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SUMMARY

The M i d l a n d  V a l l e y  I n v e s t i g a t i o n  by S e i s m o l o g y  (MAVIS)  

c o n s i s t s  o f  t h r e e  r e f r a c t i o n  l i n e s  o f  c,  80 km l e n g t h  a c r o s s  

t h e  C a r b o n i f e r o u s  b a s i n s  o f  t h e  M i d l a n d  V a l l e y  o f  S c o t l a n d ,  

Two l i n e s  t r e n d  a p p r o x i m a t e l y  e a s t - w e s t  (MAVIS I n o r t h  and  

s o u t h ) ,  t h e  l a t t e r  c r o s s i n g  a m a j or  g r a v i t y  and m a g n e t i c  

a n o m a l y  n e a r  B a t h g a t e ,  The t h i r d  l i n e  (MAVIS I I )  t r e n d s  

n o r t h - s o u t h ,  c r o s s i n g  t h e  MAVIS I l i n e s  and B a t h g a t e  anomal y  

and e x t e n d s  i n t o  Lower Ol d  Red S an d s t o n e  o u t c r o p  t o  t h e  

n o r t h  and  s o u t h  o f  t h e  Ochi  I and W i l s o n t o w n  F a u l t s  r e s p e c ­

t i v e l y ,  T h e se  d a t a  a r e  s u pp l e m e nt e d  by l i n e s  r e c o r d e d  u s i n g  

q u a r r y - b l a s t  s o u r c e s ,  Two p r o f i l e s  t r e n d  e a s t - w e s t  a c r o s s  

t h e  B a t h g a t e  anomal y  ( S o l a  n o r t h  and s o u t h ) ,  A t h i r d  p r o ­

f i l e  (MAVIS I I I )  t r e n d s  n o r t h - s o u t h  a c r o s s  t h e  L o t h i a n  o i l -  

sha  I e  f i e I d s ,

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

l a y e r s ,  The f i r s t  l a y e r  has v e l o c i t i e s  be t ween  3 , 0  and 5 , 0  

km/s  and e x t e n d s  t o  d e p t h s  between 0 , 5  and 3 , 0  km, T h i s  

l a y e r  i s  i n t e r p r e t e d  as the  Car bort i f e r o u s  and Upper  O l d  Red 

S a n d s t o n e ,  The second l a y e r  has v e l o c i t i e s  b e t ween  5 , 3  and

5 , 9  km/s and o c c u r s  between dept hs  o f  0 , 5  to  3 , 0  km and 4 , 0  

t o  6 , 0  km, T h i s  l a y e r  is i n t e r p r e t e d  as t h e  Lower O l d  Red 

S a n d s t o n e  and Lower P a l a e o z o i c ,  T h e r e f o r e ,  t h e  topmost  

r e f r a c t o r  i s  i n t e r p r e t e d  as t he  u n c o n f o r m i t y  be t wee n  t h e  

Upper  and Lower  O l d  Red Sandst one  mapped a t  t he  s u r f a c e  in 

t h e  M i d l a n d  V a l l e y ,  The t h i r d  l a y e r  o c c u r s  a t  b e t ween  4 . 0  to

6 . 0  and  7 , 0  and 8 , 5  km dept h  w i t h  v e l o c i t i e s  be t ween  6 , 0  and

6 . 1  k m / s ,  T h i s  l a y e r  is i n t e r p r e t e d  as c r y s t a l l i n e  b a se me nt ,  

The d e e p e s t  l a y e r  o c c u r s  a t  dept hs  g r e a t e r  than 7 , 0  t o  8 , 5
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km and i s  i n t e r p r e t e d  as a h i g h e r  v e l o c i t y  c r y s t a l l i n e  b a s e ­

me n t *  The i n t e r f a c e  be t ween  t h e  two basement  l a y e r s  may mark  

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

ph i sm.

V e l o c i t y  d a t a  f rom l a y e r  1 show P o i s s o n ' s  r a t i o  f o r  

t h i s  l a y e r  t o  be 0 . 2 9  + / -  0 . 0 6 ,  and t h e  r a t i o  o f  h o r i z o n t a l  

t o  v e r t i c a l  P - w a v e  v e l o c i t y  t o  be 1 . 1 5  + 0 . 1 2  - 0 . 1 5 .  Bo t h

v a l u e s  a r e  c o n s i s t e n t  w i t h  t h e  sands  t o n e / I  i m e s t o n e / s h a I e  

s e q u e n c e  mapped a t  t h e  s u r f a c e .

The B a t h g a t e  g r a v i t y  anomal y  was m o d e l l e d  w i t h i n  t h e  

c o n s t r a i n t s  imposed by t h e  s e i s m i c  d a t a .  The r e s u l t s  o f  

e a r l  i e r  m a g n e t i c  model  I ing w e r e  c o n f i r m e d .  w i t h  deep  and  

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

m o d e l l e d .  The s h a l l o w  model  s a t i s f i e s  t h e  a n o m a l y  w i t h  a 

t h i c k e n e d  seq u e n c e  o f  C a r b o n i f e r o u s  l a v a s  w i t h i n  t h e  s e i s m i c  

l a y e r  1. The deep model  is f o r  a g a b b r o i c  i n t r u s i o n  w i t h i n  

t h e  c r y s t a l l i n e  basement  e x t e n d i n g  f r om  10 t o  15 km d e p t h .  

G r a v i t y  model  I i ng a c r o s s  t h e  Ochi  I F a u l t  show t h i s  f r a c t u r e  

t o  d i p  To t h e  s o u t h .

Pel  i e f  on t h e  Ol d  Red S a n d s t o n e  u n c o n f o r m i t y  i s  f ound  

t o  m i r r o r  s t r u c t u r e s  mapped a t  t h e  s u r f a c e ,  w h i l s t  t h e  

u n d e r l y i n g  basement  is v i r t u a l l y  p l a n a r .  A d e t a c h m e n t  is  

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

t u r e s  f o r m i n g  by t h i n - s k i n n e d  t e c t o n i c  p r o c e s s e s .  The  

d e t a c h m e n t  h o r i z o n  is p r o b a b l y  e i t h e r  w i t h i n  t h e  Lower  

P a l a e o z o i c  sequence  of  s e i s m i c  l a y e r  2 ,  or  a t  t h e  d u c t i  I i t y  

c o n t r a s t  to  be a n t i c i p a t e d  a t  t h e  i n t e r f a c e  b e t w e e n  Lower  

P a l a e o z o i c  and c r y s t a l l i n e  r o c k s .  A d e t a i l e d  s t r u c t u r a l



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

t h e r e  may be s e v e r a l  l e v e l s  o f  such d e t a c h m e n t  w i t h  t h e  M i d ­

l a n d  V a l l e y .  A mode!  is  p r e s e n t e d  f o r  t h e  d e v e l o p m e n t  o f  t h e  

Ochi  1 f a u l t  as an en e c h e l o n  f r a c t u r e  r e s u l t i n g  f r om  r e a c ­

t i v a t i o n  o f  a basement  l i n e a m e n t .
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INTRODUCT! ON

The M i d ! a n d  V a ! ! ey o f  Sco t  i and i 5 cons i d e r e d  p r o s p e c -

t i ve  by a number o f  o i ! compan i es  , a p>! ay  i nvo ! v i nq a D i nan -

t i a n  o i ! - s h a l e  s o u r c e  w i t h  r e s e r v o i r s  in o v e r l y i n g  s a n d s t o n e

b o d i e s  b e i n g  e n v i s a g e d ,  The T r i c e n t r o l  O i l  C o r p o r a t i o n  h o l d  

e x p l o r a t i o n  l i c e n c e s  in t h e  a r e a  and f i n a n c e d  t h e  MAVIS  

( M i d l a n d  V a l l e y  I n v e s t i g a t i o n  by S e i s m o l o g y )  s e i s m i c  r e f r a c -  

t i o n  p r o j e c t  as  p a r t  o f  t h e i r  e x p l o r a t i o n  e f f o r t  in t h i s

r e g i o n *  The d a t a  w e r e  i n t e n d e d  t o :

[13  A c t  as  a f r a me w o r k  f o r  r e f l e c t i o n  d a t a  and p r o v i d e  

add i t i  o n a I  v e I o c i  t y i n f  o r m a t i  o n .

[23  Map t h e  d e p t h  to  two r e f r a c t o r s  i n t e r p r e t e d  as t h e  

u n c o n f o r m i t y  b e t wee n  t h e  Upper  and Lower  ORS and t o p  o f  

c r y s t a l  I i ne b asement *  S i n c e  t h e  p o t e n t i a l  s o u r c e  r o c k s  

a r e  o f  C a r b o n i f e r o u s  a ge ,  t h e  t h i c k n e s s  o f  t h e s e  s t r a t a  

a r e  l i m i t e d  by t h e  d e p t h  to  t h e  f o r m e r ,  w h i l s t  t h e  

r e l a t i o n s h i p  be t wee n  s u r f a c e  and basement  s t r u c t u r e s  

a l l o w s  c o n s t r a i n t s  t o  be p l a c e d  on s t r u c t u r a l  s t y l e s  

w i t h i n  t h e  r e g  i o n ,

[33  To p r o v i d e  d a t a  on t h e  s o u r c e s  o f  a m a j o r  g r a v i t y  and

m a g n e t i c  " h i g h "  c e n t r e d  a r o u n d  B a t h g a t e  and a g r a v i t y  

” Iow" n e ar  A I I o a ,

[43  E x t e n d  t h e  mo d e l s  o f  upper  c r u s t a l  s t r u c t u r e  p r o v i d e d

by D a v i d s o n  ( 1 9 8 6 )  and S o l a  ( 1 9 8 5 )  a c r o s s  t h e  s o u t h e r n  

M i d i  and VaI  l e y *

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

t h e  MAVIS d a t a ,  and t he  r e - i n t e r p r e t a t i o n  o f  t h e  g u a r r y -



b l a s t  da t a o f  So l a  ( 1 9 8 5 ) *  G r a v i t y  mode I I i ng w i t h i n t h e  con - 

s t r a i n t s  p>rovided by t h e  s e i s m i c  d a t a  was a l s o  u n d e r t a k e n *  

Me t h o d s  and t h e i r  ap>p> I i c a t i o n  to  t h e  d a t a  a r e  d e s c r i b e d  in  

c h a p t e r s  3 t o  6* The g e o l o g i c a l  i n t e r p r e t a t i o n  o f  t h e s e  

d a t a  a r e  d i s c u s s e d  in c h a p t e r  7*  F i g u r e s  a r e  in  v o l ume  I I *
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CHAPTER 1 - BACKGROUND GEOLOGY

1 . 1♦  In t r o d u c t i  on

A b e w i l d e r i n g  number o f  t e c t o n i c  m od e l s  f o r  t h e  e v o l u ­

t i o n  o f  t h e  S c o t t i s h  C a I e d o n i d e s  ha ve  been pub I i s h e d .  E a r l y  

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

(Dewey 1971 )  ha ve  been m o d i f i e d  t o  i n c l u d e  s t r i k e - s l i p  ( u s u ­

a l l y  s i n i s t r a  I )  and t e r r a n e  t e c t o n i c s  ( B l u c k  1985*  H u t t o n  

1 9 8 7 ) .  T e c t o n i c  mode l s  o f  t h e  V a r i s c i d e s  a r e  s l i g h t l y  

l e s s  common but  c o n c e n t r a t e  on e v i d e n c e  t o  t h e  s o u t h  o f  t h e  

M i d l a n d  V a l l e y .  A d e t a i l e d  r e v i e w  o f  t h e s e  mo d e l s  is no t  

a t t e m p t e d  h e r e .  I n s t e a d ,  t h e  m a j o r  s t r a t i g r a p h i c  u n i t s  

w i t h i n  t h e  M i d l a n d  V a l l e y  a r e  d e s c r i b e d  and t h e i r  t e c t o n i c  

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

t h e  MAVIS d a t a  i s  d i s c u s s e d  in C h a p t e r  7 ,

1 . 2 .  P r e - P a l a e o z o i c  Basement

T h e r e  is  no p r e - P a l a e o z o i c  basement  e x p o s e d  in t h e  M i d ­

l and  V a l l e y  and t e c t o n i c  mode l s  f o r  t h e  e v o l u t i o n  o f  t h e  

r e g i o n  p r e d i c t  a w i d e  v a r i e t y  o f  basement  t y p e s ,  e . g .  Da I - 

r a d i a n  r o c k s  ( Y a r d l e y  e t  a l .  1 9 8 2 ) ,  o c e a n i c  c r u s t  ( M i t c h e l i  

8c Mc Ke r ro w 1 9 7 5 ) ,  a p r e - D a  I r a d  i an b l o c k  (Kennedy  1958,  

Geo rg e  1 9 6 0 ) .

I n d i r e c t  e v i d e n c e  o f  basement  t y p e  i s  a v a i l a b l e  f rom  

t h r e e  s o u r c e s :

[ 1 ]  P r o v e n a n c e  s t u d i e s  based  on c l a s t s  in Lower  P a l a e o z o i c

c o n g I o m e r a t e s

[23  G e o p h y s i c a l  m e a s u r e m e n t s ,  e . g .  P o i s s o n ' s  r a t i o
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C33 X e n o l i t h s  f r om  v o l c a n i c  v e n t s

C o n g l o m e r a t e s  in t h e  Lower  P a l a e o z o i c  s t r a t a  e xp o s e d  

n e a r  G i r v a n  and in a s e r i e s  o f  i n l i e r s  in t h e  s o u t h e r n  M i d ­

l a n d  V a l l e y  ( s e e  s e c t i o n  1*3.) c o n t a i n  numerous i gn e ou s  

c l a s t s  o f  a c i d  t o  b a s i c  c o m p o s i t i o n *  B l u c k  ( 1 9 8 3 ,  1984)  s u g ­

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

p l u t o n i c  a r c  m a s s i f  in t h e  M i d l a n d  V a l l e y  and S o u t h e r n  

U p l a n d s *  A M i d l a n d  V a l l e y  basement  o f  such a c i d -  

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

d e s c r i b e d  by H a l l  e t  a l .  ( 1 9 8 3 )  and D a v i d s o n  e t  a l *  ( 1 9 8 4 )  

( F i g s . 2 . 6  and 2 . 8 )  f o r  t h e  L I SPB "Lower P a l a e o z o i c "  l a y e r .

The s e i s m i c  model  o f  M i d l a n d  V a l l e y  c r u s t a l  s t r u c t u r e  

i s  d e s c r i b e d  in s e c t i o n  2 . 2 .  M e a s u r e m e n t s  o f  P -  and S - w a v e  

v e l o c i t i e s  o f  L e w i s i a n  r o c k s  ( H a l l  & A l - H a d d a d  1976 ,  H a l l  & 

Simmons 1979 )  and t h e  c a l c u l a t i o n  o f  P o i s s o n ' s  r a t i o  by com­

p a r i s o n  o f  L I SPB P-  and S - wav e  d a t a  (Assumpcao & B a mf o r d  

1978 )  s u g g e s t  t h a t  t h e  L I SPB 6 . 4  km/s " p r e - C a l e d o n i a n  b a s e ­

ment "  i s  composed o f  i n t e r m e d i a t e  g r a n u l i t e  g n e i s s  s i m i l a r  

t o  t h a t  e xp o s e d  in t h e  L e w i s i a n  compl ex  t o  t h e  n o r t h w e s t .  

P o w e l l  ( 1 9 7 8 ) ,  f r om m a g n e t i c  e v i d e n c e ,  s u g g e s t s  t h a t  t h e  

l a y e r  has been a f f e c t e d  by r e t r o g r e s s i v e  me t a mo rp h i sm .  The

7 . 0  km/s  lower  c r u s t a l  l a y e r  i s  p r o b a b l y  b a s i c  i gneous  r o c k s  

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

b e t w e e n  g a b b r o  and e c l o g i t e .

X e n o l i t h s  f r om  t h e  M i d l a n d  V a l l e y  and a d j o i n i n g  r e g i o n s  

h a ve  been d e s c r i b e d  by Upt on e t  a l .  ( 1 9 7 6 ) ,  Graham & Up t on  

( 1 9 7 8 )  and Up t o n  e t  a l .  ( 1 9 8 3 ) .  Up t on  e t  a l .  ( 1 9 8 4 )  

i n t e g r a t e  t h e s e  d a t a  w i t h  t he  s e i s m i c  e v i d e n c e  ( F i g . 1 . 1 ) .
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Xeno I  i t hs  o f  f o I  i a t e d  quar  t z o - f  e i d s p a t h i  c g r a n u I  i t i c

gne i s s e s  and u n f o l i a t e d  p l u t o n i c  r o c k s  a r e  co r r e l a t e d  w i t h  

t h e  L ! dPB 6♦4  km/s p r e - C a I e d o n i a n  l a y e r  whi  1st  b a s i c  g r a n u -  

l i t i c  m e t a - i g n e o u s  e xa m p l e s  a r e  a s s i g n e d  t o  t h e  7 . 0  km/s  

I owe r c r u s t a l  l a y e r .  Man t I e  ma t e r  i a  I i s  r ep r esen  t ed by f o l i ­

a t e d  p e r  i do t  i t e s  and o t h e r  u n f o l i a t e d  u l t  r a - m a f  i o s »

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

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

d e n c e , s u g g e s t s  t h a t  t h e  M i d l a n d  Va l  l ey  basement  c o n s i s t s  o f  

an i s l a n d  a r c  i gneous  complex  o v e r l y i n g  g r a n u l i t e  f a c i e s  

m e t a m o r p h i o s . I t  s h o u l d  be remembered t h a t  t h e  M i d l a n d  V a l ­

l e y  basement  may not  be a homogeneous u n i t ,  t h e  t e c h n i q u e s  

d e s c r i b e d  c a n n o t  d i s t i n g u i s h  be t wee n  s i m i l a r  j u x t a p e s i t i o n e d  

ba se me n t  b l o c k s .

1 . 3 .  Lower  P a l a e o z o i c

Lower  P a l a e o z o i c  r oc ks  a r e  not  w e l l  e xp o s e d  in t h e  M i d ­

l a n d  V a l l e y  ( F i g » 1 . 2 ) .  O r d o v i c i a n  s t r a t a  a r e  e xp o s e d  a t  

G i r v a n  and a t  t h e  H i g h l a n d  B o r d e r .  S i l u r i a n  r oo k s  o u t c r o p  a t  

G i r v a n  and in a s e r i e s  o f  i n l i e r s  in t h e  s o u t h e r n  M i d l a n d  

V a l l e y .  D o w nt o n i a n  r oc ks  u n c o n f o r m a b I y  s u cc e e d  t h e  H i g h l a n d  

B o r d e r  Complex a t  S t o n e h a v e n .  T h e r e  i s  e v i d e n c e  t h a t  some 

o f  t h e  Lower  O l d  Red S a n d s t o n e  (ORS) may be o f  S i l u r i a n  age  

but  t h e s e  r o c ks  w i l l  be c o n s i d e r e d  s e p a r a t e l y  ( s e e  s e c t i o n  

1 . 4 ) .  G e n e r a l  d e s c r i p t i o n s  o f  t h e  Lower  P a l a e o z o i c  r o c k s  

a r e  g i v e n  by Cameron & S t e p h e n so n  ( 1 9 8 5 )  a nd ,  to  a l e s s e r  

e x t e n t ,  by W a l t o n  ( 1 9 8 3 ) .

In t h e  s o u t h w e s t  M i d l a n d  V a l l e y  t h e  r o c ks  o f  t h e  BaI  - 

l a n t r a e  O p h i o l i t e  Complex r e c o r d  a h i s t o r y  o f  s u bd u c t  ion on
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t h e  s o u t h e r n  m a r g i n  o f  t he  L a u r e n t i a n  c o n t i n e n t *  F o l l o w i n g  

e a r l y  O r d o v i c i a n  obduc - t i on ,  t h e  compl ex  was u n c on f  ormab I y 

over  l a i n  by a c o n g I o m e r a t i o  and t u r b i d i t i c  s e g u e n e e  o f  

L I a n v  i r n - A s h g i  I I i an age depos i t e d  in a s e r i e s  o f  f a u l t  

bounded b a s i n s  ( W i l l i a m s  1 9 6 2 ) *  C l a s t  p r o v e n a n c e  s t u d i e s  in  

t h e  c o n g l o m e r a t e s  s u g g e s t  them t o  have  been p r o d u c e d  by t h e  

e r o s i o n  o f  t h e  B a I l a n t r a e  Complex and a p l u t o n i c  a r c  ( L o n g - 

man e t  a l *  1 9 7 9 ) *  B l uc k  ( 1 9 8 3 )  i n t e r p r e t s  t h e  G i r v a n  

s e g u e n c e  as h a v i n g  formed in a p r o x i m a l  f o r e - a r c  s e t t i n g  and  

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

and a f o r e - a r c  b a s i n  to  t h e  s o u t h *  The f o r e - a r c  is  e n v i s a g e d  

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

s e g u e n c e  o f  t h e  S o u t h e r n  U p l a n d s  w h i c h  has been t h r u s t  t o  

t h e  n o r t h ,  e f f e c t i v e l y  e l i m i n a t i n g  t h e  a r c - t r e n c h  gap .

The r o c ks  of  t h e  H i g h l a n d  B o r d e r  Complex o c c u r  as a  

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

C u r r y  e t  a l .  ( 1 9 8 4 )  show t h e  complex  t o  r a n g e  f r om p r e -  

A r e n  ig  t o  l a t e  Car ad oc  age*  The compl ex  i s  u n c o n f o r m a b I y  

o v e r l a i n  by D o w n t o n i a n  s t r a t a  a t  S t o n e h a v e n  and by t h e  Lower  

ORS a t  Loch Lomond.  The Dal  r a d i a n  i s  r e v e r s e  f a u l t e d  a g a i n s t  

t h e  c o mp l ex *  T h e r e f o r e ,  t h e s e  r o c ks  may be c o n s i d e r a b l y  more  

e x t e n s i v e  a t  d e p t h  than s u g g e s t e d  by t h e i r  s u r f a c e  o u t c r o p .  

B l u c k  ( 1 9 8 4 )  p o s t u l a t e s  d e p o s i t i o n  in a m a r g i n a l  b a s i n .  By 

compa r i son o f  t he i r geo Iog i ca I  h i s t o r y  w i t h  t ha t o f  t h e  Da I 

r a d i a n  he d e m o n s t r a t e s  t h a t  t he  two c r u s t a l  b l o c k s  w e r e  not  

a d j a c e n t  a t  t h i s  t i m e .  The H i g h l a n d  Bou n d a r y  F a u l t  (HBF) i s  

c o n s i d e r e d  to  mark a t e r r a n e  boun dcary w i t h  j u x t ^ p o s i t i o n i n g  

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

r i a n ,  w i t h  f i n a l  d o c k i n g  by t h r u s t i n g  p r o b a b l y  in Upper



D e v o n i a n  t i m e s ,  The t e c t o n i c  e v o l u t i o n  o f  t h e  M i d l a n d  V a l ­

l e y  r e g i o n  t h r o u g h  t h e  O r d o v i c i a n  i s  shown in F i q , 1 » 3 ,

The Si  l u r i a n  s t r a t a  exposed  a r o u n d  G i r v a n  and in t h e  

s o u t h e r n  M i d l a n d  Val  l ey  i n i  i e r s  show a t r a n s i t i o n  f rom 

maf i n e  t u r b i d i t e s ,  s h a l e s  and c o n g I o m e r a t e s  up i n t o  t e r r e s ­

t r i a l  c o n g l o m e r a t e s  and s a n d s t o n e s *  C l a s t  p r o v e n a n c e  and  

p a l a e o f l o w  s t u d i e s  s ug g e s t  d e p o s i t i o n  in an i n t e r - a r c  b a s i n ,  

w i t h  a s o u r c e  in a v o l c a n i c  t e r r a n e  t o  t h e  s o u t h  ( B l u c k

1 9 8 3 ) *  The t e c t o n  i c  s e t t i n g  in S i l u r i  an t i mes i s summari  sed  

i n  F i g , 1 , 4 ,

1 , 4 ,  O l d  Red S a n d s t o n e  (ORS)

The ORS o f  t h e  M i d l a n d  V a l l e y  has been d e s c r i b e d  by 

M y k u r a  ( 1 9 8 3 )  and Cameron & S t e p h e n s o n  ( 1 9 8 5 ) ,  The t e c t o n i c  

s e t t i n g  d u r i n g  d e p o s i t i o n  has been d e s c r i b e d  by B l u c k  ( 1 9 8 3 ,

1 9 8 4 ) ,  A t w o - f o l d  d i v i s i o n  o f  t h e  ORS is  r e c o g n i s e d  in t h e  

M i d l a n d  V a l l e y  w i t h  a t h i c k  Lower  ORS s e q u e n c e  u n c o n f o r m a b I y  

o v e r l a i n  by a t h i n n e r  Upper  ORS s u c c e s s i o n .  R a d i o m e t r i c  e v i ­

d e n c e  s u g g e s t s  much o f  t h e  Lower ORS t o  be o f  S i l u r i a n  age  

( T h i r l w a l l  1 9 8 3 ) ,  w h i l s t  poor  b i o s t r a t i g r a p h i c  c o n s t r a i n t  on 

t h e  Upper  ORS means much o f  t h i s  s u c c e s s i o n  c o u l d  be o f  C a r -  

boni  f e r o u s  a qe ,  ORS o u t c r o p  in t h e  M i d l a n d  V a l l e y  is  s hown 

in F i g . 1 . 5 .

The Lower ORS r e s t s  u n c o n f o r m a b I y  on t h e  Lower  P a l a e o ­

z o i c  in t h e  P e n t l a n d  H i l l s  ( My k ur a  1960 )  and a t  G i r v a n  

( Co ck s  & T o g h i l l  1 9 7 3 ) ,  though t h e  c o n t a c t  may be c o n f o r m ­

a b l e  a t  Lesmahagow and in t h e  Hagshaw Hi I I s  ( R o l f e  1961)  

( s e e  F i g , 1 . 2  f o r  l o c a t i o n s ) ,  Near  S t o n e h a v e n ,  r o c k s  o f  

D o w n t o n i a n  age a r e  s ucceeded  c o n f o r m a b l y  by t h e  Lower  ORS,
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T e r r e s t r i a l  c l a s t i c  s e d i m e n t s  d o m i n a t e  t h e  s u c c e s s i o n  w i t h  

c o a r s e  c o n g l o m e r a t e s  common, I gneous  r o c k s  o f  Lower  ORS a ge  

i n c I u d e  a n d es  i t i c , b a s a I t  i c and r hyoI  i t i c ex t r us i ves  w i t h  

i n t r u s i v e  f e l  s i t e s  and d o l e r i t e s .  The s u c c e s s i o n  t o  t h e  

n o r t h  o f  t h e  Ochi i I F a u I t  i s  f o I d e d  i n t o  t h e  as ymme t r i e  

S t  r a t h m o r  e Sync I i ne and par  a l  l e i  Ochi  l - S i d l a w  Ant  i c I  i ne  

( A r m s t r o n g  & P a t e r s o n  1970*  F r a n c i s  e t  a l ,  1 9 7 0 ) ,  In t h e  

s o u t h e r n  M i d l a n d  V a l l e y  p o o r l y  e xp o s e d *  h e a v i l y  f a u l t e d *  

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

H i l l s  ( M y k u r a  1 9 6 0 ) ,

U s i n g  p a l a e o f l o w  and c l a s t  p r o v e n a n c e  d a t a  B l u c k  ( 1 9 8 3 *

1 98 4 )  s u g g e s t s  t h a t  t h e  Lower ORS was d e p o s i t e d  in two  

b a s i n s ;  t h e  L a n a r k  and S t r a t h m o r e  B a s i n s ,  w i t h i n  a v o l c a n i c  

c h a i n  f o r me d  o f  t h e  Lower  ORS i gneous  r o c ks  ( F i g , 1 , 6 ) ,  D e p o ­

s i t i o n  i s  e n v i s a g e d  as h a v i n g  o c c u r r e d  w i t h i n  a v o l c a n i c  a r c  

d u r i n g  t h e  c l o s i n g  s t a g e s  o f  t he  C a l e d o n i a n  O r o g e n y ,

E a r t h  movements p r e c e d i n g  t h e  d e p o s i t i o n  o f  t h e  Upper  

ORS a r e  a s s o c i a t e d  w i t h  s i n i s t r a l  t r a n s p r e s s  ion a l o n g  t h e  

H i g h l a n d  B o r d e r ,  S i n i s t r a l  movements o f  t h i s  age a r e  

d e s c r i b e d  f r  om f a u l t s  w i t h i n  t h e  Da I r  ad i an b l o c k *  e , g t h e  

Loch Tay F a u l t  ( S m i t h  1 9 6 1 ) ,  in c l a s t  f r a c t u r e s  f r om w i t h i n  

Lower  ORS c o n g l o m e r a t e s  (Ramsay 1962)  and in f a u l t  p a t t e r n s  

a I on g  t h e  H i ghI  and Bor der  and i n t h e  Och i I H i l l s  ( see  s e c -

t i on 7 . 3 ) ,

The Upper  ORS was d e p o s i t e d  on t h e  e r o d e d  s u r f a c e  o f  

t h e  Lower ORS, T h i s  sequence  i s  a l s o  composed o f  t e r r e s ­

t r i a l  c l a s t i c  s e d i m e n t s ,  though t h e  Upper  ORS is  more m a t u r e  

a nd  g e n e r a l l y  f i n e r  t han  t he  L o w e r .  T h e r e  a r e  no v o l c a n i c



-  9 -

r o c k s  w i t h i n  t h e  s u c c e s s i o n ,  E xp o su r e  is  poor  and c o r r e l a ­

t i o n  b e t w e e n  o u t c r o p s  d i f f i c u l t ,  B l uc k  ( 1 9 8 0 )  i n t e r p r e t s  t h e  

c o n g l o m e r a t i c  s u c c e s s i o n  in t h e  n o r t h w e s t  M i d l a n d  V a l l e y  as  

h a v i n g  been d e p o s i t e d  in a s e r i e s  o f  pul  I - a p a r t  b a s i n s  

r e s u l t i n g  f r om s i n i s t r a l  movements a l o n g  t h e  HBF, No 

de t a i l e d  i n t e r p r e t a t i o n  is  a v a i l  ab I e t o  e x p l a i n  dep»os i t i on 

e l s e w h e r e  in t h e  M i d l a n d  V a l l e y ,

1 , 5 ,  C a r b o n i f e r o u s

1 . 5 . 1 ,  In t r o d u c t  i on

E x t e n s i v e  r e v i e w s  o f  t h e  C a r b o n i f e r o u s  o f  S c o t l a n d ,  and  

o f  t h e  M i d l a n d  V a l l e y ,  a r e  p r o v i d e d  by F r a n c i s  ( 1 9 8 3 a ,  

1 98 3 b )  and Cameron & S t e p h en so n  ( 1 9 8 5 )  r e s p e c t i v e l y ,

The Car  b o n i f e r o u s  o f  t h e  M i d l a n d  V a l l e y  c o n f o r m a b l y  

s u c c e e d s  t h e  Upper  ORS, T h e r e  is a t r a n s i t i o n  f r om t e r r e s ­

t r i a l  r e d  beds to a f I u v i o - d e I t a i c  and s h a l l o w  m a r i n e  

s e q u e n c e ,  but  t h i s  change is d i a c h r o n o u s  and a s i g n i f i c a n t  

p a r t  o f  t h e  Upper  ORS may be o f  C a r b o n i f e r o u s  a ge ,  The s t r a ­

t i  g r a p h i c  s u b d i v i s i o n s  o f  t h e  M i d l a n d  V a l l e y  C a r b o n i f e r o u s  

a r e  shown in F i g , 1 , 7 ,  Red beds r e a p p e a r  a t  the  end o f  t h e  

Wes t p h a I  i an he r a i d i n g  a r e t u r n  t o  a r i d  condi  t i on s in t h e  

Perm i a n ,

1 . 5 . 2 ,  S t r u c t u r e

In t h e  M i d l a n d  V a l l e y ,  as in t h e  C a r b o n i f e r o u s  o f  E n g ­

l a n d  and I r e l a n d ,  s e d i m e n t a t i o n  and voI  can ism w e r e  i n f l u ­

e n c e d  by c on t e mp o r an e o u s  t e c t o n i c s ,  The m a j or  s t r u c t u r a l  

e l e m e n t s  in t h e  M i d l a n d  V a l l e y  a r e  shown in F i g , 1 . 8 ,



- 10 -

H a l l  ( 1 9 7 1 ,  1974)  r e c o g n i s e s  two zones o f  d i f f e r i n g  

s t r u c t u r a l  s t y l e  s e p a r a t e d  by t h e  n o r t h - s o u t h  t r e n d i n q  

L a n a r k  L i n e  » To t he  e a s t  o f  t h i s  I i ne  n o r t h - s o u t h  f o l d s  

c u t  by e a s t - w e s t  normal  f a u l t s  and d y ke s  p r e d o m i n a t e .  To t h e  

wes t , e as  t - w e s  t f a u I t  i ng is I ess  appa  r e n t  w i t h  nor  t hwes t 

t r e n d i n g  f o l d s  and f a u l t s  more i m p o r t a n t ,  B o t h  p a t t e r n s  a r e  

s u p e r i m p o s e d  on an o l d e r  n o r t h e a s t - s o u t h w e s t  "C a I e d o n i a n “ 

g r a i n  w i t h i n  t h e  p r e - C a r  b o n i f e r o u s  b a s e m e n t ,  N o r t h e a s t -  

s o u t h w e s t  t r e n d i n g  I i n e a r  v o l c a n i c  v e n t  s ys t e ms  a l s o  s u g g e s t  

b a se me n t  s t r u c t u r e s  o f  t h i s  t r e n d ,  D u r i n g  t h e  C a r b o n i ­

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

s t r u c t u r e s  was g r a d u a l l y  s u p e r c e d e d  by t h o s e  o f  n o r t h w e s t -  

s o u t h e a s t  t r e n d  w h i c h  c o n t r o l l e d  P e r m i a n  d e p o s i t i o n  in t h e  

M i d l a n d  V a l l e y ,  and to  a l e s s e r  e x t e n t ,  in E n g l a n d  ( s e e  s e c ­

t i o n  1 , 6 ) ,

The n a t u r e  o f  t h e  HBF d u r i n g  C a r b o n i f e r o u s  t i m e s  i s  

p o o r l y  c o n s t r a i n e d  due to  l ack  o f  o u t c r o p ,  though C a r b o n i ­

f e r o u s  s e d i m e n t s  c r o s s  t h e  f a u l t  ne a r  Loch Lomond s u g g e s t i n g  

l i t t l e  o r  no r e l i e f  on t he  f a u l t  l i n e ,  The S o u t h e r n  U p l a n d s  

F a u l t  (SUF)  was down- t h r own to  t h e  n o r t h w e s t  in C a r b o n i -  

f e r o u s  t i mes w i t h  the  Sou t he r n U p l a n d s  f o r m i n g  an a r e a  o f  

pos i t i ve  r e l i e f  wh i ch was g r a d u a l l y  o v e r s  t epped by t h e  Ca r - 

b o n i f e r o u s  and P e r mi a n  s u c c e s s i o n ,

The Pent  l an d  F a u l t  i s  mapped o f f s h o r e  in t h e  F i r t h  o f  

F o r t h  (Thomson 1978)  and e x t e n d s  s o u t h w e s t  t o  t h e  SUF,  Near- 

E d i n b u r g h  t h e  f a u l t  j u x t a p o s e s  t h e  Lower ORS v o l c a n i c s  o f  

t h e  P e n t  l a n d  H i l l s  and t he  C a r b o n i f e r o u s  s t r a t a  o f  t h e  

M i d l o t h i a n  C o a l f i e l d ,  The f a u l t  i s  r e v e r s e d  s i n c e  a b o r e  

w i t h i n  t h e  v o l c a n i c s  p e n e t r a t e d  Car b o n i f e r o u s  s t r a t a ,
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F u r t h e r  s ou t h #  n e ar  West L i n t o n #  t h e  f a u l t  chan g es  i t s  

d o w n - t h r o w  f r o m s o u t h e a s t  to  n o r t h w e s t ,  The f r a c t u r e  can be  

t r d e e d # p r o b a b I y  w i t h o u t  i n t e r  r u p t  ion # to  t h e  po i n t  w h e r e  i t 

j o i n s  t h e  SUF# d o w n - t h r o w i n g  s o u t h e a s t  a t  T i n t o  bu t  c h a n g i n g  

t o  n o r t h w e s t  a g a i n  f u r t h e r  so u t h  ( F i g , 1 . 8 ) #  The Pen t  l a n d  

F a u l t  was p r o b a b l y  a c t i v e  as a s t r i k e - s l i p  f a u l t  d u r i n g  t h e  

p o s t - L o w e r  pre-Upp>er  ORS d e f o r m a t i o n  and may have  o r i g i n a t e d  

i n  an e a r l  i e r  p e r i o d ,  The r e l a t i o n s h i p s  o f  t h e  s t r a t a  a l o n g  

t h e  P e n t  l a n d  F a u l t  be t ween  M i d l o t h i a n  and D o u g l a s  s u g g e s t  

t h a t  s e v e r a l  r e v e r s a l s  o f  t h e  d i r e c t i o n  o f  t h r o w  may ha ve  

o c c u r r e d  d u r i n g  i t s  h i s t o r y ,

F a u l t s  s u b - p a r a l l e l  t o  t h e  SUF a r e  mapped in A y r s h i r e #  

i n c r e a s i n g  in f r e q u e n c y  a d j a c e n t  t o  t h i s  f a u l t ,  S t r a t i  - 

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

t u r e s  i n d i c a t i n g  s y n - d e p o s i t i o n a I  movements ,  T h e r e  is  s t r a ­

t i  g r a p h i c  and g e o p h y s i c a l  e v i d e n c e  t h a t #  l i k e  t h e  P e n t  l an d  

F a u l t #  t h e  S t r a i t e n  and Dusk Wa t e r  F a u l t s  have  u n d e r g o n e  

c h a n g e s  in  t h e i r  d i r e c t i o n  o f  t h r o w ,

F u r t h e r  t o  t h e  e a s t ,  e a s t - w e s t  t r e n d i n g  f a u l t s  a r e  com­

mon,  t h o u g h  t h r ows  a r e  c o m p a r a t i v e I y  s ma l l  e x c e p t  in t h e  

c a s e  o f  t h e  Ochi  I and Campsie F a u l t s  ( An der son  1 9 5 1 ) ,  The  

t h r o w  on t h e  f o r me r  is  e s t i m a t e d  a t  o v e r  3 km, In t h e  

L o t h i a n  o i l - s h a l e  f i e l d s  s i x  e a s t - w e s t  t r e n d i n g  f a u l t s  w i t h  

t h r o w s  o f  up t o  0 , 5  km d o m i n a t e  t h e  s t r u c t u r e ,  F r a n c i s  k 

W a l k e r  ( 1 9 8 6 )  p r e s e n t  e v i d e n c e  t h a t  f a u l t s  o f  t h i s  t r e n d  

w e r e  a c t i v e  d u r i n g  t he  C a r b o n i f e r o u s ,  They c e r t a i n l y  

e x i s t e d  by l a t e  C a r b o n i f e r o u s  t i me s  when dykes  o f  t h e  M i d ­

l a n d  V a l l e y  S i l l  Complex ( s e e  s e c t i o n  1 , 5 , 4 )  a r e  mapped as  

i n t r u d i n g  a l o n g  such f a u l t  p l a n e s ,
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N o r t h w e s t - s o u t h e a s t  t r e n d i n g  f a u l t s  a r e  mapped g e o p h y ­

s i c a l l y  in t h e  F i r t h  o f  C l y d e  (McLean & Deegan 1978)  and a r e  

a l s o  p r ese n  t w i t h i n  t h e  M i d i  and V a l l e y *  I n d i v i  duaI  t h r ows 

on t h e s e  f a u l t s  a r e  r e l a t i v e l y  m i n o r *

The two l a r g e s t  f o l d s  in t he  C a r b o n i f e r o u s  o f  t h e  M i d ­

l a n d  V a l l e y  a r e  t h e  n o r t h - s o u t h  t o  n o r t h e a s t - s o u t h w e s t  

t r end i ng Cen t r a I C o a I f  i e I d  and Fi  f e - M i d l o t h i  an Sync  I i nes * 

The f o r m e r  a p p e a r s  t o  have o r i g i n a t e d  as t h e  d e p o s i t i o n a l  

K i n c a r d i n e  B a s i n ,  though t he  axes  o f  t h e  two s t r u c t u r e s  a r e  

o f f s e t  by a f ew k i l o m e t r e s .  The l a t t e r  i s  c u t  by t h e  P e n t -  

l a n d  F a u l t ,  movements on wh i ch  a r e  p r o b a b l y  r e s p o n s i b l e  f o r  

t h e  m a r k e d  asy mme t r y  o f  t h e  M i d l o t h i a n  S y n c l i n e .  S t r a t a  a r e  

i n v e r t e d  a d j a c e n t  t o  t h e  f a u l t  in t h i s  a r e a  ( T u l i o c h  & W a l ­

t o n  1 9 5 8 ) *  S m a l l e r  s c a l e  f o l d i n g  a l o n g  n o r t h e a s t - s o u t h w e s t  

t r e n d s  c o n t r o l l e d  s e d i m e n t a t i o n  in F i f e ,  e . g  t h e  B a l m u l e  

A n t i c l i n e ,  and t o  a l e s s e r  e x t e n t  f u r t h e r  w e s t .  F o l d s  o f  

n o r t h - s o u t h  to  n o r t h e a s t - s o u t h w e s t  t r e n d  a r e  e s p e c i a l l y  com­

mon in t h e  L o t h i a n  o i l - s h a l e  f i e l d s  ( M i t c h e l l  & My k u r a  

1 9 6 2 ) .  In t h e  w e s t ,  l e s s  p e r s i s t e n t  f o l d s  o f  n o r t h w e s t -  

s o u t h e a s t  t o  e a s t - w e s t  t r e n d  o c c u r , e . g  t h e  Mauchl  i ne  B a s i n ,  

whi  1st  f o l d s  o f  n o r t h e a s t - s ou t h w e st  t r e n d  a r e  a s s o c i a t e d  

w i t h  t h e  f a u l t s  o f  t h i s  t r e n d ,  e . g .  t h e  Dai  I I y  S y n c l i n e  

( M y k u r a  1 9 6 7 ) .

