a n d  j o i n i n g  t h e  c o m p o s i t e  dyke a t  a n  a n g l e  i n  t h e  s e a .

PETROQEAPHT/



Fig. 2. The Northern transverse composite dyke. 
(JUDD’S No. 11)
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5. Sedimentary rock.



- 8 -

PETROQRAPHT.

I M l S l l l f i :  ( S p e c i f i c  g r a v i t y :  2 . 7 8 9 ) .  I t  i s  a d a r k  g r e y ,  

f i n e - g r a i n e d  r o c k ,  much l i g h t e r  i n  c o l o u r  and  l e s s  c o a r s e  t h a n  

t h e  b a s i c  member o f  J u d d ' s  No. I  dy k e .  M i c r o s c o p i c a l l y  ( P l a t e  

V I ,  f i g . 2) i t  i s  c o m p a r a b le  t o  t h e  B r u n t o n  t y p e  o f  t h o l e i i t e  

d e s c r i b e d  f ro m  M u l l  (Memoir ,  p . 3 1 2 ) ,  t h o u g h  sh o w in g  some 

s i g n i f i c a n t  d i f f e r e n c e s  s u c h  a s  t h e  p r e s e n c e  o f  x e n o c r y s t s  

o f  q u a r t z  and  f e l s p a r .  I t  i s  composed o f  g r a n u l a r  a u g i t e  

(maximum e x t i n c t i o n  a n g l e  4 4 ° ) ,  a few g r a i n s  o f  w h ich  c an  be 

d e s c r i b e d  a s  p h e n o c r y s t s .  T h e re  a r e  many p r i s m s  and p l a t e s  

o f  a c i d  l a b r a d o r i t e  (maximum e x t i n c t i o n  a n g l e  3 0 ° ) ;  some 

g r a i n s  o c c u r  a l s o  a s  m i c r o p h e n o c r y s t s ,  a few o f  w h ich  ( T .1 7 )  

show d a r k  i n c l u s i o n s .  S e c t i o n  T .1 7  ( s o u t h e r n  t h o l e i i t e )  

shows two g r a i n s  o f  o r t h o - p y r o x e n e  s l i g h t l y  p l e o c h r o i c  f rom  

p a l e  p i n k  t o  p a l e  g r e e n  and  h a v i n g  s t r a i g h t  e x t i n c t i o n ;  t h e  

g r a i n s  show a l t e r a t i o n  a l o n g  c r a c k s  t o  s e r p e n t i n e .  I r o n - o r e  

o c c u r s  q u i t e  a b u n d a n t l y ,  m o s t l y  a s  i r r e g u l a r  g r a i n s .  The 

b a s e  o f  t h e  r o c k  i s  composed o f  c r y p t o c r y s t a l l i n e  o r  a l m o s t  

i s o t r o p i c  m a t t e r  o c c u r r i n g  i n t e r s t i t i a l l y ,  a s s o c i a t e d  s o m e t im e s  

w i t h  a  few g r a i n s  o f  q u a r t z .  N e e d le s  o f  a p a t i t e  a r e  n u m ero u s .

T h i n  s e c t i o n s  f ro m  b o t h  t h e  b a s i c  members show 

x e n o c r y s t s .  F e l s p a r  x e n o c r y s t s  show a b u n d a n t  e v i d e n c e  o f  

c o r r o s i o n .  They have  i n t e r i o r s  o f  g r a n u l a r  o r  p i t t e d  a p p e a r a n c e ,  

w h ic h /
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w h ic h  show m i n u t e  i r r e g u l a r  g r a i n s  o f  a u g i t e  and  s k e l e t a l  

i r o n - o r e .  S om et im es  t h e  g ro u n d m a ss  i n v a d e s  p a r t  o f  t h e  

x e n o c r y s t .  M os t  o f  t h e  g r a i n s  have  a  r i m  o f  f r e s h  f e l s p a r  

h i g h  i n  r e l i e f  and  s i m i l a r  t o  t h e  f e l s p a r  o f  t h e  r o c k  ( a l s o  

r e c o r d e d  by J u d d ,  o p . c i t . ,  p .  5 4 7 ) .  Where t h e  c o r r o s i o n  

h a s  n o t  p r o c e e d e d  v e r y  f a r ,  t h e  c r y s t a l s  show c o r e s  o f  

o r i g i n a l  f e l s p a r  w i t h  low e x t i n c t i o n  a n g l e  c h a r a c t e r i s t i c  

o f  mid  o l i g o c l a s e j  t h e y  show numerous  c r a c k s  p r o b a b l y

r e s u l t i n g  f ro m  e x p a n s i o n  due t o  h e a t .

X e n o c r y s t s  o f  q u a r t z  w i t h  t h e  c h a r a c t e r i s t i c  r im s  

o f  g r a n u l a r  a u g i t e  a r e  p r e s e n t .  S om et im es  a number o f  a p a t i t e  

n e e d l e s  p r o j e c t  i n t o  t h e  q u a r t z  x e n o c r y s t s  f ro m  o u t s i d e .  Many 

o f  t h e  g r a n u l a r  a g g r e g a t e s  o f  a u g i t e  s e e n  i n  t h e  s e c t i o n  

p r o b a b l y  r e p r e s e n t  c o m p l e t e l y  r e s o r b e d  q u a r t z  x e n o c r y s t s .  

C o m p a r i so n  o f  t h e  x e n o c r y s t s  o f  q u a r t z  and f e l s p a r  w i t h  t h e  

p h e n o c r y s t s  o f  t h e  q u a r t z - f e l s i t e  show s i m i l a r i t y  i n  s i z e  and 

a l s o  i n  t h e i r  g r a n o p h y r i c  i n c l u s i o n s ,  f e a t u r e s  w h ich  s u g g e s t  

a p o s s i b l e  r e l a t i o n s h i p .

The s e c t i o n s  show d r u s y  c a v i t i e s  f i l l e d  w i t h  c a r b o n a t e  

and  s e c o n d a r y  q u a r t z  s u r r o u n d e d  by t h e  c r y p t o c r y s t a l l i n e  b a s e ,  

s k e l e t a l  i r o n - o r e  e t c . ,  and  i n  one o f  them t h e r e  a r e  a c i c u l a r  

n e e d l e s  o f  a p a t i t e .

Q u a r t z - f e l s i t e : ( S p e c i f i c  g r a v i t y :  2 . 5 1 0 ) .  T h i s  i s  t h e  a c i d  

c o m ponen t  o f  t h e  c o m p o s i t e  dyke  and i s  o f  much g r e a t e r  volume

t h a n /
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t h a n  t h e  b a s i c  member . I t  i s  a  p i n k i s h  g r e y  r o c k ,  t h e  c o l o u r  

b e i n g  due t o  i r o n - s t a i n i n g ,  w i t h  s m a l l  m a c r o p h e n o c r y s t s  o f  

q u a r t z  and  f e l s p a r  s e t  i n  a  compact  g r o u n d m a s s .  I n  t h i n  

s e c t i o n  ( P l a t e  V I ,  F i g . 3 ) ,  t h e  r o c k  i s  p o r p h y r i t i c  w i t h  p h e n o c ry s t s  

o f  c o r r o d e d  q u a r t z  and mid o r  b a s i c  o l i g o c l a s e ;  t h e  l a t t e r  has  

an  e x t i n c t i o n  a n g l e  o f  1 2 ° and i t s  R . I .  i s  h i g h e r  t h a n  t h a t  

o f  Canada  b a l s a m  and  t h e  c r y s t a l s  o f t e n  e n c l o s e  b i g  n e e d l e s  

o f  a p a t i t e  s u c h  a s  a r e  a l s o  f o u n d  i n  t h e  p h e n o c r y s t s  o f  

p i t c h s t o n e s .  The o l i g o c l a s e  c r y s t a l s  o c c u r  i n  g r o u p s  and w i t h  

t h e  q u a r t z  a r e  s e t  i n  g r a n o p h y r i c  g ro u n d m a ss  composed o f  

c o m p a r a t i v e l y  c o a r s e  i n t e r g r o w t h s  b e tw e e n  a l k a l i - f e l s p a r  and 

q u a r t z  and a l s o  c o n s t i t u t i n g  numerous  s p h e r u l i t e s .  Some q u a r t z  

p h e n o c r y s t s  h a v e  o c t a h e d r a l  i n c l u s i o n s ,  e a c h  o f  w hich  i n v a r i a b l y  

e n c l o s e  an  im m o b i le  b u b b l e .  S e c t i o n  T .1 5  shows many n e e d l e - l i k e  

p s e u d o m o rp h s  r e c a l l i n g  t h e  h o r n b l e n d e  n e e d l e s  i n  p i t c h s t o n e .  A 

few g r a i n s  o f  i r o n - o r e ,  z i r c o n  and n e e d l e s  o f  a p a t i t e  a r e  s e e n .  

Some g r a i n s  o f  z i r c o n  a r e  a t t a c h e d  t o  b r o w n i s h  pseudom orphs  

w h ich  p r o b a b l y  r e p r e s e n t  o r i g i n a l  a u g i t e .  Many o f  t h e  q u a r t z  

p h e n o c r y s t s  a r e  t h e  n u e l e i i  o f  s p e r u l i t e s  a few o f  w h ich  show 

m i c r o l i t e s ,  r e c a l l i n g  s i m i l a r  f e a t u r e s  i n  p i t c h s t o n e s .  A l l  

t h e s e  f e a t u r e s  s u g g e s t  t h a t  t h e  q u a r t z - f e l s i t e  i s  a d e v i t r i f i e d  

p i t c h s t o n e .

P i t c h s t o n e : ( S p e c i f i c  g r a v i t y :  2 . 4 1 1 ;  P l a t e  VI,  F i g . 4 ) .  The r o c k  

i e /
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l s  v e r y  w e l l  d e s c r i b e d  i n  t h e  A r r a n  memoir a s  t h e  Tormore t y p e  

( 1 9 2 8 ,  p . 2 3 0 ) •  A few w ords  may be ad d ed  a b o u t  t h e  i n t e r e s t i n g  

p y r o x e n e s  s e e n  i n  t h e  r o c k .  Many o f  them  have  q u i t e  a h i g h  

r e l i e f ,  g i v e  s t r a i g h t  e x t i n c t i o n ,  and some a r e  d i s t i n c t l y  

p l e o c h r o i c  l i k e  h y p e r s t h e n e .  O p t i c a l l y  t h e y  a r e  p o s i t i v e ,  and 

t h e  n a t u r e  o f  t h e  i s o g y r e s  g i v e s  t h e  i m p r e s s i o n  t h a t  t h e  m i n e r a l  

i s  u n i a x i a l .  S i n c e  t h e  R . I .  i s  h i g h e r  t h a n  i s  u s u a l  f o r  rhom bic  

p y r o x e n e  and  s i n c e  t h e  m i n e r a l  i s  o p t i c a l l y  p o s i t i v e ,  t h e  p y ro x en e  

i s  p r o b a b l y  p i g e o n i t i c  i n  c h a r a c t e r .  The o l i v i n e  which  i s  an 

i r o n - r i c h  f a y a l i t e ,  i s  o p t i c a l l y  n e g a t i v e .  The c r y s t a l l i z a t i o n  

o f  f a y a l i t e  i n  s i l i c a - r i c h  r o c k s  i s  d i s c u s s e d  by S c o t t  (1914 ,  pp. 

1 8 - 2 0 )  and T y r r e l l  (1 9 2 8 ,  p p . 2 3 1 -2 )  q u o t e s  t h e  works  o f  Hawkes 

and F e n n e r .  F a y a l i t e  p r o b a b l y  c r y s t a l l i s e s  a t  a l a t e  s t a g e  s i n c e  

i t  i s  t h e  l o w - t e m p e r a t u r e  fo rm  o f  t h e  o l i v i n e  m i x - c r y s t a l  s e r i e s .  

I r o n - o r e  o c c u r s  t o  a g r e a t e r  e x t e n t  t h a n  i s  u s u a l  i n  p i t c h s t o n e s  

a n d  i s  a s s o c i a t e d  w i t h  z i r c o n .  The volume p e r c e n t a g e s  o b t a i n e d  

w i t h  D r . a . T . j . D o l l a r * s  I n t e g r a t i n g  M i c r o m e t e r  r e v e a l  t h e  r i c h n e s s  

i n  m a f i c  m i n e r a l s  o f  t h i s  p i t c h s t o n e .

TABLE I .

O l i v i n e . F r e e
q u a r t z .

P y r o x e n e s . M i c r o l i i e s . F e l s p a r .  I r o n -  
o r e .

G l a s s y  
b a s e .

0 . 6 2 . 6 3 . 6 1 3 . 2 1 1 . 9  1 .0 6 7 .2

T h e /



- 1 2 -

The o c c u r r e n c e  o f  t h e  p i t c h s t o n e  b e tw e en  t h e  t h o l e i i t e  

and  t h e  q u a r t z - f e l s i t e  and  on o n ly  one s i d e  o f  t h e  dyke i n d i c a t e s  

t h a t  i n  a l l  p r o b a b i l i t y  i t  i s  l a t e r  t h a n  t h e  main  d y k e ,  an  i d e a  

s h a r e d  by J u d d  who b e l i e v e d  t h a t  t h e  dyke complex  m us t  have b een  

f i l l e d  i n  t h r e e  d i s t i n c t  s t a g e s  ( o p . c i t . ,  p .  5 5 6 ) .

The a b s e n c e  o f  a  c h i l l e d  m a r g i n  b e tw e e n  t h e  t h o l e i i t e

and  t h e  q u a r t z - f e l s i t e ,  t h e  p r e s e n c e  o f  x e n o c r y s t s  i n  t h e  fo rm er  

r o c k  s i m i l a r  t o  t h e  p h e n o c r y s t s  o f  t h e  l a t t e r  s u g g e s t i n g  a 

p o s s i b l e  r e l a t i o n s h i p  b e tw e e n  t h e  t w o , d e m o n s t r a t e  t h a t  J u d d ’ s 

No. I I  dyke  i s  c o m p o s i t e  a c c o r d i n g  t o  m odern  t e m i n o l o g y .

THE MIDDLE TRANSVERSE DYKE.

( J u d d ' s  No. I l l  dyke on Tormore  S h o r e ) .

The r e s u l t s  o f  t h e  a u t h o r ' s  s t u d y  i n  t h e  f i e l d  showed 

a  g r e a t  d i v e r g e n c e  f ro m  t h a t  o f  J u d d ,  c l e a r l y  s e e n  f rom  a 

c o m p a r i s o n  o f  t h e  two p l a n s  (1 8 9 3 ,  p . 556 and  P l a t e  XI & F i g . 3 ) .

The ' a u g i t e - a n d e s i t e *  o f  J u d d  o c c u r s  o n l y  on t h e  s o u t h e r n  s i d e

and i s  c o m p l e t e l y  a b s e n t  f ro m  t h e  n o r t h .  D e t a i l e d  s t u d y

showed t h a t  t h i s  i n t r u s i o n  i s  a c t u a l l y  composed o f  two d i f f e r e n t  

d y k e s ;  t h e  s o u t h e r n  dyke i s  a h i g h l y  a l t e r e d  c o a r s e - g r a i n e d  

o l i v i n e - d o l e r i t e  and  t h e  n o r t h e r n  dyke i s  c e n t r a l l y  composed 

o f  p i t c h s t o n e  w i t h  b a n d e d  q u a r t z - f e l s i t e  on e i t h e r  s i d e .

Be tw een  t h e  two d y k e s  c a n  be r e c o g n i s e d  i n  some p l a c e s  q u a r t z i t e  

r e p r e s e n t i n g  t h e  s e d i m e n t a r y  r o c k  o f  t h e  a r e a  h a r d e n e d  by 

c o n t a c t  m e tam o rp h ism .

PETROGRAPHY/



Fig. 3. The Middle transverse d/ke. 
(JUDD'S No. Il l )
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PETRQGRAPHY

: ( S p e c i f i c  g r a v i t y !  2 . 7 8 9 ) .  The r o c k  i s  v e r y  

c o a r s e - g r a i n e d  i n  t h e  c e n t r e  o f  t h e  d y k e ,  becom ing  f i n e - g r a i n e d  

on e i t h e r  s i d e  i n d i c a t i n g  c h i l l i n g , a g a i n s t  t h e  c o u n t r y  r o c k .

The t h i n  s e c t i o n  shows t h a t  i t  i s  n o t  a t h o l e i i t e  a s  d e s c r i b e d  

by T y r r e l l  ( 1 9 2 8 ,  p .  2 2 0 ) b u t  an  o l i v i n e - d o l e r i t e ,  composed 

m a i n l y  o f  l i l a c - b r o w n  p l e o c h r o i c  t i t a n a u g i t e ,  i n  s u b o p h i t i c  o r  

o p h i t i c  r e l a t i o n s h i p  w i t h  l a t h s  o f  l a b r a d o r i t e  ( P l a t e  V I I ,  F i g . l ) .  

The o l i v i n e  i s  p r e s e n t  o n ly  as  p seudom orphs  o f  s e r p e n t i n e .  

I r o n - o r e  o c c u r s  i n  l a r g e  i r r e g u l a r  p l a t e s .  T h e re  a r e  c i r c u l a r  

a r e a s  f i l l e d  w i t h  f i b r o u s  z e o l i t e s  a s  w e l l  as  w i t h  p a l e  brown 

i s o t r o p i c  a n a l c i t e .  T h e re  a r e  no x e n o c r y s t s  o f  any k i n d  i n  

c o n t r a d i s t i n c t i o n  t o  t h o s e  i n  o t h e r  b a s i c  r o c k s  w h ich  form  p a r t s  

o f  c o m p o s i t e  i n t r u s i o n s  ( c f . p . 1 2  ) .  O l i v i n e - d o l e r i t e  i s  q u i t e  

common a s  i n d i v i d u a l  d y k es  b o t h  on t h e  Tormore  s h o r e  and a t  

Drumadoon.

P i t c h s t o n e : ( S p e c i f i c  g r a v i t y :  2 . 2 8 6 ) .  T h i s  y e l l o w i s h  g r e e n  

r o c k  i s  v e r y  d i f f e r e n t  f ro m  o t h e r  p i t c h s t o n e s  o f  Torm ore ;  i t  

i s  p o o r  i n  f e r r o m a g n e s i a n  m i n e r a l s ,  and  m i c r o l i t e s  ( a r b o r e s c e n t  

e t c . , )  d e s c r i b e d  commonly f rom  p i t c h s t o n e s  a r e  a b s e n t .  I t  i s  

composed o f  c o r r o d e d  p h e n o c r y s t s  o f  q u a r t z ,  a few i n d i s t i n c t l y  

zoned  c r y s t a l s  o f  mid o l i g o c l a s e  w i t h  m u l t i p l e - t w i n n i n g  and 

w i t h  o c c a s i o n a l  g l a s s y  i n c l u s i o n s ,  and some g r a i n s  o f  i r o n - o r e  

a s s o c i a t e d  w i t h  e u h e d r a l  z i r c o n .  A l l  t h e s e  m i n e r a l s  a r e  s e t  

i n /
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i n  a  g l a s s y  and  p a r t l y  d e v i t r i f i e d  b a s e  t r a v e r s e d  by numerous  

c r a c k s  and  sh o w in g  f l o w - o r i e n t e d  c r y s t a l l i t e s .

Bende,d_qua r. t  Z -  f  3 1 8 i  13: T h i s  r o c k  o c c u r s  on e i t h e r  s i d e  o f  t h e

p i t c h s t o n e .  I t  shows m i c r o p h e n o c r y s t s  o f  c o r r o d e d  q u a r t z  i n  

t h e  h a n d s p e c i m e n .  I n  t h i n  s e c t i o n  t h e  q u a r t z - f e l s i t e  a p p e a r s  

t o  be s i m i l a r  i n  c o m p o s i t i o n  t o  t h e  c e n t r a l  p i t c h s t o n e  and a l s o  

shows f l o w - o r i e n t e d  c r y s t a l l i t e s  w h ich  d i f f e r  i n  t h e i r  number 

and s i z e  i n  t h e  d i f f e r e n t  b a n d s  (A r .2 Q 3 ) .  The b a s e  o f  t h e  r o c k  

i s  t r a v e r s e d  by c r a c k s  and shows v a r i a t i o n  i n  t h e  amount o f  

d e v i t r i f i c a t i o n .  The c o n t a c t  b e tw een  t h e  n o n - b a n d e d  p i t c h s t o n e  

and  t h e  b a n d ed  q u a r t z - f e l s i t e  i s  a p p a r e n t l y  s h a r p ,  b u t  i n  v iew  

o f  t h e  p e t r o g r a p h i c  s i m i l a r i t i e s  o f  t h e  r o c k s ,  t h e  f e l s i t e  a p p e a r s  

t o  be a  d e v i t r i f i e d  fo rm  o f  t h e  p i t c h s t o m e .

CIR MHOB DYKE.

( J u d d ' s  No* IV d y k e ) .

A l t h o u g h  t h i s  dyke was n o t  s t u d i e d  i n  t h e  f i e l d  by t h e  

a u t h o r ,  t h e  r o c k - s l i d e s  f ro m  D r .  G.W. T y r r e l l ’ s  c o l l e c t i o n  were 

s t u d i e d  f o r  p u r p o s e s  o f  c o m p a r i s o n  w i t h  t h e  o t h e r  d y k e s .  The 

f i e l d  r e l a t i o n s  o f  t h e  dyke a r e  d e s c r i b e d  b o t h  by J u d d  ( o p . c i t . ,  

p p .  5 4 4 - 5 ) and  T y r r e l l  (1 9 2 8 ,  p . 2 0 8 ) .  I t  c o n s i s t s  c e n t r a l l y  o f  

p i t c h s t o n e  ( P l a t e  V I I ,  P i g . 3) which  i s  f l a n k e d  on b o t h  s i d e s  by 

q u a r t z - f e l s i t e  ( P l a t e  V I I ,  P i g . 4 ) .  The m a r g i n a l  member o c c u n i n g  

on  e i t h e r  s i d e  i s  a  t h o l e i i t e .  M i c r o s c o p i c  e x a m i n a t i o n  c l e a r l y  

r e v e a l s /
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r e v e a l s  t h a t  t h e  q u a r t z —f e l s i t e  i s  a  d e v i t r i f i e d  f a c i e s  o f  t h e  

p i t c h s t o n e  s i n c e  b o t h  t h e  r o c k s  show s i m i l a r i t i e s  i n  p e t r o g r a p h y .  

The f e l s i t e  h a s  a  d e v i t r i f i e d  b a s e  and  shows numerous pseudomorphs  

o f  c r y s t a l l i t e s  p r o b a b l y  o f  o r i g i n a l  h o r n b l e n d e ,  a f e a t u r e  

s i m i l a r  t o  t h e  q u a r t z - f e l s i t e  o f  J u d d  No. I I  dyke .  J u d d  d e s c r i b e s  

a c o n t i n u o u s  p a s s a g e  f rom  t h e  p i t c h s t o n e  i n t o  q u a r t z - f e l s i t e .

The p h e n o c r y s t s  o f  q u a r t z  and f e l s p a r  a r e  s i m i l a r  i n  b o t h  r o c k s .

The b a s i c  r o c k  i s  a l s o  v e r y  s i m i l a r  t o  t h e  t h o l e i i t e  

o f  J u d d ’ s  No. I I  d y k e .  S e c t i o n  A r .1 8 9  r e v e a l s  a s m a l l  x e n o c r y s t  

o f  q u a r t z  ( P l a t e  V I I ,  P i g . 2)  w i t h  t h e  t y p i c a l  r i m  o f  g r a n u l a r  

a u g i t e ,  t h o u g h  t h e  G e o l o g i c a l  S u rv ey  s l i d e  (25169)  d o es  n o t  show 

a n y  s i m i l a r  g r a i n s .  J u d d  r e c o r d s  ( o p . c i t . ,  p.  547 )  t h e  p r e s e n c e  

o f  ’’g r e a t l y  c o r r o d e d  c r y s t a l s  s u r r o u n d e d  by z o n es  o f  s e c o n d a r y  

a u g i t e ” and  he i s  o b v i o u s l y  r e f e r r i n g  t o  t h e s e  x e n o c r y s t s  o f  

q u a r t z .  I n  a d d i t i o n  t o  s u c h  u n d o u b ted  q u a r t z  x e n o c r y s t s  t h e  

s l i d e s  r e v e a l  many x e n o c r y s t s  o f  f e l s p a r  show ing  e v i d e n c e  o f  

c o r r o s i o n  s i m i l a r  t o  t h o s e  i n  t h e  t h o l e i i t e  o f  J u d d ' s  N o . I I  dyke .  

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  h e re  a l s o  t h e  s i z e  o f  t h e  x e n o c r y s t s  

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

r o c k .

To/
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To suni up,  t h e  r e v i s i o n  o f  J u d d ’ s famous work  b r i n g s  

o u t  t h e  f o l l o w i n g  p o i n t s

( a )  The g r e a t  n o r t h  and  s o u t h  dyke ( N o . I )  i s  n o t  

c o m p o s i t e  a c c o r d i n g  t o  modern  t e r m i n o l o g y ,  b u t  

i s  m u l t i p l e .

(b )  The m i d d l e  t r a n s v e r s e  dyke ( N o . I l l )  i s  a c t u a l l y  

composed o f  two d i s t i n c t  dykes  and i s  n o t  

c o m p o s i t e .

( c )  Only  t h e  n o r t h  t r a n s v e r s e  dyke ( N o . I I )  and t h e  

C i r  Mhor dyke  a r e  t r u l y  c o m p o s i t e .

The many d i v e r g e n c e s  s e e n  i n  t h e  a u t h o r ' s  s t u d y  o f  

t h e  d y k e s  f ro m  Torm ore  s h o r e  f rom  t h a t  o f  J u d d  m u s t  be 

a t t r i b u t e d  t o  t h e  f a c t  t h a t  "no two o b s e r v e r s  have  s e e n  t h e  

s h o r e  i n  q u i t e  t h e  same c o n d i t i o n .  The t i d a l  s c o u r  sw eep in g  

l o o s e  b l o c k s  and  s h i n g l e  i n t o  h o l l o w s  a t  t i m e s  o b s c u r e s  c e r t a i n  

t r a c t s  o f  s h o r e  o r  a t  o t h e r  t i m e s  u n c o v e r s  o t h e r  p o r t i o n s  o f  

i t . "  ( J u d d ,  o p . c i t . ,  p . 5 5 6 ) .
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T H E  D K U M A D O O N  I N T R U S I O N S .

FIELD DESCRIPTION.

(a )  S i l l .

The s t r i k i n g  co lu m n ar  c l i f f s  a t  Drumadoon P o i n t  form a 

c o n s p i c u o u s  l a n d m a r k  on t h e  w e s t  c o a s t  o f  A r r a n .  The whole  mass 

h a s  h e e n  e m p la c e d  h o r i z o n t a l l y  a s  a s i l l  i n t o  t h e  s e d i m e n t s  which  

c a n  be s e e n  i n  t h e  lo w e r  p a r t  o f  t h e  c l i f f s .  The s i l l  i s  c o m p o s i te  

i n  n a t u r e  w i t h  q u a r t z - p o r p h y r y  fo rm in g  t h e  m a in  p o r t i o n ,  and*a  

s u b o r d i n a t e  s h e e t  o f  b a s a l t ,  x e n o p o r p h y r i t i c  w i t h  q u a r t z  and 

f e l s p a r ,  a t  t h e  b a s e .  The p o rp h y ry  i s  a b o u t  100 f t .  t h i c k ;  t h e  

b a s a l t  s h e e t  w h ich  i s  w e l l  exposed  a t  t h e  f o o t  o f  t h e  c l i f f s ,  

v a r i e s  i n  t h i c k n e s s  f rom  2—4 f t .  i n  t h e  n o r t h  t o  2—2-g- f t .  i n  t h e  

s o u t h ,  where  i t  c a n n o t  be t r a c e d  any f u r t h e r  and  g i v e s  p l a c e  t o  

t h e  p o r p h y r y .  I n  a t  l e a s t  two p l a c e s  t h e  b a s a l t  a p p e a r s  t o  t a k e  

s h a r p  p l u n g e s  downwards  and  a g a i n  p a s s  h o r i z o n t a l l y .

What a p p e a r s  t o  be a  c o n t a c t  b e tw e e n  t h e  b a s a l t  and 

t h e  p o r p h y r y  c a n  he t r a c e d  a l o n g  a t h i n  zone o f  a l t e r a t i o n  and a t  

o n l y  one  p l a c e  i e  t h e  a c t u a l  c o n t a c t  p r e s e r v e d .  The b a s a l t  does  

n o t  show any c h i l l i n g  a g a i n s t  t h e  p o r p h y r y  b u t  c h i l l s  a g a i n s t  

t h e  s e d i m e n t  w h ic h  i s  i t s e l f  l i t t l e  a f f e c t e d .  Above t h e  l i n e  

o f  c o n t a c t  a r e  s e e n  many l a r g e  o v a l  or  r o u n d e d  i r r e g u l a r  x e n o l i t h s  

a b o u t  1 -1 *  i t .  i n  d i a m e t e r  and t h e y  can  be t r a c e d  t o  a b o u t  25 f t .  

above  t h e  b a s e  o f  t h e  s i l l  ( P l a t e  X I ) .  They a r e  s i m i l a r  i n  

g r a i n - s i z e  and  i n  t h e i r  x e n o c r y s t s  t o  t h e  u n d e r l y i n g  b a s a l t ,  o f  

w h ich  t h e y  p r e s u m a b l y  fo rm ed  a  p a r t  o r i g i n a l l y .  Hence t h e

m u s t /
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m u s t  be e a r l i e r  i n  s e q u e n c e  t h a n  t h e  p o r p h y r y .  The d a r k  

p o r p h y r y  e n c l o s i n g  t h e  x e n o l i t h e  a p p e a r s  t o  have had v e r y  l i t t l e  

e f f e c t  on them ( e f .  d e s c r i p t i o n s  o f  S m e l l i e  i n  B u te ,  1 9 l 2 r i 5 ,  

p p .  1 2 1 - 1 3 9 ) .  I n  t h e  s o u t h e r n  p a r t  o f  t h e  s i l l  a t  l e a s t  two 

t h i n  v e i n s  ( 2 - 4  i n s . )  o f  t a c h y l y t e  were  s e e n  c u t t i n g  t h r o u g h  

t h e  b a s a l t ,  t h e  p o r p h y r y  and  x e n o l i t h e ,  and h en ce  a r e  l a t e r  

t h a n  t h e  c o m p o s i t e  i n t r u s i o n .

E x a m i n a t i o n  o f  t h e  t o p  o f  t h e  Doon d i d  n o t  r e v e a l  

a n y  r e l i c s  o f  b a s a l t ,  t h o u g h  T y r r e l l  r e m a r k s  t h a t  " t h e  v e ry  t h i n  

u p p e r  s h e e t  o f  b a s a l t  can  be i d e n t i f i e d  by f r a g m e n t s  on t h e  

summit  o f  t h e  D o o n , . . "  (1 9 2 8 ,  p . 2 0 0 ) .  The q u a r t z - p o r p h y r y  

h e r e  i s  s t r i k i n g l y  l i g h t  g r e y  i n  c o n t r a s t  t o  t h e  v e r y  d a r k  

p o r p h y r y  a t  t h e  b a s e .  A n o th e r  c o n s p ic u o u s  d i f f e r e n c e  i s  t h e  

a b s e n c e  o f  x e n o l i t h s  on t h e  w e s t e r n  s i d e  o f  t h e  t o p  o f  t h e  Doon. 

( c f f H a r k e r ’ s  d e s c r i p t i o n s  f rom  Skye,  1904 ,  p . 2 2 2 ) .

F o r  a b o u t  500 y a r d s  a l o n g  t h e  s h o r e  a t  Drumadoon P o i n t  

s t r e t c h i n g  i n  a n o r t h - s o u t h  d i r e c t i o n  c a n  be s e e n  a mass o f  

q u a r t z - p o r p h y r y  s i m i l a r  t o  t h a t  i n  t h e  c l i f f s  ( P l a t e  X I ) .  T h i s  

m ass  w i t h  an  a s s o c i a t e d  and  o v e r l y i n g  s h e e t  ( 2 - 4  f t .  t h i c k )  o f  

x e n o p o r p h y r i t i c  b a s a l t  p l u n g e s  e a s t w a r d ,  a t  a n g l e s  v a r y i n g  from 

2 0 ° - 4 Q ° ,  v e r y  w e l l  s e e n  i n  t h e  sandy  b e a c h  a t  Drumadoon P o i n t  

( P l a t e  I ) .  F u r t h e r  s o u t h  v e r y  n e a r  t h e  s e a ,  t h e  s h e e t  shows 

v a r i a t i o n s  i n  d i r e c t i o n s  w i t h i n  s h o r t  d i s t a n c e s ,  which  i s  w e l l  

s e e n /
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s e e n  a t  l o w - t i d e .  An a p p a r e n t l y  s h a r p  c o n t a c t  c a n  be r e c o g n i s e d  

b e tw e e n  t h e  b a s a l t  and t h e  p o r p h y ry  b u t  t h e y  do n o t  show any 

c h i l l i n g  a g a i n s t  one a n o t h e r .  The a b s e n c e  o f  x e n o l i t h e  and 

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

s i m i l a r  f e a t u r e s  on t o p  o f  t h e  Doon.

The n o r t h e r n  p a r t  o f  t h e  p o r p h y ry  mass o f  t h e  s h o r e  

i s  c o m p le x .  The p o r p h y r y  becomes d a r k  g r e y ,  shows a number 

o f  x e n o l i t h e  o f  b a s a l t  and i s  t e r m i n a t e d  by an  E«-W. b a s a l t i c  dyke 

w h ic h  i s  x e n o p o r p h y r i t i c  l i k e  t h e  b a s a l t  s h e e t s  a s s o c i a t e d  w i t h  

t h e  c o m p o s i t e  s i l l  and  shows a h i g h l y  i r r e g u l a r  and o c c a s i o n a l l y  

m e r g i n g  c o n t a c t  w i t h  t h e  p o r p h y r y  on t h e  one s i d e  and c h i l l i n g  

a g a i n s t  t h e  s e d i m e n t  on t h e  o t h e r .

The p r e c i s e  r e l a t i o n s h i p  b e tw e e n  t h e  mass  a t  Drumadoon 

P o i n t  and  t h e  s i l l  a t  a h i g h e r  l e v e l  a t  t h e  Doon i s  somewhat 

o b s c u r e  and a c c o r d i n g  t o  T y r r e l l  " t h e  mass a t  Drumadoon P o i n t  

i s  e i t h e r  i n j e c t e d  on a  l o w e r  h o r i z o n  t h a n  t h a t  which  a p p e a r s  

i n  t h e  c o lu m n a r  c l i f f  o r  h a s  b ee n  th ro w n  down t o  t h e  s o u t h  a l o n g  

an  e a s t - w e s t  f a u l t  l i n e . "  ( 1 9 2 8 ,  p . 2 0 0 ) .

The f o l l o w i n g  p o i n t s  a p p e a r  t o  f a v o u r  t h e  v iew  t h a t  

f a u l t i n g  h a s  b e e n  r e s p o n s i b l e  f o r  t h e  p r e s e n t  r e l a t i o n s h i p  o f  

t h e  two m a s s e s :

( a )  The d i s a p p e a r a n c e  o f  t h e  low er  b a s a l t  i n  t h e  s o u t h e r n  

r e g i o n  o f  t h e  s i l l  a t  t h e  Doon.

( b ) /
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(b )  The r e s e m b l a n c e  o f  t h e  p o r p h y ry  i n  t h e  upper  p a r t  o f  

t h e  Doon w i t h  t h e  p o r p h y r y  be low  t h e  o v e r l y i n g  b a s a l t  

s h e e t  a t  Drumadoon P o i n t ,  i n  t h e  l i g h t  c o l o u r  and 

a b s e n c e  o f  x e n o l i t h s .

( c )  The o c c u r r e n c e  o f  a c r u s h e d  r o c k  a t  lo w e r  l e v e l s  to w ard s  

t h e  s o u t h e r n  end  o f  t h e  s i l l  a t  t h e  Doon. I n  t h i n  

s e c t i o n  t h e  m i n e r a l s  o f  t h e  r o c k ,  e s p e c i a l l y  t h e  

q u a r t z  and  f e l s p a r  p h e n o c r y s t s  a r e  c r u s h e d .  T h i s  c ru sh e d  

p o r p h y r y  d o e s  n o t  o c c u r  a t  h i g h e r  l e v e l s .

(d )  The co m p lex  n a t u r e  o f  t h e  n o r t h e r n  p a r t  o f  t h e  lower  

m ass  on t h e  s h o r e  and  t h e  p r e s e n c e  o f  t h e  x e n o p o r p h y r i t i c  

b a s a l t  d y k e .

( e )  An e x a m i n a t i o n  o f  P l a t e  XI w i l l  show t h a t  t h e  lo w er  mass 

on t h e  s h o r e  t e r m i n a t e s  a lo n g  a l i n e  a l m o s t  e x a c t l y  where 

t h e  u p p e r  m ass  a t  t h e  Doon b e g i n s ,  and t h i s  s t r o n g l y  

s u g g e s t s  a  f a u l t  b e tw e e n  them.

The f a u l t i n g  was p r o b a b l y  com plex ;  ( i )  i t  was p r e su m a b ly  

a r e v e r s e  f a u l t ,  ( i i i  t h e r e  was w e s tw a rd  d i s p l a c e m e n t ,  and ( i i i )  

t h e  p r e s e n t  i n c l i n e d  n a t u r e  o f  t h e  low er  mass  compared t o  t h e  

h o r i z o n t a l  n a t u r e  o f  t h e  u p p e r  mass s u g g e s t s  t h a t  t h e  f a u l t  was 

r o t a t i o n a l .  The i n t r u s i o n  o f  t h e  x e n o p o r p h y r i t i c  b a s a l t  ( e )  

p r o b a b l y  t o o k  p l a c e  a l o n g  t h e  e a s t - w e s t  f a u l t  p l a n e .

I n  t h e  new one i n c h  g e o l o g i c a l  map o f  A r r a n  (1 9 4 7 )  b o t h

t h e /
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t h e  m a s s e s  a r e  shown as  one c o n n e c t e d  m a ss ,  w h e reas  i n  t h e  o l d  

map ( 1 9 1 0 )  t h e y  a r e  shown a s  two d i s t i n c t  m a s s e s .  The a u t h o r  

b e l i e v e s  t h a t  t h e  m apping  shown i n  t h e  o l d  map i s  c o r r e c t  ( P l a t e  

X I ) .

B o th  t h e  m a ss e s  a r e  c u t  by b a s a l t  and d o l e r i t e  d y k es ,  

m o s t l y  i n  E.-W. b u t  a l s o  i n  N . -S .  d i r e c t i o n s .

.'(b) Drumadoon dyke .

About  300 y a r d s  e a s t  o f  Drumadoon P o i n t  t h e r e  i s  a 

t h i c k  dyke  ( 2 5 - 2 7  f t . )  composed o f  m a i n l y  q u a r t z - p o r p h y r y  e x t e n d i n g  

i n t o  t h e  s e a  f o r  a b o u t  two f u r l o n g s  ( 3 0 °  E. o f  N . ) .  On e i t h e r  

s i d e  o f  t h i s  p o r p h y r y ,  b a s a l t i c  x e n o l i t h s  c a n  be r e c o g n i s e d  which 

a r e  e v i d e n t l y  t h e  o n l y  r e l i c s  o f  t h e  o r i g i n a l  b a s i c  r o c k .  The 

s o u t h e r n  p a r t  o f  t h e  dyke h a s  s u f f e r e d  d i s p l a c e m e n t  due e a s t  v e r y  

n e a r  t h e  l o w - w a t e r  m ark ,  b u t  t h e r e  a r e  no o t h e r  s i g n s  o f  f a u l t i n g .  

F u r t h e r  n o r t h  t h e  dyke i s  s e e n  i n  t h e  s an d  dune i n  a h i g h l y  

w e a t h e r e d  s t a t e .  On t h e  e a s t e r n  s i d e  o f  t h e  Doon, t h e  dyke i s  

i n  t h e  fo rm  o f  a  r i d g e  ( 3 7 °  E. o f  N . ) and t h e r e  i s  a p p a r e n t l y  a 

change  i n  t h e  d i r e c t i o n  ( 5 0 °  E. o f  N . )  w hich  may be t h e  r e s u l t  

o f  f a u l t i n g  t h o u g h  t h e r e  i s  no d i r e c t  e v i d e n c e .  The dyke has  

a v e r t i c a l  c o n t a c t  w i t h  r e d  and  y e l l o w  s a n d s t o n e  and m a r l s  which  

a r e  w e l l  e x p o s e d  t o  t h e  w e s t .

I t  i s  d i f f i c u l t  t o  r e c o g n i s e  t h e  dyke beyond t h e  o l d  

q u a r r y  m arked  on  t h e  6 i n c h  s h e e t  ( B u t e s h i r e ,  253 N *E .) ,  s i n c e  

i t /



Fig. 4. Composite dyke at Cleiteadh nan Sgarbh, half a mile 
north of Drumadoon.
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i t  i s  o b s c u r e d  by t h e  o l d  f o r t - w a l l  o f  t h e  Doon, b u t  t h e  

p r e s e n c e  o f  d a r k  and x e n o l i t h i c  p o r p h y ry  on t h e  e a s t e r n  s i d e  of  

t h e  Doon may i n d i c a t e  a f u r t h e r  e x t e n s i o n .  Nor th  o f  t h e  Doon, 

t h e  dyke  p a s s e s  f rom  t h e  c l i f f s  on t o  t h e  s h o r e  (40°  W. o f  N . ) 

h a d i n g  a t  a h i g h  a n g l e  due N.E.  and a few y a r d s  beyond th e  hade 

c h a n g e s  t o  a S.W. d i r e c t i o n .  A banded  f e l s i t e  makes i t s  

a p p e a r a n c e  f i r s t  i n  t h e  c l i f f s  and th e n c e  a l o n g  th e  e n t i r e  

e a s t e r n  m a r g in  o f  t h e  c o m p o s i t e  dyke .  On t h e  s h o r e  n e a r  

C l e i t e a d h  n an  S g a r b h  ( F i g . 4 ) ,  r em n an ts  o f  t h e  b a s a l t i c  members 

( 2 - 2 i  f t .  w id e )  c a n  be r e c o g n i s e d ;  t h e  s e c t i o n  h e r e  i s  as  

shown by T y r r e l l  (1 9 2 8 ,  p . 200) e x c e p t  t h a t  t h e  dyke complex i s  

a c t u a l l y  d i p p i n g  due e a s t  a t  a h ig h  a n g l e  ( P l a t e  I I I ) .  The 

o u t c r o p  o f  t h e  dyke e x t e n d s  f o r  ab o u t  400 y a r d s  u n t i l  i t  i s  

su b m erg ed  by t h e  s e a .  T h e re  a r e  s e v e r a l  p a r a l l e l  and o b l i q u e  

d y k es  o f  b a s a l t  and d o l e r i t e  c u t t i n g  t h e  co m p o s i te  dyke and 

s i n c e  a l l  o f  them  c h i l l  a g a i n s t  i t ,  a r e  l a t e r  i n  ag e .

T h r e e - q u a r t e r s  o f  a m i l e  f u r t h e r  n o r t h  a t  An Cumhann 

n e a r  t h e  Tormore s h o r e ,  t h e  same dyke r e a p p e a r s  ( J u d d ’ s No.IV, 

1893,  p . 557)  s t r i k i n g  50°  E. o f  N. fo rm in g  a ’ g r e a t  b u t t r e s s '  

a c r o s s  t h e  s h o r e  ( P l a t e  X I ) .  Here i t  i s  a v e r t i c a l  body and 

i s  f l a n k e d  by s h e e t s  o f  b a s a l t  o f  ab o u t  3 f t ,  i n  w id th  on e i t h e r  

s i d e ,  w h ich  show c h i l l e d  c o n t a c t s  w i t h  t h e  s e d im en t  and m e rg in g  

c o n t a c t s  w i t h  t h e  p o r p h y r y .  As a t  C l e i t e a d h  nan S g a rb h ,  h e r e  

a l s o /



5. Composite dyke at An Cumhann 
near Tormore shore.

SCALE APPKOX. 4 2  I NCHE5 l/AILE

1. Quartz - felspar - porphyry. *

2. Tholeiite (xenoporphyritic).

3. Quartz - dolerite.

4 . C oarse o liv in e  -  d o lerite .

5. Sedimentary rock.
* •  » .  • • t # v * . i

•i • • • • / .*- .   .

*** % *••• • * •

V * : '

r.  . •* I ** *. \  • #. \. • . • .#• r* * •

Section across A — B 

(vertical scale exaggerated)



- 2 3 -

a l s o  t h e r e  a r e  dykes  o f  l a t e r  age which c u t  t h e  main  dyke 

o b l i q u e l y ,  b u t  t h e r e  i s  no a s s o c i a t e d  f e l s i t e .  One N .W .-S .E .  

dyke c a u s e s  a d i s p l a c e m e n t  o f  t h e  n o r t h e r n  p a r t  o f  t h e  dyke 

com plex  i n  a  n o r t h - w e s t e r l y  d i r e c t i o n .  The com pos i te  dyke 

can  be t r a c e d  i n l a n d  o n ly  f o r  some d i s t a n c e ,  b u t  i s  t h e n  l o s t .

The t h i c k n e s s  o f  t h e  dyke complex v a r i e s  f rom  p l a c e  

t o  p l a c e  d e p e n d in g  on t h e  number and t h i c k n e s s  o f  t h e  l a t e r  

d y k e s .  I t  i s  l e a s t  a t  Drumadoon (25 f t . )  b u t  i s  51 f t .  a t  

C l e i t e a d h  n a n  S g a rb h  and 63 f t .  a t  An Cumhann.

