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SUMMARY

G e o p h y s ica l  su rv eys  have b e en  c a r r i e d  out i n  th e  sea  a r e a  

around  M ull on two c r u i s e s  ab o a rd  NERC r e s e a r c h  v e s s e l s ;  RRS 

C h a lle n g e r  (May 1977) and RRS John Murray (F e b ru a ry  19 7 9 ) .

The aim o f  th e  su rvey s  was tw o f o ld ; -

(a )  to  o b t a in  s e is m ic  r e f r a c t i o n  d a ta  u s in g  an  an chored  sono- 

buoy w ith  a seab ed  hydrophone, a  method which p rov ed  to  be an  

improvement on p re v io u s  a t te m p ts  u s in g  f r e e - f l o a t i n g  sono- 

buoys w ith  n e u t r a l l y - b o u y a n t  n e a r - s u r f a c e  h y d ro p h o n es• The 

r e s u l t s  from 13 su rv e y s  a re  p r e s e n te d  w ith  g e o lo g ic a l  i n t e r ­

p r e t a t i o n s  .

(b) t o  lo c a te  th e  SW c o n t in u a t io n  of th e  G rea t  Glen F a u l t  by 

p re p a r in g  a g e o lo g i c a l  map o f  th e  a re a  u s in g  g e o p h y s ic a l  d a t a .  

T h is  i s  c l e a r l y  l o c a te d  on the  d e p th  to  rockhead  map where a 

deep t ro u g h  i n  rockhead  i s  o b se rv ed  t r e n d in g  030°S from Loch 

B u ie . The t r e n d  changes a b r u p t l y  to  060° 14 km S o f  Loch B u ie .

The course  o f  the  Moine T h ru s t  th ro u g h  th e  a re a  i s  a l s o  

t r a c e d  and i t s  o f f s e t  u sed  t o  d em o n s tra te  a 55 km s i n i s t r a l  

s h i f t  on th e  G rea t  G len F a u l t .

O ther f a u l t s  o f  NE-SW and NNE-SSW t r e n d  b e l i e v e d  to  be 

r e l a t e d  to  th e  G rea t  G len  F a u l t  a re  ob se rv ed  i n  the  F i r t h  of 

Lorne p ro d u c in g  a f a u l t e d  sequence o f  L.0f? . la v a s  and s e d im e n ts .  

F a u l t s  o f  s i m i l a r  t r e n d  a re  a l s o  ob se rv ed  be tw een  Colonsay  and 

J u r a ,  th e  most e a s t e r l y  i s  b e l i e v e d  to  be th e  n o r t h e r n  e x te n s io n  

o f  the  Loch G r u in a r t  F a u l t .

The r e l a t i o n s h i p  of th e  G rea t  Glen F a u l t  t o  o th e r  s i m i l a r ^  

t r e n d in g  f a u l t s  i n  S c o t la n d  i s  d i s c u s s e d .  I t  i s  b e l i e v e d  t h a t  

a l l  th e se  f a u l t s  which a r e  s i m i l a r l y  o r i e n t a t e d  a re  th e  r e s u l t  

o f th e  same s t r e s s  system  produced  by t e r m in a l  e v e n ts  o f  th e  

C aledon ian  o rog en y .

( ix  )



Two r e l a t i v e l y  young a c t i v e  s t r i k e - s l i p  f a u l t  sys tem s a re  

d e s c r ib e d  and com pared . The San Andreas F a u l t  and The A lp ine  

F a u l t .  By com parison  w ith  th e s e  f a u l t s  i t  i s  b e l i e v e d  t h a t  

th e  G rea t  G len F a u l t  formed c lo s e  to  a p l a t e  m arg in ;  th e  

segment n o r th  o f  the  bend so u th  o f  Loch Buie was o b l iq u e  to  

th e  r e g i o n a l  s l i p  v e c t o r  and th e  o th e r  segm ent was p a r a l l e l  

t o  the  r e g i o n a l  s l i p  v e c t o r .

( x )



CHAPTER 0KB

INTRODUCTION

1*1 Aims

The aims o f  t h i s  t h e s i s  a re  tw o -fo ld s

(a) t o  o b t a i n  and i n t e r p r e t  g e o p h y s ic a l  d a ta  from  around  M ull;  

I n  p a r t i c u l a r  from a c r o s s  th e  S.W. e x te n s io n  of th e  G rea t  G len 

F a u l t  i n  o r d e r  to  compare i t s  t e c t o n i c  s t y l e  w ith  th o s e  of 

o th e r  m ajo r  t r a n s c u r r e n t  f a u l t s ;  and

(b) i n  th e  p r e p a r a t i o n  of th e  d a ta  b ase  f o r  ( a ) ,  t o  e x p lo re  

the  use  o f  s e is m ic  t e c h n iq u e s ,  in c lu d in g  p ro c e s s in g  o f  d a ta  

re c o rd e d  on m ag n e tic  t a p e ,  i n  d e te rm in in g  th e  s e i s m ic  v e l o c i t y  

and s t r u c t u r e  o f  th e  sed im en ts  a n d /o r  rocks  on th e  se a  b e d .

1*2 R eg io n a l  Geology

1*2*1 S u c c e s s io n

A part from ro ck s  o f  Lower P a la e o z o ic  a g e ,  r e p r e s e n t a t i v e s  

o f  the  G e o lo g ic a l  Column from  P recam brian  t o  p r e s e n t  day a re  

found  i n  th e  a rea*  The s u c c e s s io n  I s  summarised i n  T able  1*1 

and F i g .  1 . 1 .

The P recam b rian  ro ck s  can  be d iv id e d  i n t o  th r e e  m a jo r  

g roups on th e  b a s i s  of a g e .  The o l d e s t  group i s  th e  L ew is ian  

g n e i s s e s ,  s e v e r e l y  a l t e r e d  and metamorphosed se d im e n ta ry  and 

igneous r o c k s .  Those o u tc ro p p in g  on C o l l ,  T i r e e  and Io n a  p r o ­

b a b ly  b e lo n g  to  th e  S c o u r ia n  Cycle ( D r u r y ,3972; W estbrook, 

1972)• Unconformably o v e r ly in g  the  L ew is ian  rocks  a re  th e  

T o r r id o n ia n  s a n d s to n e s  and t h e i r  m etam orphic  e q u i v a l e n t ,  th e  

Moine s c h i s t s :  th e y  a re  s e p a r a te d  by  th e  Moine T h ru s t  w ith

th e  T o r r id o n ia n  rock s  l y in g  to  the  Vfest* The now s l i g h t l y  — 

metamorphosed sa n d s to n e s  and g r i t s  of th e  T o r r id o n ia n  and th e

-  1 -



' [ i l i i n i n m m

Fi g  1 1
Re d r a w n

R e g i o n a l  G e o l o g y
f r o m  G e o l o g i c a l  S u r v e y

5 6* 3 0 _

- 5 5 30

T e n - M i l e  M a p  , s h e e t  1
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s e m i - p e l i t i c  s c h i s t s  and g n e i s s e s  o f th e  Moine o r i g i n a t e  from  

s e p a r a te  d e p o s i t ! o n a l  env ironm en ts  now b ro u g h t  i n t o  j u x t a ­

p o s i t i o n  by  movement a lo n g  th e  Moine T h ru s t*

The f a i r l y  monotonous l i t h o l o g i e s  of th e  Moine and 

T o r r id o n ia n  F o im ation s  a re  succeeded  by  th e  l i t h o l o g i c a l l y  

d iv e r s e  D a l ra d ia n  S e r i e s  sp ann ing  l a t e  P recam b rian  and Cambrian 

tim es*  A d e t a i l e d  s u c c e s s io n  i s  g iv e n  i n  T able  1*2 . F o r  con­

v e n ie n c e ,  the  D a l r a d ia n  has b een  d iv id e d  by  m ark e r  h o r iz o n s  

i n t o  Upper, Middle and Lower. The b ase  of th e  Upper D a l r a d ia n  

i s  marked by  th e  Loch Tay l im e s to n e  and th e  P o r t a s k a ig  B o u ld e r  

Bed marks th e  base  of t h e  Middle D a l r a d i a n .  The d e p o s i t i o n a l  

h i s t o r y ,  how ever, can  be d iv id e d  i n t o  two s t a g e s  by  th e  J u ra  

S la te *  I n i t i a l l y  a  s h a l lo w  m arine  u n s t a b le  s h e l f  env ironm en t 

p r e v a i l e d  i n  which l im e s to n e s ,  d o lo m i te s ,  s h a l e s  (now s l a t e s )  

and c ro ss  bedded sa n d s to n e s  (now q u a r t z ! t e s )  were d e p o s i t e d .  

These s t r a t a  can be t r a c e d  d i s c o n t i n u o u s l y  a lo n g  s t r i k e  from 

I s l a y  to  B a l l a c h u l i s h  w i th  l i t t l e  v a r i a t i o n .  F o llo w in g  t h i s  

a se d im e n ta ry  t r o u g h  d e v e lo p ed  i n t o  which d e e p -w a te r  f a c i e s  

were d e p o s i t e d .  The S ca rb a  Conglom erate Group, d e p o s i t e d  on 

a n o r th - d ip p in g  s lo p e  b y  t u r b i d i t y  c u r r e n t s  (Ander t o n ,  1977), 

f i n e s  upwards i n t o  the  E a sd a le  S l a t e s  i n  the  n o r t h ,  i n d i c a t i n g  

q u i e t e r  d e p o s i t i o n  (Baldw in  & Johnson , 1 9 7 7 ) .  B o th  the  S ca rb a  

Conglomerate Group and the  E asd a le  S l a t e s  a r e  o v e r l a i n  by  th e  

P o r t  E l l e n / C r a ig n i s h  P h y l l i t e s  ( F ig .  1 . 3 ) .

The e a r l i e s t  Lower P a la e o z o ic  ro ck s  p r e s e n t  i n  the  a re a  

a re  th o se  of Lower Old Red Sandstone  a g e ,  o c c u r r in g  around  

Oban and K e r r e r a  as  an i n t e r c a l a t e d  se d im e n ta ry  and la v a  s e ­

quence d e p o s i te d  i n  a s h a l lo w  s y n c l in e  w ith  a HE -  SW a x is

(Vfeterson, 1 965). They l i e  u nconfo rm ab ly  on D a l r a d ia n  b a s e -A
ment w ith  th e  low er p a r t  of th e  se q u en c e ,  p r i n c i p a l l y  se d im e n t­

a r y  rocks r a n g in g  from l im e s to n e s  to  b r e c c i a s ,  t h in n i n g  e a s t -
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EILEAN
DUBH MOR SCARBA BARNHILL ARDLUSSA

(CRAIGNISH PHYLLITES on mainland =) PORT ELLEN PHYLLITES

I SCARBA CONGLOMERATE
EASDALE

SLATES
JURA

QUARTZITE 1 km -i

3 km

F i g  1*3 Strat igraphi 'cal  r e l a t l o n s h i p s  of t he  f o r m a t i o n s  found  
on J u r a  and S c a r b a .  ( f r o m  A n d e r t o n  1 9 7 7  )



ward where e v e n t u a l l y  th e  u p p e r  p a r t  o f  th e  se q u en c e ,  m o s t ly  

a n d e s i t l c  l a v a s ,  l i e s  d i r e c t l y  on th e  D a l r a d ia n .

Minor o u tc ro p s  of C a rb o n ife ro u s  and Perm ian s e d im e n ta ry  

ro ck s  occur i n  th e  a r e a .  Upper C a rb o n ife ro u s  sa n d s to n e s  and 

s h a le s  w ith  t h i n  coalbands a re  se e n  a t  Inn inm ore  Bay, Morvern, 

and a re  p ro b a b ly  unconform able  on M oinian  ro ck s  ( M a c G re g o r s  

Manson, 1933)• A b r e c c i a ,  i n f i l l i n g  a  sw allow  h o le  on I s l a y ,  

was d e s c r ib e d  by  Peach (1907) and i n i t i a l l y  a s s ig n e d  t o  lo w e r­

m ost T r i a s s i c .  However, i t  i s  p ro b a b ly  C a rb o n ife ro u s  o r  

Perm ian  i n  age (Mykura, 1965; P r i n g l e ,  1 9 5 2 ) .

M esozoic ro c k s  from  the  T r i a s s i c  upwards can  be found  

around  the  M ull c o a s t l i n e  and a t  Loch Don, though  a com plete 

s u c c e s s io n  i s  n o t  s e e n  anyw here. About 2000 m o f T r i a s s i c  

ro ck s  a re  o b se rv ed  a ^  Loch Spelve  (E a s t  e t  a l . ,  1968) b u t  

e lsew h ere  th e  t h ic k n e s s  o f  th e  T r i a s s i c  i s  of th e  o rd e r  o f 

100 m. I n  g e n e r a l  the  th ic k n e s s e s  of th e  M esozoic on M ull care­

l e s s  th a n  those- o b se rv ed  f u r t h e r  n o r th  on Skye and R aasay .

The T e r t i a r y  p e r io d  was dom inated  by  ign eo us  a c t i v i t y ;  

a l th o u g h  some se d im e n ta ry  rocks  of t h a t  age a re  found  i n t e r ­

bedded w ith  th e  B a s a l t i c  P l a t e a u  Lavas e . g .  A rd tun  Leaf Beds 

o f  Mull (B a i le y  e t  a l . t 19 25).

The r e g io n  s u f f e r e d  s u c c e s s iv e  g l a c i a l  advances d u r in g  

the  P le i s to c e n e  g iv in g  r i s e  t o  r a i s e d  b e a c h e s ,  ,UI- sh aped , 

o v e r-deep en ed  v a l l e y s  and s u b s t a n t i a l  d e p o s i t s  of b o u ld e r  

c l a y .

1*2 .2  Igneous A c t i v i t y

Three m a jo r  e p is o d e s  of igneou s  a c t i v i t y  can be d i s c e r n e d ;

(a)  C a le d o n ia n , d u r in g  t h i s  orogeny a magm atic cyc le  s i m i l a r  

t o  t h a t  d e s c r ib e d  by  De S i t t e r  (1956) i s  re c o rd e d  ( J o h n s to n e ,  

1966) i n  (1) p r e - t e c t o n i c  b a s i c  r o c k s ,  (2) s y n te c to n ic  migma-
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t i t e s ,  and (3) p o s t - t e c t o n i c  I n t r u s i v e  and v o lc a n ic  r o c k s .

The Ross of M ull G ra n i te  b e lo n g s  to  th e  t h i r d  s ta g e  as  do th e  

F oyers  and S t r o n t i a n  g r a n i t e s  (P h e m is te r ,  1960) which fo l lo w e d  

a m ig m a t i t ic  phase  (P h e m is te r ,  1960) when p e g m a ti te s  and p eg -  

m a t i t i z e d  p e l i t i c  g n e is s e s  were i n j e c t e d  i n t o  th e  Moine S c h i s t s .  

N o rth -S o u th  t r e n d i n g  C a led o n ian  dykes a re  se e n  on C olonsay , 

w h i l s t  NE -  SVST t r e n d in g  dykes a re  s e e n  on J u r a  and A r g y l l s h i r e .  

These a re  t y p i c a l l y  p o r p h y r i t i c  m ic r o d o le r i t e  i n  co m p o s it io n  

(Mercy, 1965)• At th e  same tim e as th e  Lower Old Red Lavas 

were b e in g  e x t r u d e d ,  p a s s iv e  g r a n i t e s  (Rea.d, 1961) were b e in g  

em placed .

(b) P e rm o -C a rb o n ife ro u s . A r e g i o n a l  l i n e a r  WNW-trending dyke 

sw am  of d o l e r i t i c  c o m p o s it io n  was i n t r u d e d  i n t o  th e  M ull ,  

Llsmore and Morvern r e g io n  (S p e ig h t  & M i t c h e l l ,  1979)•

(c)  T e r t i a r y . I n t e n s iv e  p ro lo n g ed  ign eo us  a c t i v i t y  o c c u r re d  

d u r in g  t h i s  tim e th ro u g h o u t  th e  I n n e r  H ebrides and NW a c ro s s  

th e  N orth  A t l a n t i c  Igneous P ro v in c e .  The e a r l i e s t  v o lc a n ic  

a c t i v i t y  was th e  o u tp o u r in g  of huge q u a n t i t i e s  o f  b a s a l t  a s  

l a v a  f lo w s .  Some 1800 m of t h i s  b a s a l t  s t i l l  rem ains on Mull 

i n  s p i t e  o f  su b seq u e n t  i n t e n s e  e r o s i o n .  F o llo w in g  t h i s ,  l a r g e  

e x p lo s iv e  v e n ts  a s s o c i a t e d  w ith  r h y o l i t i c  magma were fo im ed . 

These were t h e n  fo l lo w e d  by  th e  i n t r u s i o n  of p lu to n ic  m asses 

as a  s u c c e s s io n  o f  I n t r u s i o n s  around  th e  igneous c e n t r e s .  

Accompanying t h i s  was th e  f o rm a t io n  o f  NW -  S E - tre n d in g  l i n e a r  

dyke swarms f o c u s s in g  on th e  ig n eo u s  c e n t r e s  fo l lo w in g  l i n e s  

o f  weakness i n  th e  c r u s t .  The dykes cut b o th  th e  la v a s  and 

i n t r u s i v e  m asses and e x te n d  f o r  g r e a t  d i s t a n c e s  ( e . g .  the  

C lev e land  Dyke e x te n d s  f o r  400 km (A nderson, 1 9 5 1 ) ) .  D e s c r ip ­

t i o n s  of th e s e  v o lc a n ic  c e n t r e s  can  be found  i n  R ichey (1961) 

and S te w a r t  (1965)•
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1 . 2 .3  S t r u c tu r e

The a re a  i s  dom ina ted  by th e  NE -  SW C a ledo n ian  g r a i n .

Those s t r u c t u r e s  n o t  form ed as  a d i r e c t  r e s u l t  o f  the  C a ledon ian  

s t r e s s e s  have fo l lo w e d  w eaknesses i n i t i a t e d  a t  t h a t  t im e .

F o l d i n g . P r i o r  to  th e  d e p o s i t i o n  o f  P a la e o z o ic  and M esozoic 

ro ck s  the  D a l r a d ia n  ro ck s  underw ent a complex m u l t i - p h a s e  

s t r u c t u r a l  m o d i f i c a t i o n  d u r in g  th e  C a ledon ian  Orogeny (T ab le  

1 . 3 ,  F i g .  1 . 2 ) .  A p art  from th e  Lismore L im estone , a l l  th e  

D a l r a d ia n  rocks i n  the  a r e a  b e lo n g  to  th e  I I t a y  Nappe Complex 

which encompasses a l l  the m etam orphic ro c k s  be tw een  th e  I l t a y  

Boundary S l id e  and th e  H ighland  Boundary F a u l t .  The complex 

i s  re g a rd e d  by Joh n s to n e  (1966) as c o n s i s t i n g  of two m ain  sub 

u n i t s  j

(a)  N orthern  Nappe Zone ( I s l a y ,  J u ra  and S carba) a t r a n s p o r t e d  

s h e e t  (co m p ris in g  s e v e r a l  f o l d s )  co n tig u o u s  t o  and o v e r ly in g  

th e  I l t a y  Boundary S l i d e .  I n  t h i s  s h e e t  a l l  e a r l y  form ed 

recum bent a n t i c l i n e s  re c o rd e d  c lo s e  t o  th e  NW.

(b) The Tay Nappe ( ly in g  t o  SE) forms th e  rem a in d e r  and i s  an  

e a r l y  form ed recum bent a n t i c l i n e  c lo s in g  t o  th e  SE.

The rocks  o f  th e  N orth  Grampians Complex ly in g  be tw een  

th e  I l t a y  Boundary S l id e  and th e  G rea t  G len F a u l t  a re  m a in ly  

M oinian and la c k  d i s t i n c t i v e  m ark e r  h o r i z o n s :  as a r e s u l t

th e y  a re  l e s s  w e l l - d e f in e d  s t r u c t u r a l l y .

A s e r i e s  o f c o n c e n t r i c  f o l d s  i n  th e  c o u n try  rocks a round  

the  E a r ly  Mull C a ld e ra  were p ro b a b ly  the  r e s u l t  o f  e a r l y  i n ­

t r u s i o n  o f  pyroxene g ran oph y res  a lo n g  th e  c a ld e r a  m arg in  

(S te w a r t ,  1965).

F a u l t ! n g . NE -  SW d i p - s l i p  f a u l t s  a re  o b se rv ed  on K e r r e r a  

and around  Oban i n t e r s e c t e d  b y  a NW -  S E - t re n d in g  s e t  (Lee & 

B a i l e y ,  1925), c u t t i n g  b o th  th e  D a l ra d ia n  s c h i s t s  and th e  

Lower Old Red s e d im e n ta ry  and la v a  se q u en c e .
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The Moine T h ru s t  i s  th e  upperm ost t h r u s t  o f a  group o f  

n e a r  h o r i z o n t a l  f r a c t u r e  p la n e s  known c o l l e c t i v e l y  as The 

Moine T h ru s t  Zone. The zone runs NNE -  SSW and a combined 

h o r i z o n t a l  movement o f  a t  l e a s t  30 km (C lough, 1907) t o  th e  

w est has  b ro u g h t  th e  Moine S c h i s t s  i n t o  c o n ta c t  w ith  th e  

T o r r id o n ia n  S a n d s to n e s .

A s e t  o f  NE-and N N E-trending s t r i k e - s l i p  fau3t s c ro s s  

th e  C e n tr a l  H ig h la n d s ,  o f  th e s e  th e  G re a t  Glen F a u l t  i s  p r o ­

b a b ly  th e  b e s t  known. F i g .  1 .4  shows th e  m ain  f a u l t s  o f  t h i s  

sy s tem . They occupy s t r a i g h t  d e p re s s io n s  c o n ta in in g  c ru sh ed  

and s h a t t e r e d  ro c k .  S i n i s t r a l  movement has b een  d e m o n s tra te d  

f o r  some of th e s e  f a u l t s ;

(a) S t r a th c o n o n  F a u l t  (C lough, 1910; Hinxman & Crampton, 1914) 

w ith  a d isp la c e m e n t  o f  l i  -  5 km;

(b) E r lc h t - L a id o n  F a u l t  (Read, 1923) 6 -  8 km d is p la c e m e n t ;  and

(c) Loch Tay F a u l t  (W ilson , 1905) d isp la c e m e n t  6 km.

Evidence from  LANDSAT im agery  i n d i c a t e s  t h a t  a g r e a t  number o f 

l i n e a t i o n s  occu r  p a r a l l e l  to  t h i s  s e t  i n d i c a t i n g  the  p o s s ib l e  

p re se n c e  o f  f a u l t s  as y e t  -undetected  by  lan d  g e o lo g i c a l  work 

(Johnson  & F r o s t ,  1 9 7 8 ) .

1 .3  The Geology of the  G rea t  Glen F a u l t

1*3 .1  L an d -based  S tu d ie s

The G re a t  G len F a u l t  i s  th e  b e s t  known of th e  s e t  o f 

d o m in an tly  s i n i s t r a l  s t r i k e - s l i p  f a u l t s  d e s c r ib e d  i n  the  p r e ­

v ious  s e c t i o n .  The f a u l t  ru ns  from the  Moray F i r t h  where i t  

t r e n d s  a t  035° th ro u g h  Loch Ness and Loch Lochy and out to  

se a  v ia  Loch Linnhe i n  th e  s o u th .  There i t  t r e n d s  a t  040° 

making i t s  o u tc ro p  s l i g h t l y  concave to  the  n o r t h - w e s t .  I t s  

p h y s i c a l  e x p r e s s io n  on la n d  i s  a  s t r i k i n g  to p o g ra p h ic  t r o u g h  —
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Fig 1.4 NE-SW faults in Scotland (from Pitcher 1969 )



an  o v e r-d e e p e n e d ,  ’IT1- shaped v a l l e y  form ed by  r e c e n t  g l a c i a l  

a c t i v i t y *  T h is  ’ t r o u g h 1 i s  p a r t i a l l y  f i lH e d  by  g l a c i a l  s e d i ­

m e n ts ,  i n  e x cess  o f  100 m a t  In v e rn e s s  (Horne & Hinxman, 1 9 1 4 ) .  

The f a u l t  i s  r e p r e s e n te d  by  a zone of i n t e n s e l y  s h e a re d  and 

c ru sh ed  rocks  1 -  2 km wide (G eike , 1865; Kennedy, 1946;

E y les  & MacGregor, 1952)• Becords o f s p o r a d ic  s e i s m ic  a c t i v i t y  

a s s o c i a t e d  w ith  th e  f a u l t  began  i n  1768 (D av ison , 1924) w i th  

e p i c e n t r e s  l y in g  i n  t h r e e  m ain  groups on th e  s o u th  s id e  of 

th e  f a u l t s

(a) a round  In v e rn e s s  (most a c t i v e  up to  1934);

(b) a round  P o r t  W illiam ; and

( c) Oban d i s t r i c t  (co u ld  be r e l a t e d  to  G rea t  Glen F a u l t  o r  one 

o f  th e  p a r a l l e l  f a u l t s ) .

These d a ta  may be a f e a t u r e  o f  an  o b s e r v a t i o n a l  b i a s  cau sed  

by  p o p u la t io n  d i s t r i b u t i o n .

An h i s t o r i c a l  summary on th e  developm ent o f id e a s  con­

c e rn in g  the  G rea t  G len F a u l t  i s  g iv e n  i n  T ab le  1 .3 .  E a r ly  

w orkers ( M i l l e r ,  1841; M urchison & Geilie , 1861) c o u ld  r e a c h  

no c o n c lu s io n s  r e g a rd in g  th e  n a tu r e  of d isp la c e m e n t  on t h i s  

f a u l t .  Geikie (1865) working i n  th e  Moray F i r t h  a r e a  p ro p o sed  

a  downthrow t o  t h e  SE on th e  b a s i s  of J u r a s s i c  ro ck s  to  th e  

SE b e in g  a d ja c e n t  t o  Middle Old Red S andstone  rocks t o  th e  NW. 

T h is  was r e i n f o r c e d  by  th e  work of the  G e o lo g ic a l  Survey  

(Horne & Hinxman, 1914) working SW of I n v e r n e s s ,  who s u g g e s te d  

a minimum downthrow of 1800 m to  th e  SE. I n  th e  same memoir 

Cunningham-Craig g iv es  th e  f i r s t  i n d i c a t i o n  t h a t  l a t e r a l  d i s ­

p lacem en t may have t a k e n  p la c e  on th e  G rea t  G len F a u l t  when 

he d e s c r ib e d  h o r i z o n t a l  s l i c k e n s i d e s  on a f a u l t ,  b e lo n g in g  t o  

the  G rea t  G len F a u l t  System , a t  A l l t  Mor, s u g g e s t in g  t h a t  the  

l a t e r a l  movement p ro v en  may a l s o  be a p p l i c a b l e  to  m ost i f  n o t  

a l l  of th e  NE -  SW f a u l t s .
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0 0
c c
Q O
•H-H
0 0
0 0 LL
G G c_
G G z
0  0 X
•H-H c
XX t—

P P X
rH—I
G G
0 0
X_L_

C C
0 0
rH î
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Kennedy (1946) p r e s e n te d  a  com prehensive argum ent f o r  a 

100 km s i n i s t r a l  s h i f t  a lo n g  th e  G rea t  G len  F a u l t  c e n t r e d  on 

th e  fo rm er  u n i t y  of th e  Foyers  and S t r o n t i a n  g r a n i t e s *  S e v e ra l  

l i n e s  o f  ev id ence  were p r e s e n te d  to  s u p p o r t  t h i s  t h e s i s ,  

d iv id e d  i n t o  th r e e  m ain c a t e g o r i e s  th e y  a r e :

(1) I n d i r e c t  ev id en ce

(a) P h y s ic a l  f e a t u r e s  of th e  f a u l t . I t  i s  a lm o s t  s t r a i g h t  w ith  

a wide s h a t t e r  b e l t  o f  i n t e n s e  d e fo rm a t io n .