T h e r e  i s  d i s a g r e e m e n t  as t o  t h e  t e c t o n i c  f r amewor k  i n t o  

w h i c h  t h e  Car  b o n i f e r o u s  o f  t h e  M i d l a n d  V a l l e y  is  b e s t  f i t ­

t e d .  T e c t o n i c  mode l s  can be b r o a d l y  d i v i d e d  i n t o  t h o s e  a d v o ­

c a t i n g  p u r e  s h e a r  in a e a s t - w e s t  s t r e s s  f i e l d  ( R u s s e l l  1971 ,  

H a z e l d e n e  1 9 8 7 ) ,  p u r e  shear  in a n o r t h - s o u t h  s t r e s s  f i e l d  

( L e a d e r  1976 ,  B o t t  e t  a l .  1984)  and d e x t r a l  s t r i k e - s l i p
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m o d e l s  (Dewey 1982 ,  Read 1 9 8 7 a ) ,  The compl ex  h i s t o r y  o f  

r e a c t i v a t e d  s t r u c t u r e s  and s y n - d e p o s i t i o n a I  movements i s  

p r o b a b I y  bes t exp I a i ned by dex t r a i  s t r i k e - s l i p  in r e s p o n s e  

t o  an a p p r o x i m a t e l y  n o r t h - s o u t h  o r i e n t e d  s t r e s s  f i e l d ,  i , e ,  

a t f a n s t e n s i o n a I  r e g i m e ,  T h i s  e x p l a i n s  t h e  movements on 

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

f o l d i n g  a l o n g  n o r t h - s o u t h  t o  n o r t h e a s t - s o u t h w e s t  l i n e s  (Read  

1 9 8 7 a ) ,

1 , 5 , 3 ,  S e d i m e n t a t i o n

In a d d i t i o n  t o  s y n - d e p o s i t i o n a I  f o l d i n g  and f a u l t i n g ,  

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

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

i n c r e a s e s  in s e d i me n t  t h i c k n e s s  to  t h e  n o r t h e a s t  or  n o r t h  in 

s e v e r a l  s t r a t i g r a p h i c  g r o u p s ,  C o n s e q u e n t l y ,  i so p ac h  maps a r e  

t h e  p r o d u c t s  o f  s e v e r a l  i n t e r f e r i n g  i n f l u e n c e s ,  F i g , 1 , 9  

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

t h r o u g h o u t  v i r t u a l l y  t he  e n t i r e  C a r b o n i f e r o u s ,  though as  

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

t u r e s  shown d i m i n i s h e d ,  A s h e l f  a r e a  in A y r s h i r e  i s  

s e p a r a t e d  by a l a v a  pi  l e  f rom two m a j o r  b a s i n s ;  in t h e  c e n -  

11' g q f t h e  M i d l a n d  V a l l e y  and in F i f e  and M i d l o t h i a n ,  These  

b a s i n s  a r e  s e p a r a t e d  by a complex  zone o f  smdI I s c a l e  f o l d ­

i n g ,  S m a l l e r  b a s i n s  occur  a r ou n d  D o u g l a s  and in c e n t r a l  

F i f e ,  F i g . 1 , 1 0  i l l u s t r a t e s  t h e  e f f e c t  o f  s y n - d e p o s i t i o n a I  

t e c t o n i c s  on t h e  t h i c k n e s s  o f  t h e  L i m e s t o n e  Coal  Group,

The C a I c i f e r o u s  S a n d s t o n e  Me a su r es  (CSM) in t h e  M i d l a n d  

V a l l e y  show e x t r e m e  l a t e r a l  f a c i e s  c h a n g e s ,  The g r o u p  

i n c l u d e s  l a r g e  vo l umes o f  b a s i c  i gneous  r o c k s  and r e c o r d s  an
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i n c r e a s i n g  m a r i n e  i n f l u e n c e  on s e d i m e n t a t i o n *

In t h e  w e s t e r n  M i d l a n d  V a l l e y  t h e  C e m e n t s t o n e  Group  

c o n s i s t s  o f  a r g i l l a c e o u s  l i m e s t o n e s  in t e r  bedded w i t h  mud­

s t o n e s  and s a n d s t o n e s  o f  p r o b a b l e  l a g o o n a l  o r i g i n  ( F r e s h n e y  

1 9 6 1 ) *  In  Ren f r ewshi  r e  f and f u r t he r e a s t  , t he s uc c e s s  i on i s 

o v e r l a i n  by t h e  l a v a s  o f  t he  C l y d e  P I a t e a u  , d i v i d i n g  t h e  CSM 

i n t o  Lower  and Upper  S e d i m e n t a r y  Groups ( R i c h e y  e t  a I * 

1 9 3 0 ) *  The Upper  S e d i m e n t a r y  Group r e s t s  u n c o n f o r m a b I y  on 

t h e  l a v a  pi  I e  * t h e  t o p o g ra ph y  o f  w h i c h  c o n t r o l  l ed  i t s  d i s ­

t r i b u t i o n  ( Whyt e  1 9 8 1 ) *  L i t h o l o g i e s  i n c l u d e  s a n d s t o n e s ,  

m u d s t o n e s ,  and c o a l s  w i t h  m a r i n e  I i me s t o n e s  n e a r  t h e  top  o f  

t h e  s e q u e n c e ,  e * g *  t h e  H o l l y b u s h  L i m e s t o n e *

In West  and M i d l o t h i a n  the  CSM c o n s i s t  o f  a C e m en t s t o n e  

Gr oup  o v e r l a i n  by t h e  Lower and Upper  O i l - S h a l e  Groups*  The  

CSM r e a c h  t h e i r  maximum t h i c k n e s s  o f  a r o u n d  2 km in t h i s  

a r e a *  The Cemen t s t on e  Group is s i m i l a r  t o  t h a t  in t h e  wes t  

b u t ,  in c o n t r a s t ,  i gneous  rocks  a r e  r a r e *  The Lower 0 i I - 

S h a I e  G r oup con t a i n s  f ew we I I - d eve I  oped o i l - s h a I e s  and con - 

s j s t s o f  a sequence  o f  s h a l e s  and s a n d s t o n e s  w i t h  some c o a l s  

and f r e s h w a t e r  I i mes t one s  * The Upper  Oi I - S h a l e  Group c o n ­

t a i n s  n i n e  to  ten  o i l - s h a l e  seams , up t o  5 m t h i c k ,  i n t e f  

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

and m a r I s  ( Mi t c h e I  I & Mykura  1 962 ) *

In  E a s t  L o t h i a n  i gneous s t r a t a  a r e  a g a i n  we I I

d e v e l o p e d *  S e d i m e n t s  a r e  m a i n l y  a r g i l l a c e o u s  and i n c l u d e  

c e m e n t s t o n e s  near  t h e  base and a s e r i e s  o f  m a r i n e  bands  

h i g h e r  up t he  s uccess  i on *

In E a s t  F i f e  t h e  CSM a r e  r e p r e s e n t e d  by s a n d s t o n e s ,
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m u d s t o n e s  and s i l t s t o n e s  w i t h  i m p e r s i s t e n t  c o a l s  and d o l o m i -  

t i c l i m e s t o n e s ,  The sequence  c o n t a i n s  s e v e r a l  m a r i n e  h o r ­

i z o n s ,  e s p e c i a l l y  n e ar  t h e  t o p ,  e # g ,  t h e  A r d r o s s  L i m e s t o n e s  

( F o r s y t h  & C h i s h o l m  1 9 7 7 ) ,

The i n c r e a s i n g  m a r i n e  i n f l u e n c e  seen in t h e  upper  p a r t  

o f  t h e  CSM c o n t i n u e s  i n t o  t h e  Lower  L i m e s t o n e  Group ( L L G ) , 

The  g r o u p  c o n s i s t s  o f  a e y e ! i c  s u c c e s s i o n  o f  s a n d s t o n e s ,  

m u d s t o n e s ,  l i m e s t o n e s  and c o a l s  w i t h  b a s a l t i c  l a v a s  and  

t u f f s  n o r t h  o f  B a t h g a t e ,  The c o a l s  have  been w o r k e d  in  

p a r t s  o f  t h e  C e n t r a l  C o a l f i e l d  and in M i d l o t h i a n  and F i f e ,

The L i m e s t o n e  Coal  Group (LCG) c o n t a i n s  many w o r k a b l e  

c o a l s  w i t h i n  a sequence  o f  d e l t a i c  s a n d s t o n e s ,  s i l t s t o n e s  

an d  s h a l e s ,  P a r a d o x i c a l l y ,  t he  g r ou p  c o n t a i n s  no l i m e s t o n e s  

e x c e p t  f o r  r a r e  f r e s h w a t e r  e x a m p l e s ,  Two i m p o r t a n t  m a r i n e  

b a n d s ;  t h e  J oh n s t o n e  S h e l l  Bed and t h e  B l a c k  M e t a l s ,  can be 

t r a c e d  o v e r  n e a r l y  a l l  t he  M i d l a n d  V a l l e y ,  P h r e a t i c  v o l ­

c a n i c  a c t i v i t y  o c c u r r e d  a t  t h i s  t i m e  in A y r s h i r e  and F i f e  

w i t h  r a r e  l o c a l i s e d  l a v a  f l o w s  in t h e  l a t t e r ,  B a s a I t  I a v a s  

con t i nued t o  be depos i t e d  n o r t h  o f  Ba t hga t  e whe r e v i r t u a l l y  

a l I  o f  t h e  g r ou p  is  v o l c a n i c ,

The Upper  L i m e s t o n e  Group ( ULG) is  I i t h o I o g i c a I  I y  s i m i ­

l a r  t o  t h e  LLG,  S e v e r a l  we I I - d e v e I  oped l i m e s t o n e s  p r o v i d e  

u s e f u l  m a r k e r  h o r i z o n s ,  though s a n d s t o n e s  and muds t ones  a r e  

mor e  common, C o a l s  a r e  g e n e r a l l y  p o o r l y  d e v e l o p e d ,  M i n o r  

u n c o n f o r m i t i e s  w i t h i n  t h e  group a r e  a l s o  mapped,  V o l c a n i c  

5 1 r a t a  r e s t r i c t e d  to  ash h o r i z o n s  in F i f e  «ind A y r s h i r e ,

The P as s ag e  Group (PG) is  p o o r l y  d e f i n e d  s t r a t i g r a p h i - 

ca  I I y , The g r oup  c o n s i s t s  m a i n l y  o f  s a n d s t o n e s  w i t h  l o c a l l y
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t h i c k  beds o f  c l a y  r o c k s ,  E r o s i v e  bases to  t h e  s a n d s t o n e  

h o r i z o n s  a r e  r e s p o n s i b l e  f o r  many n o n - s e q u e n c e s ,  M a r i n e  

bands  and c o a l s  a r e  t h i n  and i m p e r s i s t e n t  e x c e p t  a t  W e s t ­

f i e l d  in F i f e ,  In A y r s h i r e ,  b a s a l t i c  l av a s  s e p a r a t e  two

s e d i m e n t a r y  g r o u p s ,  t h e  upper  o f  w h i ch  c o n t a i n s  b a u x i t i c  

c I d y s  » The I a v a s  a r e  o v e r s t e p p e d  by t he  Coal  M e a s ur e s  a nd ,  

in pI  de es  , r e s t  u n c o n f o r m a b I y  on t h e  ULG» S e d i m e n t a t i o n  

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

t h e  D i n a n t i a n ,  t hough d i s t o r t e d  in A y r s h i r e  by t h e  l a v a  

pi le.

The Lower  and M i d d l e  Coal  Me asur es  (LCM, MCM) c o n s i s t  

o f  c y c l e s  o f  c o a l ,  mudst one ,  s an d s t o n e  and s e a t  c l a y ,  

R e d d e n i n g  o f  t h e  s t r a t a  o c c u r s  near  t h e  t op  o f  t h e  MCM 

e x t e n d i n g  down f rom the  Upper Coal  Me asur es  (UCM) and P e r ­

m i a n ,  The UCM a r e  m a i n l y  red  s a n d s t o n e s ,  though g r e y  beds

o c c u r  in A y r s h i r e  and Dougl as  w i t h  t h i c k  c o a l s  in t h e

l a t t e r ,

1 , 5 , 4 ,  I g n e o u s  A c t i v i t y

The Ca r bon i f e r o u s  success  ion in t h e  M i d l a n d  V a l l e y  con - 

t a i n s  l a r g e  vo l umes  o f  i n t r u s i v e  and e x t r u s i v e  i gneous  r o c ks  

( F i g , 1♦ 1 1 ) ,  Mos t a r e  o f  a l k a l i  ne a f f i n i t y ,  In add i t i o n , 

t h e r e  a r e  t h o l e i i t i c  s i l l s  and dykes ( t h e  M i d l a n d  V a l l e y

S i l l  Comp l e x )  emp I ace d  d u r i n g  t h e  l a t e  C-3 r b o n i f t f f o u s ,

The d i s t r i b u t i o n  in t i me  and space  o f  t h i s  a c t i v i t y  i s  

shown in F i g , 1 , 1 2 ,  The g r e a t e s t  volume o f  l av a s  was p r o d u c e d  

d u r i n g  t h e  D i n a n t i a n ,  the  b u l k  o f  l a t e r  a c t i v i t y  b e i n g  

p h r e a t i c ,  t hough more w i d e s p r e a d ,



T h i c k  l a v a  sequences  occur  in t h e  CSM of  E a s t  L o t h i a n  

and in t h e  w e s t e r n  M i d l a n d  V a l l e y  w h e re  the  C l y d e  P l a t e a u  

L a v a s  o u t c r o p  t o  t h e  n o r t h ,  wes t  and s o u t h  of  G l as gow,  I t  i s  

p o s s i b l e  t h a t  t h e  two a r e a s  a r e  the  r emnant s  o f  a v i r t u a l ! y  

c o n t i n u o u s  l a v a  f i e l d  wh i c h  c o v e r e d  t h e  M i d l a n d  V a l l e y  in 

t h e  e a r l y  V i s e a n  ( De Souza 1 9 7 9 ) ,  The l av a s  o f  t h e  C l y d e  

P l a t  eau  f r equen t I y show we I I - deve I op>ed bo I es i nd i ca t i ve o f 

c o n t e m p o r a n e o u s  s u b - a e r i a l  w e a t h e r i n g  (MacDona l d  1 9 7 3 ) ,  The  

f l o w s  p r o b a b l y  o r i g i n a t e d  f rom t h e  many a s s o c i a t e d  v e n t s ,  

t h o u g h  f i s s u r e  e r u p t i o n  has been s u g g e s t e d  due t o  t h e  

l a t e r a l  p e r s i s t e n c e  o f  some f l o w s  (up t o  6' km) ( F r a n c i s  e t  

a l  , 1970 )  ,

Towar ds  t h e  end o f  t h e  D i n a n t i a n  a c t i v i t y  became c o n ­

c e n t r a t e d  a r o u n d  B a t h g a t e  and near  B u r n t i s l a n d  ( A l l a n  1 9 2 4 ) ,  

The B a t h g a t e  La va s  p r o b a b l y  o v e r l a p  t h o s e  of  t h e  C l y d e  P l a ­

t e a u  ( A n d e r s o n  1963)  ( F i g , 6 , 7 ) ,  w h i l s t  p l u g s  and v e n t s  in

t h e  West  L o t h i a n  o i l - s h a l e  f i e l d s  s u g g e s t  a f or me r  e a s t w a r d  

e x t e n s i o n  o f  t h e s e  l a v a s ,

S i l e s i a n  i gneous a c t i v i t y  is c h a r a c t e r i s e d  by p h r e a t i c  

ex p> I os i ve  e r up t i ons f r om a I a r ge numbe r o f  ven t s » Howe ve f , 

t h e  l a v a s  o f  t h e  B a t h g a t e  H i l l s  c o n t i n u e  i n t o  t h e  S i l e s i a n ,  

i n t e r b e d d i n q  w i t h  sed imen t a r y h o r i z o n s ,  wh i I s t  b a s a l t i c  

l a v a s  in t h e  Pas s age  Group o f  A y r s h i r e  r eac h  160 m in t h i c k ­

n e s s ,  T h e r e  a r e  a l s o  a s e r i e s  o f  l a v a  f l o w s  a t  W e s t f i e l d  in 

F i f e ,  In t h e  W e s t p h a l i a n ,  a c t i v i t y  was c o n c e n t r a t e d  in t h e  

F i r t h  o f  F o r t h  w h e re  the  LCM a r e  e n t i r e l y  v o l c a n i c ,

T h e r e  a r e  many a l k a l i n e  s i l l s  o f  S i l e s i a n  age w i t h i n  

t h e  M i d l a n d  V a l l e y ,  T h i s  may be due to  t h e  i n a b i l i t y  o f
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t h i c k  p i l e s  u f  u n l i t h i f i e d  C a r b o n i f e r o u s  s e d i m e n t s  to  s u p ­

p o r t  a magma g o  Iumn* T h i s  caused s i l l  emplacement  t o  

r e p l a c e  s u r f a c e  e x t r u s i o n  ( F r a n c i s  1 9 6 8 ) *

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

d l a r g e  number o f  e a s t - w e s t  t r e n d i n g  d ykes  w h i o h  a c t e d  as  

f e e d e r s  t o  t h e  e x t e n s i v e  M i d l a n d  V a l l e y  S i l l  Complex*  The  

s t r u c t u r e  o f  t h e  i n t r u s i o n  is  comp I i c a t e d 5 ■ t h e  s i l l  changes  

s t r a t i g r a p h i c  h o r i z o n  and i s  found t o  be t h i c k e s t  in b a s i n a I  

a r e a s *  F r a n c i s  ( 1 9 8 2 )  d e s c r i b e s  t he  mechanism o f  i n t r u s i o n  

o f  t h e  c o mp l ex *

1 * 6  * Perm i an

P e r m i a n  o u t c r o p  in t h e  M i d l a n d  V a l l e y  i s  r e s t r i c t e d  t o  

A r r a n  and a r o u n d  M a u c h l i n e *  T h e r e  a r e  a l s o  i s o l a t e d  o u t l i e r s  

in t h e  S o u t h e r n  U p l an d s *  The r ocks  a r e  m a i n l y  r ed  s a n d s t o n e s  

and mu d s t o n e s  w i t h  b a s a l t i c  l a v a s *  i n d i c a t i n g  a t e r r e s t r i a l  

e n v i r o n m e n t  ( L o v e l l  1983* Cameron & S t e ph e n so n  1 9 8 5 ) *

The s u c c e s s i o n  in t he  Mauchi  i ne b a s i n  c o n s i s t s  o f  up to  

30 0m o f  b a s a l t i c  l av a  f l o w s  w i t h  t h i n  i n t e r c a l a t e d  s e d i ­

m e n t s *  o v e r l a i n  by aeo l  i an s a n d s t o n e s  r e a c h i n g  450m in 

t h i c k n e s s  ( M y k ur a  196 7 ) *

Many v e n t s  mapped in t he  M i d l a n d  VaI  l ey  as c u t t i n g  C a r - 

b o n i f e r o u s  s t r a t a  a r e  assumed to be o f  P e r m i a n  a ge ,  s u g g e s t ­

i n g  t h e  Mauchi  ine  Lavas  to  be a remnant  o f  a f a r  more ex t en  

s i v e  i g n e o u s  p r o v i n c e *

P r o b a b l e  P er mi a n  rooks  a r e  mapped in t h e  F i r t h  o f  C l y d e  

b a se d  on g e o p h y s i c a l  e v i d e n c e  and l i m i t e d  s a m p l i n g  (McLean & 

Deeqan 1 9 7 8 ) *  The s u c c e s s i o n  is assumed t o  be s i m i l a r  t o
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thfldt e x p o s e d  ci found Mauchl  i ne end on A r r a n ,

U n d e r s t a n d i n g  t he  t e c t o n i c  e n v i r o n m e n t  in P e r m i a n  t i m e s  

i s  d i f f i c u l t  due to  lack of  o u t c r o p #  M y k u r a  ( 1 9 8 7 )  

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

d e p o s i t i o n  in t he  M a u c h l i n e  b a s i n ,  H a l l  ( 1 9 7 4 )  s u g g e s t s  

su ch  s t r u c t u r e s  o r i g i n a t e d  in t he  Car bon i f e r o u s , becom i no 

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

i n t o  t h e  S o u t h e r n  Up l ands  and V a l e  o f  Eden ,  McLean ( 1 9 7 8 )  

i n c l u d e s  t h i s ,  t o g e t h e r  w i t h  the  o f f s h o r e  e a s t  A r r a n  b a s i n  

an d  a l i n e a r  sys t em e x t e n d i n g  f rom S t r a n r a e r  t o  t h e  C h e s h i r e  

B a s i n ,  as  e v i d e n c e  o f  t he  i mp o r ta n ce  o f  n o r t h - w e s t  t r e n d i n g  

s t r u c t u r e s  a t  t h i s  t i m e ,

1 . 7 ,  P o s t - P a  I a e o z o i c

No s e d i m e n t s  or  e x t r u s i v e  v o l c a n i c s  o f  p o s t - P e r m i a n  age  

o c c u r  in t h e  M i d l a n d  V a l l e y ,  However ,  T e r t i a r y  d o l e r i t e  

d y k e s  a s s o c i a t e d  w i t h  t h e  A r r a n  and M u l l  i gneous  c e n t r e s  a r e  

r e l a t i v e l y  a bu n d a n t  in t h e  wes t o f t he r eg i o n , wh i I s t do I e  r - 

i t i c  s i l l s  o f  s i m i l a r  age occu r i n Ay r sh i r e , F a u I t s  o f  

n o r t h w e s t  t r e n d ,  common in the  w e s t e r n  M i d l a n d  V a l l e y ,  a r e  

assumed t o  be o f  T e r t i a r y  age (Anderson 1 9 5 1 ) ,  t hough My k u r a  

( 1 9 6 7 )  and  H a l l  ( 1 9 7 4 )  show s t r u c t u r e s  o f  t h i s  t r e n d  to  have  

b een  a c t i v e  in t h e  l a t e  Car bon i f e r o u s  and Permi  e n ,

1 . 8 ,  Summar y

C l e a r l y  t h e  M i d l a n d  V a l l e y  has u n d e r go n e  a compl ex  t e c ­

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

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

and i t s  w i d e  v a r i e t y  of  rock t y p e s .  Some a m b i g u I t y  o f



-  2 0  -

i n t e r p r e t a t i o n s  is  i n e v i t a b l e  and g e o l o g i c a l  and q e o p h y s i c a l  

d a t a  must  be i n t e g r a t e d  t o  reduce  t h e s e  t o  a minimum.
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CHAPTER 2 - PREVIOUS GEOPHYSICAL RESEARCH

2 . 1 .  I n t  r o d u c t  i on

A cons i d e r a b I e  amount  o f  g e o p h y s i c a l  wor k  has been  

u n d e r t a k e n  in t h e  M i d l a n d  V a l l e y  and a d j a c e n t  r e g i o n s *  D a t a  

f r o m  t h e  F i r t h  o f  C l y d e  a r e  s umma r is ed  by McLean & Deegan  

( 1 9 7 8 ) *  Mor e  r e c e n t l y *  D a v i d s o n  e t  a l *  ( 1 9 8 4 )  r e v i e w  r e s u l t s  

m a i n l y  f r o m t h e  c e n t r a l  and w e s t e r n  M i d l a n d  V a l l e y *  H a l l  

( 1 9 8 4 )  o u t l i n e s  g e o p h y s i c a l  c o n s t r a i n t s  on t h e  s t r u c t u r e  o f  

t h e  Dal  r a d i a n  b l o c k  t o  t h e  n o r t h .  U n f o r t u n a t e l y  t h e r e  i s  no 

e q u i v a l e n t  r e v i e w  f o r  t h e  S o u t h e r n  U p l a n d s .

2 * 2 *  S e i s m i c  R e f r a c t i o n

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

a r e  a v a i l a b l e  f r om t h e  M i d l a n d  V a l l e y  and a d j o i n i n g  a r e a s .

C r a mpi n  e t  a l *  ( 1 9 7 0 )  d e s c r i b e  t h e  L o w l a n d s  S e i s m o I o g i - 

c a I  N e t w o r k  (LOWNET) .  an a r r a y  o f  seven  r a d i o  I i n ke d  

s e i s m o m e t e r s  in t h e  c e n t r a l  and e a s t e r n  M i d l a n d  V a l l e y  

( F i g . 2 . 1 a ) .  A n a l y s i s  o f  q u a r r y  b l a s t s  and n a t u r a l  s e i s m i c  

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

c r u s t  ( F i g . 2 * 1 b ) .  L a y e r s  1 and 2 ha ve  v e l o c i t i e s  o f  3 and  

5 . 6 5  km/s r e s p e c t i v e l y ,  t houg h  t h e  f o r m e r  is  seen o n l y  as a 

t i m e  d e l a y  on l a t e r  a r r i v a l s .  T hese  l a y e r s  a r e  i n t e r p r e t e d  

as  P a l a e o z o i c  s e d i m e n t a r y  s e q u e n c e s .  A r e f r a c t o r  o f  v e l o ­

c i t y  6 . 4 5  km/s o c c u r r i n g  a t  7 - 8  km d e p t h  i s  i n t e r p r e t e d  as  

c r y s t a l l i n e  b a s e m e n t .

The n o r t h - s o u t h  t r e n d i n g  L i t h o s p h e r i c  P r o f i l e  in B r i ­

t a i n  ( L I S P B )  c r o s s e s  t h e  M i d l a n d  V a l l e y  n e a r  E d i n b u r g h  

( F i g . 2 . 2 ) .  The e x p e r i m e n t  i s  been d e s c r i b e d  by Bamf or d  e t
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a l *  ( 1 9 7 6 ,  1977 ,  1 9 7 8 ) ,  K a mi nsk i  e t  a l *  ( 1 9 7 6 )  and Assump-

cao & B a mf o r d  ( 1978)  * A c o n c i s e  summary is  g i v e n  by Ba mf o r d  

( 1 9 7 9 ) ,

The f o u r  l a y e r  c r u s t a l  model  d e f i n e d  f o r  n o r t h e r n  Br i - 

t a i n  i s  shown in F i g * 2 *3♦ The l a y e r s  a r e  i n t e r p r e t e d  a s :

C1] A s u p e r f i c i a l  l a y e r  o f  Upper  P a l a e o z o i c  and younger  

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

s t r a i n e d  and b ased  m a i n l y  on g e o l o g i c a l  e v i d e n c e *

C2 3 In t h e  H i g h l a n d s  t h i s  l a y e r  has v e l o c i t i e s  o f  6* 1 - 6 * 2  

km/s and i s  i n t e r p r e t e d  as  a c o m b i n a t i o n  o f  C a l e d o n i a n  

m e t a s e d i m e n t s  and i n t r u s i o n s .  S o u t h  o f  t h e  H i g h l a n d  

B o r d e r  t h e  l a y e r  has a v e l o c i t y  o f  5 * 8 - 6 . 0  km/s and i s  

i n t e r p r e t e d  as a Lower  P a l a e o z o i c  s u c c e s s i o n .

[33  N o r t h  o f  t h e  SUF t h i s  l a y e r  has  a v e l o c i t y  o f  6 * 4 8  km/s  

and i s  i n t e r p r e t e d  as t h e  C a I e d o n i a n  f o r e l a n d .  So u t h  o f  

t h e  SUF t h e  l a y e r  has a v e l o c i t y  o f  6 . 2 8  k m / s .  T h i s  

d i f f e r e n c e  is  c o n s i d e r e d  s i g n i f i c a n t  by B a mf o r d  ( 1 9 7 9 )  

though no g e o l o g i c a l  i n t e r p r e t a t i o n  i s  s u g g e s t e d .

[43 A lower  c r u s t a l  l a y e r ,  p o o r l y  c o n s t r a i n e d  t o  t h e  s o u t h  

o f  t h e  SUF,  w i t h  a v e l o c i t y  o f  7 * 0  km/ s .

C r u s t a l  t h i c k n e s s  v a r i e s  f r o m 25 km a t  t h e  n o r t h e r n  end  

o f  t h e  L I SPB p r o f i l e  t o  more t h a n  30 km b e n e a t h  t h e  M i d l a n d  

V a l l e y .  The m a n t l e  has a u n i f o r m  v e l o c i t y  o f  8 . 0  k m/ s .  Good 

s h e a r  waves  w e r e  r e c o r d e d  f r om  s e v e r a l  s h o t s .  Compar i son  o f  

P-  and S - w av e  v e l o c i t i e s  and t r a v e l  t i m e s  e n a b l e d  Assumpcao  

& Bamf or d  ( 1 9 7 8 )  t o  compute  P o i s s o n ' s  r a t i o  a l o n g  t h e  p r o ­

f i l e  ( F i g . 2 . 4 ) .



The L I SPB i n t e r p r e t a t i o n  s u g g e s t s  t h a t  t h e  SUF is  a 

f u n d a m e n t a l  e l e m e n t  in t h e  B r i t i s h  C a l e d o n  i d e s  s i n c e  i t  

s e p a r a t e s  two t y p e s  o f  p r e - C a l e d o n i a n  basement  ( l a y e r  3 ) .  

L I S PB  was a l a r g e  s c a l e  e x p e r i m e n t  w i t h  s h o t s  t e n s  o f  

ki  Iomet  r e s  a p a r t  and r e c e i v e r s  s p a c e d  a t  i n t e r v a l s  o f  

s e v e r a l  k i l o m e t r e s .  T h e r e f o r e ,  c o r r e l a t i o n  o f  s u r f a c e  

s t r u c t u r e s  w i t h  t h o s e  mapped s e i s m i c a l l y  may be i n c o r r e c t .

H a l l  e t  a l .  ( 1 9 8 3 )  r e - i n t e r p r e t  t h e  L I SPB d a t a  f r om  t h e  

S o u t h e r n  U p l a n d s .  The d a t a  a r e  c ombi ned  w i t h  d a t a  f r om  

q u a r r y  b l a s t s  r e c o r d e d  a t  t h e  U . K .  A t o m i c  E n e r g y  A u t h o r i t y  

s e i s m i c  a r r a y s  a t  E s k d a l e m u i r  and B r o u g h t o n  and t h e  r e s u l t s  

f r o m  t h e  S o u t h e r n  U p l a n d s  S e i s m i c  P r o f i l e  ( S U S P ) ,  a r e f r a c ­

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

U p l a n d s .  ( F i g . 2 . 5 ) .  SUSP p r e d i c t s  P - w a v e  v e l o c i t i e s  o f  6 . 0  

km/s a t  a d e p t h  o f  a b o u t  1 km, i n c r e a s i n g  t o  6 . 3  km/s a t  3 - 4  

km d e p t h .  A p p a r e n t  v e l o c i t i e s  m e as u r ed  a t  t h e  B r o u g h t o n  

a r r a y ,  l o c a t e d  on t h e  SUSP l i n e ,  c o n f i r m  t h e s e  v e l o c i t i e s  

f r o m  s o u r c e s  t o  t h e  n o r t h - e a s t  and s o u t h - w e s t  ( a l o n g  

s t r i k e ) ,  and f r om t h e  M i d l a n d  V a l l e y  t o  t h e  n o r t h - w e s t .  From  

t h e  s o u t h  and e a s t ,  h o w e v e r ,  a p p a r e n t  v e l o c i t i e s  a r e  l o w e r ,  

b e i n g  t y p i c a l l y  5 . 6 - 5 . 8  km/s .  T h i s  s u g g e s t s  t h a t  t h e  h i g h  

v e l o c i t y  c r u s t  r e c o g n i s e d  by L I SPB in t h e  M i d l a n d  V a l l e y  

c o n t i n u e s  b e n e a t h  t h e  S o u t h e r n  U p l a n d s ,  but  d eepens  t o  t h e  

s o u t h - e a s t  o f  SUSP and B r o u g h t o n .  D a t a  r e c o r d e d  a t  t h e  E s k ­

d a l e m u i r  a r r a y  show h i g h  a p p a r e n t  v e l o c i t i e s  a l o n g  s t r i k e  to  

t h e  n o r t h - e a s t  and s o u t h - w e s t ,  w i t h  lower  v e l o c i t i e s  a c r o s s  

s t r i k e  t o  t h e  n o r t h - w e s t  and s o u t h - e a s t .  These  d a t a  can be  

e x p l a i n e d  in t e r ms  o f  a h i g h  v e l o c i t y  b l o c k ,  1 0 - 2 0  km w i d e ,  

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



R e - e x a m i n a t i o n  o f  t h e  L I SPB d a t a  f r om t h e  r e q i o n  shows 

t h a t  t h e  t i  m e - d i s t a n c e  d a t a  can be i n t e r p r e t e d  in t e r ms  o f  a 

s e r i e s  o f  low and h i g h  v e l o c i t y  segment s  o f  a b o u t  5 . 6  and

6 . 0  km/s ( H a l l  e t  a l .  1 9 8 3 ) .  The o r i g i n a l  i n t e r p r e t a t i o n  

assumed t h e s e  e f f e c t s  t o  be due t o  r e f r a c t o r  r e l i e f .  

F i g . 2 . 6a  shows how a model  o f  upper  c r u s t a l  b l o c k s  can  

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

c i t y  d a t a  a r e  shown in F i g . 2 . 6b ( s e e  H a l l  e t  a l .  1983 f o r  

s o u r c e s  o f  d a t a ) .  F i e l d  and l a b o r a t o r y  me a s ur e m e n t s  o f  t h e  

v e l o c i t i e s  o f  g r e y w a c k e s  and c r y s t a l l i n e  r o c k s  o f  g r a n i t i c  

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

t h e  h i g h  v e l o c i t i e s  a r e  due t o  c r y s t a l l i n e  r o c k s  o f  g r a n o -  

d i o r i t i c  t o  d i o r i t i c  compos i t i o n , wh i I s  t t h e  I owe r v e l o c i ­

t i e s  a r e  f r om g r e y w a c k e s .  O l i v e r  e t  a l .  ( 1 9 8 4 )  have  s u g ­

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

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

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

s c h i s t s .  I t  i s  u n l i k e l y ,  h o w e v e r ,  t h a t  such a t r a n s i t i o n  

w o u l d  be s h a r p  enough to  e x p l a i n  t h e  d a t a .

The L I SPB model  o f  M i d l a n d  V a l l e y  upper  c r u s t a l  s t r u c ­

t u r e  i s  shown in F i g . 2 . 7 .  The i n t e r p r e t a t i o n  o f  a r r i v a l s  

f r om t h e  up p e r mo st  c r u s t a l  l a y e r  i s  c l e a r l y  a poor  f i t  t o  

t h e  d a t a *  F i g . 2 . 9 a  shows a s e r i e s  o f  s h o r t  to  medium r an g e  

s e i s m i c  r e f r a c t i o n  p r o f i l e s  r e c o r d e d  t o  r e f i n e  t h e  L I SPB 

mode I in  t he M i d i  and VaI  I ey  ( Dav i dson e t  a I . 1984 ,  So I a

1 98 5 ,  D a v i d s o n  1 9 8 6 ) .  F i g . 2 . 8  i n c l u d e s  P - w a v e  v e l o c i t y  d a t a  

f r o m  d i f f e r e n t  g r o u p s  o f  r o c ks  f r om w i t h i n  t h e  M i d l a n d  V a l ­

l e y ,  p l u s  v e I o c i t y - d e p t h  mode l s  f r om a number o f  s o u r c e s  

( s e e  D a v i d s o n  e t  a l .  1984 f o r  s o u r c e s ) .  The C a r b o n i f e r o u s
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and Upper  ORs sed i men t s a r e  o f  d i s t i n c t l y  I owe r v e l o c i t y

t h a n  t h e  Lower  QRS and Lower  P a l a e o z o i c  s e d i m e n t s .  V e l o c i ­

t i e s  e n c o u n t e r e d  a t  s ha I low d e p t h  a r e  a c c e p t a b l e  f o r  Lower  

P a l a e o z o i c  and Lower  ORS r o c k s , but  l a y e r  2 v e l o c i t i e s  a r e  

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

t h e  S o u t h e r n  U p l a n d s ,  t h e  i n t e r p r e t a t i o n  o f  L 1SPB l a y e r  2 as  

a P a l a e o z o i c  s e d i m e n t a r y  seq u e n c e  is  p r o b a b l y  i n c o r r e c t .

The t i m e - d i s t a n c e  d a t a  d e s c r i b e d  by D a v i d s o n  e t  a l .  

( 1 9 8 4 )  show a s h a r p  change  in a p p a r e n t  v e l o c i t y ,  f rom v e l o ­

c i t i e s  a t t r i b u t a b l e  t o  t h e  C a r b o n i f e r o u s  and Upper  ORS, t o  

t h o s e  c h a r a c t e r i s t i c  o f  t h e  Lower  ORS and Lower P a l a e o z o i c ,  

a t  a d e p t h  o f  a bo u t  2 km. T h i s  s u g g e s t s  t h e  u n c o n f o r m i t y  

b e t w e e n  t h e  Upper  and Lower  ORS, mapped a t  t h e  s u r f a c e  in  

t h e  M i d l a n d  V a l l e y ,  i s  a r e f r a c t o r ,  and a l l o w s  t h e  s u b ­

d i v i s i o n  o f  L I SPB l a y e r  1. The d a t a  f rom l i n e s  1 and 2 

( F i g . 2 , 9 a )  p r e s e n t e d  by D a v i d s o n  e t  a l .  have  been r e ­

i n t e r p r e t e d  and a r e  d e s c r i b e d  in c h a p t e r s  5 and 7 .  The l i n e  

3 p r o f i l e  t r e n d s  a p p r o x i m a t e  I y  e a s t - w e s t  f rom t h e  A y r s h i r e

c o a s t  t o  t h e  S o u t h e r n  U p l a n d s  ( F i g . 2 . 9 a ) .  Where t h e  l i n e

c r o s s e s  o u t c r o p s  o f  Lower  P a l a e o z o i c  r o c ks  v e l o c i t i e s  a r e  

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

i n c r e a s e  t o  6 . 0 - 6 . 1  km/s a t  a bout  3 km. T h i s  v e l o c i t y  is  

c o m p a r a b l e  to  t h a t  o f  t h e  L I SPB "Lower P a l a e o z o i c "  l a y e r  2 .  

C l e a r l y  t h i s  r e f r a c t o r  c an n o t  be t h e  t op  o f  a Lower  P a l a e o ­

z o i c  s eq u e nc e  and so 5 upp>or t s  t h e  i n t e r p r e t ^ t i  on o f  t h i s  

l a y e r  as basemen t . F i g . 2 . 8  shows t h e  v e l o c i t y  o f  t h i s  

r e f r a c t o r  t o  p l o t  w i t h i n  t h e  f i e l d  f o r  a c i d - i n t e r m e d i a t e  

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

d e p t h  o f  ab o u t  3 km.
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Based  on t h e s e  d a t a  a r e v i s e d  c r u s t a l  mode! may be c o n ­

s t r u c t e d ,  Tab I e  2*1#

T d b ! e 2 ,  1♦ C r u s t a  I Mode I f o r  t he M i d i  and Va I  I e y  o f  Sco t  I and *

L a y e r V e I o c  i t y 
( k m / s )

Approx  imat e  
Dept h  (km)

I n t e r p r e t a t  i on

1 2 . 5 - 3 , 5 0 - 3 C a r b o n i f e r o u s  and Upper  ORS

2 4 , 0 - 5 , 5 3 - 6 Lower ORS and Lower  P a l a e o z o i c

3 5 * 9 - 6 , 2 3 - 8 C r y s t a l l i n e  basement  ( 6 , 0  km/s )

4 6 , 4 8 - 2 0 C r y s t a l l i n e  basement  ( 6 , 4  km/s )

5 7 , 0 2 0 - 3 5 Lower  c r u s t

35 Mo ho

M acBet h  k B u r t o n  ( 1 9 8 5 ) d e s c r i b e  s u r f a c e  wave  d a t a  

o b t a i n e d  in t he  M i d l a n d  V a l l e y  and a d j a c e n t  r e g i o n s .  

A r r i v a l s  f r om t h e  K i n t a i i  e a r t h q u a k e ,  r e c o r d e d  d u r i n g  t h e  

L I SPB e x p e r i m e n t ,  w e r e  i n v e r t e d  to  p r o v i d e  r e g i o n a l  i s e d  

s h e a r  wave  v e l o c i t y  p r o f i l e s *  Seven r e g i o n s  o f  r e l a t i v e l y  

homogeneous v e l o c i t y  a r e  r e c o g n i s e d  w i t h  r e s o l u t i o n  to  17 km 

d e p t h .  V e l o c i t i e s  in t h e  topmost  2 km a r e  c o n s i s t e n t l y  low 

w i t h  an a v e r a g e  v e l o c i t y  o f  3 * 1 5  k m/ s .  Lower  l a y e r s  have  a 

mean v e l o c i t y  o f  3 * 6 0  km/s and show a c o n s i s t e n t  v e l o c i t y  

q r a d i e n t  be tween l i m i t i n g  v a l u e s  o f  3 . 4  - 3 . 8  km/s*  The Iow 

n e ar  s u r f a c e  v e l o c i t i e s  r e p r e s e n t  an a v e r a g e  o f  t h e  t <_»p>most 

2 km and a r e  p r o b a b l y  c aused  by a s u p e r f i c i a l  w e a t h e r e d  

l a y e r  and open c r a c k s  in t he  upper  f ew h u n d r e d  m e t r e s *  M a c ­

B e t h  k B u r t o n  ( 1 9 8 6 ) r e f i n e  t h e  model  f o r  t h e  M i d l a n d  V a l l e y  

us i no ma r i n e  s h o t s  f i r e d  in t h e  F i r t h  o f  Fo r t h <^nd r eco r dt;d 

by t h e  LOWNET a r r a y .  Shear  wave v e l o c i t y  p r o f i l e s  w e r e  c o n ­

s t r u c t e d  f o r  t h e  uppermost  2 km o f  t h e  M i d l a n d  V a l l e y  

( F i g . 2 . 1 0 ) .  T h e r e  is  r e a s o n a b l e  a g r e e m e n t  b e tw e e n  f i v e  o f



t h e  e i g h t  p r o f i l e s  w i t h  v e l o c i t i e s  g r ou p e d  a r o u n d  1 , 4 5  km/s  

a t  t h e  s u r f a c e ,  i n c r e a s i n g  t o  be t ween  1 , 9  and 3 , 5  km/s a t  2 

km d e p t h ,  The v e l o c i t i e s  f rom t h e  DU and ELO p r o f i l e s  a r e  

seen  t o  be a n o m a l o u s l y  h i gh  w i t h  s u r f a c e  v e l o c i t i e s  o f  a b o u t

2 , 1  k m / s ,  T h i s  is  because  t h e  r a y - p a t h s  f r om s ho t  t o  

r e c e i v e r  a r e  mo s t l y  t h r o u g h  Lowe r ORS, whi  1st  t h e  r ema i n i n g 

d a t a  a r e  ma i n l y  f r om I owe r v e l o c i t y  Ca r bon i f e r o u s  s t r a t a ,

2 , 3 ,  S e i s m i c  R e f l e c t i o n

Commer c i a l  s e i s m i c  r e f l e c t i o n  d a t a  and deep r e f l e c t i o n  

p r o f i l e s  o b t a i n e d  f o r  a ca d e m i c  p u r p o s e s  have  been r e c o r d e d  

w i t h i n  t h e  M i d l a n d  V a l l e y  and i t s  o f f s h o r e  c o n t i n u a t i o n s ,

H a l l  ( 1 9 7 1 ,  1974)  d e s c r i b e s  t he  r e s u l t s  f r om a s m a l l

s c a l e  s e i s m i c  r e f l e c t i o n  s u r v e y  in t h e  w e s t e r n  and c e n t r a l  

M i d l a n d  V a l l e y ,  R e f l e c t i o n  p r o f i l e s  and v e l o c i t y  d a t a  w e r e  

us ed  t o  d e t e r m i n e  the  t h i c k n e s s  o f  i gneous  r o c k s  in  t h e s e  

a r e a s ,

V i b r o s e i s  r e f l e c t i o n  d a t a ,  r e c o r d e d  t o  6 , 0  s two way  

t i m e  ( TWT) f o r  t h e  T r i c e n t r e  I O i l  C o r p o r a t i o n ,  ha ve  been  

s t u d i e d  by t h e  a u t h o r  though a d e t a i l e d  i n t e r p r e t a t i o n  was  

not  a t t e m p t e d ,  L i m i t e d  d a t a ,  r e c o r d e d  f o r  t h e  B r i t i s h  G e o ­

l o g i c a l  S u r v e y  ( BGS) d u r i n g  t h e  T r i c e n t r o I  s u r v e y ,  show 

c o h e r e n t  e v e n t s  to  a r o u n d  2 km dep*th (Penn e t  a l  , 1984)  ,

T h i s  i s  t y p i c a l  o f  r e f l e c t i o n  p r o f i t e s  f r om w i t h i n  t h e  M i d -  

I and V a l l e y  w h i c h  r a r e l y  image s t r u c t u r e s  b e l o w  r e f r a c t i o n  

l a y e r  1 ( C a r b o n i f e r o u s  and Upper  ORS) ,  i « e ,  b e l o w  a b o u t  2 km 

d e p t h ,  T h i s  l ack  o f  p e n e t r a t i o n  is  p r o b a b l y  due t o  m i n i n g  

o u t  o f  coa l  seams in t h e  C a r b o n i f e r o u s  s t r a t a ,  p l u s  t h e  com­

p l e x  f a u l t i n g  and g e o l o g y  o f  t h e  s e q u e nc e ,  In a d d i t i o n ,  t h e



WINCH d a t d  s u g g e s t  t h ^ t  t h e  under  l y i n g  D e v o n i a n  s eq u e n c e  may 

be s e i s m i c a l l y  t r a n s p a r e n t  ( see  b e l o w ) .