PETROLOGY.

 Thole  i i t e . .

The b a s i c  member of  b o th  t h e  s i l l  and t h e  dyke i s  a 

f i n e - g r a i n e d ,  d a r k  g r e y  b a s a l t i c  r o c k ,  x e n o p o r p h y r i t i c  w i t h  

r o u n d e d  or  i r r e g u l a r  x e n o c r y s t s  o f  smoky q u a r t z  a b o u t  1 -3  mm. 

i n  d i a m e t e r  and d a r k  g r e y  f e l s p a r  r e c o g n i s a b l e  o n ly  by t h e  

r e f l e c t i o n s  f rom i t s  c l e a v a g e  p l a t e s .  There  i s  v e r y  l i t t l e  

v a r i a t i o n  i n  t h e  g r a i n  s i z e  o f  t h e  r o c k  e x c e p t  i n  t h e  c h i l l e d  

m a r g i n  where  i t  i s  v e r y  f i n e —g r a i n e d .  On a l t e r a t i o n ,  t h e  r o c k

becomes b r o w n i s h  i n  c o l o u r  due t o  i t s  h ig h  i r o n  c o n t e n t .  The 

s p e c i f i c  g t a v i t y  o f  t h e  r o c k  i s  2 .783  and t h a t  o f  t h e  c h i l l e d  

m a r g in  i s  2 . 6 6 .  The a p p r e c i a b l e  d i f f e r e n c e  b e tw een  t h e  two 

v a l u e s  may be i n  p a r t  due t o  t h e  i n v a r i a b l y  a l t e r e d  n a t u r e  o f  

t h e  c h i l l e d  m a r g i n ,  th o u g h  t h e  p o s s i b i l i t y  o f  a d i f f e r e n c e  i n  

t h e /
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t h e  amount o f  m a f i c  c o n s t i t u e n t s  c a n n o t  be e x c lu d e d .

M i c r o s c o p i c a l l y  t h e  r o c k  i s  composed o f  p r i s m s  o f  

p l a g i o c l a s e ,  g r a i n s  of  a u g i t e  and i r o n - o r e ,  w i t h  s u b o r d i n a t e  

rh o m b ic  p y r o x e n e ,  i n  a m a t r i x  c o n s i s t i n g  of  i n t e r s e r t a l  d a r k  

brown o r  c r y p t o c r y s t a l l i n e  m a t e r i a l ,  which has  m i c r o l i t e s  o f  

f e l s p a r  and s k e l e t a l  i r o n - o r e  ( P l a t e  V I I I ,  F i g . l ) .  There  a r e  

x e n o c r y s t s  o f  q u a r t z  and f e l s p a r .  A pa r t  from i t s  x e n o e r y s t i c  

m a t e r i a l ,  t h e  r o c k  i s  com parab le  to  th e  t h o l e i i t e  o f  B ru n to n  

t y p e  d e s c r i b e d  f rom  M u l l  (Memoir,  1924,  p . 372 ) .

P:Lagio c l a s e  shows c o n s i d e r a b l e  v a r i a t i o n  i n  g r a i n  s i z e .  A few 

l a r g e  a n h e d r a l  c r y s t a l s  assume th e  p r o p o r t i o n s  o f  p h e n o c r y s t s ;  

t h e y  a r e  m o s t l y  m u l t i p l e - t w i n n e d  b u t  a r e  o c c a s i o n a l l y  u n tw in n e d .

A g r e a t  m a j o r i t y  o f  t h e  g r a i n s  occur  a s  s m a l l ,  m u l t i p l e - t w i n n e d  

p r i s m s ,  s h o r t  and  s t o u t ,  o r  e l o n g a t e d  and b l a d e - l i k e .  I n  many 

c a s e s  t h e y  a r e  moulded on e a r l i e r  formed a u g i t e .  Sometimes a 

few p r i s m s  a r e  s u b o p h i t i c  to w a rd s  a u g i t e .  The H . I .  i s  h ig h  and 

t h e  p r i s m s  g i v e  an e x t i n c t i o n  an g le  of  31° -370  and hence  a r e  

m a i n l y  a c i d  l a b r a d o r i t e .  Numerous s k e l e t a l  c r y s t a l s  o f  f e l s p a r  

a r e  f o u n d  i n  t h e  i n t e r s t i t i a l  m a t e r i a l .  When, as  i n  some p a r t s  

o f  t h e  dyke t h e  r o c k  o c c u r s  as x e n o l i t h s ,  t h e  p l a g i o c l a s e  i s  

p a r t i a l l y  r e p l a c e d  by c a r b o n a t e .

Anglt.e a l s o  o c c u r s  a s  l a r g e  s p o r a d i c  g r a i n s ,  e u h e d r a l  o r  s u b h e d r a l  

and so m e t im e s  w i t h  m u l t i p l e - t w i n n i n g ,  b u t  i s  p r i n c i p a l l y  fo u n d  a s  

c o l o u r l e s s  o r  v e r y  p a l e  p in k  g r a n u l e s .  Some c r y s t a l s  show 

s u b o p h i t i c /
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u b o p h i t i c  r e l a t i o n  w i t h  p l a g i o c l a s e ,  w h i l e  i n  some s e c t ii o n s  t h e

a u g i t e  shows a t e n d e n c y  t o  d ev e lo p  i n  g l o m e r o p o r p h y r i t i c  

A g g r e g a t e s .  The m i n e r a l  shows h ig h  r e l i e f ,  h ig h  b i r e f r i n g e n c e  

and  a p a r t i a l  or  com ple te  a l t e r a t i o n  t o  c a r b o n a t e  and c h l o r i t e .

be c l e a r l y  r e c o g n i s e d  by t h e i r  s t r a i g h t  e x t i n c t i o n  as  rhom bic  

p y r o x e n e , They a r e  f e e b l y  p l e o e h r o i e  from v e r y  p a l e  brown t o  

v e r y  p a l e  g r e e n  and a l t e r  t o  c h l o r i t e ,  which i s  p l e o e h r o i e  f rom 

y e l l o w i s h  g r e e n  t o  d a r k  g r e e n ,  h a v in g  low p o l a r i z a t i o n  c o l o u r s  

and p o s i t i v e  e l o n g a t i o n .  I n  some of  t h e  s e c t i o n s  s t u d i e d  t h e r e  

a r e  c h l o r i t i c  pseudom orphs ,  many o f  which a r e  e u h e d r a l  and 

p r o b a b l y  r e p r e s e n t  rhom bic  py ro x en e .

g r a i n s  and o c c a s i o n a l  r o d s  b u t  i n  t h e  b a s e  has  a s k e l e t a l  h a b i t .  

B a s e : I n  many s e c t i o n s ,  t h e r e  i s  d a r k  b ro w n ish  g l a s s y  or  

c r y p t o c r y s t a l l i n e  m a t e r i a l  o c c u r r i n g  i n t e r s t i t i a l l y ,  w i t h  

m i c r o l i t e s  o f  f e l s p a r  and s k e l e t a l  i r o n - o r e  and a few g r a i n s  o f  

q u a r t z *  I n  a few s e c t i o n s  such  as  D .24 t h e  m i c r o l i t e s  e t c . , 

t a k e  up a g r e a t  d e a l  o f  s p a c e  i n  r e l a t i o n  t o  t h e  amount o f  g l a s s y  

base*  Some s e c t i o n s  show f l a k e s  o f  b i o t i t e  i n  t h e  g r o u n d m a ss .

Qnftrt.y. o c c u r s  as  ro u n d ed  i r r e g u l a r  g r a i n s  w i t h  i n c l u s i o n s  s i m i l a r  

t o  t h o s e  fo u n d  i n  t h e  p o r p h y ry .  Ar .216  shows a x e n o c r y s t  o f  

q u a r t z  w i t h  i n c l u s i o n s  o f  c a l c i t e  and z i r c o n ,  t h e  l a t t e r  b e i n g  a 

t y p i c a l  m i n e r a l  o f  t h e  a c i d  r o c k .  The x e n o c r y s t s  a r e  m o s t l y

: I n  some s e c t i o n s  (A r .7 3 7 6 )  a few g r a i n s  can

i s  an  i m p o r t a n t  a c c e s s o r y  o c c u r r i n g  as  s m a l l  i r r e g u l a r

XenQGX,.2f?JtM-
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s u r r o u n d e d  by n a r ro w  r im s  o f  g r a n u l a r  a u g i t e  which i s  g e n e r a l l y  8

a l t e r e d  t o  c a r b o n a t e  and c h l o r i t e  ( P l a t e  V I I I ,  f i g . l ) .  Rhombic j
p y ro x e n e  i s  a b s e n t  f rom t h e s e  r im s .

i
Z&Lg p a r  x e n o c r y s t s  a r e  u s u a l l y  much l a r g e r  t h a n  q u a r t z  x e n o c r y s t s .  j

i
They show a b u n d a n t  e v id e n c e  of  c o r r o s i o n ,  e s p e c i a l l y  i n  th e  

i n t e r i o r s  which  i n  consequence  have a p i t t e d  a p p e a ran ce *  I n  some |

t h e  c o r e s  r e m a i n  i n t a c t ,  b u t  a r e  s u r r o u n d e d  by c o r r o d e d  e x t e r i o r s ,  j

A few o f  t h e s e  c r y s t a l s  a r e  m u l t i p l e - t w i n n e d  w i t h  a low e x t i n c t i o n  [

a n g l e  ( 0 ° - 1 5 ° )  and hence  a r e  mid t o  b a s i c  o l i g o c l a s e  i n  c o m p o s i t i o n ,  

w h i l e  o t h e r s  a r e  u n tw in n e d  o r t h o c l a s e .  Many o f  them a r e  t r a v e r s e d  

by t r a n s v e r s e  c r a c k s  w h i l e  a lo n g  t h e i r  c l e a v a g e s  o ccu r  s k e l e t a l

c r y s t a l s  o f  i r o n - o r e  and  i r r e g u l a r  g r a i n s  o f  a u g i t e .  A l l  t h e s e

x e n o c r y s t s  i n v a r i a b l y  show nar row  r im s  o f  f e l s p a r  o f  h i g h e r  r e l i e f  

s i m i l a r  t o  t h e  f e l s p a r  o f  t h e  r o c k ,  o b v i o u s l y  a l a t e r  a d d i t i o n .

Drusy Caviti&_s,

The t h o l e i i t e s  o f  Drumadoon show numerous d r u s y  c a v i t i e s  

c o n s i s t i n g  o f  t h e  g l a s s y  or  c r y p t o c r y s t a l l i n e  b a s e ,  c a r b o n a t e ,  

f i b r o u s  c h l o r i t e ,  q u a r t z ,  m i c r o l i t e s  o f  p l a g i o c l a s e ,  and s k e l e t a l  

i r o n - o r e .  Some s e c t i o n s  such  as  D.2 and D .18  a* show l a r g e  

p a t c h e s  composed o f  numerous f a n  shaped  m i c r o l i t e s  o f  f e l s p a r  w i t h  

h i g h  r e l i e f  ( a c i d  a n d e s i n e )  and a r e  d ev o id  o f  any m a f i c  m i n e r a l s .

The m i c r o l i t e s  r a d i a t e  f rom i r r e g u l a r  p l a t e s  o f  f e l s p a r  g i v i n g  

t h e  i m p r e s s i o n  t h a t  t h e y  were formed by r a p i d  c r y s t a l l i s a t i o n  

in d u c e d  by i n t e r a c t i o n  w i t h  x e n o c r y s t s  o f  f e l s p a r  ( P l a t e  V I I I ,  P i g . l ) ,  

The /
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The c h i l l e d  m a r g in  o f  t h e  t h o l e i i t e  i s  g e n e r a l l y  v e r y  

a l t e r e d ,  showing l a r g e  p r i s m s  o f  f e l s p a r  p a r t l y  r e p l a c e d  by 

c a r b o n a t e j  som et im es  t h e  p r i s m s  s e g r e g a t e  i n t o  g l o m e r o p o r p h y r i t i c  

g r o u p s .  The a u g i t e  i s  g e n e r a l l y  a l t e r e d  i n t o  c h l o r i t e .  The 

g roundm ass  i s  composed o f  a f e l t  o f  s m a l l  m i c r o l i t e s  o f  f e l s p a r  

a n d  d u s t y  o r  s k e l e t a l  i r o n - o r e *  The re  a r e  x e n o c r y s t s  o f  q u a r t z  

w i t h  a l t e r e d  a u g i t e  r im s  and a l s o  c o r r o d e d  f e l s p a r  x e n o c r y s t s  

w i t h  r i m s  o f  f r e s h  f e l s p a r .

The t h o l e i i t e  o f  t h e  s i l l  and dyke show l i t t l e  v a r i a t i o n  

e x c e p t  i n  t h e  amount o f  t h e  base* I n  some p l a c e s ,  a s  i n  p a r t s  

o f  t h e  dyke where  t h e  r o c k  i s  p r e s e r v e d  o n l y  as  x e n o l i t h s ,  t h e  

t h o l e i i t e  a p p e a r s  t o  be c o a r s e r  i n  g r a i n .

A cid  r o c k :  Q u a r t z-fe . lB.uar- p o r p h y r y .

( S p e c i f i c  g r a v i t y :  2 . 5 4 6 ) .

The a c i d  component o f  t h e s e  i n t r u s i o n s  i s  a q u a r t z -  

f e l s p a r - p o r p h y r y  which o c c u r s  b o t h  u n c o n t a m i n a t e d  and c o n t a m i n a t e d  

w i t h  b a s i c  m a t e r i a l .  The f o r m e r ,  found  on t o p  o f  t h e  Doon, i n  

t h e  s o u t h e r n  p a r t  o f  t h e  lo w er  mass a t  Drumadoon P o i n t  and  a l s o  

i n  t h e  d y k e ,  i s  a  l i g h t  g r e y  m e g a p o r p h y r i t i c  r o c k  w i t h  r o u n d e d  o r  

o v a l  p h e n o c r y s t s  o f  smoky q u a r t z  and e u h e d r a l  p l a t e s  o f  f e l s p a r  

s e t  i n  a  l i g h t  g r e y  compact  groundmass* The f e l s p a r  g r a i n s  

u s u a l l y  show a l t e r a t i o n ;  some have a w h i t e  m a r g in  and a g l a s s y -  

l o o k i n g  i n t e r i o r .

M i c r o s c o p i c a l l y /
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M i c r o s c o p i c a l l y  t h e  r o c k  i s  composed o f  p h e n o c r y s t s  o f  

q u a r t z  and  f e l s p a r  w hich  i n c l u d e s  b o t h  o r t h o c l a s e  and p l a g i o c l a s e ,  

a l t e r e d  m a f i c  m i n e r a l s  and i r o n - o r e ,  s e t  i n  a c r y p t o c r y s t a l l i n e  

g ro u n d m a ss  w hich  a l s o  c o n t a i n s  i r r e g u l a r  g r a i n s  o f  q u a r t z  ( P l a t e  

V I I I ,  F i g . 4 ) .  The r o c k  i s  d e s c r i b e d  a s  a q u a r t z - p o r p h y r y  i n  t h e  

A r r a n  memoir (1 9 2 8 ,  p . 2 0 4 ) ,  b u t  i t  i s  c o n s i d e r e d  t h a t  t h e  t e r m  

• q u a r t z - f e l s p a r - p o r p h y r y *  b e t t e r  d e s c r i b e s  t h e  r o c k  i n  w h ich  t h e  

f e l s p a r  p h e n o c r y s t s  form s u c h  a c o n s p ic u o u s  and c h a r a c t e r i s t i c  p a r t .  

Q u a r t z  o c c u r s  m o s t l y  a s  p h e n o c r y s t s  w i t h  r o u n d e d  o r  o v a l  o u t l i n e ;  

s o m e t im e s  t h e  c r y s t a l  form can  be r e c o g n i s e d  d e s p i t e  c o r r o s i o n  o f  

t h e  e d g e s .  A l th o u g h  from t h e i r  s i z e  i n  r e l a t i o n  t o  t h e  g roundm ass  

t h e s e  g r a i n s  have  t o  be d e s c r i b e d  a s  p h e n o c r y s t s ,  t h e  c r y s t a l s  v a r y  

i n  s i z e ,  s u g g e s t i n g  t h a t  many of  them were n o t  c o n f i n e d  o n ly  t o  one 

p e r i o d  o f  c r y s t a l l i s a t i o n .  They show i n c l u s i o n s  o f  t h e  g ro u n d m a ss ,  

s o m e t im es  o f  c a r b o n a t e ,  b u t  i n  a few c a s e s  t h e r e  o c c u r  s q u a r i s h  o r  

o c t a h e d r a l  i n c l u s i o n s ,  e ac h  o f  which i n v a r i a b l y  c o n t a i n s  a n  im m obi le  

b u b b l e .

F e l s p a r  w hich  i n c l u d e s  b o t h  o r t h o c l a s e  and  p l a g i o c l a s e ,  u s u a l l y  

o c c u r s  i n  r e c t a n g u l a r  g r a i n s  l a r g e r  t h a n  t h o s e  o f  t h e  q u a r t z .  

C o m p o s i te  g r a i n s  formed by t h e  i n t i m a t e  g r o u p i n g  o f  two o r  t h r e e  

c r y s t a l s  l y i n g  i n  d i f f e r e n t  o p t i c  o r i e n t a t i o n ,  a r e  common. I n  

g e n e r a l  t h e  f e l s p a r  c r y s t a l s  a r e  p a r t l y  a l t e r e d ;  o c c a s i o n a l l y  

t h e y  a p p e a r  a s  * g h o s t - l i k e *  b o d i e s  due t o  h ig h  a l t e r a t i o n .  The

c r y s t a l s /
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c r y s t a l s  somet im es  show p a r t i a l  r e p l a c e m e n t  by q u a r t z  and 

m i c r o p e g m a t i t e  and a l s o  have i n c l u s i o n s  o f  z i r c o n .  The o r t h o c l a s e  

i s  m o s t l y  u n tw in n e d .  The p l a g i o c l a s e  i s  m u l t i p l e - t w i n n e d  w i t h  

e x t i n c t i o n  a n g l e  0 ° - 1 7 ° ,  and c o r r e s p o n d s  t o  b a s i c  o l i g o c l a s e ,  

b u t  r a n g i n g  o c c a s i o n a l l y  t o  a c i d  a n d e s i n e .

The g e n e r a l l y  a l t e r e d  n a t u r e  o f  b o t h  t h e  f e l s p a r s  and 

t h e  a b s e n c e  o f  f r e s h  g r a i n s  o f  o r t h o c l a s e  show ing  e v e n  a s i n g l e  

e m e r g e n t  o p t i c  a x i s  r e n d e r e d  i n  most  c a s e s  t h e  d e t e r m i n a t i o n  o f  

t h e  o p t i c  a x i a l  a n g l e  on t h e  F e d e ro v  s t a g e  d i f f i c u l t .  However,  

i n  s e c t i o n  D*3Q two o r t h o c l a s e  c r y s t a l s  o c c u r r i n g  i n  an  a g g r e g a t e  

o f  s m a l l  g r a i n s  gave 2 V = 77° and 7 1 . 5 °  a b o u t  X, s u g g e s t i n g  t h a t  

s o d a  i f  p r e s e n t  i s  o n ly  i n  s m a l l  amount.

P y r o x e n e : ( ? )  The s e c t i o n s  show many pseudom orphs  w h ich  c o n s i s t  

o f  g r e e n i s h  y e l l o w  or  b ro w n ish  c h l o r i t e ,  c a r b o n a t e ,  and s e c o n d a r y  

i r o n - o r e ;  t h e y  a r e  i n v a r i a b l y  a s s o c i a t e d  w i t h  p r i m a r y  i r o n - o r e ,  

z i r c o n  and a p a t i t e .  Nowhere i s  any o r i g i n a l  m i n e r a l  p r e s e r v e d .  

From t h e i r  s h a p e ,  p r o d u c t s  o f  a l t e r a t i o n  and  a l s o  by a n a l o g y  w i t h  

s i m i l a r  f e a t u r e s  n o t i c e d  i n  t h e  p i t c h s t o n e s  i n  Tormore and 

e l s e w h e r e  ( T y r r e l l ,  1928, p . 2 2 4 ) ,  i t  i s  i n f e r r e d  t h a t  t h e  aggregates  

a r e  pseudom orphs  a f t e r  p y ro x e n e .

I r o n - o r e  i n  l a r g e  i r r e g u l a r  p a t c h e s ,  o c c u r s  s e p a r a t e l y  a s  w e l l  

a s  i n  a s s o c i a t i o n  w i t h  c r y s t a l s  o f  z i r c o n .

The grmmdfflftKfl i s  g e n e r a l l y  composed o f  c r y p t o ­

c r y s t a l l i n e  m a t e r i a l ,  which a p p e a r s  t o  be m a i n l y  t u r b i d  a l k a l i -  

f e l s p a r  or  m i c r o p e g m a t i t e  which i s  a v e r y  f i n e  i n t e r g r o w t h  o f

q u a r t z /
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q u a r t z  and p r e d o m in a n t  a l k a l i - f e l s p a r ;  b u t  som et im es  t h e  

g ro u n d m a ss  i s  m i c r o g r a n i t i c  due t o  t h e  g r a n u l a r  n a t u r e  o f  t h e  

q u a r t z  and  t h e  t u r b i d  f e l s p a r .  U s u a l l y  numerous  i r r e g u l a r  g r a i n s  

o f  q u a r t z  a r e  fo und  i n  t h e  g roundm a ss .  T h e re  i s  v e r y  l i t t l e  

a p a t i t e .  D ru sy  c a v i t i e s  w i t h  c a r b o n a t e  and i r r e g u l a r  q u a r t z  

g r a i n s  a r e  q u i t e  common.

The p o r p h y ry  i n  p a r t s  o f  t h e  dyke a t  C l e i t e a d h  nan  

S g a r b h  (D .4 8 )  h a s  a p i n k  g roundm ass  due t o  i r o n - s t a i n i n g .  The 

same r o c k  shows r e p l a c e m e n t  o f  f e l s p a r  by a g r e e n i s h ,  a l m o s t  

i s o t r o p i c  n o n - p l e o c h r o i c  m i n e r a l  which  i s  p r o b a b l y  s e r p e n t i n e .

The q u a r t z - f e l s p a r - p o r p h y r y  i n  t h e  m id d le  o f  t h e  c o m p o s i t e  dyke 

a t  Drumadoon Bay shows an i n t e r e s t i n g  v a r i a t i o n  i n  t h e  g roundm ass  

w h ich  c o n t a i n s  a l a r g e  number o f  s q u a r i s h  or  o b lo n g  u n tw in n e d  

a l k a l i - f e l s p a r ,  r e p l a c e d  t o  some e x t e n t  by c h l o r i t e ;  some o f  

them fo rm  t h e  n u c l e i i  o f  s p h e r u l i t e s  and s e m i - s p h e r u l i t e s .  S e v e r a l  

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

The g r e a t e s t  v a r i a t i o n  i s  s e e n  i n  t h e  d a r k  g r e y  p o r p h y r y  

b o t h  i n  t h e  n o r t h e r n  p a r t  o f  t h e  low er  mass on t h e  s h o r e  a t  

Drumadoon P o i n t  (D .16 and D .18)  and i n  t h e  lo w er  p a r t  o f  t h e  

s i l l  i n  t h e  Doon ( A r .2 0 7 ,  D .26 and D . 2 7 ) .  M e g a s c o p i c a l l y  t h e  

d i f f e r e n c e  l i e s  i n  t h e  v e r y  d a r k  compact g roundm ass  b u t  e v e n  a 

c u r s o r y  e x a m i n a t i o n  o f  t h e  s l i d e s  r e v e a l s  t h e  u n u s u a l  r i c h n e s s  

o f  t h e  r o c k  i n  m a f i c  c o n s t i t u e n t s .
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The groundmass  o f  t h e  r o c k  c o n t a i n s  numerous  a u g i t e  

g r a i n s  p a r t l y  o r  c o m p l e t e l y  a l t e r e d  t o  c h l o r i t e  and c a r b o n a t e ,  

some o f  w hich  a r e  a s s o c i a t e d  w i t h  s e c o n d a r y  i r o n - o r e .  Among 

t h e  numerous f e l s p a r  g r a i n s ,  many a r e  s m a l l  r e c t a n g u l a r  p r i s m s  

o f  mid o l i g o c l a s e  showing  m u l t i p l e - t w i n n i n g  and w i t h  a l m o s t  

s t r a i g h t  e x t i n c t i o n ,  w h i l e  o t h e r s  a r e  b l a d e - l i k e  b a s i c  a n d e s i n e  

w i t h  h i g h e r  r e l i e f  and g r e a t e r  e x t i n c t i o n  a n g l e  ( 2 7 ° ) .

I n  some s e c t i o n s  (D .29)  t h e  f e l s p a r s  a r e  r e p l a c e d  by 

t h e  g roundm ass  and a l s o  by c a r b o n a t e .  A few s e c t i o n s  such  as  

D .2 6  show s e v e r a l  x e n o l i t h s  o f  b o t h  medium- and f i n e - g r a i n .  The 

f i n e - g r a i n e d  x e n o l i t h s ,  composed o f  a few a l t e r e d  p r i s m s  o f  

f e l s p a r  i n  a f e l t  o f  f e l s p a r  m i c r o l i t e s ,  g i v e  t h e  i m p r e s s i o n  t h a t  

t h e y  were d e r i v e d  f rom  a c h i l l e d  f a c i e s  o f  t h e  t h o l e i i t e .  They 

d i f f e r  i n  t h e i r  g r a i n - s i z e  f rom  b o th  t h e  l o w e r  t h o l e i i t e  and 

t h e  p r e d o m in a n t  x e n o l i t h s .  I n  a d d i t i o n  t o  t h e  l a r g e  i r r e g u l a r  

g r a i n s  o f  i r o n - o r e  and th e  a s s o c i a t e d  z i r c o n ,  t h e r e  a r e  

i n n u m e r a b l e  s m a l l  d u s t y  g r a i n s  o f  t h e  o r e .  The p r o p o r t i o n  o f  

t h e  m a f i c  c o n s t i t u e n t s  v a r i e s  even  i n  t h e  same s l i d e .

From t h e  above d e s c r i p t i o n ,  i t  i s  c l e a r  t h a t  t h e  p o r p h y r y  

h a s  b e e n  b a s i f i e d  by t h e  i n c o r p o r a t i o n  o f  b a s i c  m a t e r i a l .  T h e re  

i s  a p p a r e n t l y  no dev e lo p m en t  o f  any new m i n e r a l s  s u c h  a s  b i o t i t e  

qj» o f  any  new f e l s p a r ,  or  ev en  o f  an  abundance  o f  a p a t i t e ,  f e a t u r e s  

g e n e r a l l y  e x h i b i t e d  by h y b r i d  r o c k s .  I n  some s e c t i o n s  o f  t h e  

b a s i f i e d  p o r p h y r y  q u a r t z  g r a i n s  w i th  a l t e r e d  a u g i t e  r im s  can  be

r e c o g n i s e d /
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r e c o g n i s e d  ( D . 3 0 ) .  T hese  p r o b a b l y  r e p r e s e n t  o r i g i n a l  x e n o c r y s t s  

o f  t h e  b a s i c  r o c k  i n c o r p o r a t e d  by t h e  p o r p h y r y .  The b a s i f i c a t i o n  

o f  t h e  p o r p h y ry  i s  a p p a r e n t l y  more m e c h a n i c a l  t h a n  c h e m i c a l .

The f o l l o w i n g  t a b l e  o f  volume p e r c e n t a g e s  o f  v a r i o u s  c o n s t i t u e n t s  

o f  t h e  b a s i f i e d  p o r p h y r y  shows t h e  c o n s i d e r a b l e  amount o f  m a f i c  

c o n s t i t u e n t s  i t  h a s  i n c o r p o r a t e d :

TABLE I I .

Q u a r t z ( f r e e  & M e s o s t a s i s .  M a f ic  I r o n -  O r t h o -  P l a g i o - C a r b o n a t e *  
p h e n o c r y s t s ) .  m i n e r a l s ,  o r e .  c l a s e . c l a s e  .

1 5 .0  4 8 . 2  1 6 .7  3 . 0  1 0 .5  1 . 2  5 . 4

H a r k e r  has  d e s c r i b e d  a q u a r t z - p o r p h y r y  “r i c h  i n  d a r k  

r e d  b i o t i t e  and o l i g o c l a s e  and  d i s t i n c t l y  more b a s i c  t h a n  t h e  

u s u a l  t y p e , "  ( T y r r e l l ,  1928,  p . 203) b u t  t h e  a u t h o r  was n o t  a b l e  

t o  t r a c e  any  o u t c r o p s  o f  s u c h  a r o c k .

T h o l e i i t e  — Q u a r t z - f e l s p a r - p o r p h y r y .  CQn.ta.Qt.. 

g i l l ; As a l r e a d y  d e s c r i b e d ,  t h e  c o n t a c t  b e tw e e n  t h e  lo w e r  

s h e e t  o f  t h e  t h o l e i i t e  and t h e  p o r p h y ry  i s  a p p a r e n t l y  s h a r p  i n  

th e  m ass  a t  t h e  Doon. M i c r o s c o p i c  e x a m i n a t i o n  o f  t h e  c o n t a c t  

shows v e r y  l i t t l e  i n t e r a c t i o n ,  b u t  s e c t i o n  D . X . ^ t h o l e i i t e )  

i n d i c a t e s /
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i n d i c a t e s  s l i g h t  a c i d i f i c a t i o n  i n  t h e  fo rm  o f  i n t e r s t i t i a l  

q u a r t z  and t h e  o c c u r r e n c e  o f  a q u a r t z  p h e n o c r y s t  w i t h o u t  a 

r im  o f  a u g i t e .  I n  t h e  l o w e r  mass  on t h e  s h o r e  a t  Drumadoon 

P o i n t  t h e  c o n t a c t  b e tw e e n  t h e  u p p e r  t h o l e i i t e  and t h e  p o r p h y ry  

i s  v e r y  w e l l  s e e n  and h e r e  m e g a s e o p i c a l l y  t h e  i n t e r a c t i o n  

b e tw e e n  t h e  members i s  n e g l i g i b l e .  I n  t h i n  s e c t i o n ,  how ever ,  

(D .4 6 )  t h e  c o n t a c t  i s  r a t h e r  z i g - z a g ,  w i t h  a c e r t a i n  amount o f  

l o c a l  m e c h a n i c a l  m ix in g  ( P l a t e  V I I I ,  F i g . 2 ) .  On t h e  p o r p h y ry  

s i d e  o f  t h e  c o n t a c t ,  t h e r e  a r e  p a t c h e s  o f  t h o l e i i t e ,  q u a r t z  w i t h  

a u g i t e  r im s  i n  a d d i t i o n  t o  t h e  n o rm a l  p h e n o c r y s t s ,  and c o r r o d e d  

f e l s p a r  x e n o c r y s t s  w i t h  r im s  o f  f r e s h  f e l s p a r .  The o n l y  change  

u n d e rg o n e  by t h e  t h o l e i i t e  a p p e a r s  t o  be t h e  c a r b o n a t i z a t i o n  

o f  i t s  p y r o x e n e .  The p o r p h y ry  has  e v i d e n t l y  n o t  b e e n  a b l e  t o  

a s s i m i l a t e  t h e  a u g i t e  r im  s u r r o u n d i n g  t h e  q u a r t z  x e n o c r y s t s ;  

n e i t h e r  h as  b a s i f i c a t i o n  r e s u l t e d  i n  t h e  d ev e lo p m e n t  o f  a u g i t e  

r im s  a ro u n d  t h e  p h e n o c r y s t s .  The c o m p o s i t i o n  o f  t h e  f e l s p a r  

a p p e a r s  t o  r e m a in  unchanged  and t h e r e  i s  no d e v e lo p m e n t  o f  

b i o t i t e  o r  a p a t i t e .  A p p a r e n t l y  t h e  i n t e r a c t i o n  i s  more 

m e c h a n i c a l  t h a n  c h e m i c a l  i n  t h e  s i l l .

D v k e : I n  Drumadoon Bay t h e  t h o l e i i t e  i s  s e e n  o n ly  as  s m a l l

x e n o l i t h s  o r  i s  r e p r e s e n t e d  by d i s s e m i n a t e d  l a t h s  o f  l a b r a d o r i t e  

and  pseudom orphs  o f  py roxene  i n  t h e  p o r p h y r y .  The t h o l e i i t e  i s  

b e t t e r  p r e s e r v e d  b o t h  a t  C l e i t e a d h  nan  S g a r b h  and An Cumhann. 

I n t e r a c t i o n  b e tw e e n  t h o l e i i t e  and p o r p h y ry  c a n  b ee n  s e e n  i n

b o t h /
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b o t h  p l a c e s  p r o d u c i n g  c o n t a c t  h y b r i d s  i n  w h ich  x e n o l i t h i c  r e l i c s  

o f  t h e  fo rm e r  c a n  be r e c o g n i s e d  ( P l a t e  IX, F i g . l ) .  A c i d i f i c a t i o n  

r e s u l t s  i n  t h e  b r e a k i n g  up o f  t h e  b a s i c  r o c k  by i n t e r s t i t i a l  

q u a r t z  and m i c r o p e g m a t i t e .  I r o n - o r e  a s s o c i a t e d  w i t h  z i r c o n  

a l s o  makes i t s  a p p e a r a n c e .  I n  s e c t i o n  D .6 3  q u a r t z  x e n o c r y s t s  

w i t h  b o t h  c o m p le te  and i n c o m p l e t e  r im s  o c c u r ,  b u t  t h e  x e n o c r y s t s  

o f  f e l s p a r  a p p a r e n t l y  undergo  no c o m p o s i t i o n a l  c h a n g e .  Hence 

i t  a p p e a r s  t h a t  i n  t h e  c o m p o s i t e  dyke a l s o  h y b r i d i z a t i o n  p r o c e s s e s  

a r e  more  m e c h a n i c a l  t h a n  c h e m i c a l ,  b u t  t h e y  a r e  more p ro n o u n c e d  

i n  t h e  dyke t h a n  i n  t h e  s i l l .

DYKES OF LATER AGE.

l a l s i i s .

( S p e c i f i c  g r a v i t y :  2 . 4 1 6 )

The f e l s i t e ,  o c c u r r i n g  on t h e  e a s t e r n  m a r g in  o f  t h e  

c o m p o s i t e  dyke a t  C l e i t e a d h  nan  S g a rb h  i s  a b o u t  33 f t .  i n  t h i c k n e s s  

I t s  b anded  n a t u r e  s e e n  o n ly  i n  p r o x i m i t y  t o  t h e  c o m p o s i t e  d y k e ,  

g i v e s  t h e  i m p r e s s i o n  o f  p l a s t i c  f lo w  u n d e r  p r e s s u r e  d u r i n g  i t s  

em p lac e m en t .  The f e l s i t e  i s  g e n e r a l l y  y e l l o w  b u t  i n  some p l a c e s  

i s  g r e y i s h  w h i t e .  V a r i a t i o n s  a r e  s e e n  i n  t h e  number and s i z e  o f  

c o n t a i n e d  s p h e r u l i t e s .

I n  t h i n  s e c t i o n  t h e  banded  f e l s i t e  shows a few 

p h e n o c r y s t s  w h ich  a r e  p r o b a b l y  pseudomorphs  o f  f e l s p a r ,  and a r e  

a p p a r e n t l y  composed o f  a v e r y  f i n e  i n t e r g r o w t h  o f  m i c r o p e g m a t i t e .
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These  a r e  s e t  i n  a g roundm ass  composed o f  s p h e r u l i t e s  and 

s e m i - s p h e r u l i t e s , some o f  w hich  have n u c l e i i  o f  f e l s p a r  p r i s m s  

b e s i d e s  a  r e l a t i v e l y  c o a r s e  m i c r o p e g m a t i t e  w i t h  a p p a r e n t l y  

p r e d o m in a n t  q u a r t z .  The r e d d i s h  c o l o u r  o f  t h e  b a n d in g  i s  

due t o  i r o n - s t a i n i n g *

The n o n - b a n d e d  f e l s i t e  a p p e a r s  t o  be more s p h e r u l i t i c  

t h a n  t h e  banded  r o c k  and c o n t a i n s  l e s 3  numerous p h e n o c r y s t s .

The a l k a l i - f e l s p a r  a p p e a r s  t o  be i n  e x c e s s  o f  t h e  q u a r t z  i n  

t h e  g roundm ass  m i c r o p e g m a t i t e .  A few p r i s m s  p r e s u m a b ly  o r i g i n a l l y  

o f  f e l s p a r  now o c c u r  a s  pseudomorphs  composed o f  a  v e r y  f i n e  

i n t e r g r o w t h  o f  m i c r o p e g m a t i t e .  The d a r k  g r e y  s p h e r u l i t e s  a r e  

s u r r o u n d e d  by i r r e g u l a r  g r a i n s  o f  q u a r t z .

Q u a r  t  z -  d o l e r - l t e .

Many o f  t h e  dykes  c u t t i n g  t h e  c o m p o s i t e  dyke a r e  d a r k  

g r e y ,  v e r y  f i n e - g r a i n e d  and n o n - p o r p h y r i t i c .

I n  t h i n  s e c t i o n  t h e s e  r o c k s  a r e  composed o f  p r i s m s  o f  

p l a g i o c l a s e ,  p y ro x e n e ,  i r o n - o r e ,  w i t h  a m e s o s t a s i s  o f  q u a r t z  and  

a l k a l i - f e l s p a r .  The r o c k  may be d e s c r i b e d  a s  a f i n e - g r a i n e d  

q u a r t z - d o l e r i t e  and n o t  a s  a t h o l e i i t e ,  s i n c e  i t  does  n o t  c o n t a i n  

t h e  d a r k  g l a s s y  groundmass  t y p i c a l  o f  t h e  l a t t e r .

Section D.51 shows a few anhedral grains o f  pale green 
augite and also crystals of plagioclase, both of which from their

s i z e /
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s i z e  c o u ld  be d e s c r i b e d  a s  p h e n o c r y s t s .  The r o c k  i s  l a r g e l y  

composed o f  numerous  p r i s m s  o f  b a s i c  a n d e s i n e  w i t h  e x t i n c t i o n  

a n g l e  o f  3 0 ° ,  b u t  a  few a p p e a r  t o  be more b a s i c  a s  j u d g e d  by 

t h e i r  h i g h e r  r e l i e f  and g r e a t e r  e x t i n c t i o n  a n g l e  (3 9 ° )  and hence  

a r e  b a s i c  l a b r a d o r i t e .  The py roxene  o f  t h e  r o c k  i s  g e n e r a l l y  

a l t e r e d  t o  c h l o r i t e .  I r o n - o r e  i s  p r e s e n t  a s  i r r e g u l a r  g r a i n s .  

Q u a r t z  o c c u r s  c o n s p i c u o u s l y  a s  a n h e d r a l  g r a i n s  a s s o c i a t e d  w i t h  

a l k a l i - f e l s p a r .  T h e re  a r e  d r u s y  c a v i t i e s  w i t h  i r r e g u l a r  g r a i n s  

o f  q u a r t z ,  c a r b o n a t e  and a l k a l i - f e l s p a r .  The s e c t i o n  shows a

few c i r c u l a r  or  o v a l  p a t c h e s  composed of  a v e r y  f i n e - g r a i n e d

b a s a l t  c o n t a i n i n g  numerous a l t e r e d  p y ro x en e  g r a n u l e s ,  i r o n - o r e  

and  a few g r a i n s  o f  q u a r t z .  These  p a t c h e s  a p p e a r  t o  be c o g n a t e  

x e n o l i t h s .

T a c h y l y t e  V e i n a .

As a l r e a d y  n o t e d ,  a few v e i n s  o f  t a c h y l y t e  were  s e e n  

c u t t i n g  a c r o s s  t h e  t h o l e i i t e  and  t h e  p o r p h y r y  i n  t h e  s i l l  a t  t h e  

Doon.  M e g a s c o p i c a l l y  t h e y  a r e  b l a c k  and g l a s s y  (D .22  and D . 2 3 ) .  

I n  t h i n  s e c t i o n  t h e y  show a l a r g e  number o f  c r y s t a l s  o f  many

s i z e s ,  s e t  i n  a d a r k  g l a s s y  groundm ass  ( P l a t e  V I I I ,  F i g . 3 ) .  The

p h e n o c r y s t s  o f  a c i d  l a b r a d o r i t e  a r e  e u h e d r a l  and o c c a s i o n a l l y  

show f a i n t  z o n i n g .  Sometimes t h e y  e n c l o s e  v e r y  d a r k  ro u n d e d  or  

o v a l  g l o b u l e s  a r r a n g e d  e i t h e r  r e g u l a r l y  or  h a p h a z a r d l y ,  w h ic h  a r e  

p r o b a b l y  o f  g l a s s .  I n  t h e  g roundm ass  t h e  f e l s p a r  o c c u r s  a s

n u m e r o u s /
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numerous  s m a l l  m u l t i p l e - t w i n n e d  p r i s m s  ( b a s i c  a n d e s i n e  t o  a c i d  

l a b r a d o r i t e ) ,  a s  w e l l  a s  many m i c r o l i t e s .  Pseudom orphs  v a r y i n g  

i n  s i z e  f rom  l a r g e  p h e n o c r y s t s  t o  s m a l l  g r a n u l e s  composed o f  

c h l o r i t e ,  c a r b o n a t e  and o c c a s i o n a l l y  s e c o n d a r y  q u a r t z  a r e  common. 

The s h a p e s  o f  some o f  t h e  pseudomorphs  a r e  s u g g e s t i v e  o f  p y r o x e n e .

MECHANICS OP INTRUSION.

Th e re  a r e  no f i e l d  e x p o s u r e s  w h ich  g i v e  any  c o n c l u s i v e  

e v i d e n c e  r e g a r d i n g  t h e  m u tu a l  r e l a t i o n s  b e tw e e n  t h e  s i l l  and t h e  

dy k e ,  b u t  t h e  c l o s e  s p a t i a l  a s s o c i a t i o n  o f  t h e  two b o d i e s ,  and 

t h e  a p p e a r a n c e  o f  d a r k  x e n o l i t h i c  q u a r t z - f e l s p a r - p o r p h y r y  on t h e  

e a s t e r n  s i d e  o f  t h e  Doon ( p . 2 2 )  a r e  s i g n i f i c a n t .  P e t r o g r a p h i e a l l y  

t h e  t h o l e i i t e  o f  t h e  s i l l  i s  s i m i l a r  t o  t h e  t h o l e i i t e  o f  t h e  dyke 

and t h e  p o r p h y ry  e s p e c i a l l y  t h e  u n c o n t a m i n a t e d  r o c k ,  compares  

c l o s e l y  w i t h  t h e  a c i d  r o c k  o f  t h e  dyke .  Hence i t  i s  r e a s o n a b l e

t o  c o n c l u d e  t h a t  t h e  dyke and t h e  s i l l  a r e  g e n e t i c a l l y  r e l a t e d

and t h a t  i n  a l l  p r o b a b i l i t y  t h e  dyke was t h e  f e e d e r  o f  t h e  s i l l .  

H a r k e r ’ s o b s e r v a t i o n  t h a t  " i n  e v e r y  c a s e  where  c o m p o s i t e  s i l l s  

a r e  f o u n d ,  t h e r e  i s  a dyke . . .  a t  no g r e a t  d i s t a n c e , "  ( 1 9 0 4 ,  p . 2 1 l )

l e n d s  s u p p o r t  t o  t h i s  v iew .

The m ain  d i f f e r e n c e  b e tw een  t h e  s i l l  and t h e  dyke i s  

i n  t h e  d e g r e e  o f  i n t e r a c t i o n  b e tw een  t h e i r  b a s i c  and a c i d  members.  

( p . 3 4 ) .  The g r e a t e r  e x t e n t  o f  c o n t a c t  h y b r i d i z a t i o n  o b s e r v e d  i n
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t h e  c o m p o s i t e  dyke t h a n  i n  t h e  c o m p o s i t e  s i l l  s u g g e s t s  t h a t  t h e  

magma had more t h e r m a l  e n e r g y  when i t  was em placed  i n  t h e  dyke 

t h a n  i n  t h e  s i l l .  T h i s  i s  r e a d i l y  e x p l i c a b l e  i f  t h e  dyke 

f i s s u r e  be r e g a r d e d  as  t h e  c h a n n e l  f o r  t h e  i n t r o d u c t i o n  o f  magma 

t o  form t h e  s i l l .

As a l r e a d y  d e s c r i b e d ,  t h e  c o n t a m i n a t e d  p o r p h y r y  a t  

t h e  b a s e  o f  t h e  s i l l  i s  t h e  r e s u l t  o f  i n c o r p o r a t i o n  o f  b a s i c  

m a t e r i a l  which  i n c l u d e s  x e n o l i t h s  o f  medium- and f i n e - g r a i n  ( p . 3 i ) .  

I t  i s  l i k e l y  t h a t  some o f  t h e  x e n o l i t h s  e s p e c i a l l y  t h e  f i n e - g r a i n e d  

m a t e r i a l  w ere  p i c k e d  up d u r i n g  t h e  em placem ent  o f  t h e  a c i d  magma 

and r e p r e s e n t  t h e  b a s i c  r o c k  a d h e r i n g  t o  t h e  c o u n t r y  r o c k  ( c f .  