(b) T e c to n ic  a s s o c i a t i o n . I t  I s  one of a  s e t  o f  s i m i l a r l y  

t r e n d in g  f r a c t u r e s ,  some of which show c l e a r  s i n i s t r a l  d i s ­

p la c e m e n t ,  e* g .  S t ra th c o n n o n  and E n ic h t-L a id o n  f a u l t s *

(2) D i r e c t  ev id en ce

(a) The n o r th  -  s o u th  b e l t s  of the  Moine i n j e c t i o n  complexes 

a re  o f f s e t  s i n i s t r a l l y  b y  100 km*

(b) The s i l l i m a n i t e  and k y a n i t e  m etam orphic  zones a re  s i m i l a r l y  

d is p la c e d *

(c) The Foyers and S t r o n t i a n  G ra n i te s  a re  th e  d i s p l a c e d  f r a g ­

ments o f th e  same i n t r u s i o n  as th e y  c o n s i s t  o f  i d e n t i c a l  ro ck  

ty p es  and a re  s t r u c t u r a l l y  homologous* T h e i r  s i t u a t i o n s  r e l a ­

t i v e  to  the s i l l i m a n i t e  i s o g r a d  and the  i n j e c t i o n  complex a re  

a l s o  i d e n t i c a l *

(3) C o n t r ib u to ry  ev id en ce

The Moine T h ru s t  may re a p p e a r  to  th e  SE o f the G rea t  Glen 

F a u l t  as th e  Loch S k e r r o l s  T h ru s t  on I s l a y ,  t h i s  view had  a l s o  

b e en  p ro posed  by B a i le y  (1917) a l th o u g h  he assumed a norm al 

throw  on the  G rea t  G len F a u l t*

Kennedy su g g e s ts  t h a t  the  m ain d isp la c e m e n t  took p la c e  

a f t e r  Middle Old Red Sandstone  tim es b u t  b e fo re  th e  Upper 

C a rb o n ife ro u s .  Minor movements o c c u r re d  i n  th e  J u r a s s i c  and 

T e r t i a r y  (B a i le y ,  1925; Kennedy, 1946)•

K ennedy 's  argum ents have s u b s e q u e n t ly  b e e n  b o th  c o n te s t e d
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and s u p p o r te d ,  Shand (1951) doub ted  th e  e x i s te n c e  of a m ajo r  

s t r i k e - s l i p  f a u l t  s in c e  he cou ld  n o t  f i n d  th e  d i a g n o s t i c  e v i ­

dence he c o n s id e re d  to  be e s s e n t i a l ,  namely h o r i z o n t a l  s l i c k e n -  

s id e s  and m y l o n i t i s a t i o n ,  E y les  and MacGregor (1 9 5 2 ) ,  i n  

de fen ce  of Kennedy, d e s c r ib e d  ev idence  of i n t e n s e  c a t a c l a s i s  

( l o c a l l y  d ev e lo ped  i n t o  m y lo n i te )  from  f i v e  s i t e s  a lo n g  th e  

course  of the G rea t  G len F a u l t ,

I n  h e r  s tu d y  o f  th e  F oyers  G ra n i te  Mould (1946) n o te d  some 

d i f f e r e n c e s  frorQ th e  S t r o n t i a n  G ra n ite  as d e s c r ib e d  by MacGregor 

and KervneJiAj (1 9 3 1 ) .  These d i f f e r e n c e s  a re s

(a)  ho rnb lende  i s  p r e s e n t  o n ly  i n  t h e  F oyers  G r a n i t e ;  and

(b) the  p e l i t i c  s c h i s t s  a round  th e  F oyers  g r a n i t e  have s u f f e r e d  

a  h ig h  d eg ree  o f  c o n ta c t  metamorphism no t e v id e n t  a round the 

S t r o n t i a n  g r a n i t e •

Ahmod (1967) has shown t h a t  th e  two g r a n i t e s  a re  geo­

p h y s i c a l l y  d i s s i m i l a r .  The Foyers g r a n i t e  i s  more r a d i o a c t i v e  

and l e s s  s t r o n g l y  m ag n e tise d  th a n  th e  S t r o n t i a n  g r a n i t e .  The 

e s t im a te d  shapes and o r i e n t a t i o n  o f  the  s to c k s  a re  d i f f e r e n t  

as  deduced from the  m ag ne tic  anomaly c o n to u r s ,  th e  Foyers  

G ra n i te  b e in g  3 x 6 km i n  p la n  view  w i th  th e  s t r i k e  o f  the  

m a jo r  a x is  N 50° E, whereas th e  S t r o n t i a n  G ra n i te  i s  6 x 13 km 

i n  p l a n  view w i th  a  n o r th  -  so u th  s t r i k i n g  m a jo r  a x i s .  Ahmed 

conc lu des  t h a t  th e  s e is m ic  (D av ison , 1924) and g e o lo g i c a l  e v i ­

dence i s  c o n s i s t e n t  w ith  d i p - s l i p  movement on th e  f a u l t  ( p r e ­

sumably to  th e  SE (Horne & Hinxman, 1914)) and s u g g e s ts  t h a t  

a s t r e s s  p a t t e r n  w ith  a dom inant v e r t i c a l  component was i n t r o ­

duced a t  the  tim e o f  or as a r e s u l t  o f  the  Newer G ra n i te  

i n t r u s i  o n s .

On the b a s i s  o f  s t r u c t u r a l  and p e t r o l o g i c a l  com parisons , 

Munro (1965, 1973) and M arston  (1967) p ro posed  t h a t  a l th o u g h  

the  g r a n i t e s  show b ro ad  s i m i l a r i t i e s ,  t h e y  d i f f e r  i n  d e t a i l
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to  an  e x t e n t  t h a t  throws doubt on Kennedy*s a s s e r t i o n  of 

t h e i r  e q u iv a le n c e ,  M arston  (1970) su g g e s ts  t h a t  th e s e  

d i f f e r e n c e s ,  t o g e t h e r  w i th  th o se  of m ag n e tic  f i e l d ,  cou ld  be 

a cc o u n te d  f o r  by  th e  d i f f e r e n t  l e v e l s  t o  which th e  g r a n i t e s  

a re  p r e s e n t l y  expo sed , th e  S t r o n t i a n  g r a n i t e  b e in g  exposed  

a t  a much low er l e v e l  compared t o  the Foyers  g r a n i t e .

K/kr d a te s  f o r  th e  g r a n i t e s  ( M i l le r  & Brown, 1965;

Brown e t  a l . ,  1968) a re  s i m i l a r ,  400 -  18 my f o r  th e  F oyers  

g r a n i t e  and 410 18 my f o r  th e  S t r o n t i a n  g r a n i t e .  Using

Lead-Uranium i s o to p e  s t u d i e s ,  P idgeon  and A f t a l i o n  (1978) 

showed t h a t  th e  z i r c o n s  of th e  two g r a n i t e s  a re  c h e m ic a l ly  

d i s t i n c t  w i th  o ld  i n h e r i t e d  z i rc o n s  o c c u r r in g  o n ly  i n  th e  

Foyers  g r a n i t e .  However, th e s e  r e s u l t s  cannot be re g a rd e d  

as c o n c lu s iv e  b ecause  of l i m i t e d  sa m p lin g .

The w eigh t o f  p r e s e n t  ev id en ce  seems to  s u g g e s t  t h a t  th e  

Foyers g r a n i t e  and S t r o n t i a n  g r a n i t e  a re  two s e p a r a t e  i n t r u ­

s io n s  o f  the  same s u i t e  o f  g r a n i t e s  i n t r u d e d  a t  the  c lo se  of 

the  C a ledo n ian  Orogeny,

T here  i s  s t i l l  su p p o r t  f o r  th e  e ssen ce  of Kennedy*s 

h y p o th e s is  of a m a jo r  s i n i s t r a l  d isp la c e m e n t  a lo n g  th e  G rea t  

Glen F a u l t .  However, a  v a r i e t y  of m o d i f i c a t io n s  and a l t e r ­

n a t iv e  h y p o th eses  have been  p rop osed  (Table 1 . 3 ) ;  the  most 

v a r i a n t  o f  th e s e  su g g e s ts  a d e x t r a l  movement o f  200 km i n  

Lower Old Red Sandstone  t im es (G arson & P l a n t ,  19 72). Garson 

and P la n t  *s p a l i n s p a s t i c  r e c o n s t r u c t i o n  ( F ig .  1 .5 )  a l i g n s  th e  

N orth c o a s t  o f  S c o t la n d  w ith  th e  South  c o a s t  o f th e  Moray 

F i r t h  and a l s o  th e  m etam orphic z o n es .  However, Vl/inchester 

(1974) has shown t h a t  a c l o s e r  m atch ing  o f  th e  m etam orphic 

zones i s  a c h iev e d  by  assum ing a s i n i s t r a l  d isp la c e m e n t  o f  

a p p ro x .  130 km.

Chinner (1978<^ has a rg ued  t h a t  th e  m etam orphic iso th e rm s

- 10 -



} ' *j Cambrian Ordovician

I I Mo.ne

" '  j  Lower Dalradian

t I Upper Dalradian

Mome Thru*t

B

4 0 0  /

* /

jV ' N / ’ -•<f s~ )

A - q f t e r  W i n c h e s t e r  (197^)  
B - S t o r e t v e d t  ( 1 9 7 M  
C- Br o wn & H u g h e s  (1973 )  b i o t i t e  d a t e s  
0- ■■ ■ K-Ar i sochrons
E G a r s o n  & Ptant  ( 1 9 7 2 )

Fig 1.5 Palinspastic reconstructions on the Great Glen Fault



can be u sed  to  su p p o r t  e i t h e r  d e x t r a l  o r  s i n i s t r a l  movement 

and t h a t  W in c h e s te r ’s (1974) r e c o n s t r u c t i o n  r e q u i r e s  the  

th e rm a l  s u r f a c e s  t o  be v e r t i c a l  to  a v o id  o f f s e t  by th e  p o s t  

Devonian downthrow. W inches te r  (1978) r e p l i e d  t h a t  h i s  (1974) 

r e c o n s t r u c t i o n  was b ased  on th e  c o r r e l a t i o n  of m etam orphic 

z o n a l  s t r u c t u r e s  and n o t  on m atch ing  i s o g r a d s .  However, 

Chinner (1978b) warns t h a t  the  use  of metamorphic zones i s  

i n s p e c i f i c  (u n l ik e  c o r r e l a t i n g  s t r a t i g r a p h i c  h o r i z o n s ) .  

W inches te r  (1978b) a c c e p ts  t h i s  b u t  r e i t e r a t e s  h i s  c la im  t h a t  

th e  m etam orphic z o n a l  s t r u c t u r e s  a re  th e  l e a s t  u n r e l i a b l e  

means o f  a s s e s s in g  movement on th e  G rea t  G len  F a u l t ,  i n  th e  

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

F u r th e r  su p p o r t  f o r  Garson and P l a n t ’s h y p o th e s is  comes 

from a s tu d y  of th e  K/Ar d a te s  o f  C a ledon ian  m etased im en ts  

and r e l a t e d  i n t r u s i o n s .  C on to u rin g  th e s e  ages on a d e x t r a l  

p a l i n s p a s t i c  r e c o n s t r u c t i o n ,  Brown and Hughes (1973) o b ta in e d  

what th e y  c o n s id e r  t o  be a more s a t i s f a c t o r y  a rrangem en t th a n  

t h a t  o b ta in e d  f o r  th e  s i n i s t r a l  r e c o n s t r u c t i o n  (Dewey & 

P a n k h u rs t ,  1970). However, Brown and Hughes’ s i n t e r p r e t a t i o n  

i s  dependent on th e  f o l lo w in g  a s su m p tio n s :  t h a t  the  P r o to -

A t l a n t i c  s u tu r e  l i e s  i n  th e  M idland V a l le y  (Gunn, 1973); t h a t  

B e n io f f  zones d ip ped  to  th e  n o r th -w e s t  and s o u t h - e a s t ;  and 

■^hat E /A r ages o f  p l u to n i c  and a s s o c i a t e d  m etam orphic rocks  

d e c re a se  in la n d  from the  p l a t e  m arg in ,  as  has been  o b se rv ed  

i n  modern examples ( e . g .  Brown, 1 973).

H olgate  (1 9 6 9 ) ,  w h i l s t  s u p p o r t in g  an o v e r a l l  s i n i s t r a l  

movement o f  100 km a long  th e  G rea t Glen F a u l t ,  p ro p oses  an  

i n i t i a l  s i n i s t r a l  d isp la c e m e n t  o f  130 km (d u r in g  Lower Old Red 

Sandstone tim e)  fo l lo w ed  by  a d e x t r a l  s h i f t  o f  30 km d u r in g  

the  Lower Eocene; th e  l a t t e r  o f f s e t t i n g  M esozoic se d im e n ts ,  

T e r t i a r y  dykes and d ra in a g e  system s and cam p to n ite -m o n ch iq u ite
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d y k e s .  H o lg a te Ts view i s  su p p o r te d  by Donovan e t  a l . (1976) 

on the  b a s i s  of th e  p a la e o g e o g ra p h ic  r e c o n s t r u c t i o n s  f o r  the  

Middle Old Red Sandstone  of th e  In v e rn e s s  a rea*

Using p a la eo m ag n e tic  r e s u l t s  from th e  Devonian of Norway 

and S c o t la n d ,  S t o r e tv e d t  (1974) has p ro posed  a 200 - 300 km 

s i n i s t r a l  s h i f t  a lo n g  th e  G rea t  Glen F a u l t ,  s e e n  as th e  Melby 

and Walls Boundary F a u l t s  on S h e t la n d .  The r e l i a b i l i t y  of 

t h i s  ev id en ce  was q u e s t io n n e d  by  T u rn e r  e t  a l . ,(19 76 )  who a l s o  

o p ined  t h a t  i f  movement be tw een  Norway and S c o t la n d  had ta k e n  

p l a c e ,  i t  need  n o t  have been a long  th e  G rea t  Glen F a u l t .

Mykura (1975) a l s o  d i s a g r e e d  w ith  S t o r e t v e d t ,  f i r s t l y  because  

S t o r e t v e d t ’s (1974) r e c o n s t r u c t i o n  would ju x ta p o se  Old Red 

sed im en ts  o f  d i f f e r e n t  o r i g i n s ,  as  su g g e s te d  by d i f f e r e n t  

c o n ta in e d  f a u n a s ;  and se c o n d ly  because  th e  movement on the  

Walls Boundary and Melby F a u l t s  can be shown to  be d e x t r a l .

I n  t h e i r  p ro p o sed  sequence of movements f o r  the  G rea t  

G len F a u l t ,  G arson  and P la n t  (1972) su g g e s te d  a 125 km move­

ment a lo n g  th e  Leannan F a u l t ,  th ro u g h  I s l a y  be tw een  Lismore 

I s l a n d  and S t r o n t i a n  to  F o r t  W illiam  and th e  Moray F i r t h  

ig n o r in g  th e  d em o n s trab le  40 km s i n i s t r a l  s h i f t  on th e  Leannan 

F a u l t  ( P i t c h e r  e t  a l . ,  1964). D urrance (1976) was a b le  to  

show t h a t  th e  Loch G r u in a r t  F a u l t  on I s l a y  downthrows to  th e  

s o u t h - e a s t  and su g g e s te d  a d e x t r a l  o f f s e t .  However, th e  d i s ­

t r i b u t i o n  of th e  194 g rav ity  s t a t i o n s  on which h i s  work i s  

b a sed  a llo w s  c o n s id e ra b le  l a t i t u d e  i n  draw ing th e  c o n to u r s .

A m ag n e tic  s tu d y  (Westbrook & B o r r a d a i l e ,  1978) confirm s th e  

S .E . downthrow p ro p o sed  by  D urrance  (1976) b u t  p r e f e r s  a  9 km 

s i n i s t r a l  s h i f t .  B oth  i n t e r p r e t a t i o n s  s u g g e s t  t h a t  i t  i s  

u n l i k e l y  t h a t  th e  Loch G ru in a r t  F a u l t  i s  th e  m ain  e x te n s io n  

of the  G rea t G len F a u l t ;  however, i t  may be a m ajor s p l a y .

I n  s p i t e  of th e  v o lu b le  d e b a te  f o l lo w in g  KennedyTs hypo-
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t h e s i s  o f  s i n i s t r a l  movement a lo n g  the  G rea t  Glen F a u l t  no 

f i r m  c o n c lu s io n s  can be made s in c e  t h e r e  i s  a la c k  o f  un-
i 1 i 1

e q u iv o c a l  ev id en ce  to  s u p p o r t  o r  d isp ro v e  l e f t i s t  o r  r i g h t i s t  

v ie w s .  I t  i s ,  however, g e n e r a l l y  b e l i e v e d  t h a t  the  G rea t  G len 

marks th e  l i n e  o f  a m a jo r  t r a n s c u r r e n t  f a u l t  w i th  a component 

o f  downthrow t o  t h e  s o u t h - e a s t  and t h a t  th e  m ajo r  d isp la c e m e n t  

to ok  p la c e  i n  Lower Old Bed Sandstone  t im es  w ith  p o s s ib l e  

m in o r  movements d u r in g  l a t e  M esozoic o r  T e r t i a r y .

1 .3 .2  O ffsho re  E x te n s io n s  o f  th e  G rea t  Glen F a u l t  and seabed  

geo lo g y  to  S.W.

I n  t h i s  s e c t i o n  e x te n s io n s  to  th e  G rea t  Glen F a u l t  t o  th e  

S.W. w i l l  be d i s c u s s e d  i n  d e t a i l  as p a r t  o f a rev ie w  of th e  

seab ed  geo lo gy  i n  and around  th e  F i r t h  o f  L o rn e . Some r e f e r ­

ence w i l l  a l s o  be made to  th e  N.E. e x te n s i o n .

B a th y m e t r i c a l ly  th e  n o r th -w e s t  c o n t i n e n t a l  m arg in  can be 

d iv id e d  i n t o  th r e e  zones :

( i )  The i n n e r  s h e l f  -  the  b a th y m e try  d e s c r ib e s  a ragged  to p o ­

g rap h y  formed d u r in g  the  l a s t  i c e  age (end ing  a round  8000 y e a rs  

ago) • The F i r t h  of Lom e c o n ta in s  g l a c i a l l y  o v e r-d eep en ed  

v a l l e y s ,  some f i l l e d  i n  p la c e s  w ith  t h i c k  Q u a te rn a ry  d e p o s i t s  

(H a l l  & B ash id , 1977)• The o r i e n t a t i o n  o f  th e s e  v a l l e y s  

fo l lo w s  two m ain t r e n d s :  (a) the  HE -  SW s t r i k e  of th e

D a l r a d ia n  m etam orphic basem en t,  and (b) HUE -  SSW p a r a l l e l  t o  

f a u l t s  i n  th e  Lower Old Red s e d im e n ts .  H a l l  and R ashid  (1977) 

a l s o  s u g g e s t  th e  p re s e n c e  of a -30 m e r o s i o n  s u r f a c e  o f  g l a c i a l  

o r i g i n .  However, t h i s  i s  c o n s id e re d  u n l i k e l y  i n  t h e  l i g h t  o f  

s p a r k e r  d a t a ,  o b ta in e d  d u r in g  t h i s  s tu d y ,  which shows i r r e g u l a r  

rock h ead  b e n e a th  a sm oothing wrap of sed im en ts  i n  a r e a s  ( e . g .  

s o u th  of K e r re ra )  where t h i s  s u r f a c e  was b e l i e v e d  to  e x i s t .

I n  g e n e r a l  the  t ro u g h s  may mark th e  l i n e s  o f  f a u l t s  o r
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zones  o f  s o f t e r  m o r e - e a s i ly  w e a th e re d  ro c k ,  w h i l s t  t h e  h ig h s  

a re  l i k e l y  t o  be formed o f  more r e s i s t a n t  r o c k s .  T h is  

p h i lo s o p h y  has  been  p u rsu e d  by R a sh id  (1978) who h as  p ro p o se d  

a complex a rran g em en t o f  D a l r a d i a n ,  Lower Old Red l a v a s  and 

s e d im e n ts  and M esozoic ro c k s  on t h e  e v id e n c e  of s h a l lo w  s e i s m ic  

and m a g n e tic  d a t a  f o r  t h e  F i r t h  o f  L o rne .

F ig  1 .8  i s  p a r t  of t h e  H e b r id e s  and Minches Bouguer anomaly 

map of t h e  I .G .S .  (B inns  e t . a l . 1 9 7 5 )  and in c lu d e s  b o th  on­

s h o r e  and o f f s h o r e  d a t a .  O nshore  t h e  r e l a t i o n s h i p  be tw een  

geo lo gy  and B.ouguer an o m a lie s  i s  e v i d e n t ,  p a r t i c u l a r l y  o v e r  

th e  M ull c e n t r e  where a c o n c e n t r i c  anomaly r e a c h in g  a maximum 

o f  65 rf'igal i s  o b se rv e d .  A no the r  g r a v i t y  h ig h  i s  c e n t r e d

o v e r  t h e  w es t  c o a s t  o f  Io n a  c o in c id i n g  w i th  th e  o u tc ro p  o f
-3L ew is ia n  g n e i s s  ( d e n s i t y  2 .7  g cm ) which i s  d e n s e r  th a n

any o f  t h e  n e ig h b o u r in g  ro c k s  ( q u a r t z i t e  d e n s i t y  2 . 6 - 2 .7  g
-3  —3cm ; g r a n i t e  d e n s i ty  2 .5 - 2 .7  g cm ) .  T hese  d e n s i t y

v a lu e s  would a l s o  acco u n t  f o r  t h e  s m a l l  g r a v i t y  low o b se rv e d

o v e r  th e  Ross o f  M ull.

An e lo n g a te  g r a v i t y  low i s  l o c a t e d  o v e r  J u r a ,  which i s

composed o f  D a l r a d ia n  q u a r z i t e  o f  f a i r l y  u n ifo rm  c o m p o s i t io n .

To th e  n o r th  o f  J u r a  t h e  t h i c k n e s s  o f  t h e  J u r a  q u a r t z i t e

d im in is h e s  w h i l s t  t h a t  o f  t h e  E a s d a le  s l a t e s  i n c r e a s e s  ( s e e

F ig  1 . 3 ) .  The d e n s i ty  o f s l a t e  i s  g r e a t e r  th a n  t h a t  o f
-3q u a r t z i t e  ( s l a t e  d e n s i t y  a p p ro x im a te ly  2 .7  g cm ) .

T ak ing  t h e  d i f f e r e n c e  be tw een  maximum s l a t e  and q u a r t z i t e
-3t h i c k n e s s e s  o f  2 km and a d e n s i t y  c o n t r a s t  o f  0 .1  g cm 

a g r a v i t y  d i f f e r e n c e  o f  8 .4  m g a l s  i s  c a l c u l a t e d  

( u s in g  th e  s im p le  s l a b  fo rm u la  g = 2/»Gh) which f i t s  r e a s o n a b ly  

w e l l  w i th  t h e  v a lu e s  o b se rv e d  a t  J u r a  ( 0 .0  r^gal) and a t  

Luing  (a p p ro x im a te ly  10 m gal) e s p e c i a l l y  as th e  M ull c e n t r e  

anomaly may be add ing  s l i g h t l y  t o  t h e  Luing  v a lu e .
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O ffs h o re  an e lo n g a te  low o f 5-10 mgaL i s  o b se rv e d  betw een 

C olonsay  and th e  Ross o f  M ull.  Much o f  t h i s  anomaly may be
et

a t t r i b u t e d  t o  t h e  p re s e n c e  o f  low d e n s i t y  s e d im e n ts  R ecent 

and M e s o z o ic ^ fe .g .  s a n d s to n e s ;  d e n s i ty  1 .8 - 2 .7  g cm **) 

i n f i l l i n g  t h e  t ro u g h  in  ro ck h ead  (R a sh id  1978; t h i s  s tu d y  p . 49 

and F ig  3 . 3 . )  which u n d e r l i e s  t h i s  anom aly. I t  i s  c l e a r  t h a t

t h i s  anomaly i s  n o t  s o l e l y  due t o  th e  t ro u g h  as t h e  anomaly 

i s  b r o a d e r  . ^ (5 -1 0  km) th a n  would b e  e x p e c te d  from a

near  s u r f a c e  s o u rc e  o f  2 -3  km w id th  i n d i c a t i n g  a c o n t r i b u t i o n  

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

The e f f e c t s  o f  su ch  c o n t r a s t s  have a l r e a d y  been  d e m o n s t r a te d ,  

above, f o r  J u r a  and L u ing .

The above d i s c u s s i o n . o f  F ig  1 .8  i l l u s t r a t e s  t h e  p rob lem s 

in  u s in g  th e  Bouguer anomaly map t o  d e f i n e  t h e  c o u rs e  o f th e  

G rea t  Glen F a u l t  zone i n  an a r e a  where s t r o n g  f e a t u r e s  such  

as th e  Mull c e n t r e  dom ina te  th e  l o c a l  g r a v i t y  f i e l d  and where 

in t r a - b a s e m e n t  c o n t r a s t s  a r e  a l s o  p r e s e n t .

A no ther p r o b a b le  f a u l t  zone j u x t a p o s i n g  T o r r id o n ia n  b a s e ­

ment a g a i n s t  D a l r a d ia n  basem ent l i e s  t o  th e  e a s t  o f  C olonsay  

where a b a th y m e t r i c  t r o u g h  (R a s h id ,  1978) and a l i n e a r  m ag n e tic  

anomaly co n cu r  (F a ru q u ee  1972 ; s e e  F ig .  1.9). T h is  has been 

c o r r e l a t e d  w i th  t h e  Loch G r u in a r t  F a u l t  on I s l a y  (Dobson e t  a l . , 

1975; W estbrook and B o r r a d a i l e ,  1 9 7 8 ) .  D u rran ce  (1977) and 

W estbrook and B o r r a d a i l e  (1978) on t h e  b a s i s  o f  g r a v i t y  d a ta  

and an upward c o n t i n u a t i o n  model o f t h e  I .G .S .  a e ro m a g n e t ic  map, 

r e s p e c t i v e l y ,  have p ro p o se d  t h a t  th e  Loch G r u in a r t  F a u l t  has a 

downthrow t o  t h e  s o u t h - e a s t  o f  abou t 1 km w ith

r e s p e c t  t o  t h e  d is p la c e m e n t  o f th e  P e r m o - T r ia s s i c  r o c k s ( a l s o  

p ro p o se d  by Dobson e t . a l .1 9 7 5 )and p ro b a b ly  a  g r e a t e r  throw  

a f f e c t i n g  t h e  s u r f a c e  o f  th e  L ew is ian  b asem en t.
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Fig I.S lart of IGS sh 10 Aeromagnetic map



and an  upward c o n t in u a t io n  model o f  th e  I .G .S .  aer© m agnetic  

map, r e s p e c t i v e l y ,  have p ropo sed  t h a t  the  Loch G r u in a r t  F a u l t  

has a downthrow to  th e  s o u t h - e a s t  w i th  a throw  of abou t 1 km 

w ith  r e s p e c t  to  th e  d is p la c e m e n t  o f  th e  P e rm o -T r ia s s ic  rocks 

( a l s o  p ro posed  by Dobson e t  a l . ,  1975) and p ro b a b ly  a g r e a t e r  

th row  a f f e c t i n g  th e  s u r f a c e  o f  the  L ew is ian  basem en t. I n  

a d d i t i o n  to  th e  v e r t i c a l  movement on th e  Loch G r u in a r t  F a u l t ,  

D urrance (1976) p ro p o ses  t h a t  a 25 km d e x t r a l  s h i f t  has a l s o  

ta k e n  p la c e  w h i l s t  Vlfestbrook and B o r r a d a i le  (1978) p r e f e r  a 

9 km s i n i s t r a l  s h i f t .  These m inor movements o f 25 km o r  9 km 

i n d i c a t e  t h a t  i t  i s  u n l i k e l y  t h a t  th e  Loch G r u in a r t  F a u l t  i s  

the  e x te n s io n  of th e  G rea t G len  F a u l t ,  however, i t  may be a 

m a jo r  s p l a y .

On th e  b a s i s  of g r a v i t y ,  m ag n e tic  and sh a l lo w  s e is m ic  

p r o f i l i n g  (R idd ihough , 1965, 1968; R iddihough & Young, 197 

Dobson e t  a l . ,  1974, 1975), Dobson e t  a l . ,  (1975) have su g g e s te d  

a sou thw ard  e x te n s io n  of th e  Loch G r u in a r t  F a u l t  a c r o s s  th e  

M alin  S e a .  A lthough  o f f s e t  by  s e v e r a l  m inor s i n i s t r a l  f a u l t s ,  

t r e n d in g  NW -  SE, i t  i s  c o n s id e re d  to  l i n k  up w i th  e i t h e r  th e  

Lag o r  Leannan F a u l t s  i n  I r e l a n d ,

( i i )  The o u t e r  s h e l f  -  I n  c o n t r a s t  to  the  i n n e r  s h e l f  th e  

b a th y m e try  i s  g e n e r a l l y  smooth due t o  th e  b la n k e t in g  e f f e c t  

o f  r e c e n t  s e d im e n ts .  The sh o a ls  o f  S ta n to n  and B la c k s to n e  

Banks a re  due to  th e  o u tc ro p p in g  of r e s i s t a n t  ig n eo u s  r o c k s ;  

th e y  a re  a l s o  the  s i t e s  o f m ag n e tic  and s t r o n g  g r a v i t y  anom alies  

(M cQ u illin  & B in n s , 19 7 5 ) .

S e v e ra l  l i n e a r  t ro u g h s  c ro s s  th e  a r e a  and have been  

a t t r i b u t e d  to  a s s y m e t r i c ,  f a u l t  bounded s e d im e n ta ry  b a s in s  or 

h a l f  g rabens  (M cQ uillin  & B in n s ,  1973; Binns e t  a l . ,  1973; 

M cQ u il lin  & B in n s ,  1975; Binns e t  a l . ,  1 9 7 5 ) .  The p r i n c i p a l  

f a u l t s  in v o lv e d  a re  the  Minch F a u l t ,  the  Camasunary -
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S k e rry v o re  F a u l t  and th e  G rea t  Glen F a u l t  w i th  the  course  o f  

the  l a t t e r  b e in g  th e  l e a s t  w e l l  d e f in e d ,  F ig* l . ^  These 

t ro u g h s  a re  f l o o r e d  by  P recam b rian  o r  P a la e o z o ic  ro ck s  and 

c o n ta in  a M esozoic f i l l *  p re se n c e  i s  a l s o  o f t e n  i n d i ­

c a te d  by  the  o f  g r a v i t y  a n d /o r  m ag n e tic  an om alies

Smythe and Kent? Ifcy (1975) i d e n t i f i e d  th e  !G rea t  Glen 

F a u l t '  on a  deep s e ism ic  r e f l e c t i o n  p r o f i l e *  They r e c o rd e d  

i t  as b i s e c t i n g  a l a r g e  NE -  SW b a s i n  of T e r t i a r y  sed im en ts  

(p ro b a b ly  O ligocene i n  age and ly in g  s o u th  and e a s t  o f  th e  

B la c k s to n e s  bank) which i s  su p p o sed ly  downthrown to  th e  s o u th ­

e a s t  by  0*5 km. These sed im en ts  were c o n s id e re d  to  be u n d e r ­

l a i n  by la v a s  and Mesozoic s e d im e n ts .  T h is  s u g g e s t io n  f o r  the  

G rea t  G len F a u l t  l i n e  fo l lo w s  t h a t  p roposed  by M cQ uillin  and 

Binns (1973) on th e  same e v id e n c e .  However, the  a u th o r  has 

examined th e  d a ta  on which th e s e  i n t e r p r e t a t i o n s  a re  b a sed  

and found  no e v id en ce  of a m ajo r  f a u l t  i n  th e  r e g io n  c la im ed  

by th e  above a u t h o r s •

M agnetic  d a ta  has been  u sed  (R idd ihough , 1964, 1965, 1968; 

R iddihough & Young, 1971) to  i n d i c a t e  a number o f  f e a t u r e s ;

(a) a r e a s  o f T e r t i a r y  la v a s  ( n o r t h  o f D o n eg a l) ;

(b) s e v e r a l  f a u l t s  in c lu d in g  th r e e  p o s s ib l e  co u rses  f o r  th e  

e x te n s io n  of the  G rea t  Glen F a u l t ;  none o f  which l i n k  w i th  

any on I r e l a n d  o r  I s l a y  ( F i g *1.10) • These th r e e  p ro p o sed  

f a u l t  l i n e s  converge a t  a  p o i n t  above 30 km w est of th e  n o r th  

t i p  of Colonsay*

R iddihough (1964) su g g e s te d  two p o s s ib l e  m arine  e x te n s io n s  

f o r  th e  Leannan F a u l t ,  one p a s s in g  to  th e  w est of I s l a y  as a 

p o s s ib l e  s p l a y  o f  th e  G rea t Glen F a u l t ,  th e  o t h e r  l i n k i n g  w i th  

the Loch G r u in a r t  F a u l t*

I t  sh ou ld  be n o te d  t h a t  o th e r  f a u l t s  i n  the a re a  p ro b a b ly  

e x i s t  b u t  a re  n o t  d e t e c t a b l e  as th e r e  i s  no m agne tic  s u s c e p t i -
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b i l i t y  o r  d e n s i t y  c o n t r a s t  a c r o s s  them, e . g .  th e  I l t a y  

Boundary s l i d e  w i th in  the  D a l r a d ia n  which i s  s e e n  on I s l a y  

( B a i l e y ,  1925) .