D a t a  r e c o r d e d  t o  15 s TWT a c r o s s  t h e  o f f s h o r e  c o n t i n u a ­

t i o n s  o f  t h e  M i d l a n d  V a l l e y  have been o b t a i n e d  by t h e  B r i t ­

i s h  I n s t i t u t i o n s  R e f l e c t i o n  P r o f i l i n g  S y n d i c a t e  ( B I RF'S ) , The  

W e s t e r n  I s l e s  N o r t h  Channel  (WINCH) p r o f i l e  ( Br ewe r  e t  a l ,  

1 98 3 )  e x t e n d s  f rom t h e  O u t e r  H e b r i d e s  to  t he  I r i s h  Sea  

( F i g » 2 » 2 ) , Ha I I  e t a I * ( 1 9 8 4 )  desc r i  be a de t a i  l ed  i n t e r p r e ­

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

t i o n s  o f  t h e  M i d l a n d  V a l l e y  and b o u n d i n g  Da I r a d i a n  and  

S o u t h e r n  U p l a n d  t e r r a n e s ,  F i g , 2 , 1 1  shows a I i ne  d r a w i n g  o f  

t h i s  s e c t i o n  o f  t h e  p r o f i l e ,  L i n e s  r e p r e s e n t  c o h e r e n t  e v e n t s  

w i t h i n  t h e  d a t a ,  From the  s u r f a c e ,  t h e  d o t t e d  h o r i z o n s  a r e ;  

top* o f  c r y s t a l l i n e  basement ,  t op  o f  t h e  r e f l e c t i v e  lower  

c r u s t ,  ba se  o f  t h e  c r u s t  (Moho) and a m a n t l e  r e f l e c t o r ,

The Car b o n i f e r o u s  and P e r m o - T r i a s s i c  s e d i m e n t s  o f  t h e  

F i r t h  o f  C l y d e  b a s i n  a r e  seen to  be ab o u t  2 , 0  and 1 , 5  km 

t h i c k  r e s p e c t i v e l y ,  S i n c e  t he  p r o f i l e  c r o s s e s  a n o r t h w e s t  

t r e n d i n g  b a s i n ,  s imi  l a r  to  t he  MauchI  ine  B a s i n  o f  t h e  M i d ­

l a n d  V a l l e y ,  t h e s e  t h i c k n e s s e s  can o n l y  be e x t r a p o l a t e d  

a l o n g  s t r i k e  w i t h  c a u t i o n ,  though t hey  a r e  c o m p a r a b l e  t o  

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

by a l ac k  o f  c o h e r e n t  s i g n a l s  and o c c u r s  a t  a r o u n d  3 - 4  km, 

s h a l l o w i n g  t o w a r d s  t h e  M i d l a n d  V a l l e y  m a r g i n s ,  R e f l e c t i v e  

l ower  c r u s t  i s  l es s  we I I - deve I  oped b e n e a t h  t he  M i d l a n d  V a l ­

l e y  t h a n  t o  t h e  n o r t h  and s o u t h ,  T h i s  may be a f u n c t i o n  o f  

t h e  d a t a  p r o c e s s i n g  s i n c e  h i g h e r  b a ck gr o u n d  n o i s e  l e v e l s  

h a v e  been shown t o  d i s g u i s e  deep c r u s t a l  r e f l e c t i v i t y  

( K l e m p e r e r  per  5 * comm, ) ,  A change in c r u s t a l  c h a r a c t e r



-  2 9  -

a s s o c i a t e d  w i t h  m a j o r  s t r i k e - s l i p  movements doe s ,  h o w e v e r ,

rema i n a poss i b i 1 i t y ♦

The Moho o c c u r s  a t  about  10 s TWT, e q u i v a l e n t  t o  

a p p r o x i m a t e l y  30 km d e p t h ,  To t he  n o r t h ,  t h e  Moho s h a l l o w s  

t o  a b o u t  8 s TWT n e ar  I s l a y ,  w h i 1st  b e n e a t h  t h e  S o u t h e r n  

U p l a n d s  i t  p r o b a b l y  remai ns  a t  about  10 s TWT,

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

M i d l a n d  V a l l e y  b o u n d i n g  f r a c t u r e s ,  H i g h - a n g l e d  s t r u c t u r e s  

w o u l d  n o t  be imaged,  but  t h e r e  i s  no e v i d e n c e  o f  a change  in  

s e i s m i c  c h a r a c t e r  c o r r e l a t a b l e  w i t h  t he  s u r f a c e  f a u l t s ,  

t h o u g h  H a l l  e t  a l ,  ( 1 9 8 3 )  suggest  no m a j o r  s t r u c t u r e  s h o u l d  

be a n t i c i p a t e d  a t  t h e  SUF,  D a t a  f rom t h e  H i g h l a n d  B o r d e r  a r e  

c o n f u s e d  by s h a l l o w  d i f f r a c t i o n s ,  but  H a l l  e t  a l ,  ( 1 9 8 4 )  

s u g g e s t  a h i g h - a n g l e d  f a u l t  is more l i k e l y  than a m a j o r  

t h r u s t ,

The N o r t h e a s t  Coast  (NEC) l i n e  ( F i g » 2 , 2 ) ,  a l s o  r e c o r d e d  

by BIRPS to  15 5 TWT, runs s u b - p a r a l l e l  to  WINCH o f f  t h e

e a s t  c o a s t  o f  t h e  M i d l a n d  V a l l e y  and S o u t h e r n  U p l a n d s  

( K l e m p e r e r  & M a t t h e w s  1 9 8 7 ) ,  Where t he  l i n e  c r o s s e s  t h e  

e a s  t w a r  d e x t r a p o l a t i o n  o f  t he  M i d l a n d  V a l l e y  and SUF v i r t u - 

a l l y  no upper  c r u s t a l  s t r u c t u r e  is imaged,  R e f l e c t i v e  lower  

c r u s t  o c c u r s  a t  a bo u t  7 , 0  s TWT and t h e  Moho a t  a bo u t  1 0 , 0  s 

TWT, c o r r e s p o n d i n g  to  d e p t h s  o f  a p p r o x i m a t e  I y  20 and 30 km 

r e s p e c t i v e l y ,  Aga i n ,  r e f l e c t i v e  I owe r c r u s t  i s  l es s  we I I 

d e v e l o p e d  b e n e a t h  t h e  M i d l a n d  V a l l e y  than in o t h e r  p a r t s  o f

t he p r o f i l e ,

2 , 4 ,  G r a v i t y  and M a g n e t i c s
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F i g , 2 , 1 2  shows two n o r t h - s o u t h  t r e n d i n g  g r a v i t y  p r o ­

f i l e s  a c r o s s  t h e  M i d l a n d  V a l l e y  { H i p k i n  & H u s s a i n  1 9 S 3 ) ,  The  

e f f e c t s  o f  known s e d i m e n t a r y  l a y e r s  have  been removed t o  

h i gh I i gh t anomaI  i es o f  deeper  o r i g i n ,  The L I SPB e x p e r  i men t 

p r e d i c t s  a l a y e r  o f  v e l o c i t y  6 , 4  km/s t o  o c cu r  a t  a b o u t  7 km 

d e p t h  b e n e a t h  t h e  M i d l a n d  V a l l e y  t e r m i n a t i n g  a t  t h e  SUF and  

f a l  I i ng  t o  ab o u t  15 km dept h  some 20 km n o r t h  o f  t h e  HBF 

( F i g , 2 , 3 ) ,  T h i s  w ou l d  r e s u l t  in a p o s i t i v e  anomal y  o f  2 0 - 3 0  

mga I in t h e  M i d i  and VaI  I ey  r e I  a t  i ve t o  t he a r  eas  t o  t he  

n o r t h  and s o u t h ,  The r e q u i r e d  change in g r a v i t y  i s  o b s e r v e d  

t o  t h e  n o r t h  and seems to  c o i n c i d e  w i t h  t h e  M o i n e - D a I  r a d i a n  

c o n t a c t  mapped a t  t h e  s u r f a c e ,  No e q u i v a l e n t  change  is  

o b s e r v e d  t o  t h e  s o u t h ,  (The " low" i m m e d i a t e l y  t o  t h e  s o u t h  

o f  t h e  SUF is i n t e r p r e t e d  as a g r a n i t i c  body b e n e a t h  t h e  

S o u t h e r n  U p l a n d s  ( L a g i o s  & H i p k i n  1 9 7 9 ) ) ,  H i p k i n  & H u s s a i n  

( 1 9 8 3 )  assume t h e  LISPB model  o f  t h e  SUF t o  be c o r r e c t  and  

s u g g e s t  t h a t  lower  c r u s t a I / m a n t I e  m i x i n g  i s  c o m p e n s a t i n g  f o r  

i t s  p r e d i c t e d  g r a v i t a t i o n a I  e f f e c t s  in t h i s  r e g i o n ,  S e v e r a l  

i n d e p e n d e n t  I i nes  o f  e v i d e n c e  (Hal  I e t  a l  , 1983 ,  Upt on e t

a l ,  1983 ,  A I - M a n s o u  r i 1986,  Dav i d s o n  1986)  s ug g e s t  t h a t  t h e  

L I S P B  model  is i n c o r r e c t  and t h a t  t h e  M i d l a n d  V a l l e y  b a s e ­

ment  c o n t i n u e s  under  t he  S o u t h e r n  U p l a n d s ,  Such a model  

r e q u i r e s  no g r a v i t y  g r a d i e n t  in t h e  r e g i o n  o f  t h e  SUF,

The r e g i o n a l  a e r o m a g n e t i c  map o f  t h e  M i d l a n d  V a l l e y  

( F i g , 2 , 9c )  shows a n o m a I i e s  wh i ch  c o r r e l a t e  w i t h  e xpos e d  

bas  i c i gneous r o c k s ,  and I i n e a r  f e a t u r e s  a s s o c i a t e d  w i t h  t h e  

SUF and t h e  HBF ( BGS 1972,  H a l l  fc D a g l e y  1 9 7 0 ) ,  H i p k i n  & 

H u s s a i n  ( 1 9 8 3 )  d e s c r i b e  t he  r e g i o n a l  Bouguer  g r a v i t y  map 

c o v e r i n g  n o r t h e r n  B r i t a i n ,  The p a r t  o f  t h i s  map c o v e r i n g
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t h e  M i d l a n d  VaI  I ey  is shown in F i q . 2 . 9b .

The r e g i o n a l  g r a v i t y  and m a g n e t i c  maps h i g h l i g h t  a 

number o f  l o c a l  anomaI  i e s .  Model  I ing o f  t h e s e  anomaI  i e s  i s  

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

p r o v i d e s  a s e r i e s  o f  models  o f  p o s s i b l e  s o u r c e s .

AnomaI  i es  a s s o c i a t e d  w i t h  t h e  I n c h g o t r i c k *  K e r s e  Loch  

an d  S o u t h e r n  U p l a n d s  F a u l t s  a r e  m o d e l l e d  by McLean ( 1 9 6 6 ) .  

M o d e l l i n g  c hang es  in t h i c k n e s s e s  o f  s t r a t i g r a p h i c  u n i t s  

a c r o s s  t h e s e  f a u l t s  e n a b l e s  s y n - d e p o s i t i o n a I  movements  to  

be e s t i m a t e d *  e . g .  800m f o r  t h e  I n c h g o t r i c k  F a u l t  d u r i n g  t h e  

C a r b o n  i f e r o u s .

Q u r e s h i  ( 1 9 7 0 )  c o n s i d e r e d  t h e  a n o m a l i e s  a s s o c i a t e d  w i t h  

t h e  HBF.  The models  used a r e  o v er  s i m p l i f i e d *  e . g .  basement  

o f  u n i f o r m  d e n s i t y  is assumed and t h e  e f f e c t s  o f  t h e  H i g h ­

l a n d  B o r d e r  Complex a r e  i g n o r e d .  These mode l s  s u g g e s t  t h e  

Lower  ORS t o  be a r ou n d  1 .5  km t h i c k  in t h i s  r e g i o n .

A g r a v i t y  " low"  c e n t r e d  a r ou n d  H a m i l t o n  was m o d e l l e d  by 

A l o m a r i  ( 1 9 8 0 )  as e i t h e r  a Lower O l d  Red S a n d s t o n e  b a s i n  up 

t o  10 km t h i c k *  or  an a c i d i c  p l u t o n  e x t e n d i n g  f r om a b o u t  4 

t o  12 km d e p t h .

The g r a v i t y  and m a g n e t i c  " h i g h "  c e n t r e d  a r o u n d  B a t h g a t e  

was m o d e l l e d  by Ho s s a i n  ( 1 9 7 6 ) .  Two mode l s  w e r e  p r o d u c e d  

( F i g . 2 . 1 3 ) *  r e p r e s e n t i n g  t he  s h a l l o w  and deep e x t r e m e s  o f  a 

s e r i e s  o f  p o s s i b l e  s o l u t i o n s .  The s h a l l o w  model  c o n s i s t s  o f  

a cone  o f  l a v a s ,  i d e n t i c a l  t o  t ho s e  o u t c r o p p i n g  in t h e  M i d ­

l a n d  V a l l e y ,  e x t e n d i n g  to  a de p t h  o f  5 km. The second model  

c o n s i s t s  o f  a deep ( 1 0 - 1 4  km) u l t r a - b a s i c  i n t r u s i o n .  For
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t h i s  model  t h e  m a g n e t i c  anomaly  was smoothed by c a l c u l a t i n g  

t h e  e f f e c t s  o f  i n c r e a s i n g  the  f l i g h t  h e i g h t  by 2 km, T h i s  

r e mo ve s  h i g h  f r e q u e n c y  e f f e c t s  due t o  near  s u r f a c e  f e a t u r e s ,

The a bu n d a n c e  o f  i gneous rocks  in t h e  M i d l a n d  V a l l e y  

make g r a v i t y  and m a g n e t i c  m o d e l l i n g  w i t h o u t  good  

geo I o g i c a I / g e o p h y s i c a I  c o n t r o l  u n r e l i a b l e ,  Much o f  t h e  e a r  - 

I i e r  g r a v i t y  and m a g n e t i c  work needs r e - a s s e s s  i ng in t h e  

l i g h t  o f  t h e  MAVIS d a t a  and is d i s c u s s e d  in s e c t i o n s  6 , 3  and

7 . 5 ,

2 . 5 ,  E l e c t r i c a l  Methods

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

l a n d  an d  n o r t h e r n  E n g l an d  has been i n v e s t i g a t e d  by s e v e r a l  

m a g n e t o - t e  I I u r i c  s u r v e y s ,  Jones & H u t t o n  ( 1 9 7 9 a ,  1979b)

d e s c r i b e  d a t a  m a i n l y  f rom t he  S o u t h e r n  U p l a n d s ,  though two  

s t a t i o n s  a r e  w i t h i n  t h e  M i d l a n d  V a l l e y ,  O n e - d i m e n s i o n a I  

i n v e r s i o n  o f  t h e s e  d a t a  s u g g e s t s  t h e r e  is a c o n d u c t i v e  zone  

b e n e a t h  t h e  M i d l a n d  V a l l e y  be tween about  12 and 44 km d e p t h ,  

I n  a d d i t i o n ,  t h e  C a r b o n i f e r o u s  s e d i m e n t s  may f o r m a s u p e r f i ­

c i a l  c o n d u c t i n g  l a y e r ,  though such s h a l l o w  s t r u c t u r e  is  no t  

we I I r e s o l v e d ,  B e ne a t h  t he  S o u t h e r n  U p l a n d s  t h e r e  is a zone  

o f  s i m i I a r  c on d u c t  i v i t y be tween dep t hs o f  abou t 28 and 70 

km, Jones  & H u t t o n  ( 1 9 7 9 b )  suggest  t h a t  t h e s e  l a y e r s  a r e  

t h e  same b e c a u s e  o f  t h e i r  s i m i l a r  r e s i s t i v i t i e s ,

H u t t o n  e t  a l ,  ( 1 9 8 0 )  e x t e n d  t h i s  work  w i t h  t h i r t y  new 

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

t h e  L I S P B  p r o f i l e ,  O n e - d i m e n s i o n a l  i n v e r s i o n  a t  each s i t e  

was comb i n e d  t o  form a two - d i men s i o n a l  p> r o f i  l e ,  T h i s  mode I 

i s  p o o r l y  c o n s t r a i n e d  in t he  M i d l a n d  V a l l e y ,  Ingham k



H u t t o n  ( 1 9 8 2 a ,  1982b)  e x t e n d  t he  d a t a  i n t o  t he  M i d l a n d  V a l -  

l e y  ( F i g , 2 * 14) • Agreement  between t h i s  model  and L I SPB is  

n ot  n e c e s s a r i l y  to  be e x p e c t e d ,  but  t h e r e  a r e  some c o r r e l a ­

t i o n s ,  e , g ,  b e tw e e n  t he  d e p t h  to  t he  lower  c r u s t  on LI  SPB 

and a dec  r e a s e  in r e s i s t i v i t y ,  In add i t i o n , changes  i n 

d e p t h s  t o  c r u s t a l  l a y e r s  a r e  seen t o  occur  a t  t h e  SUF in 

b o t h  c a s e s ,  I t  is not  c l e a r  to what  e x t e n t  t he  L I SPB model  

was u s ed  t o  c o n s t r a i n  t h e  m a g n e t o t e I  I u r i c  i n t e r p r e t a t i o n .  

S o u t h  o f  t h e  O c h i I  F a u l t  ( s t a t i o n  KRS, F i g , 2 , 1 4 )  " C a r b o n i ­

f e r o u s  s e d i m e n t s "  a r e  shown as about  2 km t h i c k  w i t h  a s i m i ­

l a r l y  r e s i s t i v e  l a y e r  a t  about  5 km, T h i s  is in a g r e e m e n t

w i t h  t h e  s e i s m i c  mode l s  o f  Dav i dson  e t  a l ,  ( 1 9 8 4 ) ,  t hough

such  s h a l l o w  s t r u c t u r e  is  p o o r l y  c o n s t r a i n e d  by t h e  e l e c t r i ­

c a l  d a t a ,

2 , 6 ,  Summary

G e o p h y s i c a l  work  in t he  M i d l a n d  V a l l e y  can be d i v i d e d  

i n t o  l a r q e  s c a l e  e x p e r i m e n t s  to exami ne  deep c r u s t a l  s t r u c ­

t u r e  and smaI I s e a l e  i n v e s t i g a t i o n s  o f  near  s u r f  a ce

f ea  t u r es , The sma I I e r  sea I e exp>er i men t s have shown some o f 

t h e  r e s u l t s  f r om t h e  l a r g e r  t o  be i n c o r r e c t ,  However ,  t h e i r  

l o c a l i s e d  n a t u r e  makes them of  l i m i t e d  u s e ,  The i n t e r m e d i ­

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

t h e s e  s u r v e y s  to  be b e t t e r  i n t e g r a t e d  -end upper  c r u s t ' d !  

s t r u c t u r e  t o  be mapped a c r o s s  much o f  t h e  s o u t h e r n  and c e n ­

t r a l  M i d l a n d  V a l l e y ,
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CHAPTER 3 - DATA ACQUISIT ION AND PROCESSING

3 , 1 ,  In t r o d u c t i  on

A c q u i s i t i o n  o f  c o n t r o l l e d  s ou r ce  MAVIS d a t a  was in two  

p h a s e s ,  MAVIS I was r e c o r d e d  in t he  summer o f  1984 and c o n ­

s i s t e d  o f  two,  s u b - p a r a  I I e I , e a s t - w e s t  t r e n d i n g  l i n e s ,  The  

MAVIS I s o u t h  l i n e  i n v o l v e d  f i v e  s h o t s ,  a t  T r e a r  n e , 

D r u m g r a y ,  A v o n b r i d g e ,  Oxcars  and M e t h i l ,  The MAVIS I n o r t h  

l i n e  a l s o  had f i v e  s h o t s ,  a t  BaI  I i k i n r a i n , N o r t h  T h i r d ,  

Cat  t I e m o s s , West  f i e l d  and Meth i I , Subs eq u e n t  I y , an add i - 

t i o n a l  n o r t h - s o u t h  t r e n d i n g  l i n e  (MAVIS I I )  was r e c o r d e d  in  

t h e  aut umn o f  1985,  w i t h  s ho t s  a t  A b e r u t h v e n ,  D o l l a r ,  

L o n g a n n e t ,  A v o n b r i d g e  and B l a i r h i l l ,  A f u r t h e r  l i n e  (MAVIS  

I I I )  was r e c o r d e d  u s i n g  the  q u a r r i e s  a t  C r u i k s ,  H i l l w o o d  and  

Ka i mes  as  s o u r c e s ,  Da t a  f rom q u a r r i e s  a t  C a i r n y h i l l ,  

T a m s l o u p ,  H e a d l e s s  Cross and C a i r n g r y f f e  w e r e  used t o  s u p ­

p l e m e n t  MAVIS I I ,  Q u a r r y - b I  a s t  d a t a  o b t a i n e d  f rom s o u r c e s  

a t  T a m sl o u p  and Kaimes ( S o l a  sout h  l i n e ) ,  and Medrox and  

C r a i g p a r k  ( S o l a  n o r t h  l i n e )  by S o l a  ( 1 9 8 4 ) ,  w e r e  r e - i n t e r  

p r e t e d ,  The l o c a t i o n s  o f  t h e s e  s e i s m i c  l i n e s  a r e  shown in 

F i g , 3  ♦ 1 , , A p p e nd i x  2 and in Appendi x  2 o f  S o l a  ( 1 9 8 4 ) ,

3 , 2 ,  D a t a  A c q u i s i t i o n

The MAVIS I d a t a  a c q u i s i t i o n  and i n i t i a l  i n t e r p r e t a t i o n

w e r e  u n d e r t a k e n  by A,Conway w h i l s t  empl o ye d  as a r e s e a r c h

a s s i s t a n t  a t  G l asgow,  M , F l e m i n g  was s i m i l a r l y  empl o yed  f o r

t h e  MAVIS I I  e x p e r i m e n t ,  Thus much o f  what  is d e s c r i b e d  in

t h i s  s e c t i o n  i s  t h e i r  wor k ,

The l i n e  l e n g t h s  r e q u i r e d  f o r  t h e  MAVIS I e x p e r i m e n t
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w e r e  e s t i m a t e d  u s i n g  an upper  c r u s t a l  model  ( F i g , 3 , 2b)  s i m i ­

l a r  t o  t h a t  d e s c r i b e d  by Dav idson e t  a l ,  ( 1 9 8 4 ) ,  The t i m e -  

d i s t a n c e  g r a p h  p r e d i c t e d  by the  model j s shown in F i g , 3 , 2 a ,  

C r o s s - o v e r  d i s t a n c e s  o f  7,  33 and 82 km a r e  o b t a i n e d  f o r  

f i r s t  a r r i v a l s  f rom t h e  t h r e e  r e f r a c t o r s ,  C l e a r l y ,  t o  

o b t a i n  f i r s t  a r r i v a l s  f rom a l l  four  l a y e r s ,  a l i n e  l e n g t h  in  

e x c e s s  o f  80 km is  r e q u i r e d *  L i n e  l e n g t h s  o f  8 1 ,  107 and 49  

km w e r e  used  f o r  t he  MAVIS I n o r t h  and s o u t h  l i n e s  and t h e  

M AVI S l i n e  r e s p e c t i v e l y ,  The s h o r t e r  l i n e  l e n g t h  in t h e

l a t t e r  c a s e  meant  t h a t  f i r s t  a r r i v a l s  f rom t h e  d e e p e s t  

r e f r a c t o r  w e r e  not  a n t i c i p a t e d ,

F i v e  a p p r o x i m a t e l y  e q u a l l y  spaced s h o t s  w e r e  f i r e d  on 

e a c h  l i n e ,  Shot  d e t a i l s  a r e  g i v e n  in T a b l e  3 , 1 ,  The l a r g e r  

e nd  s h o t s  w e r e  d e s i g n e d  to  p e n e t r a t e  to  t h e  d e e p e r  l a y e r s ,  

wh i I s t  smaI I e r  w i t h i n  I i ne s ho t s  w e r e  i n t e n d e d  t o  p r o v  i de 

r e v e r s a l  o f  t h e  s h a l l o w e r  r e f r a c t o r s  ( F i g , 3 , 3 ) ,

D u r i n g  t h e  p l a n n i n g  o f  MAVIS I q u a r r y  owner s  w e r e  

a p p r o a c h e d  to  f i r e  the  s h o t s ,  However ,  t h e  s ho t  s i z e s  w e r e  

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

was 75 kg,  M i n d f u l  o f  p u b l i c  r e l a t i o n s  t h e y  w e r e  r e l u c t a n t  

t o  d e t o n a t e  l a r g e r  c h a r g e s ,  P r i v a t e  l an downer s  p r o v e d  t o  be  

mo r e  h e l p f u l ,  P e r m i t t i n g  probl ems caused  t h e  MAVIS I s o u t h  

I i n e  e a s t  end shot  t o  be moved f rom o f f  t h e  E a s t  L o t h i a n  

c o a s t ,  t o  t h e  s i t e  used f o r  the  n o r t h  l i n e  end s ho t  n e ar  

M e t h i l ,  T h i s  has t h e  a d v a n t a g e  of  p r o v i d i n g  a l o c a t i o n  com­

mon t o  b o t h  l i n e s  f o r  compar i son o f  d e l a y  t i m e s  e t c ,  In 

p e r m i t t i n g  t h e  MAVIS i l  l i n e  t he  o p p o s i t e  was f ound  t o  be  

t r u e .  The e x t r e m e l y  wet  summer o f  1985 meant  t h a t  c r o p s  w e r e  

s t i l l  in t h e  f i e l d  in November and t h a t  t h e  g r ou n d  was
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f r e q u e n t l y  w a t e r l o g g e d ,  C o n s e q u e n t l y ,  l andowners  w e r e  r e l u c ­

t a n t  t o  a I Iow dr I I I I ng r I g s  on to the  I r  I a n d , In t h e  e v e n t  

f o u r  q u a r r i e s  w e r e  used,  w i t h  t he  r e m a i n i n g  shot  ( D o l l a r )  on 

f a r m l a n d ,  A f u r t h e r  p r ob l em w i t h  t h i s  I I ne was t h a t  commer­

c i a l  s e i s m i c  r e f l e c t i o n  crews w o r k i n g  in t h e  a r e a  had  

a c q u i r e d  a r e p u t a t i o n  f o r  damaging c r ops  e t c .  The d i f f e r e n t  

n a t u r e  o f  t h e  MAVIS s ur vey  d i d  not  c o n v i n c e  some l a n d o wn e r s  

t h a t  t h i n g s  w o u l d  be any d i f f e r e n t  and t hey  r e f u s e d  t o  c o ­

o p e r a t e .  One l andowner  was w i s e  t o  t he  p o t e n t i a l  p r o f i t  t o  

be m<dde f r on cha r g i ng f o r  access  to h i s  I and du r i n g  se  i sm i c 

e x p e r i m e n t s .  The l i n e  was moved to  a v o i d  h i s  p r o p e r t y .

B e f o r e  u n d e r t a k i n g  the  MAVIS I e x p e r i m e n t  b a c k g r o u n d  

n o i s e  l e v e l s  w e r e  i n v e s t i g a t e d  u s i n g  d a t a  f rom t h e  LOWNET 

s e i s m o I o g i c a I  a r r a y  ( see  s e c t i o n  2 . 2 ) .  The ma j o r  s o u r c e  o f  

n o i s e  was  f o u n d  t o  be the  w e a t h e r . p a r t i c u l a r l y  s t r o n g  w i n d s  

w h i c h  i n c r e a s e d  n o i s e  l e v e l s  t e n - f o l d .  I n d u s t r i a l  and u r b a n  

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

r e d u c e d  a t  w e e k e n d s .  For  t h i s  r eas o n ,  whenever  p o s s i b l e ,  

t h e  da t a  we r e r eco r ded a t  t he wee k end ♦ Wind no i se was v i r ­

t u a l l y  e l i m i n a t e d  d u r i n g  the r e c o r d i n g  o f  MAVIS I I  by 

s h e l t e r i n g  exp o s e d  geophones benea t h  a p l a s t i c  b u c k e t *

E x p e r i m e n t s ,  p r i o r  to MAVIS I .  to f i n d  t he  b e s t  form o f  

g e op h o n e  t o  q r ound  c o u p l i n g  showed t h a t  a s i n g l e  v e r t i c a l

4 , 5  Hz L15B Mark P r o d u c t s  geophone waxed t o  rock  gave  a  

h i g h e r  s i g n a l  t o  n o i s e  r a t i o  than an a r r a y  s p i k e d  and b u r i e d  

i n  d r i f t ,  For  t h i s  reason  rook s i t e s  we r e  used w h e r e v e r  p o s ­

s i b l e .  F o r  MAVIS I I  l ack  of  e xp o s u r e  made d r i f t  s i t e s  u n a ­

v o i d a b l e .  However  t h i s ,  and s u b s e q u e n t  q u a r r y - b l a s t  w o r k ,  

showed t h a t  c a r e f u l l y  s e l e c t e d  d r i f t  s i t e s  can y i e l d  good
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d a t a .  P a r t i c u l a r  s o u r c e s  o f  n o i s e  a r e  s t r u c t u r e s  e x t e n d i n g  

u n d e r g r o u n d  w h i c h  a r e  l i a b l e  to  move in t h e  w i n d ,  s . g ,  

f e n c e s  and t r e e s .  In one i n s t a n c e  d u r i n g  MAVIS I I , an d

s e v e r a l  t i m e s  d u r i n g  q u a r r y - b l a s t  r e c o r d  i ng , geophones  w e r e  

w a x e d  t o  man-made s t r u c t u r e s ,  u s u a l l y  c o n c r e t e  f l o o r s ,  Good 

d a t a  w e r e  o b t a i n e d  in a l l  cas e s .

Geophones  we r e spaced a t  r e g u l a r  i n t e r v a l s  Ctyp i  c a I  i y

1 , 5  km) b e t wee n  s h o t s ,  Sp>acings w e r e  g r e a t e r  in u r b a n  a r e a s  

w h e r e  s u i t a b l e  s i t e s  a r e  r a r e ,  e , g ,  w h e re  t h e  MAVIS i s o u t h  

l i n e  p a ss e s  t h r o u g h  Glasgow,  For  t h e  MAVIS I I  l i n e  

r e c e i v e r s  w e r e  p l a c e d  up t o  1 km o f f  l i n e  t o  a v o i d  t h e  b u i l t  

up> Gr angemou t h - Po  I mont a r e a ,  Land s ho t  and r e c e i v e r  s i t e s  

w e r e  l o c a t e d ,  w h e re  p o s s i b l e ,  t o  w i t h i n  10 m u s i n g  Or dn a n ce  

S u r v e y  maps.  M a r i n e  s h o t s  w e r e  l o c a t e d  u s i n g  t h e  f i r i n g  

s h i p ' s  r a d a r  l o c a t i o n  sys t em,  L a r g e r  u n c e r t a i n t i e s  in l o c a ­

t i o n  w e r e  a c c o u n t e d  f o r  by a s s i g n i n g  l a r g e r  t r a v e l - t i m e  

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

a n d  t h e  l o c a t i o n  u n c e r t a i n t y ,  Ranges w e r e  c a l c u l a t e d  f r o m  

n a t i o n a l  g r i d  c o - o r d i n a t e s ,

To r e c o r d  t h e  MAVIS I i nes f i f t y  FM s e i s m o g r a p h s  w e r e  

d e s i g n e d  and b u i l t  a t  t he  De p a r tmen t  o f  G e o l o g y ,  U n i v e r s i t y  

o f  G l a s g o w ,  These "Mark 2 “ i n s t r u m e n t s  w e r e  d e v e l o p e d  f r om  

p r o t o t y p e s  b u i l t  in 1981 and w e r e  d e s i g n e d  t o  be a c he a p ,  

p o r t a b l e  and easy  to  use a l t e r n a t i v e  t o  t h e  NERC G e o s t o r e  

e q u i p m e n t ,  The r e c o r d e r s  use a s t a n d a r d  s t e r e o  c a s s e t t e  

t a p e  jp, c o n j u n c t i o n  w i t h  a f o u r  t r a c k  r e c o r d i n g  he ad ,  i t e  

f o u r  t r a c k s  a r e  r e c o r d e d  on t he  t w o - s i d e d  t w o - t r a c k  ( s t e r e o )  

t a p e ,  Use o f  a C120 t a p e  a l l o w s  an hour  l ong  window t o  be  

r e c o r d e d ,  Two t r a c k s  o f  s e i s m i c  d a t a  w e r e  r e c o r d e d  f rom t h e
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s i n g l e  v e r t i c a l  component  geophone on a 3 kHz c a r r i e r ;  a 

h i g h  g a i n  chann e l  s e l e c t a b l e  in 6 dB s t e p s  o v e r  a r an g e  o f  

8 8 - 1 1 8  dB,  and a low g a i n  c hann e l  s e t  18 dB down f rom t h e  

s e l e c t e d  h i g h  g a i n ,  The r e m a i n i n g  c h a n n e l s  r e c o r d  t h e  60 

kHz MSF t i m e  s i g n a l  b r o a d c a s t  f rom Rugby and any a u x i l i a r y  

da t a , A r emo t e  s t a r t i n g  f ac  i I i t y on t he i ns t r umen t s a l l o w s  

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

Th i s f a c  i I i t y i s  par  t i c u I a r I y  u s e f u I  f o r  r e c o r d  i ng quar  r y

b l a s t s ,  w h e r e  t h e r e  is  u s u a l l y  o n l y  l i m i t e d  t i m e  and ass  i s -

t a n c e  f o r  d e p l o y m e n t ,  R e c o r d e r  s p e c i f i c a t i o n s  a r e  g i v e n  in  

Append i x 1,

R e c o r d e r  g a i n s  f o r  MAVIS I w e r e  e s t i m a t e d  f r om a 50 kq 

t e s t  s h o t  r e c o r d e d  to  20 km, F i g , 3 , 4  shows g a i n  s e t t i n g  as  

a f u n c t i o n  o f  r a nge  and shot  s i z e ,  based on t h i s  d a t a  s e t ,  

The r a n g e s  r e a c h e d  by t h e  MAVIS I s h o t s  w e r e  v a r i a b l e  

( T a b l e , 3 , 1 )  d e p e n d i n g  on s hot  t y p e  and p o s i t i o n  w i t h i n  t h e  

l i n e ,  The W e s t f i e l d  shot  r e a c h e d  o n l y  25 km, p r o b a b l y  due to  

poor  c o n f i n e m e n t  in s h a l l o w  h o l e s  and t h e  use o f  a lower  

v e l o c i t y  s l u r r y  e x p l o s i v e ,  In c o n t r a s t ,  t h e  M e t h i l  ( s o u t h  

I i n e ) s h o t  was r e c o r d e d  a l o n g  a l I  110 km o f  t h e  I i n e ,  The  

s h o r t e r  l i n e  l e n g t h  and p r e v i o u s  e x p e r i  enee  o f  ga in s e t  t i ng

and s h o t  s i z e  and t y p e ,  meant  a l l  s h o t s  w e r e  r e c o r d e d  a l o n g

t h e  e n t i r e  MAVIS I I  l i n e ,  For  q u a r r y - b l a s t  r e c o r d i n g  a 

s o u r c e  e q u i v a l e n t  t o  150 kg i n s t a n t a n e o u s  c h a r g e  was assumed  

in q a i n  e s t i m a t i o n ,  T h i s  was because  c h a r g e  d e l a y s  and s i z e s  

a r e  u s u a l l y  d e t e r m i n e d  by t h e  q u a r r y  on t h e  day o f  t h e  

b l a s t .  T h e r e f o r e ,  t h e s e  c o u l d  not  be a s c e r t a i n e d  u n t i l  

a r r i v a l  a t  t h e  q u a r r y  t o  r e c o r d  t h e  shot  i n s t a n t ,  D a t a  w e r e  

r e c o r d e d  a t  r a n q e s  o f  up to  25 km, t h e  maximum a t t e m p t e d ,
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The MAVIS I s o u t h  l i n e  was r e c o r d e d  on S a t u r d a y  2 6 t h  

May,  t h e  n o r t h  l i n e  on Tuesday 2 9 t h  May 1984 ,  The m i d - w e e k  

r e c o r d i n g  was n e c e s s a r y  because  MSF t r a n s m i s s i o n  was due t o  

s t o p  on t h e  3 0 t h  May f o r  t h r e e  weeks m a i n t e n a n c e ,  D r i l l i n g  

p r o b I e m s  w i t h  t h e  n o r t h  l i n e  B a l l i k i n r a i n  shot  p r e v e n t e d  i t  

b e i n g  f i r e d  a t  t h e  r e q u i r e d  t i m e ,  T h i s  shot  was r e c o r d e d  one  

mont h  l a t e r  when t h e  MSF t r a n s m i t t e r  was w o r k i n g  a q a i n ,  The  

MAVIS I f  l i n e  was r e c o r d e d  on Sunday 17 t h  November 1985 ,  

R e c o r d i n g  o f  t h e  MAVIS l i n e s  was u n d e r t a k e n  w i t h  t h e  a s s i s ­

t a n c e  o f  t h e  s t a f f  and s t u d e n t s  f rom t h e  Geo l o g y  D e p a r t m e n t ,  

U n i v e r s i t y  and h i r e d  v e h i c l e s  w e r e  used w i t h ,  i f  p o s s i b l e ,  

e a c h  d r i v e r  e x p e r i e n c e d  in t h e  use o f  t h e  s e t s ,  R e c o r d e r s  

w e r e  o p e r a t e d  m a n u a l l y  d u r i n g  p r e - a r r a n g e d  r e c o r d i n g  wi ndows  

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

o f  o p e r a t i n g  t h e  s e i smo g r ap h s  is r e f l e c t e d  in t h e  h i g h  s u c ­

c e s s  r a t e  in o b t a i n i n g  r e c o r d i n g s ,

A l l  d r i l l i n g  and shot  f i r i n g  was sub - c o n t r a c t e d  t o  

R i t c h i e s  Equ i pment  L t d  o f  D u n b l a n e ,  F o l l o w i n g  t h e  d r i l l i n g  

p r o b I e m s  t h a t  de I  ayed  t he  BaI  I i k i n r a  i n shot  on MAVIS I , 

w h e r e v e r  p o s s i b l e  h o l e s  w e r e  d r i l l e d  in a d va n c e  f o r  MAVIS  

I I ,  E x p l o s i v e s  had to  be l oaded on t h e  day o f  f i r i n g ,  how­

e v e r ,  t o  comply w i t h  l eg a l  r e q u i r e m e n t s ,  Shot  t i m e s  w e r e  

o b t a i n e d  f r om "shot  boxes"  or  r e c o r d e r s  p l a c e d  c l o s e  to  t h e  

sho t s , w i t h  a co r r e c t i o n  a p p l i e d  f o r  shot  dep» t h and d i s  t a nee  

f r o m  t h e  h o l e ,  V e l o c i t i e s  w e r e  t ak en  f rom H a l l  ( 1 9 7 0 ) ,  For  

t h e  D o l l a r  shot  o f  MAVIS I I  t h e  r e c o r d e r  m a l f u n c t i o n e d  and  

t h e  s h o t  i n s t a n t  was c a l c u l a t e d  f rom t h e  two n e a r e s t  

r e c o r d e r  s i t e s  ( b o t h  a t  ranges  o f  about  1 km),

S e i s m i c  d a t a  w e r e  s u c c e s s f u l l y  r e c o r d e d  a t  a bout  90% o f
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s i t e s  d u r i n g  a l !  phases  o f  MAVIS,  The few f a i l u r e s  w e r e  due

t o  n o n - o p e r a t i o n  o f  t he  remote  t r i g g e r i n g  s y s t e m ,  or  not

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

o f  d a t a  l os s  was n o n - r e c e p t i o n , or  poor  r e c o r d i n g ,  o f  t h e

MoF t i m e  s i g n a l  p r e v e n t i n g  a c c u r a t e  measurement  o f  a r r i v a l  

t i m e .  T h i s  r e d u c e d  t he  q u a n t i t y  o f  u s e f u l  d a t a  t o  b e t w ee n  

70 and  80%,  F u t u r e  s e t s  w i l l  i n c l u d e  a s y n c h r o n i s e d  i n t e r ­

n a l  c l o c k  t o  overcome t h i s  p r o b l e m ,  I n i t i a l  t r i a l s  w i t h  t h i s  

i m p r ove me n t  have  p r o v e d  s u c c e s s f u l ,

The use o f  q u a r r y - b I  a s t s  as s e i s m i c  s o u r c e s  has been  

d i s c u s s e d  by D a v i ds on  ( 1 9 8 6 )  and S o l a  ( 1 9 8 5 ) ,  They c o n c l u d e  

t h a t  q u a r r i e s  a r e  r e a s o n a b l e  s ou r c e s  o f  P - wav e  f i r s t - b r e a k  

d a t a ,  bu t  second a r r i v a l s  a r e  o b s c u r e d  by t h e  l e n g t h  o f  t h e  

f i r s t - b r e a k  w a v e t r a i n ,  t y p i c a l l y  500 ms in d u r a t i o n .  T h i s  

d u r a t i o n  is  due to  t he  q u a r r y - b I  a s t , c o n s i s t i n g  o f  a s e r i e s  

o f  t i m e - d e l a y e d  c h a r g e s  in c l o s e l y  spaced  h o l e s ,  c r e a t i n g  a 

l on g  s o u r c e  w a v e f o r m ,  T h i s  t ype  o f  b l a s t  i s  used be ca us e  i t  

f r a g m e n t s  t h e  maximum volume of  rock w h i l s t  r e d u c i n g  v i b r a ­

t i o n  o u t s i d e  t h e  q u a r r y ,  T h i s  means t he  e f f e c t i v e  s e i s m i c  

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

l ems,  D a v i d s o n  ( 1 9 8 6 )  was a b l e  to  s u c c e s s f u l l y  d i s c r i m i n a t e  

S - w a v e  e n e r g y  by f i l t e r i n g ,  A f u r t h e r  p r o b l e m  w i t h  q u a r r y  

s o u r c e s  is  t h a t  t hey  a r e  d e s i g n e d  to  send e n e r g y  u p w a rd s .  