S m e l l i e ,  1 9 1 2 - 1 5 ) .  The p r o c e s s  can  be im a g in e d  t o  have  t a k e n  

p l a c e  as  f o l l o w s .  The t h o l e i i t e  was f i r s t  i n j e c t e d  a l o n g  t h e  

b e d d i n g  p l a n e s  o f  t h e  s e d i m e n t s .  L a t e r  t h e  p o r p h y ry  was em placed  

and " e n t e r e d  a l o n g  t h e  l i n e s  o f  l e a s t  r e s i s t a n c e ,  namely  t h e  

p l a n e s  o f  w e a k n e s s ,  d i v i d i n g  t h e  m a r g in  f rom  t h e  i n t e r i o r "  o f  

t h e  b a s i c  r o c k ,  as  im ag in ed  by S m e l l i e  i n  B u te  ( o p . e i t . ,  p . 1 2 5 ) .

I f  a l a r g e  volume o f  a c i d  magma i n  e x c e s s  o f  t h e  volume o f  t h e  

b a s i c  was em placed ,  p a r t  o f  i t  w i l l  e v i s c e r a t e  t h e  b a s i c  r o c k  

a s  i t  works  i t s  way th r o u g h  i t  becoming h y b r i d  i n  t h i s  p r o c e s s ,  

and  t h e  r e s t  w i l l  r e m a in  u h c o n t a m i n a t e d .  T h i s  i s  s t r o n g l y  

s u g g e s t e d  by t h e  a b sen c e  o f  x e n o l i t h s  and t h e  u n c o n t a m i n a t e d  

n a t u r e  o f  t h e  p o r p h y ry  a t  t h e  t o p  o f  t h e  s i l l .

The s i l l  was a f f e c t e d  by an  E.-W. f a u l t  a l o n g  w h ich
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t h e r e  a p p e a r s  t o  have b ee n  a r e c u r r e n c e  o f  i n t r u s t i o n  o f  t h e  b a s i c  

magma as  a d y k e .  Zones o f  t e n s i o n  d e v e l o p e d  over  t h e  whole  a r e a  

and  were  i n j e c t e d  by dykes  o f  a l a t e r  a g e .  The f i e l d  r e l a t i o n s h i p s  

o f  t h e  dykes  a t  C l e i t e a d h  nan  S h a rb h  ( F i g . 4 . )  show t h a t  t h e  f i n e ­

g r a i n e d  q u a r t z - d o l e r i t e  c u t s  an  o l i v i n e - d o l e r i t e  dyke and hence  

i s  l a t e r .  The banded  f e l s i t e  c u t e  b o t h  o f  them and t h e r e f o r e  was 

t h e  l a s t  t o  be i n j e c t e d  i n  t h i s  a r e a .
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B._E N N A N  I N T R U S I O N S .

I n  t h e  s o u t h  o f  A r ra n  a  l a r g e l y  d r i f t - c o v e r e d  mass 

o f  q u a r t z - p o r p h y r y  w i t h  a w i d t h  o f  i f  m i l e s  i s  shown i n  t h e  

one i n c h  g e o l o g i c a l  map o f  t h e  i s l a n d  ( 1 9 4 7 ) ,  e x t e n d i n g  i n  a 

s o u t h - s o u t h - e a s t e r l y  d i r e c t i o n  from Cnoc C la u c h a g ,  t h r e e  m i l e s  

N*N.E. o f  Lagg* The mass i s  w e l l  ex p o s e d  n e a r  and a l o n g  t h e  

S t r u e y  b u r n  where  i t  i s  f l a n k e d  by s h e e t s  o f  d o l e r i t e  s e e n  

p r o m i n e n t l y  i n  t h e  C a i r n  t o  t h e  n o r t h ,  and a t  Bennan Head t o  

t h e  s o u t h .  The m a r g in  o f  t h e  i n t r u s i o n  can  be t r a c e d  f o r  

some d i s t a n c e  f u r t h e r  e a s t  whence i t s  t r e n d  i s  s e e n  t o  change  

t o  a n o r t h e r l y  d i r e c t i o n ,  e x t e n d i n g  f o r  t h r e e  q u a r t e r s  o f  a 

m i l e  a l o n g  C reag  Dhubh, where good e x p o s u r e s  a r e  fo und  i n  two 

q u a r r i e s .  I t  i s  shown i n  t h e  map t o  t e r m i n a t e  i n  a hook s h a p e d  

f a s h i o n .

B e s i d e s  t h e  m ain  m a ss ,  t h e  f o l l o w i n g  m in o r  b o d i e s  

o c c u r  i n  t h e  same a r e a :  ( l )  a s m a l l  N .W .-S .E .  d y k e - l i k e  mass 

o f  b a s i c  r o c k  (M) a b o u t  200 y a r d s  n o r t h - e a s t  o f  S m i th y ;

(2 )  a  s e c o n d  d y k e - l i k e  mass (QD) a b o u t  250 y a r d s  n o r t h  o f  C re ag  

Dhubh q u a r r y  and (3)  a m i l e - l o n g  mass  o f  q u a r t z - p o r p h y r y  and 

q u a r t z - d o l e r i t e  (QD) f o rm in g  t h e  r i d g e  o f  T o r r  a* B h e a n n a in  

a b o u t  300 y a r d s  n o r t h  o f  ( 2 ) ;  t h e  d o l e r i t e  o c c u r s  a s  a t h i n  

l a y e r  i n  t h e  w e s t  f l a n k i n g  t h e  p o r p h y r y ,  becoming w ide  i n  t h e  

e a s t  and  e x t e n d i n g  s o u th w a rd s  a s  t h e  L e v e n c o r r o c h  h i l l s  ( P l a t e

X I I ) .

FOBM/



FORM OF THE INTRUSIONS

( l )  The Berman Maes.

T h i s  m ass  has  b e e n  i n j e c t e d  i n t o  h o r i z o n t a l  o r  g e n t l y  

i n c l i n e d  Keuper  m a r l s  and s a n d s t o n e s  w h ic h  a r e  w e l l  ex p o s e d  a t  a 

few p l a c e s .  The fo rm  o f  t h e  i n t r u s i o n  can  be b e s t  s t u d i e d  by 

t r a c i n g  t h e  n a t u r e  o f  i t s  c o n t a c t s  w i t h  t h e  c o u n t r y  r o c k .

( a )  Upper  c o n t a c t .

S t a r t i n g  f rom  t h e  n o r t h - w e s t  o f  t h e  i n t r u s i o n ,  t h e  f i r s t  

e x p o s u r e  s t u d i e d  i s  s e e n  i n  an  o ld  q u a r r y  s e c t i o n  o f  x e n o p o r p h y r i t i c  

b a s a l t  n o r t h - e a s t  o f  t h e  S m i th y ,  b u t  t h e  c o n t a c t  w i t h  t h e  s e d im e n t  

c a n n o t  be r e c o g n i s e d .  The g r a i n - s i z e  o f  t h e  r o c k  i s  v e r y  f i n e  a t  

t h e  top b u t  becomes c o a r s e r  a b o u t  f i v e  f e e t  be low .  Where t h e  

b a s a l t  i s  e x p o s e d  a t  t h e  s u r f a c e ,  i t  a p p e a r s  t o  have  a  d i p  o f  

a b o u t  10°  c h a n g i n g  t o  20°  i n  a 60°  E. o f  N. d i r e c t i o n ,  l e a d i n g  t o  

t h e  i n f e r e n c e  t h a t  t h e  m ass  a s  a  whole h as  a low d i p  i n  t h i s  

n e i g h b o u r h o o d .  About  200 y a r d s  s o u t h - w e s t  o f  t h e  w e s t  Bennan 

f a r m ,  b a s a l t  o c c u r s  i n  a  p r o m in e n t  mound w i t h  a s m a l l  q u a r r y  w h e r e i n  

t h e  r o c k  i s  v e r y  w e l l  e x p o s e d .  T h i s  mass  i s  v e r y  s i m i l a r  t o  t h e  

b a s a l t  n e a r  t h e  Sm ithy  i n  d i p ,  g r a i n - s i z e  a s  w e l l  a s  i t s  

x e n o p o r p h y r i t i c  n a t u r e .  I n  v ie w  o f  t h e  c l o s e  s i m i l a r i t y  o f  b o t h  

t h e s e  m a s s e s  w i t h  t h e  p r e d o m in a n t  u ppe r  b a s i c  member o f  t h e  Bennan 

m a s s ,  t h e y  p r e s u m a b ly  form p a r t s  o f  t h e  m a in  body .  The a u t h o r  

c o n s i d e r s  t h a t  t h e  b a s a l t  n e a r  t h e  Sm ithy  i s  n o t  a s e p a r a t e  d y k e - l i k e

m ass  a s  shown i n  t h e  one i n c h  map.

The i n t r u s i o n  i s  o b s c u r e d  f u r t h e r  s o u t h - e a s t  by

a g r i c u l t u r a l /
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a g r i c u l t u r a l  land, t i l l  t h e  h i l l s  n e a r  t h e  C a i r n  a r e  a p p r o a c h e d .  

A l th o u g h  t h e  a c t u a l  j u n c t i o n  w i t h  t h e  s e d i m e n t  c a n n o t  he 

r e c o g n i s e d  h e r e ,  f ro m  a s t u d y  o f  t h e  d o l e r i t e - p o r p h y r y  c o n t a c t  

zone ,  i t  c a n  be i n f e r r e d  t h a t  t h e  u p p e r  s h e e t  h a s  a  d i p  o f  

a b o u t  4 0 °  t o  t h e  N. To t h e  e a s t  o f  t h e  C a i r n ,  t h e r e  a r e  a  few 

i s o l a t e d  e x p o s u r e s ;  t h e  mass becomes d y k e - l i k e  a l o n g  Creag  

Dhubh.  The c o n t a c t  i s  p r e su m a b ly  h i g h l y  i n c l i n e d  h e a r  t h e  

e a s t  Bennan f a rm .  F u r t h e r  n o r t h  t h e  p o s i t i o n  o f  t h e  c o n t a c t  

becomes o b s c u r e .

(b)  Lower C o n t a c t .

About 500 y a r d s  w e s t  o f  S t r u e y  w a t e r f a l l s  a l o n g  t h e  

s h o r e  a t  Bennan Head, t h e  low er  c o n t a c t  w h ich  i s  p r e s u m a b ly  

d i p p i n g  s t e e p l y  t o  t h e  n o r t h ,  can  be t r a c e d  downwards t o  t h e  

s h o r e .  Near t h e  B l a c k  cave  e a s t  o f  t h e  w a t e r f a l l s ,  a t  l e a s t  

f o u r  l a r g e  r a f t s  o f  more or  l e s s  h o r i z o n t a l  s e d i m e n t s  a r e  

e n c l o s e d  by t h e  i n t r u s i o n .  C a r e f u l  e x a m i n a t i o n  o f  t h e  s h o r e  

r e v e a l s  t o n g u e s  o f  b a s a l t  i n j e c t e d  i n t o  t h e  h o r i z o n t a l  s e d i m e n t s .  

Hence i t  i s  p r o b a b l e  t h a t  t h e  lo w er  c o n t a c t  i s  d i p p i n g  a t  a low 

a n g l e ,  c o n t r a r y  t o  t h e  i d e a  h e l d  by Gunn t h a t  t h e  c o n t a c t  p l u n g e s  

s t e e p l y  i n t o  t h e  s e d im e n t s  ( q u o t e d  by T y r r e l l ,  1928,  p .  1 9 7 ) .  

T y r r e l l ' s  s e c t i o n  a lo n g  t h e  S t r u e y  w a t e r  a t  Bennan Head a l s o

shows r a t h e r  a low d i p  ( o p . c i t . ,  p .  1 9 8 ) .

To t h e  e a s t  o f  B la c k  cave t h e  i n t r u s i o n  c an  be t r a c e d

on /
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on t h e  s h o r e  h u t  t h e  c o n t a c t  i t s e l f  i s  o b s c u r e d .  About  h a l f  

a  m i l e  e a s t  o f  t h e  B l a c k  cav e  and e l e a r l y  ex p o s e d  i n  t h e  c l i f f s ,  

t h e  i n t r u s i o n  makes  a  s t e e p  c o n t a c t  w i t h  t h e  sed im en t*  On t h e  

e a s t e r n  s i d e  o f  C rea g  Dhubh t h e  c o n t a c t  c a n n o t  be r e c o g n i s e d .

From t h e  e x p o s u r e s  i n  t h e  s m a l l  q u a r r y  n o r t h  o f  Creag  Dhubh 

q u a r r y ,  i t s  p o s i t i o n  i s  i n f e r r e d  t o  d i p  a t  a h i g h  a n g l e  w i t h  

t h e  s e d i m e n t s .

Hence, t h e  Bennan mass i s  a complex s h e e t e d  body;  t h e  

s e c t i o n  a l o n g  t h e  S t r u e y  b u r n  s u g g e s t s  a p r e d o m i n a n t l y  

l a c c o l i t h i c  h a b i t ,  b u t  t h e  e a s t e r n  e x t r e m i t y  o f  t h e  mass  i s  

e v i d e n t l y  d y k e - l i k e .  The u pper  and lo w er  s h e e t s  o f  b a s i c  r o c k  

a r e  p resum ed  t o  e n v e l o p  t h e  t e r m i n a l  p a r t  o f  t h e  p o r p h y r y ,  b u t  

t h i s  c o n c l u s i o n  i s  p u r e l y  c o n j e c t u r a l  s i n c e  i t  r e c e i v e s  no 

c o n f i r m a t i o n  f ro m  a c t u a l  o u t c r o p s .

(2 )  I n t r u s i o n s  o f  t h e  N o r t h .

D e t a i l e d  e x a m i n a t i o n  o f  t h e  T o r r  a* B h e a n n a in  mass 

shows t h a t  i t  i s  v e r y  s i m i l a r  t o  t h e  d y k e - l i k e  mass  a t  Creag  Dhubh 

i n  t h e  s o u t h  and i s  composed o f  q u a r t z - p o r p h y r y  and d o l e r i t e .

The l a t t e r  r o c k  which  o c c u r s  i n  t h e  c l i f f s  a lo n g  t h e  w e s t e r n  

m a r g i n  can  be t r a c e d  n o r t h w a r d s  where i t  c h an g es  i n  d i r e c t i o n  

and e n v e l o p e s  t h e  porphyry^  To t h e  e a s t  o f  t h e  T o r r ,  a l o n g  

t h e  w e s t e r n  s i d e  o f  t h e  s t e e p  U -sh ap e d  g l a c i a t e d  v a l l e y ,  t h e  

r o c k  i f  p r e s e n t  i s  o b s c u re d  by p e a t ,  b u t  t h e  o c c u r r e n c e  o f  

numerous  x e n o l i t h s  o f  b a s i c  r o c k  i n  t h e  s o u t h - e a s t e r n  end  o f  t h e

v a l l e y /
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v a l l e y  p r o v i d e s  t h e  o n ly  d i r e c t  e v i d e n c e .  The o p p o s in g  h i l l  

t o  t h e  e a s t  i s  fo rmed o f  an  e n t i r e l y  d i f f e r e n t  r o c k ,  a c o a r s e ­

g r a i n e d  q u a r t z - d o l e r i t e  which  i s  a c o n t i n u a t i o n  o f  t h e  

L e v e n c o r r o c h  s i l l ,  and  hence  i s  n o t  p a r t  o f  t h e  c o m p o s i t e  mass

a s  shown i n  t h e  one i n c h  map o f  A r r a n  U 9 1 0  and 1 9 4 7 ) .

Though i t  i s  v e r y  t e m p t i n g  t o  r e l a t e  t h e  s o u t h e r n  

mass a t  C reag  Dhubh t o  t h e  n o r t h e r n  mass a t  T o r r  a* B h e a n n a in  

i n  v ie w  o f  t h e i r  s i m i l a r i t y  i n  r o c k - t y p e s ,  d i r e c t i o n  and d y k e - l i k e  

f o rm s ,  i t  was n o t  p o s s i b l e  t o  t r a c e  any  d i r e c t  c o n n e c t i o n  

b e tw e e n  t h e  m a s s e s .  As a l r e a d y  d e s c r i b e d ,  b e tw een  t h e  two 

t h e r e  i s  a  s m a l l  o u t c r o p  o f  b a s a l t  (QD) c l e a r l y  ex p o s e d  a l o n g  

a s m a l l  s t r e a m ,  which  i s  a c t u a l l y  a  h o r i z o n t a l  s h e e t  and i s  

s i m i l a r  t o  t h e  d o l e r i t e  o f  t h e  main  i n t r u s i o n s .

COMPONENTS OF THE BENNAN I NTRUSION.

The Bennan i n t r u s i o n  h a s  b ee n  h i t h e r t o  d e s c r i b e d  as  

a  t r i p l e  c o m p o s i t e  s i l l ,  b u t  t h e  f o l l o w i n g  s t u d y  shows c l e a r l y  

t h a t  i t  i s  a c t u a l l y  o f  even  more complex  c h a r a c t e r .

The e x p o s u r e s  a l o n g  t h e  S t r u e y  b u r n  p r o v i d e  t h e  m os t

c o m p le t e  s e c t i o n  th r o u g h  t h e  s i l l  ( F i g . 6 ) .  At t h e  C a i r n  t h e

u p p e r  d o l e r i t e  ( a b o u t  20 y a r d s  w ide)  p a s s e s  r a p i d l y  t o  t h e  s o u t h  

i n t o  q u a r t z —p o r p h y r y  w i th  x e n o l i t h s  o f  d o l e r i t e .  About 10 

y a r d s  s o u t h  o f  t h i s  t h e r e  o c c u r  e x p o s u r e s  o f  a m e d iu m -g r a in e d  

r o c k ,  v e r y  d i f f e r e n t  f rom b o t h  t h e  p o r p h y r y  and t h e  d o l e r i t e .

I t /
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I t  i s  a  p e c u l i a r  h y b r i d  r o c k  j u d g i n g  f rom  i t s  c o l o u r ,  

n o n - p o r p h y r i t i c  n a t u r e  and  t h e  b l a d e - l i k e  n a t u r e  o f  p y ro x e n e  

and  f e l s p a r .  The n e x t  15 t o  20 y a r d s  c o n s i s t  o f  b a s i f i e d  

p o r p h y r y ;  t h e  h y b r i d  r o c k  r e a p p e a r s  f o r  a few f e e t  g i v i n g  

p l a c e  t o  d a r k  b a s i f i e d  p o rp h y ry  and f i n a l l y  t o  a creamy w h i t e  

p o r p h y r y  which  e x t e n d s  f o r  a b o u t  50 y a r d s .

E x t e n d i n g  f o r  n e a r l y  50 y a r d s  beyond t h i s  p o i n t ,  

t h e r e  o c c u r s  a v e r y  i n t e r e s t i n g  zone composed o f  numerous 

l a r g e  r o u n d e d  or  o v a l  b a s i c  x e n o l i t h s  e n v e l o p e d  i n  p o r p h y r y .

T h i s  x e n o l i t h i c  zone which has  n o t  b e e n  d e s c r i b e d  h i t h e r t o ,  

c a n  be t r a c e d  l a t e r a l l y  t o  t h e  e a s t  o f  t h e  b u r n  i n  a  few 

i s o l a t e d  e x p o s u r e s  f o r  a b o u t  140 y a r d s ,  b u t  i t  was i m p o s s i b l e  

t o  f i n d  any e x p o s u r e s  f a r t h e r  w e s t ,  which  i s  a l l  a g r i c u l t u r a l  

l a n d .

S o u th  o f  t h i s  x e n o l i t h i c  zo n e ,  p o r p h y r y  f r e e  f rom 

x e n o l i t h s  o c c u r s  f o r  a b o u t  140 y a r d s  u n t i l  t h e  f i r s t  s m a l l  

w a t e r f a l l  i s  r e a c h e d  ( F i g . 6)  where  a g a i n  t h e  r o c k  becomes h i g h l y  

x e n o l i t h i c .  T h i s  zone e x t e n d s  a  l i t t l e  beyond  t h e  s e c o n d  l a r g e r  

w a t e r f a l l  i n  t h e  S t r u e y  g o rg e  and p a s s e s  r a p i d l y  i n t o  a c o a r s e  

d o l e r i t e .  Very  n e a r  t h e  t h i r d  w a t e r f a l l ,  t h e  p e c u l i a r  h y b r i d  

r o c k  s i m i l a r  t o  t h a t  n e a r  t h e  C a i r n ,  i s  a g a i n  s e e n .  T h i s  i s  

s u c c e e d e d  by f i n e - g r a i n e d  x e n o p o r p h y r i t i c  r o c k  which i s  b a s a l t - l i k e

i n  a p p e a r a n c e .

A b o u t /
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About e i g h t  f e e t  f rom  t h e  g ro u n d  t o  t h e  e a s t  o f  t h e  

B l a c k  c a v e ,  an  i n t e r e s t i n g  c o n t a c t  c a n  be t r a c e d  f o r  a s h o r t  

d i s t a n c e  b e tw e e n  two s h e e t s  o f  s i m i l a r  x e n o p o r p h y r i t i c  b a s a l t s  

o f  w h ich  t h e  u p p e r  i s  c h i l l e d  a g a i n s t  t h e  l o w e r ,  w h i l e  t h e  

l a t t e r  i s  u n c h i l l e d .  T h i s  o c c u r r e n c e  o f  two s h e e t s  o f  th e  

b a s a l t s  s u g g e s t s  t h e  p o s s i b i l i t y  t h a t  t h e  b a s i c  member a s  a 

whole may n o t  be a  s i m p l e  body .

As a l r e a d y  s t a t e d ,  t h e  u pper  d o l e r i t e  can  be t r a c e d  

f rom  t h e  o l d  q u a r r y  beyond  t h e  Sm ithy  where i t  i s  p r o b a b l y  

g e n t l y  i n c l i n e d  t o  t h e  s m a l l  q u a r r y  n o r t h  o f  Creag  Dhubh q u a r r y ,  

w here  i t  i s  v e r t i c a l .  The lo w er  d o l e r i t e  i s  e x p o sed  a t  v a r i o u s  

p l a c e s  i n  b o t h  t h e s e  q u a r r i e s  and can  be t r a c e d  a l o n g  t h e  s h o r e  

u n t i l  i t  p a s s e s  a g a i n  i n t o  t h e  c l i f f s  w e s t  o f  S t r u e y  b u r n .  The 

d o l e r i t e s  show t h e  maximum w i d t h  a l o n g  t h e  S t r u e y  b u r n  s e c t i o n .  

The c o n t a c t  betwwen t h e  d o l e r i t e s  and t h e  i n n e r  p o r p h y r y  i s  

nowhere  s h a r p ,  t h e r e  b e i n g  a c o n t i n u o u s  and r a p i d  p a s s a g e  f rom 

t h e  b a s i c  t o  t h e  a c i d  r o c k .  A s s o c i a t e d  w i t h  t h i s  t r a n s i t i o n ,  

x e n o l i t h s  o f  b a s i c  r o c k  a r e  s e e n  i n  t h e  a c i d  r o c k .

PETROLOGY.

B a s i c  r o c k :  Quar.t£-d_c>Lsrite and i t s  v a r i a n t a .

The b a s i c  member o f  t h e  Bennan i n t r u s i o n  i s  a l m o s t  

a lw ay s  a m e d i u m - g r a i n e d  d o l e r i t e  ( s p e c i f i c  g r a v i t y :  2 . 7 6 2 ) ;  

t h e  c h i l l e d  o u t e r  m a r g in  i s  v e r y  f i n e - g r a i n e d  ( s p e c i f i c  g r a v i t y :  

2 . 6 6 7 )  and t h e r e  i s  a  c o a r s e - g r a i n e d  r o c k  i n  t h e  S t r u e y  g o r g e .

T h e /
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The a v e r a g e  d o l e r i t e  i n  h a n d s p e c im e n  i s  d a r k  g r e y  and 

i s  composed o f  s h i n i n g  l a t h s  o f  f e l s p a r  and d a r k  m a f i c  m i n e r a l s .

I t  i s  x e n o p o r p h y r i t i c  w i t h  i r r e g u l a r  g r a i n s  o f  smoky q u a r t z  and 

d a r k  g r e y  f e l s p a r  which  o f t e n  r e v e a l  t h e  e f f e c t s  o f  c o r r o s i o n .

The x e n o c r y s t s  o c c u r  b o t h  i n  t h e  c h i l l e d  m a rg in  and t h r o u g h o u t  

t h e  body o f  t h e  r o c k .

The t e x t u r e  v a r i e s  b u t  i s  m ost  o f t e n  s u b o p h i t i c .  The 

r o c k  i s  composed o f  a u g i t e  and  p l a g i o c l a s e  as  e s s e n t i a l  m i n e r a l s ,  

w i t h  i r o n - o r e  and  q u a r t z  as  i m p o r t a n t  a c c e s s o r i e s ;  m i c r o p e g m a t i t e  

i s  a lw a y s  a l s o  a s s o c i a t e d .  Hypers thene> o c c u r s  o n ly  i n  a few r o c k s  

and i s  a lw ay s  i n  s u b o r d i n a t e  q u a n t i t i e s .  H a r r i s o n  d e s c r i b e s  

t h i s  r o c k  a s  * g r a n o d o l e r i t e ,* a t e r m  u sed  by Shand.  I n  t h e  

A r r a n  Memoir,  T y r r e l l  d e s c r i b e s  t h e  r o c k  as  a h y p e r s t h e n e - d o l e r i t e  

(1 9 2 8 ,  p . 2 0 3 ) .  The r o c k  i n  g e n e r a l  a p p e a r s  t o  r e s e m b le  t h e  

q u a r t z - d o l e r i t e  o f  T a l a i d h  ty p e  d e s c r i b e d  f rom M u l l  (Memoir ,  1924 ,  

p . 372)  b u t  w i t h  c e r t a i n  d i f f e r e n c e s .  S i n c e  h y p e r s t h e n e  does  n o t  

a p p e a r  t o  be u b i q u i t o u s ,  a p o i n t  n o t i c e d  by H a r r i s o n  a l s o ,  i t  i s  

c o n s i d e r e d  t h a t  t h e  r o c k  s h o u l d  be d e s c r i b e d  as  q u a r t z - d o l e r i t e , 

w i t h  or  w i t h o u t  h y p e r s t h e n e .

A u g i t e : ( 2 3 . 8  p e r  c e n t ;  volume p e r c e n t a g e s  q u o te d  be low f o r  v a r i o u s  

m i n e r a l s  were  m ea s u re d  on s l i d e  N o .24457 ,  t h e  a n a l y s e d  s p e c i m e n ) .  

The m i n e r a l  i s  m o s t l y  c o l o u r l e s s  or  v e r y  p a l e  y e l l o w ,  s o m e t im e s  

p a l e  brown;  i t  i s  s u b h e d r a l ,  o p h i t i c  o r  s u b o p h i t i c  t o w a r d s  

p l a g i o c l a s e /
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p l a g i o c l a s e  l a t h s ;  t h e  g r a i n s  a r e  o f t e n  m u l t i p l e - t w i n n e d  b u t  do 

n o t  show any  d i a l l a g e  s t r i a t i o n .  The m i n e r a l  i s  i n v a r i a b l y  

a s s o c i a t e d  w i t h  i r o n - o r e .  I t  o f t e n  o c c u r s  i n  two g e n e r a t i o n s ,  

t h e  f i r s t  a s  s p o r a d i c  l a r g e  p h e n o c r y s t s ,  t h e  sec o n d  a s  s m a l l  

p r i s m s  w h ich  fo rm  t h e  m a j o r i t y  o f  t h e  g r a i n s .  The p r i s m s  have 

a  t e n d e n c y  t o  g r o u p  t h e m s e l v e s  i n t o  g l o m e r q p o r p h y r i t i c  a g g r e g a t e s .  

The m i n e r a l  shows h i g h  r e l i e f  and b i r e f r i n g e n c e ,  i s  b i a x i a l  and 

o p t i c a l l y  p o s i t i v e .  O p t i c  a x i a l  a n g l e  m e asu red  on t h e  F ed e ro v  

s t a g e  i s  4 8 °  t o  5 1 °  a b o u t  Z, showing  t h a t  t h e  py ro x en e  i s  d i o p s i d i c  

i n  c o m p o s i t i o n .

A u g i t e  a p p e a r s  t o  be more r e s i s t a n t  t o  a l t e r a t i o n  th a i i  

h y p e r s t h e n e  b u t  ch an g e s  t o  c h l o r i t e  and c a r b o n a t e  and som et im es  t o  

s e c o n d a r y  i r o n - o r e .

Hypersthene : ( 5 . 5  p e r  c e n t ) .  Where p r e s e n t ,  i t  i s  g e n e r a l l y  

p r i s m a t i c  and  so m e t im es  e u t i e d r a l ;  i t  i s  commonly i r r e g u l a r  i n  

o u t l i n e  due t o  a l t e r a t i o n  a l o n g  t h e  m a r g in s  and c r a c k s  t o  g r e e n  

s e r p e n t i n e .  The m i n e r a l  i s  s l i g h t l y  c o l o u r e d  and i s  p l e o c h r o i c

a s  f o l l o w s : -  p a l e  r e d d i s h  brown = Z, v e r y  p a l e  r e d d i s h  brown = I ,

and  v e r y  p a l e  g r e e n  * X; Z>X>X* I t  g e n e r a l l y  shows s t r a i g h t

e x t i n c t i o n ,  t h e  r e l i e f  i s  h i g h e r  t h a n  t h a t  o f  a u g i t e  w h i l e

b i r e f r i n g e n c e  i s  low. O p t i c  a x i a l  a n g l e  m ea su red  on t h e  F e d e ro v  

s t a g e  i s  67°  t o  7 1 °  a ro u n d  X, c o r r e s p o n d i n g  t o  32-34  p e r  c e n t .  

FeSiOs and 6 6 - 6 8  p e r  c e n t .  l l g S i 0 3 ( W i n c h e l l ,  1946,  P a r t  I I ,  p . 2 1 8 ) .

The/
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The h y p e r s t h e n e ,  w h ich  o c c u r s  o n l y  i n  t h e  d o l e r i t e ,  

a p p e a r s  t o  hav e  b e e n  formed by d i r e c t  c r y s t a l l i z a t i o n  from t h e  

b a s i c  magma, s i n c e  i t  i s  nowhere  i n  t h i s  a r e a  found  i n  t h e  r o c k s  

p r o d u c e d  by c o n t a c t  h y b r i d i z a t i o n .

F e l s p a r : (36  p e r  c e n t ) .  The m i n e r a l  o c c u r s  b o th  a s  o c c a s i o n a l

l a r g e  c r y s t a l s  and  a s  l o n g  r e c t a n g u l a r  p r i s m s  or  l a t h s ,  m o s t l y  

m u l t i p l e - t w i n n e d  a c c o r d i n g  t o  a l b i t e  and som et im es  p e r i c l i n e  /  

l a w s .  Though t h e  f e l s p a r  i s  g e n e r a l l y  f r e s h ,  some a l t e r a t i o n  

i s  n o t i c e d  i n  t h e  o u t e r  zones  o f  t h e  f e l s p a r  i n  t h e  n e ig h b o u r h o o d  

o f  t h e  m e s o s t a s i s .  The p r i s m s  o f t e n  p e n e t r a t e  a u g i t e  i n  o p h i t i c  

and s u b o p h i t i c  r e l a t i o n .  From i t s  e x t i n c t i o n  a n g l e  o f  27°  t o

30°  and r e l i e f  t h e  f e l s p a r  i s  b a s i c  a n d e s i n e  i n  c o m p o s i t i o n .  Most

c r y s t a l s  show u n d u l o s e  e x t i n c t i o n  which  i s  e v i d e n t l y  n o t  due t o  

e x t e r n a l  p r e s s u r e  on t h e  r o c k s ,  s i n c e  o n ly  t h e  f e l s p a r s  and n o t  

t h e  m a f i c  m i n e r a l s  e x h i b i t  t h i s  f e a t u r e .  I n  v iew  o f  t h i s  u n d u lo s e  

e x t i n c t i o n  and s m a l l  g r a i n - s i z e ,  t h e  o p t i c  a x i a l  a n g l e  c o u ld  n o t  

be d e t e r m i n e d  on t h e  F e d e r o v  s t a g e .  I n  t h e  c h i l l e d  m a r g in ,  t h e  

f e l s p a r s  o c c u r  a s  s k e l e t a l  c r y s t a l s  ( s w a l l o w - t a i l  e t c ) .

Q u a y tz  v a r i e s  i n  amount;  2 . 3  p e r  c e n t ,  i n  No. 24457 and 6 . 2  p e r

c e n t ,  i n  B . 3 1 .  I t  o c c u r s  i n  a l m o s t  a l l  t h e  r o c k s  as  i r r e g u l a r  

g r a i n s ,  many o f  w h ich  show u n d u lo s e  e x t i n c t i o n .  I t  i s  a s s o c i a t e d  

w i t h  c r y p t o g r a p h i c  i n t e r g r o w t h s  l a r g e l y  composed o f  t u r b i d  

a l k a l i - f e l s p a r . Som et im es  a few f l a k e s  o f  b i o t i t e  and f i b r o u s  

c h l o r i t e  a r e  fo u n d  i n  t h e  g ro u n d m ass .

A3ia.li.t-e.
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A n a t . i t a  v a r i e s  i n  amount and  i n  t h e  s i z e  o f  t h e  n e e d l e s ,  h u t  i s  

u s u a l l y  s m a l l  i n  q u a n t i t y ,  o c c u r r i n g  o n ly  i n  t h e  q u a r t z ,  f e l s p a r  

and  m i c r o p e g m a t i t e ,  h u t  n e v e r  i n  t h e  a u g i t e ,  i n d i c a t i n g  i t s  l a t e r  

c r y s t a l l i z a t i o n .

I r o n - o r e i s  an  i m p o r t a n t  a c c e s s o r y .  I t  v a r i e s  i n  amount ( 4 . 7  

p e r  c e n t ,  i n  No. 24457 and 7 .1  p e r  c e n t ,  i n  B . 3 2 ) ,  o c c u r r i n g  

m o s t l y  a s  i r r e g u l a r  r o d s .  I n  many s e c t i o n s  m a in ly  f rom  n e a r  

t h e  S t r u e y  w a t e r f a l l s  ( N o . I l l ) ,  i r o n - o r e  c o m p l e t e l y  or  p a r t i a l l y  

e n c lo se ©  p r i s m s  o f  p l a g i o c l a s e ,  g i v i n g  t h e  i m p r e s s i o n  o f  o p h i t i c  

o r  s u b o p h i t i c  t e x t u r e .  K r o s t r o m  d e s c r i b e s  s i m i l a r  s t r u c t u r e s  

f rom  a d o l e r i t e  and  b e l i e v e s  them t o  be due t o  t h e  c r y s t a l l i z a t i o n  

o f  i r o n - o x i d e  a t  a r a t h e r  l a t e  s t a g e  (1937 ,  p . 134) .
i

Q u a r t z  x e n o c r y s t s  a r e  a lw ay s  s u r r o u n d e d  by b r o a d  r im s  o f  p r i s m a t i c  

o r  g r a n u l a r  a u g i t e  ( P l a t e  IX, F i g . 2 ) .  Q u i t e  o f t e n  t h e  x e n o c r y s t s  

a r e  c o m p l e t e l y  r e s o r b e d  g i v i n g  r i s e  t o  n o d u l e s  o f  a u g i t e  i n  t h e i r  

p l a c e .  H y p e r s t h e n e  n e v e r  fo rm s  p a r t  o f  t h e  r im .  S i m i l a r  r im s  

and  n o d u l e s  o f  a u g i t e  a r e  a l s o  fo und  i n  t h e  c h i l l e d  m a r g in ,  

s u g g e s t i n g  t h a t  i n t e r a c t i o n  b e tw e e n  t h e  q u a r t z  and t h e  magma had 

a l r e a d y  t a k e n  p l a c e  b e f o r e  t h e  i n t r u s i o n .

I n  t h e  b a s a l t  w h ich  o c c u r s  a s  a s h e e t  b e tw een  Creag  

Dhubh and T o r r  a* B h e a n n a in ,  q u a r t z  i s  c o m p l e t e l y  a b s e n t ,  i t s  

p l a c e  b e i n g  t a k e n  by s p h e r u l i t e s  o f  p l e o c h r o i c  f i b r o u s  c h l o r i t e  

a n d /
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and c a r b o n a t e ,  w h ich  a r e  e n c i r c l e d  by t h e  u s u a l  a u g i t e  r im s .

F e l s p a r  x e n o c r y s t s  show a b u n d a n t  s i g n s  o f  c o r r o s i o n .  They a r e  

e i t h e r  m u l t i p l e - t w i n n e d  mid o l i g o c l a s e  or  u n tw in n e d  o r t h o c l a s e .

Most  o f  them  show c r a c k s  due t o  e x p a n s i o n  a s  d e s c r i b e d  by H a rk e r  

(1 9 0 4 ,  p . 220 ) ;  a l o n g  t h e  c l e a v a g e  c r a c k s  a r e  s e e n  s k e l e t a l  

i r o n - o r e  and  a u g i t e  ( P l a t e  IX, F i g . 3 ) .  Many show a t h i n  r im  

o f  f e l s p a r  s i m i l a r  t o  t h a t  o f  t h e  f e l s p a r  o f  t h e  r o c k ,  and c l e a r l y  

a l a t e r  a d d i t i o n .

Some s e c t i o n s  o f  d o l e r i t e  su c h  a s  B .44  show v e i n s  o f  

a c i d  m a t e r i a l  c o n s i s t i n g  o f  i r r e g u l a r  g r a i n s  o f  q u a r t z ,  r e c t a n g u l a r  

g r a i n s  o f  u n tw in n e d  a l k a l i - f e l s p a r ,  n e e d l e s  o f  a p a t i t e  and 

s k e l e t a l  i r o n - o r e ,  s e t  i n  a m i c r o p e g m a t i t i c  g ro u n d m a ss .  The 

c o m p o s i t i o n  s u g g e s t s  t h a t  t h e  v e i n s  have  b ee n  formed f rom  a c i d i c  

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

A number  o f  a c i d  s e g r e g a t i o n  v e i n s  a b o u t  an  i n c h  wide  were 

n o t i c e d  c u t t i n g  t h e  low er  d o l e r i t e .  S i m i l a r  v e i n s  a r e  r e c o r d e d  

by H a r r i s o n  a l s o  (1 9 2 5 ,  p . 1 7 8 ) .

V a r i a n t  o f  t h e  b a s i c  _r

The d o l e r i t e  i s  a l m o s t  o f  u n i f o r m  m e d iu m -g r a in  e v e ry w h e re  

e x c e p t  i n  t h e  S t r u e y  g o r g e  where  i t  becomes c o a r s e  and g a b b r o i d  

( s p e c i f i c  g r a v i t y :  2 . 7 6 7 ) .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h i s  

c o a r s e  d o l e r i t e  ( P l a t e  IX, F i g . 4)  shows n e i t h e r  q u a r t z  n o r  f e l s p a r  

x e n o ^ c r y s t s /
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x e n o c r y s t s  n o r  any  e v i d e n c e  r e g a r d i n g  t h e i r  f o rm e r  p r e s e n c e  such  

a s  a u g i t e  n o d u l e s ,  e t c .  The r o c k  does  n o t  c o n t a i n  any h y p e r s t h e n e .  

The f e l s p a r  virhich i s  a c i d  l a b r a d o r i t e  i s  more b a s i c  t h a n  t h a t  i n  

t h e  q u a r t z - d o l e r i t e  o f  t h i s  a r e a .  The r o c k  c o n t a i n s  b o t h  q u a r t z  

and m i c r o p e g m a t i t e  i n  t h e  m e s o s t a s i s .  I n  t h e  f o l l o w i n g  t a b l e ,  

volume p e r c e n t a g e s  o f  t h e  m i n e r a l s  o f  t h i s  c o a r s e  d o l e r i t e  a r e  

compared w i t h  t h o s e  o f  t h e  a v e r a g e  d o l e r i t e  which  shows t h a t  t h e  

fo rm e r  i s  l e s s  m a f i c  and has  more a c i d  m e s o s t a s i s  t h a n  t h e  l a t t e r .

TABLE I I I .

Bock. A p a t i t e .  P y r o x e n e . I r o n -
o r e .

Meso­
s t a s i s *

F e l s p a r

C o a r s e  d o l e r i t e  
B. 126

0 . 4  2 0 .3 4 . 5 3 5 .1 3 9 .7

H y p e r s t h e n e - d o l e r i t e 2 9 .3 4 . 7 3 0 . 4 3 5 .7

Q u a r t z - f e l s n a r - n o r p h v r ^ .

The a c i d  r o c k  i s  l i g h t  g r e y ,  m e g a p o r p h y r i t i c ,  w i t h  

p h e n o c r y s t s  o f  f e l s p a r  and ro u n d e d  q u a r t z .  The r o c k  r e s e m b l e s  

t h e  u n c o n t a m i n a t e d  p o r p h y r y  on t o p  o f  t h e  Doon. ( c f .  p . 27 ) .  I t s  

s p e c i f i c  g r a v i t y  i s  2 . 5 3 .  M i c r o s c o p i c a l l y  a l s o  i t  r e s e m b l e s  

t h e  Doon r o c k ,  t h e  i m p o r t a n t  d i f f e r e n c e  b e i n g  i n  t h e  n a t u r e  o f  

t h e /
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t h e  g ro u n d m a s s .

Q u a r t z : ( 6 . 2  p e r  c e n t ;  t h e  v a l u e s  g i v e n  i n  t h e  f o l l o w i n g  r e f e r  

t o  t h e  volume p e r c e n t a g e s  m e asu red  on No. 24460,  t h e  a n a l y s e d  

s p e c i m e n ) .  The m i n e r a l  i s  u s u a l l y  c o r r o d e d  i n  o u t l i n e ;  v e r y  few 

g r a i n s  a r e  e u h e d r a l .  I n c l u s i o n s  o f  q u a r t z ,  g r a n o p h y r e ,  l a t h s  

o f  f e l s p a r ,  c h l o r i t e  and a l s o  som et im es  z i r c o n  a r e  common. Many 

o f  t h e  g r a i n s  show o p t i c a l  c o n t i n u i t y  w i t h  t h e  m i c r o p e g m a t i t e  o f  

t h e  g r o u n d m a ss .

F e l s p a r  i s  c o m p a r a t i v e l y  a b u n d a n t  (18  p e r  c e n t . )  and i n c l u d e s  b o th  

o r t h o c l a s e  ( 1 4 . 3  p e r  c e n t )  and p l a g i o c l a s e  ( 3 . 7  p e r  c e n t ) .  I t  

g e n e r a l l y  o c c u r s  a s  c o m p o s i t e  g r a i n s  and shows v a r i a t i o n  i n  s i z e .  

The o r t h o c l a s e  i s  s i m i l a r  t o  t h a t  i n  t h e  Drumadoon p o r p h y r y  and 

i s  o f t e n  k a o l i n i s e d .  The p l a g i o c l a s e  i s  mid o l i g o c l a s e  o f t e n  

show ing  t w i n s  l i k e  t h e  p e c u l i a r  c h e s s - b o a r d  t w i n n i n g  c h a r a c t e r i s t i c  

o f  a l b i t e  (B .1 6 7  and B . 1 2 3 ) .

An i n t e r e s t i n g  r e l a t i o n s h i p  i s  o b s e r v e d  i n  t h e  Bennan 

p o r p h y r y  b e tw e e n  t h e  f e l s p a r  p h e n o c r y s t s  ( b o t h  o r t h o c l a s e  and 

p l a g i o c l a s e )  and  t h e  m i c r o p e g m a t i t e  o f  t h e  g ro u n d m a ss .  T h i s  

f e a t u r e  i s  b e s t  d i s p l a y e d  i n  t h e  p o r p h y ry  a s s o c i a t e d  w i t h  t h e  

m id d le  x e n o l i t h i c  zo n e .  The o u t e r m o s t  p a r t  o f  many o f  t h e  

p h e n o c r y s t s  a r e  pseudom orphed  by m i c r o p e g m a t i t e ,  t h e  o r i g i n a l  

o u t l i n e  b e i n g  s t i l l  r e c o g n i s a b l e .  Sometimes  t h e  c r y s t a l s  a r e  

d e e p l y  embayed by t h e  m i c r o p e g m a t i t e  which  i s  o f t e n  i n  o p t i c a l  

c o n t i n u i t y /
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c o n t i n u i t y  w i t h  t h e  g ro u n d m a ss ;  t h e  m u l t i p l e - t w i n n i n g  o f  t h e  

p l a g i o c l a s e  becomes o b l i t e r a t e d ,  b u t  r e m n a n t s  o f  t h e  f e l s p a r  

show o p t i c a l  c o n t i n u i t y  e s t a b l i s h i n g  t h a t  t h e y  a r e  r e l i c s  o f  

t h e  same o r i g i n a l  c r y s t a l .  Hence t h e  a u t h o r  i s  l e d  t o  b e l i e v e  

t h a t  t h e  f e l s p a r  p h e n o c r y s t s  have b ee n  pseudomorphed t o  v a r y i n g  

e x t e n t s  by t h e  m i c r o p e g m a t i t e  o f  t h e  g roundm ass  ( P l a t e  X, F i g s .

2 & 3 ) .  A s s o c i a t e d  w i t h  t h e  m i c r o p e g m a t i t e  o f  t h e  pseudomorphs  

ca n  be s e e n  many i r r e g u l a r  g r a i n s  o f  q u a r t z ,  a l t e r e d  a u g i t e ,  

z i r c o n  and i r o n - o r e .