( i i i )  The C o n t in e n ta l  Slope -  a t  th e  e a s t e r n  edge o f  H o ck a ll  

Trough the  to p  occu rs  a t  abou t 140 -  180 m be low  se a  l e v e l  and 

has a u n ifo rm  s lo p e  o f  6°  down to  1200 m below  se a  l e v e l  

(R o b e r t s ,  p e r s . comm* i n  Binns e t  a l . ,  1 973 ) ,

B a i le y  e t  a l . ,  (1974) have d e m o n s tra te d  a 3 - f o l d  su c c e ss io n  

b a se d  on sh a l lo w  s e i s m ic  r e f l e c t i o n  p r o f i l e s s

(a) a c o u s t i c  basem ent w i th  some s t r u c t u r e  v i s i b l e  and an  

i r r e g u l a r  s u r f a c e  -  n o t  r e c o g n is e d  seaw ard  o f  the  s h e l f  b r e a k ;

(b) p ro g ra d in g  s e d im e n ta ry  se q u e n c e , d ip p in g  tow ards th e  

s h e l f  edge;

(c) h o r i z o n t a l  s e d im e n ta ry  s e r i e s  unconform able  on p ro g ra d in g  

s e d im e n ts •

On the  s u p p o s i t i o n  t h a t  th e  R o c k a l l  Trough was opening 180 my -  

80 my ago ( B a i le y  e t  a l . ,  1971; L augh ton , 1 9 7 4 ) ,  B a i l e y  e t  a l « 

(1974) su g g e s te d  t h a t  p ro b a b le  ages f o r  th e s e  u n i t s  a re  as  

f o l lo w s ;  (a) a c o u s t i c  basem ent -  T r i a s s i c  -  Mid J u r a s s i c ,

(b) p ro g ra d in g  sed im en ts  -  L ate  C re ta c e o u s ,  and (c) h o r i z o n t a l  

sed im en ts  -  Eocene t o  R e ce n t.

There  i s  ev id en ce  o f  a more complex h i s t o r y  on some p r o ­

f i l e s  showing o l d e r  s e d im e n ta ry  wedges be tw een  th e  a c o u s t i c  

basem ent and p ro g ra d in g  s e d im e n ts .  A t h i c k  ap ro n  of sed im e n ts  

i s  dev e lo p ed  on th e  s lo p e ,  w ith  slum ping  on the upper s l o p e .  

These sed im en ts  a r e  n o t  c o r r e l a t a b l e  w i th  th e  landw ard  s e d i ­

m ents due to  th e  s lum ping  and f a u l t i n g .

At l a t i t u d e  5 5 °3 0 t N th e  m arg in  shows a p ronounced E -  W 

d e x t r a l  o f f s e t  o f  30 km. T h is  o f f s e t  i s  a l s o  d i s p la y e d  by  th e  

c o n to u rs  o f  th e  a c o u s t i c  basem ent (B a i le y  e t  a l  . ,  1974, F i g .

5B) i n d i c a t e s  movement took  p la c e  p o s t  J u r a s s i c .  T h is  s t r u c t u r e
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l i n e s  up w i th  p o s s ib l e  co u rses  f o r  the  G rea t  G len  F a u l t ,  named 

by R iddihough (1968) as Gb and Gc and i s  a l s o  c o n s i s t e n t  w ith  

the  p ro p o sed  T e r t i a r y  d e x t r a l  s h i f t  (H o lg a te ,  1969) o r  the  

p ro p o sed  p o s t  Devonian s h i f t  (Donovan gii 197 b ) . The amount o f  

movement i n d i c a t e d  i s  l e s s  th a n  t h a t  p rop osed  by  Garson and 

P la n t  (1 9 7 2 ) .  F o r  t h i s  f a u l t  a downthrow to  t h e  n o r th ,  f o l lo w ­

in g  the  d e x t r a l  s h i f t ,  i s  i n d i c a t e d  from th e  N -  S l i n e s  o f  

B a i l e y  e t  a l . (1 9 7 4 ) .

W ilson (1962 ), i n  th e  most extrem e v iew , has su g g e s te d  

t h a t  th e  G rea t  G len  F a u l t  m igh t l i n k  up w ith  th e  Cabot F a u l t  

o f  Newfoundland v ia  th e  Gibbs F r a c tu r e  Zone • T h is  was 

q u e s t io n n e d  by  H olga te  (1963) s in c e  movements on the  G rea t 

G len  F a u l t  a re  e a r l i e r  th a n  th o se  o b se rv ed  on th e  Cabot F a u l t .  

W ilson (1963) r e p l i e d  t h a t  e a r l i e r  movements on th e  Cabot 

F a u l t  were p o s s i b l e ,  b u t  as y e t  had n o t  been  r e c o g n i s e d .

1 .3 .3  NE m arine e x te n s io n s

k m arine  deep s e i s m ic  r e f l e c t i o n  su rv e y  i n  1972 to  i n v e s t ­

i g a t e  th e  Mesozoic se d im e n ta ry  b a s i n  i n d i c a t e d  by  g r a v i t y  

su rv e y  i n  th e  Moray F i r t h  (C hesher & Bacon, 1975) has r e v e a le d  

th e  p re se n c e  of a  NNE^-trending f a u l t  zone, of v a r i a b l e  w id th ,  

fo l lo w in g  th e  n o r th e r n  c o a s t l i n e .  S e v e ra l  s t a g e s  of o n ly  

norm al movement a p p e a r  to  have ta k e n  p la c e  a lo n g  t h i s  zone 

d u r in g  the  M esozoic, as i n d i c a t e d  by the  i n c r e a s e  i n  d i s p l a c e ­

ment o f  r e f l e c t o r s  w ith  a g e ,  s e e F ig .  1 .1 1 .

Flin»\(1961) ex ten d ed  the  G rea t Glen F a u l t  n o r th w ard s  

th ro u g h  S h e t la n d  a long  th e  Walls Boundary F a u l t  and a c ro s s  th e  

n o r th e r n  c o n t i n e n t a l  s lo p e  fo l lo w in g  an o f f s e t  i n  th e  b a th y ­

m e t r ic  c o n to u rs  which he a t t r i b u t e d  to  a p o s t  s lo p e  fo rm a t io n  

s i n i s t r a l  movement o f  80 km.

A f t e r  p ro p o s in g  a d e x t r a l  o f f s e t  f o r  th e  Devonian ro ck s
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o f  S h e t la n d  from a e ro m ag n e tic  ev id en ce  ( I .G .S .  1972) 

a g re e in g  w ith  Mykura*s (1975) p ro p o s a ls  f o r  the  Melby and 

Walls Boundary f a u l t s ,  F l i n n  (1969) m o d if ie d  h i s  e a r l i e r  view 

I n  p ro p o s in g  an  i n i t i a l  p re -D ev o n ian  165 km s i n i s t r a l  s h i f t  

fo l lo w e d  by  a l a t e r  D evonian  d e x t r a l  s h i f t *

1*4 T e c to n ic  E v o lu t io n

There have b e en  two t e c t o n i c  e v e n ts  o f  m a jo r  s i g n i f i c a n c e  

i n  d e te rm in in g  th e  d i s t r i b u t i o n  o f  ro c k s  i n  t h i s  a r e a .  The 

f i r s t  was th e  C a ledon ian  Orogeny i n  Late  P recam b rian  and Lower 

P a la e o z o ic  t im es  in v o lv in g  i n t e n s e  d e fo rm a t io n ,  m a jo r  f a u l t i n g  

and igneous a c t i v i t y .  The second  e v e n t  was th e  open ing  of th e  

N orth  A t l a n t i c ,  a l s o  a s s o c i a t e d  w ith  f a u l t i n g  and igneous 

a c t i v i t y  b u t  w i th  c o n s id e r a b ly  l e s s  o v e r a l l  d e fo rm a t io n .

The c u lm in a t io n  of the C a le d o n ia n  Orogeny was the s u t u r i n g  

o f  c o n t in e n ts  a c r o s s  th e  I a p e tu s  Ocean r e s u l t i n g  i n  d e fo rm a tio n  

and metamorphism of g e o s y n c l in a l  d e p o s i t s  (H arland  & G ayer,

1972)•  Evidence  f o r  such  an ocean i s  d em on s ta ted  by  comparing 

the  f a u n a l  d i s t r i b u t i o n  i n  Cambrian and O rd o v ic ia n  rocks  o f  

th e  Lake D i s t r i c t  and G irvan  (W il l ia m s ,  1972; S k e v in g to n ,  1 9 7 4 ) .  

The h i s t o r y  of th e  I a p e tu s  Ocean i s  e x t r e m e ly  complex in v o lv in g  

s e v e r a l  openings and c lo s in g s .  I t  i s  o n ly  f o r  th e  m ost r e c e n t  

e v e n ts  a s s o c i a t e d  w i th  th e  f i n a l  c lo s u re  and s u tu r e  t h a t  e v i ­

dence a l lo w in g  r e a s o n a b le  m odels to  be fo rm u la te d  e x i s t s .

Many models f o r  t h i s  f i n a l  e v e n t  have been  p ro p o sed  (Dewey,

1969; F i t t o n  & Hughes, 1970; P h i l l i p s  e t  a l . ,  1976; W righ t, 

1976; Lambert & McKerrow, 1976; McKerrow e t  a l . ,  1977;

Moselty, 1977) . A l l  th e s e  models in v o lv e  a t  l e a s t  two su b -  

d u c t io n  zo n es ,  runn ing  n o r t h - e a s t  -  s o u th -w e s t  b e n e a th  the  

S o u th e rn  Uplands o r  M idland V a l le y  and the  Lake D i s t r i c t  and 

o f t e n  a t h i r d  zone b e n e a th  the  Lake D i s t r i c t  t o g e t h e r  w ith  a

-  19 -



f a u l t  t o  th e  n o r th  of the  S o u th e rn  U p lan d s . Two s i t e s  have 

b e en  p ro p o se d  f o r  the  s u tu r e  zone; over a l l  the  S o u th e rn  

Uplands (Dewey, 1969$ M i t c h e l l  & McKerrow, 1975; McKerrow 

e t  a l . ,  1977. . ) and b e n e a th  the  M idland V a l le y  (Gunn, 1973;

G arson & P l a n t ,  1974.) •

One model ( P h i l l i p s  e t  a l . ,  1976) i s  u sed  to  e x p la in  the  

cause o f  s i n i s t r a l  movement on th e  G re a t  Glen F a u l t  (F ig .  1 .1 2 ) .  

I n  t h i s  model s u t u r i n g  was i n i t i a t e d  i n  th e  NE and p ro g r e s s e d  

so u th -w e s tw a rd s .  At th e  same time su b d u c t io n  was t a k in g  p la c e  

f u r t h e r  n o r t h  r e s u l t i n g  i n  the  c o l l i s i o n  o f  the  s u b d u c t io n  

zones (sd^and  sdg on F i g .  1 .12 ) a t  d e p th .  On. t h i s  m odel, 

t h e r e f o r e ,  c o l l i s i o n  would have o c c u r re d  f i r s t  i n  SW and p r o ­

g re s s e d  NE. As the  s u b d u c t io n  of o c e a n ic  c r u s t  (SD2) would 

be s t r o n g e r  th a n  th e  s u b d u c t io n  o f  l i g h t e r  c o n t i n e n t a l  m a t e r i a l  

s i n i s t r a l  s t r i k e  s l i p  movement would be more l i k e l y .  The 

l i g h t e r  c o n t i n e n t a l  c r u s t  to  the  n o r th  would show a r e l a t i v e  

up th row .

I n  th e  a r e a  o f  s tu d y ,  re d  beds were d e p o s i te d  d u r in g  th e  

D evonian. D uring  th e  C a rb o n ife ro u s  and Perm ian th e  r e g i o n  was 

a l s o  a la n d  a r e a .  At t h i s  tim e th e  V a r is c a n  Orogeny was t a k in g  

p la c e  w ith  i n t e n s e  d e fo rm a tio n  f u r t h e r  so u th  i n  B r i t a i n  and 

i n  E uro pe . L i t t l e  d e fo rm a t io n  o c c u r re d  i n  n o r th -w e s t  B r i t a i n  

though  i t  i s  p o s s ib l e  t h a t  the  C a led o n ian  l i n e s  o f weakness 

were r e a c t i v a t e d  and minor movements took  p la c e  a long  them, 

e . g .  p o s t  Devonian movements a lo n g  th e  G re a t  Glen F a u l t  

(Donovan e t  a l . ,  1976 ) .

During the  Mesozoic th e  r e g io n  o f  s tu d y  was once a g a in  

under th e  s e a  and d e p o s i t i o n  i n  f a u l t  bounded b a s in s  to o k  

p la c e  ( e . g .  M cQ u illin  & B in n s ,  1 973 ) .  D e l t a i c  and e s t u a r i n e  

c o n d i t io n s  p r e v a i l e d  d u r in g  the J u r a s s i c ,  r e v e r t i n g  to  f u l l y  

m arine c o n d i t io n s  i n  th e  C re ta c e o u s .
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Sometime d u r in g  th e  M esozoic th e  N orth  A t l a n t i c  began  to  

open , i n i t i a l l y  a lo n g  R o c k a l l  T rough , There i s  some u n c e r ­

t a i n t y  as to  when th e  fo rm a t io n  o f  R o c k a l l  T rough beg an , th e  

e a r l i e s t  age p ro p o sed  i s  e a r l y  Perm ian  ( R u s s e l l ,  197 6 ) . How­

e v e r ,  B o t t  and Watts (1971) s u g g e s t  a  Perm o-T rias  age a l th o u g h  

th e  concensus fa v o u rs  a l a t e  J u r a s s i c  or C re taceous open ing  

(H allam , 1971; B a i l e y  e t  a l , ,  1971; L aughton , 1971; R o b e r t s ,  

1971, 1 9 7 5 ) .  The h i s t o r y  o f  th e  N orth  A t l a n t i c  i s  more com­

p le x  th a n  t h a t  o f the  S ou th  A t l a n t i c  and p ro b a b ly  in v o lv e d  

s e v e r a l  s t a g e s  o f s p re a d in g  a t  d i f f e r e n t  l o c a t i o n s ;  R o c k a l l  

T rough , Labrador S ea , R eykjanes R id g e . R e c o n s tru c t io n s  f o r  

th e  open ing  o f  th e  N orth  A t l a n t i c  a re  dependen t on i d e n t i f i ­

c a t io n  and d a t i n g  o f  m ag n e tic  an om alies  and on the  i d e n t i f i ­

c a t i o n  o f  o c e a n ic  and c o n t i n e n t a l  c r u s t ,

B o t t  (1978) p ropo sed  th e  f o l lo w in g  h i s t o r y  f o r  N orth  

A t l a n t i c  e v o lu t i o n :

(1) About 230 -  180 my ago ( T r i a s s i c )  -  e a r l y  r i f t  s t a g e  p r e ­

d a te s  s p l i t  be tw een  N. America and N. A f r i c a .

(2) About 180 -  115 my ago ( J u r a s s i c  and e a r l y  C re taceo u s)  -  

s e p a r a t i o n  o f  N. America and N. A f r i c a ,  w i th  l e f t  l a t e r a l  

s h e a r  movement be tw een  Europe and A f r i c a .

(3) About 115 my ago t o  p r e s e n t  -  s e p a r a t i o n  o f  Grand Banks 

and I b e r i a .

(4) About 115 -  75 my ago -  opening  o f  t h e  Bay of B isc ay  and

p o s s i b l y  the  R o c k a l l  Trough -  F ae roe  -  S h e t la n d  ch an n e l  d u r in g

t h i s  i n t e r v a l  ( d e t a i l s  s t i l l  o b s c u r e ) .

(5) About 80 -  45 my ago - opening  o f  L abrador T rough .

(6) About 60 my ago to  p r e s e n t  -  s e p a r a t i o n  of th e  R o c k a l l  -

Faeroe  m ic ro  c o n t in e n t  from G re en lan d , w i th  contemporaneous 

opening  o f  th e  R o c k a l l  Trough f o r  th e  f i r s t  15 my o f  t h i s  

i n t e r v a l .
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The T hu lean  v u lca n ism  and th e  base  T e r t i a r y  unconform ably  

c o in c id e n t  w i th  the  o n se t  o f  the  l a s t  phase of s p re a d in g  

i n d i c a t e s  the  p re se n c e  o f  a th e rm a l  anomaly i n  t h e  Upper 

M a n t le • Vann (1978) p ro p o ses  t h a t  t h i s  anomaly o r i g i n a t e s  i n  

th e  o u te r  core  i n c r e a s in g  h e a t  f lo w  i n t o  th e  base  o f  th e  Upper 

M antle by  as much as  t e n  t im e s .  A c tiv e  c o n v e c t io n  commenced 

a t  a p p ro x im a te ly  65 my ago , as  a r e s u l t  o f  t h i s  h e a t  f lo w ,  

r a i s i n g  th e  te m p e ra tu re  i n  t h e  a s th e n o s p h e re  to  l e v e l s  where 

p a r t i a l  m e l t in g  co u ld  occur i n  a  few m i l l i o n  y e a r s .

Hallam  (1972) b e l i e v e s  t h a t  th e  fo rm a t io n  o f  se d im e n ta ry  

b a s in s  su ch  as th e  Minch B asin  i s  due to  f a u l t i n g  p a r a l l e l  t o  

and as a r e s u l t  o f  s p re a d in g  from th e  Reykjanes R idg e , by  

com parison  to  p r e s e n t  day r i f t i n g  o b se rv ed  a t  th e  Red S e a .  

However, t h i s  view i s  n o t  sh a re d  by  H a l l  and Smythe (1973) vho 

s u g g e s t  t h a t  th e  f o rm a t io n  o f  th e s e  b a s in s  p r e - d a t e s  s p r e a d ­

i n g .

1 .5  O b je c t iv e s  and Work Done

T h is  s tu d y  summarises th e  work done by  th e  U n i v e r s i t y  

o f  Glasgow ( c r u i s e s  HRS C h a lle n g e r  1977 and RRS John M urray 

1979) i n  th e  se a  a re a  a round  Mull and aimed a t  th e  g e n e r a l  

problem s o f  th e  e v o lu t i o n  of the  w e s te rn  se a  b o a rd  i n  p o s t  

C a ledon ian  t im e s .  An u n d e rs ta n d in g  of basem ent f e a t u r e s ,  such  

as m ajo r  f r a c t u r e s ,  e . g .  G re a t  G len F a u l t ,  i s  e s s e n t i a l  i n  

d e v e lo p in g  v i a b l e  models c o n ce rn in g  the e v o l u t i o n  o f  t h i s  a r e a .

The f o l lo w in g  g e o p h y s ic a l  d a ta  was c o l l e c t e d  to  e n ab le

th e  draw ing o f  a g e o lo g i c a l  map showing the  t h r e e  d im e n s io n a l  

d i s t r i b u t i o n  of rocks  i n  th e  a r e a ;

(1) 3 ,0 00  km s p a r k e r ,  m agnetom eter and echo sou nder t r a v e r s i n g

(2) 10 s e is m ic  r e f r a c t i o n  s i t e s  i n v e s t i g a t e d

(3) 16 km deep s e is m ic  r e f l e c t i o n  and r e f r a c t i o n  l i n e
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CHAPTER TWO

TECHNIQUES

2*1 I n t r o d u c t i o n

The d a ta  p r e s e n te d  i n  t h i s  t h e s i s  were o b ta in e d  d u r in g  

two Glasgow U n i v e r s i ty  c r u i s e s  i n  th e  F i r t h  o f  Lorne a r e a  

a b o a rd  N .E .R .C . r e s e a r c h  v e s s e l s ;  RRS C h a l le n g e r ,  May 1977 

and RRS John M urray, F e b ru a ry  1979*

The work was d iv id e d  i n t o  con tinuo us  r e f l e c t i o n  p r o f i l i n g ,  

l a r g e l y  u n d e r ta k e n  a t  n i g h t ,  and s e i s m ic  r e f r a c t i o n  su rv e y s  

u s in g  d a y l i g h t  h o u r s .  The aim was t o  e l u c i d a t e  th e  g e o lo g i c a l  

s t r u c t u r e  o f  t h i s  complex a r e a .

The a c c u ra c y  o f  th e  d a t a ,  as o f  any g e o p h y s ic a l  su rv e y ,  

i s  dependen t on th e  p r e c i s i o n  w i th  which the  g e o p h y s ic a l  p a r a ­

m e te rs  a re  o b se rv ed  and th e  l o c a t i o n  of t h e i r  m easurem ents 

d e te rm in e d .  The q u a l i t y  o f  m arine  g e o p h y s ic a l  d a t a ,  s e i s m ic  

i n  p a r t i c u l a r ,  i s  w e a th e r  d e p en d e n t:  f o r  th e  d u r a t i o n  o f  th e

C h a l le n g e r  c r u i s e  a  s e a  s t a t e  o f  2 o r  3 was u s u a l  and i t  n ever  

exceeded  5 , whereas d u r in g  th e  John Murray c r u i s e  se a  s t a t e s  

o f  5 o r  6 and h ig h e r  were common.

2 .2  N a v ig a t io n

P o s i t i o n  f i x e s  were ta k e n  a t  f i v e  m inu te  i n t e r v a l s  when 

a n  a u to m a tic  b u z z e r  sounded and , sy n c h ro n o u s ly ,  d a ta  r e c o rd in g s  

were m arked. The p o s i t i o n s  were p l o t t e d  im m e d ia te ly  on 

1 :5 0 ,0 0 0  U.T.M. b ase  maps s u p p l i e d  by  I .G .S .

The p r i n c i p a l  n a v i g a t i o n a l  te c h n iq u e  was t h a t  o f u s in g  a 

Decca S c i e n t i f i c  Radar Type MT626 to  o b t a i n  b e a r in g s  and ran g es  

from  s u i t a b l e  l o c a l  d i s t i n c t i v e  f e a t u r e s  of the  c o a s t l i n e s .

The re a d in g  o f  range i s  a c c u ra te  to  ±20 m and b e a r in g s  t o  - * 1 ° .
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At a maximum range  of 13 km t h i s  d e f in e s  an  e r r o r  q u ad ran g le  

o f  a p p ro x im a te ly  45 m x 40 m (Pig* 2 * 1 ) ,  a t  c l o s e r  range  t h i s  

qu ad ran g le  becomes narrow er*  However, i t  i s  l i k e l y  t h a t  the

3 k 4 4 6  k  >a~, P  2 .0  m

F i g .  2*1

f i n a l  e r r o r  i s  g r e a t e r  th a n  t h i s  due t o  e r r o r s  i n  i d e n t i f y i n g  

th e  t a r g e t .  I n  com paring th e  w a te r  d e p th s  (and sometimes s e d i ­

ment t h i c k n e s s e s )  a t  c ro s s o v e r s  on th e  s p a r k e r  r e c o rd s  i t  was 

found  t h a t  th e  maximum d i f f e r e n c e  be tw een  th e  p l o t t e d  c ro s s o v e r  

p o s i t i o n  on one l i n e  and th e  p o in t  where the  w a te r  d e p th  

e q u a l le d  t h a t  a t  th e  p l o t t e d  c ro s s o v e r  p o s i t i o n  on th e  o th e r  

l i n e  was 75 m and t h a t  th e  s t a n d a r d  d e v i a t i o n  o f  th e  d i f f e r e n c e s  

was 26 m.

Headings were a l s o  t a k e n  from th e  D eccom eter o f  Decca 

N a v ig a to r  MK.21 sy s te m . T his was tu n e d  i n  1977 to  Decca Main 

Chain 8 E MP and i n  1979 to  Decca Main Chain 3 B MP. The e r r o r s  

in c u r r e d  u s in g  t h i s  sys tem  a re  g r e a t e r  th a n  th o s e  o f  r a d a r  

p o s i t i o n i n g  i n  t h i s  a r e a ,  p a r t i c u l a r l y  a t  n i g h t  due to  skywave

i n t e r f e r e n c e .  Hence t h i s  system  was u sed  o n ly  a s  a back -u p

f a c i l i t y .

The Decca t r a c k  p l o t t e r  was u t i l i z e d  f o r  th e  s e i s m ic  a r r a y -  

l i n e  (1977) and some o f  t h e  sono-buoy  l i n e s  (1 9 7 9 ) .  I n  t h i s  

method th e  d e s i r e d  s a i l  l i n e  i s  p l o t t e d  on g ra p h  p a p e r  i n  term s 

of two s e t s  o f  Decca lan e  c o - o r d in a te s  e . g .  r e d  and p u r p l e ,  a t

co n v en ien t  i n t e r v a l s  (NB. a t r u e  s t r a i g h t  l i n e  w i l l  p l o t  as a

curve due t o  th e  h y p e r b o l i c  n a tu r e  o f  the  Decca l a n e s ) • T h is  

i s  th e n  f i t t e d  t o  the  t r a c k  p l o t t e r  where a pen  marks th e
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s h i p Ts p o s i t io n *  The s h ip  i s  t h e n  m a in ta in e d  on th e  c o r r e c t  

c o u rse  by  s t e e r i n g  so t h a t  th e  pen fo l lo w s  the  l i n e .

As a f u r t h e r  check , th e  s h i p ^  head ing  and d i s t a n c e  lo g  

were a l s o  reco rd ed *

2 .3  S e ism ic  T echn iques

V a r ia t io n s  on s e ism ic  r e f l e c t i o n  and r e f r a c t i o n  te c h n iq u e s  

were employed to  s a t i s f y  g e o lo g i c a l  re q u ire m e n ts  t h a t  no one 

te c h n iq u e  a lo n e  co u ld  a c h ie v e .

2 * 3 .1  C ontinuous su b -b o t to m , s in g l e - c h a n n e l  s e i s m ic  r e f l e c t i o n  

p r o f i l i n g  (S p a rk e r )

T h is  method i s  u se d  t o  d i s c r im i n a t e  be tw een  and d e te rm in e  

the  s p a t i a l  r e l a t i o n s h i p s  of d i f f e r e n t  rock  u n i t s  down t o  

d e p th s  o f  400 -  500 m w i th  a r e s o l u t i o n  of a b o u t  10 m.

The method i s  sum m arised i n  F i g .  2 . 2 .  An E .G . & G. 3 

cand le  sp a rk  a r r a y  o p e ra te d  by  d i s c h a r g in g  a c a p a c i t o r  bank 

a c r o s s  a  submerged sp a rk  g a p ,  i s  th e  a c o u s t i c  s o u r c e .  G ener­

a l l y  a sp a rk  o f  1 k J  was u se d  th ro u g h  *. 3 .5  & 5 k J  spa rksw e« . 

a l s o  a v a i l a b l e .  The s e i s m ic  s i g n a l  was d e t e c t e d  by  a n  E .G . &

G. 263 C A rray  hydro pho ne . T h is  com prised  ao lo n g ,  

n e u t r a l l y - b u o y a n t ,  l i q u i d - f i l l e d  hose c o n ta in in g  16 i n d i v i d u a l ,  

e q u is p a c e d  h y d ro p h o n es , h a v in g  a band w id th  . 7 o f

20 Hz -  5 kHz.

The s e i s m ic  s i g n a l  was re c o rd e d  u n f i l t e r e d  o n to  m a g n e tic  

ta p e  i n  ana logue  form  u s in g  a H ew le tt  Packard  3960 in s t r u m e n t ­

a t i o n  r e c o r d e r .  T h is  a l lo w ed  su b seq u e n t  p layb ack  a t  d i f f e r e n t  

f i l t e r  s e t t i n g s .  A 6 .4  kHz r e f e r e n c e  s i g n a l ,  s u p p l i e d  by  th e  

E .P .C .  c h a r t  r e c o r d e r ,  was re c o rd e d  on one channel and u se d  

as  a s y n c h ro n iz in g  c o n t r o l  on p la y b a c k .  On a t h i r d  ch an n e l 

th e  5 m in . n a v i g a t i o n a l  f i x  mark was r e c o rd e d .
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The s e is m ic  s i g n a l  was a l s o  r e c o rd e d  i n  g ra p h ic  form on 

a n  EPC 4600 c h a r t  r e c o r d e r  a f t e r  p a s s in g  th ro u g h  a K ro h n h ite  

3550 analogue  f i l t e r *  The f i l t e r  was u sed  i n  th e  bandpass  

mode w i th  band p asses  i n  the  range 80 -  800 Hz a d ju s te d  f o r  

optimum re c o rd in g  q u a l i t y  dependent on c o n d i t i o n s .  The c h a r t  

r e c o r d e r  s u p p l ie d  the  t r i g g e r  p u ls e  f o r  the  sp a rk  chosen  t o  

be a t  I s  i n t e r v a l s *  The s t y l u s  swept th e  w id th  o f  the  p a p e r  

e v e ry  0 .5 s  p r i n t i n g  f o r  the  f i r s t  0,5s a f t e r  th e  sp a rk  only* 

Timing l i n e s  were marked a t  0 .1 s  i n t e r v a l s ,  th e s e  and the  s e i s ­

m ic  s i g n a l  were sc o rch e d  on th e  p a p e r  by  an  e l e c t r i c  c u r r e n t  

p a s s in g  th ro u g h  th e  s t y l u s •

The m a j o r i t y  of th e  s e i s m ic  r e f l e c t i o n  d a ta  was a c q u i r e d  

u s in g  a 1 k J  s p a r k .  Two l i n e s  were sh o t  i n  1979 u s in g  d i f f e r ­

e n t  s o u r c e s :  one a 3 .5  k J  sp a rk  w ith  a sh o t  i n t e r v a l  of 2 s ,

w i th  the  r e c o r d e r  p r i n t i n g  th e  f i r s t  I s ;  the  o t h e r  a 40 c u .  

in c h  a i r  gun f i r i n g  a t  4s i n t e r v a l s ,  w i th  the  r e c o r d e r  p r i n t i n g  

th e  f i r s t  I s .  These were u se d  i n  o r d e r  t o  i n c r e a s e  p e n e t r a t i o n  

by  i n c r e a s i n g  the  en e rg y  and lo w e r in g  th e  f re q u e n c y  c o n te n t  

o f th e  s e i s m ic  s i g n a l ,  th u s  re d u c in g  a t t e n u a t i o n  (see  F i g .  2 . 3 ) .