H o l e s  a r e  t y p i c a l l y  about  10 m f rom t h e  q u a r r y  f a c e ,  t h e  

b l a s t  b e i n g  i n t e n d e d  to  c o l l a p s e  t h e  rock  be t wee n  t h e  s h o t s  

and t h e  f a c e ,  T h i s  l i m i t s  t he  amount  o f  e n e r g y  p a s s i n g  down 

i n t o  t h e  E a r t h ,  D e s p i t e  t h e s e  l i m i t a t i o n s ,  t h e  o v e r w h e l m i n g  

a d v a n t a g e  o f  q u a r r y - b l a s t  s ou r c e s  o v e r  c u s t o m i s e d  s h o t s  i s  

c o s t ,  t h e  f o r me r  a r e  f r e e ,  D e t a i l s  o f  q u a r r y - b l a s t  s o u r c e s
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a r e  g i v e n  in T a b l e  3 , 2 .

Wh*;n r e c o r d i n g  quar  r y - b l a s t s ,  two o p e r a t o r s  u s u a l l y  s e t  

up t h e  r e c o r d e r s  r e l y i n g  on t he  remot e  s t a r t i n g  f a c i l i t y ,  

D a t a  w e r e  t y p i c a l l y  r e c o r d e d  a t  about  t e n  l o c a t i o n s ,  Lack  

o f  r e c o r d e r s  r e q u i r e d  t h a t  t he  e a r l i e r  work t h a t  has been  

r e i n t e r p r e t e d  was b u i l t  up p i e c e - m e a 1 , r e c o r d i n g  eac h  b l a s t  

a t  p e r h a p s  two or  t h r e e  s i t e s ,

L o c a t i n g  t h e  s hot  p o s i t i o n  w i t h i n  a q u a r r y  i s  d i f f i ­

c u l t ,  O r d n a nc e  S u r v e y  maps a r e  not  s u f f i c i e n t l y  up t o  d a t e  

t o  be o f  u s e ,  A l s o ,  f o r  e n v i r o n m e n t a l  r e a s o n s ,  q u a r r i e s  u s u ­

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

w o r k e d ,  T h i s  s c r e e n s  t h e  v i e w  o u t s i d e  f rom w i t h i n  t h e  

q u a r r y ,  m a k i n g  p o s i t i o n i n g  u s i n g  b a c k - b e a r i n g s  v i r t u a l l y  

i m p o s s i b l e ,  T h i s  p r o b l e m  was p a r t i a l l y  overcome by r e c o r d ­

i n g  t h e  t r a v e l  t i m e  to  a r e f e r e n c e  s i t e  f rom a l o c a t e d  s hot  

p o i n t .  A l l  s u b s e qu e nt  o r i g i n  t i me s  w e r e  c a l c u l a t e d  r e l a t i v e  

t o  t h i s  t r a v e l  t i m e ,  T h i s  meant  s m a l l  movements o f  s ho t  

l o c a t i o n  w e r e  u n i m p o r t a n t ,

L i m i t e d  r e c o r d i n g  o f  t h e  Compagnie G e n e r a t e  G e o p h y s i q u e  

( CGG) V i b r o s e i s  s o u r c e ,  b e i n g  used by t h e  Saxon O i l  Company 

(now p a r t  o f  E n t e r p r i s e  O i l )  f o r  s e i s m i c  r e f l e c t i o n  work  

n e a r  H a m i l t o n ,  was a l s o  u n d e r t a k e n ,  F i g , 3 . 5  shows t h e  o n l y  

s u c c e s s f u l  r e c o r d i n g ,  made a t  a r a nge  o f  a f ew 100 m, 

F a i l u r e  t o  r e c o r d  t he  s i g n a l  was p a r t l y  because  t h e  v i b r a ­

t o r s  w e r e  no t  p o w e r f u l  enough t o  be d e t e c t e d  a t  u s e f u l  

r e f r a c t i o n  s u r v e y  r a n g e s ,  and p a r t l y  be ca us e  t h e  sweep f r e ­

q u e n c i e s  ( a b o u t  2 0 - 8 0 H z ) w e r e  somewhat h i g h  f o r  t h e  r e c o r d  

e r s  t o  d e t e c t ,
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3 . 3 ,  I n i t i a l  P r o c e s s i n g  and D i g i t i s a t i o n

The p l a y b a c k  and d i g i t i s i n g  s y s t e m used i s  shown 

s c h e m a t i c a l l y  in F i g , 3 , 6 ,  The r e c o r d i n g s  o b t a i n e d  f rom t h e  

s e i s m o m e t e r s  w e r e  p l a y e d  back u s i n g  an a n a l o g u e  p l a y b a c k  

f a c i l i t y  and t hen  c o n v e r t e d  to  d i g i t a l  f o r m,  The G las g o w  

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

r e c o r d e r s )  i»e» f o u r  t r a c k ,  but  w i r e d  t o  p l a y b a c k  r a t h e r  

t h a n  r e c o r d ,  The r e c o r d i n g  is  pa ss e d  t h r o u g h  a d e m o d u l a t o r  

and t h e n  a n a l o g u e  f i l t e r s #  u s u a l l y  s e t  t o  pass f r e q u e n c  i es  

b e t w e e n  3 and 40 Hz ,  These  f i l t e r s  w e r e  a d j u s t e d  t o  a s s i s t  

in  t h e  d e t e c t i o n  o f  a r r i v a l s  on n o i s y  t r a c e s .  The o u t p u t  i s  

t h e n  a m p l i f i e d  and pa ss e d  t o  a UV O s c i l l o g r a p h ,  T h i s  i n s t r u ­

ment  has t h e  f a c i l i t y  t o  run a t  a v a r i e t y  o f  paper  s p e e d s ,  

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

o f  t h e  t r a c e  to  be v a r i e d ,  The MSF s i g n a l  i s  a l s o  demodu­

l a t e d ,  b u t  i s  passed d i r e c t l y  to  t h e  a m p l i f i e r  and t h e n  

o s c i  I I o g r a p h , a f t e r  c l e a n i n g  v i a  a S ch mi dt  t r i g g e r  i f  

r e q u i r e d ,  T h i s  s i g n a l  is a l s o  p a ssed  t o  a de cod er  w h i c h  

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

a r  r i v a I s ,

A r r i v a l s  w e r e  p i c k e d  f rom t h e  a n a l o g u e  p l a y b a c k s  and  

a r r i v a l  t i m e s  c a l c u l a t e d  u s i n g  t h e  MSF p u l s e s  as a t i m e  

s c a l e  ( F i g , 3 , 7 ) ,  Some d a t a  w e r e  r e p i c k e d  when d i g i t i s e d  d a t a  

became a v a i l a b l e ,  Good f i r s t  a r r i v a l s  w e r e  c o n s i d e r e d  a c c u ­

r a t e  t o  + / -  0 , 0 3  s ,  T h i s  i s  t h e  sum o f  e r r o r s  a t t r i b u t a b l e  

t o ;  1 ) ,  v a r i a t i o n s  in p l a y b a c k  s pee d ,  2 ) ,  u n c e r t a i n t i e s  in 

s i t e  l o c a t i o n ,  and 3 ) ,  a p p a r e n t l y  d i f f e r e n t  a r r i v a l  t i m e s  on 

t h e  two s e i s m i c  c h a n n e l s ,  When t h e  MSF s i g n a l  was poor  t h e  

t i m e  s c a l e  was e x t r a p o l a t e d  f rom a r e a s  o f  good r e c e p t i o n  and
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a l a r g e r  e r r o r  in t r a v e l  t i me  ( + / -  0 , 0 5  5 ) a s s i g n e d .  Where  

d a t a  w e r e  n o i s y  an e r r o r  encompassing t he  u n c e r t a i n t y  in  

a r r i v a l  t i m e  was added to t h e s e  f i g u r e s ,  Second a r r i v a l s  

w e r e  p i c k e d  f rom t he  p l a y b a c k s  a f t e r  d i g i t a l  p r o c e s s i n g  o f  

t h e  d a t a .  These a r r i v a l  t i me s  a r e  l e s s  r e l i a b l e  s i n c e  

c o n s t r u c t i v e / d e s t r u c t i v e  i n t e r f e r e n c e  may d i s t o r t  t h e  

w a v e f o r m ,  A good a r r i v a l  was assumed t o  be t i m e d  t o  + / -  0 , 0 5  

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

t h e  d a t a ,

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

a  P r o g r a m m a b l e  D a t a  P r o c e s s o r  (PDP) 1 1 / 2 3  PLUS m i c r o ­

c o m p u t e r  and s o f t w a r e  c o n f i g u r e d  by R , T , Cumber I a n d , The  

same p l a y b a c k  s ys t em is used w i t h  t he  o u t p u t  p a s s i n g  t h r o u g h  

3 - 4 0  Hz a n t  i - a  I i as i ng a n a l o g u e  f i l t e r s .  An ADV11-C- a n a l o g u e  

i n p u t  b o a r d  a c c e p t s  s i x t e e n  s i n g l e  ended b i p o l a r  i n p u t s  sam­

p l i n g  t h e  d a t a  a t  200 samp I e s / s e c o n d , V a r i a t i o n  in t a p e  

s p ee d  c a u s e s  t h i s  s a m p l i n g  r a t e  to  v a r y  by l e s s  t han  2%,  

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

g a i n  i s  s e t  to  8 f o r  the  MAVIS d a t a ,  c o r r e s p o n d i n g  to  v a r i a -  

t i o n  o f  + / -  1 , 2 5  v o l t s ,

T a b l e  3 , 3 ,  R e l a t i o n s h i p  Between I np u t  S i g n a l  and D i g i t a l  

Ou t pu t ♦

I nput O u t p u t
( V o l t s )

+ 1 , 25 4095
0 . 00 2048

- 1 , 25 0

T a b l e  3 . 3  shows t he  r e l a t i o n s h i p  be t ween  t h e  d i g i t a l  o u t p u t  

( e x p r e s s e d  in d e c i ma l  form)  and t h e  i n p u t  s i g n a l .  ( N o t e  t h a t
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b e c a u s e  t h e  d a t a  a r e  in o f f s e t  b i n a r y  form an i n p u t  o f  0 , 0

v o l t s  c o r r e s p o n d s  to  an o u t p u t  o f  20 48,

F o r  t h e  MAVIS d a t a ,  t he  program was c o n f i g u r e d  t o  

r e c e i v e  t h r e e  i n p u t  c h a n n e l s  and d i g i t i s e  10 s o f  d a t a  f o r  

r e c o r d i n g s  a t  l e s s  than 20 km r a ng e ,  15 s a t  2 0 - 6 0  km r a n g e

an d  20 s for  r anges  g r e a t e r  than 60 km, These  l e n g t h s

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

mi ni mum amount  o f  d a t a  s t o r a g e ,  Program MSFF'LOT, w r i t t e n  by 

R » R e i d ,  was t he n  used to  r e l a t e  t he  s t a r t  t i m e  o f  t h e  d i g i ­

t a l  d a t a  f i l e . t o  t h e  shot  i n s t a n t ,  f o r  p l o t t i n g  and d i g i t a l  

p r o c e s s i n g  o f  t h e  d a t a ,  The program p l o t s  t h e  two s e i s m i c  

c h a n n e l s  and t h e  MSF channel  r e l a t i v e  t o  a t i m e  s c a l e ,  The  

r e c o g n i t i o n  o f  a known MSF p u l s e  a l l o w s  t h e  t i m e  a nd ,  t h e r e ­

f o r e ,  number o f  s amp l es ,  be tween t h e  shot  and f i l e  s t a r t  

t i m e  t o  be c a l c u l a t e d ,  F i g , 3 , 8  shows an e xa mp l e  o f  t h i s  

c a l c u l a t i o n ,  When MSF r e c e p t i o n  was poor  a t  t h e  t i m e  o f  an  

a r r i v a l  and t h e  d i g i t i s a t i o n  window d i d  not  i n c l u d e  any  

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

gue p l a y - b a c k  by e x t r a p o l a t i o n  f rom a r e a s  o f  good MSF, was  

u s e d  t o  c a l c u l a t e  the  f i l e  s t a r t  t i m e ,  An i d e n t i c a l  met hod  

was u s ed  in s e v e r a l  exampl es  where  t h e  MSF s i g n a l  d i d  not  

d i g i t i s e  c o r r e c t l y ,  The cause o f  t h i s  p r ob I e m  has not  y e t  

been  d e t e r m i n e d ,  These d a t a ,  p l u s  s i t e  r ange  and r e c o r d e r  

g a i n ,  a r e  i n c l u d e d  in a header  to  t he  d i g i t a l  f i l e ,  T h i s  

i n t e g e r  f i l e  i s  then c o n v e r t e d  to  b i n a r y  f o r m and  

t r a n s f e r r e d  to  f l o p p y  d i s c  or  the  VAX-750 f o r  d i g i t a l  p r o ­

c e s s  i n g ,

3 . 4 ,  P r i n c i p l e s  and A p p l i c a t i o n  o f  D i g i t a l  P r o c e s s i n g
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3 , 4 ,  1» P r i n c i p l e s  o f  F r eq u e n c y  F i l t e r i n g

D i g i t a l  p r o c e s s i n g  o f  s e i s m i c  d a t a  has been d e s c r i b e d  

by numer ous  a u t h o r s #  e . g  Robi nson k  T r e i  t e l  ( 1 3 8 0 ) ,  Ha t  ton  

e t  c l #  ( 1 9 8 6 ) #  O n l y  a b r i e f  summary o f  t h e  p r i n c i p l e s  

i n v o l v e d  i s  g i v e n  here#

Any p e r i o d i c  wa v e f o r m may be e x p r e s s e d  in t e r ms  o f  wave  

a m p l i t u d e  as  a  f u n c t i o n  o f  t i m e  ( i . e  in t h e  t i m e  d o m a i n ) ,  er­

a s  a  f u n c t i o n  o f  f r e q u e n c y  by t h e  a m p l i t u d e  and p h a se  o f  a  

f i n i t e  number  o f  s i n e  waves ( i#e# in t h e  f r e q u e n c y  d o ma i n ) #  

S e i s m i c  w a v e f o r m s  a r e  t r a n s i e n t  ( n o n - p e r i o d i c ) ,  b u t  may be  

t h o u g h t  o f  as  p e r i o d i c  w i t h  an i n f i n i t e l y  l ong p e r i o d ,  

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

p o n e n t s  o f  g i v e n  a m p l i t u d e s  and p h a se s ,  t h e y  have  c o n t i n u o u s  

a m p l i t u d e  and  phase  s p e c t r a ,  i , e .  t h e y  have  an i n f i n i t e  

number  o f  s i n e  wave components# To dea l  w i t h  such waves  t h e  

a m p l i t u d e  and phase  s p e c t r a  a r e  s u b d i v i d e d  i n t o  a number o f  

d i s c r e t e  s l i c e s ,  T h i s  e x p r e s s i o n  o f  t h e  c o n t i n u o u s  s p e c t r a  

i n  t e r m s  o f  a f i n i t e  number o f  d i s c r e t e  f r e q u e n c y  components  

p r o v i d e s  an a p p r o x i m a t i o n  in the  f r e q u e n c y  domain o f  what  i s  

a t r a n s i e n t  w a v e f o r m  in t h e  t i m e  domai n .  T h i s  c on c e p t  i s  

i I l u s t  r a t e d  in F i g , 3 , 9 ,  The c o n t i n u o u s  amp I i t u d e  and phase  

s p e c t r a  in (A)  have been d i v i d e d  i n t o  s i x t e e n  components  

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

an d  p h a s e  ( B ) *  The w av e f o r m  shown in (C)  i s  t h e  sum o f  t h e s e  

w a v e s ,  Thus t h e  t i m e  f u n c t i o n  (C) and t h e  f r e q u e n c y  f u n c t i o n  

( A)  a r e  seen  t o  be e q u i v a l e n t ,

F o u r i e r  t r a n s f o r m a t i o n  is  used t o  c o n v e r t  a t i m e  f u n c -  

t i o n ,  g ( t )> i n t o  i t s  a m p l i t u d e ,  A l t ) ,  and phase  s p e c t r a ,
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© ( f ) ,  or  i n t o  t h e  f r e q u e n c y  s pe c t r u m  G ( f >  such t h a t

i © ( f )
© ( f )  = A ( f ) e ( 3 |  1}

g ( t )  and G ( f ) ,  t h e  t i m e  and f r e q u e n c y  domain r e p r e s e n t a t i o n s  

o f  t h e  w a v e f o r m ,  a r e  known as a F o u r i e r  p a i r  and a r e  i n t e r ­

c h a n g e a b l e ,  such t h a t  each is t he  F o u r i e r  t r a n s f o r m  o f  t h e  

o t h e r  »

F r e q u e n c y  f i l t e r i n g  p r o v i d e s  a means o f  d i s c r i m i n a t i n g  

a g a i n s t  u n w a n t e d  s e i s m i c  e ne r g y  ( n o i s e ) ,  w h e r e  i t s  f r e q u e n c y  

d i f f e r s  f r om  t h a t  o f  t he  d e s i r e d  s e i s m i c  w a v e f o r m s ,  A 

s e i s m o g r a m  is  m o d i f i e d  by t he  s u p p r e s s i o n  o f  f r e q u e n c y  com­

p o n e n t s  s p e c i f i e d  by t h e i r  a m p l i t u d e  or  p h a se ,  The e f f e c t  

o f  a f i l t e r  i s  d e f i n e d  by i t s  i mp u l se  r e s p o n s e ,  i , e ,  i t s  

o u t p u t  when a s p i k e  f u n c t i o n  is i n p u t  ( F i g , 3 , 1 0 ) ,  The  

F o u r i e r  t r a n s f o r m  of  the  i mpu l se  r e s p o n s e  is known as t h e  

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

r e s p o n s e  o f  t h e  f i  I t e r , M a t h e m a t i c a I  I y , t h e  e f f e c t  o f  t h e  

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

g ( t ) ,  w i t h  t he i mpuI se  r e s p o n s e , f ( t ) , o f  t he f i I t e r ,

C o n s i d e r  a l ow- p a ss  f r e q u e n c y  f i l t e r  w i t h  c u t - o f f  f r e ­

q ue nc y  f c ,  The i d e a l  o u t p u t  o f  t he  f i l t e r  is r e p r e s e n t e d  by 

t h e  a m p l i t u d e  s p e c t r u m  shown in F i g , 3 , 11a,  The a m p l i t u d e  o f  

f r e q u e n c i e s  g r e a t e r  than f c  is z e r o ,  and is  a c o n s t a n t  u n i t  

amp I i t ude be Iow f c ,  T h i s  r e p r e s e n t s  t h e  t r a n s f e r  f u n c t i o n  

o f  t h e  i d e a l  l o w - p a ss  f i l t e r ,  F o u r i e r  t r a n s f o r m a t i o n  o f  t h i s  

f u n c t i o n  i n t o  t h e  t i m e  domain g i v e s  t h e  i mp u l se  r e s p o n s e  

shown in F i g , 3 , 11b,  U n f o r t u n a t e l y  t h i s  i mpu l se  r e s p o n s e  is  

i n f i n i t e l y  l ong  and t h e r e f o r e  o f  no p r a c t i c a l  use ,  T r u n c a ­

t i o n  i s  n e c e s s a r y  t o  p r oduce  a r e a l i s a b l e  f i l t e r  o p e r a t o r  o f
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f i n i t e  l e n g t h .  F i g , 3 . 11c shows t he  f r e q u e n c y  r e s p o n s e  o f

such  an o p e r a t o r ,  shown in F i g , 3 , 1 1 c), Convo I u t  i on o f  t h  i s

f i l t e r  o p e r a t o r  w i t h  some i np u t  w av e f o r m r e s u l t s  in l o w - p a s s

f i l t e r i n g ,  b u t  w i t h  t h e  more g r a d u a l  c u t - o f f  a p p a r e n t  in  

F i g , 3 » 1 1 c ,

F i l t e r s  can be d e s i g n e d  by s p e c i f y i n g  a t r a n s f e r  f u n c -  

t ' on ' n ^ e  f r e q u e n c y  domain,  t h i s  b e i n g  used t o  d e s i g n  an  

i m p u l s e  r e s p o n s e  o f  f i n i t e  l e n g t h  in t h e  t i m e  domai n ,  The  

t r u n c a t i o n  o f  t h e  o p e r a t o r  is an i m p o r t a n t  c o n t r o l  on t h e  

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

t a n g u l a r  ( s q u a r e  wave)  f u n c t i o n  o f  a p p r o p r i a t e  l e n g t h  does  

n o t  p r o d u c e  good f r e q u e n c y  c u t - o f f  ( s e e  F i g , 3 , 1 6 ) ,  A more  

u s e f u l  a p p r o a c h  is  t o  g r a d u a l l y  t r u n c a t e  t he  o p e r a t o r  by 

mu I t  i pI  i c a t  i on w i t h  a wi ndow f u n c t i o n ,  F i g , 3 , 1 2  i l l u s t r a t e s  

t h i s  o p e r a t i o n  f o r  a 40 Hz c u t - o f f  l ow- p a ss  f i l t e r ,  The w i n ­

dow f u n c t i o n  c o n s i s t s  o f  one c y c l e  o f  a c o s i n e  wave w i t h  i t s  

t r o u g h  r a i s e d  s l i g h t l y  g r e a t e r  than z e r o ,  T h i s  i s  known as a 

Hamming w i nd o w ,  The i n f i n i t e l y  long o p e r a t o r  i s  m u l t i p l i e d  

by t h i s  w in d o w  f u n c t i o n  to  pr oduce  an o p e r a t o r  o f  l e n g t h ,  in 

t h i s  c a s e ,  0 , 2 5  s and t h e  a m p l i t u d e  s pe c t r u m  shown in t h e  

f i g u r e ,  The now i n c l i n e d  c u t - o f f  is c e n t r e d  a t  40 Hz ,  T h i s  

i n c I  i n a t i  on i s cont  r o I  I ed  by t h e  w i d t h  o f  t h e  t r u n c a t  i on 

w i n d o w , t h e  l on g e r  t he  f i l t e r  o p e r a t o r  t he  s h a r p e r  w i l l  be 

t h e  c u t - o f f  a t  t h e  d e s i r e d  f r e q u e n c y ,

F r e q u e n c y  f i l t e r s  a r e  o f t e n  e i t h e r  minimum or  z e r o  

p h a s e ,  Assume tO is  some p o i n t  on t h e  i nput  w a v e f o r m  d u r i n g  

t h e  c o n v o l u t i o n  o p e r a t i o n  such t h a t  t<0 r e p r e s e n t s  t h e  

f u t u r e  and t > 0  t h e  p a s t  segment  o f  t h i s  w a v e f o r m,  Minimum 

p hase  f i l t e r s  have a memory component  o n l y  and t hus  o p e r a t e
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on t h e  p r e s e n t  and p a s t  of  the  wav e f o r m,  w i t h  a l l  v a l u e s  f o r  

t < 0  = 0 ,  T h i s  means t h e  o u t p u t  wave f or m has no phase  s h i f t  

r e l a t i v e  t o  t h e  i n p u t ,  In c o n t r a s t ,  z e r o  phase  f i l t e r s  h a ve  

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

a b o u t  a p o i n t  t ,  e qua l  to h a l f  the  o p e r a t o r  l e n g t h ,  T h i s  has  

t h e  a d v a n t a g e  o f  more o f  t he  i nput  wa v e f o r m b e i n g  c o n s i d e r e d  

d u r i n g  e a c h  c o n v o l u t i o n  o p e r a t i o n ,  but  r e s u l t s  in a p hase  

s h i f t  e q u a l  t o  t / 2  r e l a t i v e  to  t h e  i np u t  w a v e f o r m ,

3 , 4 , 2 ,  Comput er  Program

P r o g r a m  PLOT,  w r i t t e n  by R . R e i d  and K , D a v i d s o n ,  was  

u s e d  t o  p r o c e s s  t he  d a t a ,  The pr ogr am is  s t i l l  b e i n g  

d e v e l o p e d  and i s  not  l i s t e d  h e r e ,  S p e c t r a l  a n a l y s i s  and f r e ­

q u e nc y  f i l t e r i n g  wer e  a v a i l a b l e  f o r  t h e  p r o c e s s i n g  o f  t h e  

MAV IS d a t a , The pr ogram wi I I p l o t  unf  i I t e r e d  and f i I t e r e d  

s e i s m i c  d a t a  and f r e q u e n c y  s p e c t r a ,  As t he  p r o g r am and t h e  

d a t a  in d i g i t a l  fo rm wer e  not  a v a i l a b l e  u n t i l  l a t e  in t h i s  

p r o j e c t ,  o n l y  i n i t i a l  p r o c e s s i n g  o f  t he  d a t a  has been com­

p l e t e d ,  Impr ovement s  to  the  p r o c e s s i n g  progr am and more  

d e t a i  l e d  a n a l y s i s  o f  the  d a t a  s h o u l d  l ead  to  an improved  

i n t e r p r e t a t  i o n ,

L o w - p a s s ,  h i g h - p a s s ,  band - p a s s  and b a n d - s t o p  f i l t e r s  

a r e  a v a i l a b l e  w i t h  r e c t a n g u l a r ,  t r i a n g u l a r ,  Hamm i n g , gen - 

e r a  I i sed  Hamming,  H a nn i ng ,  K a i s e r ( I 0 - s i n h ) and Chebyshev  

w i n d o w s ,  F i l t e r s  may be minimum or z e r o  phase  and o f  v a r i - 

a b l e  l e n g t h ,  F i  I t e r s  a r e  d e s i g n e d  u s i n g  t he  p r o g r am FWFIR,  

T h i s  p r o g r a m  a l s o  a l l o w s  t he  p l o t t i n g  o f  t he  i mp u l se  and  

a m p l i t u d e  ( f r e q u e n c y )  responses  o f  t h e  f i l t e r  d e s i g n e d ,
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3 . 4 , 3 ,  F i l t e r  D e s i gn  and A p p I i o a t i o n

T i me  p r e c l u d e d  an e x t e n s i v e  a n a l y s i s  t o  d e t e r m i n e  t h e  

most  a p p r o p r i a t e  f i l t e r s ,  However ,  i n i t i a l  t e s t s  w e r e  c a r ­

r i e d  o u t  t o  d e t e r m i n e  the  most e f f e c t i v e  c o m b i n a t i o n  o f  

f i l t e r  t y p e  and l e n g t h ,  and wh e t h e r  minimum or  z e r o  p h a s e ,  

The  d a t a  r e c o r d e d  sout h  f rom t he  A b e r u t h v e n  s h o t  w e r e  

s e l e c t e d  f o r  t e s t i n g .  S t r o n g  shear  wave a r r i v a l s  a r e  seen  

i n  t h e  u n f i l t e r e d  d a t a  between 5 and 15 km range  ( F i g , 3 , 1 3 ) ,  

F i l t e r  p a r a m e t e r s  w e r e  a d j u s t e d  to  a s c e r t a i n  t h e  b e s t  c o m b i ­

n a t i o n  f o r  t h e  d i s c r i m i n a t i o n  o f  t h e s e ,  and o t h e r  l e s s  o b v i ­

o u s ,  s h e a r  wave  a r r i v a l s ,

S p e c t r a l  a n a l y s i s  of  t he  P-  and S - wave  d a t a  show t h e  

f o r m e r  t o  have  f r e q u e n c i e s  m o s t l y  h i g h e r  than 6 H z ,  and t h e  

l a t t e r  t o  ha ve  domi nant  f r e q u e n c i e s  o f  l es s  t h a n  6 Hz 

( F i g , 3 ,  1 4 ) ,  A S Hz l ow-pass  f i l t e r  was used f o r  t h e  t e s t s ,  

The  i m p u I s e  and f r e q u e n c y  responses  o f  r e c t a n g u l a r ,  Hamming,  

g e n e r a l i s e d  Hamming(CX = 0 , 5 0 )  and Hann i ng  wi ndowed f i l t e r s  

( z e r o  p h a s e ,  0 , 5  s o p e r a t o r  l e n g t h )  a r e  shown in F i g s , 3 ,  15 

t o  3 , 1 8 ,  S i n c e  t he  d i f f e r e n c e  between P-  and S - w av e  f r e ­

q u e n c i e s  i s  a bo u t  2 Hz a sharp  c u t - o f f  i s  d e s i r a b l e ,  The  

f r e q u e n c y  r e s p o n s e  o f  the  r e c t a n g u l a r  window s u g g e s t s  

d i sc  r i m i na t i o n  be tween f r e q u e n c i e s  wi I I be poo r ,  The f r e ­

q u e nc y  r e s p o n s e  o f  t he  Hamming, g e n e r a l  i sed  Hamming and H a n ­

n i n g  w i ndows a r e  v i r t u a l l y  i den t i c a I , As expec  t e d , q u a l i t a ­

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

In  t h e  e v e n t  t h e  Hamming window was used f o r  a l l  p r o c e s s i n g ,  

F i g , 3 ,  19 shows t he  same d a t a  f o r  the  Hamming wi ndow but  w i t h  

mi ni mum p h a s e ,  N o t e  t h e  s h a r p e r  c u t - o f f  w i t h  t h e  z e r o  phase  

f i l t e r  and t h e  g r e a t e r  a t t e n u a t i o n  o f  f r e q u e n c i e s  o u t s i d e
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t h e  p a s s  b a n d ,  T h i s  d i f f e r e n c e  is e v i d e n t  in F i g s , 3 , 2 0  and  

3 . 2 1  w h e r e  t h e  z e r o  phase f i l t e r  has been c o n s i d e r a b l y  more  

s u c c e s s f u l  in d i s c r i m i n a t i n g  a g a i n s t  unwant ed  f r e q u e n c i e s ,  

F i g s , 3 . 2 1  t o  3 , 2 4  i l l u s t r a t e  t he  e f f e c t s  of  a l t e r i n g  o p e r a ­

t o r  l e n g t h ,  L e n g t h s  o f  0 , 2 5 ,  0 , 5 0 ,  1 , 0 0  and 2 , 0 0  s w e r e

t e s t e d ,  F i l t e r  l e n g t h  does not  a pp e a r  t o  g r e a t l y  a f f e c t  

d a t a  q u a l i t y ,  though t h e r e  is s l i g h t  s m e a r i n g  o f  t he  d a t a  

w i t h  i n c r e a s e d  l e n g t h .

F i l t e r i n g  was i n t e n d e d  t o ;  1 ) ,  i mprove  P - wave  d a t a  

q u a l i t y  ( p a r t i o u I a r I y  second a r r i v a l s )  by t h e  s u p p r e s s i o n  o f  

b a c k g r o u n d  n o i s e  and S-wave  e ne r g y  2)> i mprove S - wav e  d a t a  

q u a l i t y  by s u p p r e s s i o n  of  b a ckgr ound  n o i s e  and P - wave  

a r r i v a l s .  The w i nd o w i ng  f u n c t i o n  in t h e  pr ogr am PLOT 

a l l o w e d  s p e c t r a l  a n a l y s i s  o f  s p e c i f i e d  p a r t s  o f  each s e i s m i c  

t r a c e .  S p e c t r a  w e r e  o b t a i n e d  f rom;  1) * t h e  p r e - f  i r s t  b r e a k  

p a r t  o f  any t r a c e  2 ) ,  the  f i r s t  b r e a k  p l u s  0 . 5  to  1 .0  s 

( d e p e n d i n g  on t h e  l e n g t h  of  t h i s  w a v e t r a i n )  and 3 ) ,  

s u s p e c t e d  S - wave  a r r i v a l s .  The f r e q u e n c y  c o n t e n t  o f  

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

a c c o r d i n g l y .  I t  s h o u l d  be remembered t h a t  t he  f r e q u e n c y  

s p e c t r a  o b t a i n e d  in ( 2 )  a r e  f o r  P-wave  s i g n a l  and n o i s e  and  

in ( 3 )  a r e  f o r  S - wave  s i g n a l *  n o i s e  and P - wav e  coda.

3 . 5 .  D a t a  P r e s e n t a t i o n  and A n a l y s i s

The d a t a  a r e  p r e s e n t e d  in F i g s . 3 . 2 5  to  3 , 5 0 ,  Where  

p o s s i b l e  t h e  f o l l o w i n g  seismograms a r e  shown; a ) ,  u n f i I t e r e d  

d a t a ,  b ) ,  u n f i l t e r e d  d a t a  w i t h  P-  and S - w av e  p i c k s  c ) , d a t a  

f i l t e r e d  t o  e nhan ce  P-wave a r r i v a I s  d ) ,  d a t a  f i  I t e r e d  t o  

e n h a n c e  S - w a v e  a r r i v a l s  ( i f  any w e r e  i d e n t i f i e d ) ,  A l l
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t r a c e s  a r e  n o r m a l i s e d  w i t h  t,- * 1-,.r - s F-<-t to the  maximum amp I i t ud e

w i t h i n  t h e  t r a c e ,  A l s o  shown a r e ;  E) , t i m e - d i s t a n c e  g r a p h s  

o f  t h e  P - w a v e  a r r i v a l s  a n d , where  a p p r o p r i a t e , F ) ,  t i  me - 

d i s t a n c e  g r a p h s  o f  t h e  S-wave  a r r i v a l s ,  A l l  a r e  p l o t t e d  a t

a r e d u c t i o n  v e l o c i t y  of  6 , 0  km/s ,  e xc e p t  (D)  and (F )  w h i c h

a r e  a t  3 , 5  k m/ s ,  P i c k s  in (B) a r e  l a b e l l e d  b ased  on t h e  

r e s u l t s  o f  r a y - t r a c e  m o d e l l i n g  ( see  c h a p t e r  5)  and t h e  r a y -  

p a t h  c l a s s i f i c a t i o n  in T a b l e  5 , 1 ,  U n l a b e l l e d  p i c k s  a r e  

t h o s e  w h i c h  w e r e  not  s u c c e s s f u l l y  m o d e l l e d ,  When d a t a  a r e  

n o t  a v a i  l a b l e  in d i g i t a l  f o r m,  i . e .  t h e  q u a r r y - b i a s t  d a t a ,  

o n l y  t h e  P - w a v e  t i m e - d i s t a n c e  graphs  a r e  shown* P-  and S-  

wav e  a r r i v a l  t i m e s  a r e  l i s t e d  in Appendi x  3*

The d i g i t i s e d  d a t a  show t he  f i r s t  a r r i v a l  s i g n a l  to  

n o i s e  r a t i o  t o  be g e n e r a l l y  q u i t e  good,  e s p e c i a l l y  on MAVIS  

I I .  As a r e s u l t ,  f i l t e r i n g  to  enhance P-wave  a r r i v a l s  makes  

l i t t l e  d i f f e r e n c e  t o  t he  f i r s t  b r e a k ,  e x c e p t  wh e r e  s i t e s  a r e  

e x t r e m e l y  n o i s y ,  e . g .  t r a c e  X on the  T r e a r n e  and Drumgray  

s e i s m o g r a m s .  The d i s c r i m i n a t i o n  a g a i n s t  S - wav e  e n e r g y  

e n h a n c e s  P - w a v e  second a r r i v a l s  as e x p e c t e d ,  e . g .  t h e  "a6"  

r e f l e c t i o n s  on t h e  Oxoars  and A v o n b r i d g e  (MAVIS I I )  d a t a .  

S e v e r a l  e x a m p l e s  o f  cl  i p p i n g  can be seen ,  e s p e c i a l l y  on t h e  

T r e a r n e  d a t a ,  though t h i s  is not  a w i d e s p r e a d  p r o b l e m .  

A l s o ,  a f e w  t r a c e s  show e v i d e n c e  o f  poor  coupl  ing to  t h e  

g r o u n d ,  e . g .  t r a c e  Y o f  t h e  T r e a r n e  d a t a ,  t h e  f i r s t  b r e a k  i s  

d e t e c t e d ,  b u t  l a t e r  ( w e a k e r )  a r r i v a l s  a r e  p o o r l y  d e t e c t e d ,  

A g a i n ,  t h i s  not  a common p r o b l e m ,

F i l t e r i n g  t o  enhance  S-wave  en er gy  is r e a s o n a b l y  s u c ­

c e s s f u l .  N o t e  t h a t  a r e a s  where  s i t e s  wer e  l o c a t e d  on d r i f t  

( s e e  A p p e n d i x  2)  p r oduc e  s i g n i f i c a n t l y  p o o r e r  s hea r
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a r r i v a l s ,  Compare t he  S-waves d e t e c t e d  to  t he  n o r t h  o f  t h e  

D o l l a r  s h o t  w h e r e  a l l  s i t e s  a r e  on r o c k ,  to  t h o s e  t o  t h e  

s o u t h  w h e r e  a l l  s I t e s  a r e  on dr i f t , Ranges r e a c h e d  by S -  

w a v e s  a r e  c o n s i d e r a b l y  l ess  than the  P - w av e s ,  The cause  may 

be t h e  s i m i l a r i t y  o f  the  S-wave and n o i s e  f r e q u e n c y  s p e c t r a *  

F i g , 3 , 5 1  shows a t y p i c a l  n o i s e  s p e c t r a  ( f r o m  t h e  C a t t l e  Moss  

d a t a ) .  Compare t h i s  w i t h  the  S-wave s p e c t r a  shown in  

F i g , 3 , 1 4 ,  The f r e q u e n c y  s p e c t r a  of  t h e  n o i s e  is  seen t o  

sp an  t h e  S - w a v e  f r e q u e n c i e s ,  I t  is p o s s i b l e  t h a t  as r a n q e  

i n c r e a s e s  t h e  s i g n a l  t o  n o i s e  r a t i o  f o r  t h e  S - wave  a r r i v a l s  

i s  t o o  low t o  a l l o w  t h e i r  d i s c r i m i n a t i o n ,

S h e a r  waves  w e r e  not  d e t e c t e d  f rom t h e  t h r e e  m a r i n e  

s h o t s ,  S i n c e  a l l  t h r e e  sources  were  on t he  s e a - b e d  t h i s  c a n ­

n o t  be a t t r i b u t e d  to  t he  w a t e r  l a y e r ,  F i g , 3 *51  shows t h e  

f r e q u e n c y  s p e c t r a  f o r  the  M e t h i l  ( n o r t h  l i n e )  shot  o f  MAVIS  

I ♦ N o t e  t h a t  t h e r e  is  no e v i d e n c e  o f  a d e c r e a s e  in domi nant  

f r e q u e n c y  w i t h  r a ng e ,  as mi ght  be e x p e c t e d  as h i g h e r  f r e ­

q u e n c i e s  s u f f e r  g r e a t e r  a b s o r p t i o n ,  The P-wave  a r r i v a l s  a r e  

o f  l ow er  f r e q u e n c y  than t hose  f rom t he  l and s h o t s ,  as can be  

s e e n  by i n spec  t ion o f  the  Me t h i I se i smog r am and comp>a r i son 

o f  F i g , 3 , 5 1  and F i g . 3 , 1 4 ,  The dominant  f r e q u e n c y  is  ab o u t  6 

H z ,  T h i s  i s  s i mi  l a r  t o  the  land shot  S-wave  f r e q u e n c i e s  

shown in  F i g . 3 , 1 4 ,  I f  the m a r i n e  shot  S -wave  f r e q u e n c i e s  

a r e  s i m i  l a r  t o  t h o s e  r e c o r d e d  f rom land s h o t s ,  i , e ,  t h e r e  i s  

no d e c r e a s e  in f r e q u e n c y  s i m i l a r  to  t h a t  seen w i t h  f o r  t h e  

P - w a v e s ,  t h e n  f i I t e r  ing w i I  I not  a I low t he  d i s c r  i m i n a t i o n  o f  

t h e  S - w a v e  a r r i v a l s ,  A l t e r n a t i v e l y ,  the  poor S - wav e  d a t a  

may be a f u n c t i o n  o f  the  sea bed d e t o n a t i o n  i n s t e a d  o f

w i t h i n  ho I e s ,
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CHAPTER 4 SEISMIC VELOC1TY DETERM I NAT I ON AND

INTERPRETATION

4 , 1 ,  I n t r o d u c t i o  n

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

and r e f r a c t o r s  i t  is i mp o r ta n t  to q u a n t i f y  t h e  v e l o c i t y  

v a r i a t i o n  in t h e  o v e r l y i n g  l a y e r s ,  In t h e  M i d l a n d  V a l l e y  

t h e r e  a r e  l a r g e  volumes of  i n t r u s i v e  and e x t r u s i v e  i gneous  

r o c k s .  F a i l u r e  to  d e t e c t  the  r e s u l t i n g  v a r i a t i o n  in s e i s m i c  

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

d e p t  h ,

A f u r t h e r  cause  o f  such e r r o r s  is  s e i s m i c  a n i s o t r o p y ,

The SEI S81  r a y - t r a c i n g  package ( see  c h a p t e r  5)  does not  

a l l o w  f o r  v e l o c i t y  a n i s o t r o p y ,  Most ray  p a t h s  m o d e l l e d  a r e  

s u b - h e r i z o n  t a I and t h e r e f o r e  so a r e  the  model  v e l o c i t i e s ,  

C r i t i c a l  r a y s  t r a v e l l i n g  a t  perhaps  40° woul d  t r a v e l  a t

l e s s e r  v e l o c i t i e s  in an a n i s o t r o p i c  s e c t i o n ,  The r e s u l t  

w o u l d  be an o v e r - e s t i m a t e  in r e f r a c t o r  d e p t h ,

D a v i s  & Clowes ( 1 9 8 6 )  d e s c r i b e  the  r e s u l t s  o f  s e i s m i c  

r e f  I e c t  i on and r e f  r a c t i  on wor k i n the  W i noma Bas i n , W e s t e r n  

C a n a d a ,  T h i s  b a s i n  c o n s i s t s  of  a sequence o f  P l e i s t o c e n e  

t u r b i d i t e s *  Compar ison of  r e f r a c t i o n  d e r i v e d  v e l o c i t y - t w o  

way t i m e  mode l s  w i t h  r e f l e c t i o n  s e c t i o n s  f rom t he  b a s i n  show 

“b a s e m e n t "  v e l o c i t i e s  ( i . e .  4 . 1  and 5 , 4  km/s)  t o  occur

w i t h i n  t h e  s t r a t i f i e d  p a r t  of  the  r e f l e c t i o n  s e c t i o n ,  D a v i s  

fc C l owes  e x p l a i n  t he  v e l o c i t i e s  in terms of  a s e i s m i c a l l y  

a n i s o t r o p i c  s e d i m e n t a r y  s e c t i o n ,  S i n c e  the  i n t e r p r e t a t i o n  

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



-  5 8  -

de pen ds  on t h e i r  v e l o c i t i e s  ( s e e  s e c t i o n  7 , 1 )  i t  i s  i m p o r ­

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

a n i s o t r o p i c  e f f e c t s ,

An a t t e m p t  was made t o  q u a n t i f y  t h e  s e i s m i c  a n i s o t r o p y  

w i t h i n  t h e  MAVIS l a y e r  1 u s i n g  two s e p a r a t e  m e t h o d s :

[ 1 ]  Compa r i sons o f  v e l o c i t i e s  de r i v e d  by d i f f e r e n t  me t h o d s ,

C23 Ma t h e ma t  i ca I  m o d e l l i n g  o f  t h e  a n i s o t r o p y  o f  s t r a t i -  