P y ro x e n e  ( ? ) :  As a t  Drumadoon t h e  p o r p h y ry  a t  Bennan a l s o  c o n t a i n s

i n v a r i a b l y  pseudom orphs  o f  ( l )  c a r b o n a t e  and c h l o r i t e ,  ( 2 ) i r o n - r i c h  

s e r p e n t i n e  o r  u r a l i t e  w i t h  s e c o n d a r y  i r o n - o r e ,  and (3 )  s e c o n d a r y  

q u a r t z  and f l a k e s  o f  b i o t i t e .  S e c t i o n  B.119 shows p l e o c h r o i c  

h o r n b l e n d e  a s  p a r t  o f  a pseudomorph.  The a s s o c i a t i o n  o f  p r im a r y  

i r o n - o r e ,  z i r c o n  and  a p a t i t e  w i t h  t h e s e  pseudomorphs  i s  v e r y  

c h a r a c t e r i s t i c .  The pseudomorphs  p re s u m a b ly  r e p r e s e n t  o r i g i n a l  

p y r o x e n e .

I r o n - o r e  o c c u r s  a s  o c c a s i o n a l  l a r g e  i r r e g u l a r  g r a i n s  i n v a r i a b l y  

a s s o c i a t e d  w i t h  e u h e d r a l  z i r c o n .  Z i r c o n  may a l s o  o c c u r  

i n d e p e n d e n t l y .  S e c t i o n s  B .1 0 8 ,  B. 138 ,and BJC.show o v a l  g r a i n s  o f  

s t r o n g l y  p l e o c h r o i c ,  deep  r e d  a l l a n i t e .

As was a l r e a d y  s t a t e d ,  t h e  g roundm ass  o f  t h e  r o c k s  show 

v a r i a t i o n s ;  ( l )  h a v i n g  a g r a n o p h y r i c  t e x t u r e  and composed o f  

i r r e g u l a r /
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i r r e g u l a r  i n t e r g r o w t h s  b e tw ee n  a l k a l i - f e l s p a r  and i r r e g u l a r  b l e b s  

o f  q u a r t z ;  a b u n d a n t  v a r i a t i o n s  i n  i n t e r g r o w t h  o c c u r  ev en  i n  t h e  

same s l i d e ,  some p a r t s  b e i n g  m i c r o g r a p h i c ,  ( 2 ) h a v in g  c r y p t o g r a p h i c  

t e x t u r e  and  composed m o s t l y  o f  t u r b i d  a l k a l i - f e l s p a r  and p a r t l y  

s e m i - s p h e r u l i t e s ,  a s s o c i a t e d  w i t h  i r r e g u l a r  q u a r t z  g r a i n s .  T h is  

t e x t u r e  i s  much t h e  l e s s  common o f  t h e  two.

F e l s p a r  o f  t h e  g r o u n d m a s a : R e c t a n g u l a r  p r i s m s  o f  a l k a l i - f e l s p a r

w i t h  s t r a i g h t  e x t i n c t i o n  and o f t e n  show ing  m u l t i p l e  t w i n n i n g  o c c u r  

so m e t im es  a s  i n  a few r o c k s  a l o n g  t h e  S t r u e y  b u rn .

D ru s y  c a v i t i e s  a r e  g e n e r a l l y  r a r e  b u t  a r e  common i n  t h e  p o r p h y ry  

e n c l o s i n g  t h e  x e n o l i t h s  i n  t h e  m id d le  zone .  They a r e  composed o f  

c a r b o n a t e ,  q u a r t z  o r  c h l o r i t e .

The p o r p h y r y  a t  d i f f e r e n t  p l a c e s  d o e s  n o t  v a r y  v e r y  much 

p e t r o g r a p h i c a l l y .  Even  t h e  m e g a s c o p i c a l l y  d a r k - c o l o u r e d  r o c k  i s  

fo u n d  t o  be t h e  same p o r p h y r y  u nder  t h e  m i c r o s c o p e .

C o n t a c t  HybridizA-LLon.

As a l r e a d y  d e s c r i b e d  i n  t h e  f i e l d  s t u d y ,  t h e r e  i s  

a b u n d a n t  m i x i n g  o f  t h e  p o r p h y r y  w i t h  t h e  d o l e r i t e  i n  t h e  Bennan 

i n t r u s i o n s ,  t h e  c o n t a c t  b e i n g  a c o n t i n u o u s  zone o f  t r a n s i t i o n ,  

g e n e r a l l y  a b o u t  a  f o o t  o r  so  b r o a d .  The f o l l o w i n g  o b s e r v a t i o n s  

sum up t h e  r e s u l t  o f  a s t u d y  o f  many t h i n  s e c t i o n s  f rom v a r i o u s  

p l a c e s  i n  t h e  a r e a .  As a c i d i f i c a t i o n  o f  t h e  b a s i c  r o c k  p r o g r e s s e s ,  

t h e  f o l l o w i n g  c h a n g e s  a r e  n o t i c e d :

T e x t u r a l  c h a n g e s : The s u b o p h i t i c  or  o p h i t i c  t e x t u r e  o f  t h e

d o l e r i t e  i s  l o s t  and t h e  r o c k  becomes g r a n u l a r .

M i n e r a l o g i c a l /
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Miasr alQglcal...c&ftngftB:
(1)  Aug i t e . ( a )  A g r a d u a l  d e c r e a s e  i n  amount,

( b )  an  i n c r e a s e d  t e n d e n c y  f o r  a l t e r a t i o n ,  and

( c )  a p p e a r a n c e  o f  g r a n u l e s  i n  p l a c e  o f  p r i s m s .

(2 )  H y p e r s t h e n e : No d i s t i n c t  v a r i a t i o n  was r e c o g n i s a b l e .

(3 )  F e l s p a r  o f  t h e  g r o u n d m a s s : v e r y  n e a r  t h e  a c i d  r o c k  t h e  b a s i c

a n d e s i n e  d i s a p p e a r s ,  i t s  p l a c e  b e i n g  t a k e n  by r e c t a n g u l a r  p r i s m s  

o f  o l i g o c l a s e .

(4 )  I r o n - o r e  shows a  r e m a r k a b l e  change  f rom t h e  r o d - l i k e  or  

i r r e g u l a r  o u t l i n e s  t o  r o u n d e d  g r a n u l e s  w hich  a t  t h e  same t im e  become 

l a r g e r  i n  s i z e  and f e w e r  i n  number .

(5 )  P_yroxene p s e u d o m o r p h s : The o c c u r r e n c e  o f  t h e s e  pseudom orphs

w h ic h  a r e  t y p i c a l  o f  t h e  p o r p h y r y  i s  a  s u r e  i n d i c a t i o n  o f  

a c i d i f i c a t i o n .

( 6 ) The g roundm ass  m i c r o p e g m a t i t e  shows a g r a d u a l  i n c r e a s e  i n  

amount ( T a b l e  I V ) .

(7 )  I n t e r s t i t i a l  q u a r t z  becomes more a b u n d a n t .

( 8 ) A p a t i t e  n e e d l e s  w hich  a r e  h a i r - l i k e  i n  b o t h  t h e  p o r p h y ry  and 

t h e  d o l e r i t e  become l a r g e r  i n  t h e  h y b r i d s .

(9 )  B i o t i t e  f l a k e s  a r e  common i n  t h e  h y b r i d s .

(1 0 )  X e n o c r y s t s ; The c h a n g e s  u ndergone  by t h e  x e n o c r y s t s  and t h e i r  

a u g i t e  r i m s  a r e  i n t e r e s t i n g .  As a r e s u l t  o f  r e s o r p t i o n  as  

a c i d i f i c a t i o n  p r o g r e s s e s  t h e  b r o a d  r im s  o f  a u g i t e  become t h i n n e r  and 

a r e /
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a r e  o f t e n  n a r ro w  and i n c o m p l e t e .  M o re o v e r ,  t h e  r im s  i n  some 

s e c t i o n s  show n o n - f i b r o u s  p y r o g e n e t i c  p l e o c h r o i c  h o r n b l e n d e  and 

b i o t i t e  a l o n g  w i t h  t h e  a u g i t e .  T h i s  i l l u s t r a t e s  Bowen’ s r e m a rk s  

t h a t  "a  g r a n i t i c  magma e f f e c t i v e l y  s u p e r s a t u r a t e d  w i t h  b i o t i t e  

w i l l  r e a c t  and  c o n v e r t  t h e  members o f  b a s i c  x e n o l i t h s  t o  b i o t i t e  

by s t e p s , ’1 (1922)  and h e r e  t h e  v a r i o u s  s t e p s  o f  th e  d i s c o n t i n u o u s  

s e r i e s  a r e  p r e s e r v e d  e v i d e n t l y  due to  a f a i l u r e  o f  r e a c t i o n  g o in g  

t o  c o m p l e t i o n .  V ery  n e a r  t h e  a c i d  r o c k  q u a r t z  p h e n o c r y s t s  o c c u r  

b e s i d e s  t h e  x e n o c r y s t s  w i t h  n a r ro w  r im s  ( P l a t e  X, F i g . 2 ) .  The 

c h a n g e s  a r e  much l e s s  e x p l i c i t  i n  t h e  f e l s p a r  x e n o c r y s t s  b u t  some 

show d e v e lo p m e n t  o f  p e r i p h e r a l  o u t g r o w th s  o f  f e l s p a r  p r i s m s  ( B . 7 2 ) .

The f o l l o w i n g  t a b l e  o f  volume p e r c e n t a g e s  o f  two r o c k s  

t a k e n  a t  c l o s e  i n t e r v a l s  i l l u s t r a t e s  c l e a r l y  many o f  t h e  p o i n t s  

d e s c r i b e d  a b o v e .

TABLE IV.

Rock. A u g i t e . P l a g i o ­
c l a s e  .

Meso­
s t a s i s .

I r o n -
o r e .

F r e e
Q u a r t z .

B .3 1 .
Q u a r t z - d o l e r i t e

2 6 . 8 4 0 .0 1 1 . 0 7 .1 6 .2

B. 32.
A c i d i f i e d  d o l e r i t e

1 9 .0 2 4 . 2 4 3 . 3 4 . 9 7 .3

S p e c i f i c /
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S p e c i f i c  g r a v i t i e s  o f  t h e  r o c k  sp e c im e n s  g i v e  a v e r y  

good i n d i c a t i o n  o f  a c i d i f i c a t i o n  and have  b e e n  used  by s e v e r a l  

a u t h o r s .  The t a b l e  be low shows how t h e r e  i s  a  d e c r e a s e  i n  s p e c i f i c  

g r a v i t y  as  a c i d i f i c a t i o n  p r o g r e s s e s .

TABLE V.

S p ec im en .  D i s t a n c e  i n  f e e t .  S p e c i f i c  g r a v i t y .

B. 66 D o l e r i t e 2* f rom o u t e r c o n t a c t 2 .7 5 1
B. 68 8* tt h it 2 .7 6 7
B. 69 15* II it it 2 .7 4 6
B. 70 20* •1 n it 2 . 7 0 2
B. 71 30* tt it it 2 . 6 8 6
B. 72 36* It it it 2 .6 7 0
B. 73 38* It it it 2 . 6 4 3
B. 76 41* ft it tt 2 . 5 3 4
B. 81 P o r p h y r y 55* It it it 2 . 4 8 8

X e n o l i t h s  o f  basJLc r_ock_Ln_the p o r p h y r y .

As a l r e a d y  s t a t e d ,  w i t h  an  i n c r e a s e  i n  a c i d i f i c a t i o n  t h e  

d o l e r i t e  i s  r e d u c e d  t o  f r a g m e n t a l  x e n o l i t h s ,  most  o f  w hich  a r e  

r o u n d e d ,  o v a l  o r  i r r e g u l a r  i n  o u t l i n e .  The f o l l o w i n g  p o i n t s  may be 

sum m ar ised  f rom  a s t u d y  o f  a l a r g e  number o f  t h i n  s e c t i o n s ,  many 

o f  w h ich  were  c u t  t o  show x e n o l i t h  m a r g i n s .

G r a i n - s i se  o f  x e n o l i t h s : ( a )  I n  t h e  m a j o r i t y  o f  s e c t i o n s  t h e  

x e n o l i t h s  a r e  f i n e - g r a i n e d  and o c c a s i o n a l l y  m e d iu m -g r a in e d  as  i n  

t h e  m id d le  x e n o l i t h i c  zone ;  b u t  t h e y  a r e  r a r e l y  a s  c o a r s e - g r a i n e d  

a s /
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a s  t h e  p r e d o m in a n t  b a s i c  member o f  t h e  s i l l .  However,  i n  t h e  

T o r r  a* B h e a n n a in  i n t r u s i o n  a few l a r g e  x e n o l i t h s  ( B . l 6 8 a )  

show a s i m i l a r i t y  i n  g r a i , n - s i z e  w i t h  t h e  a s s o c i a t e d  d o l e r i t e .

(b )  I n  some s p e c i m e n s ,  e s p e c i a l l y  f rom t h e  m id d le  x e n o l i t h i c  zone ,  

d i f f e r e n t  x e n o l i t h s  i n  t h e  same sp e c im e n  show v a r i a t i o n  i n  

g r a i n - s i z e .  ( c )  Near  t h e  c o n t a c t  o f  t h e  x e n o l i t h s  w i t h  t h e  

p o r p h y r y  t h e r e  i s  no v a r i a t i o n  i n  g r a i n - s i z e  s u g g e s t i v e  o f  c h i l l i n g .  

C o m p o s i t i o n  o f  X e n o l i t h s : The x e n o l i t h s  a r e  m o s t l y  composed of

f e l s p a r ,  i r o n - o r e  and  pseudomorphs  o f  a u g i t e ;  some show x e n o c r y s t s  

o f  q u a r t z  and  f e l s p a r .  Most o f  t h e  m i n e r a l s  have undergone  changes  

a s  a  r e s u l t  o f  h y b r i d i z a t i o n .  A u g i te  i s  a l t e r e d  t o  c h l o r i t e ,  

f i b r o u s  u r a l i t e  and c a r b o n a t e ,  th o u g h  o c c a s i o n a l l y  r e l i c s  o f  t h e  

o r i g i n a l  m i n e r a l  c a n  s t i l l  be r e c o g n i s e d .  In  some s e c t i o n  su c h  

as  B .1 1 6 ,  B .132  p y r o g e n e t i c  h o r n b le n d e  o c c u r s  ( c f .  p .  57 ) .  F e l s p a r s  

a r e  i n v a r i a b l y  a l b i t i s e d .  O c c a s i o n a l l y  t h e  s u b o p h i t i c  t e x t u r e  i s  

r e t a i n e d  ( B . l l ?  b ) .  , A few s e c t i o n s  show some l a r g e  l a t h s  o f  

a l b i t i s e d  f e l s p a r  b e s i d e s  numerous  s m a l l  ones* S e c t i o n  B*Y. f rom 

t h e  m i d d l e  x e n o l i t h i c  zone i s  p e c u l i a r  i n  showing  a x e n o l i t h  which 

i s  a l m o s t  u n c h a n g e d .  I r o n - o r e  e x h i b i t s  t h e  i n t e r e s t i n g  change 

a l r e a d y  r e f e r r e d  t o ,  i . e . ,  becomes s k e l e t a l  or  r o d - s h a p e d .  B i o t i t e  

o c c u r s  a s  t h i n  f l a k e s  o f t e n  a s s o c i a t e d  w i t h  c h l o r i t e .  The 

a b u n d an c e  o f  a p a t i t e  n e e d l e s  s e e n  i n  t h e  x e n o l i t h s  p r o v i d e s  

i n t e r e s t i n g  e v i d e n c e  o f  t h e  s e l e c t i v e  f i x a t i o n  o f . m o b i l e  

c o n s t i t u e n t s /
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c o n s t i t u e n t s ,  a f e a t u r e  w h ich  has  b ee n  s t r e s s e d  by N ockolds  ( 1 9 3 3 ) .  

The x e n o c r y s t s  o f  q u a r t z  u s u a l l y  have r i m s  o f  a l t e r e d  a u g i t e ;  one 

s e c t i o n  shows b o t h  h o r n b l e n d e  and b i o t i t e  i n  t h e  r im .

I n  many s e c t i o n s  t h e  x e n o l i t h s  have  s h a r p  c o n t a c t s  w i th  

t h e  p o r p h y r y  ( P l a t e  X, F i g .  4 and P l a t e  V) .  I n  some t h e y  a r e  

i r r e g u l a r ,  a f e a t u r e  which becomes more and more a c c e n t u a t e d  u n t i l  

f i n a l l y  t h e  x e n o l i t h s  a r e  r e d u c e d  t o  s m a l l  f r a g m e n t s .  A v e r y  good 

exam ple  o f  s u c h  i n c o r p o r a t i o n  i s  p r o v i d e d  by B .117 a .  Here t h e  

a u g i t e  w h ich  i s  r e p r e s e n t e d  by pseudomorphs  o c c u r s  i n  two g e n e r a t i o n s  

t h e  i r o n - o r e  i s  s k e l e t a l  and t h e  groundmass  i s  composed o f  q u a r t z  

and a l b i t i s e d  f e l s p a r ,  a l o n g  w i t h  a few f l a k e s  o f  b i o t i t e .

The e f f e c t  o f  t h e  i n c o r p o r a t i o n  o f  b a s i c  x e n o l i t h s  i s  much 

l e s s  e x p l i c i t  i n  t h e  a c i d  r o c k  t h a n  i n  t h e  b a s i c  r o c k  a s  a r e s u l t  o f  

a c i d i f i c a t i o n  ( N o c k o ld s ,  1 9 3 3 ) .  The f o l l o w i n g  o b s e r v a t i o n s  may be 

n o t e d :  ( l )  t h e  c o n t a c t  i s  g e n e r a l l y  s h a r p ,  ( 2 ) t h e r e  i s  no

change  i n  t h e  c o a r s e n e s s  o f  t h e  i n t e r g r o w t h  o f  m i c r o p e g m a t i t e  i n  t h e  

v i c i n i t y  o f  t h e  x e n o l i t h ,  (3 )  b i o t i t e  o c c u r s  a s  t h i n  f l a k e s ,  and (4)  

t h e r e  a r e  many d r u s e s  o f  c h l o r i t e ,  c a l c i t e  e t c . ,  i n  t h e  p o r p h y ry  

e n c l o s i n g  t h e  x e n o l i t h s  i n  t h e  m id d le  zone .

An e x p l a n a t i o n  f o r  t h e  r e l a t i v e  p o v e r t y  o f  b i o t i t e  i n  t h e  

x e n o l i t h s  and t h e  a c i d  r o c k  ev e n  th o u g h  t h e  magma i s  p o t a s h - r i c h ,  i s  

p r o b a b l y  a f f o r d e d  by t h e  o b s e r v a t i o n s  o f  E n d e l l  t h a t  s o d a  t r a n s f e r s  

more r a p i d l y  t h a n  p o t a s h  i n t o  a l i m e - r i c h  i n c l u s i o n  and p o t a s h  i n  

p r e f e r e n c e /
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p r e f e r e n c e  t o  s o d a  i f  i t  i s  m a g n e s i a - r i c h .  ( A i l i n g ,  1936, p . 2 5 6 ) .  

R e f e r e n c e  t o  t h e  a n a l y s i s  o f  t h e  b a s i c  r o c k  i n  t h e  Bennan a r e a  

shows t h a t  i t  i s  l i m e - r i c h  ^ h y p e r s t h e n e - d o l e r i t e ;  s e e  T a b le  V I I ,

No. 3 : ) .

ARglt.q~g£a.n.pito x..e.»
P e c u l i a r  m i x t u r e  r o c k s  have  a l r e a d y  been  d e s c r i b e d  f rom 

t h r e e  l o c a l i t i e s  a l o n g  t h e  S t r u e y  b u r n  ( p . 4 5 ) .  Two sp ec im en s  

c o l l e c t e d  f ro m  n e a r  t h e  C a i r n  a r e  s i m i l a r  t o  each  o t h e r  and a p p e a r  

t o  be more b a s i c  t h a n  t h e  r o c k  n e a r  t h e  t h i r d  w a t e r f a l l  i n  t h e  

S t r u e y  g o r g e .  I n  t h e  h a n d s p e c im e n  a l l  o f  them a r e  l i g h t  g r e y ,  

m e d i u m - g r a i n e d ,  n o n - p o r p h y r i t i e  r o c k s  w i t h  p r i s m s  o f  f e l s p a r s  and 

b l a d e s  and p a t c h e s  o f  a u g i t e .  I n  t h i n  s e c t i o n ,  t h e  r o c k  i s  composed 

m o s t l y  o f  p r i s m s  o f  f e l s p a r ,  l o n g  b l a d e s  o f  a u g i t e ,  i r o n - o r e  and 

a p a t i t e ,  s e t  i n  a g roundm ass  o f  m i c r o p e g m a t i t e  and q u a r t z  ( P l a t e  X, 

F i g . l ) .  The r o c k  r e s e m b l e s  i n  many r e s p e c t s  t h e  a u g i t e - d i o r i t e  

d e s c r i b e d  i n  t h e  M u l l  memoir (Thomas and B a i l e y ,  1924,  p p . 2 1 8 - 9 ) .

The a u t h o r  h a s  a d o p t e d  t h e  t e r m  a u g i t e - g r a n o p h y r e  used  by H a r r i s o n  

(1 925 ,  p . 1 7 8 ) .

F e l s p a r  o c c u r s  as  s h o r t  and  s t o u t  r e c t a n g u l a r  p r i s m s  composed o f  

b o t h  m u l t i p l e - t w i n n e d  p l a g i o c l a s e  h a v in g  low r e l i e f  and s m a l l  

e x t i n c t i o n  a n g l e  (mid t o  b a s i c  o l i g o c l a s e )  and a l s o  u n tw in n e d  

o r t h o c l a s e .  A l l  t h e  g r a i n s  have  o u t e r  zones  o f  t u r b i d  a l t e r a t i o n  

r e c a l l i n g  t h e  c o r r o s i v e  e f f e c t s  o f  a l k a l i n e  m a t e r i a l  r e f e r r e d  t o  by 

t h e /
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t h e  a u t h o r s  o f  t h e  M u l l  memoir ( o p . c i t . ,  p . - 3 5 2 ) .  M ic r o p e g m a t i t e  

f i l l s  t h e  r e c t a n g u l a r  i n t e r i o r s  o f  some f e l s p a r  c r y s t a l s  ( s e c t i o n  

B .128)  and p a r t i a l l y  pseudom orphs  many o t h e r s .  Most o f  them 

show u n d u l o s e  e x t i n c t i o n .  They a l l  c a r r y  numerous n e e d l e s  o f  

a p a t i t e *

Aug i t e  o c c u r s  i n  l o n g  c o l o u r l e s s  b l a d e s  i n t i m a t e l y  a s s o c i a t e d  w i th  

i r o n - o r e .  Some c r y s t a l s  a r e  a l t e r e d  t o  h o r n b l e n d e ,  p l e o c h r o i c  

f rom  p a l e  g r e e n  t o  y e l l o w i s h  brown w i t h  e x t i n c t i o n  a n g l e  2 0 ° ,  and 

a p p e a r  t o  be p y r o g e n e t i c  and n o t  s e c o n d a r y  f i b r o u s  u r a l i t e .  I n  

s e c t i o n  B .1 3 4  some o f  t h e  l o n g  b l a d e s  o f  a u g i t e  a r e  b e n t  w h i l e  

o t h e r s  g i v e  t h e  i m p r e s s i o n  o f  r a d i a t i n g  growth* The a u g i t e  i s  

so m e t im es  e n c l o s e d  i n  l a r g e  p l a t e s  o f  f e l s p a r .  W hile  d i s c u s s i n g  

h y b r i d i z a t i o n  due  t o  i n t e r n a l  m i g r a t i o n ,  Thomas d e s c r i b e s  t h e s e  

f e a t u r e s  a s  t h o s e  e x h i b i t e d  by h y b r i d s  ( Ardnamurchan  memoir,  1930,  

p . l O l ) .  O p t i c  a x i a l  a n g l e  m e a s u re d  on t h e  F e d e ro v  s t a g e  i s  51°  

a b o u t  Z and  i s  n o t  d i f f e r e n t  f ro m  t h e  o p t i c  a x i a l  a n g l e  o f  a u g i t e  

o f  t h e  q u a r t z - d o l e r i t e s  b e l o n g i n g  t o  t h i s  a r e a .  T h i s  p re su m a b ly  

i m p l i e s  t h a t  t h e  c o m p o s i t i o n  o f  t h e  two a u g i t e s  a r e  n o t  v e r y  

d i f f e r e n t .

T rn n -n r f l  o c c u r s  i n  s u b h e d r a l  g r a i n s  i n t i m a t e l y  a s s o c i a t e d  w i th  

a u g i t e .

A p a t i t e  o c c u r s  c o n s p i c u o u s l y  a s  l o n g  e u h e d r a l  n e e d l e s  i n  t h e  

f e l s p a r  and g r o u n d m a ss .

The grmindm^pt« i s  g r a n o p h y r i c  and i s  composed o f  m i c r o p e g m a t i t e .  

Q u a r t z /
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Q u a r t z  a l s o  o c c u r s  a s  i n d i v i d u a l  g r a i n s .  A few f l a k e s  o f  b i o t i t e  

o c c u r  and so m e t im es  p r e s e n t  b a s a l  s e c t i o n s .  The re  a r e  many s m a l l  

c a v i t i e s  f i l l e d  w i t h  f i b r o u s  g r e e n i s h  p l e o c h r o i c  c h l o r i t e .

The s p e c i f i c  g r a v i t y  o f  t h i s  h y b r i d  r o c k  i s  2 . 6 3 .  T h i s  

v a l u e  i s  i n t e r m e d i a t e  b e tw e e n  t h o s e  o f  t h e  p o r p h y ry  ( 2 . 5 3 ) and t h e  

d o l e r i t e  ( 2 . 7 7 ) .  The f o l l o w i n g  t a b l e  shows how t h e  h y b r i d  r o c k  

d i f f e r s  i n  m i n e r a l  c o m p o s i t i o n  f rom  t h e  two end members ( t h e  v a l u e s  

a r e  e x p r e s s e d  i n  volume p e r c e n t a g e s ) :

TABLE V I .

Rock. F e l s p a r  
( o r t h o c l a s e  a n d /  
o r  p l a g i o c l a s e ) .

M a f ie
m i n e r a l s .

Q u a r t z . I ro n -  
o r e  .

- Meso- Apa-  
s t a s i c .  t i t e .

P o r p h y r y . 1 8 .0 0 . 6 0 6 . 2 3 . 3 7 1 .9  Very
l i t t l e .

A u g i t e -
g r a n o p h y r e .

3 5 .9 1 3 .5 1 . 3 4 . 4 4 3 . 5  1 .0

H y p e r s t h e n e
d o l e r i t e .

3 5 . 7 2 8 . 8 2 . 3 4 . 7 2 8 . 1  Very
l i t t l e .

Isctaly t£ .
Thin  v e i n s  o f  t a c h y l y t e  s i m i l a r  t o  t h o s e  o f  Drumaddon were 

fo u n d  i n  t h e  S t r u e y  g o rg e  cu t t ing  t h e  c o a r s e  d o l e r i t e .  The t a c h y l y t e  

i s  composed o f  l a b r a d o r i t e ,  b o t h  a s  numerous  p r i s m s  and as  a l a r g e  

n um ber /
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number o f  f l o w - o r i e n t e d  m i c r o l i t e s  s e t  i n  a d a r k  g l a s s y  g roundm ass .  

T he re  a r e  a number o f  c h l o r i t i c  pseudom orphs  o f  a  e u h e d r a l  m i n e r a l  

which  i s  p r o b a b l y  p y r o x e n e .  I r o n - o r e  can  be r e c o g n i s e d  o n ly  under  

h i g h  power (x  4 0 0 ) .  H a r r i s o n  d e s c r i b e s  a t h i n  v e i n  o f  t a c h y l y t e ,  

500 y a r d s  e a s t  o f  S t r u e y  b u r n  (1 925 ,  p . 1 7 8 ) .

g,y.ke.s ,.Qf

The m a in  i n t r u s i o n  a t  Bennan i s  c u t  by d y k e s  o f  b a s a l t  

p o r p h y r i t i c  f e l s i t e  ( r e c o r d e d  by H a r r i s o n )  and o l i v i n e - d o l e r i t e .

The d y k e s  a r e  a l m o s t  e n t i r e l y  c o n f i n e d  t o  t h e  w es t  o f  t h e  B la c k  

c a v e .  No s t u d i e s  were made o f  t h e  d y k e s .

MECHANICS OF INTRUSION.

From t h e  f o r e g o i n g  a c c o u n t  i t  i s  e v i d e n t  t h a t  t h e  Bennan 

mass i s  a v e r y  complex body i n  i t s  fo rm ,  components  and i n  t h e  

m u t u a l  r e l a t i o n s h i p s  o f  i t s  members.  The h i s t o r y  o f  i n t r u s i o n  

must  have  b ee n  complex  and h e n ce  e l u c i d a t i o n  o f  t h e  s e q u e n c e  o f  

e v e n t s  i s  d i f f i c u l t .

Along t h e  S t r u e y  b u r n  ( F i g . 6 ) t h e  maximum c o m p l e x i t y  i s  

a t t a i n e d  and  t h e  i n t r u s i o n  c o n s i s t s  o f :  ( l )  upper  x e n o p o r p h y r i t i c  

d o l e r i t e ,  (2 )  two t h i n  bands  o f  a u g i t e - g r a n o p h y r e ,  (3)  a m id d le  

zone o f  x e n o l i t h s  b e tw e e n  two zones  o f  x e n o l i t h - f r e e  p o r p h y r y ,

(4 )  a n o t h e r  x e n o l i t h i c  zone ,  (5 )  a c o a r s e - g r a i n e d  n o n - x e n o p o rp h y r i t i<  

d o l e r i t e ,  ( 6 ) a zone o f  a u g i t e - g r a n o p h y r e ,  and (7)  two s h e e t s  o f  

f i n e /
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f i n e - g r a i n e d  b a s a l t .  A d e t a i l e d  s t u d y  o f  t h e  i n t r u s i o n s  r e v e a l s  

many i n t e r e s t i n g  f a c t s  which h e l p  i n  t h e  e l u c i d a t i o n  o f  t h e  

i n t r u s i o n  m e c h a n i c s .

( a )  The x e n o l i t h s  o f  t h e  m id d le  zone a r e  f i n e - g r a i n e d  by 

c o m p a r i so n  w i t h  t h e  p r e d o m in a n t  b a s i c  member o f  t h e  a r e a .  I f  t h e  

a c i d  magma was em p laced  a l o n g  t h e  p l a n e s  o f  w eakness  o f  a t h i c k  

b a s i c  dyke a q u i n t i p l e  dyke w i l l  be fo rmed ( T y r r e l l ,  1940,  p . 3 2 ) .  

I n  s u c h  a  c a s e  t h e  c e n t r a l  b a s i c  member r e p r e s e n t s  t h e  m id d le  

p o r t i o n  o f  t h e  o r i g i n a l  b a s i c  dyke and hen ce  w i l l  be a t  l e a s t  as  

c o a r s e  a s  t h e  f l a n k i n g  s h e e t s .  The c o n s p ic u o u s  d i f f e r e n c e  i n  

g r s i n - s i z e  b e tw e e n  t h e  m id d le  zone o f  x e n o l i t h s  and t h e  f l a n k i n g  

d o l e r i t e s  p r o v e s  t h a t  t h e  Bennan i n t r u s i o n  c o u ld  n o t  be t h e  r e s u l t  

o f  em placem ent  o f  t h e  a c i d  magma a l o n g  t h e  p l a n e s  o f  weakness  o f  a 

s i n g l e  b a s i c  d y k e .

(b) The c o a r s e - g r a i n e d  d o l e r i t e  d i f f e r s  c o n s p i c u o u s l y  f rom 

t h e  q u a r t z - d o i e r i t e  member o f  t h e  i n t r u s i o n  i n  b e i n g  n o n -  

x e n o p o r p h y r i t i c ,  a s  w e l l  a s  i n  g r a i n - s i z e .  Hence i t  p r e su m a b ly  

c o n s t i t u t e d  a s e p a r a t e  i n t r u s i o n .

( c )  The p r e s e n c e  o f  a c h i l l e d  upper  c o n t a c t  o f  a x e n o -  

p o r p h y r i t i c  b a s a l t  s h e e t  w i t h  a lo w er  b a s a l t  s h e e t  i n  t h e  B la c k  

cave  (7  i n  F i g . 6 ) s u g g e s t s  t h e  p o s s i b i l i t y  o f  more t h a n  one p e r i o d  

o f  em placem ent  o f  t h e  b a s i c  magma, ( p . 4^  ) .

(d)  The p e c u l i a r  h y b r i d  r o c k  a u g i t e - g r a n o p h y r e ,  has  b e e n  

d e s c r i b e d  by H a r r i s o n  as  due t o  s low  c o o l i n g  o f  a m i x t u r e  o f  

p o r p h y r y /
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p o r p h y r y  and d o l e r i t e .  The c o m p le te  a b s e n c e  o f  e i t h e r  x e n o c r y s t s  

o f  q u a r t z ,  a u g i t e  n o d u l e s ,  o r  x e n o c r y s t s  o f  f e l s p a r ,  t h e  l o n g  and 

b e n t  fo rm  o f  t h e  a u g i t e  a s s o c i a t e d  w i t h  i r o n - o r e ,  and t h e  n a t u r e  

o f  t h e  f e l s p a r s  o f  t h e  r o c k  i n d i c a t e  s t r o n g l y  t h a t  t h e  r o c k  was 

t h e  r e s u l t  o f  c r y s t a l l i z a t i o n  f rom  a h y b r i d  magma r a t h e r  t h a n  f rom  

c o n t a c t  h y b r i d i z a t i o n  b e tw e en  a p o r p h y ry  magma and b a s i c  r o c k .

T h i s  v ie w  i s  f u r t h e r  s u b s t a n t i a t e d  by a s t u d y  o f  i t s  c h e m ic a l  n a t u r e  

( p .  8 0 ) *  Along zones  o f  c o n t a c t  h y b r i d i z a t i o n ,  f r e s h  a u g i t e  i s  n o t  

d e v e l o p e d .  The p o s i t i o n  o f  t h e  a u g i t e - g r a n o p h y r e  i n  t h e  S t r u e y  

g o rg e  where  i t  o c c u r s  b e tw ee n  t h e  c o a r s e - g r a i n e d  d o l e r i t e  and t h e  

f i n e - g r a i n e d  t h o l e i i t e  i s  i n e x p l i c a b l e  i f  t h e  r o c k  i s  assumed t o  

be t h e  r e s u l t  o f  c o n t a c t  h y b r i d i z a t i o n .  Hence t h e  a u t h o r  c o n s i d e r s  

t h a t  t h e  a u g i t e - g r a n o p h y r e  i s  t h e  r e s u l t  o f  d e e p - s e a t e d  h y b r i d i z a t i o n

The p o r p h y ry  i s  u n i f o r m  t h r o u g h o u t  and t h e r e  i s  no 

e v i d e n c e  t o  i n d i c a t e  more t h a n  one p e r i o d  o f  em placem ent  o f  t h e  

a c i d  magma.

Hence,  i t  c an  be c o n c l u d e d  t h a t  t h o u g h  o t h e r  p a r t s  o f  th e  

Bennan i n t r u s i o n  a r e  a p p a r e n t l y  s i m p l e ,  a l o n g  t h e  S t r u e y  b u r n  t h e r e  

were  a t  l e a s t  t h r e e  i n j e c t i o n s  o f  b a s i c  magma, one o f  a c i d ,  and one 

o f  a u g i t e - g r a n o p h y r e .

O r i g i n  o f  xeno. l i t .hs . .

As a l r e a d y  d e s c r i b e d ,  t h e r e  a r e  m e rg in g  c o n t a c t s  b e tw e e n  

t h e  f l a n k i n g  s h e e t s  o f  d o l e r i t e  and t h e  p o r p h y r y  im p ly in g  some 

d e g r e e  o f  m i x i n g .  A s s o c i a t e d  w i t h  t h i s  phenomenon, t h e r e  i s  t h e  

p r e s e r v a t i o n /
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p r e s e r v a t i o n  i n  t h e  a c i d  r o c k  o f  f i n e - g r a i n e d  b a s i c  x e n o l i t h s  

i n  e o n t r a , d i s t i n c t i o n  t o  t h e  m e d iu m -g r a in  o f  t h e  p r e d o m in a n t  b a s i c  

member. I n  a d d i t i o n ,  m ost  o f  t h e  x e n o l i t h s  show a s h a r p  c o n t a c t  

w i t h  t h e  p o r p h y r y .

The x e n o l i t h s  may be d e r i v e d  by any o f  t h e  f o l l o w i n g  ways:

( a )  They eou].d have b e en  p i c k e d  up p r i o r  t o  i n t r u s i o n  o f  t h e  

a c i d  magma, t h e  x e n o l i t h s  r e p r e s e n t i n g  c h i l l e d  b a s i c  r o c k  

a d h e r i n g  t o  t h e  c o u n t r y  r o c k  ( c f .  S m e l l i e ,  1912-15 ,  p . 1 2 5 ) .  T h is  

would n a t u r a l l y  r e s u l t  i n  t h e i r  h a p h a z a r d  d i s t r i b u t i o n  i n  t h e  

l a r g e  volume o f  a c i d  r o c k ,  b u t  i n  t h e  Bennan mass t h e  x e n o l i t h s  

i n v a r i a b l y  o c c u r  n e a r  t h e  m e r g in g  c o n t a c t  b e tw ee n  t h e  p o r p h y r y  

and t h e  d o l e r i t e .

(b)  I f  t h e  a c i d  magma worked i t s  way t h r o u g h  t h e  p l a n e s  o f  

w eakness  o f  t h e  b a s i c  r o c k  ( T y r r e l l ,  1940,  p . 3 2 ) ,  x e n o l i t h s  o f  

t h e  l a t t e r  c o u l d  be p r e s e r v e d  i n  t h e  fo rm e r  due t o  i n c o m p l e t e  

i n c o r p o r a t i o n .  The d i f f e r e n c e  i n  g r a i n - s i z e  be tw een  t h e  

x e n o l i t h s  and t h e  b a s i c  r o c k  a s  a l r e a d y  d e s c r i b e d ,  i s  a g a i n s t  

t h i s  p o s s i b i l i t y .

( c )  The x e n o l i t h s  c o u l d  be d e r i v e d  f rom  t h e  m a r g in s  o f  two or 

more d o l e r i t e  members w h ich  c h i l l  a g a i n s t  one a n o t h e r \ i . t h i s  

would  o f f e r  an  e x p l a n a t i o n  f o r  t h e  d i f f e r e n c e  i n  g r a i n - s i z e  

n o t i c e d  a b o v e .  But  s t u d i e s  o f  t h i n  s e c t i o n s  o f  s p e c im e n s  t a k e n  

a t  c l o s e  i n t e r v a l s  f rom  t h e  d o l e r i t e - p o r p h y r y  c o n t a c t  z o n e ,  do 

n o t  show any v a r i a t i o n  i n  g r a i n - s i z e  a s  t h e  p o r p h y r y  i s  

a p p r o a c h e d /
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a p p r o a e h e d  a s  m ig h t  be e x p e c t e d  i n  su ch  a c a s e .  Though t h e  

m e r g in g  c o n t a c t  i m p l i e s  v i g o r o u s  i n t e r a c t i o n  b e tw e en  t h e  a c i d  

magma and t h e  b a s i c  r o c k ,  many o f  t h e  x e n o l i t h s  r e m a in  i n t a c t  

i n  s h a p e ;  t h i s  may p re su m a b ly  be due t o  t h e i r  f i n e - g r a i n e d  

n a t u r e .

From t h e  above d i s c u s s i o n  i t  i s  e v i d e n t  t h a t  a  co m p le te  

e x p l a n a t i o n  o f  t h e  o r i g i n  o f  t h e  x e n o l i t h s  i s  d i f f i c u l t ,  b u t  t h e  

t h i r d  p o s s i b i l i t y  s u g g e s t s  i t s e l f .

g l a s . s i f i . c a t i o n  o f  t h e  I n t r u s i o n .

W hile  d i s c u s s i n g  t h e  n a t u r e  o f  t h e  c o n t a m i n a t e d  complex 

dyke a t  Cape N e d d ic k ,  H a f f  g i v e s  t h e  f o l l o w i n g  c l a s s i f i c a t i o n  

( 1 9 4 1 ,  p .  839;  a l s o  r e f e r  t o  p.  6 o f  t h i s  p a p e r ) :

( a )  Dykes d i f f e r e n t i a t e d  i n  s i t u  show ( i )  a l i t h o l b g i c  g r a d a t i o n  

f rom  b a s i c  t o  a c i d  f rom t h e  m a r g in  t o w a r d s  t h e  c e n t r e  and ( i i )  an 

a b s e n c e  o f  i n t e r i o r  c h i l l i n g .

(b)  I n  c o m p o s i t e  dykes ,  i n t r u s i o n  o f  b a s i c  magma i s  f o l l o w e d  a f t e r  

a s h o r t  i n t e r v a l  by a c i d  magma i n t o  t h e  c e n t r a l  p a r t  o f  t h e  f o r m e r ,  

w h ich  i s  p a r t i a l l y  l i q u i d  and ( i )  t h e r e  i s  no i n t e r n a l  c h i l l  o f  

t h e  a c i d  component  a g a i n s t  t h e  b a s i c  component  and ( i i )  t h e r e  i s

no l i t h o l o g i c  g r a d a t i o n ;  b u t  t h e r e  i s  c o n s p ic u o u s  c o n t r a s t  i n  

c o m p o s i t i o n  b e tw e e n  t h e  members.

( c )  S y m m e t r i c a l  m u l t i p l e  d y k e s :  I n t r u s i o n  o f  a c i d  magma i n t o

any p l a n e  o f  a c o m p l e t e l y  c o n s o l i d a t e d  b a s i c  dyke :  ( i )  t h e r e  i s

n o /
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no l i t h o l o g i e  g r a d a t i o n ,  ( i i )  t h e  l i t h o l o g i c  a s s o c i a t i o n  i s  i n  

many c a s e s  co m p a rab le  t o  ( b ) ,  ( i i i )  t h e  a c i d  magma d e f i n i t e l y  

c h i l l s  a g a i n s t  t h e  b a s i c  f l a n k s ,  and ( i v )  a s y m m e t r i c a l  

d i s t r i b u t i o n  o f  t h e  components  i s  n o t  i n h e r e n t ,  b u t  where p r e s e n t  

i s  f o r t u i t o u s .

(d)  S y m m e t r i c a l  m u l t i p l e  d y k e s :  I n t r u s i o n  o f  a c i d  dyke be tw een

two f u l l y  c o n s o l i d a t e d ,  c o n t i g u o u s  d y k e s .  Each  o f  t h e  t h r e e  

members show w e l l  d e f i n e d  c h i l l  s e l v a g e s .

The Bennan i n t r u s i o n  shows t h e  c h a r a c t e r s  t y p i c a l  o f  

c o m p o s i t e  i n t r u s i o n s  ( b ) ,  s u c h  a s  t h e  a b s e n c e  o f  c h i l l i n g  o f  t h e  

a c i d  component a g a i n s t  t h e  b a s i c ,  and a l s o  a c o n t r a s t  i n  

c o m p o s i t i o n .  I t  a l s o  a p p e a r s  t o  show c h a r a c t e r s  a t t r i b u t a b l e  

t o  t y p e  (d )  s u c h  a s  t h e  p r e s e n c e  o f  f i n e - g r a i n e d  x e n o l i t h s  i n  t h e  

a c i d  r o c k  w h ich  p re su m a b ly  r e p r e s e n t  t h e  m a r g in s  o f  c o n s o l i d a t e d  

b a s i c  members.  However ,  t h e  a c i d  member i s  n o t  c h i l l e d  a g a i n s t  

t h e  b a s i c ;  on t h e  c o n t r a r y  t h e r e  i s  a b u n d a n t  m ix in g  a l o n g  t h e  

c o n t a c t s .  Thus i t  a p p e a r s  t h a t  th o u g h  t h e  Bennan i n t r u s i o n  shows 

many c h a r a c t e r s  t y p i c a l  o f  c o m p o s i t e  i n t r u s i o n s ,  i t  a l s o  e x h i b i t s  

f e a t u r e s  which  s u g g e s t  a m u l t i p l e  r e l a t i o n s h i p  b e tw een  b a s i c  

m embers .  The above  d i s c u s s i o n  amply c o n f i r m s  H a f f ’ s w a rn in g  

t h a t  e v i d e n c e  b a s e d  o n l y  on t h e  a b s e n c e  o f  c h i l l  s e l v a g e s  mgi^t be 

i n t e r p r e t e d  w i t h  c a u t i o n  ( o p . c i t . ,  p . 8 5 2 ) .

O r d e r /
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■Qr.fl$r, of ihta usion.

The b a s i c  magma was e v i d e n t l y  t h e  f i r s t  t o  be em placed  

s i n c e  b a s i c  x e n o l i t h s  a r e  p r e s e r v e d  i n  t h e  a c i d  r o c k .  I t  i s  n o t  

c l e a r  w h e th e r  t h e  n o n - x e n o p o r p h y r i t i c  d o l e r i t e ,  which  was 

p r e s u m a b l y  a d i s t i n c t  i n t r u s i o n ,  was l a t e r  or  e a r l i e r  t h a n  t h e  

x e n o p o r p h y r i t i c  d o l e r i t e .  The b a s i c  magma was f o l l o w e d  by t h e  

p o r p h y r y  magma. E v id e n c e  a l r e a d y  a d v a n c e d  shows t h a t  s u f f i c i e n t  

t im e  e l a p s e d  f o r  t h e  c o n s o l i d a t i o n  o f  t h e  b a s i c  magma, b e f o r e  t h e  

a c i d  magma was e m p la ce d .  I t  i s  s u g g e s t e d  t h a t  t h e  h y b r i d  

a u g i t e - g r a n o p h y r e  was i n j e c t e d  l a s t ,  t h o u g h  t h i s  i s  p u r e l y  

c o n j e c t u r a l .