2 . 3 .2  S e ism ic  r e f r a c t i o n  p r o f i l i n g  u s in g  Sono-buoy

These ex p er im en ts  were c a r r i e d  ou t i n  a re a s  where r e f l e c ­

t i o n  p r o f i l i n g  d id  n o t p ro v id e  s u f f i c i e n t  b a s i s  f o r  d e te rm in in g  

the  g e o lo g y .  R e f r a c t i o n  d a ta  p ro v id e  in f o r m a t io n  on th e  s e i s ­

m ic v e l o c i t y  and a l s o  i n d i c a t e  th e  l a y e r in g  of th e  ro ck  u n i t s  

to  a d e p th  g r e a t e r  th a n  t h a t  o b t a in a b le  by s p a r k e r  p r o f i l i n g .

P re v io u s  s e i s m ic  r e f r a c t i o n  d a ta  o b ta in e d  i n  the  a r e a  

had in v o lv e d  th e  use  of 4 f r e e - f l o a t i n g  B ra d le y  sono-buoys to  

eac h  of which a n e u t r a l l y - b u o y a n t  n e a r - s u r f a c e  hydrophone i s  

a t t a c h e d .  The buoys were dep lo y ed  i n  a s t r a i g h t  l i n e  and ex ­

p lo s iv e  c h a rg e s ,  u sed  as th e  a c o u s t i c  s o u r c e ,  were d e to n a te d
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a t  v a r io u s  d i s t a n c e s  from  one end o f  th e  l i n e .  S e v e r a l  d i s ­

a d v an tag e s  a re  i n h e r e n t  t o  t h i s  m e th o d :-

(1) The buoys d r i f t  i n  the  s t r o n g  c u r r e n t s  p r e v a l e n t  i n  t h i s  

a r e a ,  t h e r e f o r e  (a) th e y  can e a s i l y  d r i f t  ou t of l i n e ,

(b) th e y  can d r i f t  o f f  th e  o u tc ro p  u n d e r  i n v e s t i g a t i o n ,  

and (c) t h e i r  a b s o lu te  p o s i t i o n  i s  u n c e r t a i n .

(2) I n f r e q u e n t  sh o ts  l e a d  to  a  p a u c i ty  o f p o in t s  on th e  tim e 

d i s t a n c e  g ra p h .

(3) The range  over w hich  f i r s t  a r r i v a l s  from  a low v e l o c i t y  

to p  l a y e r  may o ccu r i s  s h o r t ,  r e s u l t i n g  i n  p o o r ly - d e f in e d  

r e f r a c t e d  a r r i v a l s  (Faruqee 1972)•

These problem s can be so lv e d  by  a n c h o r in g  one buoy a t  a 

s u i t a b l e  s i t e ,  u s in g  a  r a p id  r e p e t i t i o n  r a t e  a c o u s t i c  s o u r c e ,  

e . g .  a i r  gun o r  s p a r k e r ,  and b y  p l a c in g  th e  hydrophone on th e  

sea  b e d .  F i g .  2 .4  i l l u s t r a t e s  th e  d i f f e r e n c e  i n  range  over 

which the  low v e l o c i t y  a r r i v a l ,  r e f r a c t e d  a lo n g  th e  se a  b e d ,  

o ccu rs  as a f i r s t  a r r i v a l .  With the  hydrophone n e a r  sea  l e v e l  

the  low v e l o c i t y  a r r i v a l  i s  th e  e a r l i e s t  o v e r  th e  range 245 -  

360 m from  the  hydrophone, whereas w i th  th e  hydrophone an ch o red  

the  low v e l o c i t y  a r r i v a l  i s  e a r l i e s t  ove r  th e  range  122 -  360 m 

i . e .  double  th e  r a n g e .  When th e  sh o t  i n t e r v a l  of th e  two 

methods i s  a l s o  c o n s id e re d o ff.^300 m u s in g  e x p lo s iv e s  «.p?oy20  m 

( f o r  an  a i r  gun f i r i n g  a t  4s i n t e r v a l s  and s h ip  sp eed  of 5 

k n o ts )  th e  p r o b a b i l i t y  o f  o b se rv in g  a low v e l o c i t y  a r r i v a l  i s  

m in im al u s in g  e x p lo s iv e s .

Line l e n g th s  o f  6 km e i t h e r  s id e  of th e  buoy a re  s u f f i c ­

i e n t  to  d e te rm in e  the  a p p a re n t  v e l o c i t i e s  of sed im ent and 

u n d e r ly in g  rock  head ( f o r  a sed im en t th ic k n e s s  o f 1 km o v e r-  

l y in g  rock  head o f  4 kms*"^ th e  f i r s t  a r r i v a l  from rock  head 

would a r r i v e  f i r s t  a t  a range o f . ^ 2  km from  th e  b u o ^ .

The ancho red  sono-buoy te c h n iq u e  i s  sum m arised i n  F i g .  2 . 5 .
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B o l t  P a r  a i r  guns w i th  40 cu . i n ,  and 150 cu . i n .  

b a r r e l s  o p e r a t in g  a t  2000  p s i .  were u sed  as a c o u s t i c  s o u r c e s .  

These d is c h a rg e  compressed a i r  on r e c e i p t  o f  t r i g g e r  p u l s e s  

from  th e  EPC r e c o r d e r .  The maximum f i r e  r a t e  i s  d i c t a t e d  by  

th e  c a p a c i ty  o f th e  com pressor to  re c h a rg e  the  a i r  gun cham ber. 

I n  t h i s  work th e  40 cu . i n .  a i r  gun was f i r e d  e v e ry  4s and th e  

150 cu . i n .  a i r  gun e v e ry  1 6 s .  1 k J  and 5 k J  s p a rk e r s  were 

a l s o  u sed  a lo n g  one l i n e  i n  an  a t te m p t  to  i n c r e a s e  th e  r e s o l u ­

t i o n  o f  th e  low v e l o c i t y  a r r i v a l s  by  u s in g  a sou rce  w i th  a 

h ig h e r  f re q u e n c y  c o n te n t  and a r a p id  r e p e t i t i o n  r a t e  ( l - 2 s ) .

A hydrophone b u i l t  a t  Glasgow U n i v e r s i t y  was l i g h t l y  

anch o red  ( . ^ v 2 kg) t o  the sea  bed  and a t t a c h e d  by a l e n g t h  o f  

c a b l e ,  a t  l e a s t  l i  x w a te r  d e p th ,  to  a  sono-buoy a l s o  anch o red  

w ith  a g r e a t e r  w e igh t ( «*15 k g ) .  The s e i s m ic  s i g n a l  i s  p r e ­

a m p l i f i e d  i n  th e  hydrophone and f e d  i n t o  th e  buoy where i t  i s  

a m p l i f i e d  a g a in .  The s i g n a l  th e n  m odu la tes  the  f r e q u e n c y  o f  

a 3 .7 5  kH. s u b c a r r i e r  which a m p li tu d e  m odu la tes  a  r a d io  t r a n s ­

m is s io n  a t  a f re q u e n c y  c lo s e  t o  27 MHz.

On b o a rd  s h ip  th e  s i g n a l  i s  d e t e c t e d  on one of two J-wave 

whip a e r i a l s ,  f e d  i n t o  th e  r e c e i v e r  r a c k  where the  s u b c a r r i e r  

i s  r e c o v e r e d .  T h is  i s  f e d  i n t o  th e  d e m o d u la te r  rac k  where th e  

o r i g i n a l  s e ism ic  s i g n a l  i s  r e c o v e re d .

A part  from th e  hydrophone th e  equipm ent d e s c r ib e d  com­

p r i s e s  th e  G eo p h y s ica l  T e lem e try  System , m an u fac tu red  b y  G. &

E. B ra d le y .

The same re c o rd in g  system  employed f o r  the  s p a r k e r  d a ta  

was u se d ,  e x ce p t  t h a t  o c c a s i o n a l l y  an  EPC 4100 r e c o r d e r  was 

used  to  p e rm it  a g r e a t e r  number o f  f i r i n g  and p r i n t i n g  s e ­

quences •

The o p e r a t io n a l  p ro ced u re  was as f o l l o w s ; -  

On a r r i v a l  a t  the s e l e c t e d  s i t e  th e  sono-buoy  was d ep loyed



a s t e r n  th e  s h ip  i n  th e  fo l lo v / in g  sequence ( 1 ) buoy a n c h o r ,

(2) buoy, (3) hydrophone c a b le  p la y e d  ou t from  buoy end , (4) 

hydrophone and an ch o r  l a s t .  The a c o u s t i c  so u rc e  to  be u sed  

was th e n  s t re a m e d .  The s h ip  th e n  s a i l e d  away from th e  buoy 

a lo n g  a p r e s c r i b e d  l i n e  u n t i l  th e  s i g n a l  s t r e n g t h  d im in ish e d  

to  the  l e v e l  of th e  background  n o is e  o r  th e  g e o lo g i c a l  o b j e c t ­

iv e  of o b ta in in g  r e f r a c t e d  a r r i v a l s  o f  s u f f i c i e n t  l e n g th  to  

p e rm it  t h e i r  a p p a re n t  v e l o c i t i e s  to  be d e te rm in e d  was a c h ie v e d .  

At some s i t e s  the  l i n e  was r e p e a te d  u s in g  d i f f e r e n t  a c o u s t i c  

so u rc e s  f o r  com p ariso n . At o th e r  s i t e s  ^ c ro s s  l i n e  p e rp e n ­

d i c u l a r  t o  th e  f i r s t  was r u n .  On co m p le tio n  of th e  programme 

the  sono-buoy  and hydrophone were r e t r i e v e d .

2 .3 .3  The s e is m ic  a r r a y  ex p erim en t (1977 on ly)

The aims of t h i s  ex p er im en t were ( i )  to  o b t a i n  a com plete 

su b s u r fa c e  s e ism ic  r e f l e c t i o n  coverage o f  d e p th s  g r e a t e r  th a n  

t h a t  o b ta in e d  by  s p a r k e r  p r o f i l i n g  and ( i i )  t o  g a in  f i r s t  

a r r i v a l  r e f r a c t i o n  d a ta  a lo n g  th e  t r a v e r s e .  T h is  was c a r r i e d  

ou t a long  a l i n e  a p p ro x im a te ly  p a r a l l e l  t o  s p a r k e r  and sono -  

buoy l i n e s .

The method i s  summarised i n  P i g .  2 . 6 .

A 40 cu . i n .  a i r  gun was u sed  as an  a c o u s t i c  s o u r c e .  A 

G-eomechanique m u l t i - c h a n n e l  s e i s m ic  hydrophone a r r a y  of 11 

a c t iv e  s e c t i o n s  (50 & 60 m lo n g ) ,  sp r in g  s e c t i o n s  were p la c e d  

be tw een  th e  a r r a y  and th e  tow cab le  to  decoup le  the  a r r a y  from  

much o f  the  s h ip  n o i s e .  Depth c o n t r o l l e r s  were f i t t e d  t o  m ain ­

t a i n  the  a r r a y  a t  a c o n s ta n t  d e p th  of 6 m (see  P i g .  2 . 7 ) .  Due 

to  th e  c o n s id e r a b le  l e n g th  o f  t h i s  s t r e a m e r  (1146 m) o p e r a t i o n  

was r e s t r i c t e d  to  open w a te r .

The s e is m ic  s i g n a l s  from  the  a r r a y  were re c o rd e d  on a

T . I .  8000B 2 4 -c h a n n e l  s e i s m ic  r e c o r d e r  (Glasgow owned), a
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F i g  2-6 S e i s m i c  a r r a y  p r o f i l i n g

y -  -a
50m 5 0  m 50m 5 0 m 5 0 m 50m 5 0 m 6 0m 60m 60rn 60m 5 0 rn 5 0 m 5 0 m
S S I Q a a a a a | a a a a a n

2 0  0m

s s p r i ng  s ec t i on  
a a c t i v e  s ec t i on  
n n e u t r a l  s e c t i o n  
d d e p t h  c o n t r o l l e r  

t o t a l  l e n g t h  114 6m 
t o w e d  a t  appr ox .  6m depth

F i g .  2 7 H y d r o p h o n e  a r r a y



d e t a i l e d  d e s c r i p t i o n  i s  g iv e n  by  H a l l  (1971, app en d ix  3 ) ,

T h is  system  c o n s i s t s  of t h r e e  m ajo r  components: an  a m p l i f i e r

and f i l t e r  u n i t ,  a m u l t ih e a d ,  a n a lo g u e ,  m a g n e tic - ta p e -d ru m  

r e c o r d e r  and a s q u i g g l e - t r a c e  o s c i l l o g r a p h .  The s e is m ic  s i g ­

n a l  i s  f e d  i n t o  th e  a m p l i f i e r  and f i l t e r  u n i t .  The p ro c e s s e d  

s i g n a l  i s  o u tp u t  i n  p a r a l l e l  t o  th e  r e c o r d e r  and o s c i l l o g r a p h .  

The m a g n e tic  ta p e  r e c o rd in g  i s  o f  6 s d u r a t i o n  and the  s i n g l e  

s h e e t  t a p e  u sed  f o r  e ac h  r e c o rd in g  can be r e p la y e d  b ack  

th ro u g h  th e  a m p l i f i e r  and f i l t e r  u n i t  i n t o  the  o s c i l l o g r a p h ,  

a l lo w in g  f u r t h e r  a d ju s tm e n t  o f  th e  f i l t e r  and g a in  s e t t i n g s  

t o  be made. As th e  re c o rd e d  s i g n a l  i s  f i l t e r e d  ca re  was t a k e n  

n o t to  o v e r - f i l t e r  i n i t i a l l y .

The o p e r a t i o n a l  p ro ce d u re  was as fo l lo w s  

The s h ip  fo l lo w e d  a p r e - p l o t t e d  co u rse  f i t t e d  t o  the  b r id g e  

Decca t r a c k  p l o t t e r .  S ho t p o in t s  a t  272 m i n t e r v a l s  were 

m arked a long  th e  cou rse  to  g iv e  100^ su b s u r f a c e  c o v e ra g e .  The 

s h o t  was t r i g g e r e d  by  a  p u l s e  from th e  r e c o r d e r  700 ms a f t e r  

i t  was s t a r t e d .  A f t e r  each  sh o t  a f r e s h  ta p e  was f i t t e d  to  

the  r e c o rd in g  drum and th e  m o n ito r  s q u ig g le  r e c o r d  stow ed i n  

a  l i g h t  p ro o f  bo x ,

2 ,3 .4  Echo Sounding

The o p e r a t i o n a l  p ro ce d u re  i s  d e s c r ib e d  by  M cQ u il lin  & 

Ardus (1 9 7 7 ) ,  A P .E ,S ,  Mk,3 echo so u n d e r  was u sed  i n  1977, 

T h is  was used  p r i n c i p a l l y  to  m easure  w a te r  d e p th ,  p a r t i c u l a r l y  

u s e f u l  when d e p lo y in g  so n o -b u o y s .  The f u l l  s c a l e  d e f l e c t i o n  

of t h i s  in s t ru m e n t  was 100  m and d e p th s  cou ld  be re a d  o f f  to  

an  a c c u ra c y  o f  -  0 .5  m u s in g  an o v e r l a y  g r i d .  The d e p th s  were 

c o r r e c t e d  f o r  th e  d e p th  of th e  t r a n s d u c e r  below  th e  s e a  s u r ­

fa c e  b u t  n o t  f o r  t i d a l  v a r i a t i o n s  ( t i d a l  r a n g e <^<*6 m ), th u s  

re d u c in g  the  a c c u ra c y  to  i  3 , 2  m w i th  r e s p e c t  t o  mean s e a



l e v e l .  I n  a d d i t i o n  to  w a te r  d e p th ,  some in f o r m a t io n  r e g a r d ­

in g  the  n a tu r e  of the se a  bed  could  be o b ta in e d  u s in g  t h i s  

in s t ru m e n t  by  exam ining the  form o f th e  echo and m u l t i p l e s  ( I f  

any) .

D uring  the  1979 c r u i s e ,  a Simrad echo sou nder was u se d  

which s u p p l i e d  w a te r  d e p th  in f o rm a t io n  o n ly .  The f u l l  s c a l e  

d e f l e c t i o n  on t h i s  r e c o r d  was 125 fm (228 m) and d e p th s  can 

be re a d  o f f  t o  i  J  ftn (1 m ). So th e  o v e r a l l  a c c u ra c y  o f  t h i s  

method i s  ± 3 . 2 co

2 .3 .5  S id e - s c a n  so n a r

A K e lv in  Hughes MS47 s i d e - s c a n  so n a r  f i s h  was u sed  

sc an n in g  th e  s t a r b o a r d  s id e  o f  th e  s h ip  o n ly ,  th e o ry  o f  o p e r ­

a t i o n  d e s c r ib e d  by  M cQ uillin  & Ardus (1977, p p . 3 9 -4 5 ) .  T h is

was u sed  t o  p ic k  out to p o g r a p h ic a l  f e a t u r e s  o f  th e  s e a  bed  i n  

two d im e n s io n s .  Due to  l i m i t e d  s u c c e s s ,  t h i s  was u sed  d u r in g  

th e  1977 c r u i s e  o n ly .

2 .3 .6  V e lo c i ty  m e te r

A P le s s e y  Type TL031 sound v e l o c i t y  m e te r  was d ep lo y ed  

o ve r  th e  s id e  a t  one s i t e  d u r in g  th e  1977 c r u i s e .  The v e lo ­

c i t y  o f  sound i n  w a te r  was d e te rm in e d  a t  d e p th s  of 9 m and 

18 m and found to  be 1485.00 £ 0 .1 2  ms*’**' and 1484.50 £ 0 .1 5  

ms"’-*- r e s p e c t i v e l y .  These l i e  i n  the  range 1489 £ 8 ms""-*- as 

d e r iv e d  u s in g  th e  fo rm u la  (McGuinness 1966)

C = 1449 + 4 .6  t  -0 ,0 5 5  t 2 +O.000 3 t 5 + (1 .3 9  -0 .0 1 2  t )  (s -  3s)

+0.017 d

where C -  v e l o c i t y  of sound i n  w a te r  (ms“ ‘*‘)

t  -  te m p e ra tu re  (°C) 

s -  s e a  w a te r  s a l i n i t y  ( p .p t h . )  

d -  w a te r  d e p th  (m)
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v a lu e s  f o r  t  & s were o b ta in e d  from a H ydrograph ic  d ep artm en t 

p u b l .  1970 and ta k e n  to  be 10 *. 2°C and 34 i  2 p . p t h .  r e s p e c t ­

i v e l y ,

2 ,4  M agnetometer P r o f i l i n g

j
The s t r e n g t h  o f  the  e a r t h s  t o t a l  m agne tic  f i e l d  was mea­

su re d  s im u l ta n e o u s ly  w i th  s p a r k e r  p r o f i l i n g  and the  s t y l e  o f  

v a r i a t i o n s  o b se rv ed  u sed  as an  a i d  to  the  i n t e r p r e t a t i o n  o f  

th e  s p a r k e r  d a t a .

A V a r ia n  p r o to n  m agnetom eter was u sed  i n  1977 and a 

B a r r in g e r  p r o to n  m agnetom eter used  i n  1979. B oth  m agneto­

m e te rs  were towed^f^LOO m a s t e r n  th e  s h ip  i n  o r d e r  t o  c l e a r  

the  m ag n e tic  e f f e c t s  of t h e  s h i p .  The p r i n c i p a l  and o p e r a t io n  

of p ro to n  m agnetom eters i s  d i s c u s s e d  by  M cQ u illin  & Ardus 

(1977, Ch.6 ) .

D uring b o th  su rv e y s  th e  o u tp u t  was re c o rd e d  i n  ana logue  

form  S e rv o s c r ib e  r e c o r d e r  w ith  a f u l l  s c a le  d e f l e c t i o n  of 

1000 rtT and th e  r e c o r d  can  be re a d  to  ± l^T. I n  a d d i t i o n  to  th e  

ana logue  r e c o r d ,  a d i g i t a l  d i s p l a y  i s  c o n t in u o u s ly  m o n ito red  

and was n o te d  i n  th e  lo g  a t  f i x  t im e s •
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CHAPTER THREE 

DATA PROCESSING AND INTERPRETATION

3 .1  I n t r o d u c t i o n

T his  s e c t i o n  d e s c r ib e s  th e  q u a l i t y  of th e  d a ta  o b ta in e d  

d u r in g  1977 and 1979 Glasgow c r u i s e s  ( P ig .  3 . 1 ) .  The g eo ­

l o g i c a l  map ( P ig .  3 .2 )  i s  th e  p r im ary  r e s u l t  of th e  work done 

i n  t h i s  t h e s i s •

3 .2  R e s u l ts  and P ro c e s s in g  

3 .2 .1  S p a rk e r

The q u a l i t y  o f  th e  s h ip b o a rd  g r a p h ic  re c o rd s  o b ta in e d  i n  

1977 was g e n e r a l l y  b e t t e r  th a n  th o se  o b ta in e d  i n  1979 due to  

b e t t e r  w e a th e r .  However, the  q u a l i t y  o f  b o th  i s  g e n e r a l l y  good 

enough t h a t  f i l t e r e d  p lay b a ck s  were n o t  r e q u i r e d .

These re c o rd s  a re  u se d  i n  th e  p r o d u c t io n  o f :

( i )  The Geology Map ( F ig .  3 . 2 ) ;

( i i )  The Depth to  Rockhead Map (F ig .  3 . 3 ) ;  and

( i i i )  The Sedim ent Iso p a c h  Map (P ig .  3 .4 ) ;

where p o s s i b l e  th e  a p p a re n t  d ip  o f  c le a r ly - b e d d e d  ro c k  was

c a l c u l a t e d .

P r e p a r a t io n  o f  Maps of Depth to  Rockhead and Sedim ent Isopachs

The w a te r  d e p th  and sed im en t th ic k n e s s  were m easured  

d i r e c t l y  from th e  re c o rd s  a t  f i x  i n t e r v a l s .  The sed im en t 

th ic k n e s s  was p l o t t e d  on one map (F ig .  3 .4 )  and th e  sum o f 

w a te r  d e p th  and sed im en t th ic k n e s s  p l o t t e d  on a n o th e r  map 

(F ig .  3 . 3 ) .  These maps were th e n  c o n to u re d  m an u a lly  u s in g  a 

50 m c o n to u r  i n t e r v a l .
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T ra n s p a re n t  te m p la te s  were p re p a re d  to  a l lo w  d i r e c t  

re a d in g  of w a te r  d e p th s  and sed im ent t h ic k n e s s e s  from the  

r e c o r d s .  V e r t i c a l  in c id e n c e  r e f l e c t i o n  was assum ed. I n t e r v a l  

v e l o c i t i e s  of 1 .5  kms” ^ and 2 .0  kms- *̂ were assumed f o r  w a te r  

and sed im ent r e s p e c t i v e l y .  I n  assum ing v e r t i c a l  in c id e n c e  a 

s l i g h t  o v e r - e s t im a te  i n  th e  m easurem ents i s  i n d i c a t e d  (T able  3 . 1 ) .

W a t  e r  D e p t h
Two-way

T ra v e l  Time Assuming Shot to  hydrophone s e p a r a t i o n
(ms) v e r t i c a l

in c id e n c e 15ms (2 2 .5m) 20ms(30m) 30ms(45m)

100 75 74 .15  (1 .1 $ ) 7 3 .4 8  (2 .1 $ )  7 1 .5  (4 .0 $ )

200 150 149 .58  (0 .3 $ ) 149 .25  (0 .5 $ )  148 .3  (1 .1 $ )

T ab le  3 .1  Comparison of w a t e r  dep th s  d e te rm in e d  by  assum ing

v e r t i c a l  in c id e n c e  and w i th  t r u e  t r a v e l  p a th  d e p th s .  

fg o v e r - e s t im a te  assum ing v e r t i c a l  in c id e n c e  i s  g iv e n  

i n  p a r e n t h e s i s .

G e n e ra l ly  th e  s e p a r a t i o n  of hydrophone from  sh o t  i s  15 -  20ms 

(2 2 .5  -  30 m) f o r  a l l  th e  s p a r k e r  d a t a .  The g r i d s  can  be re a d  

t o  -  1 m. A t i d a l  range of 6 m red u c es  th e  a c c u ra c y  to  -  3 .2  m 

( 4 .3 $  f o r  a d e p th  of 75 m ).

S i m i la r  e r r o r s  a re  in c u r r e d  by the  m easurement of sed im en t 

t h i c k n e s s ,  though the  e r r o r  due to  t i d a l  range  does n o t  a p p ly .

The o v e r a l l  a c c u ra c y  of th e s e  c o n to u r  maps i s  n o t  l i k e l y  

to  be worse th a n  - 5 m .

I n  some a re a s  ( e . g .  a ro un d^56 °13 T̂ 06°301) i t  was n o t  

p o s s ib l e  to  i d e n t i f y  ro ck  h e a d .  I n  th e s e  I n s t a n c e s  a minimum 

sed im en t t h i c k n e s s  i s  g iv e n ,  t h a t  m easured  from  th e  seab ed  to  

th e  f i r s t  seabed  m u l t i p l e .  L ikew ise  a  minimum d e p th  to  ro c k ­

head  i s  g iv e n  as th e  sum of th e  minimum sed im en t t h i c k n e s s  and
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w a te r  d e p th .  I n  o th e r  a r e a s  (eg a x i a l  t ro u g h  S of M ull) r o c k ­

head  can be t r a c e d  to  th e  l i m i t  of th e  r e c o rd  -  500 ms, Where 

i t  p a s se s  beyond t h i s  l i m i t ,  minimum th ic k n e s s e s  a re  a g a in  

g iv e n .

I n  th e  u p p e r  F i r t h  of Lorne th e r e  i s  no d e t e c t a b l e  sed im en t 

o v e r  most o f  th e  a r e a .  The d e p th  to  ro ck head  c o n to u rs  f o r  

t h i s  a r e a  were redraw n from th e  B athym etry  map b a se d  on 

A d m ira lty  so und ings  (R ash id  1 978 ) ,  as a d e n s e r  coverage  was 

o b ta in e d  by t h a t  su rv e y  th a n  by o u r s .

D e te rm in a t io n  o f  a p p a re n t  and t r u e  d ip s  i n  rockhead

I n  a re a s  of w ell^bedded  rocks ( e , g .  N orth  and S o u th  of 

Ross of M ull) th e  a p p a re n t  d ip  a lo n g  th e  t r a v e r s e  can be 

d e te rm in e d .  I f  b edd in g  i s  v i s i b l e  on two l i n e s  a t  i n t e r s e c t i o n  

the  t r u e  d ip  can  be c a l c u l a t e d .

I n  o rd e r  to  m easure a p p a re n t  d i p ,  a  s u i t a b l e  r e f l e c t o r  

i s  s e l e c t e d  ( i . e .  one t h a t  i s  co n tin u o u s  f o r  a t  l e a s t  J  a 

i n t e r v a l ) .  Depth to  se a b e d , sed im en t th ic k n e s s  and th i c k n e s s  

from  ro ckhead  to  the  r e f l e c t o r  a re  m easu red , u s in g  t e m p l a t e s ,  

u s u a l l y  a t  1 /5  f i x  i n t e r v a l s  (an  i n t e r v a l  v e l o c i t y  o f  3 .0  kms“^ 

was u s u a l l y  assumed - -  rock  w i th  th e  low d ip s  o b se rv ed  on th e  

re c o rd s  a re  b e l i e v e d  to  be M esozoic and i n t e r v a l  v e l o c i t i e s  

o f t h i s  m agnitude  have been  m easured  i n  the  a r e a  ('Snytkc. &

Kê olUj 1 9 7 5 ) ) ,  The d i s t a n c e  be tw een  f i x e s  i s  m easured  on th e  

map. The s e c t i o n  i s  th e n  p l o t t e d  a t  n a t u r a l  s c a l e  a l lo w in g  

th e  d ip  of the  r e f l e c t o r  to  be m easured  d i r e c t l y  from  th e  

s e c t i o n .