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

T h r e e  ma in  s o u r c e s  o f  v e l o c i t y  d a t a  a r e  a v a i l a b l e ;  1 ) ,  

v e l o c i t i e s  d e r i v e d  f rom r e f r a c t i o n  t i m e - d i s t a n c e  g r a p h s  2 ) ,  

v e l o c i t y  d a t a  summar i sed in t h e  CDP t a b l e s  o f  t h e  T r i c e n t r o I  

r e f l e c t i o n  s e c t i o n s  and 3 ) ,  l i m i t e d  d a t a  f r om  b o r e h o l e s  

w i t h i n  t h e  r e g i o n ,  These  s o u r c e s  me as ur e  d i f f e r e n t  v e l o c i ­

t i e s ;  t h e  f i r s t  can be c o n s i d e r e d  as h o r i z o n t a l  v e l o c i t i e s  

w h i l s t  t h e  l a t t e r  two a r e  s u b - v e r t i c a l  and v e r t i c a l  v e l o c i ­

t i e s  r e s p e c t i v e l y ,  By c o mp a r i s o n  o f  t h e s e  v e l o c i t i e s  t h e  

deg r ee  o f an i so t r opy w i t h i n  t h e  M i d i  and Va I  l e y  can be 

e s t i m a t e d ,  A n i s o t r o p y  may a l s o  be e s t i m a t e d  by u s i n g  t h e  

i n t e r v a l  v e l o c i t i e s  o b t a i n e d  f rom v e l o c i t y  logs to  c o n s t r u c t  

v e I o c i t y - d e p t h  s e c t i o n s ,  t h e  a n i s o t r o p y  o f  w h i c h  may be c a l ­

c u l a t e d ,

The d e r i v a t i o n  and i n t e r p r e t a t i o n  o f  t h e  v e l o c i t y  d a t a  

i s  d e s c r i b e d  and t h e  s i g n i f i  cance  o f  t h e  r e s u l t s  d i s c u s s e d ,

4 , 2 ,  V e l o c i t i e s  f r om R e f r a c t i o n  Me a su r e m e nt s

4 , 2 , 1 ,  In t r o d u c t  i on

A r r i v a l s  f rom t h e  f i f t e e n  c u s t o m i s e d  MAVIS s h o t s ,
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c o m b i n ed  w i t h  t h e  n i n e  q u a r r y  s o u r c e s ,  p r o v i d e  a l a r g e  

amount  o f  d a t a  s u i t a b l e  f o r  m o d e l l i n g  t h e  v a r i a t i o n  in  

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

I a y e r  s «

In t h e  M i d i  and VaI  I ey  t h e  d i r e c t  a r  r i v a I  seqment  s o f  

t i m e - d i s t a n c e  g r a p h s  a r e  u s u a l l y  c u r v e d  ( D a v i d s o n  1986 ,  S o l a  

1 9 8 5 ) ,  T h i s  p r o g r e s s i v e  v a r i a t i o n  in o b s e r v e d  v e l o c i t y  w i t h  

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

l a t e r a l l y .  Two t e c h n i q u e s  w e r e  used f o r  t h e  i n v e r s i o n  o f  

t i m e - d i s t a n c e  d a t a  t o  v e l o c i t y - d e p t h  d a t a :

C1] The W i e c h e r t - H e r g I o t z - B a t e m a n  met hod  ( G r a n t  & West  

1965)

C2] The t a u - p  method ( D i e b o I d  & S t o f f a  1 9 8 1 ) ,

4 , 2 , 2 ,  W i e c h e r t - H e r g I o t z - B a t e m a n  Met hod

The W i e c h e r t - H e r g I o t z - B a t e m a n  (WHB) method a l l o w s  t h e  

d i r e c t  i n v e r s i o n  o f  t i m e - d i s t a n c e  d a t a  to  v e I o c i t y - d e p t h  

d a t a  by means o f  t h e  s o l u t i o n  o f  t h e  i n t e g r a l

0
1

Z ( V )  = -----
T C

V
w h e r e

x = X - 1
cosh (V d t / d x )  dx ( 4 , 1 )

x = 0

V = ( d x / d t )
x = X

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

i ng  p o i n t  o f  a r a y  a r r i v i n g  a t  t h e  s u r f a c e  a t  a r a n g e  X f r om

t h e  s o u r c e  ( F i g  4 , 1 ) ,  The method i s  o n l y  a p p l i c a b l e  f o r

s i t u a t i o n s  w h e r e  t h e r e  a r e  no v e l o c i t y  i n v e r s i o n s  and

assumes no l a t e r a l  v e l o c i t y  v a r i a t i o n ,



4 , 2 * 3 ,  T -=i u - P Met hod

60

b e v e r a l  a u t h o r s  have d i s c u s s e d  t h e  mapp i ng  o f  t i m e -  

d i s t a n c e  d a t a  i n t o  t h e  t au~p  p l a n e ,  f o r  e xa mp l e  Bessonova  e t

a l ,  ( 1 9 7 4 ) ,  K e n n e t t  ( 1 9 7 6 ) ,

D i e b o l d  k S t o f f a  ( 1 9 8 1 )  show t h a t  t r a v e l  t i m e  can be  

e x p r e s s e d  in t e rms  o f  t he  h o r i z o n t a l  <p) and v e r t i c a l  ( q )  

c o mp o n e n t s  o f  wave s lowness

A T  = p A X  = q A  Z ( 4 , 2 )

w h e r e

s i n i cos i
p =   and q = --------------

V V

V = v e l o c i t y  o f  medium 
i = d i r e c t i o n  o f  r a y  p a t h

Wave s I o w n e s s  , u , i s g i ven by

2 2 1/2
u = 1 / V  = (p + q ) ( 4 , 3 )

F or  a s e r i e s  o f  h o r i z o n t a l  homogeneous l a y e r s  a r e f r a c t e d  

r a y  has t r a v e l  t i m e

n
T = pX + 2 )  I q j Z j ( 4 , 4 )

j  = 1

( N o t e  t h a t  as p is  a c o n s t a n t  f o r  h o r i z o n t a l  l a y e r s  o n l y  t h e  

s i n g l e  t e r m  pX i s  r e q u i r e d ) ,

T h i s  e q u a t  i on de f  ines  a s t r a i g h t  l i n e  t a n g e n t i a l  t o  t h e  

t i m e - d i s t a n c e  c u r v e  a t  the  p o i n t  ( T , X )  w i t h  a g r a d i e n t  p and

an i n t e r c e p t  on t h e  t i m e  a x i s  of  t au  ( y ' ) ,

I n v e r s i o n  to  v e I o c i t y - d e p t h  d a t a  depends on t h e

r e p r e s e n t a t i o n  o f  t h e  t i  me - d i s t a n c e  c u r v e  c*s a s e r i e s  o f



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

l a y e r  e q u a t i o n s  f o r  i n t e r c e p t  t i m e  ( s e e  s e c t i o n  5 , 1 , 1  and  

Dobr  in ( 1 9 8 3 ) ) ,

When t h e  s o u r c e - r e c e i v e r  o f f s e t  i s  s m a l l ,  u1 ( t h e  s l o w -

n e s s  in t h e  topmost  l a y e r  l e a n  be t a k e n  as e q u a l  t o  p1 an d  

h e n c e

u 1 =
Vapp 1

A s s u m in g  a s e r i e s  o f  p l a n a r  l a y e r s

( p 2 ) / 2  
21  =  ----------------------------------------

( 4 , 5 )

2 2 1/ 2 
( u 1 - p 1 )

( 4 , 6 )

a l  l o w i n g  t h e  use o f  t he  e x p r e s s i o n

k-1  2 2 1 / 2
' j '  ( p k + 1) /  2 - S> I Z j ( u j - p k + 1 ) 

j = 1
Zk = ----------------------------------------------------------------------------------  ( 4 , 7 )

2 2 1/ 2 
( uk - p k + 1 )

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

4 , 2 , 4 ,  A p p l i c a t i o n  and R e l i a b i l i t y  o f  I n v e r s i o n  Met hods

B o t h  t e c h n i q u e s  wer e  a p p l i e d  t o  t h e  d a t a  u s i n g  a m o d i ­

f i e d  v e r s i o n  o f  t he  p rogram WHB w r i t t e n  by J,  H a l l  and m o d i ­

f i e d  by K» D a v i d s o n ,  T h i s  v e r s i o n  o f  t h e  p r o g r a m ,  WHB10,  i s  

l i s t e d  in A p p e nd i x  6 ,  The program was o r i g i n a l l y  d e s i g n e d  

t o  t a k e  smoothed t i m e - d i s t a n c e  d a t a  sampl ed  a t  r e g u l a r  

i n t e r v a l s  f rom t h e  s h o t - p o i n t ,  The smoothed c u r v e  must  c o n ­

t a i n  no d e c r e a s e  in i t s  g r a d i e n t ,  i , e ,  no v e l o c i t y  i n v e r -  

s i o n s ,

A p p l y i n g  t h e  t e c h n i q u e s  t o  t he  d i r e c t  a r r i v a l  segments
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a l l o w s  n e a r  s u r f a c e  v e l o c i t y  v a r i a t i o n  t o  be e s t i m a t e d .  

H o w e v e r ,  d i r e c t  a r r i v a l  segments o f  t i m e - d i s t a n c e  g r a p h s  a r e  

n o t  a l w a y s  w e l l  c o n s t r a i n e d ,  due to  f a c t o r s  such as r e c o r d e r  

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

c o n s t r a i n t  on t h e  i nput  c u r v e  t h e  p r og r a m was amended t o  

r e a d  d a t a  a t  i r r e g u l a r  i n t e r v a l s ,  thus  e n s u r i n g  t h a t  t h e  

v e I o c  i t y - dep t h da t a wou I d  be we I I cons t r a i n e d  w h e r e  t h e  

t i m e - d i s t a n c e  d a t a  wer e  s i m i l a r l y  c o n s t r a i n e d .  The r e s u l t ­

i n g  v e I o o i t y - d e p t h  c u r v e  is  e x t r e m e l y  s e n s i t i v e  t o  t h e  shape  

o f  t h e  smoot hed  c u r v e .  U s i n g  t he  e s t i m a t e d  e r r o r  in a r r i v a l  

t i m e  ( s e e  s e c t i o n  3 . 3 )  f i v e  c u r v e s  w e r e  inp»ut f o r  each  s ho t  

p o i n t  ( F i g . 4 . 2 ) ,  The c u r v e s  we r e  i n t e n d e d  to  p r od u c e  t h e  

maximum v a r i a t i o n  in v e I o c i t y - d e p t h  c u r v e s  o b t a i n a b l e  w i t h i n  

t h e  e r r o r s  o f  t h e  d a t a ,  One c u r v e  (A)  r e p r e s e n t s  wha t  i s  

c o n s i d e r e d  t o  be t he  be s t  f i t  t o  t h e  d a t a ,  i»e» p a s s i n g  

t h r o u g h  t h e  maximum number of  p o i n t s  w i t h i n  t h e i r  e r r o r s ,  

The r e m a i n i n g  f o u r  c ur v e s  r e p r e s e n t  t h e  s t r a i g h t e s t  ( B ) ,  

most  c u r v e d  ( C ) ,  and maximum (D)  and minimum (E)  t i m e  

c u r v e s ,  In p > r a c t i c e ,  t h e r e  is a v a r y i n g  amount  o f  s c a t t e r  on 

t h e  a r r i v a l s  and t h e  c h o i c e  o f  c u r v e s  is somewhat s u b j e c -  

t i v e ♦ Po i n t s  p l o t t i n g  we I I away f r om ad j acen t po i n t s ( i . e .  

i m p l y i n g  u n r e a l i s t i c  v e l o c i t i e s )  w e r e  assumed t o  be t h e  

r e s u l t  o f  l o c a l  s t a t i c  e f f e c t s  or  m i s - p i c k s  and w e r e

i g n o r e d ,

The p r og r am  WHB10 uses t h e  r e s u l t i n g  v e I o c i t y - d e p t h  

c u r v e s  t o  d e t e r m i n e  maximum and minimum v a l u e s  f o r  a g i v e n  

d a t a  p o i n t ,  and p l o t s  a p p r o p r i a t e  " e r r o r  b a r s "  c e n t r e d  on 

t h e  p o i n t  d e r i v e d  f rom t he  be s t  f i t  c u r v e ,  The " e r r o r  b a r s "

d e f i n e  a n  e n v e l o p e  o f  p o s s i b l e  v e I o c i t y - d e p t h  c u r v e s ,  but



•nre n o t  t r u e  e r r o r  b a r s  s i n c e  t h e  p o s i t i o n  o f  any p o i n t  on 

t h e  v e l o c i t y - d e p t h  c u r v e  is dependent  on t h e  p o s i t i o n  o f  t h e  

p r e c e d i n g  p o i n t s ,  The e n v e l o p e  can be t h o u g h t  o f  as c o n f i ­

d e n c e  l i m i t s  on t h e  v e l o c i t y - d e p t h  d a t a ,  N o t e  t h e  l a r q e

v e l o c i t y  r a n g e s  o b t a i n e d  even when t h e  d a t a  shows no s c a t t e r  

( F i g , 4 , 2 ) ,

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

f r o m  t h e  a b o v e  t e c h n i q u e s  was t e s t e d  on model  t i m e - d i s t a n c e  

d a t a  g e n e r a t e d  u s i n g  t h e  SEIS81 r a y - t r a c i n g  p r oqr am ( s e e  

s e c t  i on 5 , 1 , 3 ) ,  An a im o f  t h e  v e I o c  i t y ana  I ys  i s was t o  p r o -  

v i d e  an i n i t i a l  model  o f  ne a r  s u r f a c e  v e l o c i t y  v a r i a t i o n  f o r  

r e f i n i n g  by r a y - t r a c i n g .  T h e r e f o r e ,  i t  was d e s i r a b l e  t h a t  

t h e  t i m e - d i s t a n c e  d a t a  s h o u l d  i n v e r t  t o  a v e I o c i t y - d e p t h  

model  as  s i m i l a r  as p o s s i b l e  to  t h e  model  i nput  to  t h e  r a y -  

t r a c i n g  p r o g r a m ,

A model  was s e t  up based on p r e v i o u s  r a y - t r a c i n g  u n d e r ­

t a k e n  as p a r t  o f  t h e  i n i t i a l  i n t e r p r e t a t  ion o f  t he  MAVIS  

d a t a  (Conway e t  a l ,  1 9 8 7 ) ,  The v e I o c i t y - d e p t h  f u n c t i o n  was  

cons i de r ed t o be a r e a I  i s t i c e s t  i ma t e o f  t ha t to  be found in 

t h e  M i d l a n d  V a l l e y ,  No l a t e r a l  v e l o c i t y  v a r i a t i o n  was  

i no I u d e d  in t h e  mode I , Twen t y  s t a t i o n s  we r e mode I I ed  a t 1 

km i n t e r v a l s ,  w i t h  c e n t r e  and end s h o t s ,  The r a y  p a t h s  and  

r e s u l t i n g  t i m e - d i s t a n c e  g r aphs  a r e  shown in F i g , 4 , 3 ,  Com­

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

0 , 0 1  s in a l l  c a s e s .  The f i v e  smoothed c u r v e s  w e r e  f i t t e d  

t o  t h e  d a t a  ass u mi ng  an e r r o r  o f  0 , 0 3  s in a r r i v a l  t i m e .  The  

WHB and t a u - p  d e r i v e d  v e I o c i t y - d e p t h  c u r v e s  a r e  shown in 

F i g , 4 , 4  w i t h  t h e  model  c u r v e  f o r  c o m pa r i s on ,  In a l l  cases  

t h e  c u r v e  d e r i v e d  u s i n g  t he  WHB method is  an e x t r e m e l y  good
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f i t  t o  t h e  d a t a ,  T h i s  f i t  is r e f l e c t e d  in F i g , 4 , 5 ,  w h e r e

t h e  model  and d e p t h  s e c t i o n  d e r i v e d  f rom t h e  WHB d a t a  a r e

s e e n  t o  be v i r t u a l l y  i d e n t i c a l ,  The model  c u r v e  a l s o  l i e s

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

t h e r e  i s  a g e n e r a l  t endency  to  o v e r e s t i m a t e  v e l o c i t y  a t  a  

g i v e n  d e p t h .

F i g . 4 . 6  compares  the  v e ! o c i t y - d e p t h  c u r v e s  d e r i v e d  f r om  

t h e  s o u r c e  two d a t a  o b t a i n e d  to  t he  west  and e a s t  f f o r  each  

i n v e r s i o n  t e c h n i q u e .  The d i f f e r e n c e s  be tween t h e  d a t a  s e t s  

a r e  an e x p r e s s i o n  o f  the  d i f f e r e n c e s  in t h e  smoothed c u r v e s  

f i t t e d  t o  t h e  d a t a .  These a r e  seen t o  be smal l  and w e l l  

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

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

c o - o r d i n a t e s  w i t h i n  the  v e I o c i t y - d e p t h  p l a n e .

A f u r t h e r  p r o b l e m  w i t h  t he  t a u - p  method is t h e  n e c e s ­

s i t y  t o  know t h e  v e l o c i t y  a t  the  s u r f a c e .  The a s s u m p t i o n  

t h a t  u 1 = 1 / V a p p 1  is o f t e n  i n v a l i d  s i n c e  s h o r t  o f f s e t  

r e c e i v e r s  a r e  f r e q u e n t l y  a b s e n t .  The p r o g r  am a I Iows a 

p a r a m e t e r  VO t o  be i n p u t ,  but  t h i s  can o n l y  be e s t i m a t e d  

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

us i n q d i f f e r e n t  v a l u e s  is i l l u s t r a t e d  in F i g ♦ 4 . ( u s i n g  d a t a  

f r o m  s o u r c e  1. As e x p e c t e d ,  i n c r e a s i n g  t he  s u r f a c e  v e l o c i t y  

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

In t h e  a b s e n c e  o f  s u r f a c e  v e l o c i t i e s  t h i s  v a r i a t i o n  is  

a n o t h e r  s o u r c e  o f  i n a c c u r a c y  in t h e  t a u - p  i n t e r p r e t a t i o n ,  

The d a t a  show t h a t  a s u r f a c e  v e l o c i t y  o f  3 , 0  km/s p r od u c e s  

t h e  most  r e a s o n a b l e  r e s u l t s  as e x p e c t e d  f rom t h e  m o d e l .  

U n d e r e s t i m a t i n g  VO causes over  es t imat i on o f  v e l o c i t y  a t  a 

g i v e n  d e p t h ,  w h i l s t  o v e r e s t i m a t i o n  d i s t o r t s  t he  shape  o f  t h e
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v e l o c i t y - d e p t h  c u r v e  near  t he  s u r f a c e ,

The t i m e - d i s t a n c e  c ur ve s  f rom t h e  f i e l d  d a t a  v a r y  

g r e a t l y  in t he  e x t e n t  to wh i ch  t hey  a r e  d e f i n e d ,  due t o  

v a r y i n g  r e c e i v e r  s p a c i n g  and g e o m e t r y ,  T h i s  p r o b l e m  has been  

p a r t l y  ov er c ome  by a d a p t i n g  the  program to  t a k e  i r r e g u l a r l y  

s p a c e d  da t a , Howeve r , t h e  e f f e c t s  on t h e  de r i v e d  v e l o c i t y -  

d e p t h  c u r v e s  must a l s o  be c o n s i d e r e d ,  F i g , 4 , 6  i l l u s t r a t e s  

t h e  WHB and t a u - p  d e r i v e d  v e I o c i t y - d e p t h  c u r v e s  compared to  

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

t h o s e  f r o m  s o u r c e  2 ( E ) ,  D o u b l i n g  t he  r e c e i v e r  s p a c i n g  does  

n o t  a l t e r  t h e  WHB c u r v e  to any e x t e n t ,  However ,  t h e  t a u - p  

c u r v e  i s  a g a i n  a f f e c t e d ,  w i t h  v e l o c i t i e s  near  t h e  s u r f a c e  

p r e d i c t e d  t o  occur  a t  a g r e a t e r  d e p t h ,  T h i s  is  a f u n c t i o n  o f  

t h e  n e ed  t o  amend VO r a t h e r  than an improvement  in t h e  t a u - p  

e s t i m a t e ,  The i n f l u e n c e  o f  the  VO p a r a m e t e r  i n c r e a s e s  w i t h  

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

i n g l y  t h i c k  “s u r f a c e "  l a y e r ,  The e f f e c t s  on t h e  t a u - p  d a t a  

a r e  s i m i  l a r  and g r e a t e r  w i t h  a 3 km s p a c i n g  and t h e  WHB 

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

i s  e a s i l y  w i t h i n  t h e  conf  i dence l i m i t s ,

F i g , 4 , 9  i l l u s t r a t e s  the  e f f e c t s  o f  i d e n t i c a l  r e c e i v e r  

s p a c i n g  bu t  v a r y i n g  r e c e i v e r  g e omet r y ,  u s i n g  s o u r c e  1 d a t a ,  

F or  a q i v e n  method and s p a c i n g ,  the  d i f f e r e n t  g e o m e t r i e s  

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

i . e .  t h e  d i f f e r e n t  g e o m e t r i e s  a r e  l ess  i m p o r t a n t  t han  t h e  

a c t u a l  s p a c i n g ,  F i g . 4 , 1 0  i l l u s t r a t e s  t he  r e l a t i v e  p o s i t i o n s  

o f  p o i n t s  d e r i v e d  f o r  d i f f e r e n t  r e c e i v e r  s p a c i n g s ,  a g a i n  

w i t h  t h e  model  c u r v e  f o r  c o mpar i son .  The WHB i s  seen t o  be  

l i t t l e  a f f e c t e d  though t he  i n c r e a s e d  s p a c i n g  c auses  a s l i g h t
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d e c r e a s e  in v e l o c i t y  a t  =, n iwcn j  _ _ 4.. T ,y .=, g i v e n  d e p t h .  The same is t r u e  f o r

t a u - p ,

The e f f e c t s  o f  v e r y  c l o s e l y  spaced r e c e i v e r s  w e r e  a l s o  

c o n s i d e r e d  ( F i g , 4 , 1 1 ) ,  The d a t a  a r e  t hos e  o b t a i n e d  f r om  

s o u r c e  2 ( E )  w i t h  t h e  e x t r a  r e c e i v e r s  a t  a r anges  be t ween  3 

and 5 km, A g a i n  t h e  WHB method p r o v i d e s  a good e s t i m a t e  o f  

t h e  t r u e  c u r v e .  The t a u - p  c u r v e  is  seen t o  t r e n d  t o w a r d s  t h e  

t r u e  c u r v e  when r e c e i v e r  s p a c i n g  is r ed u c e d ,

T h i s  work  shows t h e  WHB method t o  be more u s e f u l  t ha n  

t h e  t a u - p  met hod  ( a t  l e a s t  in terms o f  p r e d i c t i n g  r a y - t r a c e d  

m o d e l s ) ,  T h i s  i s  due to  t h e  t a u - p  method a p p r o x i m a t i n g  t h e  

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

f u n c t i o n  i s  r e p r e s e n t e d  by a d i s c r e t e  s e t  o f  p o i n t s  ( V e r a  

1 9 8 7 ) ,  The p r o b l e m  is p a r t i c u l a r l y  a c u t e  due to t he  s c a r c i t y  

o f  d a t a  p o i n t s  compared to  t he  m a r i n e  r e f r a c t i o n  d a t a  w i t h  

w h i c h  t h e  t e c h n i q u e  is most commonly used ,  Where r e c e i v e r  

s p a c i n g  i s  smal l  t h e  s t r a i g h t  ray  p a t h s  a r e  c l o s e r  to  t h e  

c u r v e d  p a t h  and hence the  two methods y i e l d  s i m i l a r  r e s u l t s ,

Bo t h t echn i ques s u f f e r  f r  om a s e r i o u s  l i m i t a t i o n  when 

app I i e d  t o  d a t a  f rom the  M i d l a n d  Val  l e y ,  In an a r e a  o f  s t e e p  

d i p s ,  r a p i d  l a t e r a l  f a c i e s  changes ,  heavy f a u l t i n g  and wh e r e  

i gneous r o c k s  a r e  common, i t  is ver  y unI  i k e I y  t h a t  v e I o c  i t y 

w i l l  v a r y  o n l y  w i t h  d e p t h ,  L a t e r a l  v e l o c i t y  v a r i a t i o n  has to  

be c o n s i d e r e d  t h e  r u l e  r a t h e r  than t he  e x c e p t i o n ,  and t h e r e ­

f o r e ,  b e f o r e  a n a l y s i s  of  r e a l  d a t a  t he  model  was e x t e n d e d  t o  

e v a l u a t e  such e f f e c t s ,  R e f e r e n c e  to  i n i t i a l  r a y - t r a c i n g  

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

a b o u t  0 , 0 5  s -1 was p o s s i b l e  in t h e  r e g i o n ,  The model  was



a d j u s t e d  such t h a t  t h e  v e l o c i t i e s  b e l o w  s o u r c e  2 w e r e  u n a l ­

t e r e d ,  b u t  t h i s  amount  of  l a t e r a l  v a r i a t i o n  was i n t r o d u c e d ,  

The r e s u l t i n g  t i m e - d i s t a n c e  d a t a  and ray  p a t h s  a r e  shown in 

F i g «4,  12,  The v a r i a t i o n  in t h e  shape o f  t h e  r e s u l t i n g

t i m e - d i s t a n c e  c u r v e s  i s  e n t i r e l y  due to  l a t e r a l  v e l o c i t y  

e f f e c t s ,  D a t a  r e c o r d e d  in t h e  d i r e c t i o n  o f  l a t e r a l  i n c r e a s e  

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

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

i n c r e a s e ,  The c u r v a t u r e  o f  the  t i me- d i  s t a n c e  segment  i s  

t h e r e f o r e  a f u n c t i o n  o f  bo t h  l a t e r a l  and v e r t i c a l  v e l o c i t y  

v a r i a t i o n ,  A s i n g l e  t i m e - d i s t a n c e  c u r v e  c anno t  d i s c r i m i n a t e  

t h e  two e f f e c t s  and c o u l d  be p r oduced  by an i n f i n i t e  number  

o f  c o m b i n a t i o n s  o f  t h e  two,

F i g , 4 , 1 3  i l l u s t r a t e s  t he  v e I o c i t y - d e p t h  c u r v e s  o b t a i n e d  

u s i n g  b o t h  t h e  WHB and t a u - p  met hods ,  and t h e  model  c u r v e s  

b e l o w  e a c h  s o u r c e ,  As e x p e c t e d ,  d a t a  r e c o r d e d  in t h e  d i r e c ­

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

a t  a g i v e n  d e p t h  t han  occur  b e l ow  t he  s ou r ce  l o c a t i o n ,  N o t e  

t h e  b e t t e r  a gr ee me n t  be tween the  two methods f o r  d a t a  

r e c o r d e d  in  t h e  d i r e c t i o n  o f  l a t e r a l  i n c r e a s e ,

O b v i o u s l y  i t  is d e s i r a b l e  to  d e r i v e  t he  t r u e  v e l o c i t y -  

d e p t h  c u r v e  f r om t h e  two c u r v e s  o b t a i n e d ,  T h i s  may be done  

i f  e i  t h e r  r e v e r s e d  or  spi  i t s p r e a d  d=j t a -dre av-ni l a b l e ,  The  

m e t h o d  assumes t h a t  t h e  v e r t i c a l  v e l o c i t y  g r a d i e n t  i s  i d e n t -  

i c a l  a l o n g  t h e  l i n e  of  t he  p r o f i l e .  T h i s  is  r e a s o n a b l e  in  

t h e  M i d l a n d  V a l l e y  w h e re  a d j a c e n t  so u r ce s  a r e  u s u a l l y  w i t h i n  

20 km o f  each  o t h e r .  A l s o ,  i t  i s  assumed t h a t  t h e  d e g r e e  o f  

v e l o c i t y  v a r i a t i o n  is  c o n s t a n t  b o t h  l a t e r a l l y s n d  v e r t i ­

c a l l y ,  F i g . 4 , l 4 a  i l l u s t r a t e s  t he  method f o r  s p l i t  s p r e a d
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d a t a  u s i n g  t h e  WHB i n v e r s i o n ,  Due to  t h e  d i f f i c u l t y  o f  com­

p a r i n g  c u r v e s  w h e r e  t h e r e  is  not  a r e g u l a r  s p a c i n g  o f  d a t a  

p o i n t s , t h e  o b t a i n e d  c u r v e s  a r e  a p p r o x i m a t e d  by t h i r d - d e g r e e  

p o l y n o m i a l s  o b t a i n e d  by c u r v i l i n e a r  r e g r e s s i o n  u s i n g  t h e  "S" 

p a c k a g e  on t h e  Geo l o g y  De par t ment  VAX 7 5 0 ,  or  s e c o n d - d e g r e e  

w h e r e  t h e r e  a f ew d a t a  p o i n t s *  These a r e  r e p r e s e n t e d  by t h e  

d a s h e d  I i n e s  (A and B) p a s s i n g  t h r ou g h  t he  two s e t s  o f  d a t a *  

T h e s e  c u r v e s  a r e  d e r i v e d  f rom t he  s i m i l a r l y  l a b e l l e d  t i m e -  

d i s t a n c e  d a t a *  The m i d d l e  l i n e  (C) i s  o b t a i n e d  by t a k i n g  

t h e  a v e r a g e  o f  t h e s e  two f u n c t i o n s .  A g a i n  t h e  model  

ve  I o c i t y - d e p t h  c u r v e s  b e n e a th  t h e  t h r e e  s o u r c e s  a r e  shown.  

F i g s . 4 . 14b and 4 . 1 4 c  i l l u s t r a t e  t h e  case  f o r  r e v e r s e d  d a t a .  

The same p r o c e d u r e  is used,  the  a v e r a g e d  c u r v e  r e p r e s e n t i n g  

t h e  t r u e  v e r t i c a l  v a r i a t i o n  h a l f - w a y  be t ween  t h e  two s hot  

p o i n t s .  Thus ,  s i m p l e  a v e r a g i n g  o f  t he  two d a t a  p o i n t  c u r v e s  

i s  s e e n  t o  be a good a p p r o x i m a t i o n  o f  t h e  v e r t i c a l  v e l o c i t y

v a r i a t i o n  b e n e a t h  a p o i n t  h a l f - w a y  be t ween  t he  two s o u r c e s ,

o r  b e n e a t h  a s o u r c e  r e c o r d e d  in two d i r e c t i o n s .  U n f o r ­

t u n a t e l y  t h e  method o n l y  a l l o w s  v e l o c i t y - d e p t h  d a t a  t o  be  

e x t e n d e d  t o  d e p t h s  r e ac he d  by both c u r v e s ,  i «e t h e  dep>th 

r e a c h e d  by t h e  c u r v e  r e c o r d e d  in t he  d i r e c t i o n  o f  l a t e r a l  

v e l o c i t y  i n c r e a s e .

A v e r a g i n g  i s  s u c c e s s f u l  because  o f  t h e  smal I  a p p a r e n t  

d i p s ” o f  t h e  v e l o c i t y  c o n t o u r s ,  i . e .

V up d i p  = V / s i n ( 9  + d i p )
V down d i p  = V / s i n (© ~ d i p )

w h e r e  © i s  t h e  a n g l e  o f  emergence of  t h e  ra y

T h i s  d i f f e r e n c e  is  s ma l l  enough t h a t  t h e  c i r c u l a r  n a t u r e  o f  

t h e  s i n e  f u n c t i o n  i s  u n i m p o r t a n t .
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F i g . 4 ,  15a i I l u s t r a t e s  t he  v e l o c i t y  s t r u c t u r e  o f  t h e  

model  i n c o r p o r a t i n g  l a t e r a l  v e l o c i t y  v a r i a t i o n ,  The d e p t h  

s e c t i o n  in F i g , 4 , 15b is f rom WHB d a t a  i g n o r i n g  l a t e r a l  

e f f e c t s ,  The s e c t i o n  shown in F i g , 4 , 1 5c uses t h e  met hod  

d e s c r i b e d  t o  remove them.  Not e  t he  loss o f  c o v e r a g e  i n h e r e n t  

in t h e  met hod*

S o u r c e s  o f  e r r o r  in t he  d e r i v e d  c u r v e s  a r e  t h e  r e s u l t  

o f ;  1 ) ,  poor  c o n s t r a i n t  of  the  t i m e - d i s t a n c e  d a t a  f r om w h i c h  

t h e  c u r v e s  a r e  o b t a i n e d  2 ) *  to  d e r i v e  t h e  t r u e  v e l o c i t y -  

d e p t h  c u r v e  a p a i r  o f  c u r v e s  must be r e c o r d e d  e x a c t l y  p a r a l ­

l e l  t o  l a t e r a l  v e l o c i t y  change.

4 * 2 * 5 *  F i e l d  V e l o c i t y  D e t e r m i n a t i o n s

F i g s . 4 .  16 t o  4 * 4 9  show t h e  WHB d e r i v e d  v e I o c i t y - d e p t h  

c u r v e s  w i t h  p o l y n o m i a l s  f i t t e d  to t h e  d a t a ,  Where s hea r  

w av e  d a t a  a r e  a v a i l a b l e  Vp/ Vs  and P o i s s o n ' s  r a t i o  a r e  a l s o  

p l o t t e d  ( s e e  s e c t i o n  4 . 2 , 6 )

The e f f e c t s  of  l a t e r a l  v e l o c i t y  v a r i a t i o n  w e r e  removed  

u s i n g  t h e  d a t a  p a i r s  l i s t e d  in T a b l e  4 * 1 *  (Where r a y  p a t h s  

w e r e  e x p e c t e d  t o  pass t hr ough  l a y e r  2 * e , g t h e  Do I l a r  

n o r t h - A b e r u t h v e n  sout h  d a t a  and the  Kaimes d a t a ,  no a v e r a g e  

c u r v e  was c a l c u l a t e d ) .  The P-wave  r e s u l t s  a r e  f ound t o  

s e p a r a t e  i n t o  two groups w i t h  d i f f e r e n t  s u r f a c e  v e l o c i t i e s  

and v e I o c i t y - d ep t h  g r a d i e n t s .  The c ur v e s  c o nv e r g e  a t  a p p r o x ­

i m a t e l y  1 km d e pt h  ( F i g , 4 , 5 0 ) .  The e x c e p t i o n  i s  c u r v e  4 

w h i c h  a p p e a r s  a n o m a l o u s l y  low,  The cause o f  t h i s  i s  i s  u n k ­

nown,  In t he  case  of  the  h i g h e r  v e l o c i t y  g r oup  h a l f  th*j

r e c e i v e r s  ( a nd  somet imes t he  s o u r c e )  a r e  on igneous  r o c k s .  

The h i g h e r  ne ar  s u r f a c e  v e l o c i t i e s  a r e  an a v e r a g e  o f  t h e
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i g n e o u s  and s e d i m e n t a r y  s u r f a c e  v e l o c i t i e s ,  The "non i g n e ­

ous"  d a t a  (numbers  7 , 8 , 9 , 1 0 , 1 3 )  a r e  a l l  f r om a r e a s  w h e r e  

Upper  C a r b o n i f e r o u s  s e d i m e nt s  (Coal  M e a s u r e s )  o u t c r o p ,  B e s t -  

f i t  and c o n f i d e n c e  I i m i t  c u r v e s  a r e  d e r i v e d  f rom t h e s e  d a t a  

by r e g r e s s i n g  t h e  a p p r o p r i a t e  c u r v e s  ( F i g , 4 , 5 1 ) .  These  d a t a  

a r e  t a k e n  as r e p r e s e n t a t i v e  o f  t h e  P - wav e  v e I o c i t y - d e p t h  

var  i a t  i on t h r o u g h  an Upper C a r b o n i f e r o u s  s e d i m e n t a r y  pi  l e ,

T a b l e  4 , 1 ,  S ou r c e s  used in WHB I n v e r s i o n ,

N o , S o u r c e  1 Sour ce  2 Geo l o g y  A t / B e t w e e n  S ho t s

1 BaI  i i k i n r a i n Nor th  T h i r d  W Lower C a r b o n i f e r o u s  v o l e '

2 No r t h T h i r d  W N o r t h  T h i r d  E Lower Car bon i f e r ous v o l e '

3 Nor t h  T h i r d  E C a t t l e  Moss W C a r b o n i f e r o u s  s e d ' s / v o l c '

4 C a 1 1 I e  Moss W C a t t l e  Moss E Lower C a r b '  s e d ' s / v o l c '

5 Cat  t I e  Moss E West f i e l d Carbon i f e r o u s  s e d ' s / v o l c '

6 T r e a r n e Drumgray W Car bon i f e r  ous s e d ' s / v o l c '

7 Dr umgr ay  W Drumgray E Upper  C a r b o n i f e r o u s  s e d ' s

8 Dr umgr ay  E A v o n b r i d g e  W Uppe r Ca r bon i f e r o u s  s e d ' s

9 Avonbr  i dge W A v o n b r i d g e  E Upper  C a r b o n i f e r o u s  s e d ' s

10 Do l i a r  S Longannet  N Upper  C a r b o n i f e r o u s  s e d ' s

1 1 Avonbr  i dge N A v o n b r i d g e  S Upper  C a r b '  s e d ' s / v o l c '

12 Avonbr  i dge S B I a i r h i I I N Upper  Car b ' s e d ' s / v o l c '

13 H e a d l e s s  X N H e a d l e s s  X S Upper  C a r b o n i f e r o u s  s e d ' s

14 Medrox  E C r a i g p a r k  W Carbon i f e r o u s  s e d ' s / v o I c '

15 C r u i k s S H i l l  wood N C a r b o n i f e r o u s  s e d ' s / v o l c '

16 Ca i r nyh i I I N Ca i rnyh i ! I S Upper  C a r b '  s e d ' s / v o l c '

In o r d e r  t o  c a l c u l a t e  an e q u i v a l e n t  S - wave  c u r v e  two 

met hods  w e r e  used ,  F i r s t l y ,  o n l y  t he  d a t a  f rom t he  non-  

i g n e ou s  s o u r c e s  w e r e  us ed ,  e x c e p t  t h o s e  f rom H e a d l e s s  Cross
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w h e r e  S - w a v e  d a t a  a r e  not  a v a i l a b l e ,  and f rom D o l l a r  and  

L o n g a n n e t  w h i c h  a r e  a f f e c t e d  by t h e  a b n o r m a l l y  low P - w av e  

v e l o c i t y  c l o s e  t o  t h e  s u r f a c e  near  D o l l a r ,  F i g , 4 , 5 2  shows  

t h e s e  c u r v e s  and t h e  b e s t  f i t  c u r v e s ,  The c a l c u l a t i o n  o f  

V p / V s  and P o i s s o n  s r a t i o  c u r v e s  was based on t h e  c o m p a r i s o n  

o f  t h e  r e p r e s e n t a t i v e  P-  and S - wav e  c u r v e s  ( F i g . 4 , 5 3 ) ,  

Though t h i s  i s  a smai I d a t a  s e t  t h e  method has t h e  a d v a n t a g e  

o v e r  t h e  sec o n d  met hod ,  wh i ch  compares a l l  P-  and S - w a v e  

d a t a  a v a i  l a b l e ,  t h a t  unknown a f f e c t s  due t o  i gneous s t r a t a  

can be d i s r e g a r d e d ,  I f  t h e  h i g h  v e l o c i t y  s u r f a c e  s t r a t a  

a f f e c t e d  b o t h  t y p e s  o f  waves t o  t h e  same d e g r e e  t h e i r  p r e s ­

e n c e  c o u l d  be i g n o r e d  s i n c e  t he  Vp:Vs  r a t i o  wou l d  be u n a f ­

f e c t e d ,  S i n c e  t h e  d a t a  show P-  and S - wave  v e l o c i t y  g r a ­

d i e n t s  t o  be d i f f e r e n t  and igneous s t r a t a  a r e  r e l a t i v e l y  

t h i n  ( l e s s  t h a n  0 , 5  km t h i c k )  t h i s  i s  u n l i k e l y ,  F i g , 4 , 5 4  

shows t h e  V p / V s  and P o i s s o n ' s  r a t i o  c u r v e s  d e r i v e d  by com­

p a r i s o n  o f  a l l  a v a i l a b l e  P-  and S - wave  d a t a  w i t h  b e s t  f i t t e d  

c u r v e s ,

4 . 2 , 6 .  V p / V s  and P o i s s o n ' s  R a t i o

P o i s s o n ' s  r a t i o  (a*) i s  d e f i n e d  as t h e  r a t i o  o f  s t r a i n  

normal  t o  s t r a i n  p a r a l l e i  t o  3 u n i a x i a l  s t r e s s  a p p I i e d  t o  a 

u n i t  cube  o f  r o c k ,  V a l u e s  v a r y  f rom 0 , 0  to  0 , 5 ,  The r a t i o  

can be o b t a i n e d  f r om Vp and Vs u s i n g  t h e  e x p r e s s i o n

2
0 , 5  ( V p / V s )  - 1 ( 4 8 )

O r =   —--------- --

2
( V p / V s )  -1

The v a r i a t i o n  o f  V p / Vs  and P o i s s o n ' s  r a t i o  w i t h  d e p t h  

o b t a i n e d ,  u s i n g  b o t h  methods to  d e t e r m i n e  Vs,  i s  shown in



F i g , 4 , 5 5 ,  The d e t e r m i n a t i o n  based on the  f o u r  " n o n - i g n e o u s "  

c u r v e s  o b t a i n s  a Vp:Vs  r a t i o  of  about  2 , 0  a t  t h e  s u r f a c e  

d e c r e a s i n g  t o  an a v e r a g e  o f  1 , 8 4  +. / - 0 , 1 9  b e l o w  0 , 5  km, T h i s  

c o r r e s p o n d s  t o  a P o i s s o n ' s  r a t i o  of  0 , 2 9  + / -  0 , 0 6 ,  The b e s t -  

f i t  c u r v e  shows t h e  e x p e c t e d  d e c r e a s e , a I though t h i s  is l e s s  

t h a n  t h e  e r r o r s ,  A l s o ,  t h e  d a t a  a r e  u n s t a b l e  w i t h  t h e  b e s t  

f i t  c u r v e  v a r y i n g  w i t h i n  the  l i m i t i n g  c u r v e s ,  The d a t a  

b a s e d  on a l l  Vp and Vs d a t a  a v a i l a b l e  a r e  more s t a b l e  

d e s p i t e  t h e  r e s e r v a t i o n s  e x p r e s s e d  a bove ,  L i m i t i n g  v a l u e s  o f  

1 , 8 4  + / -  0 , 1 8  and 0 , 2 9  + / -  0 , 0 6  a r e  r e ac he d  b e l o w  about  0 , 8

km, The c u r v e s  show a more marked d e c r e a s e  near  t h e  s u r f a c e  

an d  t h e  e r r o r  c u r v e s  r e f l e c t  b e s t - f i t  shape  b e t t e r ,  These  

f i g u r e s  a r e  v e r y  s i m i l a r ,  though t he  e r r o r s  a r e  l a r g e ,  and  

in  good a g r e e m e n t  w i t h  Assumpcao k Bamford  ( 1 9 7 8 )  who q u o t e  

v a l u e s  o f  0 , 2 7  and 0 , 3 3  f o r  the  LISPB l a y e r  1 in t h e  M i d l a n d  

V a l l e y  ( F i g , 2 , 4 ) ,  The i n t e r p r e t a t i o n  o f  t h e s e  r e s u l t s  is  

d i s c u s s e d  in s e c t i o n  7 , 1 , 3 ,

4 , 3 ,  V e l o c i t i e s  f r om R e f l e c t i o n  Measur ement s

4 , 3 , 1 ,  In t r o d u c t i  on

S e v e r a l  phases  o f  V i b r o s e i s  s ou r ce d  r e f l e c t i o n  d a t a  

ha v e  been a c q u i r e d  by T r i c e n t r e  I in t h e i r  e x p l o r a t i o n  

b l o c k s ,  Most  o f  t h e  d a t a  a r e  c o n c e n t r a t e d  a r o u n d  t h e i r  w e l l  

s i t e ,  b u t  t h e r e  a r e  s u f f i c i e n t  d a t a  a d j a c e n t  t o  the  MAVIS  

s h o t  p o i n t s  a t  D o l l a r ,  L o n g a nn e t ,  B l a i r h i l l ,  A v o n b r i d g e ,  