Dykes o f  l a t e r  a£e_.

As a l r e a d y  s t a t e d ,  t h e  Bennan mass i s  c u t  by a l a r g e  

number o f  N .W .-S .E .  dykes  o f  b a s a l t ,  e t c .  I t  i s  i n t e r e s t i n g  t o  

n o t e  t h a t  t h e y  a r e  c o m p a r a t i v e l y  few on t h e  e a s t e r n  s i d e  o f  t h e  

Bennan i n t r u s i o n  where  t h e  mass  becomes u p t u r n e d  and assum es  t h e  

fo rm  o f  a d y k e .
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c o m p a r a t i v e  s t u d y  o f  t h e

I N T R U S I O N S .

I t  w i l l  be s e e n  t h a t  t h e  i n v e s t i g a t i o n  o f  th e  above 

i n t r u s i o n s  f rom  A r ra n  has  e m p h a s i s e d  a number o f  common f e a t u r e s  

w hich  a r e  p r o b a b l y  a t t r i b u t a b l e  t o  s i m i l a r  p r o c e s s e s .  I n  t h i s  

s e c t i o n  i t  i s  p r o p o s e d  t o  make a c o m p a r a t i v e  s t u d y  f rom t h r e e  

a s p e c t s ,  v i z . ,  ( i )  g e o l o g i c a l ,  ( i i )  p e t r o l o g i c a l ,  and ( i i i )  

c h e m i c a l ,  w i t h  a v iew  t o  a p e t r o g e n e t i c  i n t e r p r e t a t i o n .

( i )  GEOLOGICAL DATA.

A l l  t h e  i n t r u s i o n s  s t u d i e d  b e l o n g  t o  t h e  c l a s s  o f  m ino r  
«

i n t r u s i o n s ,  e i t h e r  s im p le  dykes  as  i n  Tormore and C i r  Mhor or  more 

c o m p l i c a t e d  dykes  a c t i n g  as  f e e d e r s  t o  s i l l s  o f  s i m i l a r  n a t u r e  as  

a t  Drumadoon, o r  a v e r y  complex  body as  a t  Bennan. T h ^  o f t e n  

s t a n d  o u t  p r o m i n e n t l y  owing t o  t h e i r  g r e a t e r  r e s i s t a n c e  t o  

w e a t h e r i n g .

I n  a l l  t h e s e  i n t r u s i o n s  t h e r e  i s  t h e  c o n s t a n t  a s s o c i a t i o n  

o f  two c o n t r a s t e d  r o c k - t y p e s :  ( 1 ) f i n e -  or  m e d iu m -g r a in e d  b a s a l t i c  

r o c k  ( t h e  Bennan r o c k  i s  c o a r s e r  and i s  a d o l e r i t e )  w i t h  (2)  a 

c o a r s e l y  p o r p h y r i t i c  q u a r t z - f e i s p a r - p o r p h y r y , a q u a r t z - f e l s i t e  or  

a p i t c h s t o n e .

A l l  t h e  b a s i c  r o c k s  s t u d i e d  a r e  a l l o g e n i c  p o r p h y r i e s  w i t h  

x e n o c r y s t s  o f  smoky q u a r t z  and d a r k  g r e y  f e l s p a r .  The x e n o c r y s t s  

o c c u r /
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o c c u r  e v e n  i n  t h e  c h i l l e d  m a r g in s  i n d i c a t i n g  t h e i r  p r e s e n c e  a t  

t h e  t i m e  o f  em p lacem en t .  A no the r  p o i n t  o f  i n t e r e s t  i s  t h a t  t h e  

x e n o c r y s t s  a r e  c o m p arab le  i n  s i z e  t o  t h e  p h e n o c r y s t s  o f  th e  

a s s o c i a t e d  a c i d  r o c k s  (p p .  9,  15 ).

The a c i d  r o c k ,  a p o r p h y r y  as  a t  Bennan and Drumadoon 

i s  n o r m a l l y  g r e y  b u t  may v a r y  i n  c o l o u r ;  i n  t h e  l a t t e r  a r e a  t h e  

p o r p h y r y  i s  v e r y  d a r k  g r e y  a t  t h e  b a se  o f  t h e  s i l l  and l i g h t  

g r e y  a t  t h e  t o p .  I n  C i r  Mhor t h e  c e n t r a l  p i t c h s t o n e  shows a 

g r a d u a l  p a s s a g e  t o  q u a r t z - f e l s i t e .  The t h i c k n e s s  o f  b o t h  t h e  

b a s i c  and th e  a c i d  members v a r i e s  i n  d ep en d e n c e  on t h e  s i z e  o f  

t h e  i n t r u s i o n s  b e i n g  l e a s t  a t  Tormore and g r e a t e s t  a t  Bennan.  

Ju d g in g  f rom t h e  a r e a l  d i s t r i b u t i o n  o f  t h e  r o c k s ,  t h e  a c i d  member 

g e n e r a l l y  e x c e e d s  t h e  b a s i c  i n  vo lume.  B e s i d e s  t h e  b a s i c  and 

a c i d  members,  a h y b r i d  r o c k  was found  a t  Bennan a^ong t h e  S t r u e y  

b u r n .

I n  a l l  t h e s e  i n t r u s i o n s  t h e  b a s i c  member i s  a lw ays  

m a r g i n a l  and  t h e  a c i d  c e n t r a l ,  a f e a t u r e  u s u a l l y  found  i n  c o m p o s i t e  

i n t r u s i o n s .  They a r e  m o s t l y  t r i p l e  e x c e p t  a t  Bennan where t h e  

i n t r u s i o n  i s  m u l t i -m e m b e r e d .  The b a s i c  r o c k  c h i l l s  a g a i n s t  t h e  

c o u n t r y  r o c k  b u t  does  n o t  do so  a g a i n s t  t h e  a c i d  r o c k ;  t h e  

l a t t e r  shows no c h i l l i n g  a g a i n s t  t h e  b a s i c  member.

The c o n t a c t  b e tw e en  t h e  b a s i c  and  a c i d  r o c k s  shows 

v a r i a t i o n s .  I t  i s  r a t h e r  s h a r p  b o t h  i n  t h e  N o . J I  Tormore dyke 

and Drumadoon s i l l ,  b u t  shows a s l i g h t  amount of  m ix in g  i n  t h e  

Drumadoon/



Drumadoon dy k e .  I n  Bennan t h e r e  i s  a b u n d a n t  m ix in g ,  t h e  c o n t a c t  

b e i n g  a h y b r i d  zone .  E x c e p t  i n  t h e  s im p l e  Tormore dyke ,  t h e  b a s i c  

r o c k  o c c u r s  a l s o  as  x e n o l i t h s  i n  t h e  a c i d  r o c k ;  t h i s  p r o v e s  t h a t

t h e  b a s i c  magma was t h e  f i r s t  t o  be e m p la ce d ,  t h e  a c i d  f o l l o w i n g  i t .

( i i )  PETROLOGICAL DATA.

The b a s i c  r o c k s  o f  Tormore ,  G i r  Mhor and Drumadoon a r e

v e r y  s i m i l a r  t o  one a n o t h e r .  They a r e  t h o l e i i t e s  com parab le  i n

many r e s p e c t s  t o  t h e  t h o l e i i t e s  o f  B r u n to n  t y p e  d e s c r i b e d  f rom M u l l ;  

i n  Bennan t h e  r o c k  i s  a q u a r t z - d o l e r i t e ,  c o m p a ra b le  t o  T a l a i d h  ty p e  

o f  M u l l ,  w i t h  o r  w i t h o u t  h y p e r s t h e n e ,  t h e  d o l e r i t i c  n a t u r e  b e in g  

due t o  c o a r s e r  g r a i n - s i z e  and t h e  d ev e lo p m en t  o f  s u b o p h i t i c  t e x t u r e ;  

b u t  t h i s  t e x t u r e  i s  n o t  a l i e n  t o  t h o l e i i t e s  o f  t h e s e  i n t r u s i o n s .

I n  a l l  t h e s e  r o c k s  a u g i t e  and f e l s p a r  v e r y  commonly o cc u r  as  

s c a t t e r e d  l a r g e  p h e n o c r y s t s ,  t h e  fo rm e r  t e n d i n g  t o  form 

g l o m e r o p o r p h y r i t i c  a g g r e g a t e s .  O r th o p y ro x e n e s  o c c u r  i n  s u b o r d i n a t e  

q u a n t i t i e s  e i t h e r  a s  p l e o c h r o i c  h y p e r s t h e n e  as  a t  Bennan,  or  v e r y  

f e e b l y  p l e o c h r o i c  o r th o p y r o x e n e  p r o b a b l y  e n s t a t i t e  as  a t  Tormore ,

C i r  Mhor and Drumadoon. The p l a g i o c l a s e  o f  t h e  t h o l e i i t e s  i n  t h e  

l a t t e r  a r e a s  i s  more b a s i c  ( a c i d  l a b r a d o r i t e )  t h a n  a t  Bennan ( b a s i c  

a n d e s i n e )  and a l s o  shows a t e n d e n c y  t o  o c c u r  i n  c r y s t a l s  o f  many 

s i z e s  p r e s u m a b ly  b e l o n g i n g  t o  more t h a n  one g e n e r a t i o n .  The groundmesE 

o f  t h e s e  t h o l e i i t e s  i s  e i t h e r  g l a s s y  or  c r y p t o c r y s t a l l i n e ,  t h e  fo rm e r  

b e i n g  n o t  so  c o n s p ic u o u s  as  i n  t h e  no rm a l  t h o l e i i t e s  o f  t h e  d y k e s .  
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Very o f t e n  some i r r r e g u l a r  g r a i n s  o f  q u a r t z  a r e  a s s o c i a t e d  w i t h  

t h e  b a s e .  The g roundm ass  o f  t h e  q u a r t z - d o l e r i t e  o f  Bennan 

c o n t a i n s  v a r y i n g  amounts  o f  m i c r o p e g m a t i t e ,  a s s o c i a t e d  w i t h  

c o n s p ic u o u s  amount o f  f r e e  q u a r t z .  D rusy  c a v i t i e s  composed o f  

c a r b o n a t e ,  c h l o r i t e ,  f r e e  q u a r t z  and t h e  c r y p t o c r y s t a l l i n e  groundmass 

a r e  v e r y  common i n  t h e  t h o l e i i t e s ;  t h e y  a r e  few er  i n  Bennan.

These  t h o l e i i t e s  d i f f e r  f rom  t h o l e i i t e s  o c c u r r i n g  as  s i n g l e  d y k e s ,  

i n  t h e  abundance  o f  f r e e  i r o n - o r e  w h ich  i s  commonly o c c u l t  i n  t h e  

l a t t e r .

A l l  t h e s e  r o c k s  a r e  x e n o p o r p h y r i t i c  w i t h  q u a r t z  and 

f e l s p a r .  Q u a r t z  i n v a r i a b l y  shows a u g i t e  r im s  and a l s o  has  

g r a n o p h y r i c  i n c l u s i o n s  and i n  one c a s e  ev e n  z i r c o n ,  v e r y  s i m i l a r  

t o  t h e  i n c l u s i o n s  found  i n  t h e  q u a r t z  p h e n o c r y s t s  o f  a s s o c i a t e d  

a c i d  r o c k s .  The c l o s e  s i m i l a r i t y  i n  s i z e  b e tw een  t h e  x e n o c r y s t s  

o f  q u a r t z  and f e l s p a r  and p h e n o c r y s t s  o f  t h e  same m i n e r a l s  has  

a l r e a d y  b e en  d e s c r i b e d .  The p o s s i b i l i t y  t h a t  t h e  x e n o c r y s t s  

were i n c o r p o r a t e d  f rom  t h e  a c i d  r o c k  by m i x t u r e  a t  t h e  c o n t a c t s  

c an  be d i s c o u n t e d  s i n c e  t h e  x e n o c r y s t s  a r e  d i s t r i b u t e d  h a p h a z a r d l y  

t h r o u g h o u t  t h e  body o f  t h e  r o c k  and o c c u r  even  i n  t h e  c h i l l e d  

m a r g in .  A n o th e r  p o s s i b i l i t y  i s  t h a t  t h e  c r y s t a l s  were  

c o n t r i b u t e d  t o  t h e  b a s i c  magma by t h e  a c i d  magma b e f o r e  t h e  

f o r m e r ’ s e m p la c e m e n t .  T h i s  v ie w  has  b e e n  e x p r e s s e d  by s e v e r a l  

w o r k e r s  w h i l e  t r y i n g  t o  e x p l a i n  s i m i l a r  f e a t u r e s  e l s e w h e r e .
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H a r k e r ,  d e s c r i b i n g  t h e  o r i g i n  o f  x e n o c r y s t s  i n  b a s a l t s  f rom Skye,  

r e f e r s  t o  t h o s e  p i c k e d  up p r i o r  t o  i n t r u s i o n  as  ' a n t e c e d e n t *  and 

t h o s e  which  were d e r i v e d  p o s t e r i o r  t o  i n t r u s i o n  as  ' c o n s e q u e n t *

(1 904 ,  pp .  2 2 0 - 2 2 3 ) .  S m e l l i e  found  i n  s o u t h  Bute  t h a t  i n  t h e  

c h i l l e d  c o n t a c t  o f  t h e  b a s i c  r o c k ,  t h e  x e n o c r y s t s  o f  q u a r t z  showed 

c l e a n  m a r g in s  w h i l e  t h e y  had a u g i t e  f r i n g e s  away from i t  and 

t h e r e f o r e  c o n c lu d e d  t h a t  Ht h e  d o l e r i t e  magma m ust  have been  

i m p r e g n a t e d  by t h e  a c i d  magma w i t h  q u a r t z  and f e l s p a r  im m e d ia t e ly  

b e f o r e  i n t r u s i o n . 11. (1 9 1 2 -1 5 ,  p p . 1 3 0 - 1 3 1 ) .  Guppy and HaWkes come 

t o  a s i m i l a r  c o n c l u s i o n  r e g a r d i n g  t h e  o r i g i n  o f  t h e  x e n o c r y s t s  

t h e y  d e s c r i b e  f rom  a co m p o s i t e  dyke i n  e a s t e r n  I c e l a n d  (1 9 2 5 ,  p . 3 3 4 ) .  

R e g a r d i n g  t h e  x e n o c r y s t s  i n  t h e  Giasdrumman c o m p o s i t e  i n t r u s i o n ,  

T o m k e ie f f  and M a r s h a l l  c o n c lu d e  t h a t  t h e y  “were i n c o r p o r a t e d  by 

t h e  b a s a l t  magma p r i o r  t o  i t s  i n t r u s i o n . “ (1935 ,  p . 2 7 3 ) .  They

d e s c r i b e  a s  e v i d e n c e  t h e  o c c u r r e n c e  o f  x e n o p o r p h y r i t i e  b a s a l t  as  

s i n g l e  dykes  a phenomenon s i m i l a r l y  o b s e r v e d  by B ro g g e r  i n  t h e  Oslo  

a r e a  ( o p . c i t . ,  p .  2 7 4 ) .

A l th o u g h  such  s i n g l e  dykes  have n o t  been  d e s c r i b e d  f rom 

A r r a n ,  f rom  t h e  e v i d e n c e  a l r e a d y  p r e s e n t e d  i t  can s a f e l y  be 

c o n c lu d e d  t h a t  t h e  b a s i c  magma i n c o r p o r a t e d  t h e  x e n o c r y s t s  p r i o r  

t o  i t s  e m p lacem en t .  The p r o c e s s  may be im a g in ed  a s  d e s c r i b e d  by 

Hawkes (1 9 2 4 ,  p . 112 and 1925,  p . 3 3 4 ) .  The b a s i c  magma c a u g h t  up 

p o r t i o n s  o f  t h e  a c i d  magma and i n c o r p o r a t e d  them, b e i n g  i t s e l f  

a c i d i f i e d  i n  t h e  p r o c e s s .  The x e n o c r y s t s  were  t h e n  a t t a c k e d ,  
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r e s u l t i n g  i n  t h e  f o r m a t i o n  o f  a u g i t e  r im s  ro u n d  q u a r t z  and 

c o r r o s i o n  o f  f e l s p a r s .  T h i s  p r o c e s s  o f  a c i d i f i c a t i o n  o f  th e  

b a s i c  magma e x p l a i n s  t h e  u n u s u a l  f e a t u r e s  s u ch  a s  t h e  p r e s e n c e  

Of f r e e  q u a r t z ,  m i c r o p e g m a t i t e  and f r e e  i r o n - o r e  e x h i b i t e d  by 

t h e  t h o l e i i t e s  and d o l e r i t e s  o c c u r r i n g  a s  s i n g l e  d y k e s ;  t h i s  

i s  more c l e a r l y  b r o u g h t  o u t  by a s t u d y  o f  c h e m ic a l  a n a l y s e s  

( p .  79 ) .  The s p a r s e r  d i s t r i b u t i o n  o f  t h e  x e n o c r y s t s  i n  t h e

b a s i c  r o c k s  o f  t h e s e  i n t r u s i o n s  compared w i t h  t h e  abundance  o f  

s i m i l a r  p h e n o c r y s t s  i n  t h e  a c i d  r o c k s ,  a p p e a r s  t o  be c o n s i s t e n t  

w i t h  t h e  s l i g h t  a c i d i f i c a t i o n  s e e n  i n  t h e  b a s i c  r o c k .

The a u g i t e  r im s  ro u n d  q u a r t z  x e n o c r y s t s  a r e  g e n e r a l l y  

n a r ro w  i n  Drumadoon,  Tormore and  C i r  Mhor, b u t  b ro a d  i n  Bennan 

where  r e s o r p t i o n  h as  o f t e n  d e s t r o y e d  t h e  q u a r t z  which  i s  now 

r e p r e s e n t e d  by n o d u l e s  o f  a u g i t e  (com pare  P l a t e  V I I I ,  F i g . 2 w i t h  

P l a t e  IX, F i g . 2 ) .  T h i s  s u g g e s t s  l o n g e r  and g r e a t e r  i n t e r a c t i o n  

b e tw e e n  t h e  x e n o c r y s t  and t h e  magma i n  Bennan p r o b a b l y  b e c a u s e  

t h e  magma had g r e a t e r  t h e r m a l  e n e r g y .  I n  none o f  t h e s e  r o c k s  

d o e s  o r t h o p y r o x e n e  form p a r t  o f  t h e  a u g i t e  r i m s  ro u n d  q u a r t z ,  

s u g g e s t i n g  e i t h e r  t h a t  t h e  i n t e r a c t i o n  s t a r t e d  o n ly  when most  

o f  t h e  o r t h o p y r o x e n e  had b e e n  made over  i n t o  a u g i t e ,  t h e  magma 

t h u s  becoming e f f e c t i v e l y  s u p e r s a t u r a t e d  w i t h  t h e  l a t t e r  o r  t h a t  

t h e  x e n o c r y s t s  were  i n c o r p o r a t e d  o n ly  when t h e  magma had r e a c h e d  

t h a t  s t a g e .  The c r a c k s  i n v a r i a b l y  shown by t h e  x e n o c r y s t s  m ust  

be a t t r i b u t e d  t o  e x p a n s i o n  by h e a t  a f t e r  t h e i r  i n c o r p o r a t i o n  i n  
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t h e  b a s i c  magma a s  d e s c r i b e d  by H a rk e r  (1 9 0 4 ,  p . 2 20) .

X e n o c r y s t s  o f  f e l s p a r  w h e th e r  t h e y  a r e  o r t h o c l a s e  or  

o l i g o c l a s e  show v a r y i n g  d e g r e e s  o f  c o r r o s i o n .  I n  t h e  t h o l e i i t e s  

o f  Drumadoon t h e  r im s  o f  f r e s h  f e l s p a r  s i m i l a r  i n  c o m p o s i t i o n  t o  

t h e  p l a g i o c l a s e  o f  t h e  r o c k  a r e  more c o n s p ic u o u s  t h a n  i n  Bennan.

The a b o v e  s t u d y  shows t h a t  t h e  b a s i c  r o c k s  o f  t h e s e  

i n t r u s i o n s  p r e s e n t  many s i m i l a r i t i e s  among t h e m s e l v e s  and t h e  

d i f f e r e n c e s  a r e  p re su m a b ly  due t o  v a r i a t i o n  i n  t h e  p h y s i c a l  

c o n d i t i o n s  a s s o c i a t e d  w i t h  c o n s o l i d a t i o n .  They a l s o  show 

s i g n i f i c a n t  d i f f e r e n c e s  f rom  t h e  t h o l e i i t e s  o c c u r r i n g  a s  dykes  which 

m us t  be a t t r i b u t e d  t o  t h e i r  d i f f e r e n t  c o n s o l i d a t i o n  h i s t o r y .

E x c e p t  t h e  b a s i f i e d  p o r p h y ry  t h e  a c i d  r o c k s  o f  b o th  

Bennan and Drumadoon a r e  m i n e r a l o g i c a l l y  s i m i l a r  b e i n g  c o a r s e l y  

p o r p h y r i t i c  q u a r t z - f e l s p a r - p o r p h y r i e s .  The q u a r t z  p h e n o c r y s t s  

o f  t h e  Drumadoon p o r p h y ry  a r e  more e u h e d r a l  t h a n  t h o s e  o f  t h e  

Bennan mass i m p l y i n g  l e s s  c o r r o s i o n .  Bo th  t h e  p o r p h y r i e s  show 

pseudom orphs  o f  p y r o x e n e  a s s o c i a t e d  w i t h  i r o n - o r e ,  z i r c o n  and 

a p a t i t e .  The main  d i f f e r e n c e  be tw een  t h e  p o r p h y r i e s  o f  t h e  two 

a r e a s  l i e s  i n  t h e  n a t u r e  o f  t h e  g roundmass  wh ich  i s  g e n e r a l l y  

g r a n o p h y r i c  o r  som et im es  m i c r o g r a p h i c  a s  i n  Bennan w h e re a s  i t  i s  

c r y p t o g r a p h i c  i n  Drumadoon; t h i s  i s  p r o b a b l y  due t o  t h e  l a r g e r  

volume o f  t h e  a c i d  magma i n  t h e  fo rm er  a r e a .  The a b s e n c e  o f  

c r y s t a l l i s a t i o n  o f  any  new m i n e r a l  l i k e  b i o t i t e  or  h o r n b l e n d e  
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i n  t h e  b a s i f i e d  p o r p h y ry  a t  Drumadoon a l s o  i n d i c a t e s  t h a t  t h e  

magma p o s s e s s e d  no e x c e s s  t h e r m a l  e n e r g y .  I n  s i m p l e r  i n t r u s i o n s  

t h e  a c i d  r o c k  i s  a p i t c h s t o n e  a n d / o r  a q u a r t z - f e l s i t e , (Tormore ,  

No. I I ) ,  t h e  l a t t e r  r o c k  p r o b a b l y  b e i n g  a d e v i t r i f i e d  form o f  

t h e  f o r m e r .  Though a l l  t h e s e  a r e  h i g h l y  a c i d  r o c k s  as  shown 

by t h e  abundance  o f  q u a r t z  e t c . ,  t h e y  show m a f i c  m i n e r a l s  

b e l o n g i n g  t o  e a r l y  s t a g e s  i n  t h e  r e a c t i o n  s e r i e s  l i k e  a u g i t e  

and m i c r o l i t e s  o f  h o r n b le n d e  ( r e p r e s e n t e d  by p s eu d o m o rp h s ) ; i n  

p r e f e r e n c e  t o  m ic a .

The c o n t a c t  b e tw een  t h e  b a s i c  and a c i d  r o c k s  shows 

i n c r e a s i n g  c o m p l e x i t y  f rom Tormore t o  Bennan. There  i s  v e r y  

l i t t l e  m ix in g  b o t h  a t  Tormore and i n  t h e  Drumadoon s i l l ,  t h e  

phenomenon becoming more c o n s p ic u o u s  i n  t h e  Drumadoon c o m p o s i te  

dyke where  t h e  p r o c e s s  i s  a p p a r e n t l y  more m e c h a n i c a l  t h a n  

c h e m i c a l .  The c l im a x  o f  c o n t a c t  h y b r i d i z a t i o n  p r o c e s s e s  i s  

r e a c h e d  i n  Bennan where t h e r e  i s  n o t  o n ly  a b u n d a n t  m e c h a n i c a l  

m i x i n g ,  b u t  a l s o  c o n s p ic u o u s  c h e m i c a l  i n t e r a c t i o n  r e s u l t i n g  i n  

t h e  f o r m a t i o n  o f  p y r o g e n e t i c  h o r n b le n d e  and b i o t i t e  t o g e t h e r  

w i t h  t h e  c h l o r i t i z a t i o n  o f  a u g i t e .

( i i i )  CHEMICAL DATA.

I n  t h e  accom pany ing  t a b l e s  t h e  c h e m ic a l  a n a l y s e s  o f  t h e  

v a r i o u s  r o c k  t y p e s  s t u d i e d  i n  t h i s  i n v e s t i g a t i o n  w i t h  t h r e e  new 
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a n a l y s e s  a r e  t a b u l a t e d  f o r  c o n v e n ie n c e  a s  b a s i c  and a c i d  r o c k s .  

A n a l y s e s  o f  s i m i l a r  r o c k  t y p e s  f rom o u t s i d e  t h e  a r e a s  s t u d i e d  

a r e  a l s o  g i v e n  f o r  p u r p o s e s  o f  c o m p a r i so n .  N i g g l i  v a l u e s  have  

b e e n  c a l c u l a t e d  f o r  t h e s e  a n a l y s e s  as  a l s o  t h e  norms a c c o r d i n g  

t o  t h e  C . I .P .W .  m ethod .

T a b le  V I I  shows c l e a r l y  t h e  r e l a t i o n s h i p  o f  t h e  v a r i o u s  

b a s i c  members s t u d i e d .  The a n a l y s e s  r e v e a l  s i m i l a r i t i e s  w i th  

t h e  N o n - p o r p h y r i t i c  C e n t r a l  Magma t y p e  o f  M u l l  (Memoir ,  1924, p . 1 7 ) .  

The N i g g l i  v a l u e s  o f  t h e s e  r o c k s  show t h a t  e x c e p t  t h e  a u g i t e -  

g r a n o p h y r e ,  t h e y  a r e  v e r y  s i m i l a r ,  t h e  d i f f e r e n c e  b e i n g  a s l i g h t  

r i c h n e s s  o f  SiO£ and Fe^O^ i n  Bennan.  These  minor  d i f f e r e n c e s  

m u s t  be a t t r i b u t e d  t o  l o c a l  v a r i a t i o n s  o f  c o n d i t i o n s .  They a l s o  

show a d i s t i n c t  s i m i l a r i t y  w i t h  t h e  t h o l e i i t e s  o c c u r r i n g  a s  s i n g l e  

d y k e s ,  f rom  w hich  t h e y  d i f f e r  o n ly  s l i g h t l y ,  b e i n g  r i c h e r  i n  

S iOg,  AI2 Q3 and p o o r e r  i n  FeO and TiOg,  f e a t u r e s  which  must

be a t t r i b u t e d  t o  p r e ^ i n t r u s i v e  a c i d i f i c a t i o n  o f  t h e s e  t h o l e i i t e s  

by t h e  p o t a s h - r i c h  a c i d  magma ( T a b le  V I I I ,  a n a l y s i s  I I ) .  Com par ison  

w i t h  N ' i g g i i ’ s t y p e  magmas a l s o  shows t h a t  t h e  r o c k s  d i f f e r  f rom 

them,  t h e  n e a r e s t  co m p a rab le  t y p e  b e i n g  s i - g a b b r o d i o r i t i c  t y p e ;  

b u t  ev e n  h e r e  t h e  r o c k s  have  a h i g h e r  v a l u e  f o r  K t h a n  t h e  t y p e  

magma ( N i g g l i ,  1936 ,  p . 3 5 9 ) .

A c l o s e  e x a m i n a t i o n  o f  t h e  a n a l y s i s  o f  t h e  h y b r i d  r o c k  

a u g i t e - g r a n o p h y r e ,  c l e a r l y  b r i n g s  o u t  i t s  u n u s u a l  f e a t u r e s .  

C o m p a r i so n /
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C o m p a r i s o n  w i t h  t h e  a n a l y s e s  o f  b o t h  t h e  d o l e r i t e  a n d  t h e  p o r p h y r y  

a t  B e n n a n  s h o w s  t h a t  i t  a p p r o x i m a t e s  t o  a n  a c i d i f i e d  d o l e r i t e ;  

a l t h o u g h  i t  i s  i n t e r m e d i a t e  b e t w e e n  t h e  e n d  m e m b e r s  i t  i s  n o t  

s t r i c t l y  s o .  I t  s h o w s  a n  u n u s u a l l y  h i g h  p e r c e n t a g e  o f  T i O t. a n d  

P2O5 , t h e s e  c o n s t i t u e n t s  b e i n g  h i g h e r  t h a n  i n  e i t h e r  t h e  b a s i c  o r  

a c i d  r o c k .  T h e  o c c u r r e n c e  o f  n u m e r o u s  l a r g e  n e e d l e s  o f  a p a t i t e  

w o u l d  a c c o u n t  f o r  t h e  p r o b a b l y  p r e s e n t  i n t i m a t e l y

a s s o c i a t e d  w i t h  t h e  i r o n - o r e  a n d  i n  t h e  p y r o x e n e .  I n  t h i s  

c o n n e c t i o n  t h e  c o m m e n t s  m a d e  b y  T h o m a s  a n d  S m i t h  o n  t h e  r i c h n e s s  

o f  t h e s e  t w o  o x i d e s  w h i l e  d i s c u s s i n g  a n  i n c r e a s e  i n  T i O g  i n  t h e  

q u a r t z - d i o r i t e  s t a g e  o f  t h e  h y b r i d  r o c k s  i n  C o t e s  D u  N o r d  r e g i o n  

i n  F r a n c e  t h a t  " b o t h  p h o s p h o r i c  a n d  t i t a n i c  a c i d s  may  b e  p r e s u m e d  

t o  h a v e  t r a v e l l e d  w i t h  t h e  h i g h l y  a c i d  o r  v o l a t i l e  r e s i d u u m  o f  

t h e  c o n s o l i d a t i n g  magma" a r e  r e l e v e n t  ( 1 9 3 2 ,  p . 2 8 9 ) .

S i n c e  t h e  a u g i t e - g r a n o p h y r e  i s  p r e s u m a b l y  t h e  r e s u l t  

o f  c r y s t a l l i s a t i o n  f r o m  a  h y b r i d  magma ( p .  66 ) r e s u l t i n g  f r o m

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

s i l i c a - o x i d e  d i a g r a m  ( F i g . 7 )  h e l p s  t o  e l u c i d a t e  t h i s  m u t u a l  

r e l a t i o n s h i p .  T h e  o x i d e  v a l u e s  h a v e  b e e n  p l o t t e d  f o r  t h e  d o l e r i t e  

a n d  t h e  p o r p h y r y  o n  t h e  a s s u m p t i o n  t h a t  t h e y  r e p r e s e n t  t h e  n e a r e s t  

e q u i v a l e n t s  t o  t h e  o r i g i n a l  m a g m a s .  T h i s  e n a b l e s  a  c o m p a r i s o n  

b e t w e e n  a  t h e o r e t i c a l  m i x t u r e  o f  t h e  t w o  e n d  m e m b e r s  w i t h  t h e  

s a m e  s i l i c a  p e r c e n t a g e  a s  t h e  a c t u a l  h y b r i d  r o c k .  T h e  s t u d y  

b r i n g s  o u t  c l e a r l y  t h a t  t h e  t h e o r e t i c a l  m i x t u r e  a n d  t h e  a c t u a l

h y b r i d /
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i

h y b r i d  a r e  v e r y  d i f f e r e n t ,  s h o w i n g  d i s c r e p a n c i e s  f o r  v a l u e s  o f  

m o s t  o f  t h e  o x i d e s .  A u g i t e - g r a n o p h y r e  h a s  a  h i g h e r  v a l u e  f o r  

Fe0 an<i Na^O a n d  a  l o w e r  v a l u e  f o r  CaO a n d  MgO t h a n  t h e  

t h e o r e t i c a l  m i x t u r e .  O n l y  t h e  v a l u e s  f o r  K,,Q a n d  Fe^Q,,  a p p e a r  

t o  a g r e e  r a t h e r  c l o s e l y .  T h e r e f o r e  i t  i s  o b v i o u s  t h a t  t h e  

h y b r i d  r o c k  c o u l d  n o t  b e  t h e  r e s u l t  o f  a  s i m p l e  m i x t u r e  o f  t h e  

e n d  m e m b e r s  a n d  t h e  p r o c e s s  m u s t  h a v e  b e e n  o f  a  c o m p l e x  c h a r a c t e r .  

I n  o t h e r  w o r d s  t h e  s y s t e m  w a s  n o t  a c l o s e d  o n e  a n d  t h e r e  m u s t  

h a v e  b e e n  s c o p e  f o r  r e m o v a l  a n d  a d d i t i o n  o f  m a t e r i a l .  T h e  

a u g i t e - g r a n o p h y r e  i s  t h u s  n o t  a  s t r a i g h t - l i n e  c o m p o s i t i o n a l  

v a r i a n t  o f  t h e  b a s i c  a n d  a c i d  m a g m a s .  I t  r e p r e s e n t s  a  r o c k  

f o r m e d  b y  t h e  i n t e r a c t i o n  o f  a  m e t a s o m a t i s e d  p r o d u c t  o f  t h e  b a s i c  

magma w i t h  t h e  a c i d  m a g m a ,  t h e  p r o c e s s  p r e s u m a b l y  t a k i n g  p l a c e  

a t  d e p t h .  H a r k e r  h a s  e m p h a s i s e d  t h i s  p o i n t  i n  h i s  d i s c u s s i o n s  

r e g a r d i n g  t h e  n a t u r e  o f  h y b r i d  r o c k s  i n  g e n e r a l  ( 1 9 0 0 ,  1 9 0 4 ) .

T a b l e  V I I I  ( a c i d  r o c k s )  s h o w s  t h a t  t h e  B e n n a n  p o r p h y r y  

h a s  a  h i g h  p e r c e n t a g e  o f  s i l i c a .  I t  i s  r i c h  i n  p o t a s h  w h i c h  

i s  i n  e x c e s s  o f  s o d a .  I t  a l s o  s h o w s  a n  u n u s u a l  r i c h n e s s  o f  

F e ^ O g .  I n  v i e w  o f  t h e  c l o s e  p e t r o g r a p h i c  s i m i l a r i t y  b e t w e e n  

t h e  u n c o n t a m i n a t e d  p o r p h y r y  f r o m  D r u m a d o o n  a n d  t h e  B e n n a n  p o r p h y r y ,  

a n  a n a l y s i s  w a s  n o t  m a d e .  T h e  a n a l y s e d  s p e c i m e n  D . 3 0  w h i c h  i s  

t h e  c o n t a m i n a t e d  h y b r i d  p o r p h y r y ,  i s  o f  v a r i a b l e  c h a r a c t e r  a n d  

t h e  d i s t r i b u t i o n  o f  t h e  x e n o l i t h s  h i g h l y  i r r e g u l a r .  V a r i a t i o n s  

a r e  o b s e r v e d  e v e n  i n  a  s i n g l e  t h i n  s e c t i o n  ( p .  3 1  ) .  F u r t h e r m o r e ,

t h e /
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t h e  m a f i c  m i n e r a l s  o f  t h e  x e n o l i t h s  a r e  p a r t i a l l y  a l t e r e d .  I n  

v i e w  o f  t h i s  t h e  a n a l y s i s  i s  o f  l e s s  v a l u e ,  t h o u g h  c e r t a i n  f e a t u r e s  

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

B e n n a n  p o r p h y r y  a n d  t h e  D r u m a d o o n  t h o l e i i t e .  T h e  b a s i f i e d  

p o r p h y r y  h a s  a l o w e r  s i l i c a  v a l u e  a n d  a  h i g h e r  v a l u e  f o r  F eO ,  MgO,  

a n d  C a O , c o m p a r e d  t o  t h e  B e n n a n  p o r p h y r y .  By p l o t t i n g  a  s i l i c a -  

o x i d e  d i a g r a m  s i m i l a r  t o  F i g .  7 ,  t h e  r e l a t i o n s h i p s  a r e  v e r y  w e l l  

b r o u g h t  o u t  ( F i g . 8 ) .  T h e  a c t u a l  a n a l y s i s  s h o w s  c o n s i d e r a b l e  

v a r i a t i o n s  f r o m  a t h e o r e t i c a l  m i x t u r e  o f  t h e  e n d  m e m b e r s  w i t h  t h e  

s a m e  p e r c e n t a g e  o f  s i l i c a  s u g g e s t i n g  t h a t  s e l e c t i v e  p r o c e s s e s  w e r e  

a l s o  i n  o p e r a t i o n ,  t h o u g h  f r o m  t h e  p e t r o g r a p h i c  a c c o u n t  t h e  

i n c o r p o r a t i o n  o f  b a s i c  r o c k  a p p e a r s  t o  b e  m o r e  m e c h a n i c a l  t h a n  

c h e m i c a l  ( p .  3 2  ) .  T h e  B e n n a n  p o r p h y r y  c o m p a r e s  c l o s e l y  w i t h  t h e  

g r a n o p h y r i c  g r a n i t e  o f  t h e  C e n t r a l  R i n g  C o m p l e x  i n  A r r a n ,  a n d  

h o r n b i e n d e - g r a n o p h y r e  f r o m  S k y e .  C o m p a r i s o n  w i t h  N i g g l i ' s  t y p e  

m a g m a s  a g a i n  s h o w s  t h a t  t h e  p o r p h y r y  d i f f e r s  f r o m  t h e m ,  t h e  n e a r e s t  

c o m p a r a b l e  t y p e  b e i n g  a p 1 i t e - g r a n i t e  b u t  t h e  B e n n a n  r o c k  s h o w s  a n  

e x c e s s  v a l u e  f o r  * fm* a s  a  r e s u l t  o f  b & s i f i c a t i o n  ( N i g g l i ,  1 9 3 6 ,  

p . 3 5 8 ) .

T h e  p i t c h s t o n e  o f  J u d d f s  N o .  I I  d y k e  a n d  a l s o  t h a t  o f  

C i r  M h o r  s h o w  a n  e x c e s s  o f  s o d a  o v e r  p o t a s h ,  a  f e a t u r e  e x p r e s s e d  

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

o l i g o . c l a s e ) . T h e  f o r m e r  r o c k  s h o w s  a n  u n u s u a l  r i c h n e s s  i n  FeO 

CaO a n d  w a t e r .  T h e  r i c h n e s s  o f  FeO c a n  b e  a c c o u n t e d  f o r  b y  t h e  

p r e s e n c e /
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p r e s e n c e  o f  i r o n - o l i v i n e  f a y a l i t e ,  t h e  l i m e  g o i n g  m a i n l y  t o  f o r m  

p y r o x e n e .  T h e  r i c h n e s s  i n  w a t e r  o f  p i t c h s t o n e s  i s  v e r y  w e l l  

k n o w n .  T h e  r o c k  a l s o  d i f f e r s  f r o m  N i g g l i 1 s  t y p e  m a g m a s .

To s u m  u p ,  a  s t u d y  o f  t h e  c h e m i s t r y  o f  t h e  r o c k s  

b e l o n g i n g  t o  t h e s e  i n t r u s i o n s  s h o w s  t h a t  ( a )  r o c k s  o f  c o r r e s p o n d i n g  

t y p e s  s h o w  a n a l o g i e s  i n  t h e  d i f f e r e n t  b o d i e s ,  ( b )  t h e y  c a n  b e  

c o m p a r e d  r a t h e r  c l o s e l y  w i t h  r o c k s  f r o m  o t h e r  a r e a s  o f  t h e  B r i t i s h  

T e r t i a r y  I g n e o u s  P r o v i n c e  ( S k y e ,  M u l l  e t c . )  a n d ,  ( c )  t h e y  s h o w  

c e r t a i n  u n u s u a l  c h a r a c t e r s  r e s u l t i n g  f r o m  d e e p - s e a t e d  h y b r i d i z a t i o n .



- 3 4 -  
TABLE V I I .

BASIC ROCKS.

I I I I I I IV V V I V I I V I I I IX

g i O  5 4 . 8 3  
2

5 8 . 8 4 5 1 . 9 0 5 4 . 5 2 5 3 . 9 7 5 4 . 1 1 5 1 . 6 3 5 1 . 5 3 55*79-

A 1 ^ 03 1 4  i 1 0 1 4 . 4 3 1 5 . 7 8 1 4 . 5 3 1 4 . 6 5 1 1 . 6 5 1 1 . 7 7 1 1 . 0 5 1 5 . 9 7

3 . 5 7 3 . 3 1 1 . 8 3 2 . 2 1 3 . 6 2 2 . 7 6 3 . 2 3 2 . 7 3 1 2 . 5 0

FeO 5 . 8 7 6 . 1 2 6 . 6 4 6 . 0 6 6 . 3 2 7 . 0 2 1 0 . 4 7 1 0 . 9 8 -

MnO 0 . 3 7 0 . 2 6 0 . 1 9 0 . 2 4 0 . 3 0 0 . 2 1 0 . 3 5 0 . 4 5 -

MgO 4 . 8 8 2 . 6 8 6 . 5 4 5 . 6 1 4 . 4 9 5 . 3 0 5 . 0 2 5 . 2 1 2 . 2 2

CaO 7 . 9 0 4 . 4 3 8 . 7 8 8 . 0 8 7 . 9 8 8 . 7 7 9 . 3 4 9 . 6 8 7 . 0 6

NagQ 2 . 3 2 3 . 6 1 2 . 4 6 3 . 6 6 2 . 5 4 2 . 6 3 2 . 9 0 3 . 4 8 2 . 2 1

1 . 7 3 2 . 3 8 0 . 9 5 1 . 1 4 1 . 5 2 1 . 7 5 0 . 9 1 0 . 8 6 1 . 8 6

h2o 1 . 2 3 1 . 7 5 1 . 0 2 0 . 9 3 0 . 9 4 0 . 8 1 1 . 4 0 1 . 2 6 I g n ,  
2 . 4 3; (n o  50)

:h20 0 . 4 8 0 . 8 8 2 . 0 5 1 . 9 5 1 . 9 2 0 . 6 8 0 . 6 8 0 .  7 1

' ( - 1 0 5 ° )

I T i 02 0 .  7 4 1 . 1 4 0 . 7 6 0 . 8 7 1 . 2 4 3 . 3 7 2 . 0 0 1 . 5 7

P2 ° 5 0 . 2 4 0 . 3 1 0 . 0 5 0 . 2 1 0 . 2 7 0 . 5 8 0 .  29 0 . 2 2 —

co2 1 . 9 0 - 0 . 9 7 - 0 . 5 1 0 . 0 5 0 . 1 1 0 . 0 8

1 0 0 . 1 9 1 0 0 . 1 4 9 9 . 9 2 1 0 0 . 0 4 1 0 0 . 4 0 9 9 . 9 7 1 0 0 . 2 5 1 0 0 . 0 7 1 0 0 . 4 9

. Y .a l u c a .

t s i  1 5 5 . 7 1 9 5 . 4 1 3 4 . 5 1 4 8 . 6 1 5 1 . 5 1 5 0 . 3 3 1 3 1 . 2 1 2 8 . 2

I q z  + 1 8 . 2 2 ♦ 2 9 . 2 4 ♦ 3 . 3 8 ♦  2 • 2 ♦ 1 3 . 1 ♦ 9 . 6 5 - 3 . 5 6 - 1 0 . 6

a l 2 3 . 5 2 2 8 . 2 9 2 4 . 1 1 2 3 . 2 0 2 4 . 2 4 1 9 . 0 0 1 7 . 6 8 1 6 . 2 7

fm. 4 3 . 1 0 3 9 . 6 5 4 3 . 7 0 4 1 . 6 6 4 2 . 0 8 4 4 . 3 3 4 8 . 1 7 4 8 . 2 0

;0 2 4 . 0 2 1 5 . 7 3 2 4 . 4 2 2 3 . 5 3 2 4 . 0 7 2 6 . 1 7 2 5 . 4 6 2 5 . 8 1

alk. y . 3 7 1 6 . 5 4 7 . 7 8 1 1 . 6 0 , 9 . 6 0 1 0 . 1 7 8 . 6 9 9 . 7 0

;k 0 . 3 3 0 . 3 0 0 . 2 0 0 . 1 7 0 . 2 8 0 . 2 8 0 . 1 8 0 . 1 4

mg 0 . 4 8 0 . 3 4 0 . 5 8 0 . 5 5 0 . 4 5 0 . 5 0 0 . 4 0 0 . 4 0

Q u a r t z .  1 3 . 8 6 1 3 . 8 6 5 . 2 3 4 1 &  6

j O r t k o - 1 0 . 0 1 1 3 . 9 0 5 . 5 6 6 . 6 7
J c l a s e .
f A l t i t e . 1 9 . 3 9 3 0 . 3 9 2 0 . 9 6 3 0 . 9 2

A n o r - 2 3 . 0 7 1 6 . 4 0 2 9 . 1 9 1 9 . 7 4
r t h i t e .