The a c c u ra c y  of t h i s  e s t im a te  i s  a f f e c t e d  by  th e  a c c u ra c y  

of m easurem ent, th e  a ssu m p tio n  o f  i n t e r v a l  v e l o c i t i e s ,  th e  

range o ver which th e  m easurem ent i s  made and th e  a c t u a l  v a lu e  

of th e  d ip s  as th e  r e f l e c t o r s  a re  n o t  m ig r a te d .
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True d ip s  can be o b ta in e d  from i n t e r s e c t i n g  p r o f i l e s  

u s in g  th e  e q u a t io n s  as g iv e n  i n  M cQ u il lin  and Ardus (1977)

t a n Ct
_ <0 -L.

t a n  B ^ . s i n  Cg t a n  Bg. s i n  C-j_

t a n Bt
t a n t a n  Bg

cosiC ^-C j) c o s ( Ct -Cg)

Bi> B2 a p p a re n t  d ip s a long  l i n e s 1 and 2

c i> c2 -  b e a r in g s  of l i n e s  1 and 2 r e l a t i v e

Bt -  t r u e  d ip s

Cfc -  t r u e  b e a r in g  of d ip  d i r e c t i o n  r e l a t i v e  to  N orth

A pparen t t h ic k n e s s  (Ta) can be  e s t im a te d  from  th e  o u tc ro p  

w id th  (Wo) and a p p a re n t  d ip  (0)#

Ta = Wo s i n 0

P r e p a r a t io n  o f  th e  G e o lo g ic a l  Map

The s p a r k e r  d a ta  combined w ith  a s e m i - q u a n t i t a t i v e  a s s e s s ­

ment of th e  m ag n e tic  r e c o r d  p ro v id e d  th e  b a s i s  o f i d e n t i f i c a t i o n  

o f  th e  ro c k  ty p es  o c c u r r in g  i n  the  a r e a .  D i f f e r e n t  r e f l e c t i o n  

and m agne tic  c h a r a c t e r s  were d i s t i n g u i s h e d ;  u n i t s  were 

i d e n t i f i e d  w ith  r e f e r e n c e  to  the  known la n d  g e o lo g y , m arine  

s e is m ic  r e f r a c t i o n  d a ta  and o th e r  s e i s m ic  v e l o c i t y  d a ta  

(R ash id  1 9 7 8 ) .  (Table  3 .2 ,  F ig s  3 .5  -  3 . 1 3 ) .

As can b e  se en  i n  F i g s .  3 .9 ,  3 .1 0 ,  3 .1 1 ,  3 .12  and 3 .1 3  

the  s e ism ic  c h a r a c t e r s  of D a l r a d ia n ,  Moine, G r a n i t e ,  T o r r id o n ia n  

and L ew is ian  ro ck s  a re  s i m i l a r  i n  t h a t  th e s e  rocks  form 

a c o u s t i c  basem ents  from  below which no c o h e re n t  a r r i v a l s  r e t u r n .  

C a re fu l  i n s p e c t i o n  of th e  r e c o rd s  r e v e a l s  some d i f f e r e n c e s .

The D a l r a d ia n  and T o r r id o n ia n  have sm oother s u r f a c e s .  The 

T o r r id o n ia n  o.ccurs a t  an a lm o s t  c o n s ta n t  d e p th  o f  abou t 50 m.

The D a l r a d ia n  has an  i r r e g u l a r  to p o g rap h y  p a r t l y  smoothed i n  

p la c e s  by o v e r ly in g  s e d im e n t .
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FIGURES 3.5 - 3.13

Sparker p r o f i l e s  
Timing l in e s  a t  100 ms in te r v a l s
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The Moine, G ra n i te  and L ew is ian  basem ents  can be grouped 

as t h e i r  s u r f a c e s  a re  i r r e g u l a r  w i th  many h y p e rb o l ic  r e f l e c t i o n s .  

The L ew is ian  can be s e p a r a te d  by i t s  a s s o c i a t e d  m ag n e tic  

c h a r a c t e r .  The i r r e g u l a r i t i e s  on th e  Moine s u r f a c e  o ccu r  w i th  

g r e a t e r  f re q u e n c y  th a n  th o se  o f  th e  G ra n i te  s u r f a c e • The 

averag e  d e p th  ( ^ 5 0  m) o f  the  Moine s u r f a c e  i s  l e s s  th a n  t h a t  

o f th e  G ra n i te  s u r f a c e  (^>75 m )•

3 .2 .2  Sonobuoy d a ta

The d a ta  c o l l e c t e d  i n  1977 was o f  good q u a l i t y ,  i . e .  the  

o n se ts  o f  f i r s t  a r r i v a l s  were c l e a r ,  and an a c o u s t i c  ran g e  of 

7 km-was a c h ie v e d .  I n  g e n e r a l  ana logu e  p lay b ack s  of th e s e  d a ta  

were of l i m i t e d  use though  th e y  i l l u s t r a t e d  w e l l  t h a t  th e  

dom inant f re q u e n c y  o f  th e  r e f r a c t e d  a r r i v a l s  l i e s  w e l l  below  

40 Hz. Band p a s se s  w ider th a n  t h i s  however m ust be u sed  f o r  

s h ip b o a rd  r e c o rd in g s  i n  o r d e r  to  d e f in e  th e  d i r e c t  a r r i v a l  

(used  to  de te rm in e  range) which h as  a dom inant f r e q u e n c y  abo u t 

150 Hz.

The d a ta  c o l l e c t e d  i n  1979 i s  of i n f e r i o r  q u a l i t y ;  con­

s i d e r a b l e  background  r a d i o  n o i s e ,  a p p a r e n t ly  n o t  o r i g i n a t i n g  

on th e  s h i p ,  dogged the  e x p e r im e n ts .  The o n se ts  of f i r s t  

a r r i v a l s  were n o t  c l e a r  and an  a c o u s t i c  ran g e  of 4 km max 

( g e n e r a l l y  l e s s  th a n  3 km) was a c h ie v e d .  Analogue p la y b a c k s  

of th e s e  d a ta  were n o t  u s a b le  due t o  r e f e r e n c e  s i g n a l  r e c o rd in g  

l e v e l  p ro b lem s .

Good r e s u l t s  i n  term s of a c o u s t i c  range and r e c o rd  

r e s o l u t i o n  were o b ta in e d  u s in g  a 40 c u . i n .  a i r g u n  f i r i n g  e v e ry  

4 s ,  w ith  th e  g ra p h ic  r e c o r d e r  s t y l u s  sweeping th e  p a p e r  e v e ry  

4 s .  Maximum a c o u s t i c  range  was a t t a i n e d  u s in g  th e  l a r g e s t  gun 

a v a i l a b l e  (150 c u . i n . )  bu t  the  long  com press ion  tim e gave a 

minimum f i r e  p e r io d  o f  1 6s , the  r e c o r d in g  s t y l u s  sw eeping the

-  37 -



r e c o rd  tw ice  i n  th e  16s and p r i n t i n g  o n ly  f o r  th e  f i r s t  8s •

T h is  r e s u l t e d  i n  a  compressed re c o rd in g  on which i t  i s  d i f f i ­

c u l t  to  m easure th e  a r r i v a l  t im es a c c u r a t e l y  ( se e  T ab le  3 .3 ,

F i g s .  3 .1 4  -  3 .3 1 ) .
A c o u s t ic  range

A c o u s t ic  so u rce F i r e  r a t e Sweep Sw eeps/Shot ... (km)

1 k J  sp 2s 2s 1

5 k J  sp 4s 4s 1 1

40 c u . i n  a i r g u n 4s 4s 1 6

1 5 0 e u . in  a i r g u n 16s 8s 2 8

Table  3 .3  Comparison of a c o u s t i c  s o u r c e s .

The S p a rk e r  so u rc e s  were u n s u c c e s s f u l  i n  p ro d u c in g  any 

r e f r a c t e d  a r r i v a l s .

P r e p a r a t i o n  o f  T im e-D is tance  g raphs  from  sonobuoy re c o rd s

U sing  a te m p la te  th e  o n se t  t im es of th e  d i r e c t  and r e ­

f r a c t e d  a r r i v a l s  i s  m easured  ( -  1 ms f o r  40 c u . i n .  r e c o r d s )  

a t  1 /5  f i x  i n t e r v a l s .  The s h o t  range  from  the  buoy i s  o b ta in e d  

from  th e  d i r e c t  (w a te r  wave) a r r i v a l  time ( t )  ( F ig .  3 . 3 2 ) .

Water d e p th  i s  o b ta in e d  from  th e  echo so u n d e r  r e c o r d  ru n n in g  

a t  the  tim e o f  buoy deploym ent a c c u ra te  to  *• 1 m th u s  range  

can be d e t e m i n e d  to  w i th in  1&,

The t im es f o r  the  r e f r a c t e d  a r r i v a l s  a re  p l o t t e d  a t  th e  

d e te rm in e d  r a n g e s .  The b a th y m e tr ic  p r o f i l e ,  from th e  echo 

sounder r e c o r d  o b ta in e d  a t  the  same tim e as th e  r e f r a c t i o n  

d a t a ,  i s  p l o t t e d  b e n e a th  th e  t im e - d i s ta n c e  g ra p h .  Where 

sp a rk e r /m a g n e to m e te r  l i n e s  r a n  c lo s e  t o  the r e f r a c t i o n  l i n e s  

the m a g n e tic  p r o f i l e  and sed im en t th ic k n e s s  a re  a l s o  p l o t t e d .

I n  s p i t e  o f  a t te m p ts  to  ru n  l i n e s  over l e v e l  s e a b e d ,  th e  

seabed  i s  i r r e g u l a r  o r s lo p in g  i n  most c a s e s .  A c o r r e c t i o n  

has been  a p p l i e d  t o  p r o j e c t  th e  s h o ts  on to  th e  seabed  ( i . e .  

removing th e  t r a v e l  tim e th ro u g h  th e  w a t e r ) .  The r a y  p a th  i s

-  38 -



FIGURES 3.14 - 3.31

Sono-buoy r ec o rd s  

Tim ing l i n e s  a t  16 ms in t e r v a l s
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drawn on th e  s e c t i o n  (F ig .  3 .3 3 )  and th e  e f f e c t i v e  w a te r  d e p th  

i s  m easured  a t  th e  p o in t  where the  r a y  h i t s  th e  se ab e d . The 

d e la y  » EWD/(cosQc x  Vo )

where EWD -  e f f e c t i v e  w a te r  d e p th

9C -  c r i t i c a l  an g le  ( S in ” '*' Vo/Vapp)

Vo -  v e l o c i t y  of sound i n  w a te r

Vapp -  v e l o c i t y  of r e f r a c t e d  a r r i v a l  (found  from  a

by eye f i t  th ro u g h  th e  p o i n t s )

The l a t e r a l  s h i f t  tow ards the  buoy i s  = EWD x tanO  •

The c o r r e c t e d  ran ges  and a r r i v a l  t im es  a re  used  to  compute

th e  a p p a re n t  v e l o c i t i e s  by  a l e a s t  sq u a re s  f i t  to  a s t r a i g h t  

l i n e  (u s in g  a H ew lett P ackard  programme s u p p l i e d  by I . G . S . ) .

I t  was o n ly  p o s s ib l e  to  d e te rm in e  sed im en t th ic k n e s s  a lo n g  

the  l e n g th  o f  Line 5 /  1977. F o r  t h i s  l i n e  o n ly  a s i m i l a r  

c o r r e c t i o n  was a p p l i e d  to  remove th e  d e la y  tim e due to  t r a v e l  

th ro u g h  th e  sed im en t l a y e r .

The t im e - d i s t a n c e  g raphs  o b ta in e d  a re  g iv e n  ( F ig s .  3 .3 4  -  

3 . 5 0 ) .

Composite T -  X g raph s  were drawn f o r  L ines 2 ,  3 & 8 / 7 9  

( P ig .  3 .5 1 )  and L ines  6 & 7 /  79 ( P ig .  3 . 5 2 ) .

E s t im a te s  of l a y e r  th ic k n e s s e s  have b een  made f o r  th e  1977 

d a t a  where th e  o n s e t  o f  f i r s t  a r r i v a l s  c o u ld  be p ic k e d  w ith  

r e a s o n a b le  c o n f id e n c e .  However, f o r  th e  1979 d a ta  th e  q u a l i t y  

was such  t h a t  i t  was n o t  p o s s ib l e  to  p ic k  th e  o n se t  of the  

r e f r a c t e d  a r r i v a l s ,  th us  p r e v e n t in g  e s t im a te s  o f l a y e r  t h i c k ­

n e s s e s  to  be made.

These r e s u l t s  show t h a t  the  method employed on th e s e  

c r u i s e s  p ro duces  b e t t e r - d e f i n e d  a r r i v a l s  which can be p ic k e d  

w ith  co n fid e n ce  as compared to  p re v io u s  r e f r a c t i o n  work i n  th e  

a r e a  (Faruquee  1972)• Also th e  e x p e r im e n ts  a re  r e l a t i v e l y  

q u ick  and s im p le  t o  c a r r y  o u t  as  i t  i s  o n ly  n e c e s s a ry  to  d e p lo y

-  39 -
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one sonobuoy a t  a t im e .  Prom a s a f e t y  p o in t  o f  v iew  th e r e  i s  

no need to  u se  e x p lo s iv e s ,  i . e .  t h i s  te c h n iq u e  i s  w e l l  s u i t e d  

to  sh a l lo w  w a te r  r e f r a c t i o n  p r o f i l i n g .

True v e l o c i t i e s  may be e s t im a te d  by t a k in g  th e  mean o f  

a p p a re n t  v e l o c i t y  segm ents c o r r e l a t e d  from o p p o s i te  s id e s  o f 

th e  buoy by  common i n t e r c e p t  t im e s .  T h is  in v o lv e s  assuming 

c o n s ta n t  d ip  a long  th e  l i n e .  B e t t e r  e s t im a te s  c o u ld  be made 

i f  r e v e r s e d  p r o f i l e s  were o b ta in e d  e s p e c i a l l y  w i th  lo n g e r  l i n e  

l e n g t h s • T h is  would r e q u i r e  th e  l i n e  t o  be re s u rv e y e d  w ith  

the  buoy d i s p l a c e d  a p p ro x .  4 km a long  the  l i n e  from  th e  i n i t i a l  

p o s i t i o n .  However, due t o  th e  l i m i t a t i o n s  o f  p o s i t i o n  f i x i n g  

(see  C hap ter 2) i t  i s  d i f f i c u l t  to  co ver  p r e c i s e l y  th e  same 

b i t  o f  ground  ( t o  b e t t e r  th a n  100 m )•

I t  has b e en  n o te d  t h a t  the  v e l o c i t i e s  o b ta in e d  f o r  th e  

same rock  by d i f f e r e n t  methods v a ry ,  i . e .  t h a t  l a b o r a t o r y  

measurements a re  f a s t e r  th a n  f i r s t  a r r i v a l  r e f r a c t i o n  tim es 

which i n  t u r n  a re  f a s t e r  th a n  hammer l i n e s  (H a l l  1970)• T h is  

i s  l a r g e l y  due t o  the  c rack  d i s t r i b u t i o n .  L a b o ra to ry  specim ens 

a re  sm a ll  and r e l a t i v e l y  c rack  f r e e ,  whereas hammer l i n e s  a re  

ru n  o v e r  exposed  ro ck  s u r f a c e s  w hich can be h e a v i l y  f r a c t u r e d .

3 .2 .3  S e ism ic  A rray

Analogue p lay b ack s  of th e  50 r e c o rd s  o b ta in e d  were made. 

The band p ass  was narrow ed and  th e  a t t e n u a t i o n  o f  th e  s i g n a l  

am p litude  was in c r e a s e d  i n  o r d e r  to  enhance r e f l e c t i o n  l i n e  

ups a n d /o r  f i r s t  b r e a k s .  A lso  th e  o p t io n  o f  s t r a i g h t  o r  com­

p o s i t e d  ( a d ja c e n t  c h an n e ls  added) paybacks was a v a i l a b l e .  The 

com posite  mode can  be h e l p f u l  i n  enhanc ing  r e f l e c t i o n  e v e n t s .

The re c o rd s  were th e n  examined f o r  r e f l e c t i o n s .  T h is  was 

u n s u c c e s s f u l .  The l a c k  o f  r e c o g n iz a b le  r e f l e c t i o n s  i s  p ro b a b ly  

due to  (a)  i n s u f f i c i e n t  a c o u s t i c  e n e rg y  and (b) r e v e r b e r a t i o n

- 40 -



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

t i o n s  s e r v e  t o  mask any weak r e f l e c t i o n  e v e n t s .

I t  i s  p o s s i b l e  t o  p i c k  f i r s t  b r e a k s  on c o n s e c u t i v e

r e c o r d s  { s h .  36, F ig .  3 .5 3 ) .

On some r e c o r d s  a  se co n d  r e f r a c t e d  a r r i v a l  may a l s o  be

p i c k e d .  These r e s u l t s  were p l o t t e d  as T — X g r a p h s  f o r  each

s h o t .  F ig .  3 .5 4  shows t h e  c o m p o s ite  T -  X g r a p h s  f o r  t h e

whole l i n e .  B a th y m e tr ic  and m a g n e t ic  i n f o r m a t i o n  i s  a l s o

shown. No c o r r e c t i o n s  f o r  w a te r  d e p th  h a v e  b e e n  a p p l i e d  t o

t h e s e  d a t a ,  as  t h e  d e p th  re m a in s  a p p ro x im a te ly  c o n s t a n t  f o r

th e  d i s t a n c e  c o v e re d  by each  s h o t .

3 . 2 .4  M ag ne tic  R e s u l t s

T hese  r e c o r d s  w ere  exam ined  w i th  th e  s p a r k e r  r e c o r d s  and 

w ere  a  v a lu a b l e  a i d  in  m apping c e r t a i n  g e o l o g i c a l  b o u n d a r i e s  

and in  d i s c r i m i n a t i n g  be tw een  d i f f e r e n t l y  m a g n e t i s e d  r o c k s  

(T a b le  3 . 2 ) .  They w ere  a l s o  o f  u se  in  d e t e r m i n i n g  t h e  

p ro b a b le  su b c ro p  o f  t h e  Moine T h r u s t  in  t h e  a r e a  ( s e e  

s e c t i o n  3 .3 4 ,  pp 5 2 - 5 3 ) .

L e w i s ia n , ,  L .O .R . l a v a  and T e r t i a r y  b a s a l t  o u t c r o p s  can  be 

i d e n t i f i e d  by t h e i r  m a g n e t ic  c h a r a c t e r .  The L e w is ia n  o u tc r o p  

N orth  o f  Io n a  i s  a cc o m p a n ie d  by a b ro a d  sm ooth  h i g h .  T h is  

h ig h  i s  a l s o  o b se rv e d  on t h e  I .G .S .  a e r o m a g n e t i c  map ( F i g .  

3 .6 4 )  n e a r  t h e  L e w is ia n  o u tc r o p  o f  w e s t e r n  Io n a .

Both  l a v a s  p o s s e s s  d i s t i n c t i v e  m a g n e t ic  c h a r a c t e r s .

L .O .R . l a v a s  a r e  c h a r a c t e r i s e d  by a n o m a l ie s  o f  w a v e le n g th  

300m and a m p l i tu d e  25 nT. T e r t i a r y  b a s a l t s  a r e  ed g ed  by lows 

of w a v e le n g th  a p p ro x . 600m and a m p l i tu d e  800 nT.

M ag n e tic  m odels ( F i g s .  3 .5 5  & 3 .5 6 )  h a v e  been  p ro d u c e d  

to  i l l u s t r a t e  t h e  d i f f e r e n c e s  in  anomaly fo rm  and  m a g n e t ic  

p a r a m e te r s  f o r  t h e s e  two l a y a  t y p e s  ( H a l l ,  p e rs .c o m m ).
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The essential differences being: a )  the magnitude and 

direction of the intensity of magnetisation vector (J); 

for Tertiary lavas J = 400 nT, dip -80 to N170° and for 

L.O.R. lavas J = 40 nT, dip 72° to N350°; b) geometry 

of magnetic bodies; shallow dipping sheets outcropping 

at both sides of the Knoll are used for the Tertiary lava 

model (Fig. 3.55) whilst steep dipping sheets (vertical 

in model for simplicity) with only one edge outcropping are 

required for the L.O.R. lava model (Fig. 3.56). Dips of 

10° - 30° are observed in the L.O.R. lavas of the Oban 

district (Lee et.al. 1925).

Extensive use of the magnetic records was made when 

interpreting the Firth of Lorne geology (see section 3.3.1 

p42). It was found that the magnetic character attributed 

to L.O.R. lavas occurred over the rocky ridges and that 

flat sections in the magnetic record corresponded to the 
troughs which are believed to be floored by L.O.R. sediments
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3 .3  The G e o lo g ic a l  I n t e r p r e t a t i o n

The map has been d iv id e d  i n t o  5 a re a s  (F ig .  3 .5 7 )  t o  be 

d i s c u s s e d  in  t u r n .  '

3* 3 .1  Area 1 , F i r t h  o f  Lome and th e  G a rv e l la c h s

T h is  a r e a  i s  c h a r a c t e r i s e d  by th e  s t r o n g  b a th y m e tr ic  

r e l i e f  o f  two groups of narro w , deep t r o u g h s ,  one t r e n d in g  

NNE-SSW and the  o th e r  NE-SW ( F ig .  3 * 5 8 ) .  A b r o a d e r  t r o u g h  (A 

on F igs*  3*3 & 3 .4 )  be tw een  Lismore and  K e r r e r a  c o n ta in s  a t  

l e a s t  100 m of r e c e n t  sed im en t th in n in g  southw ards*  South  o f  

K e r r e r a  (B on Figs. 3*3 & 3 .4 )  t h e r e  i s  a s m a l l e r  s e d im e n t-  

f i l l e d  b a s i n .

Minor p o c k e ts  o f r e c e n t  sed im en t occu r betw een th e  

G a rv e l la c h s  and S ca rba  ( C, D & E on F ig i  3 .3  & 3 . 4 ) .  A part 

from  th e s e  l o c a l i s e d  o c c u r re n c e s  th e  a re a  i s  d ev o id  o f  r e c e n t  

s e d im e n t•

The ro c k s  o u tc ro p p in g  a t  th e  seabed  can be s e p a r a t e d  i n t o  

th o se  which a re  m ag n e tise d  and th o se  which a re  not*  G e n e ra l ly  

the  rocks  which a re  m ag n e tise d  form  the  r id g e s  i n  the  a r e a  a t  

a round  30 m below  se a  l e v e l .  However, some do o c c u r  a t  g r e a t e r  

d e p th s ,  th e  m agne tic  r e c o r d  b e in g  c o r re s p o n d in g ly  a t t e n u a t e d  

( F ig .  3 .5 9 ,  F - F 1 on F i g .  3 . 2 ) .

The m ag n e tise d  ro ck s  can  be d iv id e d  on th e  b a s i s  o f  mag­

n e t i c  and s e i s m ic  c h a r a c t e r  (T able  3 .2 ,  Fig^. 3 .6 ,  3 .8 ,  3 .5 5  & 

3 .5 6 )  i n t o  l a v a s  o f LOR and T e r t i a r y  a g e .  The T e r t i a r y  la v a s  

o c c u r r in g  a t  th e  e a s t  c o a s t  o f  Mull e x te n d  a s h o r t  d i s t a n c e  

o f f  s h o r e .  LOR-lavas, which a re  r e c o g n is e d  on la n d  as f a r  w est 

as the  Loch Don a n t i c l i n e  on M ull,  form  th e  rem ain d er  o f the  

s h o a l s •

The m ost w e s te r ly  subm arine LOR. la v a  o u tc ro p  i s  c ro s s e d  

by the  SE s id e  of sonobuoy l i n e  2A/77 ( F i g s .  3 .1 4  & 3 . 3 4 ) .

The 5 .0  km s' a r r i v a l  o b se rved  i s  c o n s i s t e n t  w i th  o t h e r  v e l o c i t i e s
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m easured  on LOR la v a s  (Table  3 . 2 ) .  From s p a r k e r  re c o rd s  

c ro s s in g  t h i s  l i n e  v e ry  l i t t l e  r e c e n t  sed im en t i s  observed  

on the  s h o a l  (o n ly  sm a ll  p o c k e ts )  t h e r e f o r e  s u g g e s t in g  t h a t  

th e  2 .6  kms“ ^ a r r i v a l  a l s o  o b se rv ed  on t h i s  s id e  canno t be due 

to  r e f r a c t i o n  a lo n g  a seab ed  l a y e r  o f  r e c e n t  s e d im e n t .  I t  is 

p o s s ib l e  t h a t  t h i s  may be a s h e a r  wave a r r i v a l  r e s u l t i n g  from  

c o n v e rs io n  a t  th e  w a te r  -  seabed  i n t e r f a c e .  T h is  would g iv e  

a vf^As r a t i o  f o r  LOR la v a s  o f  1 .9  and a Po issoris  R a tio  (cr) 

o f  0 .3 1 .  The p r e v a l e n t  la v a  type  i n  th e  Oban and K e r r e r a  

d i s t r i c t  i s  a  f i n e - g r a i n e d  b a s a l t  (Lee and B a i le y  1925). 

Measurements on a  l a r g e  number o f  b a s a l t  sam ples o b ta in e d  

d u r in g  D .S .D .P . l e g  37 y ie ld e d  Poissoris  R a tio s  i n  the  range  

0 .27  -  0 .3 2  ( a t  0 .0 7  k b a r)  (Hyndman 1 9 7 4 ) .  L a b o ra to ry  m easu re ­

ments on ro ck s  o f  s i m i l a r  co m p o s it io n  have a l s o  p roduced  

s i m i l a r  v a lu e s ;  a l t e r e d  d ia b a se  (Vp/Vs 1*91 -  1 .9 3 ,  a 0 .3 1  -  

0 .3 2 ) ,  p a r t i a l l y  s e r p e n t i n i s e d  p e r i d o t i t e  (Vp/Vs 1 .88  -  1 .9 3 ,  

o' 0 .3 0  -  0 .3 2 )  and m etagabbros (Vp/Vs 1 .8 3  -  1 .9 3 ,  c 0 .2 9  -  

0 . 3 2 ) .  Rocks of d i f f e r e n t  c o m p o s it io n  have d i f f e r e n t  Vp/Vs* 

and P o is so n s  R a t io s ,  e . g .  q u a r t z i t e  Vp/Vs 1 .5 4 ,  <r 0 .136) 

(C h r i s te n s e n  19 65 ) .

The t ro u g h s  a r e  p ro b a b ly  o ccu p ied  by  LOR sed im en ts  

s e p a r a t e d  from  th e  LOR la v a s  by  e i t h e r  norm al o r  f a u l t e d  

b o u n d a r ie s .  Both ty p e s  o f  boundary  a re  o b se rv ed  on K e r r e r a  

(I.Gr.S . s h .  4 4 ) ,  th e  f a u l t s  hav ing  e i t h e r  NNB-SSW or NB-SW t r e n d .

F rank Lockwood*s I s l a n d  i s  p ro b a b ly  o f  LOR sed im en ts  

( I .G .S .  s h .  35) and , i f  t h i s  i s  s o ,  com prises  th e  m ost w e s t e r ly  

la n d  o u tc ro p  o f  th e s e  s t r a t a .  B a rb e r  e t  a l . (1979) have 

re c o v e re d  sam ples (3341, 3352, 3363) o f  cong lom era te  b e l i e v e d  

to  be LOR age from  s h o a ls  S o f  L. B u ie ,  i n d i c a t i n g  th e  most 

w e s te r ly  e x te n t  o f  th e s e  sed im en ts  i n  th e  a r e a  exam ined.

I t  must be n o te d  t h a t  an  a l t e r n a t i v e  f l o o r  to  th e  t ro u g h s
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ESS o f M ull co u ld  be D a l r a d ia n  s l a t e s  and p h y l l i t e s  which a re  

a l s o  non-m agne tic  and more e a s i l y  e ro d e d  th a n  LOR lava*  How­

e v e r ,  as  th e  LOR se d im e n ts ,  which u n d e r l i e  the  l a v a s ,  t h i c k e n  

westwards (Lee & B a i le y  1925) i t  i s  c o n s id e re d  h e re  more l i k e l y  

t h a t  th ey  o c c u r  i n  th e  tro u g h s*

Minor NW to  SE t r e n d i n g  f a u l t s  (GG', HHf and I I ’ ) a re  

p rop osed  t o  accou n t f o r  th e  d i f f i c u l t i e s  in  c o r r e l a t i n g  th e  

b a th y m e t r ic  and m ag n e tic  p r o f i l e s  o f  s u c c e s s iv e  l i n e s  up 

th e  F i r t h .  S im i la r  t r e n d i n g  f a u l t s  a re  o b se rv ed  on Mull 

in  th e  T e r t i a r y  la v a s  and c e n t r a l  i n t r u s i v e  r o c k s ,  a l s o  on 

th e  m ain lan d  a t  56° 20'N 05° 3 0 ’W in  th e  L.O.R. l a v a s .

I n  th e  s o u th e r n  p a r t  of t h i s  a re a  D a l ra d ia n  rocks  form  

the  G a rv e l la c h  I s l a n d s  (Bortaskaig Boulder Bed) and S carba  

( J u r a  q u a r t z i t e ) .