D r u m g r a y ,  Tamsl oup and C a i r n y h i  I I ( F i g , 3 , 1 )  f o r  v e l o c i t i e s  

d e r i v e d  f r om  b o t h  t e c h n i q u e s  t o  be compared,  The r e f l e c t i o n  

v e l o c i t i e s  a r e  d e r i v e d  f rom CDP t a b l e s  on t h e  r e f l e c t i o n  

s e c t i o n s ,  The t a b l e s  l i s t  two-way t i m e ,  r oo t  mean s q u a r e



v e l o c i t y ,  i n t e r v a l  v e l o c i t y  and dept h  ( s e e  b e l o w ) ,

4 , 3 , 2 ,  A p p l i c a t i o n  and R e l i a b i l i t y  o f  I n v e r s i o n  T e c h n i q u e

V e l o c i t i e s  d e r i v e d  f rom r e f l e c t i o n  work  a r e  o b t a i n e d  by 

a n a l y s i s  o f  moveout  u s i n g  s i m p l i f i e d  models  o f  v e l o c i t y  

v a r i a t i o n  and r e f l e c t o r  g e o m e t r y ,  The f o l l o w i n g  i s  l a r g e l y  

t a k e n  f r om  t h e  r e v i e w  o f  v e l o c i t y  d e t e r m i n a t i o n  f r om r e f l e c ­

t i o n  d a t a  p u b l i s h e d  by A l - C h a l a b i  ( 1 9 7 9 ) ,

For  a s i n g l e  r e f l e c t o r  b e l o w  a c o n s t a n t  v e l o c i t y  l a y e r  

t h e  t w o - w a y  t r a v e l  t i m e  ( Tx )  is o b t a i n e d  f rom t h e  e q u a t i o n

2 2 X
Tx = TO + —  ( 4 , 9 )

Where  TO i s  t h e  two way t r a v e l  t i m e  a t  z e r o  o f f s e t ,  X 

i s  t h e  s o u r c e  r e c e i v e r  o f f s e t  and V is  t he  l a y e r  v e l o c i t y ,  

When t h e r e  a r e  s e v e r a l  such l a y e r s  o f  d i f f e r i n g  v e l o c i t y  

r a y s  a r e  r e f r a c t e d  a t  each i n t e r f a c e  r e n d e r i n g  t h e  above  

e q u a t i o n  i n v a l i d ,  D i x  ( 1 9 5 5 )  showed t h a t  t h e  e f f e c t  o f  t h i s  

i s  t o  r e p l a c e  t he  a v e r a g e  v e l o c i t y  t o  t h e  r e f r a c t o r  by i t s  

r o o t  mean s q u a r e  v a l u e  d e f i n e d  as

n I  £-r r  vk tk
2 k = 1

Vrms = ------------------------ —  ( 4 , 1 0 )
TO

Where  Vk and Tk a r e  t h e  v e l o c i t y  and t wo-way  t r a v e l

t i m e  w i t h i n  t h e  k t h  l a y e r  and TO is the  z e r o  o f f s e t  r e f l e c
n

t i on t i m e , i , e , TO = ) I T^
k= 1

_ , r i m n i  i r i  t v  mns t v e l o c i t y  a n a l y s i sFor  r e a s o n s  o f  s i m p l i c i t y  m-*' -  » j
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a l g o r i t h m s  assume a h y p e r b o l i c  t i m e - d i s t a n c e  r e l a t i o n s h i p ,  

T h e se  t e c h n i q u e s  depend upon m e a s u r i n g  t h e  v e l o c i t y  w h i c h  

p r o d u c e s  maximum c o he r e n c y  of  t r a c e s  (Vmcs) when moveout  is  

c o m p e n s a t e d  f o r ,  Moveout  is d e f i n e d  as t h e  s h i f t  a p p l i e d  

t o  r e f l e c t i o n  t i m e s  a t  an o f f s e t  X t o  r ed u c e  t h e  t i m e  t o  

t h a t  w h i c h  w o u l d  have  been r e c o r d e d  a t  z e r o  o f f s e t ,  O b t a i n ­

i n g  Vrms f r om t h e  v e l o c i t y  p r o d u c i n g  maximum c o h e r e n c y  

i n v o l v e s  many c o r r e c t i o n s .  The Vmcs i n v a r i a b l y  e xc e ed s  Vrms  

w i t h  t h e  e r r o r  i n c r e a s i n g  w i t h  ground h e t e r o g e n e i t y  (q)  and  

r a y  p a r a m e t e r )  i , e ,  w i t h  i n c r e a s i n g  r e f r a c t i o n ,  (g i s  a 

f u n c t i o n  o f  l a y e r  t h i c k n e s s e s  and v e l o c i t i e s )  see  A l - C h a l a b i  

p , 1 0 ) ,  Vrms can be t houg ht  o f  as t h e  l i m i t  to  w h i c h  Vmcs 

t e n d s  as s p r e a d  l e n g t h  d i m i n i s h e s ,  For  i d e n t i c a l  s p r e a d s  

h o w e v e r )  i t  can n o t  a l w a y s  be s a i d  t h a t  b i a s  d e c r e a s e s  w i t h  

d e p t h  as r a y  p a r a m e t e r  d e c r e a s e s )  s i n c e  t h i s  improvement  can  

be o v e r w h e l m e d  by a l a r g e  i n c r e a s e  in h e t e r o g e n e i t y ,  In 

g e n e r a l  Vrms i s  assumed to  equal  Vmcs,

The a v e r a g e  v e l o c i t y  a l o n g  a r a y  p a t h  is g i v e n  by t h e  

e q u a t  i on

n
1

Va = —  
T

V i n s ( t ) d t  ( 4 , 1 1 )
0

w h e r e  V i n s  is  t h e  i n s t a n t a n e o u s  v e l o c i t y )  i » e ,  t he  v e l o c i t y

o v e r  an i n f  i r. i t e s  ima I I y sma l l  i n t e r v a l ,  and T is  t he  t o t a l

t r a v e l  t i m e .  The a v e r a g e  and rms v e l o c i t i e s  a r e  r e l a t e d  in

t e r ms  o f  t h e  h e t e r o g e n e i t y  f a c t o r  (g )  by

Vrms ( 1 /Z  ( 4 , 1 2 )
------------ = ( 1 + q)

Va

Hence  i n  m u l t i - l a y e r  ground Vrms e xc e ed s  Va,  t h e  d i f f e r e n c e
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d e pe n d  i ng on g .

The v e l o c i t y  o v e r  a g i v e n  i n t e r v a l  ( V i n t )  i s  d e f i n e d  

u s i n g  t h e  r e  I a t  i on

VbTb - VaTa  
V i n t  = ---------—--------------

( 4  * 1 3 )
Tb - Ta

w h e r e  Va and Vb a r e  t h e  a v e r a g e  v e l o c i t i e s  a t  t h e  t op  and  

b a s e  o f  t h e  i n t e r v a l  and Ta and Tb a r e  t he  c o r r e s p o n d i n g  

no r ma l  i n c i d e n t  t i m e s *  i . e .  u s i n g  a v e r a g e  v e l o c i t i e s !  In  

r e f l e c t i o n  wor k  V i n t  is computed f rom Vrms and hence  t h e  

o b t a i n e d  v e l o c i t y  is  t h e  Vrms o v er  t h e  i n t e r v a l  ( F i g . 4 , 5 6 ) .

V i n t  =

2 2 
Vb Tb - Va Ta

Tb - Ta

1 / 2

( 4 . 1 4 )

w h e r e  Va and Vb a r e  Vrms f o r  t h e  top  and b o t t om  o f  t h e  

l a y e r .  I n t e r v a l s  a r e  commonly s e l e c t e d  between p r o m i n e n t

r e f l e c t o r s  or  o v er  g e o l o g i c a l l y  s i g n i f i c a n t  i n t e r v a l s .  I n d i ­

v i d u a l  u n i t s  w i l l  t e nd  to be o f  f a i r l y  u n i f o r m  v e l o c i t y  and  

h e nc e  t h e  o b t a i n e d  Vrms v e l o c i t y  in t h e  i n t e r v a l  wi I I be a 

c l o s e  a p p r o x  i mat i on to the  a v e r a g e  v e l o c i t y  w i t h i n  t h e  

i n t e r v a l ♦

A l - C h a l a b i  l i s t s  seven main s ou r ce s  o f  e r r o r  in v e l o ­

c i t y  d e t e r m i n a t i o n .  These a r e  r e a d i l y  d i v i d e d  i n t o  e r r o r s  

due t o  a s s u m p t i o n s *  e . g  no r e f r a c t i o n  a t  i n t e r f a c e s *  and  

t hose  due t o  t h e  l i m i t a t i  one o f  t he se i sm i c r e f I e c  t i on t ech  

n i q u e * e . g .  a b s o r p t i o n .  These l i m i t a t i o n s  mean t h a t  t h e  

t h e r e  w i l l  be i n a c c u r a c i e s  even i f  the  ground w e r e  " i d e a l " .

C 1 ] A c q u i s i t i o n  e r r o r s .  Most  e r r o r s  o f  t h i s  t y p e  a r e n
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a s c e r t a i n i n g  t he  r e l a t i v e  end a b s o l u t e  p o s i t i o n s  o f  

s o u r c e  and r e c e i v e r s ,  Such e r r o r s  a r e  l a r g e r  in m a r i n e  

w o r k  <nnd s h o u l d  be sma I I f o r  l and s u r v e y s ,

C21 P r o c e s s i n g  e r r o r s ,  Examples i n c l u d e  t h o s e  due t o  d a t a  

n o r m a l i s a t i o n  and c o r r e c t i o n  to  datum,

C33 E r r o r s  due to  n o i s e ,  N o i s e  e v e n t s  t h a t  a r e  non-  

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

a n a l y s i s  p r o c e s s ,  and hence s h o u l d  not  s i g n i f i c a n t l y  

e f f e c t  t h e  a n a l y s i s ,  Thus,  t he  e f f e c t  o f  random n o i s e  

i s  f o u n d  to  be mi n i ma l  even when s i g n a l  t o  n o i s e  r a t i o  

i s I ow,

C43 E r r o r s  r e l a t e d  to  w a v e l e t  f orm,  Such e r r o r s  a r e  u s u a l l y  

l e s s  t han  1%, Examples i n c l u d e  t he  e f f e c t s  o f  a b s o r p ­

t i o n  o f  h i g h e r  f r e q u e n c i e s  by t h e  E a r t h  and t h e  e r r o r s  

in e s t i m a t i n g  o n s e t  o f  the  w a v e l e t ,

[ 53  E r r o r s  r e l a t e d  t o  w a v e l e t  p r o p a g a t i o n ,  Such e r r o r s  a r e  

t h e  r e s u l t  o f  assuming s i m p l e  models  t o  a p p r o x i m a t e  t h e  

r e a l  E a r t h ,  e , g *  t he  a ss umpt i on  of  h y p e r b o l i c  mo v eo u t ,  

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

and r e f l e c t o r  d i p ,  These e r r o r s  a r e  d i s c u s s e d  in more  

d e t a  i I be Iow,

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

c i t y  a n a l y s i s  is an o b v i o u s  s ou r ce  o f  e r r o r ,  Where t h e r e  is

r e f l e c t o r  d i p  b e l o w  an o v e r l y i n g  c o n s t a n t  v e l o c i t y  (V)

l a y e r ,  Vmcs w i l l  equal

cos OC
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w h e r e  oc | S t h e  a n g l e  of  d i p  in t he  d i r e c t i o n  o f  t h e

p r o f i l e .  The s i t u a t i o n  is more complex w i t h  s e v e r a l  l a y e r s

and  e f f e c t s  a r e  e v a l u a t e d  by s t r i p p i n g  o f f  s u c c e s s i v e  

I a y e r  s ♦

A n o t h e r  s o u r c e  o f  e r r o r  i s  v e l o c i t y  a n i s o t  r o p y ♦ In 

s t r a t i f i e d  r o c ks  t h e  h o r i z o n t a l  ( p a r a l l e l  to  b e d d i n g )  v e l o ­

c i t y  f r e q u e n t l y  e xc e ed s  the  v e r t i c a l  (normal  t o  b e d d i n g )  

v e I o c  i t y * For  smaI I  a n g I e s  o f  i nc i dence and a hor  i zon t a  I 

r e f  I e c t o r

D 2 X <->L.
+

_ V _ . AV .

w h e r e  D i s  t h e  d e p t h  t o  the  r e f l e c t o r ,  V t he  v e r t i c a l  v e l o ­

c i t y  and A i s  t h e  r a t i o  o f  the  h o r i z o n t a l  a x i s  t o  t h e  v e r t i ­

c a l  a x i s  o f  an e l l i p s o i d  best  f i t t e d  t o  t h e  w a v e f r o n t *  (As  

w i l l  be c o n s i d e r e d  in more d e t a i l  l a t e r ,  t h e  w a v e f r o n t  in an 

an i s o t  r op i c med i a is not  a c t u a  I I y an e I I i pse but  may be 

a p p r o x  i ma t e d  by one a t  h i gh  a n g l e s  o f  i n c i  d e n c e , or  i f  

a n i s o t r o p y  is s m a I I ) *  T h e r e f o r e  t he  Vmcs is an es t i ma t e o f  

AV,

L e v i n  ( 1 9 7 8 ,  1979,  1 9 8 0 ) ,  Radov i ch  & L e v i n  ( 1 9 8 2 )  and

Cramp in & R a d o v ic h  ( 1 9 82 )  pub I i shed a s e r i e s  o f  p a p e r s  on 

t h e  es t i ma t i on o f  v e l o c i t i e s  in an i so t r o p i c  med i a based  on

a n a l y s i s  o f  mo v eo u t .  A s i n g l e  a n i s o t r o p i c  l a y e r  was m o d e l l e d
2 °

and T - X p l o t s  pr oduced .  When such p l o t s  a r e  not  l i n e a r  

i t  i s  a me as ur e  o f  t h e  n o n - e I  I i P t i c a I  n a t u r e  o f  t h e  m o v e o u t ,  

The l i n e  f i t t e d  t o  t he  d a t a  depends on s pr e a d  l e n g t h .  L e v i n  

c o n c l u d e s  t h a t  f o r  (15% a n i s o t r o p y  ( s e a  be l ow)  t he  p l o t  is  

e s s e n t i a l l y  l i n e a r  w i t h  t he  v e l o c i t y  o b t a i n e d  l y i n g  b e t ween
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t h e  v e r t i c a l  and h o r i z o n t a l  v e l o c i t y  o f  t h e  l a y e r ,  When t h e  

s p r e a d  l e n g t h  is  such t h a t  r ays  emerge a t  a n g l e s  o f  l e s s
O

t h a n  2 0  , t h e  v e l o c i t y  d e r i v e d  i s  t h e  v e r t i c a l  v e l o c i t y ,

p r o v i d e d  P o i s s o n  s r a t i o  is t he  same f o r  a l l  t h e  l a y e r s ,  The

T r i c e n t r o l  s p r e a d  l e n g t h  is  such t h a t  t h i s  a n g l e  is  not

e x c e e d e d  by d e ep e r  r e f l e c t i o n s ,  but  when r e f l e c t i o n s  a r e  a t  

she  I I ower  dep t hs t he v e I o c  i t i es  w i l l  i n c I u d e  a s i gn i f i can t 

h o r i z o n t a l  component ,  F i g , 4 , 5 5  shows P o i s s o n ' s  r a t i o  t o  be  

a p p r o x i m a t e l y  c o n s t a n t  a t  d e p t h s  g r e a t e r  t han  a b o u t  0 , 5  km,

The r e m a i n i n g  s o u r c e s  o f  e r r o r  a r e :

C6 ] E r r o r s  due t o  v e l o c i t y  and s t r u c t u r a l  e f f e c t s  o f  t h e

g r o u n d ,  Though A l - C h a l a b i  c o n s i d e r s  t h e s e  s e p a r a t e l y  

f r o m  e r r o r 5 due t o  w a v e l e t  p r o p a g a t i o n  t h e  two a r e  

e s s e n t i a l l y  t h e  same,  The o b v i o u s  e xa mp l e  o f  such  

e f f e c t s  a r e  e r r o r s  in s t a t i c  c o r r e c t i o n s ,  A f u r t h e r

e x a m p l e  is v e l o c i t y  h e t e r o g e n e i t y  w i t h i n  i n d i v i d u a l

l a y e r s ,

[73  S u b j e c t i v e  e r r o r s ,  Exampl es  i n c l u d e  t h e  i n t e r p r e t a t i o n  

o f  t h e  v e l o c i t y  s p e c t r a ,  Such e r r o r s  a r e  i m p o s s i b l e  to  

q u a n t i f y ,  though A l - C h a l a b i  s u g g e s t s  a f i g u r e  o f  l es s  

t ha n  3 % u n l e s s  t h e r e  is a s i g n i f i c a n t  m i s -

'i n t e r  p r e t a t  i on ,

C l e a r l y  t h e  Vrms d e r i v e d  i s  i m p r e c i s e  and t h e  e r r o r s

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

C o n s i d e r  t h e  case  wh e r e  V i n t  is b e i n g  d e t e r m i n e d  f r om e q u a ­

t i o n  ( 4 , 1 4 ) ,  L e t  Ea and Eb be t he  e r r o r s  in Va and Vb

r e s p e c t i v e l y ,  Assume t h a t  b o t h  a r e  known t o  be o v e r e s t i m a t e s  

or  u n d e r e s t i m a t e s ,  Such a s i t u a t i o n  a r i s e s  when,  f o r
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i n s t a n c e ,  t h e  e f f e c t  o f  r e f l e c t o r  d i p  is  removed,  The e r r o r  

i n  V i n t  ( 6 ) i s  g i v e n  by

EbvbTb - EaVaTa
e *   ----------------------------------

( T b - T a ) V i n t

i , e »

DbEb - DaEa
€ *  ---------------------------- ( 4 , 1 8 )

H

w h e r e  Da and Db a r e  t h e  d e p t h  t o  t h e  top  and b o t t o m  o f  t h e  

i n t e r v a l  and H i s  t h e  t h i c k n e s s  o f  t h e  i n t e r v a l ,  Because  

some component s  o f  Ea and Eb a r e  common t o  b o t h  t op  and b o t ­

tom o f  t h e  i n t e r v a l ,  e , g  r e f r a c t i o n ,  s t a t i c s ,  t h e s e  com­

p o n e n t s  wi  I I be o f  t h e  same sense  and so wi I I t e n d  t o  c a n c e l  

each  o t h e r  o u t ,  When

Ea -  Eb -  E

E (Db - Da)
e -  ---------------------------- = E ( 4 , 1 9 )

H

T h i s  i s  a r e l a t i v e l y  s ma l l  e r r o r  in V i n t ,

A l - C h a l a b i  shows t h a t  i f

2 2 2 2 2 2 1/ 2
( oa  V a T a + ob V b T b ) 

o- = __________________    ( 4 , 2 0 )
i n t  (Tb - Ta)  V i n t

w h e r e  t h e  s t a n d a r d  e r r o r s  in Va and Vb a r e  oa and ob,  then

1 , 4  cr D
o i n t   --------------------- ( 4 , 2 1 )

H

w h e r e  D i s  t h e  a v e r a g e  d e p t h  o f  t h e  i n t e r v a l , o i n t  is t h e  

s t a n d a r d  e r r o r  in V i n t  and H is  t he  t h i c k n e s s  o f  t he  i n t e r -  

va I ,
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E q u a t i o n  ( 4 , 2 1 )  shows t he  e r r o r  in V i n t  to  be p r o p o r ­

t i o n a l  t o  t h e  i n t e r v a l  dept h  r a t i o ,  Where t h i s  i s  s m a l l  t h e  

e r r o r  i s  l a r g e ,  I t  is i m p o r t a n t  to  n o t e  t h a t  a V i n t  d e r i v e d  

f r om e q u a t i  on ( 4 , 2 0 )  is i ndependen t o f  e r r o r s  in v e I o c  i t y 

e s t i ma t i o n  in t h e  o t h e r  l a y e r s ,

S i n c e  t h e r e  a r e  few d a t a  a v a i l a b l e  t o  j udge  t h e  r e l i a ­

b i l i t y  o f  t h e  i n t e r v a l  v e I o c  i t i es  t h e  o n l y  way to  t r ea  t 

e r r o r s  is  t o  assume them t o  be random,  By c o n s i d e r i n g  a 

l a r g e  amount  o f  d a t a  i t  is hop»ed t h a t  t he  e r r o r s  wi  I I c a n ­

c e l  , and a good e s t i m a t e  o f  v e l o c i t y  v a r i a t i o n  w i t h  d e p t h  

o b t a i n e d ,  E r r o r s  in p r o c e s s i n g  and in model  a s s u m p t i o n s  

wi I I a f f e c t  a l l  t h e  r e f l e c t i o n  d a t a  and ,  as shown a b o v e ,  

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

E r r o r s  due t o  s t r u c t u r e  s ho u l d  be random and so not  a f f e c t  

t h e  d e r i v e d  v e I o c i t y - d e p t h  c u r v e ,

4 , 3 , 3 ,  F i e l d  V e l o c i t y  D e t e r m i n a t i o n s

F i g , 4 , 5 7  shows t h e  d i s t r i b u t i o n  o f  CDP g a t h e r s ,  D a t a  

w e r e  i n p u t  in t h e  form of  i n t e r v a l  v e l o c i t y  v e r s u s  d e p t h  t o  

m i d - p o i n t  o f  t he  i n t e r v a l ,  The two q u a n t i t i e s  w e r e  

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

f o r m o f  a t h i r d - d e g r e e  p o I y  nom i a I ( F i g , 4 , 5 8 ) ,  P o i n t s  we r e  

w e i g h t e d  a c c o r d i n g  to  t he  s qu a r e  r o o t  o f  f o l d  of  s t a c k  b e l o w  

t h e  CDP g a t h e r ,  s i n c e  r e s o l u t i o n ,  and hence c o h e r e n c e  o f  

e v e n t s ,  i n c r e a s e s  p r o p o r t i o n a l l y  w i t h  i n c r e a s e  in t h e  s q u a r e  

r o o t  o f  t h e  f o l d  o f  s t a c k i n g ,  The maximum f o l d  o f  s t a c k  is  

48 f o r  most  o f  t h e  d a t a  though t h a t  f rom t h e  most  r e c e n t  

p h a s e  r e a c h e s  a maximum of  60 f o l d ,  D a t a  w e r e  o n l y  used  

w h e r e  c o h e r e n t  e v e n t s  w e r e  r e c o g n i s a b l e  on t h e  r e f l e c t i o n



- SI  -

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

c o h e r e n c y  was l i k e l y  to  be more r e l i a b l e ,  T h i s  assumes t h e  

e v e n t s  t o  be p r i m a r y  r e f l e c t i o n s  f rom w i t h i n  t h e  p l a n e  o f  

t h e  s e c t i o n .

The e s t i m a t i o n  o f  t h e  e r r o r s  in t h e  v e I o c i t y - d e p t h  

c u r v e  p r e s e n t e d  some d i f f i c u l t i e s ,  s i n c e  v e r y  l i t t l e  was  

know a b o u t  t h e  method used t o  c a l c u l a t e  t h e  v e l o c i t i e s ,  The  

m e t ho d  a d o p t e d  was based on t he  compar i son  o f  v e l o c i  t y - d e p t h  

va  r i a t i on ob t a i ned f r om CDP ga t he r s w i t h i n  a r es  t r i c t ed  

a r e a ,  S i x  a r e a s ,  each 2 km s q u a r e ,  w e r e  s e l e c t e d  to  e n c l o s e  

t h e  maximum number o f  CDP g a t h e r s  ( F i g , 4 , 5 7 ) ,  The v e l o c i t y -  

d e p t h  c u r v e s  f rom s qu a r e  2 a r e  shown in F i g , 4 , 5 9 ,  E r r o r s  

w e r e  e s t i m a t e d  by m e a s u r i n g  t h e  s pr ea d  o f  t h e  d a t a  a t  0 , 5  km 

i n t e r v a l s .  The o u t e r  two c u r v e s  wer e  i g n o r e d  and t h e  s p r e a d  

o f  t h e  r e s t  o f  t h e  d a t a  measur ed ,  T h i s  was f i r s t  done to  

m e a s u r e  v e l o c i t y  s p r e a d ,  and then r e p e a t e d  to me as u r e  t h e  

d e p t h  v a r i a t i o n  a t  t he  c e n t r e  of  t he  v e l o c i t y  s p r e a d ,  The  

r e s u l t i n g  sp* reads  in v e l o c i t y  and d e pt h  f rom a l l  t he  

s q u a r e s ,  w e r e  then a v e r a g e d ,  and c ur ve s  f i t t e d  t o  t h e  d a t a ,  

T h e se  c u r v e s  a r e  p l o t t e d  on F i g , 4 , 5 8 ,  and a r e  t a k e n  as e s t i -  

m a t e s  o f  t h e  p o s s i b l e  d e v i a t i o n  f rom t he  b e s t  f i t  c u r v e  due 

t o  e r r o r s  d e s c r i b e d  above ,

4 , 4 ,  V e I o c  i t i es f r om We I I Measu r emen t s

4 , 4 , 1 ,  In t r o d u c t  i on

V e l o c i t y  logs a r e  a v a i l a b l e  f rom t h r e e  b o r e h o l e s  in t h e  

M i d l a n d  V a l l e y ,  However ,  o n l y  T r i c e n t r o l ' s  Inch o f  F e r r y t o n  

b o r e  r e a c h e s  a r e a s o n a b l e  d e p t h ,  The l o c a t i o n s  o f  t h e  opi  I - 

m e r s f o r d  ( A l l s o p  1974)  and G l e n r o t h e s  (Browne e t  a l ,  1986)
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b o r e h o l e s  a r e  shown in F i g , 3 . 1 ,

4 * 4 4 2♦ V e I o c  i t y Logo i nq

V e l o c i t y  logs r e c o r d  t h e  t r a v e l  t i m e  o f  c o m p r e s s i o n a I  

w av e s  e m i t t e d  e v e r y  0 * 1  s f rom two t r a n s m i t t e r s  s e t  a b o ve  

and b e l o w  two p a i r s  o f  r e c e i v e r s  on t h e  sonde ( F i g  4 . 6 0 ) .  

The t r a n s m i t t e r s  a r e  p u l s e d  a I t e r n a t i v e I y , The i n t e g r a t e d  

t r a v e l  t i m e  i s  r e c o r d e d  on t h e  log as a s e r i e s  o f  " p i p s " .  

Each ”p i p “ r e p r e s e n t s  an i n c r e a s e  o f  1 ms in t o t a l  t r a v e l  

t i me t wh i 1s t  a I a r  ger  " p i p "  is  r e co r  ded e v e r  y 10 ms . In t e r  - 

v a l  v e l o c i t i e s  can be c a l c u l a t e d  by r e c o r d i n q  t h e  d e p t h s  o f  

t h e  " p i p s "  and an i n t e r v a l  v e I o c i t y - d e p t h  c u r v e  c o n s t r u c t e d .

4 . 4 . 3 .  We I I Shoo t i  ng

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

o f  v e l o c i t y  l o gs .  The method i n v o l v e s  r e c o r d i n g  a s o u r c e  

u s i n g  a geophone a t  v a r i o u s  d e p t h s  in t h e  w e l l .  These  

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

or  s t r o n g  r e f l e c t o r s .  The shoot  may a l s o  i n v o l v e  s o u r c e s  a t  

i n c r e a s  i ng  o f f s e t  f r  om we I I head ( F i g . 4 . 6 1 ) .  The t r a v e l  

t i m e s  t o  t h e  qeophone a r e  used in t h e  c o r r e l a t i o n  o f  t h e  

v e l o c i t y  log w i t h  t he  r e f l e c t i o n  s e c t i o n s .  O n l y  t he  Inch o f  

F e r r y t o n  Ioq a p p e a r s  to  have been cat  i b r a t e d .  The we I I s u r ­

vey  r e c o r d e d  a s o u r c e  near  w e l l h e a d  a t  s e v e n t y - o n e  pos i t i ons  

w i t h  t h e  geophone a t  a p p r o x i m a t e l y  80 f t  i n t e r v a l s  b e t ween  

7000  and 800 f t .  The s o u r c e  was moved s l i g h t l y  m i d - w a y  

t h r o u g h  t h e  s u r v e y .  The T r i c e n t r o l  d a t a  is  in t h e  form o f  

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

r a y - p a t h s  and r e f r a c t i o n  between i n t e r f a c e s  h a v i n g  been com­

p e n s a t e d  f o r  u s i n g  t h e  v e l o c i t y  l og .
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4 , 4 , 4 ,  F i e l d  V e l o c i t y  D e t e r m i n a t i o n s

The v e I o c i t y - d e p t h  c u r v e s  o b t a i n e d  f rom t h e  t h r e e  v e l o ­

c i t y  l o g s ,  f o r  t h e  topmost  1 km, a r e  show in F i g , 4 , 6 2  w i t h  

t h o s e  o b t a i n e d  f r om t h e  r e f l e c t i o n  (A)  and r e f r a c t i o n  (B)  

d a t a ,  T h e r e  is  c o n s i d e r a b l e  s c a t t e r  in a l l  c a s e s ,  The h i g h  

v e l o c i t y  a r e a s  a r e  due t o  i gneous s t r a t a  e n c o u n t e r e d  in t h e  

w e l l s ,  b u t  t h e  v e l o c i t i e s  app ea r  c o m p a r a b l e  a t  o t h e r  d e p t h s ,

4 , 5 ,  V e l o c i t y  A n i s o t r o p y

4 , 5 , 1 ,  In t r o d u c t  i on

The a n i s o t r o p i c  n a t u r e  o f  r oc ks  has been r e c o g n i s e d  

s i n c e  a t  l e a s t  t h e  1 9 3 0 ' s  ( McCol l um & S n e l l  1932 ,  W e a t h e r b y  

e t  a l ,  1 9 3 4 ) ,  In s t r a t i f i e d  r oc ks  t h i s  t a k e s  t h e  form o f  

v e l o c i t y  p a r a l l e l  to  b e d d i n g  d i f f e r i n g  f rom t h a t  p e r p e n d i c u ­

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

s i m i l a r  e f f e c t ,  A l i g n e d  f r a c t u r e s  may p r o d u c e  a d d i t i o n a I  

a n i s o t r o p y  in b o t h  c a s e s ,

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

( A l - C h a l a b i  1979 ,  U h r i g  & Van Me I I e  1 9 5 5 ) ,  ( F i g , 4 . 6 3 ) :

[ 1 ]  M i c r o - a n i s o t r o p y ,  A n i s o t r o p y  is  o b s e r v e d  w i t h i n  i n d i v i ­

d ua l  l a y e r s ,  Such l a y e r s  a r e  d e s c r i b e d  as t r a n s v e r s e l y  

a n i s o t r o p i c  or  i n t r i n s i c a l l y  a n i s o t r o p i c ,  T h i s  i s  t h e  

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

a n d / o r  p o r e s ,

[23  M a c r o - a n i s o t r o p y ,  A medium c omp r is e d  o f  a s e r i e s  o f  

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

c a l  p r o p e r t i e s  wi I I r espond as an i n t r i n s i c a l l y  a n i s o ­
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t r o p i c  medium when the  s e i s m i c  w a v e l e n g t h  g r e a t l y  

e x c e e d s  t h e  t h i c k n e s s  of  the  i n d i v i d u a l  l a y e r s *  Such a 

medium i s  r e f e r r e d  to  as a t r a n s v e r s e l y  i s o t r o p i c  m e d i a  

( T I M )  and may be a na l og o u s  to  a s e d i m e n t a r y  p i l e .

C3] Q u a s i - a n i s o t r o p y ♦ R e f r a c t i o n  o c c u r s  a t  i n t e r f a c e s  

b e t w e e n  l a y e r s  t h i c k  r e l a t i v e  to  t he  s e i s m i c  wave 1e n q t h  

when t h e r e  is  a c o n t r a s t  in t he  s e i s m i c  v e l o c i t y  o f  t h e  

l a y e r s *  The d e v i a t i o n  o f  t h e  r a y - p a t h  f rom a s t r a i g h t  

l i n e  depends on t h e  a n g l e  of  i n c i d e n c e ,  i n c r e a s i n g  w i t h  

t h i s  a n g l e *  C o n s e q u e n t l y  t h e  more o b l i q u e  t h e  r a y - p a t h  

t h r o u g h  t h e  l a y e r s  t he  g r e a t e r  t h e  d e v i a t i o n  f rom a 

s t r a i g h t  l i n e  and hence the  g r e a t e r  t h e  t r a v e l  t i m e .

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

in  g r e a t e r  d e t a  i I .

I t  i s  c o n v e n i e n t  a t  t h i s  s t a g e  t o  c o n s i d e r  d e f i n i t i o n s  

o f  a n i s o t r o p y *  Some a u t h o r s  s i m p l y  d e f i n e  an a n i s o t r o p y  

f a c t o r " ,  u s u a l l y  "K“ or "A” , as t he  r a t i o  o f  v e l o c i t y  p a r a l ­

l e l  t o  b e d d i n g  ( or  l a y e r i n g )  to t h a t  p e r p e n d i c u l a r  to  b e d ­

d i n g  ( o r  l a y e r i n g )  e . g .  Donoyer de Segonzac  k L a h e r r e r e  

( 1 9 5 3 ) ,  K I e y n  ( 1 9 5 6 ) ,  U h r i g  k Van Me I I e  ( 1 9 5 5 )  and Van d er  

S t o e p  ( 1 9 6 6 ) .  These  v a l u e s  a r e  o f t e n  te r med  Vh and Vv

r e s p e c t  i v e 1y .

L e v i n  ( 1 9 7 9 )  p r e f e r s  to  e x p r e s s  a n i s o t r o p y  as a p e r c e n ­

t a g e

100 (Vh - Vv)
A% =    —  ( 4 ' 2 2 )

Vv

Car  I sen fc C h r i s t e n s e n  ( 1 9 7 9 )  d e f i n e  a n i s o t r o p y  in t e r ms
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o f  t h e  p e r c e n t a g e  v e l o c i t y  d i f f e r e n c e  f r om t h e  mean v e i o -

c i t v

200 (Vh - Vv)  
A% = — -------------------------

(Vh + Vv)  ( 4 , 2 3 )

L e v i n  ( 1 9 8 0 )  p o i n t s  out  t h a t  a n i s o t r o p y  can d e f i n e d  in 

t e r m s  o f  t h e  e l a s t i c  c o n s t a n t s  o f  a TIM though such a d e f i n ­

i t i o n  has l i t t l e  p r a c t i c a l  v a l u e  s i n c e  t h e s e  a r e  r a r e l y  

known,

The d e f i n i t i o n  of  a n i s o t r o p y  in t e r ms  o f  t h e  r a t i o  

V h : Vv w i l l  be used s i n c e  i t  g i v e s  an i mme d i a t e  " f e e l "  f o r  

t h e  a n i s o t r o p y  p r e s e n t ,

I t  i s  d i f f i c u l t  to  make g e n e r a l i s a t i o n s  a bo u t  what  is  

t h e  m a j o r  c o n t r o l  on a n i s o t r o p y ,  Dunoyer  de Sego nz ac  k 

L a h e r r e r e  ( 1 9 5 9 )  c o n s i d e r  l i t h o l o g y  t o  be t h e  m a j o r  c o n t r o l .  

T h i s  i s  p r o b a b l y  c o r r e c t  though t he  r anges  t hey  q u o t e  f o r  

d i f f e r e n t  rock  t ypes a r e  p r o b a b l y  u n r e l i a b l e ,  The a c t u a l  

an i s o t  r o p> y o f  a s an d s t o n e  wo u l d  be a f f e c t e d  b y , f o r  

i ns t a n c e , whet  her  t h e r e  were  s h a I e  h o r i  zons w i t h i n  t he 

s e q u e n c e ,  When e s t i m a t i n g  the  a n i s o t r o p y  o f  a s t r a t i g r a p h i c  

s e c t i o n  a I I t h r e e  s c a l e s  of  a n i s o t r o p y  d e s c r i b e d  above  must  

be c o n s i d e r e d ,

I t  s h o u l d  be n o t e d  t h a t  bot h  P-  and S - waves  a r e  s u b j e c t  

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

b u t  wi  I I no t  be c o n s i d e r e d  h e r e  s i n c e  most o f  t h e  d a t a  

a v a i  t a b l e  is  f o r  P - wav e s ,

4 , 5 , 2 ,  M i c r o - A n i s o t r o p y
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S t u d i e s  o f  m i c r o - a n i s o t r o p y  a r e  based on v e l o c i t y  m e a s ­

u r e m e n t s  on c o r e s ,  Most o f  th e  work has been done on c o r e s  

c o l l e c t e d  as p a r t  o f  th e  Deep Sea D r i l l i n g  P r o j e c t ,

C a r l s o n  ?c C h r i s t e n s e n  ( 1 9 7 9 )  s t u d i e d  v e l o c i t y  v a r i a t i o n  

i n  s a m p l e s  o f  c a l c a r e o u s  deep sea  s e d i m e n t s  a t  v a r y i n g  c o n ­

f i n i n g  p r e s s u r e s ,  The d a t a  showed a n i s o t r o p y  a t  a q i v e n  

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

d e p t h  o f  b u r i a l  o f  t he  sampl e ,  P r e s s u r e  does not  a pp e a r  t o  

be a d i r e c t  c o n t r o l ,  Vh:Vv r a t i o s  q u o t e d  r an g e  f rom a b o u t

1 . 0 5  ( l i m e s t o n e )  t o  about  1 ,1 8  ( m a r l y  l i m e s t o n e ) ,  These  

d a t a  show t h e  cause  o f  a n i s o t r o p y  t o  a be a f a b r i c  w i t h i n  

t h e  s a m p l e s ,  s i n c e  c r a c k s  wou l d  c l o s e  as p r e s s u r e  i n c r e a s e d ,  

a nd  h e nc e  a n i s o t r o p y  woul d  d e c r e a s e ,  Car I sen & C h r i s t e n s e n  

e x p l a i n  t h e i r  d a t a  in terms o f  e i t h e r  p r e f e r r e d  m i c r o - f o s s i l  

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

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

d e g r e e  o f  f a b r i c  d e v e l o p m e n t ,  The d e g r e e  o f  f a b r i c  d e v e l o p ­

ment  due t o  t h e  l a t t e r  two mechanisms wo u l d  be a f u n c t i o n  o f  

d i a g e n e t  i c a I t  e r a t  i o n • Samp I a dens i t y and v e I o c  i t y , b o t h  

a f f e c t e d  by r e d u c t i o n  in p o r o s i t y ,  wou I d  be s imi  l a r l y  c o n ­

t r o l  1 ed , T h i s  a l t e r a t i  on wouI d  i ncr  ease  w i t h  dep t h o f  bu r i a l  

and t h e  r e s u l t i n g  r i s e  in c o n f i n i n g  p r e s s u r e ,  However ,  in  

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

i s  s u f f i c i e n t  t o  have e q u a l i s e d  out  such e f f e c t s  and a n i s o ­

t r o p y  i s  p r o b a b l y  not  depth  r e l a t e d ,

Bachman ( 1 9 7 9 ,  1983)  c o m p i l e d  v e l o c i t y  d a t a  f rom m a r i n e

c a l c a r e o u s ,  s i l t  c l a y ,  s i l i c e o u s ,  m a r l y  and sandy s ed i me nt  

and r o c k ,  L i n e a r  r e g r e s s i o n  l i n e s  wer e  f i t t e d  t o  p l o t s  o f  Vv 

v e r s u s  V h , t h e  l i n e s  b e i n g  f o r c e d  to  c o i n c i d e  a t  what  w e r e
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c o n s i d e r e d  r e a s o n a b l e  s e a - f l o o r  v a l u e s ,  T h i s  assumes no

a n i s o t r o p y  due t o  d e p o s i t i o n a !  f a c t o r s  such as g r a i n  or  p o r e  

a l i g n m e n t ,  The d a t a ,  ho we ve r ,  a r e  p r o b a b l y  not  a p p l i c a b l e  

t o  t h e  M i d l a n d  V a l l e y  b e i n g  based m a i n l y  on r e c e n t  d e p o s i t s ,

The c o r e  det  i v e d  d a t a  s u g g e s t s  m i c r o - a n i s o t r o p y  t o  be a 

f u n c t i o n  o f  f a b r i c s  o f  d e p o s i t i o n a I  or  d i a g e n e t i c  o r i g i n ,  

The a p p I  i c a b i  I i t y  o f  t h e s e  s t u d i e s  to t he  M i d l a n d  V a l l e y  is  

u n c l e a r  s i n c e  most  o f  t he  work i s  on young r o c k s ,

4 , 5 , 3 ,  M a c r o - A n i s o t  ropy

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

o f  a n i s o t r o p y  in te rms o f  a t r a n s v e r s e l y  i s o t r o p i c  medium 

( T I M ) ,  A T I M c o n s i s t s  of  a l t e r n a t i n g  p l a n a r  p a r a l l e l  l a y e r s  

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

t i e s  and t h e r e f o r e  v e l o c i t i e s ,  i , e »  t h e  m a t e r i a l  has i d e n t i ­

c a l  p h y s i c a l  p r o p e r t i e s  in any p l a n e  p e r p e n d i c u l a r  to  a s i n ­

g l e  a x i s  o f  symmet r y ,

Post ma  ( 1 9 5 5 )  showed t h a t  when t he  l a y e r  t h i c k n e s s  is  

s m a l l  r e l a t i v e  to  the  s e i s m i c  w a v e l e n g t h  t he  medium w i l l  

r e a c t  as a s i n g l e  t r a n s v e r s e l y  a n i s o t r o p i c  medium,  Backus  

( 1 9 6 2 )  d e s c r i b e d  " s m a ! I "  as b e i n g  much l ess  than " k ",  t h e  

d i s t a n c e  o v e r  w h i c h  d i s p l a c e m e n t  due to  a s e i s m i c  wave  

v a r i e s  a p p r e c i a b l y ,  He I b i g  ( 1 9 8 4 )  c o n s i d e r s  t h i s  p o i n t  in

more  d e t a  i I ,

T h r e e  t y p e s  o f  wave a r e  p r o p a g a t e d  by a TIM;  P 

1 c o m p r e s s i o n a I  ) w av e s ,  SV and SH ( s h e a r )  waves ,  SV- waves  a r e  

p o l a r i s e d  in t h e  v e r t i c a l  p l a n e  ( assumi ng t he  a x i s  o f  t h e  

m e d i a  t o  be v e r t i c a l )  w h i l s t  SH-waves a r e  p o l a r i s e d  m  t h e
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h o r i z o n t a l  p l a n e .  These  terms a r e  s t r i c t l y  o n l y  a p p l i c a b l e  

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

s y m m e try  o f  t h e  medium, In  a l l  o t h e r  eases  t h e  p a r t i c l e  

m o t i o n  i s  n o t  c o m p l e t e l y  p a r a l l e l  (P -w aves> or  p e r p e n d i c u l a r  

( S - w a v e s )  t o  t h e  d i r e c t i o n  o f  p r o p a g a t i o n ,  Postma showed  

t h a t  t h e  v e l o c i t i e s  o f  t h e  waves v a r i e d  w i t h  d i r e c t i o n  o f  

p r o p a g a t i o n ,  The a c t u a l  amount o f  a n i s o t r o p y  depends on t h e  

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  component m e d ia  

an d  t h e i r  r e l a t i v e  t h i c k n e s s e s .