1  S a l i c 6 6 . 3 3 7n»55 6 0 . 9 9 6 1 . 5 9 ,
■  g r o u p .

F  Biopsld.e. 2 .  04 3 . 0 0 6 . 5 5 1 5 . 3 6
E n s t a t - - 1 1 . 6 0 6 . 0 0 1 4 . 4 0 9 . 3 0 -

i t e .
i r  on meta-7. 00 6.  34 8 . 5 8 5 . 4 1
s i l i c a t e .
l l a g n e t -  5 . 1 0 4 . 8 7 2 . 5 5 3 . 2 5
i t e

I lmen i t  e . 1 . 3 7 2 . 1 3 1 . 5 2 1 . 6 7
A p a t i t e . 0 . 5 7 0 . 7 3 0 . 1 2 0 . 5 1
C a i c . i t  e . 4 . 3 0 _______ - 2 . 20. — .. .

F e r a ic 3 1 . 9 8 2 3 . 0 7 3 5 . 9 2 3 5 . 5 0
gXJDHIL^



- 8 5 -

I* (24457  L a b . N o , 826) H y p e r s t h e n e - d o l e r i t e ,  b a s i c  member 

o f  Bennan  c o m p o s i t e  s i l l ,  s h o r e  a t  f o o t  o f  S t r u e y  f a l l s ,  

Bennan Head,  A r r a n .

A n a l y s t :  E .G .R a d l e y .

I I .  ( B .1 3 1 )  A u g i t e - g r a n o p h y r e ,  h y b r i d  r o c k  n e a r  G a i r n ,  

a l o n g  S t r u e y  Burn ,  w es t  o f  E a s t  Bennan fa rm .

A n a l y s t :  W .H.Herdsm an.(new 
a n a l y s i s ) .

I I I .  ( D .2 4 )  T h o l e i i t e ,  Drumadoon,  Lower d o l e r i t e ;  v e r y  n e a r  

c o n t a c t  w i t h  t h e  a c i d  r o c k  ( n e a r  t h e  s o u t h e r n  end i n  t h e  

c l i f f s ) .

A n a l y s t :  W .H.Herdsman.(new 
a n a l y s i s ) .

IV. (25622 L a b . N o . 853)  T h o l e i i t e  ( B r u n t o n  t y p e ) ,  b a s i c  member 

o f  c o m p o s i t e  p i t e h s t o n e - t h o l e i i t e  d y k e ,  J u d d ’ s No. I I  

d y k e .

A n a l y s t :  E .G .R a d le y .

V. (17 1 7 0  L a b .N o .4 3 2 )  T h o l e i i t e ,  T a l a i d h  t y p e ,  b a s i c  m a r g in  

o f  c o m p o s i t e  s i l l ,  Ruadh a* Chrom ain ,  M u l l .

A n a l y s t :  E .G .R a d l e y .

V I .  (23845  L a b . N o . 800)  A n d e s i t i c  t h o l e i i t e ,  60* N o r th  West 

dy k e ,  a c o n t i n u a t i o n  o f  t h e  A c k l i n g to n -H a n d w ic k  d y k e .

A n a l y s t :  B .E .D ix o n .

V I I /
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V I I .  ( S . 16809)  T h o l e i i t e  o f  B ru n to n  t y p e ;  T e r t i a r y

d y k e .  On s h o r e  4 m i l e  N. o f  K i n t a l l e n ,  3 m i l e s

N.N.W. o f  S a l e n ,  M u l l .

A n a l y s t :  E .G .R a d le y .

V I I I .  ( S . 16810)  T h o l e i i t e  o f  B ru n to n  t y p e ;  T e r t i a r y

d y k e .  On s h o r e  i  m i l e  E. o f  A r i a ,  5-f- m i l e s  S .E .

o f  To b e rm o ry ,  M u l l .

A n a l y s t :  E . G . R a d l e y .

IX .  A u g i t e - a n d e s i t e , t h e  e x t e r i o r  member o f  C i r  Mhor 

c o m p o s i t e  d y k e ,  A r r a n .

A n a l y s t :  J . A . S c h o f i e l d .
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TABLE V I I I .

ACID HOCKS.

I I I I I I I V V V I

SiO
2

7 5 . 2 2 6 5 . 1 8 7 6 . 6 5 7 1 . 5 1 7 1 . 9 8 7 2 . 3 7

A I 2 ° 3 1 2 . 2 2 1 2 . 5 7 1 1 . 8 9 1 0 . 5 5 1 3 . 1 3 1 1 . 6 4

F e 2 ° 3 2 . 3 0 0 . 9 2 1 . 1 9 0 . 7 9 1 . 3 3 1 . 4 2

FeO 0 . 2 2 4 . 6 3 1 . 0 2 2 . 2 2 1 . 6 4 1 . 0 8
MnO 0 . 2 5 0 . 0 8 0 . 2 6 0 . 4 2 0 . 1 4 -

MgO 0 . 0 6 3 . 2 2 0 . 1 5 0 . 5 2 0 . 5 6 0 . 5 2

CaO 0 . 3 4 2 . 4 3 0 . 9 1 1 . 5 2 1 . 1 5 1 . 3 0

N a 2 0 2 . 2 2 2 . 8 6 3 . 4 4 4 . 1 2 2 . 9 8 4 . 1 5
KgO 4 . 9 4 4 . 0 9 4 . 2 6 3 . 4 8 4 . 9 3 3 . 9 8

HgO I ■*•105°) 0 . 5 2 0 . 7 2 0 . 4 0 4 . 0 7 1 . 3 8 i g n .

H^O ( - 1 0 5 ° J 0 . 7 2 0 . 8 5 0 . 4 1 0 . 1 9 0 . 3 9
4 . 8 6

T i0 2 0 . 2 8 0 . 2 4 0 . 2 8 0 . 3 3 0 . 3 7 -

p a ° 5 0 . 1 8 0 . 0 7 0 . 1 6 0 . 2 4 0 . 1 9 -

c o * 0 . 0 3 1 . 9 3 0 . 0 9 - - -

1 0 0 . 0 0 9 9 . 8 4 1 0 0 . 1 6 1 0 0 . 0 4 1 0 0 . 1 8 1 0 1 . 3 2

s i 4 8 0 . 5
N i g g l i  Value_s_.  

2 6 1 . 7  4 6 7 . 0 4 0 5 . 5 3 9 3 . 4

q z  1 * 2 4 3 . 1 ♦  7 4 . 9 4 - 2 1 7 . 4 1 - 1 6 5 . 4 1 - 1 6 2 .  2 8

a l 4 5 . 9 8 2 9 . 6 4 4 3 . 3 3 3 5 . 3 8 4 2 . 3 0

fm 1 4 . 1 3 3 3 . 0 8 1 3 . 3 3 2 0 . 4 1 1 8 . 0 3

c 5 . 7 5 1 0 . 6 0 5 . 9 3 9 . 1 9 6 . 8 9

a l k 3 4 . 1 0 2 1 . 6 9 3 7 . 4 1 3 5 . 0 3 3 2 . 7 8

k 0 . 6 0 0 . 4 9 0 . 4 5 0 . 3 6 0 . 5 2

mg 0 . 5 4 0 . 5 1 0 . 1 1 0 . 2 2 0 . 2 5

Q u a r t z . 
O r t h o c l a s e . 
A l b i t e . 
A n o r t h i t e .  
C o r u n d u m .  
S M Iq  gr.,PiiB

E n s t a t i t e .  
I r o n  m e t a ­
s i l i c a t e .
D i b p s i d e .

4 1 , 2 8
2 9 . 4 7
1 8 . 8 6

2 . 7 8
2 . 1 4

. 9 4 . 5 3

0 . 2 0

JifiEfflfl.

2 3 . 4 6
2 4 . 4 6  
2 4 . 1 0

5 . 5 6
1 . 3 3

7 8 . 9 1

5 . 9 0
7 . 3 9

3 0 . 6 6
2 0 . 5 7 *
3 4 . 5 8

0 . 2 8

8 6 . 0 9

0 . 7 0
1 . 8 5

4 . 7 7
M a g n e t i t e .  
H e m a t i t e . 
I l m e n i t e . 
A p a t i t e .  
C a l c i t e .  
D o l o m i t e . 
F e m i n  g^n^-p

0 . 7 0
1 . 7 6
0 . 6 1
0 . 4 4
0 . 1 0

. *1.-81

1 . 3 9

0 . 4 6
0 . 1 7

4.05

1 . 1 6

0 . 6 1
0 . 5 7

-
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I .  ( 2 4 4 6 0 . L a b . N o . 8 2 9 )  Q u a r t z - f e l s p a r - p o r p h y r y ,  a c i d

m e m b e r  o f  B e r m a n  c o m p o s i t e  s i l l ,  q u a r r y  h a l f  a  m i l e

W. S . W .  o f  L e v e n e o r r o e h ,  A r r a n .  I

A n a l y s t :  E . G . R a d l e y .

I I .  ( D . 2 4 )  B a s i f i e d  q u a r t z - f e l s p a r - p o r p h y r y ,  D r u m a d o o n ;  

s i l l  i n  t h e  D o o n ,  t a k e n  f r o m  i t e n  f e e t  a b o v e  t h e  

t h o l e i i t e - p o r p h y r y  c o n t a c t .

A n a l y s t :  W . H . H e r d s m a n  ( n e w
a n a l y s i s ) .

I I I .  ( 2 4 4 5 4  L a b . N o . 8 2 4 )  G r a n o p h y r i c - g r a n i t e  o f  C e n t r a l

R i n g  C o m p l e x ,  q u a r r y  i n  A l l t  n a n  D r i s ,  1 0 0 0  f e e t  n o r t h  

o f  D e r e n e n a c h ,  A r r a n .

A n a l y s t :  E . G . R a d l e y .

I V .  ( 2 5 6 2 1  L a b . N o . 8 5 2 )  P i t c h s t o n e  w i t h  o r t h o - a n d  e l i n o -

p y r o x e n e s  a n d  o l i v i n e  J u d d ’ s  N o .  I I  d y k e ,  T o r m o r e  s h o r e

A n a l y s t :  E . C . R a d l e y ,

V .  ( 7 0 6 4 )  H o r n b l e n d e - g r a n o p h y r e ,  B e i n n  a* a h a i r n ,  m i l e s  

s o u t h  b y  w e s t  o f  B r o a d f o r d ,  S k y e .

A n a l y s t :  W. P o l l a r d .

V I .  P o r p h y r i t i e - p i t c h s t o n e ,  c e n t r e  o f  C i r  M hor  d y k e .

A n a l y s t :  E . C .  T h o m s o n .
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MECHMICR QF INTRUSION

T h e  i n t r u s i o n s  s t u d i e d  i n  t h i s  i n v e s t i g a t i o n  r e v e a l  a n  

i n c r e a s i n g  c o m p l e x i t y  f r o m  t h e  s i m p l e  d y k e s  o f  T o r m o r e  s h o r e  t o  

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

i n  t h e  v o l u m e s  o f  t h e  m a g m a s  a n d  t h e i r  t h e r m a l  c h a r a c t e r s  a t  t h e  

t i m e  o f  t h e i r  e m p l a c e m e n t .  T h e  r o l e  p l a y e d  b y  v o l a t i l e s  i s  n o t  

c l e a r  i n  v i e w  o f  t h e  p o s s i b i l i t y  o f  e s c a p e  f r o m  t h e  magma s y s t e m s .

T h e  C i r  M h o r  a n d  T o r m o r e  ( N o . I l )  c o m p o s i t e  d y k e s  

r e p r e s e n t  t h e  s i m p l e s t  o f  t h e s e  i n t r u s i o n s ,  w h e r e  t h e  b a s i c  magma  

f i l l e d  a  n a r r o w  f i s s u r e  a n d  w a s  f o l l o w e d  b y  a  g r e a t e r  v o l u m e  o f  

a c i d  magma w h i c h  p r e s u m a b l y  s o l i d i f i e d  f i r s t  a s  a  p i t c h s t o n e  

a n d  d e v i t r i f i e d  l a t e r  i n t o  q u a r t z - f e l s i t e .  At  D r u m a d o o n  t h e  

t r i p l e  c o m p o s i t e  d y k e  c o n s o l i d a t e d  i n  a n  e l o n g a t e d  a n d  s i n u o u s  

f i s s u r e  a n d  a t  o n e  p o i n t  s e r v e d  a s  a  f e e d e r  t o  t h e  c o m p o s i t e  s i l l .  

T h e r e  w a s  g r e a t e r  m i x i n g  i n  t h e  c o m p o s i t e  d y k e  b e t w e e n  t h e  a c i d  

magm a a n d  t h e  b a s i c  r o c k  d u e  t o  t h e  h i g h e r  e n e r g y  p o s s e s s e d  b y  

t h e  f o r m e r  d u r i n g  i t s  e m p l a c e m e n t  i n  t h e  d y k e ;  t h i s  e n e r g y  

n e c e s s a r i l y  d i m i n i s h e d  i n  t h e  s i l l .  T h e  o c c u r r e n c e  o f  a  

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

i n  t h e  s i l l  p r e s u m a b l y  i n d i c a t e s  a  r e c u r r e n c e  o f  i n t r u s i o n  o f  

t h e  b a s i c  m a g m a .  T h e  s e q u e n c e  i n  t h e  w h o l e  s e r i e s  a p p e a r s  t o  

b e  b a s i c - a c i d - b a s i c ,  r e s e m b l i n g  t h e  s e q u e n c e  n o t e d  b y  T o m k e i e f f  

a n d  M a r s h a l l  a m o n g  d y k e s  ( 1 9 3 5 ,  p . 2 8 3 ) .

T h e  B e n n a n  i n t r u s i o n  r e p r e s e n t s  t h e  c l i m a x  o f  t h e s e

p h e n o m e n a /
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p h e n o m e n a .  T h e r e  w e r e  p r e s u m a b l y  a t  l e a s t  t h r e e  i n j e c t i o n s  o f  

b a s i c  m a g m a ,  and. o n e  o f  t h e  a c i d  magma* T h e  v o l u m e  o f  t h e  

m a g m a s  e m p l a c e d  w a s  l a r g e r  t h a n  i n  t h e  o t h e r  a r e a s  d e s c r i b e d .

T he  a c i d  magma a p p a r e n t l y  h a d  g r e a t e r  e n e r g y  a s  s h o w n  b y  t h e  h i g h  

d e g r e e  o f  c o n t a c t  h y b r i d i z a t i o n  w i t h  t h e  a l r e a d y  c o n s o l i d a t e d  

b a s i c  m a g m a .  T h e  s u g g e s t e d  e m p l a c e m e n t  o f  t h e  h y b r i d  a s  t h e  

l a s t  i n  t h e  s e r i e s  w o u l d  i n d i c a t e  a  s e q u e n c e  o f  b a s i c - a c i d - a e i d i f i e d  

b a s i c .

PETRQGENESIS.

I n  a l l  t h e s e  i n t r u s i o n s  t h e r e  i s  t h e  c o n s t a n t  a s s o c i a t i o n  

o f  t w o  c o n t r a s t e d  r o c k  t y p e s ,  a  f e a t u r e  s i m i l a r  t o  m a n y  s u c h  

i n t r u s i o n s  d e s c r i b e d  f r o m  S k y e ,  M u l l ,  e t c . ,  w h i c h  p o i n t s  t o  t h e  

a s s o c i a t i o n  a n d  s i m u l t a n e o u s  a v a i l a b i l i t y  o f  b o t h  a c i d  a n d  b a s i c  

m a g m a s .  T h e s e  i n t r u s i o n s  d o  n o t  s h o w  a n y  i n t e r m e d i a t e  r o c k  t y p e s  

e i t h e r  i n  t h e  c h e m i c a l  o r  p e t r o g r & p h i c a l  s e n s e ,  t h a t  w o u l d  b e  t h e  

r e s u l t  o f  a  p r o c e s s  o f  p r o g r e s s i v e  c r y s t a l l i s a t i o n - d i f f e r e n t i a t i o n  

o f  a  p a r e n t  b a s a l t  magma a s  a d v a n c e d  b y  B o w e n  ( 1 9  2 8 ) .  T h e  

p e t r o l o g i c a l  a n d  c h e m i c a l  n a t u r e  o f  t h e  a u g i t e - g r a n o p h y r e  o f  

B e n n a n  a l s o  r e v e a l  t h a t  i t  i s  n o t  f o r m e d  f r o m  c r y s t a l l i s a t i o n -  

d i f f e r e n t i a t i o n  b u t  i s  a  p r o d u c t  o f  c r y s t a l l i s a t i o n  f r o m  a  

h y b r i d —m a g m a .  T h e  b a s i c  a n d  a c i d  r o c k s  t h e m s e l v e s  s h o w  u n u s u a l  

f e a t u r e s  i n  t h e i r  c h e m i s t r y  a n d  m i n e r a l o g y .  P e t r o l o g i c a l  a n d  

c h e m i c a l  d a t a  a l r e a d y  p r e s e n t e d  ( p p . 7 7 , 7 a , 8 g )  s h o w  c l e a r l y  t h a t

t h e /



t h e  o r i g i n a l  b a s i c  a n d  a c i d  m agm as  h a v e  b e e n  m o d i f i e d  b y  e a c h  

o t h e r  t o  a  s l i g h t  b u t  s i g n i f i c a n t  e x t e n t .

T h e  u l t i m a t e  o r i g i n  o f  t h e  t w o  m a g m a s  h a s  b e e n  t h e  

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

T e r t i a r y  I g n e o u s  P r o v i n c e .  A c c o r d i n g  t o  T h o m a s  a n d  B a i l e y  

t h e  m a g m a s  w e r e  b r o u g h t  a b o u t  b y  Hm a g m a t i c  d i f f e r e n t i a t i o n  

t h r o u g h  r e m e l t i n g  o f  f a l l e n  c r y s t a l s  a t  l o w e r  l e v e l s  ( 1 9 2 4 ,  p . 3 3 ) .

H o l m e s  e x p l a i n s  i t  o n  t h e  b a s i s  o f  t h e  r e f u s i o n  o r  p a l i n g e n e s i s  

o f  t h e  a c i d  a n d  b a s i c  l a y e r s  o f  t h e  c r u s t  b y  r a d i o a c t i v e  h e a t  

( 1 9 3 1 ,  p . 2 4 2 ) .  N o e k o l d s  b e l i e v e s  t h a t  d i f f e r e n t i a t i o n  i n  

i n t e r c r u s t a l  magma b a s i n  y i e l d s  t w o  c o n t r a s t e d  magma t y p e s  b y  

* c o n t r a s t e d  d i f f e r e n t i a t i o n '  a s  o p p o s e d  t o  p r o g r e s s i v e  

d i f f e r e n t i a t i o n  ( 1 9 3 4 ) .  I n  a  d i s c u s s i o n  o n . " t h e  a s s o c i a t i o n  o f  

g r a n i t e  a n d  d o l e r i t e  i n  i g n e o u s  b o d i e s , "  K r o k s t r o m  s u p p o r t s  t h e  

r e f u s i o n  t h e o r y  o f  H o l m e s ,  b a s i n g  h i s  c o n c l u s i o n s  o n  p e t r o l o g i c a l  

a n d  p e t r o c h e m i c a l  e v i d e n c e  f r o m  h i s  s t u d y  o f  t h e  B r e v e n  d y k e  i n  

S w e d e n .  He c o n s i d e r s  t h a t  t h e  B r e v e n  g r a n o p h y r e  i s  a  p r o d u c t  

o f  r e f u s i o n  o r  a  ' r h e o m o r p h i c  r o c k . '  ( 1 9 3 7 ,  p . 2 7 5 ) .

A f i n a l  a n s w e r  t o  t h i s  f u n d a m e n t a l  p r o b l e m  o f  p e t r o l o g y  

i s  b e y o n d  t h e  s c o p e  o f  t h i s  l i m i t e d  i n v e s t i g a t i o n  a n d  c a n  o n l y  c o m e  

b y  a n  e l a b o r a t e  a n d  c o m p a r a t i v e  s t u d y  o f  a l l  a s p e c t s  o f  s u c h  

a s s o c i a t i o n s  w h i c h  a r e  s o  c h a r a c t e r i s t i c  o f  t h e  T e r t i a r y  I g n e o u s  

P r o v i n c e .



AGE O f  THE INTRUSIONS

A l l  t h e  i n t r u s i o n s  d e s c r i b e d  i n  t h i s  p a p e r  h a v e  b e e n  

e m p l a e e d  i n t o  K e u p e r  m a r l s  a n d  s a n d s t o n e s  a n d  t h e r e f o r e  a r e  

p o s t - T r i a s s i c  i n  a g e .  T h e y  a r e  a l l  c u t  b y  n u m e r o u s  d y k e s  o f  

o l i v i n e - d o l e r i t e , t h o l e i i t e ,  q u a r t z - d o l e r i t e  e t c . ,  w h i c h  a r e  k n o w n  

t o  b e  T e r t i a r y  i n  a g e  b y  t h e i r  s i m i l a r i t y  w i t h  o t h e r  d y k e s  b o t h  

i n  A r r a n  a n d  i n  t h e  w e s t  o f  S c o t l a n d .  H e n c e  t h e s e  c o m p o s i t e  

a n d  m u l t i p l e  i n t r u s i o n s  a r e  e a r l i e r  t h a n  s o m e  o f  t h e  T e r t i a r y  

d y k e s .  S i n c e  t h e  M e s o z o i c  w a s  a n  e r a  o f  c o m p a r a t i v e  i g n e o u s  

q u i e t u d e ,  t h e  a g e  o f  t h e s e  i n t r u s i o n s  m u s t  b e  T e r t i a r y .

T h e  p l a c e  o c c u p i e d  b y  c o m p o s i t e  i n t r u s i o n s  i n  t h e  

s e q u e n c e  o f  i g n e o u s  a c t i v i t y  w h i c h  d e v e l o p e d  i n  t h e  B r i t o -  

I c e l a n d i c  p r o v i n c e  d u r i n g  T e r t i a r y  t i m e s  h a s  b e e n  d e s c r i b e d  

b r i e f l y  i n  t h e  A r r a n  m e m o i r  ( 1 9  2 8 ,  p p . 1 1 1 - 2 ) .  I n  A r r a n  f i r s t  

i n  t h e  s e q u e n c e  w a s  t h e  e m p l a c e m e n t  o f  u n d e r s a t u r a t e d  magma a s  

s i l l s  o f  c r i n a n i t e  a n d  o l i v i n e - d o l e r i t e  e s p e c i a l l y  i n  t h e  s o u t h ­

e a s t  o f  t h e  i s l a n d .  T h i s  w a s  f o l l o w e d  b y  t h e  s e c o n d  p h a s e  w h e n  

t h e r e  w a s  e x t e n s i v e  i n t r u s i o n  o f  o v e r - s a t u r a t e d  magma a s  p l u t o n i c  

m a s s e s  i n  t h e  c e n t r a l  a r e a ,  a s  a l s o  s i l l s  o f  q u a r t z - d o l e r i t e . T he  

a c i d  magma d e v e l o p e d  a n  e x p l o s i v e  p h a s e  p r o b a b l y  r e p r e s e n t e d  b y  

t h e  a g g l o m e r a t e  i n  t h e  C e n t r a l  R i n g  C o m p l e x  a n d  t h e r e  w a s  t h e  

p h e n o m e n o n  o f  c o m p o s i t e  i n t r u s i o n s  a s  s i l l s  a n d  h y b r i d  m i x t u r e s .  

H a r k e r ' s  r e m a r k  w h i l e  d i s c u s s i n g  t h e  p o s i t i o n  o f  c o m p o s i t e  

i n t r u s i o n s /
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i n t r u s i o n s  i n  S k y e  t h a t  " t h e y  b e l o n g  t o  a  p o i n t  o f  t i m e  a c c u r a t e l y  

s e p a r a t i n g  t h e  p l u t o n i c  p h a s e  f r o m  t h a t  o f  t h e  m i n o r  i n t r u s i o n s  

a n d  m a r k s  t h e  f i n a l  s t a g e  o f  a  v o l c a n i c  e p o c h ” ( 1 9 0 4 ,  p . 4 2 5 )  m a y  

be e q u a l l y  w e l l  a p p l i e d  t o  t h e s e  i n t r u s i o n s  i n  A r r a n .

D u r i n g  t h e  f i n a l  p h a s e  o f  T e r t i a r y  a c t i v i t y  t h e r e  w a s  

l a r g e  s c a l e  d e v e l o p m e n t  o f  d y k e s .  T h e  e v i d e n c e  f r o m  m a p p i n g  a t  

D r u m a d o o n  s h o w s  t h a t  t h e  o l i v i n e - d o l e r i t e s  w e r e  t h e  f i r s t ,  

f o l l o w e d  b y  q u a r t z - d o l e r i t e s  a n d  t h o l e i i t e s ,  a n d  f i n a l l y  f e l s i t e .  

T h i s  s u p p o r t s  T y r r e l l ’ s  r e m a r k s  t h a t  “ i n  t h i s  l a t e  m a g m a t i c  

r e c u r r e n c e  t h e  e v i d e n c e  t h u s  c l e a r l y  p o i n t s  t o  t h e  s a m e  s u c c e s s i o n  

o f  u n d e r s a t u r a t e d  b y  o v e r s a t u r a t e d  m agm a,  a s  w a s  o b s e r v e d  b e t w e e n  

c r i n a n i t e  s i l l s  a n d  t h e  s i l l s  o f  t h e  q u a r t z - d o l e r i t e  s e r i e s . ” ( o p .  

c i t . , p . 2 5 l ) .

I n  t h e  N o r t h  A r r a n  m e m o i r  H a r k e r  r e f e r s  t o  a n  

i n t e r e s t i n g  p o i n t  t h a t  “ t h e  p e c u l i a r  c o n d i t i o n s  w h i c h  d e t e r m i n e  

t h e  a l m o s t  s i m u l t a n e o u s  i n t r u s i o n  o f  b a s i c  a n d  a c i d  r o c k s  h a v e  

b e e n  r e a l i s e d  i n  t w o  d i s t i n c t  e p o c h s , ” i n  A r r a n .  ( 1 9 0 3 ,  p . 1 1 6 ) .  

A t t e n t i o n  h a s  b e e n  p r e v i o u s l y  d r a w n  t o  t h e  s i m i l a r i t y  o f  

g r a i n - s i z e  o f  t h e  x e n o c r y s t s  a n d  p h e n o c r y s t s  ( p .  7 4  ) .  I n  t h e

T o r m o r e  s h o r e  N o .  I I  d y k e  s h o w s  s m a l l  x e n o c r y s t s  s i m i l a r  t o  t h o s e  

o f  t h e  a s s o c i a t e d  q u a r t z - f e l s i t e .  W i t h i n  a  q u a r t e r  o f  a  m i l e  a t  

An C um hann  t h e  x e n o c r y s t s  a r e  l a r g e  c o r r e s p o n d i n g  t o  t h o s e  o f  t h e  

p o r p h y r y .  T h e  a b s e n c e  o f  a n y  m i x i n g  o f  t h e  t w o  r o c k  t y p e s  a s  

r e v e a l e d  b y  a  m i x t u r e  o f  x e n o c r y s t s  o f  d i f f e r e n t  s i z e s  i n  t h e  b a s i c  

r o c k  o r  p h e n o c r y s t s  o f  d i f f e r e n t  s i z e s  i n  t h e  a c i d  r o c k  a p p e a r s  t o  

s u p p o r t  H a r k e r * s  v i e w .
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SUMMARY AND CONCLUSIONS.

T h i s  i n v e s t i g a t i o n  c o n s i s t s  o f  d e t a i l e d  s t u d i e s  o f  

t h e  g e o l o g y  a n d  p e t r o l o g y  o f  s o m e  i g n e o u s  i n t r u s i o n s  f r o m  ( i )  

T o r m o r e  s h o r e  a n d  C i r  M h o r ,  ( i i )  D r u m a d o o n ,  a n d  ( i i i )  B e n n a n ,  

i n  t h e  I s l a n d  o f  A r r a n .  A c o m p a r a t i v e  s t u d y  o f  a l l  t h e s e  

i n t r u s i o n s  b r i n g s  o u t  s a l i e n t  f e a t u r e s  w h i c h  l e a d  t o  s o m e  

g e n e r a l  c o n c l u s i o n s .

T he  a u t h o r ' s  r e v i s i o n  o f  J u d d ' s  f a m o u s  w o r k  o n  t h e  

c o m p o s i t e  i n t r u s i o n s  s h o w s  m a n y  d i f f e r e n c e s  i n  m a p p i n g .  T he  

p e t r o g r a p h y  o f  t h e  r o c k - t y p e s  i s  d e s c r i b e d  a n d  t h e i r  

n o m e n c l a t u r e  r e v i s e d .  A c c o r d i n g  t o  m o d e r n  d e f i n i t i o n s  i t  i s  

s h o w n  t h a t  o n l y  J u d d ' s  N o .  I I  d y k e  a n d  C i r  M h o r  d y k e  c a n  b e  

d e s c r i b e d  a s  c o m p o s i t e .  J u d d ' s  N o .  I  d y k e  i s  a  m u l t i p l e  d y k e  

( a n  a d d i t i o n a l  b a n d  o f  t h o l e i i t e  o n  t h e  w e s t  i s  d e s c r i b e d )  a n d  

J u d d ' s  N o . I l l  d y k e  a c t u a l l y  c o n s i s t s  o f  t w o  d i f f e r e n t  d y k e s .

A d e t a i l e d  s t u d y  o f  t h e  c o m p o s i t e  d y k e  a n d  s i l l  a t  

D r u m a d o o n  s h o w s  t h a t  ( i )  b o t h  t h e  u p p e r  m a s s  a t  t h e  D o o n  a n d  

t h e  l o w e r  m a s s  o n  t h e  s h o r e  a t  D r u m a d o o n  E o i n t  w e r e  o r i g i n a l l y  

p a r t s  o f  t h e  s a m e  s i l l  a n d  t h a t  t h e i r  p r e s e n t  r e l a t i v e  p o s i t i o n s  

a r e  t h e  r e s u l t  o f  a n  e a s t - w e s t  f a u l t .  I t  i s  p r e s u m e d  t h a t  

a l o n g  t h i s  f a u l t  l i n e  t h e r e  w a s  a  r e c u r r e n c e  o f  e m p l a c e m e n t  o f  

t h e  b a s i c  m a g m a .  ( i i )  T h e  c o m p o s i t e  d y k e  w h i c h  r u n s  f r o m  

D r u m a d o o n  B a y  t o  C l e i t e a d h  n a n  S g a r b h  a n d  t h e  s i m i l a r  d y k e  s e e n

a t /
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a t  An C u m h a nn  a r e  p a r t s  o f  t h e  s a m e  d y k e ,  ( i i i )  G e o l o g i c a l l y  

a n d  p e t r o l o g i c a l l y  t h e  d y k e  i s  r e l a t e d  t o  t h e  s i l l  a n d  w a s  

p r e s u m a b l y  t h e  f e e d e r  o f  t h e  s i l l .  < ( i v )  T h e  d y k e  e x h i b i t s  a  

g r e a t e r  a m o u n t  o f  m e c h a n i c a l  m i x i n g  b e t w e e n  t h e  a c i d  a n d  b a s i c  

m e m b e r s  t h a n  t h e  s i l l  d u e  t o  d i f f e r e n c e s  i n  t h e r m a l  e n e r g y  

p o s s e s s e d  b y  t h e  magma a c c o r d i n g  t o  i t s  e m p l a c e m e n t  h a b i t .

The d a r k  g r e y  p o r p h y r y  o f  t h e  s i l l  i s  t h e  r e s u l t  o f  b a s i f i c a t i o n  

b y  t h e  p r e d o m i n a n t l y  m e c h a n i c a l  i n c o r p o r a t i o n  b y  t h e  a c i d  magma  

o f  t h e  b a s i c  r o c k .

A s t u d y  o f  t h e  B e n n a n  i n t r u s i o n s  s h o w s  t h a t  ( i )  t h e  

d y k e - l i k e  T o r r  a* B h e a n n a i n  m a s s  i s  s i m i l a r  t o  t h e  d y k e - l i k e  

m a s s  o f  C r e a g  D h u b h ,  ( i i )  t h e  t h i n  N . W . - S . E .  m a s s  b e t w e e n  t h e s e  

t w o  i s  c o m p o s e d  o f  x e n o p o r p h y r i t i c  t h o l e i i t e ,  a n d  ( i i i )  a n o t h e r  

N . W . - S . E .  m a s s  N . E .  o f  S m i t h y  i s  a c t u a l l y  a  p a r t  o f  t h e  B e n n a n  

m a s s .  I t  i s  s h o w n  t h a t  t h e  m a i n  B e n n a n  i n t r u s i o n  i s  a  c o m p l e x  

b o d y ,  p r o b a b l y  l a c c o l i t h i c  a l o n g  t h e  S t r u e y  b u r n  a n d  d y k e - l i k e  

i n  t h e  e a s t  a l o n g  C r e a g  D h u b h .  A d e t a i l e d  s t u d y  o f  t h e  S t r u e y  

b u r n  s e c t i o n  s h o w s  t h a t  h e r e  t h e  i n t r u s i o n  i s  c o m p l e x  a n d  i s  

c o m p o s e d  o f  t w o  s h e e t s  o f  t h o l e i i t e  i n  t h e  s o u t h ,  a  c o a r s e  

d o l e r i t e ,  a  m e d i a n  x e n o l i t h i c  z o n e  a n d  t h r e e  z o n e s  o f  a  h y b r i d  

r o c k ,  a u g i t e - g r a n o p h y r e .  I t  i s  p o s t u l a t e d  t h a t  t h e  B e n n a n  

c o m p l e x  i s  t h e  r e s u l t  o f  a t  l e a s t  t h r e e  p h a s e s  o f  i n t r u s i o n  o f  

b a s i c  magma t o g e t h e r  w i t h  o n e  o f  t h e  a c i d  a n d  o n e  o f  t h e  h y b r i d  

m a g m a s .  T h o u g h  t h e  B e n n a n  i n t r u s i o n  i n  g e n e r a l  a p p e a r s  t o  b e  

c o m p o s i t e /
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c o m p o s i t e ,  a  s t u d y  o f  t h e  x e n o l i t h s  o f  b a s i c  r o c k  i n  t h e  a c i d  

r o c k  i n d i c a t e s  t h a t  t h e  b a s i c  m e m b e r s  w e r e  f u l l y  c o n s o l i d a t e d  

w h e n  t h e  a c i d  magma w a s  e m p l a c e d  a n d  w e r e  p r o b a b l y  m u l t i p l e  

i n  t h e i r  m u t u a l  r e l a t i o n s h i p .

A c o m p a r a t i v e  s t u d y  o f  a l l  t h e  i n t r u s i o n s  i s  m a d e  

f r o m  t h e  g e o l o g i c a l ,  p e t r o l o g i c a l  a n d  c h e m i c a l  a s p e c t s  w h i c h  

e m p h a s i s e s  t h e  g r e a t  s i m i l a r i t i e s  i n  t h e  c o r r e s p o n d i n g  r o c k  

t y p e s  i n  a d d i t i o n  t&  t h e  e v i d e n t  v a r i a t i o n  i n  c o m p l e x i t y  f r o m  

t h e  s i m p l e  d y k e s  o f  T o r m o r e  s h o r e  ( N o . I I )  t o  t h e  h i g h l y  c o m p l e x  

B e n n a n  i n t r u s i o n .  T h e  c o n s t a n t  a s s o c i a t i o n  o f  b a s i c  a n d  a c i d  

r o c k s  a n d  t h e  d e v e l o p m e n t  o f  h y b r i d  r o c k s  o f  u n u s u a l  c h a r a c t e r  

d u e  t o  d e e p - s e a t e d  h y b r i d i z a t i o n  a r e  d i s c u s s e d .  T h e  p r e s e n t  

s t u d i e s  l e n d  f u r t h e r  s u p p o r t  t o  c u r r e n t  v i e w s  r e g a r d i n g  t h e  

a s s o c i a t i o n  o f  b a s i c  a n d  a c i d  m a g m a s ,  f e a t u r e s  w h i c h  d o  n o t  

a c c o r d  w i t h  t h e  v i e w  o f  a  p r o g r e s s i v e  c r y s t a l l i s a t i o n - d i f f e r e n t i a t i o n  

o f  a  b a s a l t i c  p a r e n t  magma a s  a d v a n c e d  b y  B o w e n .
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3 3 5 - 3 9 9 .

Some t h e o r e t i c a l  a s p e c t s  o f  c o n t a m i n a t i o n  
i n  a c i d  m a g m a s .
J o u r n .  G e o l . ,  X L I ,  5 6 1 - 5 8 9 .

T h e  p r o d u c t i o n  o f  n o r m a l  r o c k  b y  
c o n t a m i n a t i o n  a n d  t h e i r  b e a r i n g  o n  
p e t r o g e n e s i s .
G e o l .  M a g . ,  LXXI* 3 1 - 3 9 .

T h e  P i t c h s t o n e s  o f  S o u t h  A r r a n .
T r a n s .  G e o l .  S o c .  G lasgo v* / ,  XV, P t . I ,  
1 6 - 3 6 .

T h e  T e r t i a r y  C o m p o s i t e  S i l l  o f  S o u t h  B u t e  
T r a n s .  G e o l .  S o c .  G l a s g o w ,  XV,  P t . I I ,  
1 2 1 - 1 3 9 .

T e r t i a r y  a n d  P o s t - T e r t i a r y  G e o l o g y  o f  
M u l l ,  L o c h  A l i n e  a n d  O b a n ,
Mem. G e o l .  S u r v .  S c o t l a n d .

G e o l o g y  o f  A r d n a m u r c h a n ,  N.W. M u l l  a n d  
C o l l .
Mem. G e o l .  S u r v .  S c o t l a n d .

X e n o l i t h s  o f  I g n e o u s  O r i g i n  i n  t h e  
T r e g ^ s t e l - P l u o u m a n a c ’ h G r a n i t e  C o t e s  Du  
N o r d ,  F r a n c e .
Q u a r t .  J o u r n .  G e o l .  S o c . , L X X X V I I I , 
2 7 4 - 2 9 6 .



TOMKEIEFF, S 
MARSHALL, C.]

TYRRELL, G.W 

WINCHELL, A.:

, I .  a n d  1 9 3 5 .  
3.

T h e  M o u r n e  D y k e  S w a r m .
Q u a r t .  J o u r n .  G e o l .  S o c . ,  X C I ,  
2 5 1 - 2 9 2 .

1 9 2 8 .  T h e  G e o l o g y  o f  A r r a n .
Mem. G e o l .  S u r v .  S c o t l a n d .

1 9 4 0 .  T h e  P r i n c i p l e s  o f  P e t r o l o g y .  
M a t h u e n  & C o . L t d .

J. 1 9 4 6 .  E l e m e n t s  o f  O p t i c a l  M i n e r a l o g y ,  
P t . I I .
J o h n  W i l e y  & S o n s .



EXPLANATION OF PLATES I  -  X .

P l a t e  I .

P l a t e I I .

P l a t e I l l

P l a t e I V .

P l a t e Y .

P l a t e V I .

F i g . 1 .

F i g . 2 .

F i g . 3 .

F i g . 4 /

A c l o s e  up v i e w  o f  t h e  u p p e r  t h o l e i i t e  o f  t h e  d o w n -  
f a u l t e d  r e g i o n  o f  t h e  D r u m a d o o n  s i l l  o n  t h e  s h o r e  
a t  D r u m a d o o n  P o i n t .  T h e  p h o t o g r a p h  s h o w s  t h e  
t h o l e i i t e  h a d i n g  t o  t h e  e a s t  a t  2 0 ° - 4 0 ° .  T he  m a i n  
s i l l  c a n  b e  s e e n  i n  t h e  b a c k g r o u n d .

A c l o s e  up v i e w  o f  t h e  l o i t e r  c o n t a c t  o f  t h e  D r u m a d o o n  
s i l l  i n  t h e  c l i f f s  s h o ? ? i n g  h o r i z o n t a l  s e d i m e n t s ,  
l o w e r  t h o l e i i t e ,  a n d  t h e  d a r k  p o r p h y r y  e n c l o s i n g  
x e n o l i t h s  o f  t h e  b a s i c  r o c k .

A s e c t i o n  a c r o s s  t h e  c o m p o s i t e  d y k e  a t  C l e i t e a d h  n a n  
S g a r b h  s h o w i n g  t h e  p o r p h y r y ,  a t h i n  d y k e  o f  f i n e ­
g r a i n e d  q u a r t z - d o l e r i t e , t h o l e i i t e  a n d  b a n d e d  f e l s i t e .

A v i e w  o f  t h e  B l a c k  C a v e ,  B e n n a n  H e a d ,  s h o w i n g  a  r a f t  
o f  s e d i m e n t  e n c l o s e d  i n  t h e  x e n o p o r p h y r i t i c  b a s a l t .

A c u t  a n d  p o l i s h e d  h a n d s p e c i m e n  f r o m  t h e  m i d d l e  z o n e  
o f  x e n o l i t h s .  N o t i c e  t h e  s h a r p  c o n t a c t  o f  t h e  
p o r p h y r y  a n d  t h e  x e n o l i t h s *

T . l .  T h o l e i i t e . E a s t e r n  b a n d ,  J u d d ’ s  N o . I  d y k e ,  T o r m o r e  
s h o r e .  X 4 5 .  P o l a r i s e d  l i g h t .

L a b r a d o r i t e  l a t h s  s u b o p h i t i c  w i t h  a u g i t e .  D a r k  
g l a s s y  g r o u n d m a s s .  I n  t h e  c e n t r e  a n  o c e l l u s - l i k e  
v e s e i c l e .

T . 1 7 .  S o u t h e r n  b a n d  o f  x e n o p o r p h y r  i t  i c  t h a l a i i t a . J u d d ’ s  
N o .  I I  d y k e ,  T o r m o r e  s h o r e .  X 4 5 .  P o l a r i s e d  l i g h t .

P h e n o c r y s t s  a n d  l a t h s  o f  l a b r a d o r i t e ,  g r a n u l a r  
a u g i t e  a n d  i r r e g u l a r  g r a i n s  o f  i r o n - o r e .  X e n o c r y s t  
o f  q u a r t z  w i t h  a u g i t e  r i m  a n d  a  x e n o c r y s t  o f  f e l s p a r  
w i t h  a  d a r k  c o r r o d e d  i n t e r i o r  a n d  a  r i m  o f  f r e s h  
f e l s p a r .

A r . 2 0 1 .  Q u a r t z - f e l s i t e . J u d d ' s  N o .  I I  d y k e ,  T o r m o r e  
s h o r e ,  X 4 5 .  C r o s s e d  n i c o l s .

P h e n o c r y s t s  o f  o l i g o c l a s e  a n d  a  p h e n o c r y s t  o f  
q u a r t z .  M i c r o j * e g m a t i t i c  g r o u n d m a s s  ( c o a r s e  i n t e r g r o w t h  
b e t w e e n  q u a r t z  a n d  a l k a l i - f e l s p a r ) .



P l a t e  V I , 

F i g . 4 .

P l a t e  V I I . 

F i g . 1 .

F i g . 2 .

F i g . 3 .

F i g . 4 .  

F i g . 1 .

A r . 2 0 2 .  . P i t e h s t o n e . J u d d ’ s  N o .  I I  d y k e ,  T o r m o r e  
s h o r e .  X 4 5 .  P o l a r i s e d  l i g h t .

P h e n o c r y s t s  o f  f e l s p a r ,  a u g i t e  a s s o c i a t e d  w i t h  
i r o n - o r e  a n d  m i c r o l i t e s  o f  h o r n b l e n d e .  G l a s s y  b a b e .  
An i r r e g u l a r  v e s c i c l e  w i t h  c r y p t o c r y s t a l l i n e  
m a t e r i a l ,  i n  t h e  c e n t r e .

T . 2 4 .  O l i v i n e - d o l e r i t e . J u d d ’ s  N o .  I l l  d y k e ,
T o r m o r e  s h o r e .  X 4 5 .  P o l a r i s e d  l i g h t .

L a b r a d o r i t e  l a t h s ,  o p h i t i c  a n d  s u b o p h i t i c  w i t h  
t i t a n a u g i t e .  P s e u d o m o r p h  o f  o l i v i n e  c o m p o s e d  o f  
s e r p e n t i n e  a n d  i r o n - o r e  c a n  b e  s e e n .

A r . 1 8 9 .  X a n o p o r p h y r i t i c  t h o l e i i t e . O u t e r  m e m b er  
o f  t h e  C i r  Mhor c o m p o s i t e  d y k e ,  E.  f l a n k .  X 4 5 .  
P o l a r i s e d  l i g h t .

L a b r a d o r i t e  l a t h s  a n d  g r a n u l a r  a u g i t e .  A 
p h e n o c r y s t  o f  f e l s p a r  a n d  a  x e n o c r y s t  o f  q u a r t z  w i t h  
a n  a u g i t e  r i m .

A r . 1 3 7 .  P i t c h s t o n e .  C e n t r a l  m em b er  o f  C i r  Mhor  
d y k e ,  E.  f l a n k .  X 4 5 .  P o l a r i s e d  l i g h t .

P h e n o c r y s t  o f  f e l s p a r  ( w i t h  c r a c k s ) ,  m i c r o l i t e s  
o f  h o r n b l e n d e  a n d  c r y s t a l l i t e s  w i t h  f e r n - l i k e  g r o w t h s ;  
i n  t h e  c e n t r e ,  a  c i r c u l a r  v e s c i c l e  w i t h  r a d i a t i n g  
m i c r o l i t e s .  G l a s s y  g r o u n d m a s s .

A r . 1 8 8 . Q u a r t z - f e l a i t e . I n t e r m e d i a t e  m em b er  o f  C i r  
M h o r  d y k e ,  E .  f l a n k .  X 4 5 .  C r o s s e d  n i c o l s .