The P o r t a s k a ig  B o u ld er  Bed and th e  J u r a  Q u a r tz i t e  a re  

p ro b a b ly  b ro u g h t  i n t o  o u tc ro p  i n  th e s e  a re a s  by a c u lm in a t io n  

on th e  I s l a y  A n t i c l i n e .  The b a th y m e tr ic  t ro u g h  im m ed ia te ly  

west of the G a rv e l la c h s  i s  p ro b a b ly  o c cu p ied  by I s l a y  Lim estone 

which u n d e r l i e s  th e  P o r ta s k a ig  T i l l i t e  on I s l a y  (T able  1*2)* 

S pencer (1971) p ro p o sed  t h a t  m in o r  s i n i s t r a l  f a u l t s  be tw een  

the  I s l a n d s  o f  t h e  G a rv e l la c h s  o f f s e t  h o r iz o n s  i n  th e  T i l l i t e *  

He obse rved  f a u l t s  o f  s i m i l a r  t r e n d  and d i s p o s i t i o n  on th e  

i s l a n d s .  The sygm oidal t r e n d  o f  the  t ro u g h s  West and E a s t  o f  

th e s e  i s l a n d s  p ro b a b ly  o f f s e t t in g  the  more e a s i l y  e ro d ed  h o r i ­

zons would a p p e a r  to  s u p p o r t  t h i s  h y p o t h e s i s .

The deep t r o u g h  be tw een  th e  G a rv e l la c h s  and S ca rba  J - J ’ 

(Fig* 3*58) may mark the  l i n e  o f  a f a u l t  a p p a r e n t l y  downthrow- 

in g  to  th e  e a s t  the  J u ra  Q u a r tz i t e  s u c c e s s io n .  The l i n e  o f  

t h i s  t ro u g h  e x te n d s  so u th w a rd s ,  I n t o  a re a  2 , where i t  a f f e c t s  

Mesozoic s e d im e n ts .

S t r u c t u r a l l y  t h i s  a r e a  i s  dom inated  by  NNE-SSW and HE-SW
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g r a i n s  a t t r i b u t e d  to  f a u l t i n g  and to  the  g e o lo g ic a l  s t r i k e  o f  

th e  ro ck s  o u tc ro p p in g  i n  th e  a r e a .  F o r  th e  subm arine s t r u c t u r e s  

i t  i s  n o t  p o s s ib l e  to  d i s c r im i n a t e  be tw een  th e  two boundary  

t y p e s .  B a i le y  (1960) s u g g e s ts  t h a t  th e  v o lc a n ic  a c t i v i t y  

g iv in g  r i s e  to  the  Lorne P l a t e a u  Lavas may be g e n e t i c a l l y  

r e l a t e d  to  f a u l t  a c t i v i t y  a lon g  th e  G rea t  Glen F a u l t  l in e *  

Morton (1976) su g g e s ts  t h a t  t h i s  f a u l t i n g  may have in f lu e n c e d  

th e  n a tu r e  and l o c a t i o n  o f  th e  m argins of th e  b a s in s  i n  which 

th e  LOR sed im e n ts  were d e p o s i te d  and com prise  a wide f a u l t  

zone* H o r iz o n ta l  and m inor v e r t i c a l  movements p ro b a b ly  took  

p la c e  a long  th e s e  f a u l t s  d u r in g  Lower Old Red t im e s ,  b r in g in g  

la v a s  and sed im en ts  i n t o  c o n ta c t  w ith  e ac h  o t h e r .  S im i la r  

f a u l t  p a t t e r n s  a re  o b se rv ed  on K e r r e r a  (F ig .  3 .2 )*

The NW-SE f a u l t s ,  G-GT, H-Hf & I - I »  ( F ig .  3 .2 )  a re  p ro ­

b a b ly  l a t e r  th a n  th e  WNE-SSW and NE-SW f a u l t s  which t e rm in a te  

a g a i n s t  them . These f a u l t s  a re  p ro b a b ly  l a t e r  th a n  the  

T e r t i a r y  c e n t r a l  igneous complex on Mull as s i m i l a r  f a u l t s  

a f f e c t  rocks  o f  th e  complex ( I .G .S ,  s h .  4 4 ) .

The cu rved  shape of th e  M ull c o a s t l i n e  i s  c o n t r o l l e d  by 

r im  fo ld s  r e l a t e d  to  th e  i n t r u s i o n  o f  th e  M ull igneous c e n t r e .

3 .3 * 2  Area 2 , Between Colonsay and Ju ra

The n o r t h - e a s t  o f  t h i s  a re a  c o n ta in s  tv/o NE-SW t r e n d in g  

( J - J ! and K-K1, F i g .  3 .5 8 )  b a th y m e t r ic  t ro u g h s  which a re  p r o ­

b a b ly  f a u l t  l i n e s .  The most w e s t e r ly  t ro u g h  i s  an e x te n s io n  

o f  the  deep t ro u g h  ( J - J f ) ru n n in g  e a s t  o f  th e  G a rv e l la c h s*

The more e a s t e r l y  t r o u g h  i s  much b ro a d e r  and c o n ta in s  two 

p a r a l l e l  narrow  tro u g h s  b o th  c o n ta in in g  r e c e n t  sed im en t (see  

F i g .  3 .4 )  .

The w e s t - e a s t  d e p re s s io n  e x te n d in g  from th e  G ulf o f  

C o rry v reck an  i s  p ro b a b ly  due to  i n t e n s e  t i d a l  sco u r  from  the
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G re a t  Race - -  th e  t i d e s  a s s o c i a t e d  w ith  th e  G u lf  o f  C orryvreckan  

which can  re a c h  speeds o f  12 k n o ts*  These c u r r e n t s  a l s o  se rv e  

to  sweep the  a r e a  c l e a r  o f  r e c e n t  sed im ents*

Much of t h i s  a r e a  i s  o c cu p ied  by Mesozoic sed im en ts  as 

i n d i c a t e d  by a sm oother rockhead  w i th  sh a l lo w  d ip s  below  (Table 

3*2, F i g .  3 * 6 0 ) .  A pparen t v e l o c i t i e s  (3 .7  kms”1 , 3*4 kms"^,

3 .5  kms“ ^ ,  3 .6  km s"^, 3 .2  k m s 2. 6 k m s a n d  2 .8  kms”^) 

c o n s i s t e n t  w i th  Mesozoic sed im en t v e l o c i t i e s  o b ta in e d  e lsew here  

(T able  3 .2 )  have b e en  re c o rd e d  on sonobuoy l i n e s  1 0 /7 7 ,  5 /7 7 ,  

6 ^ / 7 ^  £„*/77 ( F ig s .  3 .4 1 ,  3 .3 5 ,  , 3 .3 7 ,  3 .3 8 ) .  Red san d ­

s to n e  of p o s s ib le  LOR o r  Perm o-T rias  age has been  re c o v e re d  

from  I .G .S .  b o re h o le  72 /9  (C h e s te r  e t  a l . 1 9 7 2 ) .  The p r e s e n t  

work would f a v o u r  a P e rm o /T r ia s s ic  age f o r  th e s e  sed im en ts  on 

the  ev id en ce  of a p p a re n t  s e ism ic  r e f r a c t i o n  v e l o c i t i e s  and th e  

o c c u rre n c e  o f  s h a l lo w  d ip p in g  r e f l e c t o r s  i n  th e  ro ck h ead  of 

t h i s  a r e a .

The w e s te rn  m arg in  o f  the  Mesozoic o u tc ro p  i s  f a u l t e d  

a g a i n s t  th e  T o r r id o n ia n  se d im e n ts .  T h is  f a u l t  i s  e x p re s s e d  by 

m inor b a th y m e t r ic  s c a rp  (L -L 1, F i g .  3 .5 8 )  to  th e  e a s t  of 

C o lonsay . The s c a rp  becomes l e s s  w e l l  d e f in e d  n o r th w a rd s .  A 

m agnetic  anomaly a l s o  c o in c id e s  w i th  the  p o s i t i o n  of t h i s  f a u l t  

(W estbrook & B o r r a d a i le  1978 ) .  T his f a u l t  has b e en  c o r r e l a t e d  

w ith  the  Loch G ru in a r t  f a u l t  on I s l a y  (Dobson e t  a l . 1975, 

D urrance  1976, Westbrook & B o r ra d a i le  19 78 ) .

A minimum downthrow to  th e  e a s t  o f  1 km has b een  p rop osed  

f o r  th e  Loch G r u in a r t  F a u l t .

The e a s t e r n  m arg in  o f  the  Mesozoic i s  a l s o  b e l i e v e d  to  be 

a f a u l t .  The f a u l t  l i n e  runs p a r a l l e l  t o ,  and j u s t  o f f ,  th e  

w est c o a s t  o f  J u r a .

S e ism ic  r e f r a c t i o n  l i n e s  i n  the  a r e a ;
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■Sonobuoy L ine  10 /77

The a r r i v a l s  w i th  a p p a re n t  v e l o c i t i e s  3 .4  km s ^ and 

3 .7  km s " 1 and i n t e r c e p t  t im e s  o f  0 .0 7 9 s  and 0 .7 5 s  r e s ­

p e c t i v e l y  a re  p ro b a b ly  r e f r a c t e d  from  th e  same s u r f a c e ,  

t h i s  i s  c o n s id e r e d  t o  be  M esozoic s e d im e n t .  The 

d i f f e r e n c e  in  a p p a re n t  v e l o c i e s  can be a t t r i b u t e d  t o  a 

d ip  o f  a p p ro x im a te ly  1^° SW on th e  M esozoic s u r f a c e .

No a r r i v a l  from  th e  r e c e n t  sed im en t  l a y e r  fo rm in g  th e  

s e a - b e d  can be r e c o g n i s e d .  I f  a v e l o c i t y  o f  2 km s ” ^ 

i s  assumed f o r  t h i s  sed im en t  l a y e r  i t s  t h i c k n e s s  would be 

72m. T h is  e s t im a t e  l i e s  w i t h in  t h e  ra n g e  o f  sed im en t  

t h i c k n e s s e s  (50 -90  m) o b se rv e d  on a s p a r k e r  l i n e  ru n n in g  

c lo s e  t o  t h e  sonobuoy l i n e .

C o r r e l a t i o n  o f  t h e  4 .4  km s ” *and 5 .7  km s ” ^ a r r i v a l s  g iv e s  

a mean v e l o c i t y  o f  5 .0 5  km s~ * . The d i f f e r e n c e  in  

a p p a r e n t  v e l o c i t i e s  can be a c c o u n te d  f o r  by an a p p a re n t  d ip  

o f  8 °  NE on t h e  r e f r a c t o r .  The mean v e l o c i t y  o f  5 .0 5  km s  ̂

i s  c o n s i s t e n t  w i th  t h e  v e l o c i t i e s  m easured  (T a b le  3 .2 )  f o r  

D a l r a d ia n  p h y l l i t e s  and q u a r t z i t e s .  The v e l o c i t i e s  f o r  

T o r r id o n ia n  s e d im e n ts  ( q u a r t z i t e . ,  n o t  m easured) a re  a l s o  l i k e l y  

t o  f a l l  in  t h i s  ra n g e  th u s  p r e v e n t in g  i d e n t i f i c a t i o n s  o f  t h i s  

r e f r a c t o r  on v e l o c i t y  g ro u n d s .

The 2 .4  km s a r r i v a l  se en  o n ly  on t h e  NE s i d e  i s  

a t t r i b u t e d  e i t h e r  t o  a b o u ld e r  c la y  h o r iz o n  o r  t o  an ’S ' wave 

from  t h e  5 .0 5  km s~^ r e f r a c t o r  w hich would g iv e  a P /S  

v e l o c i t y  r a t i o  o f  1 .8 3  and P o is s o n s  R a t io  of 0 .2 9 .  C h r i s t e n s e n  

(1965) has  o b ta in e d  a Vp/Vs r a t i o  a t  1 Kb of 1 .8 2  and a 

P o i s s o n ' s  R a t io  o f  0 .2 8 4  from l a b o r a t o r y  m easurem ents  on a 

s l a t e  specim en ; t h e s e  v a lu e s  a re  n o t  c lo s e  t o  t h o s e  m easured  

f o r  q u a r t z  (Vp/Vs 1.49; P o i s s o n ' s  R a t io  0 . 0 8 ( C h r i s t e n s e n  1 9 6 5 ) ) .

-  47 -



T h e r e f o r e  t h e  d e te r m i n a t i o n  o f  P /S  v e l o c i t y  r a t i o  and  P o i s s o n s *  

r a t i o  i s  o f  v a lu e  by i n d i c a t i n g  what t h e  r e f r a c t o r  i s  n o t .

The r e f r a c t o r  has  b een  i n t e r p r e t e d  as D a l r a d i a n  s l a t e  on t h e  

b a s i s  o f  t h r e e  l i n e s  o f  e v id e n c e

1) When t h e  g e n e r a l  t r e n d  o f  t h e  D a l r a d ia n  r o c k s ,  f rom  

t h e  G a r v e l l a c h s  t o  I s l a y  i s  ta k e n  i n t o  a c c o u n t  i t  i s  

p r o b a b le  t h a t  th e y  u n d e r l i e  t h e  sonobuoy  l i n e .

2) The v a lu e s  o f  P /S  v e l o c i t y  r a t i o  and P o i s s o n s 1 r a t i o  

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

t o  be T o r r id o n ia n  m e ta sed im en t  w hich  i s  p r e d o m in a n t ly  q u a r t z .

3) The Moine t h r u s t  h a s  been  l o c a t e d  t o  t h e  w e s t  o f  t h e  

sonobuoy l i n e  th e r e b y  s e p a r a t i n g  T o r r i d o n i a n  t o  t h e  w e s t  

from  D a l ra d ia n  t o  t h e  e a s t .

The s i t i n g  o f  t h e  Moine su b c ro p  was b a s e d  p r i m a r i l y  by 

c o n s i d e r a t i o n  o f  t h e  o n sh o re  geo lo gy  in  c o n j u n c t i o n  w i t h  t h e  

m a r in e  m a g n e tic  d a t a .  As in  t h e  a r e a  N o r th  o f  t h e  R oss  o f  

M ull ( p . 53) t h e  Moine T h ru s t  su b c ro p  was p la c e d  a p p r o x i m a t e ly  

2 km e a s t  o f  t h e  maxima o b se rv e d  on th e  m a r in e  m a g n e t i c  l i n e s .

I t  must be  n o te d  t h a t  t h i s  i s  o n ly  an a p p ro x im a te  p o s i t i o n  a s  

t h e  f o l lo w in g  a s su m p t io n s  a r e  m ad e :-

1) t h e  s h a l lo w e s t  m a g n e t ic  h o r i z o n  in  t h e  L e w is ia n  i s  a t  ^ 

a c o n s t a n t  d e p th  below  t h e  Moine T h r u s t  p l a n e .

2) t h e  Moine T h ru s t  p l a n e  h as  a c o n s t a n t  d i p .

Sonobuoy L in e s  5 /7 7 ,  5X/77 and 6 /7 7  ( F i g u r e s  3 . 3 5 ,  3 .3 6  

3 .3 7 ,  3 .3 8 )

S i m i l a r  a p p a re n t  v e l o c i t i e s  a r e  o b s e rv e d  a lo n g  t h e s e  l i n e s .

On l i n e  5 /7 7  a p p ro x im a te ly  280 m o f  M esozo ic  s e d im e n ts  a r e  

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

( F i g .  3 .3 5 ) .
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which has b e en  c o r r e c t e d  f o r  b e fo re  o b ta in in g  th e  a p p a re n t  

v e l o c i t i e s .  As l i k e  l i n e  1 0 /7 7 ,  t h i s  i s  b e l i e v e d  to  o v e r l i e  

D a l ra d ia n  p h y l l i t e  ( v e l o c i t y  o f  a p p ro x .  5 .3  kms“ 'L) •

Lower a p p a re n t  v e l o c i t i e s  2 .6  kms“ ^ and 2 .8  kms"-*- a re

r e c o rd e d  on sonobuoy l i n e  6^/77 and cou ld  be r e f r a c t e d  from

e i t h e r  a  c o a r s e ,  p o ro u s ,  Mesozoic sa n d s to n e  o r  a v e ry  s t i f f

b o u ld e r  c la y ,  the  fo rm er  f a v o u r e d .  On the NE s id e  o n ly  a

somewhat f a s t e r ,  p ro b a b le  Mesozoic a r r i v a l  i s  o b se rv ed .  T h is
—1 —1v e l o c i t y  o f  3 .3  kms (3 .2  kms" on 150 c u .  i n .  r e c o rd )  which 

cou ld  be e i t h e r  Mesozoic sa n d s to n e  o r  l im e s to n e .

For l i n e  6/77*.c> a t o t a l  o f 445 m o f  Mesozoic sed im ent i s  

e s t im a te d :  145 m of se ism ic  v e l o c i t y  2 .7  kms"-*-, p ro b a b ly

sa n d s to n e  and 300 m of a f a s t e r ,  3 .3  kms"-*-, ro ck  — e i t h e r  

f i n e r - g r a i n e d  san d s to n e  o r  l im e s to n e .  A s i m i l a r  e s t im a te  

(425 m) f o r  th e  t o t a l  Mesozoic t h ic k n e s s  i s  o b ta in e d  from 

l i n e  6/77,ro where the  low v e l o c i t y  a r r i v a l  2 .5  kms"-*- i s  i l l -  

d e f in e d  and o n ly  r e c o g n is e d  on th e  NE s i d e .

Mean v e l o c i t i e s  of 4 .7  kms” '*' and 4 .9  kms” '*' from  l i n e s  

6/77401 and 6 / 7 7 r e s p e c t i v e l y  a re  o b ta in e d  f o r  the basem ent 

which i s  b e l i e v e d  to  be D a l ra d ia n  p h y l l i t e .

S t r u c t u r a l l y  t h i s  a r e a  c o n ta in s  a b ro ad  b a s i n ,  w ith  

boundary  f a u l t s  ru n n in g  c lo s e  to  th e  sh o re s  o f  Colonsay and 

J u r a .  The b a s i n  i s  f l o o r e d  by D a lra d ia n  ro ck s  and c o n ta in s  a 

f i l l  which d a te s  back  a t  l e a s t  t o  the  P e rm o /T r ia s .  The t h i c k ­

ness  o f  th e  Mesozoic f i l l  i s  of th e  o rd e r  of 300 -  450 m.

3*3 .3  Area 5 ,  Between Colonsay and Mull

The e a s t e r n  p a r t  o f  t h i s  a r e a  i s  o c cu p ied  by  two b ro a d ,  

sh a l lo w  b a th y m e tr ic  d e p re s s io n s  (M & N, F i g .  3 .5 8 ) ,  one ex­

te n d in g  SW from  Loch Buie s e p a r a te d  from  th e  o th e r  to  the  

s o u th  by a s h a l lo w e r  a r e a .  I n  t h i s  e a s t e r n  a r e a  a  NE-SW-
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t r e n d in g  s e r i e s  o f  s h o a ls  ( l e s s  th a n  40 m deep) i s  o b se rv e d .

B oth  the  d e p re s s io n s  c o n ta in  s u b s t a n t i a l  th ic k n e s s e s  o f  r e c e n t  

sed im ent > 250 xn and so form  e x tre m e ly  deep tro u g h s  i n  ro c k ­

head  (see  F ig s  3 .3  and 3 . 4 ) ,

Vfest o f  t h i s  r e g io n  th e  seab ed  i s  g e n e r a l l y  no d eep e r  

th a n  80 m b . s . l .  w i th  e x te n s iv e  s h o a l  a re a s  (<  40 m) im m ed ia te ly  

o f f  th e  c o a s ts  o f  M ull and C olonsay . The rockhead  map and 

sed im en t i s o p a c h  maps ( F ig s .  3 .3  and 3 .4 )  i n  c o n t r a s t  show a 

deep t r o u g h  midway betw een Colonsay and M ull c o n ta in in g  su b ­

s t a n t i a l  r e c e n t  sed im en t (>  250 m a long  th e  a x i s ) .  T h is  t ro u g h  

i s  co n tin u o u s  w i th  the  t ro u g h  o r i g i n a t i n g  from Loch Buie 

though  th e y  have d i f f e r e n t  t r e n d s .

The s h o a l  a r e a  n o r th  o f Colonsay which i s  l a r g e l y  sed im en t 

f r e e  i s  o ccu p ied  by T o r r id o n ia n  r o c k s .  The T o r r id o n ia n  ro ck s  

e x te n d  t o  th e  s o u th e r n  m arg in  o f  th e  c e n t r a l  t r o u g h .

The s h o a l  a r e a s  s o u th  o f  Mull a re  formed from  s e v e r a l  

d i f f e r e n t  r o c k s .  South  o f  C a rsa ig  Bay two i n l i e r s  o f  Moine 

rocks  (P & Q, F i g s .  3 .2 ,  3 .5 8 )  have b e en  i d e n t i f i e d  on s p a rk e r  

r e c o rd s  (Table 3 .2 ,  F i g .  3 . 9 ) .  Sonobuoy l i n e s  1 /7 9 ,  2 /7 9 ,

3 /79  and 8 /79  ( F i g s .  3 .2 3 ,  3 .2 4 ,  3 .2 5 ,  3 .2 9 )  a l l  c ro s s  the

o u tc ro p  where a p p a re n t  v e l o c i t i e s  (5 .9  kms"-*-, 4 .8  kms*"^,
— 1 T *1 —T5 .5  kms " , 5 .3  kms " , 5 .0  kms " , 6 .2  kms ) c o n s i s t e n t  w i th

Moine ro ck s  (T able  3 .2 )  have been  o b se rv e d .  V e l o c i t i e s  con­

s i s t e n t  w ith  Mesozoic sed im en ts  (3 .2  kms"**', 3 .7  kms"**-, 2 .9  kms"***,

3 .1  kms"**-, 3 .6  kms"^*) have a l s o  been  r e c o g n is e d ,  s u p p o r t in g  

th e  i n t e r p r e t a t i o n  t h a t  th e s e  M oinian i n l i e r s  a re  su rro u n d ed  

by Mesozoic sed im en ts  and may a l s o  have p o c k e ts  o f  Mesozoic 

sed im en ts  i n  them .

O u t l i e r s  o f T e r t i a r y  b a s a l t  (R & S , F ig .  3 .2 )  have b e en  

i d e n t i f i e d  west o f  the  Moine i n l i e r s ,  r e c o g n is e d  by t h e i r  

d i s t i n c t i v e  s e i s m ic  and m agnetic  c h a r a c t e r  (T ab le  2 ) .
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The s h o a l  a r e a  im m ed ia te ly  so u th  o f  the  Ross o f  Mull i s  

l a r g e l y  th e  s o u t h e r l y  e x te n s io n  of The "Ross o f  M ull G r a n i t e ,

To the  s o u th  e a s t  of t h i s  g r a n i t e  an o u tc ro p  o f  Moine s t a n d ­

in g  p roud  of th e  su r ro u n d in g  g r a n i t e  i s  r e c o g n is e d ,  A pparen t 

v e l o c i t i e s  o f  around  5 ,4  kms“^ a re  ob se rv ed  on sonobuoy l i n e s  

6 /7 9  and 7 /79  which l i e  c lo s e  t o  th e  n o r t h e r n  m arg in  o f  t h i s  

o u tc r o p .  A pparen t v e l o c i t i e s  c o n s i s t e n t  w ith  Mesozoic s e d i ­

ments a re  a l s o  re c o g n is e d  on th e s e  l i n e s  s u g g e s t in g  t h a t  

p o c k e ts  o f  Mesozoic sed im en ts  l i e  on th e  Moine,

The rem a in d e r  o f the  n o r th e r n  rockhead  a r e a  ( s h a l lo w e r  

th a n  100 m b , s . l , )  i s  form ed o f  Mesozoic sed im en ts  i n  which 

a p p a re n t  d ip s  o f  1° -  9° a re  o b se rv e d .

The S e ism ic  A rray  Line ( P ig ,  3 .5 4 )  and sonobuoy l i n e s  

9 /77 40 and 9 /77  150 ( P ig s .  3 .3 9  & 3 .4 0 )  were b o th  s h o t  over 

th e  c e n t r a l  t ro u g h  (Fi g .  3 . 1 ) .  P i g .  3 .4  shows th e  a p p a re n t  

v e l o c i t i e s  o b se rved  a lon g  the  S e ism ic  A rray  L in e .  Shot numbers 

i n c r e a s e  so u th w e s tw a rd s . Up to  s h o t  13 a p p a re n t  v e l o c i t i e s  

l e s s  th a n  3 .0  kms”-*- o n ly  a re  o b se rv e d ,  p ro b a b ly  from  a r r i v a l s  

which have b e en  r e f r a c t e d  a lo n g  the  s o f t  sed im en t form ing  th e  

se a b e d .  Beyond s h o t  13 v e l o c i t i e s  g r e a t e r  th a n  3 .0  kms”^

(b u t  l e s s  th a n  4 kms) a re  a l s o  ob se rv ed  and a re  g e n e r a l l y  con­

s i d e r e d  to  be r e f r a c t e d  from  Mesozoic h o r i z o n s .  Two r e f r a c t o r s  

w i th  a p p a re n t  v e l o c i t i e s  g r e a t e r  th a n  4 kms”^ a re  o b se rv ed  

( s h .  26 , 4 .1  kms”"** and s h .  38, 4 .5  kms“^) . I t  i s  l e s s  l i k e l y  

t h a t  th e s e  can  be a t t r i b u t e d  to  Mesozoic h o r i z o n s ;  more 

l i k e l y  th e y  a re  from  L.O.R. sed im en ts  o r  th e  u n d e r ly in g  b a s e ­

m ent, the  c o m p o s it io n  o f  which i s  i n  d o u b t .

E vidence  from  sonobuoy l i n e  9 /77  40 ( P ig .  3 .4 0 )  i n d i c a t e s  

the  p re se n c e  o f  a p p ro x . 300 m o f  r e c e n t  s e d im e n t .  The b ase  o f  

the  s o f t  sed im en ts  can  be fo l lo w e d  to  th e  l i m i t  o f  the  r e c o rd  

(500 ms) on some o f  th e  s p a r k e r  l i n e s  c r o s s in g  th e  t ro u g h
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( F ig .  3.61) i n d i c a t i n g  a th ic k n e s s  of £^ 400 m sed im en t a t  t h a t  

p o i n t .

The r e c e n t  sed im en t i s  u n d e r l a in  by  a p p ro x im a te ly  270 m 

of Mesozoic s e d im e n ts .  A range of a p p a re n t  v e l o c i t i e s ,

4 .2  kms"^ -  6 .4  kms”^ ,  a re  ob se rv ed  (L ines  9/77 40 & 9/77  150 

F i g s .  3 .4 0  & 3 .4 1 )  from  h o r iz o n s  be low  th e  Mesozoic s t r a t a .

The c o m p o s it io n  o f  the  basem ent rock s  which g iv e s  r i s e  to  

th e s e  a r r i v a l s  i s  p r o b l e m a t i c a l .  One p o s s i b i l i t y  b e in g  t h a t  

th e  low er v e l o c i t i e s  a re  from  s h a t t e r e d  basement and the  h ig h e r  

v e l o c i t i e s  from  l e s s  s h a t t e r e d  basem ent which may be L ew is ia n ,
n.c*A \ ij-cA h L -  O  • f * -  ■ 'S •ecX-v.'Two. ^  V s  t a  »  u .

Moxnian o r  T o r r id o n ia n .  .

The se ism ic  c h a r a c t e r  a t t r i b u t e d  t o  r e c e n t  s e d im e n t ,  i . e .  

t h a t  o f  c lo s e  e v e n ly  spaced  p a r a l l e l  h o r i z o n t a l  o r  g e n t ly  

u n d u la t in g  r e f l e c t i o n s  ( F ig .  3 .6 1 )  i s  c o n s t a n t  o v e r  most o f  

th e  a r e a .  However, w est of 0 6 °2 6 f a h o r iz o n  of g r e a t e r  

a m p li tu d e  and c o n ta in in g  many h y p e rb o l ic  r e f l e c t i o n s  i s  ob­

s e rv e d  (F ig .  3 .6 2 ) •  Rockhead i s  no t o b se rv ed  below t h i s  

h o r i z o n  which may be th e  s u r f a c e  of a b o u ld e r  c l a y  l a y e r .

S o u th e a s t  o f  Dubh A r ta c h ,  p o o r ly  d e f in e d  rockhead  can  be 

o b se rv ed  b re a k in g  th ro u g h  th e  b la n k e t in g  h o r iz o n  i n  th e  r e c e n t  

sed im en t d e s c r ib e d  above ( F ig .  3 .6 3 ) .  On th e  c o r re sp o n d in g  

m agnetic  r e c o rd s  low a m p li tu d e  ( ^ 2 0 0  nT) m odera te  w ave leng th  

anom alie s  a re  o b se rv e d .  The c h a r a c t e r  o f  th e s e  anom alies  i s  

u n l ik e  th o se  a s s o c i a t e d  w ith  T e r t i a r y  o r  L .O .R . l a v a s .

I t  i s  c o n s id e re d  l i k e l y  t h a t  t h i s  i s  a d o l e r i t e  s i l l  

s i m i l a r  t o  Dubh A r ta c h .

Summary; T h is  a r e a  i s  dom inated  by  a major d e p re s s io n  

i n  rock h ead  (> 3 00 m) which t r e n d s  040° im m e d ia te ly  s o u th  o f  

Loch Buie sw ing ing  round  to  060° s o u th  o f  Malcolm1s P o in t  

( F ig .  3 . 3 ) .  The t r o u g h  c o n ta in s  a s u b s t a n t i a l  f i l l  o f  r e c e n t  

and  Mesozoic s e d im e n ts .  The co u rse  o f  th e  t r o u g h  i s  b e , l i > \ / e a

-  51 -



t o  f o l lo w  th e  o f f s h o r e  e x te n s io n  o f  th e  G re a t  Glen F a u l t  

zone . The z ig - z a g  shape  o f  t h e  f l a n k s  o f  th e  t ro u g h  can be 

e x p la in e d  by two s e t s  o f e n -e c h e lo n  f a u l t s ,  one w i th  a n o r t h -  

n o r t h - e a s t  t r e n d  e x p l o i t i n g  th e  p r e - e x i s t i n g  C a le d o n ia n  

g r a i n ;  t h e  o t h e r  w i th  a more e a s t - w e s t  o r i e n t a t i o n  was 

p ro b a b ly  i n i t i a t e d  w i th  t h e  commencement o f  movements a lo n g  

th e  G re a t  Glen F a u l t  zone . As t h e  o r i e n t a t i o n  of one o f  th e s e  

f a u l t  s e t s  ( n o r t h - n o r t h - e a s t  t r e n d i n g  s e t )  i s  i n h e r i t e d  i n f e r ­

e n ce s  r e g a r d i n g  th e  s e n s e  of d is p la c e m e n t  a lo n g  th e  f a u l t  zone 

c an n o t  be drawn from g e o m e tr ic  r e l a t i o n s h i p s  be tw een  t h e s e  

f a u l t  s e t s  and th e  main f a u l t  zone.