When v e l o c i t y  i s  p l o t t e d  as a f u n c t i o n  o f  d i r e c t  ion  an  

e l  I i p s e  i s  on I y d e f i n e d  f o r  SH -w ave s ,  T h i s  is  n o t  t h e  c a s e  

f o r  S V -  a nd  P - w a v e s ,  The d e v i a t i o n  f rom an e l l i p s e  f o r  P -  

w a v e s  has  been c o n s i d e r e d  by s e v e r a l  a u t h o r s  IHe  I b i g  1983#  

K r e y  k  H e ! b i g  1956# L e v i n  1979,  U h r i g  k  Van Mel I e  195 8 )#  

The P - w a v e  s u r f a c e  is  found to  a s l i g h t l y  squashed e l l i p s e *  

th o u g h  many a u t h o r s  ig n o r e  t h i s  and assume an e l  S iipt iicall 

d i s t r i b u t i o n  w i t h  t h e  m a jor  a x i s  t h e  h o r i z o n t a l  v e l o c i t y  

( V h )  a n d  t h e  m in o r  a x i s  th e  v e r t i c a l  v e l o c i t y  ( V v ) *  Thus# in  

t h r e e  -  d i mens i ons an e l  I ipso* id  o f  r e v o l u t i o n  i s  d e f i n e d  a b o u t  

t h e  a x i s  o f  symmetry  o f  t h e  T IM ,  T h i s  ax i is  iis u s u a l l y  

assumed t o  be v e r t i c a l  on th e  grounds t h a t  i t  wi  S II II iie p e r ­

p e n d i c u l a r  t o  s t  r a t  i f  i c a t  i on* and t h a t  t h e  beds wi l l !  h a v e  

n e g l i g i b l e  d i p .  Cramp in  (1989? d is c u s s e s  th e  a s s u m p t io n  o f  a  

v e r t i c a l  a x i s  and s u g g e s ts  t h e  te rm  "’v e r t i c a l  t r a n s v e r s e  

a n i s o t r o p y " '  f o r  such m e d ia .

Mel l a  fc C a r l s o n  ( 1 9 8 4 )  c a r r i e d  o u t  e x p e r i m e n t a l  s t u d i e s  

on s a m p l e s  o f  l a m i n a t e d  g l a s s  and epoxy t o  t e s t  t h e s e  

t h e o r e t i c a l  s t u d i e s .  They c o n c lu d e d  t h a t  t h e r e  I s  ' n o  s t a ­

t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  betw een  o b s e r v a t i o n  a nd
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t h e o r y ",

L e v i n  ( 1 9 f 9 )  shows how to  model  t r a n s v e r s e  a n i s o t r o p i c  

m e d i a  composed o f  component  media  w i t h  known v e l o c i t i e s  and  

d e n s i t i e s ,  u s i n g  t he  e q u a t i o n s  o f  Backus ( 1 9 6 2 ) ,  O n l y  t h e  

e q u a t i o n s  f o r  P - waves  w i l l  be d e s c r i b e d  h e r e *  As p r e v i o u s l y  

d e s c r i b e d  t h e  v e l o c i t y  o f  a wave t h r o u g h  a TIM depends on 

t h e  d i r e c t i o n  o f  t r a v e l ,  c o n s e q u e n t l y  t h e  w a v e f r o n t  is not  

s p h e r i c a l *  Two t y pe s  o f  wave s u r f a c e  must be c o n s i d e r e d ;  t h e  

p l a n e  wave  s u r f a c e  and the  wave s u r f a c e  f rom a p o i n t  s o u r c e *  

S i n c e  p l a n e  waves  cannot  be g e n e r a t e d  w i t h i n  t h e  E a r t h  t h e  

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

o t h e r  s u r f a c e *  W h i t e  ( 1 9 6 5 )  g i v e s  t h e  f o l l o w i n g  e q u a t i o n s  

f o r  t h e  q e n e r a t i o n  o f  P-wave p l a n e  wave s u r f a c e s  in TIM

2 2 2 2 
2pV = 2L + ( A - L ) s i n  ( 9 )  + ( C - L ) c o s  ( 9 )  + ( t ( A - L ) s i n  (©)

2 2 2 2 1 / 2 
+ ( C - L ) cos ( © ) )  + ( ( F + L )  - ( A - L ) ( C - L ) ) s i n  ( 2 9 ) )  ( 4 * 2 4 )

T h e t a  is  me as ur e d  r e l a t i v e  to  t he  v e r t i c a l  a x i s  o f  symmetry*

A , C , F , L ,  and N a r e  t he  f i v e  e l a s t i c  c o n s t a n t s  n e c e s s a r y  to

d e f i n e  a T I M  and p  i s  d e n s i t y .  For c o m p r e s s i o n a I waves

1 / 2  ,A
Vh = ( A / p )

1 /  2, ( 4 , 2 6 )Vv = ( C / p )

Assume

1 / 2  ( 4 , 2 7 )
( A / L )  = P

1 / 2  ( 4 , 2 8 )
( C / L )  = Q

1 / 2 ( 4 * 2 9 )
( F / L )  = R
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1 / 2
( N / L )  = S

and

2 2 2 2 1 / 2  
< <R + 1)  -  ( P  - 1 ) <Q -  1 ) 1  = A

e q u a t  i on ( 1 )  becomes

2 2 2 2 2 2
2V = 2 + (P - 1 ) s i n  ( 9 ) +  (Q - 1 )cos  (©)  + < { ( P -

2 2 2 2 2 2 1 / 2  
s i n  ( 9 )  + (Q - 1) cos ( © ) )  s i n  2©)

w h e r e  V i s  t h e  p l a n e  wave v e l o c i t y

1 / 2
n o r m a l i s e d  w i t h  r e s p e c t  to  ( L / p )

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

H e l b i q  ( 1 9 5 6 )

X = Vs in© + ( d V / d © ) c o s ©  

and

Z = Vcos© - ( d V / d © ) s i n ©  

wh e r e

2 2 2 2 2 
d V / d© = ( s i n 2 © / 4 V )  (P - Q + ( (P - D s i n  (©)  + <Q -

2 2 2 2 
cos (©)  + 2 A c o s 2  (©)  ) /  <<<P - D s i n  (©)

2 2 2 2 2 1 /2  
+ (Q - 1 ) cos ( © ) )  + £* s i n ( 2 © ) )  ) )

The s u r f a c e  is  d e r i v e d  by i n c r e m e n t i n g  9 f o r  

R» and S.

( 4 . 3 0 )

( 4 . 3 1 )

1 )

( 4 . 3 2 )

o f  K r e y &

( 4 . 3 3 )

( 4 . 3 4 )

1 )

( 4 . 3 5 )  

g i v e n  P,  Q,
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Whe r e  0 i s  e qu a l  to  0

X = d V / d 0  = 0 ( 4 . 3 6 ,

Z = V

w h e r e  8 = rC/2 

X = V

Z = - d V / d e  = 0 ( 4 , 3 7 )

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

s u r f a c e  a t  t h e s e  p o i n t s *  S i n c e  v e l o c i t y  d a t a  f rom t h e  M i d ­

l a n d  V a l l e y  i s  s c a r c e  t h e r e  is l i t t l e  p o i n t  in c a l c u l a t i n g  

t h e  r a y  s u r f a c e ,  s i n c e  i t  i s  v e r y  s i m i l a r  to  t h e  p l a n e  wave  

s u r f a c e *  I n s t e a d ,  s i m p l e  e l l i p t i c a l  a n i s o t r o p y  w i l l  be  

assumed b ased  on t h e  h o r i z o n t a l  and v e r t i c a l  v e l o c i t i e s .  

The e q u a t i o n  o f  t h e  e l l i p s e  is

2 2 2 2 2 2 
V ( 9 )  = ( VvVh)  / (Vv s i n  ( 9 )  + Vh cos ( 8 ) )  ( 4 . 3 8 )

B a c ku s  ( 1 9 6 2 )  shows how to  combine t r a n s v e r s e l y  i s o t r o p i c

c o mponent s  w i t h  c o n s t a n t s  a ,  c ,  f ,  n and I to  form a TIM

2 2 
A = ( a - f  ( 1 / c ) >  + ( 1 / < 1 / c > ) < f ( 1 / c ) >  ( 4 , 3 3 )

C = 1 / < 1 / c > ( 4 , 4 0 )

F = ( 1 / < 1 / c > ) ( f ( 1 / c )> ( 4 , 4 1 )

N = <n> <4 ‘ 42)

and

L = ( 1 / <  1 /  I ) ) ( 4 , 4 3 )

<> i n d i c a t e  a v e r a g e s  such t h a t  f o r  a TIM w i t h  x 1 p a r t s  o f  
component  1 and x2 p a r t s  o f  component 2 sue i a x +x

N = x 1n 1 + x 2 n2 ( 4 , 4 4 .

The a b o v e  e q u a t i o n s  a l l o w  t h e  c o m b i n a t i o n  of  any number o f  

t r a n s v e r s e l y  i s o t r o p i c  m e d i a ,  or c o m b i n a t i o n s  o f  i s o t r o p i c
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and  an i s o t  t o p i c  m e d i a *  When the  components ar  

2
a = c = p ( Vp )

e i s o t r o p i c

( 4 * 4 5 )

2
1 = n = p ( V s  ) ! 4 i 4 6 )

2 2
f = p ( V p  - 2Vs ) ( 4 , 4 7 )

w h e r e  Vp and  Vs a r e  t h e  P and S wave v e l o c i t i e s  o f  t he  com­

p o n e n t  .

E q u a t i o n s  4 . 3 9  t o  4 * 4 3  become

2 2 2 2 2 2 2 
A = < 4 p ( V s ) t 1 - ( Vs / Vp  ) ] >  + { 1 - ( 2Vs / Vp  )> / < 1 / ( pVp )>

( 4 . 4 8 )
2

C = 1 /  < 1 / (pVp ) ) ( 4 * 5 0 )

2 2 2 
F = <1 - ( 2Vs / V p  ) > / < 1 / <  pVp )> ( 4 * 5 1 )

2
N = { pVs > ( 4 * 5 1 )

and

2
L = 1 /  < 1 / ( pVp ) )  ( 4 , 5 2 )

whe r e a component  is  i n t r i ns i ca I  I y  an i sot  rop i c

a  n o t  e q u a l  c 

I n o t  e q u a l  n 

f o r  i n s t a n c e
( 4 , 5 3 )

a = p V p ( h o r i z o n t a I ) ( 5 , 5 4 )
c = p V p ( v e r  t i c a I )

U n f o r t u n a t e l y  Backus does not  d e s c r i b e  what  v a l u e s  t o  

a s s i g n  Vs ( h o r i z o n t a l )  and Vs ( v e r t i c a l ) .  T h i s  i s  p r ob l en ,
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s i n c e  t h e  s h e a r  waves w i l l  have s p l i t  and t h e r e  w i l l  be two 

h or  i z o n t a  I v e l o c i t i e s ,  L e v i n  ( 1 9 8 0 )  s o l v e s  t h i s  p r o b l e m  by 

i n c r e a s i n g  t h e  h o r i z o n t a l  v e l o c i t y  of  the  TIM by 10% f o r  P-  

w a v e s  and  30% f o r  S - wav e s ,  w i t h o u t  j u s t i f y i n g  h i s  a c t i o n s ,  

A b e t  t e r  s o l u t i o n  is to  a d j u s t  t he  v e l o c i t i e s  o f  t h e  com­

p o n e n t  b e f o r e  c omb i n i n g  i n t o  the  med i a .  T h i s  is  how i n t r i n -  

s i ca  I I y a n i s o t r o p i c  l a y e r s  wer e  m o d e l l e d .  In f a c t ,  t h e  

a c t u a l  v a l u e  o f  S -wave  " a n i s o t r o p y "  has v e r y  l i t t l e  e f f e c t  

on t h e  m o d e l s  g e n e r a t e d ,  s i n c e  o n l y  P-wave a n i s o t r o p y  is  

be i ng mode l i e d  and t he  TIM v e l o c i t i e s  a r e  c a I c u l a t e d  f r  om 

“A ” an d  "C"» “A ” is not  c a l c u l a t e d  u s i n g  " I "  and " n “ and t h e  

" f " t e r m  o f  t h e  e q u a t i o n  f o r  “C",  though a s q u a r e ,  i s  in 

comb i n a t  i on w i t h  "a “ and " c " ,

When f o r m i n g  a TIM composed of  i s o t r o p i c  components  

e q u a t i o n s  4 . 4 8  to  4 . 5 2  a r e  used.  When components w e r e  a n i s o ­

t r o p i c  e q u a t i o n s  4 . 3 9  to  4 . 4 3  a r e  used,  A computer  progr am  

TIMPROG was w r i t t e n  (see  Appendix  6 ) whi ch  e n a b l e d  TIM based  

on M i d l a n d  Val  l ey  s t r a t  i graph i c s e c t i o n s  to be f o r me d ,  and  

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

4 , 5 , 4 .  Q u a s i - A n i s o t r o p y

The  a f f e c t s  o f  q u a s i - a n i s o t  ropy a r e  smal l  and have l i t ­

t l e  r e l e v a n c e  to  the  v e l o c i t y  d a t a  a v a i l a b l e  f rom t he  M i d ­

l a n d  V a l l e y .  A s h o r t  d e s c r i p t i o n  is i n c l u d e d  h e r e  f o r  com-

p I e t e n e s s ,

A l o t  o f  e a r l y  work on a n i s o t r o p y  was based on d a t a

, nn thp comosr ison o f  t h e  v e l o c i -f r om  w e l l  s h o o t i n g ,  based on tne  compel

. . , . . .  d e r i v e d  s e i s m i c a l l y  ( C h o l e t  kt i e s  o b t a i n e d  w i t h  those  a e r l v c

_ , 4QSii l l h r i a  k Van Me I I e 1955,  k l e y nR i c h a r d  1954 ,  Hagedoorn 1954,  unr i g
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1 9 5 6 ,  Dunoyer  de Segonzac  k L a h e r r e r e  1959,  Vender  S t o e p  

1 96 6 )

In  a w e l l  s u r v e y  a s u r f a c e  sou r ce  i s  r e c o r d e d  by a g e o ­

phone  a t  s e l e c t e d  d ep t hs  in the  w e l l ,  T h i s  p r o c e s s  i s  

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

As t h e  o f f s e t  i n c r e a s e s  the ray p a t h  between s o u r c e  and  

r e c e i v e r  becomes i n c r e a s i n g l y  o b l i q u e  t o  t h e  l a y e r i n g ,  

a s s u m i n g  t h e  l a t t e r  to  be a p p r o x i m a t e  Iy h o r i z o n t a l ,  R e f r a c ­

t i o n  a t  t h e  i n t e r f a c e s  is i n c r e a s e d ,  d e v i a t i o n  f rom a  

s t r a i g h t  l i n e  is g r e a t e r  and c o n s e q u e n t l y  t r a v e l  t i m e  i s  

a l s o  g r e a t e r ,  U h r i g  k Van M e l l e  ( 1 95 5 )  show t h e  a f f e c t s  o f  

such  a n i s o t r o p y  to  be s m a l l ,

The we I I s u r v e y  a t  the  Inch o f  F e r r y t o n  b o r e  i n v o l v e d  

s o u r c e s  a t  two smal l  o f f s e t s  w i t h  q u a s i - a n i s o t  ropy  compen­

s a t e d  f o r  u s i n g  t h e  v e l o c i t y  log .  C o n s e q u e n t l y  l i t t l e  can be  

d i s c o v e r e d  a b o u t  the  e f f e c t s  of  t h i s  k i n d  o f  a n i s o t r o p y  in 

t h e  M i d l a n d  V a l l e y ,  though the  e f f e c t s  o f  a n i s o t r o p y  on 

r e f r a c t i o n  and r ay  geomet ry  w i l l  be c o n s i d e r e d  in more  

d e t a i  I in t h e  s e c t i o n  on r a y - t r a c i n g ,

4 , 5 , 5 ,  E s t i m a t i o n  o f  V e l o c i t y  A n i s o t r o p y  in t h e  M i d l a n d  

Va I l e y

B e f o r e  t h e  e r r o r s  in r e f r a c t o r  de p t h  o b t a i n e d  f rom  

r a y - t r a c i n g  can be e s t i m a t e d ,  t he  amount of  a n i s o t r o p y  

w i t h i n  t h e  M i d l a n d  V a l l e y  must be q u a n t i f i e d .  Two methods o f  

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

by c o m p a r i s o n  o f  " v e r t i c a l "  and " h o r i z o n t a l "  v e l o c i t i e s ,  

The s e c on d  method i n v o l v e s  the  mode I I ing o f  TIM based on 

b o r e h o l e s  f rom t h e  M i d l a n d  V a l l e y  u s i n g  v e l o c i t i e s  f rom I ->gs
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and d e n s i t i e s ,  w i t h  S-wave  v e l o c i t i e s  d e r i v e d  f rom t h e s e .

B a n i k  ( 1 9 8 4 )  e s t i m a t e d  a n i s o t r o p y  in t h e  N o r t h  Sea

b a s i n  by c o m p a r i s o n  of  log and s t a c k i n g  v e l o c i t i e s .  A n i s o -

t r o p y  in t h e  M i d l a n d  V a l l e y  can be e s t i m a t e d  in a s i m i l a r  

m a n n e r ,

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

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

d e s c r i b e d  in s e c t i o n s  4 , 2  and 4 * 3 *  F i g * 4 , 6 4  shows t h e s e  

c u r v e s . The two b e s t - f i t  l i n e s  wer e  compared and t he  e r r o r s  

on t h i s  l i n e  found by compar i ng  t h e  maximum WHB and minimum 

i n t e r v a l  v e l o c i t y  I i m i t s  and v i c e - v e r s a *  A v e r ag  i ng t he  

r e s u l t i n g  l i n e s  g i v e s

V w h b / V i n t  = V h / V v  = 1 . 15  + 0 , 1 2 ,  - 0 . 1 5 *

T h i s  s p r e a d  c o v e r s  most v a l u e s  quot ed  in the  l i t e r a t u r e ,  

1 , 2 0  i s  a t y p i c a l  s h a l e  v a l u e ,  w h i l s t  the  lower  l i m i t  

c o r r e s p o n d s  t o  V h / V v = 1 , Q ,  i . e .  i s o t r o p y ,  These r e s u l t s  must  

be c o n s i d e r e d  as an u n d e r e s t i m a t e  of  a n i s o t r o p y  s i n c e  V i n t  

c o n t a i n s  a h o r i z o n t a l  component ,  The " b e s t - f i t  v a l u e  o f  

1 , 1 5  i s  r e a s o n a b l e  f or  a s e d i m e n t a r y  sequence c o n s i s t i n g  o f  

l i t t l e  o r  no s h a l e ,  Not e  t h a t  t h e r e  is l i t t l e  v a r i a t i o n  

w i t h  d e p t h , as p r e d i c t e d  by the l a b o r a t o t y  measurement  o f  

c o r e s ,  i . e .  c r a c k s  a r e  not  a s i g n i f i c a n t  cause o f  t h e  a n i s o -  

t r o p y ,

F i g . 4 . 6 2  s ho ws  t h e  r e f l e c t i o n  a n d  r e f r a c t i o n  d e r i v e d

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

_,  , h p  | r»o d a t a ,  b u t  mo s t
T h e r e  i s  c o n s i d e r a b l e  s c a t t e r  i n

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

T h i s  i s  e x p e c t e d  s i n c e  l o g  v e l o c i t i e s  a r e  v e r t i c a l
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v e l o c i t i e s ,  H o we ve r ,  be ca us e  of  t h e  h e r i z o n t a I  component  in 

t h e  s h a l l o w e r  i n t e r v a l  v e l o c i t i e s ,  i t  w ou l d  be e x p e c t e d  t h a t  

t h e  l og  v e l o c i t i e s  wou l d  be lower  a t  s h a l l o w  d e p t h s ,

S t  r a t i g r a p h i c  s e c t i o n s  f rom b o r e h o l e s  a t  G l e n r o t h e s ,  

S p i l m e r s f o r d  and Inch o f  F e r r y t o n  wer e  m o d e l l e d  and a n i s o -  

t r opy c a I c u 1 a t ed ( F i g s , 4 , 6 5  and 4 , 6 6 ) ,  The 1nch o f  F e r r y ­

t on  d a t a  is  not  shown due to  i t s  c o n f i d e n t i a l i t y ,  The

b o r e h o l e  v e l o c i t y  d a t a  a I lowed i n t e r v a l  v e l o c i t i e s  and

i n t e r v a l  t h i c k n e s s e s  t o  be c a l c u l a t e d ,  These l a y e r s  w e r e

c o m b i n e d  t o  fo rm t he  T I M,  Vp was t a k e n  d i r e c t l y  f rom t h e  

v e l o c i t y  l o g s ,  Vs and d e n s i t y  a r e  a l s o  r e q u i r e d  in t h e  ca I - 

cut  a t  i on o f  t h e  Vh: Vv  r a t i o  o f  t he  me d i a ,  In s e d i m e n t s  V p / Vs  

r a n g e s  b e t w e e n  about  1 , 6  t o  1 , 9  ( C a s t a g n a  1-985, Domenico  

1 98 4 ,  P i c k e t t  1963,  Tatham 1982,  W i i k e n s  e t  a l  1 9 8 4 ) ,  t h i s  

i n c l u d e s  t h e  r a t i o  of  1 , 8 4  o b t a i n e d  in s e c t i o n  4 , 2 , 6 ,  The 

r a t i o  was v a r i e d  be tween t h e s e  I i m i t s  in model  I ing*  D e n s i t y  

was a l s o  e s t i m a t e d  based on Vp,  B a r t o n  ( 1 9 8 6 )  has c o n s i d e r e d  

t h e  r e l a t i o n s h i p ’ be tween t h e s e  two p r o p e r t i e s .  The r e s u l t s  

o f  N a f e  k  D r ak e  ( 1 9 7 0 )  wer e  used t o  e s t i m a t e  t h e  range  o f  

p,oss i b I e d e n s i t i e s  f o r  a g i v e n  v e l o c i t y  ( F i g , 4 , 6 / ) , The d a t a  

p, p e s e n  t ed we r e  r eg r essed  be tween 2 , 5 and 6 , 0 km/ s to  f i ne 

t h i r d - o r d e r  p o I y  nomi a I s , used to  o b t a i n  bes t  f i t ,  max i mum 

and minimum d e n s i t y  f o r  a l a y e r  of  g i v e n  Vp,  The t h r e e

f u n c t i o n s  o b t a i n e d  a r e  l i s t e d  be l ow

3 2
1, D e n s i t y  = 0 , 0 0 6 V p  - 0 , 0 8 6 V p  + 0 , 5 5 7 V p  + 1 , 1 3 2  ( 4 , 5 5 )

3 2
2 ,  D e n s i t y  = 0,007Vp> - 0 , 1 2 2 V p  + 0 . 7 6 7 V P + 0 , 6 7 7  ( 4 , 5 6 )

3 ,  D e n s i t y  = - 0 , 0 0 6 V p d + 0 , 0 6 2 V p " -  0 . 00 9V p  + 2 , 0 2 9  ( 4 , 5 7 )
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T h e se  t h r e e  f u n c t i o n s  w e r e  w r i t t e n  i n t o  t h e  p r o g r a m  

T I MPR06  and used in c o m b i n a t i o n  w i t h  t h e  p o s s i b l e  V p / V s  t o  

p r o v i d e  a r a n g e  o f  Vh / Vv  r a t i o s  f o r  the  T I M,  L a y e r s  w e r e  

assumed t o  be i s o t r o p i c ,  The r e s u l t s  a r e  s ummar i sed  in 

T a b l e  4 , 3  ( t h e  S p i l m e r s f o r d  v e l o c i t y  log was r e c o r d e d  in 

t h r e e  p a r t s  and each has been c o n s i d e r e d  i n d i v i d u a l l y )

Tab 1e 4 , 5  

c i t y  Logs

, A n i s o t r o p y  in 

♦

M i d i  and VaI  l ey Bor eho I es f rom V

G 1 enr Sp i I ml Sp i I m2 Sp i I m3 I o f  F

Dens i t y 

F u n c t  i on

V p / V s Vh / Vv Vh/ Vv Vh / Vv Vh / Vv V h / Vv

1 1 , 6 1 , 1 0 1 , 03 1 , 05 1 , 1 0 1 . 16

1 1 ,7 1 , 1 0 1 , 03 1 , 05 1 , 1 0 1 , 16

1 1 , 8 1 . 09 1 , 03 1 , 04 1 , 09 1 , 15

1 1 , 9 1 , 09 1 , 03 1 ,04 1 , 09 1 , 1 4

2 1 , 6 1 , 1 0 1 , 03 1 , 05 1 , 09 1 , 16

nC. 1 , 7 1 , 09 1 , 03 1 , 05 1 , 09 1 , 15

2 1 , 8 1 . 09 1 , 03 1 , 04 1 , 08 1 , 15

2 1 ,9 1 , 08 1 , 03 1 . 04 1 , 08 1 , 1 4

3 1 , 6 1 , 1 0 1 , 0 3 1 , 05 1 , 1 0 1 ♦ 16

0 1 ,7 1 , 1 0 1 , 03 1 , 05 1 . 1 0 1 , 15

3 1 , 8 1 , 09 1 , 03 1 , 05 1 , 09 1 , 15

3 1 ,9 1 ,09 1 , 0 2 1 , 04 1 , 09 1 , 1 4

A v e r a g e 1 , 09 1 , 03 1 , 05 1 , 09 1 , 1 5

These  ̂ v a l u e * 5 f a l 1 wi t h i n  the I imi ts of  t h a t der  i ved

. , : /-l »- t h p  v a l u e s  a r e  I owe r t han  t hec o m p a r i s o n  o f  v e l o c i t i e s ,  m e  v d i u e s

, of  Inch o f  F e r r y  ton w h e r eb e s t - f i t  va  I u e , e xc e p t  in the  oase 01 7
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t h e  V d l u e  i s  i d e n t i c a l ,  T h i s  is e n c o u r a g i n g  s i n c e  t h e  v e l o ­

c i t y  d e r i v e d  v a l u e  was f o r  t he  same s t r a t i g r a p h i c  sequence  

( i , e ,  Coal  Me a sur e s  downwards)  as o c c u r s  in t h e  Inch of  F e r -  

r y t o n  b o r e ,  The G l e n r o t h e s  and S p i l m e r s f o r d  b o r e s  a r e  b o t h  

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

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

4 , 5 , 8 ,  E f f e c t s  o f  A n i s o t r o p y  on R a y - T r a c e d  Mo d e l s

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

a n i s o t r o p i c  med i a , Mos t concert t r a t e  on r e f l e c t e d  r a y s  wher  e 

t h e  e f f e c t s  o f  a n i s o t r o p y  a r e  g e n e r a l l y  s ma l l  due t o  t h e  

s t e e p  r a y - p a t h s ,  e * g ,  Vander  S t o e p  ( 1 9 6 6 ) ,

S i n c e  t h e r e  a r e  r e l a t i v e l y  l a r g e  e r r o r s  in t h e  

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

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

t r o p y  on r a y - t r a c i n g  is  not  c o n s i d e r e d  w o r t h w h i l e ,  I t  i s  

w o r t h  n o t i n g ,  however ,  t h a t  K l e y n  ( 1 9 5 6 )  shows t h e  t h i c k n e s s  

o f  a p l a n a r  c o n s t a n t  v e l o c i t y  l a y e r  "computed n e g l e c t i n g  

a n i s o t r o p y ,  e q u a l s  t he  t r u e  t h i c k n e s s  o f  t h i s  v e l o c i t y  l a y e r  

t i mes i t ' s  a n i s o t r o p y  f a c t o r , , , " ,  For  a 2 km t h i c k  l a y e r  

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

d e p t h  o f  1 , 7 4  + 0 , 2 6 ,  - 0 , 1 7 ,

I n p u t t i n g  t y p i c a l  v e l o c i t i e s  f o r  MAVIS l a y e r s  1 ( 4 , 6

k m/ s )  and 2 ( 5 , 3  km/s )  and a d e l a y  o f  0 , 0 5  s i n t o  t he  e q u a ­

t i o n  t o  c o n v e r t  d e l a y  t i m e  t o  dept h  f o r  p l a n a r  l a y e r s  ( e q u a ­

t i o n  5 , 6 )  p r oduc e s  a v a l u e  o f  0 , 2 3  km, i * e .  + / -  0 , 1 2 ,  T h i s  

shows t h e  d e p t h  e r r o r s  due t o  a n i s o t r o p y  t o  i n c r e a s e  u n c e r ­

t a i n t y  in r e f r a c t o r  d e p t h  by between 0 , 0 5  and 0 , 1 4  km, T h i s  

i s  n o t  s i g n i f i c a n t  when t h e  u n c e r t a i n t i e s  due t o  assumi ng
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c o n s t a n t  v e l o c i t y  p l a n a r  l a y e r s  in t h e  c a l c u l a t i o n ,  and t h e  

f r e q u e n t l y  g r e a t e r  than 0 , 0 5  s s c a t t e r  o f  t he  d a t a ,  a r e  c o n ­

s i d e r e d ,
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CHAPTER 5 - INTERPRETATION OF SEISMIC DATA

5 . 1 .  Me t hods

5 . 1 . 1 .  P r i n c i p l e s  o f  S e i s m i c  R e f r a c t i o n  i n t e r p r e t a t ] on

When a  s e i s m i c  r a y  i s  i n c i d e n t  on an i n t e r f a c e  be t ween  

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

r e f r a c t e d  a c c o r  d i ng t o  S n e l l ' s  Law ( F i q * 5 , 1}

s i n  i V 1

s i n  r V2

w h e r e

( 5 . 1 )

s i n  i = t h e  s i n e  o f  t h e  i n c i d e n c e  a n g l e
s i n  r = t h e  s i n e  o f  t h e  t r a n s m i s s i o n  a n g l e
V 1 = v e l o c i t y  in  me d i a  1
V2 = v e I o c i  t y  in me d i a  2

C o n s i d e r  t h e  r a y  p a t h s  shown in F i g . 5 . 2 .  A l l  l a y e r s  have  

c o n s t a n t  v e l o c i t y  and a r e  s e p a r a t e d  by p l a n a r  h o r i z o n t a l  

i n t e r f a c e s .  The d i r e c t  r ay  t r a v e l s  h o r i z o n t a l l y  t h r o u g h  

l a y e r  1 a t  a v e l o c i t y  V1.  The r e s u l t i n g  t r a v e l - t i m e  c u r v e  

i s  a s t r a i g h t  l i n e  o f  s l o p e  1 / V 1 .  The a n g l e  Q is  such t h a t  

t h e  r a y  AB i s  c r i t i c a l l y  r e f r a c t e d ,  i . e .  t h e  ray  is
O

r e f r a c t e d  so t h a t  i t  i s  t r a n s m i t t e d  a t  90 to  t h e  normal  and  

r un s  a I onq  t h e  i n t e r f a c e  between t h e  two l a y e r s .  T h e r e f o r e ,  

a i n  r i s  e q u a l  t o  1. C o n s i d e r  t h e  p a t h  o f  t h e  r a y  ABCD 

c r i t i c a l l y  r e f r a c t e d  a t  t h e  i n t e r f a c e  between l a y e r s  1 and  

2 .  The t r a v e l  t i m e ,  T ( AD) ,  a l o n g  t h i s  p a t h  is

T (AD) = T ( AB) + T ( BC) + T(CD)  ( 5 . 2 )

7 a X - 2 Z 1 tan© Z
_ ___________  + _ -----------------------  +   ( 5 . 3 )

V 1 cose  V2 VI  cos e

s i n c e  s i n  r = 9 0 °
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s i n G  = V 1 / V 2  ( S n e l I ' s  Law)

1 / 2

0050  =

V1
1

V2

( 5 , 4 )

( 5 , 5 )

and e q u a t i o n  5 * 3  may be r e w r i t t e n as

2 2 1 / 2  
X 2Z ( V2 - V1 )

T ( A D ) =   + ---------------------- ---------------
V2 V1 V2

( 5 , 6 )

T h e r e f o r e ,  on t h e  t i me-d i s t a n c e  p l o t ,  t h e  i n t e r c e p t  on t h e  

t i m e  a x i s  ( t h e  i n t e r c e p t  t i m e ,  T i 1 )  is g i v e n  by

Ti  1

2 2 1/ 2 
2Z ( V2 - V1 )

V1 V2
( 5 , 7 )

and t h e r e f o r e

T i 1 V1 V2
Z1

2 2 1 / 2  
2 ( V2 - V1 )

( 5 , 8 )

T h u s ,  t h e  i n t e r c e p t  t i m e  may be used in c o n j u n c t i o n  w i t h  V1 

and V2 t o  d e t e r m i n e  t h e  dept h  to  l a y e r  2.

The d e p t h  t o  l a y e r  3 may a l s o  be o b t a i n e d  when V3 is  

a l s o  known,

Z2 0 . 5 T i 2 - 2 Z1

2 2 1 /  2 -! 

( V3 - V1 )

V3 V1

V3 V2

2 2 1 / 2  
(V3 - V2 )

( 5 , 9 )

When i n t e r f a c e s  a r e  not  h o r i z o n t a l ,  t he  v e l o c i t y

o b t a i n e d  f r om t h e  t i m e - d i s t a n c e  p l o t  i s  not  t h e  t r u e
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r e f r a c t o r  v e l o c i t y  and is known as an a p p a r e n t  v e l o c i t y  

( F i g . 5 , 3 ) ,  When t he  d a t a  a r e  r e c o r d e d  f rom a shot  a t  A , in  

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

s u r f a c e  must  pass t h r o u g h  i n c r e a s i n g  t h i c k n e s s e s  o f  l a y e r  1,  

T h i s  r e s u l t s  in  t h e  a p p a r e n t  v e l o c i t y  (Vd)  b e i n g  l es s  t ha n  

t h e  t r u e  r e f r a c t o r  v e l o c i t y .  The r e v e r s e  is  t r u e  f o r  d a t a  

r e c o r d e d  f r om a sho t  a t  B,  in t h e  “up d i p "  d i r e c t i o n  ( V u ) .  

Thus t h e  e q u a t i o n s  g i v e n  above a r e  i n v a l i d ,  S i n c e  r e f r a c t o r  

d i p  i s  t o  be e x p e c t e d  and c o n s t a n t  v e l o c i t y  l a y e r s  a r e  

u n l i k e l y ,  more  s o p h i s t i c a t e d  i n t e r p r e t a t i o n a I  t e c h n i q u e s  

must  be u t  i I  i s e d »

5 . 1 . 2 ,  P l u s - M i n u s  and D e l a y - T i m e  Methods

The p l u s - m i n u s  method ( Hagedoorn 1959)  i n v o l v e s  t h e  

c a l c u l a t i o n  f o r  each  r e c e i v e r  o f  a “p l u s  t i m e " ,  a n a l o g o u s  to  

an i n t e r c e p t  t i m e ,  f o r  c o n v e r s i o n  to r e f r a c t o r  d e p t h ,  and a  

“m i nu s  t i m e "  f o r  t h e  e s t i m a t i o n  of  r e f r a c t o r  v e l o c i t y ,  

R e v e r s e d  d a t a  a r e  r e q u i r e d  and r e f r a c t o r  t o p o g r a ph y  is  

assumed t o  be such t h a t  c o s ( d i p )  is app»rox i mate  I y e qua l  t o  1 

( i . e .  d i p s  o f  l es s  than about  5 ) ,  Cons i der  the  s p r e a d

g e o m e t r y  in F i g . 5 . 4 .

The p l u s  t i m e  is  t he  sum o f  t h e  t r a v e l - t i m e s  t o  a  

r e c e i v e r  f r om t h e  two s o u r c e s ,  S1 and S2,  minus t h e  t r a v e l - 

t i m e  b e t w e e n  S1 and S2 ( T ( S 1 S 2 ) > .  For  a r e c e i v e r  K

T p l u s ( K )  = T1S1K)  + T1S2K) - T I S1S2 )  ( 5 . 1 0 )

= ( T ( S 1 R I  + T ( RZ)  + T ( Z K I )  + (T(S2W> + T(WT)

+ T ( TK) )  - I T ( S I R )  + T(RW> t T I S 2 W ) ) ( 5 . 1 1 )

= T ( Z K ) + T ( TK) + T(RZ)  + T(WT) - T(RW) ( 5 . 1 2 )

= T ( Z K )  ,  T ( TK) - T ( ZT )  f 5 l 1 3 )
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T h i s  is  t h e  same as t he  i n t e r c e p t  t i me  ( T i n t )  f o r  a shot

f i r e d  a t  K, T h e r e f o r e  t he  r e f r a c t o r  de p t h  b e l ow K, Z ( K ) ,  is  

g i v e n  by

TpI  u s ( K ) V2 V 1 
Z ( K ) = --------------------------------- ( 5 , 1 4 )

2 2 1 /2  
2 ( V2 - V1 )

V2 i s  o b t a i n e d  f rom t h e  minus t i m e s *  The minus t i m e  is

d e f i n e d  as t h e  d i f f e r e n c e  in t r a v e l  - 1 ime be tween r e f  r a c t e d  

a r r i v a l s  f rom s o ur c e s  S1 and S2 a r r i v i n g  a t  a r e c e i v e r  K«

T m i n u s ( K )  = T ( S1K)  - T(S2K)  ( 5 , 1 5 )

= ( T ( S 1R ) + T ( R Z ) + T ( Z K ) )  - (T(S2W)  + T(WT)

+ T ( T K ) ) ( 5 , 1 6 )

s i n c e  r e f r a c t o r  r e l i e f  is assumed t o  be n e g l i g i b l e  be tween Z 

and T

<KPZ = (KPT = 90*

KZ = KT 

t h e r e f o r e

T m i n u s ( K )  = ( T ( S 1 R)  + T ( R Z ) )  - (T(S2W)  + T ( WT) )  ( 5 . 1 7 )

s i m i I a r I y

T m i n u s ( L )  = ( T ( S 1 R)  + T ( R U ) )  - (T(S2W) + T (WV) )  ( 5 , 1 8 )

P l o t t i n g  minus t i m e  a g a i n s t  r e c e i v e r  p o s i t i o n  g i v e s  a

s t r a i g h t  l i n e  w i t h  a g r a d i e n t  equal  t o  h a l f  the  r e f r a c t o r

v e I o c  i t y

X   ( 5 . 1 9 )
G r a d i e n t   ----------------------------   " "

T m i n u s ( L )  - Tminus(K)
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— -----------------------------------------------------------------------------------------   —  ( 5 , 2 0 )
T ( S 1 R ) + T ( R U ) - T ( S 2 W ) - T ( WV) - T ( S 1R ) - T ( R Z ) + T ( S 2 W ) + T ( W T )

X

T(RU)  - T(WV) - T(RZ)  + T(WT)

X

T ( Z U ) + T ( VT )

( 5 , 2 1 )

( 5 , 2 2 )

F or  low r e  I i e f  ZU = VT = KL = X 

and t h e r e f o r e

2X
T ( ZU ) + T ( VT ) = -------  ( 5 . 2 3 )

V2

and h e nc e  t h e  g r a d i e n t  o f  a minus t i m e  gr aph  can be

e x p r e s s e d  as

V2 ( 5 . 2 4 )
G r a d i e n t  = -------

2

Where  a r e f r a c t o r  is not  r e v e r s e d  ( i . e .  f o r  r anges  S1C1 

and S 2 C 2 ) p l u s  t i mes  can be e s t i m a t e d  by e x t r a p o l a t i o n  o f  

t h e  t i m e - d i s t a n c e  b r an c h e s .  T i m e - d i s t a n c e  c u r v e s  o f  v e l o ­

c i t y  V2 a r e  drawn s t a r t i n g  a t  t he  o u t e r m o s t  r e v e r s e d  p o i n t s

( a t  r a n g e s  C1 and C2>,  and c o n t i n u i n g  t o  r anges  S1 and 52

. • rh^ pi  u s - t i m e  o f  t he
r e s p e c t i v e l y ,  An e s . i m a .