P h e n o c r y s t s  o f  o l i g o c l a s e  a n d  a  c o r r o d e d  
p h e n o c r y s t  o f  q u a r t z .  M i c r o p e g m a t i t i c  g r o u n d m a s s .

jL ^ u -.Ie A O p .Qr.p h y .L iX .ic  l i  i t .  f r o m  t h e
u p p e r  s u r f a c e  o f  t h e  u p p e r  b a s i c  m em ber  o f  t h e  d o w n -  
f a u l t e d  s i l l  o n  t h e  s h o r e  a t  D r u m a d o o n  P o i n t ,  X 2 0 .  
P o l a r i s e d  l i g h t .

L a b r a d o r i t e  l a t h s ,  g r a n u l a r  a u g i t e  a n d  a  
x e n o c r y s t  o f  s u b h e d r a l  q u a r t z  w i t h  r o u n d e d  i n c l u s i o n s  
o f  c r y p t o c r y s t a l l i n e  m a t e r i a l  a n d  s u r r o u n d e d  b y  a  
n a r r o w  r i m  o f  a u g i t e .  B u n d l e s  o f  l a t h s  a n d  m i c r o l i t e s  
o f  f e l e p a r  c a n  b e  s e e n .

F i g . 2 /



P l a t e ,  V I I I .

F i g . 2 .

F i g . 3 .

F i g . 4 .

P l a t e ,  I X . 

F i g . l .

F i g . 2 .

F i g . 3 .

D o w n - f a u l t e d  s i l l  o n  ~ t h e % " h o r e  i * t  D r u i n a d o o n ^ P o i n t . 
X 2 0 .  P o l a r i s e d  l i g h t .

Z i g - z a g  c o n t a c t .  On t h e  p o r p h y r y  s i d e  o f  
t h e  c o n t a c t  ( l e f t ) ,  a  x e n o c r y s t  o f  q u a r t z  w i t h  
n a r r o w  r i m  a n d  a  c o r r o d e d  x e n o c r y s t  o f  f e l s p a r .
T h e  p o r p h y r y  a l s o  s h o w s  p h e n o c r y s t s  o f  q u a r t z  
u n a f f e c t e d  b y  b a s i f i c a t i o n .

D . 2 2 .  X e n o p o r p h y r i t i c  t h o l e i i t e  wi t h  a  v e i n  o f  
t a c h y l y t e . L o w e r  m em b er  o f  t h e  D r u m a d o o n  s i l l  a t  
t h e  b a s e  i n  t h e  c l i f f s .  X 2 0 ,  P o l a r i s e d  l i g h t .

T he  t h o l e i i t e  s h o w s  a  f e l s p a r  x e n o c r y s t  w i t h  
a  d a r k  c o r r o d e d  i n t e r i o r  a n d  a n  o u t e r  r i m  o f  f r e s h  
f e l s p a r .  V e i n  o f  t a c h y l y t e  w i t h  a  l a r g e  p h e n o c r y s t  
a n d  n u m e r o u s  p r i s m s  o f  l a b r a d o r i t e .  D a r k  g l a s s y  
g r o u n d m a s s .

P.t.9  Q . u a r t z - f e . l s , p a r _ - a o r p h ^ r y . D o w n - f a u l t e d  r e g i o n
a t  D r u m a d o o n  P o i n t .  X 2 0 .  P o l a r i s e d  l i g h t .

P h e n o c r y s t s  o f  f e l s p a r  a n d  q u a r t z .  A d a r k  
p s e u d o m o r p h  o f  p y r o x e n e  i n  t h e  c e n t r e .  C r y p t o ­
c r y s t a l l i n e  g r o u n d m a s s .

D . 6 5 .  A c i d i f i e d  t h o l e i i t e . An Cumharm, n e a r  T o r m o r e  
s h o r e  (N.VT. o f  t h e  d y k e ) .  X 2 0 .  P o l a r i s e d  l i g h t .

A c i d i f i c a t i o n  s h o w n  b y  a n  i n c r e a s e  i n  t h e  a m o u n t  
o f  q u a r t z  a n d  m i c r o p e g m a t i t e .  P a r t  o f  t h e  s e c t i o n  
i s  u n d i g e s t e d  x e n o l i t h  ( l o w e r  p o r t i o n ) .

B . 1 6  Q u a r t z - d o l e r i t e . U p p e r  m e m b e r  n e a r  C r e a g  
D h u b h  q u a r r y  ( w e s t e r n  s i d e ) .  X 2 0 .  P o l a r i s e d  l i g h t .

A x e n o c r y s t  o f  q u a r t z  w i t h  a  b r o a d  r i m  o f  
r a d i a t i n g  p r i s m s  o f  a u g i t e .  T h e  d o l e r i t e  s h o w s  
p r i s m s  o f  p l a g i o c l a s e  a n d  g r a n u l a r  o r  s u b o p h i t i c  
a u g i t e .

B . 5 1 .  Q u a r t z - d o . l e r . i t e.. U p p e r  m e m b e r ,  e a s t  o f  C a i r n ;
8 f t .  s o u t h  o f  t h e  o u t e r  m a r g i n .  X 4 5 .  P o l a r i s e d  l i g h t .

A x e n o c r y s t  o f  f e l s p a r  s h o w i n g  t h e  e f f e c t s  o f  
c o r r o s i o n .  N o t i c e  t h e  s k e l e t a l  i r o n - o r e ,  a u g i t e  
e t c . ,  w i t h i n  t h e  f e l s p a r .  B a s i c  a n d e s i n e  l a t h s  
s u b o p h i t i c  w i t h  a u g i t e  ( u p p e r  p o r t i o n ) .

F i g . 4 . /



F i g . 4 .

P lfot.3 X. 

F i g . 1 .

F i g . 2 .

F i g . 3 .  

F i g . 4 .

P l a t e  X I .

B . 1 2 6 . .  Go.ar s e  q u a r t z - d o  1 e r i t . e _ . S t r u e y  g o r g e  n e a r  
t h e  s e c o n d  w a t e r f a l l .  X 4 5 .  P o l a r i s e d  l i g h t .

L a b r a d o r i t e  p r i s m s  s u b o p h i t i c  w i t h  a u g i t e ,  
a n d  i r r e g u l a r  g r a i n s  o f  i r o n - o r e .  M i c r o p e g m a t i t i c  
g r o u n d m a s s .  N u m e r o u s  a p a t i t e  n e e d l e s .

B . 1 5 1 .  A u g i t e - g r . a n o p h y r a .  A b o u t  3 0  f t .  s o u t h  o f  
C a i r n .  X 4 5 .  P o l a r i s e d  l i g h t .

P r i s m s  o f  f e l s p a r  a n d  l o n g  b l a d e s  o f  a u g i t e  
a s s o c i a t e d  w i t h  i r o n - o r e .  M i c r o p e g m a t i t i c  
g r o u n d m a s s .  N e e d l e s  o f  a p a t i t e .

B . 7 4  ( a ) .  B a s i f i e d  p o r p h y r y . L o w e r  m e m b e r ,  3 9  f t .  
f r o m  c o n t a c t  w i t h  s e d i m e n t ,  1 m i l e  e a s t  o f  B l a c k  
C a v e ,  i n  t h e  c l i f f s .  X 2 0 .  P o l a r i s e d  l i g h t .

R o c k  r i c h  i n  m a f i c  c o n s t i t u e n t s . X e n o c r y s t  
o f  q u a r t z  w i t h  a  r i m  o f  a u g i t e  b e s i d e s  a  p h e n o c r y s t  
o f  f e l s p a r  w i t h  a  c o r r o d e d  o u t l i n e .  T h e r e  i s  a  
l a r g e  p h e n o c r y s t  o f  f e l s p a r  p s e u d o m o r p h e d  b y  
m i c r o p e g m a t i t e ,  t o  t h e  l e f t .

B . 7 4 ( a ) .  X 1 6 5 . G r o s s e d  n i c o l s .
M a g n i f i e d  v i e w  o f  a  p h e n o c r y s t  o f  f e l s p a r  

w h o s e  o u t e r  m a r g i n  i s  p s e u d o m o r p h e d  b y  m i c r o p e g m a t i t e .

B . X .  M i d d l e  z o n e  o f  .x en o _ L ith _ a . A l o n g  S t r u e y  b u r n .
X 2 0 .  P o l a r i s e d  l i g h t .

A h i g h l y  d i g e s t e d  x e n o l i t h  ( r i g h t )  w i t h  a  s h a r p  
c o n t a c t  w i t h  t h e  p o r p h y r y .

G e o l o g i c a l  map s h o w i n g  t h e  D r u m a d o o n  i n t r u s i o n s  a n d  
t h e  D y k e s  o f  T o r m o r e  s h o r e  ( s i x  i n c h  s c a l e ) .

P l a t e  X I I . G e o l o g i c a l  map o f  t h e  B e n n a n  I n t r u s i o n s  ( s i x  i n c h  
s c a l e ) .
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GLAS. GEOL. SOC. ARTICLE XII.

N o .  X I I — Camptonitic Dyke Rocks from Inishowen, County 
Donegal, Ireland. B y  M . V .  N .  M u r t h y ,  B . S c . ,  A . I . I . S c . ,  

F . G . S .  ( I n  a b s t r a c t ) .

(Read io th  April, 1947. A bstract published 1948).

This paper is a petrographic account1 of a collection of cam p-
1 See footnote to Paper XI, p. 00. 

tonitic dyke-rocks from Inishowen, C ounty Donegal, m ade by  
Dr. W. J. McCallien. His field notes show th a t  these th in  dykes 
are m ostly concentrated in Malin Head- and In ish trahu ll Island  
round about Lag, Carrickvady and D ough; in the  south, in Inch  
Isles and B uncrana; and in the  west in Fanad. F or a  brief no te 
on the  geology of the  region see preceding paper (No. X I). The 
rocks studied fall in to  five g roups:—

1. Cam ptonitic rocks including th e  typ ical cam ptonites. 
These embrace types w ith panidiom orphic tex tu re, th e  essential 
m inerals being titanaugite , strongly pleochroic brown barkevikitic 
hornblende, and acid or basic andesine. V ariations are seen first 
in the  texture, viz., by  the  subhedrism  of the  mafic m inerals which 
become ophitic or subophitic tow ards felspar, giving rise to  
dolerites, and secondly, in th e  composition, viz., in th e  rela tive 
proportion of titanaug ite  and brown barkevikitic hornblende. 
The rocks are m icroporphyritic, w ith pseudom orphs of olivine 
occurring bo th  as euhedral phenocrysts and as irregular xeno- 
crysts. Parallel growth between the  augite and th e  hornblende, 
described by  F le tt from dyke rocks in the  O rkney Islands (see

The T rap Dykes of th e  O rkneys/' Trans. Roy. Soc. E din ., 1900, 
vol. xxxix, p. 865), is found in th e  Inishowen rocks also. The 
ocelli, typical of cam ptonites, are m ostly  composed of fibrous 
spherulitic chlorite, calcite, felspar, or, in some cases, of analcite. 
They are surrounded often tangentially  by  b io tite and felspar, 
th e  la tte r  showing replacem ent by  chlorite.

2. Cam ptonitic olivine-dolerite, a more coarse-grained type, 
w ith ophitic or subophitic tex tu re  and  w ith  a more basic felspar 
(basic andesine to  acid lab rado rite).

3. A bnorm al cam ptonitic rocks w ith  phenocrysts of basic 
andesine or acid labradorite—a ra th e r unusual feature in  cam p­
tonites.



4. M onchiquitic rocks, characterised by  olivine phenocrysts 
in a  groundm ass m ostly  of titanaug ite , th e  base of th e  rock being 
probably  analcite. A th in  section of one specim en shows very  
interesting xenocrysts of olivine, titanaug ite , anorthoclase, and 
m agnetite, as well as xenoliths of augite-hom blende rock, 
plenonaste-peridotite, and sandstone, resem bling sim ilar occur­
rences described from  th e  Oban and D alm ally d istric ts and  th e  
N orthern  H ighlands of Scotland. Sections in term ediate  between 
m onchiquite and cam ptonite are also described.

5. Bostonitic rocks: a few of the slides available show types 
w ith  bostonitic affinities, characterised by th e  predom inance of 
felspar laths, often in trachyto id  arrangem ent. These are 
described, together w ith  some th a t  appear to  be in term ediate 
between cam ptonitic and bostonitic rocks.

The study  of these Inishowen dykes suggests th a t  in all 
probability  they  belong to  the  same suite, and th a t  th e  various 
distinct rock-types have been brought about by  m agm atic 
differentiation under varying conditions. The bostonitic types 
are believed to  be com plem entary to  the  o ther rocks. Comparison 
w ith  sim ilar rocks in Scotland shows th a t  th e  Donegal suite has 
the  same peculiarities and leads to  the  conclusion th a t  the  Donegal 
rocks belong to  th e  same period of dyke-form ation, i.e. Perm ian. 
The descriptions extend the  province of the  Perm ian dykes to  
N orthern  Ireland, th u s adding one m ore relationship between th e  
geology of th a t  province and th e  geology of Scotland.

The present investigation has been carried o u t under th e  
supervision of Dr. G. W. Tyrrell.
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INTRODUCTION AND PREVIOUS LITERATIM.

The fo llow in g  account i s  the r e s u lt  o f  a 

study o f the petrography o f cer ta in  dyke rocks mainly 

from Inishowen, Co. Donegal, N. W.  Irelan d . The 

specimens were c o lle c te d  by Dr. M cGallien, form erly  

o f  the Department o f Geology, Glasgow U n iv ers ity . 

U nfortunately, many o f the hand-specimens were lo s t ,  

but the th in  se c t io n s  were preserved. At the  

su ggestion  o f Dr. T yrre ll and under h is  guidance, the 

author undertook the study of the m icrosection s along  

with the few remaining hand-specimens. This paper i s  

mainly a petrographic account of those s l id e s ,  

supplemented by such p e tr o lo g ic a l con sid eration s as 

could be deduced from that study and from the scanty  

g e o lo g ica l data preserved on the la b e ls  o f  s l id e s  and 

specimens.

There i s  l i t t l e  l i t e r a tu r e  on th ese  dyke 

rocks except the scanty p etrograph ical n otes by H yland,(7) 

published in  the Memoirs o f the G eolog ica l Survey o f  

Ireland for Inishowen (1890), and N.W, and C entral 

Donegal. (1891). In the former, Hyland d escr ib ee  a 

few cam ptonites from Dunree Head. From h is  d e sc r ip tio n  

o f /
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o f  th© d o le r ite s  from Keelagan B ridge, Dunaff Head 

e te . seem to  resemble the cam ptonitic o l iv in e - d o le r i t e ,  

described in  the present paper. I n  the second memoir, 

what i s  described as p la g io c la se -h o rn b len d e-a u g ite -  

o liv in e  rook may represent the cam ptonites, though i t  

i s  very d i f f i c u l t  to  come to  d e f in ite  con clusions from 

the d esc r ip tio n s . The only other referen ce i s  probably  

by Berger. (1 )



- 3 -

GEOLOGY Of T H E A R M .

Go. Donegal i s  mainly composed ©Y metamorphic 

rocks, c r y s ta ll in e  s c h is t s ,  g n e is s e s , q u a r ta itee , 

c r y s ta ll in e  lim estones and dolom ites of D alradian age. 

These are an exten sion  of the metamorphic s e r ie s  o f  

S.W. and Central Scotland. They are intruded by 

igneous rocks o f various ages. F ir s t  the e p id io r ite ,  

then s p i l i t e s  and keratophyrea, and la te r  lamprophyres 

and porphyrites of Caledonian age. Camptonites and 

m onchisuites were la ter  intruded and la s t ly  c r in a n ite s ,  

b a sa lts  and t h o le i i t e s .  The western part o f the 

county e s p e c ia lly  i s  occupied by g ran ite  Which i s  la te r  

than the e p id io r ite s  and e a r lie r  than the dykes.

Dykes o f Caledonian age (marked as fe ls to n e  

and fe ls to n e  porphyry in  th© on©-inch map) have a 

general N.E. -  S.W. trend, w hile the T ertiary  b a s a lt ic  

dykes are m ostly N.W. -  S .E . The d ir e c t io n s  o f the  

cam ptonitic rocks are not c e r ta in , s in ce  they are not 

described in  th© memoirs or noted in  the one-inch  maps. 

Th© dykes have been a ffe c ted  by fa u lt s  o f the area.

Dr. M cCallien4© f i e ld  n otes on th ese  dykes 

are scanty, but we g e t the fo llow in g  inform ation  

(1 ) /
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(1) The Caledonian dykes, i . e .  the lamprophyres 

porphyrites e t c . ,  are d is tr ib u ted  m ostly in  

the western h a lf  of Inishowen round about 

Lag, Bough, B & llyfin , Dunree Head, S t r a g i l l ,

King and 4ueen of M intiaghs, Rathmullan and 

Tyrone,

(£) The oam ptonitic rocks are m ostly concentrated  

in  Malin Head and In ish str a h u ll Island, round 

about Lag, Carrickvady, Bough, and in  the 

south in  Inch I s l e s  and Bunorana, and in  the  

west in  Fanad.

(3) The d is tr ib u tio n  of the t h o le i i t e s  and 

cr in a n ite s  i s  not w ell defined , though they  

appear to  be concentrated in  the eastern  h a lf  

o f Inishowen.

(4) The cam ptonites, t h o le i i t e s  and b o s to n it ic  

dykes appear to  be com paratively th in , being  

about two fe e t  in  w idth. The d o le r ite s  range 

from f iv e  to  ten  f e e t  in  width.

(3) The lamprophyres and porphyrites occur both

as s i l l s  and dykes whereas oam ptonites, c r in a n ite s  

and t h o le i i t e s  are described  only as dykes.

EB.THQ.QRAPHX, >

The/
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The rock, se c t io n s  stu d ied  f a l l  in to  the 

fo llow in g  petr©graphical groups and are described  

under the fo llow in g  h ead in gs:-

( i ;  Gamptonitic rocks in clu d in g  the ty p ic a l  

cam ptonites.

(g) Camptonitic o l iv in e -d o le r i t e s .

(3) Abnormal cam ptonitic rocks w ith fe lsp a r  

phenocrysts*

(4) M onchiquitic rocks in clu d in g  in term ediate

v a r ie t ie s  between cam ptonites and m onchiquites.

( 5 )  B o s t o n i t i c  r o c k s  w i t h  a n  i n t e r m e d i a t e  t y p e

b e tw e e n  b o s t o n i t e  a n d  c a m p t o n i t e .
*

(i)  IsJtoQk&»
fhe m ajority of r o c k - s e c t i o n s  s t u d i e d  belong

to  th is  group. Under t h is  heading are included various

dyke rocks w i t h  p a n i d i o m o r p h i e  textu re (due to  the  

idiomorphism of the m afic m in era ls ) , the e s s e n t ia l  

m inerals being t ita n a u g ite , brown b a r k e v ic it ic  hornblende, 

and p la g io c la se  fe lsp a r . V aria tion  i s  seen  in  (1) 

textu re by the subhedrisim o f the m afice, which become 

o p h it ic  or su bop h itic  towards the fe ls p a r , g iv in g  r i s e  

to  d o le r ite s  (2) and in  com position, i . e .  mutual 

proportions/
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proportione o f t ita n a u g ite  and brown b a r k e v ie it ic  

hornblende. In most ca ses , th© a u g ite  i s  in  ex cess  

o f the hornblende and sometimes i s  equal in  amount to  

i t ,  the reverse being very rare.

Rosenbuseh (16) and O gilv ie  (10) r e s t r ic t  

the term eamptonite to  h orn b lend e-p lagioclase rocks.

But i t  i s  f e l t  by the author that the term could be 

used to  include th is  s e r ie s  o f rocks which though 

quite n atu ra lly  show v a r ia t io n s , s t i l l  belong to  a 

g en etic  s e r ie s .  The term w i l l  emphasise th e ir  

d eriv a tio n  from a eoraraon sto ck . Rocks from Scotland  

have been described by various authors as 'camptonites 

ir r e sp e c t iv e  o f s im ilar  v a r ia tio n s  in  the amounts o f  

brown b a r k e v ic it ic  hornblende and t ita n a u g ite .

In the hand-specimens, the rocks are dark 

grey and fin e -g ra in ed . Examination w ith  a len s r e v e a ls  

sh in ing la th s  of fe lsp a r  and lu stro u s oval patches 

(sometimes rounded^ o f a white m ineral which proves to  

be c a lc it e  on te s t in g  w ith a c id . The r e s t  o f  the rock  

i s  composed o f ir re so lv a b le  d u ll look ing patches o f  

a ltered  m inerals. The o c e l l i  are very sm a ll, being  

l e s s  than O.b cm. in  diam eter.

On m icroscopic exam ination, most o f the rocks
appear/
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appear to  be m icroporphyritic , with phenocrysts o f  

o liv in e . P orp hyritic  au g ite  i s  very ra re . The 

groundmaes ia  composed of the e s s e n t ia l  m inerals, 

t ita n a u g ite , b a r k e v ie it ic  hornblende, p la g io c la ee  

fe lsp a r  and the a c c e sso r ie s , b io t i t e ,  m agnetite , 

titan© m agnetite, p y r ite s  and a p a tite . There are a 

few se c tio n s  which may be termed ty p ic a l cam ptonites 

because o f the euhedrism o f the m afic m in era ls , 

anhedrism o f the p la g io c la se  Ib a sic  andesine to  acid  

labradorite^ and the o c e l l i  f i l l e d  with a n a lc ite  

bordered by b io t i t e  f la k e s . In th ese  s e c t io n s ,  

b a r k e v ie it ic  hornblende and t ita n a u g ite  occur in  equal 

proportions, but in  a large number o f s e c t io n s  v a r ia t io n s  

are seen .

Hencr-intion o f Miner a i s .

O livine ocours both as euhedral microphenocrysta and 

a lso  aa irreg u la r  or corroded g ra in s, probably due to  

rea ctio n  with the magma. They are surrounded in  many 

oases by euhedral, primary m agnetite. The c r y s ta ls  

Bhow a tendency to  grow attached  to  one another along  

the orysta llograp h io  a x is

O livine i s  present only as pseudomorphs

m ostly/
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m ostly , replaced p a r t ia lly  or com pletely by carbonates. 

I t  a lso  a lt e r s  to co lo u r le ss  or green ish  serp en tin e  

dusted with m agnetite or hem atite. Often a part or 

a whole of the m ineral a lte r s  to fib ro u s b o w lin g ite , 

the colour and pleochronism varying in  d if fe r e n t  rock  

se c t io n s  from yellow  to  green , green ish  yellow  to  pale  

green with the maximum colour along the f ib r e s .  I t  

shows high b irefr in gen ce and s tr a ig h t  e x t in c t io n .  

Another product o f a lte r a t io n  o f o liv in e  i s  co lo u r le ss  

non-pleochroic ta lc  with low refr in gen ce and high  

b ire fr in g en ce . According to W in eh ell,(£4 ) t a lc  i s  

an unusual a lte r a tio n  product of o l iv in e  in  igneous 

rocks. Irregu lar grains o f secondary s i l i c a  are o ften  

seen in  the peeudomorphs. A few se c t io n s  show 

comparatively large xenocrysts o f o l iv in e ,  represented  

by pseudomorphs o f c a lc i t e ,  b ow lin g ite  and secondary 

s i l i c a .  Ihey are surrounded by a zone of rea ctio n  

composed of m agnetite and granular c a lo i t e .

Colour of the c r y s ta ls  v a r ie s  from very  

pale to  dark lilac-b row n . I t  i s  ra re ly  p nrphyritio  

but in  many cases occur® in  two generations in  the  

grouadmass. Gross-twinned c r y s ta ls  are found in  many 

case®/
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casea g iv in g  r is e  to  ra d ia tin g  groups. The f i r s t  

generation of c r y s ta ls  are m ostly euhedral, those  

o f the second generation  tending to  appear subhedral

and show a sm aller in te n s ity  of colour than the former. 

They occur m ostly as prism atic c r y s ta ls ,  some as e ig h t ­

sided  se c t io n s . Cleavages are not seen d is t in c t ly  

hut transverse irregu lar  cracks are c h a r a c te r is t ic .

They are non-pleochroic or in d is t in c t ly  p leo ch ro ic . 

Maximum e x tin c tio n  angle recorded i s  44°. The c r y s ta ls  

show high b irefr in gen ce and d is t in c t  d isp ers io n  and 

hence do not show complete e x t in c t io n  under crossed -  

n ic o ls .  Z  V could not be determined w ith  the Federov 

stage sin ce  the c r y s ta ls  are e ith e r  too sm all or too  

a lter ed  for determ ination.

An in te r e s t in g  fea tu re  i s  the occurrence in  

most se c tio n s  of p a r a lle l growth between t ita n a u g ite  

and barkevieitic  hornblende but ra re ly  intergrow th  

between them. Sometimes b a r k e v ie it ic  hornblende 

en clo ses  t ita n a u g ite  or occurs on e ith e r  or both ends 

o f  the la t t e r .  Invariab ly  the hornblende i s  euhsdral. 

This feature i s  confined m ostly to  the f i r s t  gen eration  

c r y s ta ls . A lte r a t io n  T itan augite  occurs m ostly  

a ltered /



a lter ed  or p a rtly  a lter e d , seen  as green ish  pseudomorphs. 

The presence o f t ita n a u g ite  most o ften  has to  he in fe rr ed , 

s ln ee  no remains o f any unaltered  m ineral are seen .

They are Id e n tif ie d  by th e ir  shape and c h a r a c te r is t ic  

a lte r a tio n  products. The pseudomorphs are pale green  

c h lo r ite , s l ig h t ly  p leo ch ro ic , with very low refr in gen ce  

and b irefr in g en ce , sometimes almost is o tr o p ic .  Some 

are d is t in c t ly  p leoch ro ic , from yellow  to  green , with  

s tr a ig h t  ex tin c tio n  and unusually high b ire fr in g e n c e .

A ll o f them contain  numerous minute dark bodies which 

appear to be c r y s ta ll in e  and tran slu cen t under high  

power. By r e f le c te d  l ig h t ,  they are grey ish -w h ite  and 

resemble leucoxene. They are ir r e g u la r ly  d is tr ib u te d , 

but sometimes show a tendency to  occur concentrated in  

transverse l in e s ,  probably the ©racks o f the o r ig in a l  

t ita n a u g ite . The shapes o f the pseudomorphs are m ostly  

p rism atic . P a r t ia lly  a ltered  c r y s ta ls  occur in  a 

number of s e c t io n s , showing the processes o f a lt e r a t io n .  

The author agrees with F le t t  (3) in  h is  b e l ie f  th a t most 

o f the pseudomorphs occurring in  cam ptonites which were 

thought to  be a ltered  hornblende, are a c tu a lly  due to  

a lte r a tio n  of t ita n a u g ite . In se c t io n s  where p a r a lle l  

growth/
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growth i s  seen between t ita n a u g ite  and b a r k e v ie it ic  

hornblende, i t  i s  usual to  f in d  the la t t e r  to  be 

attached to  a ehX oritic pseudomorpfcu This has been 

m istakenly thought to  be due to  a lte r a t io n  o f hornblende, 

but the boundary between the two i s  always sharp and 

stra igh t*  In the same s e c t io n , i t  i s  usual to  fin d  

unaltered brown hornblende, unattached to  any m ineral 

or pseudomorph. The dark c r y s ta ll in e  bod ies are due 

to  the re lea se  of titanium  during the a lte r a t io n  and 

probably represent ilm en ite  (FeTiQg) a lte r e d  to  leucoxene.

In two s l id e s  (D.44U and D.438) the Z V as 

determined w ith the Federov Stage varied  from 51° to  

5 5 ° about Z* This angle i s  higher than the one recorded  

for t ita n a u g ite s  in  other rocks. The a u g ite  i s  alm ost 

co lo u r le ss  and probably more d io p s id ic . I t  i s  s ig n i f ic a n t  

that th ese rocks come from areas other than Malin Head 

(d le n a lla  and R&thmullan).

BarkftV-lcftlc Hornblends occurs only in  one gen era tion , 

almost always in  the groundmass, euhedral to  subhedral, 

in  reddish prism atic cry sta ls*  I t  i s  m ostly fresh  and 

has probably greater r e s is ta n c e  to change than t ita n a u g ite .  

I t  a lte r s  sometimes to c h lo r ite  and leucoxene, showing 

i t s /



i t s  t ita n ife r o u s  nature. I t  i s  p leo ch ro ie i ye llow  » x, 

y e llo w ish  brown * y* dark brown * z. X.

I t  has high refr in gen ce and b ire fr in g e n c e , but 

in terferen ce  colours are masked due to  ab sorp tion . I t  

has a low e x tin c t io n  ang 1*, the maximum measured being  

18°, As p reviously  d escrib ed , i t  shows p a r a lle l  

growth with t ita n a u g ite  and in  most cases i s  o f la te r  

c r y s ta l l is a t io n  than the la t t e r .  Z  V measured on the 

Federov 8 tags i s  76° *- 8 0 .5 °  about x.

F e l s p a r . In the se c t io n s  stu d ied , only p la g io c la se  

fe lsp a r  occurs in  anhedral prism atic c r y s ta ls  moulded 

on m inerals o f e a r lie r  c r y s t a l l is a t io n . They occur 

both In the groundmass and the o c e l l i .  They are m ostly  

unaltered and in  a few cases show s e r ic i t i z a t io n .  They 

occur both as twinned ^twinning according to  a lb it e  law  

and a lso  Manebach law) and a lso  as untwinned prisms or 

p la te s .  They have e x t in c t io n  angles from 15° to  30° 

and hence correspond to  acid  to  b a sic  an desin e. They 

show in c lu s io n s  of titan om agnetite  and a p a tite  c r y s ta ls .  

They are not zones and freq u en tly  show undulose e x t in c t io n .

A m m m u

B io t ite  i s  found in  alm ost a l l  s e c t io n s  occurring In  

sm all/
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sm all f la k es  or hexagonal b asa l s e c t io n s , reddish  

brown in  co lour, showing the c h a r a c te r is t ic  dark 

brown absorption. Sometimes i t  i s  d i f f i c u l t  to  

d is t in g u ish  i t  from b a r k e v ie it ic  hornblende. In 

most cases they are attached to  m agnetite c r y s ta ls .  

M agnetite i s  an important accessory occurring as  

euhedral, subhedral and a lso  anhedral c r y s ta ls .

Some o f these c r y s ta ls  appear w h itish -g rey  in  r e f le c te d  

l ig h t ,  due to  th e ir  t ita n ife r o u s  nature. B esid es, 

there are a large number of irreg u la r  bars o f  m agnetite. 

In many cases t h e y  occur as s k e le ta l  growths of various  

shapes and sometimes they appear w h itish  grey in  

r e f le c te d  l ig h t .  These represent titan om agn etite . 

P y r ite s  i s  a very minor though widespread accessory  

varying from d u s t- lik e  gra in s to  com paratively b ig  

patches. The red hem atite seen  in  some se c t io n s  i s  

probably due to  a lte r a t io n  o f p y r ite s .

ABftfcitft i s  && Important accessory , occurring in  n eed le ­

l ik e  c r y s ta ls  of various s i z e s .  They appear e s p e c ia l ly  

in  the fe lsp a r s . The o c e l l i  are com paratively r ic h  

in  a p a tite ,  

fla ftlli c a v it ie s  e tc .

O c e l l i /
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O c e l l i  l a  t h e  o r i g i n a l  s e n s e  o f  H o s e n b u so h  ( 5 )  

a s  a r e a s  o f  a n a l c i t e ,  b o r d e r e d  t a n g e a t l a l l y  by  b i o t i t e  

e t c . ,  o c c u r  o n l y  i n  a  few  c a s e s .  I n  m o s t  r o c k s  t h e y

a r e  X e l s p a t h i c  a n d / o r  c h l o r i t i c .  P r o b a b l y  t h e y  may be

b e t t e r  c a l l e d  c a v i t i e s .  B e s i d e s  t h e s e  t h e r e  a r e  n u m e ro u s  

l a c u n a e  w i t h  c h l o r i t i c  m i n e r a l  X e l s p a t h i c  i n t e r s p a c e s .

l f o s t  c a v i t i e s  a r e  X i l l e d  w i t h  a  X ib ro u s  m i n e r a l ,  

i n  s p h e r u l i t i o  g r o w th s .  I t  i s  d i X X i c u l t  t o  a s s i g n  i t  t o  

a  p a r t i c u l a r  s p e c i e s .  A l l  X ib r e s  show s t r a i g h t  e x t i n c t i o n  

a n d  p o s i t i v e  e l o n g a t i o n ,  t h e  d iX X e re n c e  i n  t h e  v a r i e t i e s  

b e i n g  i n  c o l o u r ,  p l e o c h r o i s r a  and  b i r e X r i n g e n c e .  ( a )  P a l e  

g r e e n  X ib r e s ;  t h e  c o l o u r  i s  m ore i n t e n s e  i n  t h e  s p h e r j u l i t e ,  

v e r y  s l i g h t  p l e o c h r o i s m ,  i n t e r X e r e n c e  c o l o u r s  a r e  r e d  oX 

t h e  f i r s t  o r d e r .  (b )  p a l e  y e l l o w i s h  g r e e n ,  s l i g h t l y  

p l e o c h r o i c ,  v e r y  p a l e  y e l l o w  & X, y e l l o w i s h  g r e e n  *  Z .

F i r s t  o r d e r  r e d  p o l a r i s a t i o n  c o l o u r s .  Some X i b r e s  w i t h  

s i m i l a r  c h a r a c t e r s  show low  i n t e r X e r e n c e  c o l o u r s  ( f i r s t  

o r d e r  g r e y ) ,  ( c /  A lm o st c o l o u r l e s s  X i b r e s ,  some show 

f i r s t  o r d e r  g r e y  and some f i r s t  o r d e r  r e d  p o l a r i s a t i o n  

c o l o u r s .  P r o b a b ly  a l l  o f  them  b e lo n g  t o  t h e  c h l o r i t i c  

g r o u p ,  t h e  d i f f e r e n c e s  s e e n  b e i n g  due t o  d i f f e r e n c e  i n  

c o n t e n t  o f  i r o n .  B e s i d e s ,  t h e  f i b r o u s  m i n e r a l ,  c a l c i t e  

o c c u r s  i n  i r r e g u l a r  g r a i n s  o r  c r y s t a l s  o c c u p y in g  m o s t l y  

t h e /
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t h e  i n t e r i o r  o f  t h e  c a v i t i e s .  I n  many T e l e p a t h i c  

c a v i t i e s  t h e r e  a r e  nu m ero u s  i d i o m o r p h i c  c r y s t a l s  o f  

h o r n b le n d e ,  b i o t i t e ,  a p a t i t e  t i t a n o m & g n e t i t e  a n d  

p l a g i o c l a s e  f e l s p a r .  The f e l s p a r  o c c u r s  i n  b o t h  

p r i s m a t i c  c r y s t a l s  and  f e a t h e r y  o r  d e n d r i t i c  g r o w t h s .

The c r y s t a l s  o f  t h e  o c e l l i  a p p e a r  t o  c r y s t a l l i s e  i n  

c o m p a r a t i v e l y  l a r g e r  s i z e s .  They a r e  l i n e d  w i t h  

b i o t i t e  f l a k e s  i n  many c a s e s .  I n  a  few  i n s t a n c e s ,  

t h e  o c e l l i  a r e  f i l l e d  w i t h  c l e a r  a n a l c i t e ,  t h e  

p e r i p h e r y  so m e t im e s  sh o w in g  s l i g h t  a n i s o t r o p i s m .

Hone o f  t h e  s l i d e s  ex am in ed  show o l i v i n e  o r  t i t a n a u g i t e  

i n  t h e  o c e l l i .

U )  C m o t o n i t i o  O llT r in e -P o l e r i t e a .

A few s e c t i o n s  show ed c o m p a r a t i v e l y  m ore  c o a r s e  

g r a i n e d  and  o p h i t i c  o r  s u b o p h i t i c  t e x t u r e  due  t o  

p l a g i o c l a s e  l a t h s  p e n e t r a t i n g  t i t a n a u g i t e s .  They a r e  

o l i v i n e  b e a r i n g ,  t h e  m i n e r a l  o c c u r r i n g  a lw a y s  a s  p h o n o c r y s t s .  

T i t a n a u g i t e  p r e d o m in a te s  o v e r  b a r k e v l c i t i c  h o r n b l e n d e ,  t h e  

l a t t e r  b e i n g  v e r y  s m a l l  i n  q u a n t i t y .  B o th  t h e  m i n e r a l s  

a r e  s u b h e d r a l .  S i m i l a r  r o c k s  e l s e w h e r e  h a v e  b e e n  c r i l e d  

o l i v i n e  d o l e r i t e s  b u t  t h e  a u t h o r  f e e l s  t h a t  t h e  t e r m  

c a m p t o n i t i c  o l i v i n e  d o l e r i t e  w i l l  g i v e  th e m  a  m ore  g e n e t i c  

s i g n i f i c a n c e /
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s i g n i f i c a n c e ,  e m p h a s i s in g  t h e i r  g e n e t i c  r e l a t i o n s h i p  

w i t h  t h e  e a m p t o n i t i c  r o o k s ,  The o a m p t o n i t i c  a f f i n i t i e s  

a r e  c l e a r l y  i n d i c a t e d  by  t h e  p r e s e n c e  o f  t l t a n i f e r o u s  

a u g i t e  and  h o r n b l e n d e ,  and  t h e  o c c u r r e n c e  o f  o c e l l i  

an d  l a c u n a e .

I n  t h e  h a n d s p e c i a e n ,  t h e  r o c k  i s  c o m p a r a t i v e l y  

m ore  c o a r s e  g r a i n e d  t h a n  t h e  o a m p t o n i t i c  r o c k s ,  l a t h s  

o f  f e l s p a r  an d  o c e l l i  w i t h  c a l c l t e  a r e  r e c o g n i s a b l e .  

M i c r o s c o p i c a l l y ,  m o s t  o f  t h e  c h a r a c t e r s  a r e  t h e  same a s  

i n  t h e  c a m p t o n i t e s .  B e s i d e s  o l i v i n e  p h e n o c r y s t s ,  a  few  

x e n o c r y s t s  o c c u r  a s  d e s c r i b e d  u n d e r  c a m p t o n i t e s .  

T i t a n a u g i t e  a p p e a r s  t o  be f r e s h  o r  p a r t i a l l y  a l t e r e d  i n  

m o s t  s p e c im e n s .  P a r a l l e l  g ro w th  b e tw e e n  t i t a n a u g i t e  

an d  b a r k e v l c i t i c  h o r n b le n d e  i s  c o m p a r a t i v e l y  r a r e .  

P l a g i o c l a s e  f e l s p a r  i n  a n h e d r a l  p r i s m s  o r  l a t h s  i s  m ore  

b a s i c ,  r a n g i n g  f ro m  b a s i c  a n d e s i n e  t o  a c i d  l a b r a d o r i t e  

( e x t i n c t i o n  a n g l e  l t f °  t o  $ 8 ° )  and  b i - a x i a l l y  p o s i t i v e .  

S h o r t ,  s t o u t  b a r s  o f  t i t a n o m a g n e t i t e  a p p e a r  t o  be v e r y  

c h a r a c t e r i s t i c ,  Ho o c e l l i  w i t h  a n a l e i t e  w ere  n o t e d  

b u t  c a v i t i e s  w i t h  f e l s p a r ,  c h l o r i t e ,  c a l c i t e  e t c .  a r e  

v e r y  common. The l a c u n a e  o c c u r  a s  d e s c r i b e d  p r e v i o u s l y .  

I n  one s e c t i o n  (D.&Q8) t h e  h o r n b l e n d e ,  o c c u r r i n g  i n  t h e  

c h l o r i t l o /
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c h l o r i t i c  c a v i t i e s ,  shows a  p a l e  b l u i s h  c o l o u r ,  w i t h  

p l e o c h r o i s m  f ro m  y e l lo w  t o  b l u i s h - g r e e n  ( e x t i n c t i o n  

a n g l e  2 2 ° ) ,  s i m i l a r  g r a i n s  b e in g  a b s e n t  i n  t h e  

g ro u n d m a ss  o f  t h e  r o c k .

m m m & h  c a m e t o h i t i c  b o c k s  w i th  f e l s p a r  f m m m j s y g ;

I n  a i l  o a m p t o n i t i c  r o c k s  t h e  p l a g i o c l a s e  i s  

a n h e d r a l  an d  s u b o r d i n a t e ,  and  i t  r a r e l y  a s su m e s  

p o r p h y r i t i e  d i m e n s io n s .  Some o f  t h e  s e c t i o n s ,  

e s p e c i a l l y  f ro m  I n i s h t r a h u l l  I s l a n d ,  show two g e n e r a t i o n s  

o f  p l a g i o c l a s e ,  t h e  f i r s t  o c c u r r i n g  a s  p h e n o c r y s t s ,  

t h e  s e c o n d  a s  p r i s m s  and l a t h s  i n  t h e  g ro u n d m a ss .  T h e re  

i s  g r e a t  v a r i a t i o n  i n  t h i s  t e n d e n c y ,  t h e  b e s t  s e c t i o n  

b e i n g  B .2 5  w h ere  o l i v i n e ,  t i t a n a u g i t e  and  p l a g i o c l a s e  

o c c u r  a s  p h e n o c r y s t s ,  m ak ing  t h e  r o c k  an  a b n o rm a l  t y p e .  

O nly  t i t a n a u g i t e  and  p l a g i o c l a s e  e x h i b i t  a  s e c o n d  

g e n e r a t i o n  o f  c r y s t a l s .  The f e l s p a r  p h e n o c r y s t s  o c c u r  

i n  l a r g e  r e c t a n g u l a r  s e c t i o n s ,  m o s t ly  tw in n e d  on t h e  

A l b i t e  la w ,  an d  a l s o  on M anebach  law . They  show a  

maximum e x t i n c t i o n  o f  c o r r e s p o n d i n g  t o  b a s i c  a n d e s i n e

o r  a c i d  l a b r a d o r ! t e  i n  c o m p o s i t i o n ,  T i t a n a u g i t e  h a s  

a  t e n d e n c y  t o  o c c u r  i n  g l o m e r o p o r p h y r i t i c  g ro u p s*

M o n e h i q u i t i c /
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(4 )  M m W LQ M lTIC  BOCKS.

F o u r  o f  t h e  r o c k  s e c t i o n s  showed d i s t i n c t  

m o n c h i q u i t i c  t e n d e n c i e s .  They a r e  c h a r a c t e r i s e d  by 

o l i v i n e  p h e n o c r y s t s  i n  a  g ro u n d m ass  o f  m o s t ly  

t i t a n a u g i t e ,  t h e  b a s e  o f  t h e  r o c k  b e in g  a m in e r a l  o f  

lo w  r e f r a c t i v e  in d e x  and  a lm o s t  i s o t r o p i c .  I t  i s  

p r o b a b l y  a a a l c i t i c .

They a r e  m i c r o p o r p h y r i t i c ,  l a r g e l y  id io m o r p h ic  

w i t h  p h e n o c r y s t s  o f  o l i v i n e  o f  c o m p a r a t i v e l y  l a r g e  s i z e .  

I n  two s e c t i o n s  t h e  o l i v i n e s  o c c u r  a s  f r e s h  o r  p a r t i a l l y  

a l t e r e d  c r y s t a l s .  They have  h ig h  r e f r i n g e n c e  and v e r y  

h i g h  b i r e f r i n g e n c e  . Though m ost s e c t i o n s  show s t r a i g h t  

e x t i n c t i o n ,  i t  i s  i n t e r e s t i n g  t o  n o te  t h a t  some e x h i b i t  

i n c l i n e d  e x t i n c t i o n s ,  t h e  maximum a n g le  m e a su re d  b e in g  

2 0 ° .  T h i s  i s  p r o b a b ly  due t o  t h e  f a c t  t h a t  t h e s e  

s e c t i o n s  a r e  p a r a l l e l  t o  t h e  p y r a m id a l  f a c e ,  a s  e x p l a i n e d  

b y  J o h a n n s e n  ( 9 ) .  2 V ,  m e a s u re d  w i th  F e d o ro v  S t a g e  i s

v e r y  h ig h  ( 8 4 °  t o  8 8 ° ) ,  t h e  s e c t i o n s  b e i n g  o p t i c a l l y  

p o s i t i v e  o r  n e g a t i v e .  I n  two s e c t i o n s  o l i v i n e  o c c u r s  

i n  c r y s t a l s  o f  two g e n e r a t i o n s .

T i t a n a u g i t e  o c c u r s  i n  two g e n e r a t i o n s ,  t h e  

c r y s t a l s  b e in g  e u h e d r a l  and  o f  v a r i o u s  s i z e s .  They 

form /
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fo rm  p o r p h y r i t i c  c r y s t a l s  o r  g l o m e r o p o r p h y r i t i c  

g r o u p s .  They a r e  a l l  faw n c o l o u r e d ,  t h e  c o l o u r  

b e in g  more p ro n o u n c e d  i n  t h e  e d g e s .  Some o f  them  

show a  c o l o u r l e s s  i n t e r i o r  o f  d i o p s i d e  and  a 

c o l o u r e d  o u t e r  zone o f  t i t a n a u g i t e .  H o u r - g l a s s  

s t r u c t u r e  i s  v e r y  c h a r a c t e r i s t i c .  They a r e  

d i s t i n c t l y  p l e o c i r o i e :  f e l l o w  •* X, Y e l lo w i s h  brow n * Y,

L i l a c  brow n ** Z , Z Y X. The t i t a n a u g i t e  i s  

v e r y  r a r e l y  a l t e r e d .