The i n t e r p r e t a t i o n  o f  e n -e c h e lo n  f a u l t i n g  i s  b a se d  on 

g e o m e tr ic  c o n s i d e r a t i o n s .  U n f o r tu n a te ly  th e  s e i s m ic  d a t a  

a v a i l a b l e  i s  l i m i t e d  as t h e  d ep th  o f  p e n e t r a t i o n  i s  i n s u f f ­

i c i e n t  t o  p e rm it  t h e  c o n ta c t  be tw een  T o r r id o n ia n  and M esozoic 

se d im e n ts  t o  be  v iew ed , th e r e b y  p r e v e n t in g  v i s u a l  c o n f i r m a t io n  

of i t s  n a t u r e .

The ab sen c e  o f  v e ry  s t e e p l y  d ip p in g  ( g r e a t e r  th a n  70°) 

f l a n k s  t o  th e  t ro u g h  as would be e x p e c te d  o f  f a u l t  p l a n e s  a lo n g  

which m ajo r  h o r i z o n t a l  d is p la c e m e n t  has  ta k e n  p l a c e  i s  p ro b a b ly  

due t o  e r o s io n  o f  th e  f a u l t  s c a r p s .

D o w n -fa u l t in g  d u r in g  a n d /o r  p o s t  M esozoic  t im e s  has  

cau se d  th e  M esozoic i n t e r v a l  t o  be d e p re s s e d  in  th e  t r o u g h ,  

though  d i f f e r e n t i a l  e r o s io n  may a cco u n t  f o r  a l l  o r  p a r t  o f  

th e  lo w e r in g  o f  th e  M esozoic s u r f a c e .

The f o l lo w in g  i s  a seq u en ce  o f  e v e n ts  which may have  le d  

t o  t h e  p r e s e n t  day c o n f i g u r a t i o n .

1) M ajor s i n i s t r a l  s t r i k e - s l i p  movement was ta k e n  up a lo n g  a 

number o f  e n -e c h e lo n  f a u l t s  o r i e n t a t e d  p a r a l l e l  t o  t h e  e x i s t i n g  

C a le d o n ia n  l i n e s  o f w eakness .  The t im in g  of t h i s  movement i s  

u n c e r t a i n  b u t  i s  b e l i e v e d  to  have ta k e n  p l a c e  d u r in g  Lower Old 

Red s a n d s to n e  t im e s .
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2) P r e f e r e n t i a l  e ro s io n  of t h e  f a u l t  zone to  p roduce  a t r o u g h .
3) W idespread  d e p o s i t i o n  of sed im en t  d u r in g  th e  Mesozoic, 
sm oo th ing  o ve r  th e  s t e e p  f a u l t e d  m arg ins  o f  th e  t ro u g h ,  accomp­
a n ie d  by downwarping -  though t h i s  may on ly  have been s u f f i c i e n t  
t o  c a u se  f l e x u r e  of th e  s t i l l  s o f t  Mesozoic s e d im e n ts .
4) D e p o s i t io n  o f  T e r t i a r y  s e d im e n ts .
5) G l a c i a l  e r o s io n  may have r e - e x c a v a te d  th e  t ro u g h .
6) D e p o s i t io n  o f  p o s t  g l a c i a l  se d im e n ts  t o  produce a r e l a t i v e l y  
smooth s e a  b e d .

3 .3 * 4  Area 4 ,  N orth  of the  Ross o f  Mull

I n  t h i s  a r e a  p ronounced b a th y m e t r ic  s c a rp s  a re  form ed by  

th e  edges o f  T e r t i a r y  b a s a l t  o u t c r o p s .  The T e r t i a r y  b a s a l t  

i s  r e c o g n is e d  by i t s  d i s t i n c t i v e  s e i s m ic  and m agn e tic  c h a r a c t e r  

(T ab le  3 . 2 ) .  These s c a rp s  r i s e  a p p ro x .  100 m above the  se ab e d  

( P ig .  3 .6 )  which i s  u s u a l l y  u n d e r l a in  by  a v a ry in g  amount o f  

r e c e n t  sed im en t o v e r ly in g  Mesozoic s t r a t a .  A pparen t d ip s  o f  

2 -6 °  a re  o b se rved  w i th in  th e  M esozoic s t r a t a .  A pparent d ip s  

o f  1° and 3° a re  m easured a lo n g  r e f l e c t i o n s  w i th in  th e  T e r t i a r y  

l a v a s ,  i . e .  from  th e  s u r f a c e  of la v a  flow s ( a t  NSS0^ ' ,

W06o3 2 , ) •  S p a rk e r  and m agne tic  r e c o r d s  show t h a t  a l l  th e  

s h o a l s  (T, U, V F i g .  3 .5 8 )  n o r t h  o f  a re  formed from

T e r t i a r y  b a s a l t s .

S ou th  o f  5 6°10 t the  c h a r a c t e r  o f  th e  s p a r k e r  and m agn e tic  

r e c o rd s  c ro s s in g  s h o a l  a re a s  i s  u n l ik e  t h a t  a t t r i b u t e d  to  

T e r t i a r y  B a s a l t s .  I n  t h i s  a re a  s e v e r a l  d i f f e r e n t  c o m b in a tio n s  

o f  s e ism ic  and m agne tic  c h a r a c t e r  a re  o b s e rv e d .  Moine g n e i s s  

and g r a n i t e  a re  r e c o g n is e d  by  ro u g h  s u r f a c e s  and a re  d i s t i n g u i s h e d ,  

one from  ths  o t h e r ,  by the  g r e a t e r  f r e q u e n c y  o f  th e  i r r e g u l a r ­

i t i e s  i n  th e  Moine rocks  and a l s o  by e x t r a p o l a t i o n  from  sh o re  

g e o lo g y . The L ew is ian  o u tc ro p  i s  a s s o c i a t e d  w ith  a m ag n e tic  

h ig h ,  a l s o  o b se rv ed  on th e  a e ro m a g n e tic  map o v e r  Io n a  ( I .G .S .

Aero Mag. Sh.10, - 3 ' (?*+)

To th e  w est o f th e  L ew is ia n  o u tc ro p  f u r t h e r  sm a ll  outcrops
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of T e r t i a r y  b a s a l t  o ccu rs  e i t h e r  as sm a ll  i s l a n d s  o r  as sub­

m arine  o u tc ro p s  •

N orth  of th e  L ew is ian  o u tc ro p  th e  m agne tic  h ig h  can be 

t r a c e d  t r e n d in g  n o r t h e a s t .  I t  i s  c o n s id e re d  t h a t  t h i s  marks 

the  t r e n d  of L ew is ia n  ro c k s  l y in g  a t  s h a l lo w  d e p th  o v e r l a in  

by Mesozoic s t r a t a .  The h ig h  can  be se e n  to  d e c l in e  e as tw a rd s  

w i th  a f a i r l y  c o n s t a n t  g r a d i e n t  (F ig .  3 .6 4 )  i n d i c a t i n g  th e  

i n c r e a s in g  d e p th  t o  th e  L ew is ian  s u r f a c e  e a s tw a r d s .  Over much 

o f  t h i s  a r e a  Moine rocks  have been  shown to  form th e  se a b e d .

G e n e ra l ly  th e  Moine T h ru s t  s e p a r a t e s  Moine ro c k s  i n  th e  

e a s t  from  T o r r id o n ia n  ro c k s  i n  th e  w e s t .  T o r r id o n ia n  rocks  

a r e  found  on Io n a ,  su g g e s t in g  t h a t  th e  Moine T h ru s t  must l i e  

e a s t  of t h i s  o u tc r o p .  I t  has b een  su g g e s te d  t h a t  i t  runs 

th ro u g h  th e  Sound of Io n a  (B ins e t  a l .1973 , B arber e t  a l . 

1 9 7 9 ) .  T h is  l i n e  l i e s  a p p ro x . 2 km e a s t  o f  th e  m a g n e tic  h ig h  

s u g g e s t in g  t h a t  th e  n o rth w ard  e x te n s io n  o f  th e  Moine T h ru s t  

f o l lo w s  the  t r e n d  o f  the  m agne tic  maxima b u t  i s  d i s p la c e d  

e a s tw a r d s .  T h is  i s  b ecau se  the  m agnetic  h ig h  i s  a t t r i b u t e d  

to  a m ag n e tise d  h o r iz o n  w i th in  th e  L ew is ia n  which i s  o v e r l a i n  

by  n o n -m ag n e tised  L ew is ian  and a l s o  T o r r id o n ia n  s e d im e n ts .

The m ag ne tic  g r a d i e n t  e a s tw a rd s  would t h e r e f o r e  c o r r e l a t e  w ith  

the  Moine T h ru s t  p lan e  d ip p in g  e a s tw a rd s  b e n e a th  the Moine 

ro c k s •

The n e x t  o c c u r re n c e  no rthw ards  o f  Moine rocks i s  a t  th e  

w e s te rn  a p p ro ach  to  L. S u n a r t  and on Ardnamurchan. The Moine 

T h ru s t  must l i e  to  th e  west o f  th e s e  o u tc ro p s  which i s  n o t  

in c o m p a t ib le  w i th  t h e  co u rse  p ropo sed  a b o v e „

3 .3 .5  Area 5 , West of Lismore I s l a n d

The o f f s h o r e  e x te n s io n  of th e  T e r t i a r y  b a s a l t s  around
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D uart  C a s t le  i s  r e c o g n is e d  on s p a r k e r  and m agnetic  r e c o r d s .

The b a s a l t  e x te n d s  a p p ro x im a te ly  1 km o f f s h o r e •

West o f  Lismore a b a th y m e tr ic  s c a rp  t r e n d in g  SW-NE i s  

o b se rv ed  (W-Wf F i g .  3 .5 8 ) .  T h is  i s  c o n s id e re d  to  be th e  l i n e  

o f  a f a u l t  s e p a r a t in g  Lismore l im e s to n e  to  the  e a s t  from  

Mesozoic s t r a t a  to  the w e s t .  Evidence f o r  M esozoic s t r a t a  

comes from  th e  s p a r k e r  r e c o rd s  on which a p p a re n t  d ip s  o f  a p p ro x . 

10-15° to  the  s o u th e a s t  a re  t e n t a t i v e l y  r e c o g n is e d .  F u r t h e r  

s u p p o r t  comes from the n a tu r e  o f  ro ck h ead , i t  b e ing  o f  a 

sm oother n a tu r e  th a n  t h a t  o f  o th e r  c a n d id a te s  f o r  th e  s e a f l o o r  

as  o b se rv ed  e lsew h ere  (Table 3 .2 )  .

The p re se n c e  of Mesozoic s t r a t a  a t  Inninm ore Bay Morven 

(5 6 °3 1 ! N, 05o4 2 .5 JW) and on Mull s e p a r a t e d  from  the  subm arine 

o u tc ro p  by  a b e l t  o f  T e r t i a r y  b a s a l t  would a l s o  su p p o r t  t h i s  

h y p o t h e s i s •

The Mesozoic o u tc ro p  te r m in a te s  to  the  NW a g a i n s t  th e  

Morven g r a n i t e  — t h i s  c o n ta c t  i s  n o t  c ro s s e d  by  any o f  th e  

s p a rk e r  r e c o r d s .

The deep l i n e a r  b a th y m e tr ic  d e p r e s s io n  which foim s Loch 

Linnhe and i s  b e l i e v e d  to  mark the  s h a t t e r  zone o f  the  G rea t  

G len F a u l t  i s  o b se rv ed  to  e x te n d  a c r o s s  the  Sound of Mull 

( F ig .  3 .5 8 )  tow ards D uart Bay, i n d i c a t i n g  t h a t  th e  p a th  of 

the  G re a t  G len F a u l t  fo l lo w s  t h i s  t r e n d  a l s o .

3 .4  D is c u s s io n

S e v e ra l  d i f f e r e n c e s  betw een  t h i s  s tu d y  and t h a t  o f 

B arber  e t  a l . (1979) ( F ig .  3 .6 5 )  a r i s e ;

(1) The co u rse  o f  t h e i r  (B arber  e t , al. i<m) N o rth e rn  s p l a y  o f  

th e  F i r t h  of Lorne F a u l t  i s  se en  to  t r e n d  d i s c o n t in u o u s ly  a t  

055° as f a r  as 06°W, i d e n t i f i e d  a p p a r e n t ly  on b a th y m e tr ic  

e v id e n c e .  I n s p e c t i o n  o f  th e  d e t a i l e d  b a th y m e tr ic  map (R ash id
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1978, F i g .  3 .5 8 )  shows no c o r r e l a t a b l e  b a th y m e tr ic  t r e n d  w ith  

t h i s  supposed  f a u l t  l i n e ,  r a t h e r  th e  t r e n d  o f  f a u l t s  (NNE - 

SSW and HE -  SW) ob se rv ed  i n  th e  F i r t h  o f  Lorne c o n t in u e s .

(2) The s o u th w e s te r ly  e x te n t  o f  th e  LOTI la v a s  and s e d im e n t .

On the  a d m i t te d  ten uou s  ev idence  t h a t  e r r a t i c s  o f  L .O .R .S . 

a s p e c t  (W right & B a i le y  1911) found on Colonsay a re  d e r iv e d  

from  the  s e a f l o o r  im m e d ia te ly  e a s t  o f  C olonsay , B a rb e r  e t  a l . 

(1979) have c o n tin u e d  th e  o u tc ro p  o f  th e s e  rocks as f a r  s o u th  

as 5 6 °4 l H. However, i t  i s  b e l i e v e d  i n  t h i s  s tu d y  t h a t  th e s e  

rock s  e x te n d  no f u r t h e r  so u th  th a n  56o1 0 ’ ( th e  s o u th e rn  t i p  

o f  S c a r b a ) • The d i s t i n c t i v e  b a th y m e tr ic  c h a r a c t e r ,  t h a t  o f 

s u b p a r a l l e l  deep t r o u g h s ,  a s s o c i a t e d  w ith  th e s e  ro ck s  i n  the  

n o r t h e a s t ,  does n o t  ex te n d  beyond the  a re a  o f  o u tc ro p  p r o ­

posed  h e r e .

I t  i s  th o u g h t t h a t  much o f  th e  se ab e d  i n  t h i s  a r e a  i s  

u n d e r l a in  by Mesozoic s t r a t a .  S upport f o r  t h i s  comes from  

t h r e e  s o u r c e s ,  (a)  I .G .S .  b o re h o le s  7 1 /9  and 7 3 /2 5 .  Bed 

sa n d s to n e  was re c o v e re d  from b o reh o le  7 l / 9  a t  42 m below  th e  

se a b e d , th e  age q u o ted  as e i t h e r  LOR o r  HRS i n  age (I.G-.S . 

r e p .  7 2 /1 0 ) .  Red brown san d sto n e  from  35 m below seabed  was 

o b ta in e d  from 73 /25  which i s  th o u g h t  to  be HRS i n  age (I .G -.S . 

r e p .  7 4 / 7 ) .  (b) A pparen t v e l o c i t i e s  (2*6 kms“^ -  3 .8  kms"'*')

c o n s i s t e n t  w i th  Mesozoic s t r a t a  have b e en  r e c o rd e d  on sonobuoy 

l i n e s  1 0 /7 7 ,  6 /7 7 ,  5 /77 and 5X/77 ( t h i s  s t u d y ) ,  (c )  Rockhead 

o b se rv ed  on th e  many s p a r k e r  l i n e s  t r a v e r s i n g  t h i s  a r e a  has 

a s e i s m ic  c h a r a c t e r  i n  k e e p in g  w i th  t h a t  o f  Mesozoic s t r a t a  

o b se rv ed  e lsew h ere  (F ig .  3 . 6 0 ) .

(3) A c o u s t ic  type r e f l e c t i o n  A o f  B arber  e t  a l . (1979) forms 

a m ajo r p a r t  o f  the  t ro u g h  f i l l  which i s  b e l i e v e d  to  be o f  

Mesozoic age (B arbe r  e t  a l . 1979)• The ev id en ce  f o r  t h i s  i s  

b a se d  on a d redge  sample (3376 B arber e t  a l . 1979) o f w e l l
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bedded c a lc a r e o u s  sa n d s to n e  o b ta in e d  from  a s i t e  c lo s e  to  th e  

s o u th e rn  m arg in  o f  th e  t ro u g h  where th e  a c o u s t i c  c h a r a c t e r  

d e s c r ib e d  above i s  observed*  T h is  a c o u s t i c  u n i t  i s  o b se rv ed  

by  B arber e t  a l . (1979) to  o v e r l i e  to p o g r a p h ic a l ly  ro u gh  

a c o u s t i c  basem ent where i t  d i s p l a y s  com paction  f o l d in g  and 

d ra p in g  e f f e c t s .

T h is  ty p e  o f  se ism ic  c h a r a c t e r  i s  c o n s id e re d  h e re  to  be 

i n d i c a t i v e  o f  T e r t i a r y  -  r e c e n t  s e d im e n ts .  Where Mesozoic 

rockhead  i s  o b se rv ed  -  c h a r a c t e r i s e d  by low ang le  a p p a re n t  

d ip s  ( 3 -15 °)  -  d e ep e r  r e f l e c t i o n s  from  a c o u s t i c  basem ent

ro c k  b e n e a th  th e  Mesozoic s t r a t a  a re  n o t  o b se rv e d .  I n  add­

i t i o n ,  a c o u s t i c  basem ent o f  s e v e r a l  ty p es  in c lu d in g  M esozoic 

can  be s e e n  to  be o v e r l a i n  by  such  r e c e n t  s e d im e n ts •

T hat the  sample c o l l e c t e d  by B arber ‘ et.aL  . (1979) i s  

o f  J u r a s s i c  age i s  no t d o u b ted .  I t s  c o r r e l a t i o n  w i th  a 

p a r t i c u l a r  r e f l e c t i o n  c h a r a c t e r  however i s  q u e s t io n e d .  The 

US© o f  d redge sam ples i s  always hazardous as sample l o c a t i o n  

i s  u n c e r t a i n  and more im p o r ta n t ly  one can no t be su re  t h a t  an  

Ti n  s i t u 1 sample i s  o b t a in e d .  I t  i s  no t  in c o n c e iv a b le  t h a t  

p e b b le s  o f  t h i s  age can be found on the  s e a f l o o r  i n  t h i s  a r e a .
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CHAPTER FOUR 

DISCUSSION

4 .1  The G rea t  G len F a u l t

4 . 1 . 1  The G re a t  Glen F a u l t  I n  th e  s tu d y  a re a

The G rea t  G len F a u l t  fonns  th e  w e l l  d e f in e d  t r o u g h  I n  

rock head  SW from Loch Buie (F ig .  3 . 3 ) .  The m orphology of t h i s  

m arg in  i s  s i m i l a r  to  t h a t  of th e  G re a t  Glen F a u l t  on l a n d .

The w id th  o f  th e  subm arine  t r o u g h  i s  2 -3  km. The la n d  t ro u g h  

i s  a p p ro x im a te ly  3 km w ide . Both t ro u g h s  have s t r i k i n g l y  

s t e e p  m arg ins (11° -  2 6 ° ) .

On Mull th e  T e r t i a r y  la v a s  obscure  the  c o u rs e .  The G rea t  

G len F a u l t  i s  b e l i e v e d  to  f o l lo w  th e  t r e n d  o f  L. Linnhe p a s s in g  

D uart Bay, L. Spe lve  where a m assive  th ic k n e s s  (1000m) of 

T r i a s s i c  sed im en ts  have been  re c o rd e d  (R as t  e t  a l . 1968 ) to  

Loch B u ie .  S t e e l  (1971) has su g g e s te d  t h a t  d e p o s i t i o n  of the  

T r i a s s i c  sed im en ts  i n  Loch Spelve  was t e c t o n i c a l l y  c o n t r o l l e d  

by NW d o w n - fa u l t in g  on the  G rea t  G len  F a u l t .  I t  i s  p o s s ib le  

t h a t  th e  co u rse  o f th e  G rea t  G len F a u l t  may have been  d i s p l a c e d  

by th e  f o r c e f u l  emplacement o f  th e  Mull c e n t r e  (P h e m is te r  1960): 

the  G rea t  G len  F a u l t  may l i e  below  th e  cu rv ed  Loch S p e lv e .

For a p p ro x im a te ly  14 km so u th w es t  o f  Loch Buie the  t r e n d  

o f  th e  G re a t  G len F a u l t  t r o u g h ,  040° , i s  th e  same as  th e  t r e n d  

o b se rv ed  i n  Loch L in n h e . Beyond t h i s  p o i n t  the  t r e n d  a b r u p t l y  

changes to  060° as th e  t r o u g h  c o n t in u e s  SW. At the  SW edge o f  

o f  th e  s tu d y  a re a  th e  t ro u g h  i n  rockhead  i s  o b scu red  by  a cover 

o f  more th a n  50 m o f  r e c e n t  s e d im e n t .

The m arg ins  o f  t h e  t r o u g h  a re  s ig m o id a l ,  and a re  a t t r i b u t e d  

to  a s e r i e s  o f en e c h e lo n  f a u l t s  ( F ig .  3 .2 )  i n c l i n e d  o b l iq u e ly  

to  th e  m ain t r e n d  o f  th e  t r o u g h .  The o r i e n t a t i o n  of th e s e  en
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e c h e lo n  f a u l t s  I s  c o n s i s t e n t  w i th  the  o r i e n t a t i o n  o f  g a sh -  

f r a c t u r e s  (K ied e l  1929, De S i t t e r  1956) caused  by s i n i s t r a l  

d i s p la c e m e n t .  I t  i s  p o s s ib l e  th e s e  f a u l t s  may be e x p l o i t i n g  

p r e - e x i s t i n g  w eaknesses i n  th e  basem ent r o c k s ,  A s i m i l a r  

p a t t e r n  of f a u l t i n g  has been  o b se rv ed  on th e  A lpine F a u l t  

(B ishop 1 968).

A c o n s id e r a b le  th ic k n e s s  ( ^ 3 0 0  m) of s o f t  s e d im e n t ,p r o ­

b a b ly  p o s t - g l a c i a l , f i l l s  th e  t r o u g h  (100 m a t  In v e rn e s s  

Horne & Hinxman 1914) so t h a t  th e r e  i s  no e x p re s s io n  on th e  

s e a b e d ,  A s i m i l a r  th ic k n e s s  o f  Mesozo ic  s t r a t a  l i e ,  b e n e a th  

the  s o f t  s e d im e n t .  The Mesozoic s t r a t a  o v e r l i e s  a basem ent 

w ith  a p p a re n t  v e l o c i t i e s  of u n c e r t a i n  a f f i n i t i e s .  I f  as  on 

la n d  th e  G rea t Glen F a u l t  i s  marked by a zone of s h a t t e r e d  

basem ent rocks th e n  the v e l o c i t i e s  o b se rv ed  w i l l  be l e s s  th a n  

th o se  of u n a f f e c t e d  ro c k s .  A l t e r n a t i v e l y ,  LOR sed im en ts  may 

u n d e r l i e  th e  Mesozoic s t r a t a .

T here  a p p e a rs  to  have been  some v e r t i c a l  movement as th e  

s u r f a c e  o f  th e  Mesozoic s t r a t a  i s  d e p re s s e d  compared to  t h a t  

o f  th e  N f l a n k  and i s  c o n s id e r a b ly  younger th an  t h e  ro c k s ,  

T o r r id o n ia n ,  o f  th e  S f l a n k  - -  however, i t  I s  n o t  known which 

h o r iz o n  i n  th e  Mesozoic i s  fo rm ing  ro ck h e ad . Evidence from 

Mesozoic s u r f a c e  a lo ne  i s  I n s u f f i c i e n t .  B ut, as Mesozoic 

ap p ea rs  to  form  norm al c o n ta c t s  w i th  the  Moine I n l i e r s ,  th e n  

the  Moine i s  a l s o  d i s p l a c e d  to  a low er l e v e l  i n  the t r o u g h .

The age o f  th e  f a u l t  i s  u n c e r t a i n .  Evidence  from  t h i s  

a r e a  su g g e s ts  t h a t  i t  i s  younger th a n  th e  Moine T h ru s t  which 

i t  o f f s e t s .  The s o u th e r n  edge(w hich  i s  d a te d  a t  400 m .y .

. Brorn e t  a l . 1968) o f  th e  Ross o f  Mull G ra n i te s  t e r m in a te s  

a b r u p t l y  a g a i n s t  the  G rea t G len F a u l t ,  I n d i c a t i n g  t h a t  i t  i s  

o ld e r  t h a n  th e  F a u l t .  I t  has been  p ro p o sed  t h a t  th e  F a u l t  

form ed a c o n d u it  f o r  th e  G ra n i te  Magma (B a rb e r  e t  a l . 1 9 7 9 ) .
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However, i f  t h i s  was the  case th e n  th e  magma would have e x p lo i t e d  

th e  zone of weak rocks a s s o c i a t e d  w i th  the  f a u l t  and the  sh a rp  

edge w ith  th e  f a u l t  would n o t  he o b se rv e d .  T h is  s u g g e s ts  th e n  

from  th e  age o f  th e  g r a n i t e  t h a t  movement to o k  p la c e  a f t e r  

391 m .y . ag o .

The SW e x te n s io n  o f  the f a u l t  though  beyond th e  s tu d y  a re a  

i s  p r o b l e m a t i c a l .  At the  w e s te rn  edge o f  th e  a re a  th e  s e i s m ic  

c h a r a c t e r  o f  th e  o v e r ly in g  sed im ent c h a n g e s .  The a c o u s t i c  

s i g n a l  does n o t  p e n e t r a t e  to  ro ck h e ad . Hence the  p o s i t i o n  of 

th e  t ro u g h  i s  o b sc u re d .

A v a r i e t y  of c o u rse s  has been  p ro p o se d  f o r  th e  G rea t  G len 

F a u l t  a c ro s s  th e  c o n t i n e n t a l  s h e l f  (R idd ihough  1964, Ahmad 1967, 

see  F ig .  1 . 1 0 ) .  I t  i s  p o s s ib l e  t h a t  a l l  t h e s e  f a u l t s  and o th e r s  

as y e t  u n d isc o v e re d  may be c o r r e c t  and t h a t  th e y  fo rm  a s p la y  

system  m arking th e  t e r m in a t io n  o f  the  f a u l t y  «-:ach f a u l t  

t a k in g  up o n ly  a sm a ll  f r a c t i o n  o f  the  t o t a l  movement on the  

f a u l t •

4 .1 .2  B e la te d  f a u l t s  i n  th e  s tu d y  a re a

The co u rse  o f  s e v e r a l  o th e r  f a u l t s  has b e en  mapped i n  

th e  a r e a  (F ig .  3 .2 )  most of which a re  th o u g h t  to  be r e l a t e d  

to  th e  G rea t  G len F a u l t .

S e v e ra l  f a u l t s  t r e n d in g  a t  a p p ro x im a te ly  030° a re  b e l i e v e d  

to  l i e  be tw een  Colonsay and J u r a .  The most w e s t e r ly  o f  th e s e  

ru ns  c lo s e  t o  the  c o a s t  o f  Colonsay and i s  c o n s id e re d  to  be 

the  subm arine e x te n s io n  o f  the  G r u in a r t  F a u l t  on I s l a y  

(DurranceJ,97<V e s tb ro o k  & B o r r a id a le ,  1978 ; Dobson & Evans 1974; 

B arber e t  a l . 1979) . The n a tu r e  o f  movement on t h i s  f a u l t  i s  

p r o b l e m a t i c a l ,  v e r t i c a l  movement o f  a t  l e a s t  1 km SE has b een  

p rop osed  and the  p o s s i b i l i t y  o f  m inor h o r i z o n t a l  movement 

su g g e s te d  (D urrance 1976; Vlfestbrook & B orra  .daiLe 19 7 8 ) .  The
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p o s s i b i l i t y  o f  up t o  4 km downthrow to  th e  SE, i n  two s t a g e s ,  

has been  p ro p o sed  (1/lfestbrook & Borra^dade 1978; D urrance 1976; 

Dobson e t  a l . 1 9 7 5  ) • Such a movement would d i s p l a c e  th e  t r a c e  

o f th e  Moine T h ru s t  (assum ing a d ip  o f  20°) 11 km w estw ards .

A pronounced t r o u g h  i n  th e  seabed  ly in g  to  the  e a s t  o f  

th e  G a rv e l la c h s  e x te n d s  to  the  so u th w es t  and i s  b e l i e v e d  to  be 

due to  a  f a u l t  which has a s i m i l a r  t r e n d  to  the  L. G ru in a r t  

F a u l t .  As s i n i s t r a l  f a u l t s  o f f s e t  th e  G a rv e l la c h s  and ru n  

( t r e n d in g  a lm o s t  N-S) i n to  th e  main t ro u g h  (Spencer (1971) has 

ob se rv ed  s i m i l a r  f a u l t s  on th e  G a rv e l la c h s )  i t  i s  p o s s ib l e  

s i n i s t r a l  movement may a l s o  have o c c u r re d  on t h i s  f a u l t .  A 

f a u l t  i s  a l s o  i n f e r r e d  to  e x i s t  o f f  the  w est c o a s t  o f  Ju ra  

b r i n g in g  Mesozoic s t r a t a  i n to  c o n ta c t  w ith  Ju ra  q u a r t z i t e .