Brown b a r k e v i c i t i o  h o r n b le n d e  and  b i o t i t e  

a r e  a lm o s t  a b s e n t  e x c e p t  i n  t h e  o c e l l i  and w here  t h e y  

o c c u r ,  t h e y  show t h e  u s u a l  c h a r a c t e r s .  T i t a n o m a g n e t i t e  

a p p e a r s  t o  b e  uncommon, b u t  e u h e d r a l  t o  a n h e d r a l  g r a i n s  

o f  m a g n e t i t e  a p p e a r  a s  an  i m p o r t a n t  a c c e s s o r y .  A p a t i t e  

d o e s  n o t  o c c u r  i n  l a r g e  q u a n t i t i e s .  A few a n h e d r a l  

p l a g i o c l a s e  c r y s t a l s  a r e  s e e n  ( b a s i c  o l i g o c l a s e  t o  

a c i d  a n d e e in e  i n  c o m p o s i t i o n ) .  The b a s e  o f  t h e  r o c k ,  

a s  d e s c r i b e d  p r e v i o u s l y ,  i s  v e r y  p r o b a b ly  a n a l e i t i e ,  

t h e  s l i g h t  a n i s t r o p i s r a  b e i n g  due t o  a l t e r a t i o n .

Rock D .82  ( b o u l d e r  o p p o s i t e  s i l l  i n  s m a l l  

i s l a n d ,  C a r r i c k a v a d y ,  In ish o v ? e n ,  Co. D o n e g a l)  i s  v e r y  

i n t e r e s t i n g  an d  h en ce  d e s e r v e s  s p e c i a l  d e s c r i p t i o n *

I V
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I t  i a  a  m o n e h i q u i t e ,  showing v e r y  i n t e r e s t i n g  x e n o c r y e t s  

o f  o l i v i n e ,  t i t a n a u g i t e ,  a n o r t h o c l a s e ,  m a g n e t i t e  and  

x e a o l i t h s  o f  a u g i t e ,  h o r n b le n d e  r o o k ,  a u g i t e  r o c k ,  

p l e o n a s e  p e r i d o t i t e  and s a n d s t o n e .  I n  h a n d sp e c im e n ,  

t h e  r o c k  i s  d a r k  g r e y  and co m p a c t ,  e x c e p t  f o r  a  number 

o f  o v a l  p a t c h e s  o f  m i n e r a l s  some m e a s u r in g  a cm. a c r o s s .  

One o f  them  i s  composed o f  a b l a c k  s h i n i n g  m a t e r i a l .  

T h e re  i s  a n o t h e r  p a t c h  composed o f  b ro n z e  y e l lo w  g r a i n s .  

T h e re  a r e  a  num ber o f  s h i n i n g  o v a l  p a t c h e s  w h ich  a r e  

p r o b a b l y  a u g i t e .  One i n t e r e s t i n g  p a t c h  shows a  s h i n i n g  

y e l l o w i s h  brow n t r a n s l u c e n t  m i n e r a l ,  w i t h  num erous 

t r a n s v e r s e  c r a c k s .

M ic r o s c o p i c  e x a m in a t io n  shows t h a t  i t  i s  

com posed o f  a l l  t h e  m i n e r a l s  o f  a m o n e h i q u i t e .  O l i v i n e  

o c c u r s  a s  s m a l l  e u h e d r a l  c r y s t a l s  and l a r g e r  p a t c h e s  

w i t h  ro u n d e d  e d g e s .  C r y s t a l s  o f  t i t a n a u g i t e  a p p e a r  

a t t a c h e d  th r o u g h o u t  t o  t h e  e x t e r i o r  o f  t h e  o l i v i n e s ,  

t h e i r  f o r m a t i o n  p r o b a b ly  t o  be  a t t r i b u t e d  t o  r e a c t i o n  

b e tw e e n  o l i v i n e  and  t h e  magma. I n  a few c a s e s  t h e  

a u g i t e  c r y s t a l  a p p e a r s  t o  p e n e t r a t e  t h e  o l i v i n e  c r y s t a l .  

The euhedral o l i v i n e  p h e n o c r y s t s  a r e  o b v i o u s l y  d i f f e r e n t  

f ro m  t h e  s e c o n d  ty p e  w h ich  a r e  n e n o c r y s t s *  T h i s  v ie w  

1&J
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i 8  s u p p o r t e d  by t h e  p r e s e n c e  o f  s p i n e l  a s  an  i n c l u s i o n  

i n  a n  o l i v i n e  p seud o m o rp h , i n d i c a t i n g  i t s  s o u r c e  i n  

t h e  p l e o n a s t e  p e r i d o t i t e ,  x e n o l i t h s  o f  w h ich  o c c u r  i n  

t h e  same s e c t i o n .

a l s o  o c c u r s  i n  e u h e d r a l  p h e n o c r y s t s ,  

a n d  a s  l a r g e  p a t c h e s  o f  a n h e d r a l  x e n o c r y s t e .  A l l  o f  

th em  show e v id e n c e  o f  m agm atic  r e a c t i o n .  They show

(1 )  z o n in g ;  ( 2 ) h o u r - g l a s s  s t r u c t u r e s ,  (3 )  i n  some c r y s t a l s  

t h e  i n t e r i o r  i s  sown w i t h  a  number o f  s m a l l  p a r t i c l e s  o f  

i r o n  o r e ,  ( 4 )  l i t t l e  g r a n u l e s  o f  c o l o u r l e s s  d i o p s i d e  

s u r r o u n d e d  by a  r im  o f  t i t a n a u g i t e ,  (5 )  i n t e n s e  m ag m atic  

r e a c t i o n  i s  s e e n  i n  t h e  a n h e d r a l  x e n o c r y s t s ,  w h ich  show a 

c o l o u r l e s s  g r a n u l a r  c o r e ,  s u r r o u n d e d  by a zone o f  r e a c t i o n  

o f  d a r k  i r r e s o l v a b l e  b o d i e s  w i t h  an  o u t e r  r im  o f  l i l a c -  

b row n t i t a n a u g i t e .

I n  a d d i t i o n  t o  t h e s e ,  t h e r e  a r e  l a r g e  p a t c h e s  

r e p r e s e n t i n g  a u g i t e  n o d u l e s ,  a l l  l y i n g  i n  d i f f e r e n t  

o r i e n t a t i o n s ,  b u t  e n c l o s e d  i n  a r im  o f  t i t a n a u g i t e ,  w i th  

a  r e a c t i o n  zone i n  b e tw e e n  them . The a u g i t e  g r a i n s  show 

r e g u l a r  i n c l u s i o n s  o f  d a r k  b o d i e s ,  o v a l  i n  shapes, a r r a n g e d  

p a r a l l e l  t o  t h e  c l e a v a g e s .  B e s id e s  t h e s e  t h e r e  a r e  a 

few  s e r p e n t i n i s e d  and c a r b o n a t e d  i n c l u s i o n s  o f  p r o b a b l y  

o l i v i n e .

One/
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One o f  t h e  s e c t i o n s  o f  t h i s  r o c k  shows an  

i n t e r e s t i n g  x e n o l i t h  composed o f  a n h e d r a l ,  c o l o u r l e s s  

a u g i t e  and brow n b a s a l t i c  h o r n b le n d e  ( p le o o h r o i s m  fro m  

y e l l o w  t o  b ro w n ; ,  w i t h  maximum e x t i n c t i o n  a n g l e  o f  2 5 ° .

B o th  m i n e r a l s  a r e  s u r r o u n d e d  by  a  r im  o f  t i t a n a u g i t e .

Two se c tio n s  of the rock show x en o lith s of 

pleonaste p er io d o tite  composed of anhedral serpentised  

and carbonated o liv in e  and fresh  or u r a lit is e d  d iopside.

The s p i n e l  i s  y e l l o w i s h  brown p l e o n a s t e ,  so m e tim e s  w i t h  

a  r im  o f  m a g n e t i t e .

X e n o l i t h s  o f  q u a r t z o s e  m a t e r i a l  a r e  fo u n d  i n  

two s e c t i o n s  o f  t h e  r o c k ,  p r o b a b ly  r e p r e s e n t i n g  c o u n t r y  

r o c k .  They a r e  composed o f  i i r e g u l a r  q u a r t z  g r a i n s ,  

c l o s e l y  p a c k e d  w i t h  an  i r r e s o l v a b l e  d a r k  c e m e n tin g  

m a t e r i a l .  T h e re  a r e  i r r e g u l a r  p a t c h e s  o f  p y r i t e s .  T h e re  

i s  a  xone o f  r e a c t i o n  composed o f  l a r g e  num bers  o f  

r a d i a t i n g  l o n g  p r i s m a t i c  c r y s t a l s  o f  d i o p s i d e ,  v e r y  

d i f f e r e n t  f ro m  t h e  l i l a c  brow n t i t a n a u g i t e  o f  t h e  g ro u n d m a ss .

D .g £ c  shows a  v e r y  i n t e r e s t i n g  p a t c h  o f  a  

c o l o u r l e s s  m i n e r a l  w i th  a low e x t i n c t i o n  a n g l e  and  p a tc h y  

e x t i n c t i o n ;  t h i s  i s  a n o r t h o c l a s e .  T h e re  i s  no zone o f

r e a c t i o n  b e tw e e n  t h i s  and  t h e  r o c k .  One o f  t h e  s e c t i o n s

sh o w s/
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shows a n  o v a l  p a t c h  o f  m a g n e t i t e .

The i n t e r e s t  o f  t h i s  r o c k  i s  o b v i o u s l y  i n  

t h e  l a r g e  v a r i e t y  o f  x e n o c r y s t s  and x e n o l i t h s  i t  

c o n t a i n s .

An i n t e r e s t i n g  f e a t u r e  i s  n o t i c e d  i n  D .1 8 7 ,

A num ber o f  p h e n o c r y s t s  o f  a l t e r e d  o l i v i n e  e n c l o s e  

c r y s t a l s  o f  l i l a c  brown t i t a n a u g i t e ,  w i th  d i s t i n c t  

p l e o c h r o i s m  f ro m  y e l lo w  t o  l i l a c  brow n, d e f i n i t e l y  

sh o w in g  t h a t  t i t a n a u g i t e  i s  e a r l i e r  i n  c r y s t a l l i s a t i o n  

t h a n  o l i v i n e ,  w h ich  i s  a r a t h e r  u n u s u a l  phenomenon.

The o l i v i n e  e n c l o s e s  m a g n e t i t e  a l s o .

Two s e c t i o n s  a p p e a r  t o  be i n t e r m e d i a t e  b e tw e e n  

m o n c h i q u i t e s  an d  c a m p t o n i t e s .  D .73  i s  m e g a s o o p ic a l ly  

a  v e r y  f i n e - g r a i n e d  com pact r o c k .  M ic r o s c o p ic  

e x a m i n a t i o n  r e v e a l s  a  number o f  c o m p a r a t i v e ly  l a r g e  

o l i v i n e  p h e n o c r y s t s  o c c u r r i n g  o n ly  a s  pseudom orphs  o f  

c a l c i t e  and  s e c o n d a r y  s i l i c a .  The g ro u n d m a ss  i s  com posed 

o f  v e r y  s m a l l  p r i s m s  o f  t i t a n a u g i t e  and b a r k e v i c i t i c  

h o r n b l e n d e ,  i n  e n u a l  p r o p o r t i o n s .  The a u g i t e  c r y s t a l s  

a r e  t h e  l a r g e r .  The b a s e  o f  th e  r o c k  i s  a lm o s t  i s o t r o p i c ,  

b u t  f o r  t h e  v e r y  s m a l l  l a t h s  o f  p l a g l o o l a s e  w i t h  a lm o s t  

s t r a i g h t  e x t i n c t i o n  v b a s i c  o l i g o c l a s e ) .  M a g n e t i t e  i s  

a n /
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a n  i m p o r t a n t  a c c e s s o r y .  T h e re  a r e  a  num ber o f  o c e l l i  

w i t h  brown b a r k e v l c i t i c  h o r n b le n d e  p r i s m s  and  f e l s p a r  

l a t h s .  T h e re  i s  a  lo n g ,  i r r e g u l a r ,  v e i n - l i k e  p a t c h ,  

i n  w h ic h  a r e  fo u n d  f l o w - o r i e n t e d  and a l s o  f e a t h e r y  

f e l s p a r ,  b e s i d e s  s m a l l  i r r e g u l a r  g r a i n s  o f  c a r b o n a t e .

1X310 i s  a l s o  a  s i m i l a r  r o c k ;  t h e  num erous  o c e l l i  i n  

t h i s  s e c t i o n  a r e  f i l l e d  w i t h  a n a l c i t e .  T h e re  i s  a n  

i n t e r e s t i n g  p a t c h  i n  t h i s  s e c t i o n  w i th  a p a l e  g r e e n  

i s o t r o p i c  g l a s s y  b a s e ,  i n  w h ich  a r e  s e t  t h e  m i n e r a l s  

o f  t h e  r o c k .  M i n e r a l o g i c a l l y ,  t h e s e  two s e c t i o n s  a r e  

o a m p t o n i t i c ,  b u t  show d e f i n i t e  m o n e h q u i t i c  a f f i n i t i e s  

by t h e  p r e s e n c e  o f  an  i s o t r o p i c  b a s e ,  p r o b a b ly  o f  

a n a l c i t e .

(5 )  BQSTQMTId ROQKa,

A bout s i x  s l i d e s  w i t h  b o s t o n i t i c  a f f i n i t e s  w ere  

e x a m in e d .  They a r e  c h a r a c t e r i s e d  by th e  p re d o m in a n c e  

o f  f e l s p a r  l a t h s ,  o f t e n  i n  t r a c h y t o i d  fo rm . A few  show 

p h e n o c r y s t s  o f  p l a g i o c l a s e  ( b a s i c  o l i g o c l a s e  t o  a c i d  

a n d e s i n e ) ,  r o u n d  w hich  t h e  p r i s m a t i c  l a t h s  o f  b a s i c  

o l i g o c l a s e  a r e  f l o w - o r i e n t e d .  D .146  show s d e n d r i t i c  

g r o w th s  o f  p l a g i o c l a s e .  A l l  t h e  f e l s p a r , b o th  l a t h s  

a n d  p h e n o c r y s t s ,  show s e r i c i t i s a t i o n .  A few c l e a r ,  

i r r e g u l a r , /



- 2 5 -

i r r e g u l a r ,  c o l o u r l e s s ,  u n tw in n e d  g r a i n s  w i th  low 

r e f r i n g e n e e  an d  low b i r e f r i n g e n c e ,  o p t i c a l l y  p o s i t i v e ,  

o c c u r ,  d i s t r i b u t e d  among t h e  f e l s p a r  l a t h s  and  p r o b a b l y  

a r e  s e c o n d a r y  a l b i t e  g r a i n s .

B e s i d e s  t h e  f e l s p a r s ,  th e y  c o n t a i n  i n  v a r y i n g  

a m o u n ts ,  a  s u b o r d i n a t e  q u a n t i t y  o f  c h l o r i t e - l e u c o x e n e  

p se u d o m o rp h s ,  s i m i l a r  t o  t h o s e  s e e n  i n  c a m p t o n i t i c  r o c k s ,  

w h ich  p r o b a b ly  r e p r e s e n t  o r i g i n a l  t i t a n a u g i t e .  P r im a r y  

m a g n e t i t e  i s  a b s e n t ,  th o u g h  s m a l l  p a t c h e s  o f  l i m o n i t e  

o c c u r .  S m a l l  f l a k e s  o f  b i o t i t e  and  so m e tim e s  b i g  

c r y s t a l s  o f  a p a t i t e  o c c u r  i n  t h e  s l i d e s .

T h e re  a r e  two i n t e r e s t i n g  s e c t i o n s ,  one f ro m  

I n c h  I s l e ,  r e p r e s e n t i n g  a  b o s t o n i t i c  r o c k  w i t h s p h e r u l i t i o  

s t r u c t u r e .  I n  t h i s  s e c t i o n  t h e r e  a r e  a number o f  

n e e d l e - l i k e  o h l o r i t i c  p seudom orphs  a l s o .  D.3Q4 a p p e a r s  

t o  h a v e  b o th  b o s t o n i t i c  and  c a m p t o n i t i c  a f f i n i t i e s  

( M a e n a i t e ? ) .  I t  i s  composed o f  o l i v i n e  p h e n o c r y s t s ,  

e e r p e n t i n i s e d  and c a r b o n a t e d  and a l s o  p h e n o c r y s t s  o f  

b a s i c  o l i g o c l a s e  i n  a  g ro u n d m ass  o f  o l i g o c l a s e  l a t h s  

a n d  c h l o r i t i c - l e u c o x e n e  p a t c h e s  r e p r e s e n t i n g  p r o b a b ly  

t i t a n a u g i t e .  An i n d i s t i n c t  t r a c h y t o i d  t e x t u r e  ca n  

be  s e e n  i n  some p l a c e s  a ro u n d  p h e n o c r y s t s .  A p a t i t e  

n e e d l e s /



n e e d l e s  an d  e u h e d r a l  m a g n e t i t e  g r a i n s  o c c u r  a s  

a c c e s s o r i e s ,  b e s i d e s  s m a l l  s k e l e t a l  r o d s  o f  t i t a n o m & g n e t i t e ,  

o c c u r r i n g  i n  g r o u p s .  T h e re  a r e  a  number o f  c a v i t i e s  

f i l l e d  w i t h  f i b r o u s  c h l o r i t e  and  c a r b o n a t e .  O a m p to n i t i c  

a f f i n i t i e s  a r e  i n d i c a t e d  by t h e  p r e s e n c e  o f  o l i v i n e ,  

t i t a n a u g i t e ,  t i t a n o m a g n e t i t e  and  c a v i t i e s  w i th  i n f i l l i n g s .  

B o s t o n i t i c  c h a r a c t e r s  a r e  r e v e a l e d  by t h e  r i c h n e s s  i n  

p l a g i o c l a s e  o f  a n  a c i d  c o m p o s i t i o n  o c c u r r i n g  b o th  a s  

l a t h s  and  p h e n o c r y s t s  and  t h e  o c c a s i o n a l  t r a c h y t o i d  

t e x t u r e .  The r o c k  a p p e a r s  t o  be i n t e r m e d i a t e  b e tw e e n  

c a m p t o n i t e s  and  b o s t o n i t e s .



PETR0GENE3I3.

I n  t h e  a b s e n c e  o f  f i e l d  e v i d e n c e ,  i t  i s  

o b v io u s  t h a t  c o n c l u s i o n s  a r r i v e d  a t  i n  t h i s  p a p e r  

a r e  e s s e n t i a l l y  b a s e d  on m i c r o s c o p i c  s t u d y .  The 

r o c k s  d e s c r i b e d  a r e  a l l  d yke  r o c k s  w i t h  d i s t i n c t  

a l k a l i n e  a f f i n i t i e s  a s  i n d i c a t e d  by t i t a n a u g i t e ,  

b & r k e v i c i t i o  h o r n b le n d e  and  a n a l c i t e .  A l l  o f  them  

show t h e s e  common f e a t u r e s  ( e x c e p t  t h e  b o s t o n i t i c  

r o c k s ) #  t h e  p r e s e n c e  o f  ( a )  m i c r o p h e n o c r y s t s  o f  

o l i v i n e ,  (b )  t i t a n a u g i t e  and  b a r k e v l c i t i c  h o r n b le n d e ,

( c )  o c e l l i  o r  c a v i t i e s ,  (d )  t i t a n o m a g n e t i t e  i n  a l l  

s e c t i o n s ,  ( e )  o l i v i n e  x e n o e r y s t s  i n  a l l  t h e  ro c k s#

T h e se  c h a r a c t e r s  e m p h a s is e  t h e  g e n e t i c  u n i t y  o f  t h e  

s e r i e s  and  i t  i s  f e l t  by t h e  a u t h o r  t h a t  t h e s e  v a r i o u s  

t y p e s  o f  r o c k s  h ave  b e e n  d e r i v e d  from  t h e  same common 

s o u r c e ,  by  a  v a r i a t i o n  i n  c o m p o s i t io n  b r o u g h t  a b o u t  by 

c r y s t a l l i z a t i o n - d i f f e r e n t i a t i o n .  E u h e d r a l  m a f ic  m i n e r a l s ,  

e s p e c i a l l y  t i t a n a u g i t e ,  brown b a r k e v i c i t i c  h o r n b le n d e  

a n d  b i o t i t e ,  w i th  a n h e d r a l  p l a g i o c l a s e  i n  s u b o r d i n a t e  

a m o u n ts ,  g i v e  r ib ©  t o  t h e  c a m p t o n i t i c  r o c k s .  D ev e lo p m en t 

o f  c o a r s e  g r a i n s ,  an  i n c r e a s e d  f e l s p a t h i c  c o n t e n t  (m ore 

b a s i c  i n  c o m p o s i t i o n  t h a n  p re v io u s ly ) ,  w i th  s u b o r d i n a t i o n  

o f  t i t a n a u g i t e  and  an  o p h i t i c  o r  s u b o p h i t i c  t e x t u r e ,  g i v e s  

r i s e /
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r i s e  t o  t h e  c a m p t o n i t i c  o l i v i n e  d o l e r i t e s .  The 

t e n d e n c y  l o r  i n c r e a s e  i n  t e l e p a t h i c  c o n t e n t  and c o a r s e r  

g r a i n  s i z e  so m e tim e s  g iv e  r i s e  t o  two g e n e r a t i o n s  o f  

f o l s p a r ,  t h e  f i r s t  g e n e r a t i o n  o c c u r r i n g  a s  p h e n o c r y s t s ,  

l e a d i n g  t o  t h e  f o r m a t i o n  o f  a b n o rm a l  r o c k s  i n  t h e  

c a m p t o n i t i c  s u i t e *  By a  d e c r e a s e  i n  t h e  amount o f  

f e l s p a r  and  a lm o s t  c o m p le te  d i s a p p e a r a n c e  i n  some c a s e s ,  

c o u p le d  w i t h  a n  i n c r e a s e  i n  i t s  a c i d i t y  and  a n  i n c r e a s e  

i n  t h e  m a f ic  m i n e r a l s ,  e s p e c i a l l y  o l i v i n e  and t i t a n a u g i t e ,  

w i t h  a n  i s o t r o p i c  a n a l c i t i c  b a s e ,  m o n e h i q u i t i e  r o c k s  a r e  

d e r i v e d .  R e g a r d in g  th e  b o s t o n i t i c  r o c k s  i t  i s  n o t  

p o s s i b l e  t o  s a y  a n y t h i n g  d e f i n i t e l y  s i n c e  e v id e n c e  i s  

s c a n t y ,  b u t  t h e  a u t h o r  f e e l s  t h a t  t h e y  may p r o b a b ly  b e lo n g  

t o  t h i s  s u i t e ,  o c c u r r i n g  co m p lem en ta ry  t o  t h e  c a m p t o n i t i c  

r o o k s .  The p r e s e n c e  o f  an  i n t e r m e d i a t e  v a r i e t y  b e tw e e n  

t h e  c a m p t o n i t i c  and  b o s t o n i t i c  r o c k s  s u p p o r t s  t h i s  v ie w .

The r i c h n e s s  o f  t h e  o r i g i n a l  magma i n  t i t a n i u m  

i s  shown by t h e  p r e s e n c e  o f  t i t a n a u g i t e ,  b a r k e v i c i t i c  

h o r n b le n d e  ( a l t e r a t i o n  r e s u l t s  i n  l e u c o x e n e ) ,  r e d d i s h  brown 

b i o t i t e  and  t i t a n o m a g n e t i t e .  The l a s t  m i n e r a l  i s  a v e r y  

c h a r a c t e r i s t i c  a c c e s s o r y .  I t s  o c c u r r e n c e  i n  s k e l e t a l  

g r o w th s  e v e n  i n  t h e  o c e l l i  shows t h a t  t h e  magma was r i c h  

in /



i n  t i t a n i u m  t o  t h e  v e r y  l a s t  s t a g e s  o f  c r y s t a l l i z a t i o n ,  

when t h e  e x c e s s  seem s t o  have c r y s t a l l i s e d  a s  t i t a n o m a g n e t i t e

The a b s e n c e  o f  z o n a l  s t r u c t u r e  i n  t h e  f e l s p a r s  

a n d  a l s o  t i t a n a u g i t e  i n  t h e  c a m p t o n i t i c  r o c k s  shows t h a t  

c r y s t a l l i z a t i o n  t o o k  p l a c e  u n d e r  f a i r l y  s t a b l e  c o n d i t i o n s .

On t h e  o t h e r  h a n d ,  t h e  m o n c h i q u i t i c  r o c k s  r e v e a l  m o s t ly  

z o n a l  and  h o u r - g l a s s  s t r u c t u r e  and  many o t h e r  i n d i c a t i o n s  

o f  m ag m atic  r e a c t i o n .  The a u g i t e  h a s  a d i o p s i d i c  c o re  

w i t h  a  r im  o f  t i t a n a u g i t e  sh o w in g  change  i n  c o m p o s i t io n  

a n d  c o n d i t i o n s  o f  c r y s t a l l i s a t i o n .  A c c o rd in g  t o  S c o t t  ( 1 7 ) ,  

h o u r - g l a s s  s t r u c t u r e  i s  m o st common i n  t h o s e  r o c k s  c o n t a i n i n g  

T iO ^. The magma m ust have  b e e n  c o n s i d e r a b l y  r i c h  i n  

v o l a t i l e s  a s  shown by t h e  p r e s e n c e  o f  l a r g e  num bers  o f  

a p a t i t e  n e e d l e s  w h ic h  a r e  c o m p a r a t i v e l y  more a b u n d a n t  i n  

t h e  o c e l l i  r e v e a l i n g  t h e r e b y  t h e  i n c r e a s e  i n  r i c h n e s s  a s  

c r y s t a l l i z a t i o n  p r o c e e d e d .

I t  i s  fo u n d  t h a t  m o s t  o f  t h e  r o c k s  a r e  e a r b o n a t i z e d  

a n d  t h e  o l i v i n e s  a r e  i n v a r i a b l y  r e p l a c e d .  C h l o r i t l z a t i o n  

i s  c o n f i n e d  t o  t h e  c a v i t i e s ,  and  l a c u n a e  and  t o  m ost o f  

t h e  t i t a n a u g i t e s .  The c a v i t i e s  a r e  a lm o s t  a lw ay s  f i l l e d  

c e n t r a l l y  w i t h  e a l o i t e  and  s u r r o u n d e d  by s p h e r u l i t i c  

c h l o r i t e  f i b r e s ,  w h ic h  i n  many c a s e s  a p p e a r  t o  have  

r e p l a c e d  c a l c i t e .  A m ore i n t e r e s t i n g  phenomenon i s  t h e  

r e p l a c e m e n t /
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r e p l a c e m e n t  o f  f e l s p a r  l a t h s  a ro u n d  t h e  c a v i t i e s  by 

f i b r o u s  c h l o r i t e ,  t h e  o r i g i n a l  o u t l i n e  and  p a r t  o f  

t h e  m i n e r a l  p r e s e r v e d  d i s t i n c t l y . ( p h o t o m i c r o g r a p h ) .

T h e se  d e f i n i t e l y  p ro v e  t h a t  t h e  c h a n g e s  n o t e d  ab o v e  
m u st be  d u e  t o  t h e  l a s t  s t a g e s  o f  m agm atic  a c t i v i t y ,  

by t h e  a c t i v i t y  o f  t h e  v o l a t i l e s  w h ich  a c c u m u la te  a s  

c r y s t a l l i s a t i o n  p r o c e e d s ,  r a t h e r  t h a n  t o  w e a th e r in g  

by  a t m o s p h e r i c  a g e n t s .  Head ( l l )  and  S m ith  ( 1 8 ) h o l d  
s i m i l a r  v ie w s .  I t  i s  p r o b a b l e  t h a t  c a r b o n a t i z a t i o n  

t o o k  p l a c e  f i r s t  and  l a t e r  c h l o r i t i z a t i o n .

I t  h a s  b e e n  r e c o r d e d  t h a t  b i o t i t e  o c c u r s  i n  

many c a s e s  a ro u n d  m a g n e t i t e  and  i s  p r o b a b ly  a  p r o d u c t  

o f  r e a c t i o n  b e tw e e n  i t  and  t h e  magma, S i m i l a r  o c c u r r e n c e

o f  b i o t i t e  h a s  b e e n  n o t e d  by T y r e l l  and  I » a o . ( 8 ) ,

I n  many o f  t h e  c a m p t o n i t i c  r o c k s ,  o c c u r r e n c e  

o f  f e a t h e r y  f e l s p a r  w h ich  a p p e a r s  t o  be o l i g o c l a s e  by 

i t s  v e r y  low e x t i n c t i o n  a n g l e ,  h a s  b een  n o t e d .  S i n c e  

t h e s e  a r e  t h e  l a s t  i.to c r y s t a l l i z e ,  t h e y  a r e  p r o b a b ly  

e n r i c h e d  i n  s o d a ,  a  f a c t  s u b s t a n t i a t e d  by t h e  o c c u r r e n c e

o f  a n a l o i t e  i n  some o f  t h e  o c e l l i .

I n  a  num ber o f  t h e  r o c k  s e c t i o n s  s t u d i e d  w h ich  

i n c l u d e  c a m p t o n i t i c  r o o k s ,  c a m p t o n i t i c  d o l e r i t e s  and  a  

m o n c h i q u i t i c /
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m o n ch l j t u i t i c  r o c k  x e n o c r y s t s  o f  o l i v i n e  r e p r e s e n t e d  

by p seu d o m o rp h s  o f  c a l c i t e ,  b o w l i n g i t e ,  s e r p e n t i n e  

and  s e c o n d a r y  s i l i c a  o c c u r .  I n  t h e  f i r s t  two t y p e s ,  

t h e y  a r e  s u r r o u n d e d  by a  d i s t i n c t  zone o f  r e a c t i o n ,  

com posed o f  g r a n u l a r  c a r b o n a t e  m ixed  w i t h  g r a i n s  o f  

m a g n e t i t e .  The o r i g i n a l  m i n e r a l  r e p r e s e n t i n g  t h e  

p r o d u c t  o f  r e a c t i o n  o f  t h e  g r a n u l a r  c a r b o n a t e  i s  n o t  

c l e a r .  I n  a  s i m i l a r  c a s e ,  F l e t t  (4 )  h a s  s u g g e s t e d  

t h a t  t h e y  may r e p r e s e n t  m o n t i c e l l i t e .  I n  t h e  

m o n c h l q u i t i c  r o o k  t h e  p r o d u c t  c f  r e a c t i o n  i s  t i t a n a u g i t e  

w h ic h  o c c u r s  a s  a  r im  o f  c r y s t a l s  ro u n d  t h e  x e n o c r y s t .

The s o u r c e  o f  t h e s e  o l i v i n e  c r y s t a l s  m ust p r o b a b ly  be 

a t t r i b u t e d  t o  t h e  u l t r a b a s i c  p e r i o d o t i t e  n o d u le s  fo u n d  

i n  t h e  m o n c h i q u i t e .

COMPARISON WITH SQg m m

C a m p t o n i t i c  a n d  m o n c h i q u i t i e  r o c k s  have  b e e n  

d e s c r i b e d  i n  S c o t l a n d  f ro m  t h e  O rkneys ( 3 ,  4 )  i n  t h e  n o r t h  

t o  t h e  S a n q u h a r  (1 3 )  c o a l f i e l d  i n  t h e  S o u th e r n  U p la n d s

i n  t h e  s o u t h .  They show a  number o f  v a r i a t i o n s  i n

c o m p o s i t i o n  an d  t e x t u r e .  The c a m p to n i t e s  a r e  more 

common i n  t h e  H ig h la n d s ,  w h i l e  t h e  m o n c h iq u i t e s  a r e  more

common i n  t h e  s o u t h ,  e s p e c i a l l y  i n  t h e  M id la n d  V a l l e y

o f /
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o f  S c o t l a n d .  n e v e r t h e l e s s ,  t h e s e  h ave  g e n e t i c  

a f f i n i t i e s  and  h av e  b e e n  c o n s i d e r e d  t o  b e lo n g  t o  

t h e  same e p o c h  o f  dyke f o r m a t i o n  ( R ic h e y ,  1 4 ) ,  due 

t o  t h e  same m ag m atic  a c t i v i t y .  C o m p ar iso n  o f  t h e  

D o n e g a l  r o c k s  w i t h  t h e  S c o t t i s h  o c c u r r e n c e s  r e v e a l  

r e m a r k a b l e  s i m i l a r i t i e s  i n  r o c k  t y p e s  and  m i n e r a l  

c o m p o s i t i o n .  The s i m i l a r i t i e s  a r e  f a r  g r e a t e r  th a n  

t h e  m in o r  v a r i a t i o n s  and  i t  may s a f e l y  be p o s t u l a t e d  

t h a t  t h e y  h av e  g e n e t i c  r e l a t i o n s h i p s  and  v e r y  p r o b a b ly  

b e lo n g  t o  t h e  same ep o c h .

P o r p h y r i t i c  e a m p t o n i t e s  w i t h  m i c r o p h e n o e r y s t s  

o f  o l i v i n e ,  e x c e s s  o f  t i t a n a u g i t e  o v e r  b a r k e v i c i t i e  

h o r n b le n d e  have  b e e n  d e s c r i b e d  from  t h e  O rkneys  ( 3 ) ,

C o l l  ( 1 5 ) ,  R o ss  o f  jaiull ^ 1 9 ) ,  C e n t r a l  R o s s - s h i r e  ( 4 a )  

and  many o t h e r  p l a c e s  w i t h  s l i g h t  v a r i a t i o n s .  

M a c r o p o r p h y r i t i c  e a m p t o n i t e s  h ave  b e e n  d e s c r i b e d  f ro m  

a  l a r g e  num ber o f  a r e a s .  C a m p to n i t i c  o l i v i n e - d o l e  r i t e s  

a r e  d e s c r i b e d  f ro m  M u ll  ( 2 0 ) ,  and  C e n t r a l  R o s s - s h i r e  ( 4 a ) .  

F l e t t  ( 3 )  d e s c r i b e s  a b n o rm a l  c a m p t o n i t i c  r o c k s  w i th  

f e l s p a r  p h e n o c r y s t s  f ro m  t h e  O rkneys and  C e n t r a l  

R o s s - s h i r e .  M o n c h iq u i t i c  r o c k s  have b e e n  d e s c r i b e d  i n  

t h e  n o r t h  f ro m  t h e  O rkneys  ( 3 ) ,  C o l l  ( 1 5 ) ,  C e n t r a l  

S u t h e r l a n d /
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S u t h e r l a n d  ( 1 2 ) ,  B o ss  o f  M u ll  (1 9 )  and  f ro m  A y r s h i r e  (2 1 )  

i n  t h e  so u th *  Thomas ( 1 9 )  n o t e s  from  I o n a  d y k es  

i n t e r m e d i a t e  i n  c o m p o s i t i o n  and  s t r u c t u r e  b e tw een  

t h e  e a m p t o n i t e s  and  m o n e h iq u i te s *  B a rk e r  (5 )  r e f e r s  

t o  t r a n s i t i o n  r o c k s  from  A rd m u c k in is c h .  B o s t o n i t e  d y k e s  

a r e  n o t e d  by F l e t t  ( 3 ,  4 )  who d e s c r i b e s  t h e  o c c u r r e n c e  

o f  many f ro m  t h e  O rkneys*

M i n e r a l o g i c a l l y ,  t h e y  b e a r  c l o s e  r e s e m b la n c e  

t o  many o f  t h e  S c o t t i s h  r o c k s  i n  t h e  o c c u r r e n c e  o f  

o l i v i n e ,  t i t a n a u g i t e ,  b a r k e v i c i t i c  h o r n b le n d e  and  r e d d i s h  

b i o t i t e .  T i t a n a u g i t e  h a s  b e e n  d e s c r i b e d  t o  o c c u r  i n  

two g e n e r a t i o n s  and  i t  shows h o u r - g l a s s  s t r u c t u r e *

B i o t i t e  i s  a lw a y s  n o t e d  a s  a  s u b o r d i n a t e  m in e ra l*  P a r a l l e l  

g ro w th  b e tw e e n  a u g i t e  and  h o r n b le n d e  h a s  b een  i n v a r i a b l y  

d e s c r i b e d .  O c e l l i  a s  w e l l  a s  c a v i t i e s  s i m i l a r  t o  t h o s e  

d e s c r i b e d  i n  t h i s  p a p e r  a r e  r e p o r t e d  t o  o c c u r  i n  a l l  t h e  

S c o t t i s h  r o c k s .  O l i v i n e  and  t i t a n a u g i t e  n e v e r  o c c u r  i n  

t h e  o c e l l i ,  a  f e a t u r e  common t o  b o th  a r e a s .

M o n e h i ^ u i t i c  r o c k s  show g r e a t  r e s e m b la n c e  i n  

m i n e r a lo g y  and  s t r u c t u r e  t o  S c o t t i s h  ro c k s*  More 

r e m a r k a b l e  i s  t h e  o c c u r r e n c e  o f  x e n o c r y e t s  o f  o l i v i n e ,  

t i t a n a u g i t e  and  a n o r t h o c l a s e  and  x e n o l i t h s  o f  a u g i t e  

r o c k /
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r o c k ,  a u g i t e - h o r n b l e n d e  r o c k ,  p l e o n a s t e - p e r i d o t i t e  

a n d  s a n d s t o n e ,  w h ic h  have  b e e n  n o t e d  f ro m  t h e  N o r th e r n  

H ig h la n d s  and  Oban and B a l m a l l y .  B o u l to n  ( 2 )  and T y r e l l  ( 2 2 )  

d e s c r i b e  s i m i l a r  x e n o c r y s t s  an d  x e n o l i t h s .

M inor  d i f f e r e n c e s  b e tw e e n  t h e  D o n e g a l  d y k e s  and 

t h e  S c o t t i s h  d y k e s  have  b e e n  n o t i c e d ,  ( a )  I n  g r a i n  s i z e  

o f  t h e  r o c k s ,  ( b )  o c c u r r e n c e  o f  b a r k e v i c i t i c  h o r n b le n d e  

i n  e x c e s s  o f  t i t a n a u g i t e  i n  S c o t l a n d ,  ( c )  p r e s e n c e  o f  

a l k a l i  f e l s p a r  i n  t h e  S c o t t i s h  a r e a s ,  (d )  zoned  f e l s p a r s  

a r e  common i n  S c o t l a n d ,  ( e )  i n  m ost c a m p t o n i t i c  r o c k s  

o f  S c o t l a n d ,  a n a l e i t e  h a s  b e e n  d e s c r i b e d  i n  t h e  o c e l l i ,  

b u t  i n  t h e  r o c k - s e c t i o n s  s t u d i e d ,  t h i s  m i n e r a l  o c c u r s  

o n ly  r a r e l y .

AGE OF ROCKS-

T h e re  i s  no f i e l d  e v id e n c e  r e g a r d i n g  t h e  age  

o f  t h e  d y k e s .  The c o n c l u s i o n  can  be d raw n  o n ly  on t h e  

b a s i s  o f  t h e i r  p e t r o l o g i c a l  s i m i l a r i t i e s .  I n  S c o t l a n d ,  

c a m p t o n i t e  and  m o n c h i^ u i t©  d y k e s  a r e  c o n s i d e r e d  P e rm ia n  

i n  a g e . ( R i c h e y  1 4 ) .  T h i s  v iew  h as  b e e n  c o n f i rm e d  by  

r a d i o a c t i v e  d e t e r m i n a t i o n s  by  t f r r y  ( 2 3 ) .  I t  can  o n ly  

b e  s a i d  ^ h a t  t h e y  v e r y  p r o b a b l y  b e lo n g  t o  t h e  P e rm ia n  

e p o c h  o f  dyke  f o r m a t i o n .
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SDMMARY A ND CQNC LUSIQNS.

I n  t h i s  p a p e r ,  t h e  p e t r o g r a p h y  o f  dyke r o o k s  

o f  o a m p t o n i t i c  m o n c h i i u i t i c  and  b o s t o n i t i c  n a t u r e ,  

m o s t l y  f ro m  I n is h o w e n ,  Co. D o n e g a l ,  N.iff. I r e l a n d ,  h a s  

b e e n  d e s c r i b e d *  The a u t h o r  f e e l s  t h a t  a l l  t h e s e  r o o k s  

b e lo n g  t o  t h e  same s u i t e ,  t h a t  t h e  v a r i o u s  d i s t i n c t  

r o c k - t y p e s  have  b e e n  b r o u g h t  a b o u t  by m agm atic  

d i f f e r e n t i a t i o n  u n d e r  v a r y i n g  c o n d i t i o n s *  The b o s t o n i t i c  

r o c k s  a r e  f e l t  t o  be c o m p le m e n ta ry  t o  t h e  o t h e r  r o c k s .  

C o m p ar iso n  w i t h  s i m i l a r  r o c k s  i n  S c o t l a n d  l e a d s  t o  th e  

c o n c l u s i o n  t h a t  t h e  g r e a t  s i m i l a r i t i e s  s e e n  m ust be 

a t t r i b u t e d  t o  t h e  o r i g i n  o f  t h e  D onega l r o c k s  d u r in g  t h e  

same e p o c h  o f  d y k e - f o r m a t i o n ,  i . e .  P e rm ia n .  The 

d e s c r i p t i o n  o f  t h e s e  r o c k s  f ro m  D o n eg a l  e x te n d  t h e  p r o v in c e  

o f  t h e  P e rm ia n  d y k e s  t o  N o r t h e r n  I r e l a n d ,  t h u s  a d d in g  one 

m ore r e l a t i o n s h i p  b e tw e e n  t h e  s i m i l a r i t y  i n  t h e  g e o lo g y  

o f  t h a t  a r e a  an d  S c o t l a n d .

The a u t h o r  w is h e s  t o  e x p r e s s  h i s  g r a t e f u l  th a n k s  

t o  Dr* T y r r e l l ,  f o r  h i s  g u id a n c e  and c o n s t r u c t i v e  c r i t i c i s m  

o f  t h i s  s tu d y *
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PUSCRIP'IIOM OF PHQTOMIGRQQRAPH8.

(1 )  M » S f l lA q a U 9 n  3 5 . O r d in a ry  L i g h t .

P h o to g r a p h  shows an  o c e l l u s  i n  a  o a m p t o n i t i c  r o c k ,  

composed o f  p r i s m a t i c  f e l s p a r s  and  d a r k  m i n e r a l s ,  

w h ic h  i n c l u d e  brow n h o r n b le n d e ,  b i o t i t e ,  e t c .  The 

r e s t  o f  t h e  p h o to g ra p h  shows t h e  g roundm ass  o f  t h e  

r o o k .

(2 )  P .-6S. M a g n i f i c a t i o n  27. Ordinary L ight.

An o c e l l u s  sh o w in g  c a l c i t e  i n  t h e  c e n t r e ,  e p h e r u l i t i c  

f i b r o u s  c h l o r i t e  s u r r o u n d i n g  i t .  The p l a g i o c l a s e  

p r i s m s  i n  t h e  p e r i p h e r y  show r e p la c e m e n t  by c h l o r i t e ,  

t h e  s h a p e  o f  t h e  fo rm e r  i s  c l e a r l y  s e e n .  Some 

c r y s t a l s  a r e  p a r t i a l l y  w h i t e ,  sh o w in g  u n r e p l a c e d  

f e l s p a r .  The p h o to g ra p h  shows how c h l o r i t e  a p p e a r s  

t o  r e p l a c e  c a l c i t e .

( 3 )  D .21& . M a g n i f i c a t i o n  27. QrAin&ZX

Shows a  x e n o c r y s t  o f  o l i v i n e ,  now r e p r e s e n t e d  b y  a  

r e a o t i o n  r im  com posed o f  m a g n e t i t e  and  c a l c i t e  g r a i n s .  

Rock i s  a  c a m p t o n i t i c  o l i v i n e - d o l e r i t e .

(4) D.aoa. Magnification Ordinary, M&hi*
C a m p t o n i t i c  o l i v i n e  d o l e r i t e  sh o w in g  s u b o p h i t i c  

r e l a t i o n s h i p  b e tw e e n  t i t a n a u g i t e  and  l a t h s  o f  f e l s p a r .

( 5 )  D .S 5 . i i a e n l f i Q a t i o n  _31. O rdi n a r y  M g M -

A bnorm al/



A bnorm al o a m p t o n i t i c  r o c k  show ing  i d io m o r p h ic  

p h e n o c r y s t s  o f  o l i v i n e  s e e n  a s  pseudom orphs  

an d  f e l s p a r  p h e n o o r y s t  i n  t h e  S.W. c o r n e r .

The g ro u n d m a ss  i s  composed o f  s e c o n d  g e n e r a t i o n  

a u g i t e ,  f e l s p a r  and  brown h o r n b le n d e ,

&*§&&• -gfi. ordinary L ifh t.

An o l i v i n e  x e n o c r y s t ,  i n  a  m o n c h iq u i t e  r e p r e s e n t e d  

by p se u d o m o rp h .  Numerous d a r k  c r y s t a l s  o f  

t i t a n a u g i t e  may be s e e n  a t t a c h e d  t o  i t .  To th e  

r i g h t  t h e r e  i s  an  a u g i t e  c r y s t a l  show ing  z o n a l  

s t r u c t u r e .  The g roundm ass  i s  composed o f  m o s t ly  

t i t a n a u g i t e  and m a g n e t i t e .

D»82b. itoml&iaaiJjMi j& .

P h o t o g r a p h  show s two x e n o l i t h s  -  ( a )  s a n d s t o n e ,  

u p p e r  l e f t - h a n d  c o r n e r  and  (b )  p l e o n a s t e  p e r i d o t i t e ,  

i n  lo w e r  r i g h t - h a n d  c o r n e r .

Magnification H .
B o s t o n i t i c  r o o k ,  sh o w in g  a  p h e n o c r y s t  o f  f e l s p a r  

and  f l o w - o r i e n t e d  m in u te  f e l s p a r  l a t h s  a ro u n d  i t .
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