I n  the F i r t h  o f  Lom e a s e t  o f  NE-SW and NNE-SSW f a u l t s  

a f f e c t  LOR sed im en ts  and l a v a s .  These f a u l t s  a re  o f f s e t  by 

NW-SE f a u l t s  r e l a t e d  to  th e  Mull c e n t r e ;  f a u l t s  H-H1 and 

I - I 1 foim m arg ins to  a sm a ll  subm arine o u tc ro p  o f  T e r t i a r y  

la v a  i n d i c a t i n g  t h a t  th e y  a re  o f  p o s t  T e r t i a r y  la v a  a g e .  I t  

i s  not p o s s ib l e  t o  de te rm ine  th e  n a tu re  o f  movement on the  

NE-SW and NNE-SW f a u l t s .  S i m i l a r - t r e n d in g  f a u l t s  o b se rv ed  on 

K e r r e r a  have b o th  norm al and s t r i k e - s l i p  movements (Lee & 

B a i le y  1925, A n t ia  p e rs ,  comm.).

4 .1 .3  S ig n i f i c a n c e  o f  the bend

On la n d  th e  t r e n d  of the  G rea t G len F a u l t  changes from 

035° i n  NE to  040° a t  Loch L innhe; a change i n  t r e n d  of 5° 

o v e r  abou t 160 km. I n  c o n t r a s t  so u th  o f  Loch Buie th e  t r e n d  

changes a b r u p t l y  by 20° (from  040° to  060°) o v e r  4 km. The 

p o s i t i o n  and a b ru p tn e s s  o f  th e  bend re n d e rs  i t  u n l i k e l y  to  be 

a superim posed  f e a t u r e  a t t r i b u t a b l e  to  th e  f o r c e f u l  emplacement 

o f  the Mull c e n t r e .  I t  i s  more l i k e l y  to  be an e a r l i e r  f e a t u r e
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o f  the  f a u l t .

I t  I s  p o s s ib l e  t h a t  th e  f a u l t  t r e n d  was d e f l e c t e d  by the  

immense t h i c k n e s s  ( km) o f  v e ry  com peten t Ju ra  Q u a r t z i t e .  

T h is  d e f l e c t i o n  r e s u l t e d  i n  movement b e in g  ta k e n  up i n  s e v e r a l  

s p la y s  ru n n in g  be tw een  Colonsay and Ju ra  and a l s o  on th e  f a u l t s  

i n  the  F i r t h  o f  L o rn e .

4 ,1 ,4  The G rea t  Glen F a u l t  i n  r e l a t i o n  to  th e  o th e r  f a u l t s  

o f  S c o t la n d  w i th  a s i m i l a r  t r e n d

S c o t la n d  i s  dom inated  by f a u l t s  of a p p ro x im a te ly  NE-SW 

t r e n d  ( F ig ,  1 ,1 0 ) ,  e , g .  G re a t  G len F a u l t ,  H ighland Boundary 

F a u l t ,  and th e  S o u th e rn  U p la n d s /P e n tla n d  F a u l t s ,

Between th e  H igh land  Boundary and S o u th e rn  Upland F a u l t s  

l i e s  the  M idland V a l le y  c o n ta in in g  a s e t  o f  f a u l t s  w i th  a 

t r e n d  a few d e g re es  e a s t  o f  n o r t h e a s t .  Some o f  th e s e  f a u l t s  

a re  known to  have been  a c t i v e  d u r in g  th e  C a rb o n ife ro u s  

(Anderson 1951)• Movement on th e s e  f a u l t s  i s  e s s e n t i a l l y  

v e r t i c a l ,  though  of a complex n a t u r e •

N orth  o f  the H igh land  Boundary F a u l t  a s e t  o f  f a u l t s  

w ith  r a t h e r  s t e e p e r  t r e n d s  d i s s e c t  the H ig h la n d s .  These 

f a u l t s  a re  b e l i e v e d  to  be o ld e r  th a n  those  o f  th e  M idland 

V a l le y  (Anderson 1 9 5 1 ) ,  S i n i s t r a l  d isp la c e m e n t  has b e en  d e s ­

c r ib e d  f o r  s e v e r a l  o f  th e s e  f a u l t s ,  e . g .  E r ic h t - L a id o n  F a u l t  

(H. H. Read 1923) and S t r a th c o n n a n  F a u l t  (C lough 1910, Hinxman 

& Crampbon 1914) and by  i m p l i c a t i o n  i s  th o u g h t  to  a p p ly  to  th e  

rem ainder  whose sen se  of movement rem ains u n d e te rm in e d . The 

age of the  ro ck s  i n  t h i s  a r e a  i s  g e n e r a l l y  o ld e r  th a n  th o se  

o f  th e  M idland V a l le y  b e in g  D a lra d ia n  and M oin ian .

The G rea t  G len F a u l t  ap p ea rs  to  be th e  p r i n c i p a l  member 

o f  t h i s  group o f  f a u l t s .  Those f a u l t s  c l o s e s t  to  th e  G rea t  

Glen F a u l t  a re  a lm o s t p a r a l l e l  t o  i t  w h i l s t  th e  more s o u t h e r ly
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f r a c t u r e s  have a more ME t r e n d .

T hat a l l  th e s e  f a u l t s  have a s i m i l a r  t r e n d  would su g g e s t  

th e y  a re  th e  p ro d u c ts  of th e  same o r  s i m i l a r  s t r e s s  sy s te m s .

4*2 O the r  s t r i k e - s l i p  f a u l t s

The two f a u l t s  d e s c r ib e d  i n  t h i s  s e c t i o n  were chosen 

because  j -

(1) th e y  a re  r e l a t i v e l y  young, a c t iv e  f a u l t s  and t h e i r  r e l a ­

t i o n s h i p  to  th e  t e c t o n i c  e lem en ts  c au s in g  th e  movement i s  

c l e a r ;  and

(2) th e y  a re  e x t e n s i v e l y  d i s c u s s e d  i n  th e  l i t e r a t u r e  ( e . g .  

P h e m is te r  1960; C row ell 1962; D ickenson & Granz 1968; Kovach 

& Nur 1973; Suggate  1963; Wellman 1964; B ishop 1 9 6 8 ) .

4 .2 .1  The San Andreas F a u l t  sys tem  (F ig .  4 .1 )

The San Andreas F a u l t  ex ten d s  some 1200 km from  Cape 

Mendocino i n  th e  n o r th w e s t  to  the  S a l to n  Trough i n  the  s o u th ­

e a s t .  I t  i s  an  a c t iv e  d e x t r a l  s t r i k e - s l i p  f a u l t  a lo n g  which 

a t o t a l  o f  600 km o f  movement has ta k e n  p la c e  (C row ell  1 9 7 9 ) .  

O ther a c t i v e  d e x t r a l  f a u l t s  a re  a s s o c i a t e d  w ith  the  San Andreas 

F a u l t  ( e . g .  Hayward, Cal a v e r a s ,  San J a c i n t o  and E l s in o r  

f a u l t s ) •

G e o lo g ic a l  ev id en ce  su g g e s ts  t h a t  two p hases  of movement 

have o c c u r r e d .  The m ost r e c e n t  phase  d i s p l a c e d  Miocene s t r a t a  

by abou t 300 km i n  C e n tr a l  C a l i f o r n i a .  The e a r l i e r  phase  of 

movement b e l i e v e d  to  have t a k e n  p la c e  d u r in g  Late C re taceous 

i s  e v id e n ce d  by  th e  600 km o f f s e t  of th e  w e s te rn  edge of the  

s i e r r a n  basem ent from  s o u th e r n  G rea t V a l le y  to  th e  P o in t  Arence 

r e g io n  and a l s o  by  th e  o f f s e t  of some P a la e o c e n e -C re ta c e o u s  

se d im e n ta ry  f a c i e s .

The San Andreas F a u l t  i s  b e l i e v e d  to  be a t r a n s fo rm  f a u l t
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F ig lv-1 Simplified fault map of coastal California and northwestem most M exico. CM = Cape M endocino, SC =  
Shelter Cove, PA = Point Arena, G V  =  Great Valley, B A  =  San Francisco Bay area, SN = Sierra Nevada, SJ = San 
Juan Bautista Bend, SB =  Salinian Block, SM =  Santa Maria Basin, BB =  Big Bend of San Andreas Fault, 
SB =  Ventura Basin, MB = M ojave Block, C l = Channel Islands, TR = Transverse Ranges, LA = Los A ngeles Basin, 
GB =  San Gorgonio Bend, CO =  Southern California offshore borderland, ET = Eastern Transverse Ranges, PP. =  
Peninsular Ranges, ST = Salton Trough, BP = Baja California Peninsula, GC = Gulf of California, BO =  Baja 
California offshore borderland, SO =  Sonora. Faults: 1 = San Andreas, 2 =  M endocino fracture zone, 3 = Oregon 
subduction zone, 4 = Hayward, 5 =  Calaveras, 6 =  San Gregorio, 7 = Hosgri, 8 = Rinconada, 9 = Red Hills-San  
Juan-Chimeneas, 10 = Nacim iento, 11 = Big Pine, 12 = W hite W olf-K em , 13 =  Garlock, 14 = Santa Ynez, 15 = San 
Gabriel, 16 = Santa M onica-M alibu Coastal, 17 =  East Santa Cruz Basin, 18 = N ew port-Inglew ood, 19 = Elsinore, 
20 = Pinto, 2 1 =  San Jacinto, 22 = Salton Creek, 23 = Agua Blanca, 24  = Sonoran faults, 25 =  A  Gulf o f California 
transform fault. Base from King (1969).
f r o m  C r o w e l l  ( 1979 )



c o n n e c t in g  the  Juan de Puca r i d g e  t o  the  E a s t  P a c i f i c  Rise 

(Wilson  1965)•  However, the  t e c t o n i c  h i s t o r y  o f  t h i s  r e g i o n  

has been  shown to  be complex (A twate r  1970) • Magnetic  e v i ­

dence s u g g e s t s  t h a t  a t r e n c h  e x i s t e d  o f f s h o r e  from North  

America d u r in g  mid T e r t i a r y  and t h a t  the  p r e s e n t  e p is o d e  of  

s t r i k e - s l i p  m otion  i n  th e  San Andreas F a u l t  sys tem  o r i g i n a t e d  

a f t e r  s u b d u c t io n  s to p p e d ,  n o t  e a r l i e r  t h a n  30 m .y .  ago*

Movement t a k e s  p l a c e  e a s i l y  on the  s t r a i g h t  s e c t i o n s  of 

the  f a u l t ,  s t r e s s  b e in g  r e l e a s e d  by creep  and many sm a l l  e a r t h ­

q u a k es .  At the  bends s t r e s s  i s  r e l e a s e d  by i n f r e q u e n t  l a r g e  

e a r th q u a k e s  o r  t h e  bend i s  b y passed  b y  s p l a y  f a u l t s .

I n  th e  llBig Bend11 r e g i o n  Cholome to Cajon p ass  th e  f a u l t  

e x i s t s  as a s im ple  s t r a n d .  The s o u t h e r n  t w o - t h i r d s  o f  t h i s  

s e c t i o n  i s  o b l iq u e  by  as much as 30° to  t  he P a c i f i c - A m e r ic a n  

p l a t e  s l i p .  The T r a n s v e r s e  Ranges which t r e n d  E-W o b l iq u e  t o  

the  main  s t r u c t u r a l  g r a i n  o f  C a l i f o r n i a  were formed as  a r e s u l t  

o f  the  o b l iq u e  convergence  r e q u i r i n g  c r u s t a l  s h o r t e n i n g .  North 

of th e  T ra n s v e r s e  Ranges the  s h o r t e n in g  i s  t a k e n  up by  f o l d i n g  

and f a u l t i n g  on a complex sys tem  of  n e a r l y  e a s t - w e s t  s t r i k i n g  

r i g h t  l a t e r a l  s t r i k e - s l i p  and t h r u s t  f a u l t s .

The t!Big Bend11 i s  th o u g h t  to have d eve loped  d u r in g  th e  

Miocene i n  r e sp o n se  t o  the  e x p an s io n  o f  t h e  Basin  and Range 

P ro v in ce  of Nevada and Utah (Scho lz  e t  a l . 19 7 3 ) .

S o u th  o f  the  "Big Bend** r e g i o n  th e  f a u l t  t r a c e  i s  once 

a g a i n  n e a r l y  p a r a l l e l  to  the r e g i o n a l  s l i p  v e c t o r  and s p l i t s  

i n t o  s e v e r a l  t r a c e s ,  so t h a t  t h e  p l a t e  boundary  i n  t h i s  r e g i o n  

i s  d e f i n e d  by a b ro ad  s h e a r  zone of  s e v e r a l  hundred  k i l o m e t r e s  

w id th .

A second bend i s  o b se rv ed  i n  the  San Andreas F a u l t  n o r t h  

o f  th e  11 Big Bend** n e a r  the  p o i n t  where th e  Hayward-Calaveras  

f a u l t  b ra n c h e s  o f f ,  b e l i e v e d  t o  be a n o t h e r  zone of  convergence
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(Scho lz  19 7 7 ) .

4 . 2 . 2  The Alp ine  F a u l t ,  New Zealand ( F i g ,  4 .2 )

The A lp ine  F a u l t  c an  be fo l lo w ed  f o r  a p p ro x im a te ly  1300 km 

a c r o s s  South  I s l a n d  from M i l f o r d  Sound t o  Cook S t r a i g h t .  I t  

i s  an  a c t i v e  d e x t r a l  f a u l t  a lo n g  which a bou t  500 km d i s p la c e m e n t  

has o c c u r r e d  as  i n d i c a t e d  by the  o f f s e t  of  Upper P a l a e o z o ic  

sed im en ts  (Suggate  1963)•

The f a u l t  i s  b e l i e v e d  t o  t r a n s f e r  m o t io n  be tw een  the  

H ikurang i  t r e n c h  i n  the n o r t h  and the  Puysegur  T ren ch  t o  th e  

s o u t h  ( ^ I g .  4 . 3 ) .  This  movement i s  s h a r e d  between a complex 

sys tem  of  d e x t r a l  f a u l t s ,  Marlborough F a u l t  sy s tem ,  b ra n c h in g  

away from the  Alpine  F a u l t  i n  the  n o r t h  ( F i g .  4 .3-) .  I t  has 

been  su g g e s t e d  t h a t  t h e s e  f a u l t s  deve loped  as a r e s p o n se  to  a 

change i n  t h e  s l i p  v e c t o r  d u r in g  e a r l y  Miocene (Scho lz  e t  a l . 

1973) .

I n  a d d i t i o n  o t  h o r i z o n t a l  movements, c o n s i d e r a b l e  v e r t i c a l  

movements ( x20 km) e l e v a t i n g  the  S o u th e rn  Alps has t ak en  

p l a c e  (Suggate  1963)•

4 . 2 . 3  Comparison o f  San Andreas F a u l t  and Alpine  F a u l t

The s i m i l a r i t y  be tween t h e  San Andreas F a u l t  and Alpine

F a u l t  sys tems have been  n o te d  by s e v e r a l  a u th o r s

I n  comparing the  San Andreas and A lp ine  F a u l t  sys tems 

Scholz  (1977) s u g g e s t s  t h a t  the  r e g i o n  of  the  A lp ine  F a u l t  

s o u t h  o f  A r th u r s  Pass  and the  11 Big Bend11 a r e a  of  th e  San 

Andreas F a u l t  have a s i m i l a r  s e i sm ic  s t y l e ,  i . e .  long  p e r i o d s  

o f  q u ie s c e n c e  i n t e r r u p t e d  by g r e a t  ( > 8 )  e a r t h q u a k e s .  I n  b o t h  

r e g io n s  th e  f a u l t  i s  o b l iq u e  t o  t h e  r e g i o n a l  s l i p  v e c t o r .

The Marlborough sys tem  o f  f a u l t s  o f  the  Alp ine  sys tem  i s  

compared to  th e  p a r t  o f  th e  San Andreas sys tem  s o u t h  o f  the

g.<\. A-<xV. «< ̂  e>T' i
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MBig BendM. I n  b o th  t h e s e  systems p l a t e  m o t ion  i s  d i v id e d  

be tw een  a group of  f a u l t s  a p p ro x im a te ly  p a r a l l e l  t o  t h e  r e g i o n a l  

s l i p  v e c t o r .

By o r i e n t i n g  the  two sys tems so t h a t  t h e i r  s l i p  v e c t o r s  

were p a r a l l e l  ( P ig .  4 .4 )  Scholz  (1973, 1977) d e m o n s t ra te d  t h a t  

the  t e c t o n i c  e lem ents  of the  two systems occupy s i m i l a r  

p o s i t i o n s .

4 .3  The T e c to n ic  s e t t i n g  of  the  G rea t  Glen F a u l t  w i th  r e f e r e n c e  

to  the  San Andreas and Alp ine  F a u l t  Systems

W hils t  i t  can be s a i d  the  G rea t  Glen F a u l t  and o t h e r  f a u l t s  

o f  the  sys tem  a re  s t i l l  a c t i v e  on the b a s i s  o f  the  s e i s m ic  

a c t i v i t y  r e c o r d e d  i n  the  l a s t  100 years  o r  s o ,  i t  c an n o t  be 

c o n s id e r e d  a n  a c t i v e  f a u l t  i n  the  same terms as the  San Andreas 

and Alp ine  F a u l t s .  The t e c t o n i c  systems t h a t  were i n  e x i s t e n c e  

d u r in g  th e  f o r m a t io n  o f  th e  G rea t  Glen F a u l t  a r e  no l o n g e r  

o p e r a t i v e .

Much of  the  ev idence  c o n ce rn in g  the  n a tu r e  of  t e c t o n i c  

s i t u a t i o n  p r i o r  to  and d u r in g  the f o r m a t io n  o f  the  G rea t  Glen  

F a u l t  has  b e en  o b l i t e r a t e d .  I t  i s  known t h a t  f o r  much o f  the  

P recam br ian  and Lower P a l a e o z o ic  a s i g n i f i c a n t  o c ean ,  the  

I a p e t u s ,  s e p a r a t e d  NW Europe f rom SE Europe .  The o r i e n t a t i o n  

o f  the  mid ocean r id g e  and v a r io u s  a s s o c i a t e d  s u b d u c t io n  zones 

i s  b e l i e v e d  to  have been  a p p ro x im a te ly  p a r a l l e l  t o  the  NE 

d i r e c t i o n  o f  to d a y .  I t  i s  l i k e l y  t h a t  the  f o r m a t io n  o f  th e  

G rea t  Glen F a u l t  i s  r e l a t e d  to  th e  f i n a l  s u t u r i n g  o f  the  

I a p e t u s .  There  i s  no ev idence  t h a t  the  G rea t  Glen F a u l t  i s  

a t r a n s f o r m  f a u l t  l i n k i n g  e i t h e r  t r e n c h  or r i d g e  segments as 

i s  o b se rv ed  a t  the  ends of  the  Alpine and San Andreas F a u l t s  • 

Some s i m i l a r i t i e s  between th e  G rea t  Glen F a u l t ,  the  San 

Andreas F a u l t  and th e  Alp ine  F a u l t  may be n o t e d .
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(1) A l l  t h e s e  f a u l t s  formed c lo se  to  p l a t e  m a rg in s ,  as s e g ­

ments o f  th e  two r e c e n t  f a u l t s  a re  p a r a l l e l  t o  and o b l iq u e

to  the  r e g i o n a l  slip v e c to r*  I t  i s  l i k e l y  t h a t  one o f  th e  s e g ­

ments of  the G rea t  Glen F a u l t  was p a r a l l e l  t o  the  r e g i o n a l  

s l i p  v e c t o r  p r e v a l e n t  a t  the  t ime o f  movement, the  o t h e r  

o b l i q u e .

(2) They a l l  have s t r a i g h t  s e c t i o n s ,  b e n d s ,  s p l a y  systems and 

a s s o c i a t e d  p a r a l l e l  f a u l t s *  Where systems of  a p p ro x im a te ly  

p a r a l l e l  f a u l t s  a r e  obse rved  on the  San Andreas F a u l t  and 

Alp ine  F a u l t  the  f a u l t s  a re  o r i e n t e d  p a r a l l e l  to  th e  r e g i o n a l  

s l i p  v e c t o r .  T h is  would su g g e s t  t h a t  s o u th  o f  t h e  bend i n  the  

G rea t  Glen F a u l t  the  t r e n d  i s  p a r a l l e l  to  the  r e g i o n a l  s l i p  

v e c t o r  as t h i s  t r e n d  i s  a p p ro x im a te ly  p a r a l l e l  t o  o t h e r  f a u l t s  

i n  S c o t l a n d  (some shown to  be s i n i s t r a l ) *

(3) A l l  th e s e  f a u l t s  ap pea r  t o  have formed c lo s e  t o  s u b d u c t io n  

zones imply ing  th e y  a re  th e  r e s u l t  of  convergence*

4 .4  L a t e r  movements i n  th e  G rea t  Glen F a u l t

S e v e r a l  a u th o r s  have p roposed  more r e c e n t  movements on the  

G rea t  Glen F a u l t  (H olgate  1969 ; Donovan^ 19"6 ; Chesher e t  a l  . 

1975) .  Holga te  & Donovan p ro p o s in g  l a t e r  d e x t r a l  movements 

(see  c h . l ) . Chesher e t  a l  (1975) from deep s e i sm ic  ev idence  

o b t a i n e d  i n  th e  Moray F i r t h  d em on s t ra te  t h a t  normal movements, 

downthrowing t o  th e  e a s t ,  were t a k i n g  p la c e  d u r in g  the  

M esozo ic •

I t  may be t h a t  t h e s e  l a t e r  movements a re  th e  r e s u l t  of  a 

d i f f e r e n t  s t r e s s  sys tem t o  t h a t  which formed th e  G rea t  Glen 

F a u l t .  During  t h e  Mesozoic th e  North Mid A t l a n t i c  Kidge began  

to  s e p a r a t e  Europe from N orth  America. Many s e d im e n ta r y  b a s i n s  

w i th  f a u l t e d  margins began  to  s u b s id e  d u r in g  t h i s  t ime a l s o .

The normal movements on the  G rea t  Glen F a u l t  o b se rv ed  i n  the
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Moray F i r t h  may be the  r e s u l t  of  t h i s  new s t r e s s  regime e x ­

p l o i t i n g  o ld  weaknesses and f r a c t u r e  p l a n e s .
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CHAPTER FIVE

CONCLUSIONS

(1) I t  has  b e en  d e m o n s t r a te d  t h a t  th e  t e c h n iq u e  o f  u s in g  an 

a nchored  sonobuoy w i th  a seabed  hydrophone f o r  s e i s m ic  r e ­

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

sonobuoys p r e v i o u s l y  employed (Faruquee  1972)•

(2) Using f a c i l i t i e s  c u r r e n t l y  a v a i l a b l e  f rom  th e  NERC e q u i p ­

ment p o o l ,  a 40 c u . i n .  a i r g u n  f i r i n g  a t  4s i n t e r v a l s  p roduces  

the  b e s t  co m b in a t io n  of  r e s o l u t i o n  and a c o u s t i c  range  o f  r e ­

f r a c t e d  a r r i v a l s  f rom ro ck h e ad .

(3) The c o u rs e s  o f  th e  Moine T h r u s t  and the  G rea t  Glen  F a u l t  

which s i n i s t r a l l y  o f f s e t s  the  Moine T h r u s t  by  55 km have b een  

t r a c e d  over  th e  a r e a .  I t  i s  p o s s i b l e  the  o f f s e t  may o r i g i n a l l y  

have been  66 km and was red u c ed  by 4 km downthrow on th e  Loch 

G r u i n a r t  F a u l t .

(4) A sys tem  of  f a u l t s  t r e n d i n g  N 10° E and NE-SW r e l a t e d  t o  

the  Grea t  Glen F a u l t  o b se rv ed  i n  th e  F i r t h  o f  Lorne a r e  d e s ­

c r i b e d  and i n t e r p r e t e d  as  a s h a t t e r  b e l t  accommodating th e  

change i n  d i r e c t i o n  o f  the  Grea t  Glen F a u l t .

(5) By com par ison  w i th  th e  geometry  of  the  San Andreas and 

Alpine  F a u l t s  i t  can  be i n f e r r e d  t h a t  th e  G re a t  Glen F a u l t  was 

formed i n  a s i m i l a r  t e c t o n i c  s e t t i n g ,  i . e .  c lo s e  to  a c o n t i n e n t a l  

p l a t e  m arg in  and o r i e n t e d  p a r a l l e l  t o  t h e  m arg in  s o u t h  o f  th e  

bend so u th  of  Loch Buie and o b l iq u e  to  the  m arg in  n o r t h  o f  th e  

b en d .
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Comments on c o n c l u s i o n s

Many f a c t o r s  c o n t r i b u t e  t o  t h e  accu racy  and r e l i a b i l i t y  

of  t h e  g e o l o g i c a l  map ( F i g . 3 . 2 ) .

The i d e n t i f i c a t i o n  o f  s p e c i f i c  rock  u n i t s  i s  dependen t  

on c o r r e l a t i o n  o f  onsh o re  geo logy  w i th  g e o p h y s i c a l  p r o p e r ­

t i e s  -  i . e .  s e i s m i c  and m ag n e t ic  c h a r a c t e r s .  R e f r a c t i o n  

v e l o c i t i e s  p r o v i d e  a f u r t h e r  a i d ,  though in  s p i t e  o f  a c c u r a t e  

d e t e r m i n a t i o n  t h e y  do n o t  p r o v id e  an u n e q u iv o c a l  answer on 

t h e i r  own as a g iv e n  r o c k  i s  no t  a s s o c i a t e d  w i t h  a u n ique  

v e l o c i t y  b u t  r a t h e r  a r ang e  of v e l o c i t i e s .

The i d e n t i f i c a t i o n  o f  g e o l o g i c a l  b o u n d a r i e s  i s  dependen t  

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

a d j a c e n t  r o c k s .  Where t h e r e  i s  a s t r o n g  c o n t r a s t  and ,  o r  

where more t h a n  one method i s  u se d  t o  i d e n t i f y  a boundary  then  

i t s  r e l i a b i l i t y  i s  h igh  e . g .  t h e  boundary  between Mesozoic s e d i ­

ment and T e r t i a r y  l a v a s  ( e . g .  a round S t a f f a )  can be  r e c o g n i s e d  

on s p a r k e r  and m ag n e t ic  r e c o r d s  and a l s o  forms b a t h y m e t r i c  

s c a r p s .  Whereas t h e  boundary  between t h e  Ross of  Mull g r a n i t e  

and t h e  Moinian r o o f  p en d an t  ( s i m i l a r  t o  t h e  s m a l l e r  example 

o b se rv ed  o n sh o re  n e a r  t h e  n o r t h e a s t e r n  margin  o f  t h e  g r a n i t e )  

sou th  o f  t h e  Ross of Mull i s  of  low r e l i a b i l i t y  as i t  can be 

d e te rm in e d  o n ly  by a s u b t l e  change i n  s e i s m i c  c h a r a c t e r .

The a c t u a l  p o s i t i o n  of t h e  i d e n t i f i e d  b o u n d a r i e s  i s  depend­

e n t  on t h e  a cc u ra c y  of  n a v i g a t i o n  ( -  75 m) and on t h e  f r e q u e n c y  

t h e  boundary  i s  c r o s s e d  by su rv e y  l i n e s .  ( L a r g e r  d o t s  

i n d i c a t e  where su rv e y  l i n e s  c r o s s  b o u n d a r i e s  on F ig .  3 . 2 ) .

F u tu r e  r e s e a r c h

I t  i s  u n l i k e l y  t h a t  f u r t h e r  work of  t h e  n a t u r e  d e s c r i b e d  

h e re  would y i e l d  a d d i t i o n a l  i n f o r m a t i o n  i n  t h i s  a r e a ,  though 

e x t e n s i o n  i n t o  a d j a c e n t  a r e a s  would.

What i s  r e q u i r e d  in  t h i s  a r e a  i s  f u r t h e r  sam pling  by a 

v a r i e t y  of  m ethods .
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1) Sampling o f  t h e  s h o a l s  in  t h e  F i r t h  o f  Lorne (Area  1) 

cou ld  be a c h ie v e d  by d i v e r s  o r  p o s s i b l y  t h e  use  of  a s im p le  

" o ver  t h e  s i d e "  d r i l l  such as  t h e  I . G . S .  m id i  d r i l l .

2) Modest d r i l l i n g ,  s i m i l a r  t o  t h e  I .G .S .  MV W h i te th o rn  

work. (C hesher  e t  a l  1 972) ,  t o  a dep th  a p p ro x im a te ly  50 m 

cou ld  t e s t  and d a t e  t h e  p ro p o se d  Mesozoic o u tc r o p  in  t h e  

a r e a .

3) D e e p . D r i l l i n g .  One w e l l  d r i l l e d  t o  a dep th  o f  g r e a t e r  

th an  600 m in  t h e  G rea t  Glen t r o u g h  zone would c o n f i rm  

th e  t h i c k n e s s e s  o f  r e c e n t  and Mesozoic s e d im e n ts  and 

i d e n t i f y  t h e  u n d e r l y i n g  r o c k .  A second  w e l l  e a s t  o f  Colonsay 

and p rop o sed  l o c a t i o n  o r  Moine t h r u s t  su b c ro p  would t e s t

f o r  Mesozoic t h i c k n e s s  and n a t u r e  o f  u n d e r l y i n g  ro ck  t o  

t e s t  t h e  p ro p o se d  p o s i t i o n  f o r  t h e  Moine T h r u s t  and t h e r e b y  

d e te r m in in g  t h e  s e n s e  o f  d i s p l a c e m e n t  o f  t h e  G rea t  Glen 

F a u l t .

R e g r e t f u l l y  o n ly  method 1,  i s  w i t h i n  t h e  scope  of  academic  

r e s e a r c h  and t h a t  i s  l i m i t e d  t o  s h o a l  a r e a s  w i th  l i t t l e  o r  

no r e c e n t  s e d im e n ta r y  c o v e r .
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