-yHtsined bv d o u b l i n g  t h e  d i f f e r e n c e  u n r e v e r s e d  p o i n t s  is o b t a i n e
• _ r r i va I Hme  and t h e  t i m e - d i s t a n c e

b e t w e e n  t h e  o b s e r v e d  * r r i v * i
t i me  o b t a i n e d  a t  C1 or 02 ,  

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

= h o r t  l en g t h  of  r e v e r s a l  o c c u r s ,  e . g .  on 
Where  o n l y  a s h o r t  l e n g m

j , D t a t j  on of  t he  p l u s - m i n u s  method  
t h e  MAVIS I I  I m e ,  an a d 3 p . -

/TH> p a u i v a l e n t  t o  h a l f  a p l u s
was e m p l o y e d ,  A  d e l a y  t i me
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T i n t
Td = T a r r  -    -_________

w , 1 5 ,2 5 )V r e f  2

T a r r  -  t r a v e l  t i me 
X = r e c e i v e r  range  
V r e f  = r e f r a c t o r  ye I o c i  t y 
T i n t  = i n t e r c e p t  t i m e

V r e f  15 t h e  a v e r a g e  o f  t he  a p p a r e n t  v e l o c i t i e s  o f  t h e  

a p p r o p r i a t e  t i m e - d i s t a n c e  b r a n c h e s ,  The d e l a y  t i m e  was t he n

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

Td V1 V2 
Z 1 = —--------------------- ( 5 , 2 6 1

2 2 1/ 2  
( V2 - V 1 )

5 , 1 , 3 ,  R a y - T r a c i n g  Method

The p l u s - m i n u s  i n t e r p r e t a t i o n  was r e f i n e d  u s i n g  t h e  

S EI S 8 1  r a y - t r a c i n g  package ( Cerveny  & Ps e nc i k  1 9 3 1 ) ,  T h i s  

p a c k a g e  c o n s i s t s  o f  t h e  r a y - t r a c i n g  and p l o t t i n g  program  

SEI  S3 1, p l u s  t he  programs SYNTPL and S E !SPL w h i c h ,  r e s p e c ­

t i v e l y  c a l c u l a t e  and p l o t ,  s y n t h e t i c  se i smograms based on 

t h e  o u t p u t  o f  SEI S3 1 , The r a y - t r a c i n g  s e c t i o n  o f  t h e  p r o ­

gram t r a c e s  r a y s  t h r ou g h  t w o - d i m e n s i o n a l  I a t e r a ! Iy  inhomo-

g eneo us  m e d i a  and can han d l e  cur ved  i n t e r f a c e s ,  b l o c k  s t r u c ­

t u r e s ,  v a n i s h i n g  l a y e r s  and i s o l a t e d  b o d i e s ,

The a b i  I i t y  to  model  complex i n t e r f a c e  s t r u c t u r e  and  

l a t e r a l  v e l o c i t y  v a r i a t i o n s  was e s s e n t i a l ,  t he  l a t t e r  h a v i n g  

been d e m o n s t r a t e d  in s e c t i o n  4 , 2 ,  In t he  progfem a t ay p a t h  

i s  d e f i n e d  and t r a v e l  t imes computed f rom t he  s ou r ce  t o  a

s p e c i f i e d  r e c e i v e r  g e omet r y ,  The " s h o o t i n g  method is used  

w i t h  r a y s  l e a v i n g  t h e  s our ce  between s p e c i f i e d  a n g l e s .  Each
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r a y  i s  t r a c e d  t h r o u g h  t h e  mode l ,  f o l l o w i n g  ( i f  p o s s i b l e )  t he  

s p e c i f i e d  r ay  p a t h ,  back to the  s u r f a c e ,  When s u c c e s s i v e  

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

a r e c e i v e r  an i t e r a t i v e  p r oc es s  is i n i t i a t e d  whi ch  s e l e c t s  

an i n t e r m e d i a t e  i n i t i a l  a n g l e  and t r a c e s  t h i s  ray  t h r ou g h  

t h e  model  » T h i s  p r o c e s s  is r e p e a t e d  a s p e c i f i e d  number o f  

t i m e s ,  or  u n t i l  t h e  ray  t e r m i n a t e s  w i t h i n  a s p e c i f i e d  d i s ­

t a n c e  o f  t h e  r e c e i v e r ,

The p r o g r a m  uses a r a y - t r a c i n g  method d e s c r i b e d  by C e r -  

veny  e t  a l  , ( 1 9 7 4 ) ,  The pa t h  o f  a s e i s m i c  ray  th r ough  a

t wo - d i mens i on medium w i t h  a c o n t i n u o u s  v e l o c i t y  f u n c t i o n  may 

be e x p r e s s e d  by t h r e e  e q u a t i o n s

dx 

d t 

dz 

dt

v s i nD ( 5 . 2 7 )

v cosD ( 5 , 2 8 )

dD y ^v
—  =   cosD + — s i n D  ( 5 , 2 9 )
d t ^ x <3 z

whe r e

x = h o r i z o n t a l  d i r e c t i o n  
z = v e r t i c a l  d i r e c t i o n
D = d e c l i n a t i o n  f rom the  hor i z o n t a I  
t = a r r i v a l  t i m e  a t  a p o i n t  in the  model

d v / ^ x  = p a r t i a l  d e r i v a t i v e  o f  v e l o c i t y  w i t h  r e s p e c t  t o  x
^ v / ^ z  = p a r t i a l  d e r i v a t i v e  of  v e l o c i t y  w i t h  r e s p e c t  to  z

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

t i m e  i n t e r v a l  u s i n g  t h e  R u n g e - K u t t a  me t h o d ,

V e l o c i t i e s  w i t h i n  each l ay e r  a r e  input  as =i g r i d .  A 

c o n t i n u o u s  v e l o c i t y  f u n c t i o n  is o b t a i n e d  by e i t h e r  f i t t i n g  

b i c u b i c  s p l i n e s  to  t h e s e  d a t a  o r ,  a l t e r n a t i v e l y ,  by l i n e a r
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i n t e r p o l a t i o n  b e t ween  g r i d  p o i n t s ,  The l a t t e r  was found to  

s i g n i f i c a n t l y  r e d u c e  t he  number of  rays s u c c e s s f u l l y  t r a c e d

f r om  t hi e sou r to  tho rppo i were — + u r-  i V- t  5 dnd t h e  former  was used

t h r o u g h o u t !  At  an i n t e r f a c e  between l a y e r s  the  v e l o c i t y

f u n c t i o n  may be d i s c o n t i n u o u s ,  a l l o w i n g  r e f r a c t i o n  and  

r e f l e c t i o n  t o  o c c u r  in a c c or d a nc e  w i t h  S n e l l ' s  Laws,

No amp I i t u d e  model  I ing was u n d e r t a k e n  f o r  reasons  o f  

t i m e ,  t houg h  s y n t h e t i c  seismograms wer e  g e n e r a t e d  u s i n g  

SYNTPL and  SEI SPL t o  a s s i s t  in t h e  a s s i g n i n g  o f  second  

a r r i v a l s  p i c k e d  on t h e  d i g i t i s e d  d a t a ,

5 , 2 ,  R e s u I t  s

5 , 2 , 1 ,  PI  u s - M i n u s  and D e l a y - T i m e  R e s u l t s

The pi  u s - m i n u s  method was appI  ied to the  MAVIS d a t a  by 

A Conway,  The i n t e r p r e t a t i o n  was based on the  r e c o g n i t i o n  

of  a c o n s i s t e n t  s e t  o f  f our  t i m e - d i s t a n c e  b r a n c h e s ,  C r i t e r i a  

used  in t h e i r  r e c o g n i t i o n  wer e ;  1 ) ,  sh ar p  changes in 

a p p a r e n t  v e l o c i t y  2 ) ,  p> r e co ncep> t i o n s of  M i d l a n d  V a l l e y  c r u -  

s t a  I s t r u c t u r e  ( see F i g , 3 , 2 ) and 3 ) ,  s a t i s f y i n g  t he r ec i p> r o - 

ca I t i m e  r u l e ,  The f our  branches  are*.

[ A ]  D i r e c t  a r r i v a l s  th r ough  l ay e r  1, T i m e - d i s t a n c e  b r a nche s  

a r e  c u r v e d  w i t h  a p p ar e n t  v e l o c i t i e s  of  3 , 0  to  4 , 5  km/s ,  

The c u r v a t u r e  is  a f u n c t i o n  of  bot h  v e r t i c a l  and 

l a t e r a l  v e l o c i t y  v a r i a t i o n  (see  s e c t i o n  4 , u ) ,

EB3 R e f r a c t i o n s  f r om l a y e r  2 u s u a l l y  w i t h  a p p a r e n t  v e l o c i ­

t i e s  b e t w e e n  5 , 0  and 5 , 8  km/ s ,  When l a y e r  2 r e a c h e s  

t h e  s u r f a c e ,  ( A b e r u t h v e n  and C a i r n g r y f f e  s h o t s ) ,  or  

a p p r o a c h e s  t h e  s u r f a c e ,  ( T r e a r n e  and Kai mes  s h o t s ) ,  t h e
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b r a n c h  is c u r v e d  as in ( A ) U/i1 ' w i t h  a p p a r e n t  v e l o c i t i e s

b e t w e e n  4 , 0  and 5 , 0  km/s,

C C ] R e f r a c t i o n s  f rom I =, \j a r q \u \ *■ t-“In J w i t h  a p p a r e n t  v e l o c i t i e s

b e t w e e n  5 , 9  and 6 , 1  km/s,

ED3 Where  a r r i v a l s  a r e  r e co r de d  a t  r anges  g r e a t e r  t han

a b o u t  5 0 km r e f r a c t i o n s  f rom a f o u r t h  l a y e r  w i t h

a p p a r e n t  v e l o c i t i e s  of  about  6 , 4  km/s a r e  o b s e r v e d ,

The t i m e - d i s t a n c e  branches  used in t h e  p l u s - m i n u s  and

d e l  a y - t i m e  i n t e r p r e t a t i o n s  a r e  shown in F i g s , 5 , 5  to  5 , 7 ,

MAVIS I p l u s  t i me s  a r e  l i s t e d  in Appendi x  4,  When c o n ­

v e r t i n g  t o  d e p t h ,  the  v e r t i c a l  and l a t e r a l  v e l o c i t y  v a r i a ­

t i o n s ,  h i g h l i g h t e d  by WHB i n ve r s i on o f  t h e  d i r e c t  a r r i v a l  

d a t a ,  w e r e  t a k en  i n t o  account  ( s e c t i o n  4 , 2 ) ,  The l a y e r  1 

v e l o c i t y  s t r u c t u r e  was a pp r o x i m a t e d  by a s e r i e s  of  I i n e a r  

ve I o c i t y - d e p t h  f u n c t i o n s ,  For t h r e e  or f o u r  t r i a l  l o c a t i o n s  

on eac h  I i ne  t he  dept h  to l ay e r  2 was then c a l c u l a t e d ,  For  

o t h e r  I oca  t ions on the  I i ne t h i s  p r o c e d u r e  was app»rox i mated  

by es t i ma t i n e  t h e  v e l o c i t y  of  an e q u i v a l e n t  cons t a n t  v e l o ­

c i t y  l a y e r ,  and c o n v e r t i n g  to depth u s i n g  t h i s  v e l o c i t y ,  

For  d e e p e r  h o r i z o n s  c o n s t a n t  v e l o c i t y  l a y e r s  based on minus  

t i m e  v e l o c i t i e s  we re used in c o n j u n c t i o n  w i t h  s t cn d-=j i d 

mu I t  i - I a y e  r f o rmu I ae  ( see sec t i on 5 , 1 , 1 ) ,

The p l u s - m i n u s  i n t e r p r e t a t i o n s  of  the  MAVIS I l i n e s  a r e  

shown in F i g , 5 , 8 ,  The c r o s s i n g  of  the two uppermost  r e f r a c ­

t o r s  a t  t h e  e a s t e r n  ends of  the two l i n e s  is p r o b a b l y  t h e  

r e s u l t  o f  t he  m i s - i d e n t i f i c a t i o n  of  t i m e - d i s t a n c e  b r an ch e s  

in t h e  M e t h i l  d a t a ,  On the F i g , 5 , 8b the v e l o c i t i e s  of  5 , 5 0
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and 5 , 2 4  km/s r e f e r  to the second l a y e r ,  The v e l o c i t y  o f  

5 , 9 9  k m / 5 i s  f o r  t h e  t h i r d  l a y e r ,  The dashed l i n e  be t ween  

t h e  two c r o s s e d  i n t e r f a c e s  r e p r e s e n t s  t h e i r  a v e r a g e  d e p t h ,  

T h i s  i n t e r p r e t a t i o n  sugge s t s  l a y e r  2 to  be v e r y  t h i n  or  

a b s e n t ,  The l a t e r a l  v e l o c i t y  v a r i a t i o n s  o b s er v e d  in l a y e r s  

2 and 3 a r e  a l s o  t he  r e s u l t  o f  the m i s - a s s i g n m e n t  o f  t i m e -  

d i s t a n c e  b r a n c h e s ,  e , g  benea t h  T r e a r n e ,  where  t he  c u r v e d  

n a t u r e  o f  t h e  t i m e - d i s t a n c e  segment was not  r e c o g n i s e d ,  An 

e r r o n e o u s  a p p a r e n t  v e l o c i t y  of  5 , 5 6  km/s was a s s i g n e d  to  

l a y e r  2 ,  b r a n c h  B on F i g , 5 , 5 ,  Subsequent  r a y - t r a c e  m o d e l ­

l i n g  o f  t h e  d a t a  ( see  s e c t i o n  5 , 2 , 2 )  a I lowed t he  removal  o f  

t h e s e  v a r i a t i o n s ,  The h i g h e r  v e l o c i t y  of  l ay e r  2 on t he  

MAVIS' I n o r t h  I i ne r e l a t i v e  to the south l i n e  is r e t a i n e d  in

t h e  r a y - t r a c e d  model  and is d i s c u s s e d  in s e c t i o n  7 , 2 ,  Ray-

t r a c i n g  o f  t h e  d a t a  a l s o  a l l o w e d  the smal l  l a y e r  3 l a t e r a l  

v e l o c i t y  v a r i a t i o n  to  be removed,  The depth  to  l a y e r  4 was 

c a l c u l a t e d  assumi nq  a v e l o c i t y  of  6 , 4  km/s,  as seen on LI  SF'B 

( B a m f o r d  e t  a l ,  1 9 7 8 ) ,  and f o r  a v e l o c i t y  of  6 , 5 3  km/s ,  as  

o b t a i n e d  f r om t he  modest r e v e r s a l  of  t h i s  r e f r a c t o r  on the  

s o u t h e r n  l i n e ,  The t wo v e I o  c i t i e s ma ke l i t t l e  d i f f e r e n c e  to  

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

V e r y  l i t t l e  r e v e r s a l  of  r e f r a c t o r s  occur s  on t he  MAVIy  

I I I i ne due to  i t s  s h o r t e r  l en g t h  and the Uchi  I F a u l t  br ing

i ng l a y e r  2 t o  t h e  s u r f a c e  in the  n o r t h ,  Where p l u s  t i m e s

c o u l d  be c a l c u l a t e d  ( s t a t i o n s  26,  27 ,  33 ,  and 34 u s i n g  t h e  

B l a i r h i l l  and D o l l a r  s h o t s )  t he  depths  o b t a i n e d  t o  l a y e r  2 

w e r e  c o m p a r a b l e  to  those o b t a i n e d  f o r  MAVIS I ,  To overcome  

t h e  l a c k  o f  r e v e r s a l  the  a d a p t a t i o n  of  the  p l u s - m i n u s  

method,  d e s c r i b e d  in s e c t i o n  5 , 1 . 2 ,  was c a r r i e d  out  M, F l e m -
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i n q  f a s  s um i n q  v e l o c i t i e s  o f  s 4 3  c r, n  , ,d 1_b D ’ 4.3 a n d  6 , 0  0 k m/ s  f o r  l a y e r s  2

and 3 r e s p e c t i v e l y ,  T h .  r e s u l t s  of  t he  d e l a y - t i m e  c o n v e r ­

s i o n  t o  d e p t h  a r e  not  r e pr o d u c e d  h e r e ,  The p r o f i l e s  showed

e x c e s s i v e  s c a t t e r  ( g r e a t e r  than 1 km f o r  t h e  f i r s t  i n t e r f a c e  

and g r e a t e r  t h a n  2 km f o r  t he  second)  due to  the  s c a t t e r  on

t h e  t r a v e l - t i m e  d a t a  and t he  use of  an a v e r a g e  r e f r a c t o r

v e I o c  i t y

5 , 2 , 2 ,  R a y - T r a c e d  P r o f i l e s

When r a y - t r a c i n g  t h e  MAVIS I d a t a  t he  i n i t i a l  model  was  

ba se d  on v e l o c i t i e s  d e r i v e d  f rom the  WHB i n v e r s i o n ,  and t h e  

i n t e r f a c e  g e o m e t r y  and v e l o c i t i e s  d e t e r m i n e d  by t h e  p l u s -  

mi nus  i n t e r p r e t a t i o n ,  Problems a p p l y i n g  t he  d e l a y  t i m e  

me th o d  t o  t h e  MAVIS I I  d a t a  n e c e s s i t a t e d  t he  use o f  an i n i ­

t i a l  model  based  on WHB v e l o c i t i e s #  and v e l o c i t i e s  and  

i n t e r f a c e  d e p t h s  d e t e r m i n e d  f rom the  MAVIS I d a t a .  An i d e n t ­

i c a l  p r o c e d u r e  was used f o r  the  MAVIS I I I q u a r r y - b l a s t  i i n e ,  

The MAVIS I and I I  models  were  e x t e n d e d  be l ow l a y e r  4 u s i n g  

t h e  L I SPB mode l s  o f  t he  M i d l a n d  V a l l e y ,  Q u a r r y - b l a s t  d a t a  

r e i n t e r p r e t e d  f r  om So l a  ( 1 9 8 5 )  we r e mode l i e d  based on mod i 

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

gr am r e q u i r e s  v e I o c  i t y gr ad i en t s w i t h i n  a l l  I a y e r  s and  

m o d e l s  r e f r a c t e d  r ays  as d i v i n g  r a y s ,  A v e l o c i t y  g r a d i e n t  o f  

0 . 0 5  s - 1  i s  assumed f o r  l a y e r  2 and 0 . 0 3  s -1  f o r  l a y e r s  3 

and 4 ,

S e v e r a l  p r o b l e m s  w e r e  e n c o u n t e r e d  d u r i n g  r a y - t r a c i n g .  

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

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

s t r a i g h t  l i n e s ,  I n  c o n s t r u c t i n g  t h e  m o d e l s  f o r  r e y  t r a c i n g ,
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s h ot  p o i n t  r a n g es  w e r e  c a l c u l a t e d  f rom some o r i g i n  ( t h e  

e a s t e r n m o s t  shot  on e a s t - w e s t  t r e n d i n g  l i n e s  and t he  n o r t h ­

e r n m o s t  s h o t  on n o r t h - s o u t h  t r e n d i n g  l i n e s ) ,  The r e c e i v e r s  

w e r e  p o s i t i o n e d  w i t h  r e s p e c t  to  each c a l c u l a t e d  shot  p o i n t .  

S i n c e  t h e  r e c e i v e r s  do not  I i e  on a s t r a i g h t  l i n e  be t ween  

any  two s h o t s  t h e  sum o f  t he  ranges f rom t h e s e  two s hot s

does n o t  e qu a l  t he  range  between t he  s h o t s ,  T h e r e f o r e ,  in

t h e  t w o - d i m e n s i o n a l  p r o f i l e  to  be r a y - t r a c e d ,  t he  p o s i t i o n  

o f  any  r e c e i v e r  w i l l  be d i f f e r e n t  f o r  d i f f e r e n t  s h o t s .  U s u ­

a l l y  t h e  d i f f e r e n c e  is l ess  t han 10 m, t h e  e r r o r  in I o c a t  i ng 

t h e  r e c e i v e r *  However ,  where  the s ho t s  a r e  more than a few  

k i l o m e t r e s  o f f  l i n e ,  e . g  the  W e s t f i e l d  to  M e t h i l  s e c t i o n  of  

t h e  MAVIS I n o r t h  l i n e ,  r e c e i v e r  l o c a t i o n s  can d i f f e r  by up

t o  2 km. S i n c e  the  v e l o c i t y  g r i d  is p o o r l y  d e f i n e d ,  and

assumed t o  be u n i f o r m  in t h i s  r e g i o n ,  even t h i s  d i s c r e p a n c y  

w i l l  h a v e  l i t t l e  e f  f e c t  on t r ave  I - t i mes♦

F u r t h e r  p r ob l ems  were  e nc o u n t e r e d  in c o n s t r u c t i n g  the  

r a y  -1  r a c  i nq model  in t he  B a t h g a t e  r e g i o n  where  d a t a  f rom  

s e v e r a l  q u a r r y  s o u r ce s  a r e  combined* F i g * 5 * 9  i I l u s t r a t e s  

t h e  r e l a t i v e  p o s i t i o n s  of  the  sources  in t h i s  r e g i o n ,  Us i ng  

t h e  A b e r u t h v e n  shot  p o i n t  as an o r i g i n  the  ranges o f  

B l a i r h i l l  and C a i r n y h i l !  a r e  a lmost  i d e n t i c a l *  However ,  the  

d a t a  c a n n o t  be s a t i s f i e d  because q u a r t z - d o I e r i t e  s i l l s  a r e  

t h e  d o m i n a n t  c o n t r o l  on t r a v e l  t i me w i t h i n  the  f i r s t  10 km 

o f  a s h o t ,  and the  q u a r r i e s  a r e  s i t u a t e d  a t  d i f f e r i n g  d i s ­

t a n c e s  f r om  t h e  s i l l  m a r g i n s ,  For t h i s  reason ,  in l o c a t i n g  

C a i r n y h i l  I on t he  r a y - 1 r a o i n g  mode I , the  s i l l  mar g in  to the  

s o u t h  e a s t  o f  C a i r n y h i l l  was assumed to c o i n c i d e  w i t h  the  

s i l l  m a r g i n  t o  t he  sout h  of  Tamsloup,  and t he  s ou r ce  l o c a t e d



n yh i  I I a r e  n o t  on a si  | I , u n l i k e  t hose  t o  t h e  n o r t h  o f

Tams I cup and BI  a i r h i  I I , the mode I I e d  t r a v e  I t i m e s  a r e  con -

5 i s t e n t  I y f a s t *

The r a y - t r a c e d  dept h  s e c t i o n s ,  o b s er ve d  and c a l c u l a t e d

t r a v e l - t i m e s  and ray  d i agrams a r e  shown in F i gs . 5 . 1 0 to

5 ♦ 74 * O b s e r v e d  and c a l c u l a t e d  P-wave t r a v e l  t i me s  a r e  I i s t e d

in A p p e n d i x  3* The ray  pa th  c I ass i f i c a t  i on used is shown in 

T a b l e  5 * 1  ♦

T a b l e  5 . 1  R a y - P a t h  C l a s s i f i c a t i o n .

Code Wave Pa t h

a 1 D i r e c t  a r  r i v a l s  through l a y e r  1

a2 R e f 1e c t i  ons f rom the top of  l a y e r  2

a3 Re f  r a c t  i ons thr ough  the  top of  l a y e r 2

a 3 ( d ) D i r e c t  a r r i v a l s  through l a y e r  2 ( f o r s hot s  in l a y e r  2)

a4 R e f  1e c t  i ons f rom the top of  l a y e r  3

a5 Re f  r a c t  i ons through the top of  l a y e r 3

a6 Ref  1e c t  i ons from the top of  l a y e r  4

a7 Re f  r a o t  i ons through the top of  l ay e r 4

a8 Ref  1e c t  i on f rom the  top of  l a y e r  5

a9 Re f  r a c t i  ons through the top of  l ay e r 5

a 1 0 Re f  1e c t  i ons f rom the  top of  l a y e r  6 (Moho r e f l e c t i o n s )

The d a t a  a l l o w  t he  g e n e r a t i o n  of  a c o n s i s t e n t  s e t  o f  

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

j • Kn fwAPn o »5 snd 2 15 km i n v e l o c i t y  v a r i a t i o n  and v a r i e s  betwee

t h i c k n e s s .  N o r t h  of  t he  Och i l  F a u l t  and south o f  t h e  W i l ­

son town F a u l t  ( s e e  F i g .  1 . 8 )  t he  second l ay e r  t e a c h . s
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s u r f a c e .  The u n d e r l y i n g  l a y e r s  show no I a t e r a  I v e I o c i t y

c h a n g e  and a r e  s e p a r a t e d  by i n t e r f a c e s  w i t h  r e l i e f  of  l es s

t h a n  a k i l o m e t r e .  Where the d i f f e r e n t  l i n e s  i n t e r s e c t ,

d e p t h s  t o  i n t e r f a c e s  a g r e e  to w i t h i n  0 , 5  km. T h i s

c o r r e s p o n d s  t o  a t i me  d i f f e r e n c e  of  about  0 , 0 7  s f o r  t h e

f i r s t  two i n t e r f a c e s ,  and about  0 , 0 5  s f o r  the  t h i r d  i n t e r -

f a c e ,  The s c a t t e r  o f  the  d a t a  f r e q u e n t l y  exceeds  t h e s e  

amoun t s *

O b s e r v e d  d a t a  show a s c a t t e r  about  a number o f  b e s t - f i t  

v e l o c i t y  s e g m e n t s .  Where p o s s i b l e  d u r i n g  r a y - t r a c i n q  t h i s

s c a t t e r  was model  l e d .  However*  c a l c u l a t e d  t i mes  a r e  o f t e n  

o b t a i n e d  by " t h r e a d i n g "  through the o b s er ve d  a r r i v a l s *  t h e  

d i s c r e p a n c y  b e t ween  i n d i v i d u a l  observed  and c a l c u l a t e d  t i m e s  

f r e q u e n t l y  e x c e e d i n g  the t i m i n g  e r r o r .  T h i s  s c a t t e r  i s

i l l u s t r a t e d  by a r r i v a l s  r e cor de d  a t  s t a t i o n s  41 t o  50 f rom

t h e  A b e r u t h v e n  shot  of  MAVIS I I  ( F i g . 5 . 3 8 ) .  (These  s t a t i o n s  

a r e  t h e  “BI  a i r h i  I I / A v o n b r i d g e "  r e c e i v e r  l o c a t i o n s  between  

t h e s e  two sou r ces in F i g . 5 . 9 ) ♦  Si nee t hese a r e  a l l  s i t  es  

l o c a t e d  on rock  o u t c r o p  near  s u r f a c e  d e l a y s  r e l a t e d  to  d r i f t  

a r e  n o t  p r e s e n t .  A l s o *  the d a t a  a r e  of  good q u a l i t y  so m i s - 

p i c k s  a r e  u n l i k e l y .  E l e v a t i o n  v a r i e s  f rom 0 . 1 4  to  0 . ^ 4  km 

AOD, e q u i v a l e n t  to a t i me d i f f e r e n c e  t hr ough q u a r t z - do I e r i t e  

o f  a b o u t  0 . 0 2  s .  S c a t t e r  is about  0 . 0 6  s and the  m o d e l l e d  

d a t a  a r e  t h r e a d e d  to pass through as many e r r o r  b a r s  ds p o s ­

s i b l e .  T h i s  amount  o f  s c a t t e r  is presumably  the  r e s u l t  of  

c om p l e x  v e l o c i t y  s t r u c t u r e  w i t h i n  the s u b - s u r f a c e  d e l a y i n g  

t h e  s e i s m i c  waves*  and perhaps a t t e n u a t i n g *  some phases more

t h a n  o t h e r s .  C o n s t r u c t i v e / d e s t r u c t i v e  i n t e r f e r e n c e  b e t w e e n  

d i f f e r e n t  a r r i v a l s ,  e s p e c i a l l y  a t  ranges where  r e f r a c t e d  and
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r e t ! e c t e d  a r r i v a l s  have  s i m i l a r  t r a v e l  t i m e s ,  may be r e s p o n ­

s i b l e  f o r  some s c a t t e r .  The causes  o f  s c a t t e r  a r e  c o n ­

s i d e r e d  t o  be b e l o w  t he  r e s o l u t i o n  o f  t h e  m o d e l l i n g  pr ogr am  

and a r e  o f  s e c o n d a r y  i m p o r t a n c e  in c ompar i son  to t he  o v e r a l l  

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

sho t s .

When model  I ing t h e  d a t a ,  we I I d e f i n e d  seqments  w e r e  

f i t t e d  as c l o s e l y  p o s s i b I e  a t  t he  e x pense of  more s c a t t e r e d  

da t a  o r i g i n a t i n g  f r  om t he same a r ea o f  t he  mode I . Whe r e 

s c a t t e r  a f f e c t e d  good d a t a ,  t he  c h o i c e  o f  w h i c h  p o i n t s  w e r e  

model  l e d  depended on t h e  f i t t i n g  o f  d a t a  f rom o t h e r  s ou r ce s  

o r i g i n a t i n g  f rom t he  same p a r t  o f  the  mode l .  F i n a l l y ,  t he  

o b s e r v e d  d a t a  do not  a l w a y s  r e v e r s e  e x a c t l y ,  p r e su m ab l y  due  

t o  e r r o r s  in c a l c u l a t i n g  the  shot  i n s t a n t .  S i n c e  the

model  l e d  d a t a  wi I I a l w a y s  do so,  t h i s  too a f f e c t e d  w h i c h

d a t a  p o i n t s  w e r e  m o d e l l e d .

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

r e c o r d e d  f rom bot h  Met h i  I s h o t s .  F i g s . 5 . 1 9  and 5 . 3 2  show 

i n t e r c e p t  t i  mes f o r  t i m e - d i s t a n c e  b r an ch e s  f rom t h e s e  

s o u r c e s  t o  be t y p i c a l l y  0 . 5  s g r e a t e r  than t h e i r  e q u i v a l e n t s  

f r o m  o t h e r  s h o t s .  P o s s i b l e  causes i n c l u d e  a p o s i t i o n a l  e r r o r  

or  an u n d e t e c t e d  l o w - v e l o c i t y  l a y e r  b e ne a th  the  shot  p o i n t .

A d e l a y  o f  0 . 5  s r e q u i r e s  a p o s i t i o n a l  e r r o r  of  about  2 km. 

T h i s  is  not  p o s s i b l e  s i n c e  p o s i t i o n i n g  was by t he  r a d a r  

l o c a t i o n  s ys t e m of  t h e  f i r i n g  s h i p .  F u r t h e r ,  i f  t he  d e l a y  

was d u e , t o  a p o s i t i o n a l  e r r o r  t i m e - d i s t a n c e  segments o f  d i f ­

f e r e n t  a p p a r e n t  v e l o c i t y  wou l d  be d e l a y e d  by d i f f e r i n g  

a m o u n t s ,  A l t e r n a t i v e l y ,  a t h i c k  b a s i n  c o n t a i n i n g  low v e l o ­

c i t y  P e r m o - T r i a s s i c  s e d i me n t s  c o u l d  e x p l a i n  t h e  d e l a y ,
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H o w e v e r ,  Thomson ( 1 9 7 8 )  shows t h a t  W e s t p h a l i a n  s t r a t a  u n d e r ­

l i e  t h e  shot  p o i n t ,  S i n c e  the r e f r a c t e d  a r r i v a l s  f rom l a y e r  

2 a r e  s u b j e c t  t o  t h i s  d e l a y ,  in t he  c ase  o f  t h e  n o r t h  l i n e

s h o t ,  t h e  c ause  must l i e  above t h i s  h o r i z o n ,  The BGS i s o -

pach maps (Browne e t  a l ,  1985)  show a t h i c k  C a r b o n i f e r o u s  

bas in in t he Me t h i I a r e a , I no I us ion o f  t h i s  b a s i n  in t he  

r a y - t r a c e d  mo deI  w i l l  not  comp Ie  t e I y  e x p l a i n  t h e  d e l a y ,  A 

f u r t h e r ,  bu t  u n l i k e l y ,  p o s s i b i l i t y  i s  t h a t  a zone of  v e r y

low v e l o c i t y  Car b o n i f e r o u s  rocks  o c c u r s  b e n e a th  t he  s h o t -

p o i n t  a r e a ,  The M e t h i  I s ho t s  w e r e  o f f s e t  f rom t he  n e a r e s t  

r e c e i v e r s  by ov er  10 km to  a c h i e v e  t h e  d e s i r e d  I ine l e n q t h ,  

T h e r e f o r e ,  sha l  low s t r u c t u r e  is p o o r l y  c o n s t r a i n e d  in t h e i r  

v i c i n i t y  and t h e  n a t u r e  o f  the  d e l a y  cannot  be d e f i n i t e l y  

a s s e r  t e d ,

T h e r e  a r e  some s i g n i f i c a n t  d i f f e r e n c e s  between t he  

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

d e s c r i  bed by Conway e t  a I , ( 1 9 8 7 ) ,  L a y e r  1 v e I o c  i t i es a r e

l o w e r ,  in b e t t e r  aqreement  w i t h  t hose  q u o t e d  by Dav idson  e t  

a i ,  ( 1 9 8 4 )  f o r  C a r b o n i f e r o u s  r o c k s .  The dept h  to  l a y e r  2 is 

l e s s  a t  t h e  w e s t e r n  ends of  the  I ines w h i ch  is in a c c o r d a n c e  

w i t h  t h e  d e p t h s  p r e d i c t e d  f rom t he  s u r f a c e  g e o l o g y ,  T h i s  is 

par  t I y  due to  t he  Iower  v e I o c  i t i es i n I a y e r  1 and par  t I y  due 

t o  t h e  r e a s s i g n m e n t  of  a r r i v a l s  f rom t h e  T r e a r n e  shut  f f om  

l a y e r  1 to  l a y e r  2 ,  The dept h  to t h i s  l a y e r  is deeper  in 

t h e  e a s t  t o  a g r e e  w i t h  the  i sopach d a t a  o f  Browne e t  a l ,  

1 1 3 8 5 ) , .  and s h a l l o w e r  b e n ea t h  W e s t f i e l d  on t he  n o r t h e r n  l i n e  

due t o  t h e  r e a s s i g n m e n t  of  a r r i v a l s  f t om t he  t h i _ s__i r__.

The d e p t h  t o  l a y e r  3 is l a r g e l y  u n a l t e r e d ,  but  a t  the  

w e s t e r n  end o f  t h e  n o r t h e r n  l i n e  t he  l a y e r  no longer  deepens
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t o  o v e r  7 km, A g a i n ,  t h i s  is p a r t l y  due to  lower  l a y e r  1 

v e l o c i t i e s ,  and p a r t l y  to r e a s s i gn me nt  o f  d a t a ,  The d e p t h s  

t o  l a y e r  4 a r e  f a i r l y  s i m i l a r ,  D i f f e r e n c e s  in l a y e r  v e l o c i ­

t i e s  ha ve  been reduced  and l a t e r a l  v a r i a t i o n s  e l i m i n a t e d ,

The r a y - t r a c e d  models  o f  t he  l i n e s  o r i g i n a l l y  i n t e r ­

p r e t e d  by S o l a  ( 1 9 8 5 )  do not  i n c l u d e  t he  r e f r a c t o r  i n t e r ­

p r e t e d  as  t h e  t op  o f  the  C a r b o n i f e r o u s  l a v a s ,  S o l a ' s  i n c l u ­

s i o n  o f  t h i s  h o r i z o n  is based on d a t a  f rom Tamsloup w h e re  

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

t i o n  o f  t h e  l a v a  h o r i z o n  is not  c o n s i d e r e d  to be j u s t i f i e d  

s i n c e  a r r i v a l s  f rom t h i s  l ay e r  a r e  not  o b s e r v e d  f rom S o l a ' s  

Medr ox  s o u r c e ,  or f rom the  a p p r o p r i a t e  MAVIS s h o t s ,  A p a r t  

f r o m  t h i s  d i f f e r e n c e  the  models  a r e  not  d i s s i m i l a r ,  though  

t h e  d e e p e n i n g  of  l a y e r  2 to  the  west  o f  Kaimes has been  

c o r r e l a t e d  w i t h  s u r f a c e  f a u l t s  r a t h e r  than b e i n g  m o d e l l e d  as  

a g r a d u a l  d e e p e n i n g  w i t h  no s u r f a c e  g e o l o g i c a l  e x p r e s s i o n ,

I n t e g r a t i o n  w i t h  g e o l o g i c a l  d a t a  ( see  s e c t i o n  7 , 2 )  

r a i s e s  a number of  p o i n t s  r e g a r d i n g  the  v a l i d i t y  o f  t h e  

r ay  - t r ac  i ng t echni  g u e , F i r s t l y ,  geo Iog i ca I  da t a sugges t 

l a y e r  1 t o  be c o n s i d e r a b l y  t h i n n e r  a t  the  w e s t e r n  end o f  t he  

MAVIS I n o r t h  l i n e  than in t he  ray  t r a c e d  mo d e l ,  T h i s  

a p p e a r s  t o  be due to o v e r e s t i m a t i o n  of  l a y e r  1 v e l o c i t i e s ,  

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

a r r i v a l s  t h r o u g h  l a y e r  1. However ,  e x p e r i m e n t s  show t he  

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

key poin- t  on t h e  v e l o c i t y  g r i d  i s  t h a t  j u s t  b e f o r e  t h e  t u r n ­

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

h e r e  is  f a r  g r e a t e r  than a t  any o t h e r  p o i n t  a l o n g  t he  r ay  

p a t h .  T h i s  p o i n t  c o n t r o l s  the  v e l o c i t y  g r a d i e n t  and hence
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t h e  t u r n i n g  p o i n t  d e p t h ,  T h i s  means g r e a t  c a r e  has to  be 

t a k e n  t o  keep v e l o c i t y  g r a d i e n t s  as smooth as p o s s i b l e ,  

T h i s  l e a d s  t o  a f u r t h e r  p o i n t ,  The v e l o c i t y  g r i d  used has a 

v e r t i c a l  s p a c i n g  o f  0 , 5  km, The l avas  in t h i s  a r e a  a r e  

a b o u t  0 , 5  km t h i c k ,  In o r d e r  t o  s a t i s f y  t h e  t r a v e l  t i m e  o f

r a y s  in  t h e  topmost  0 , 5  km the  v e l o c i t y  a t  0 , 5  km d e p t h  has  

t o  be a l a v a  v e l o c i t y ,  However ,  because  o f  t h e  q r i d  s p a c ­

i n g ,  t h e  " l a v a "  v e l o c i t y  a I so appI  i e s , a t  l e a s t  in p a r t ,  to  

d e p t h s  b e t w ee n  0 , 5  and 1 ,0  km, C o n s e q u e n t l y ,  r ays  p a s s i n g  

t h r o u g h  t h i s  l a y e r  must be r e f r a c t e d  a t  deeper  i n t e r f a c e s  to  

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

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

v e l o c i t y  model  and,  in t u r n ,  what  is a r e a s o n a b l e  v e l o c i t y

g r i d  s p a c i n g ,  A s p a c i n g  f i n e  enough to r e s o l v e  t he  i n v e r ­

s i o n  p r e d i c t e d  be l ow t h e  l ava  p i l e  i m p l i e s  a f a r  g r e a t e r  

d e g r e e  o f  g e o l o g i c a l  c o n t r o l  than is a c t u a l l y  p r e s e n t ,  The 

d e p t h  t o  t h e  i n v e r s i o n  can o n l y  be e s t i m a t e d ,  a v e l o c i t y

model  i n c l u d i n g  t h i s  wou l d  be over  model  I i ng ,  A l s o ,  a 

c l o s e l y  spac e d  near  s u r f a c e  g r i d  w i t h  l a r g e  v e l o c i t y  v a r i a ­

t i o n s ,  h i n d e r s  t he  s u c c e s s f u l  t r a c i n g  o f  d i r e c t  a r r i v a l  r a ys  

back  t o  t h e  s u r f a c e ,  The program has a t e nde ncy  to  r e f l e c t  

t h e  r a y s  o f f  t h i s  a r e a  of  h i gh  v e l o c i t y  g r a d i e n t s ,  b e f o r e  

t r a c i n g  them back t o  t h e  s u r f a c e ,  A simi  l a r  p r ob l em ap>p I i es  

t o  l a y e r  2 ,  In t he  model  of  the  MAVIS I n o r t h  l i n e  t h i s  

l a y e r  has  a h i g h e r  v e l o c i t y  than e l s e w h e r e ,  As d i s c u s s e d  in 

s e c t i o n  7 , 2 ,  t h i s  is a t t r i b u t e d  to ORS I a v a s , However ,  l a y e r  

2 i s  i n t e r p r e t e d  as both  Lower ORS and Lower P a l a e o z o i c ,  I t  

w o u l d  be e x p e c t e d  t h a t  the  v e l o c i t y  a t  the  base of  the  l * y e r  

w o u l d  be s i m i l a r  f o r  a l l  t he  d a t a .  Because a u n i f o r m  v e l o ­

c i t y  g r a d i e n t  i s  assumed f o r  l a y e r  2 ( 0 , 0 5  s - 1 )  t h i s  is not
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t h e  c a s e ,  T h i s  poses the  p r ob l em of  w h e t h e r  a d i f f e r e n t

v e 1o c i  t y gr ad i en t , or  an i nver  s i on s h o u ! d mode I I ed  in t h i s  

a r e a ,  I f  t h e  l a t t e r  i s  u n d e r t a k e n ,  knowledge o f  t he  d e pt h  

t o  t h e  i n v e r s i o n  i s  i mp> I i e d ,  C l e a r l y  t h e s e  p r ob l ems  a r e  not

r e s o l v a b l e  w i t h  t h e  MAV IS d a t a  s e t  and t he  l i m i t a t i o n s

i mp I i e d  f o r  t h e  g e o l o g i c a l  i n t e r p r e t a t i o n s  d i s c u s s e d  in s e c ­

t i o n  7 , 2  s h o u l d  not  be f o r g o t t e n ,
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CHAPTER 6 - GRAVITY MODELLING

6 » 1, I n t r o d u c t i o n

Tht; g r a v i t y  and m a g n e t i c  f i e l d s  in t h e  M i d l a n d  V a l l e y  

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

s t u d i e d  a t  Gl asgow (McLean 1961,  1966,  C o t t o n  1968,  Qur esh i  

19 7 0 ,  H o s s a i n  1976,  A l omar i  1 980 ) *  T h i s  work has c r e a t e d  a 

l a r g e  d a t a b a s e  of  rock d e n s i t y  measur ement s ,  Two-  

d i m e n s i o n a l  g r a v i t y  m o d e l l i n g  has been u n d e r t a k e n  based on 

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

p o s s i b l e  mode l s*  The aims of  the  model I inq wer e  t o :

H ]  F u r t h e r  c o n s t r a i n  s t r u c t u r e s  mapped s e i s m i c a l l y .

[ 2 ]  R e - a s s e s s  p r e v i o u s  models o f  g r a v i t y  and m a g n e t i c  

anomaI  i es  d e v e l o p e d  b e f o r e  t he  MAVIS e x p e r i m e n t ,

6 , 2 *  Met  hod

P r og r a m  MD2D was w r i t t e n  to  u n d e r t a k e  t h i s  m o d e l l i n g  

( A p p e n d i x , 9 , 6  ) , The program c a l c u l a t e s  the  t w o - d i m e n s i o n a l  

g r a v i t y  and maqne t i c  e f f e c t s  of  a s e r i e s  o f  n - s i  ded 

p o I y q o n s  , The q r a v i t y  p a r t  of  the  program was adap t ed  f rom  

p r o g r a m  T2D,  w r i t t e n  by W , T , C,Sower b u t t s , and t he  m a g n e t i c  

p a r t  i s  an a d a p t a t i o n  of  the  program MAGNET, w r i t t e n  by 

D , R , W a t t s ,  The i npu t  to  the  two programs was s t a n d a r d i s e d  

and t h e  m a g n e t i c  program a l t e r e d  to a l l o w  m u l t i p l e  b u d i e s  to  

be m o d e l l e d ,  In t h e  e v e n t ,  no m a g n e t i c  m o d e l l i n g  was u n d e r ­

t a k e n  due to l ack  o f  t i m e ,  Observed d a t a  a r e  i nput  in the  

f o r m of  a g r i d  r e f e r e n c e  and r e a d i n g ,  The pr ogram then  

e x t r a p o l a t e s  t he  d a t a  on to a p r o f i I e d . f ined by the  g r i d  

r e f e r e n c e s  o f  i t s  end p o i n t s *  The c a p a c i t y  to  remove a



- 12 0  -

r e g i o n a l  g r a d i e n t  is i n c l u d e d ,  GHOST g r a p h i c s  r o u t i n e s  a l l o w  

t h e  p l o t t i n g  o f  t he  mode l ,  or  mode l s ,  and t he  c a l c u l a t e d  and  

o b s e r v e d  a n o m a l i e s ,  or any c o m b i n a t i o n  t h e r e o f ,  A map of  t h e  

s t a t i o n s  and t h e i r  e x t r a p o l a t e d  pos i t i ons on t h e  p r o f i l e  may 

a I so be p l o t  t e d ,

The g r a v i t y  p a r t  of  t he  program uses t h e  method o f

Ta I  wan i e t  a l ,  ( 1 9 5 9 ) ,  Cons i der  the  body a p p r o x i m a t e d  by

t h e  n - s i ded p o l y g o n  in F i g , 6 , 1 ,  Hubber t  ( 1 9 4 8 )  showed t h a t

t h e  g r a v i t y  e f f e c t  o f  t h i s  s e c t i o n  is  equa l  to  a l i n e

i n t e g r a l  a r o u n d  t h e  p e r i m e t e r  such t h a t  

n
g = 2Gp O 2 d9 ( 6 . 1 )

w h e r e

G = u n i v e r s a l  c o n s t a n t  of  g r a v i t a t i o n  
p = dens  i t y

Assume P t o  be t he  o r i g i n  of  an XZ c o o r d i n a t e  s ys t e m,  For  

some a r b i t r a r y  po i n t R ( F i g »6, 1)

Ai tan© t a n #
2 = X t an© = (X - A i )  tanpfi =-------- ----------- ------  ( 6 , 2 )

t a n # i  - tan©

The I i n e  i n t e g r a l  f o r  the  s i d e  BC 
o

ZdQ =
BC

V

n
c Ai  tan© t a n # i

-----------------------------— d© = Z i ( 6 , 3 )
B t an ^ i  - tan©

n
g = 2Gp Y Z  2 ' 

i = 1

In t h e  most  g e n e r a l  case

Z i  = Ai  s i n ^ i  c o s p ' i  ( 6 i  - ©i + 1) +

cos©i  ( t an © i  - t a n p 1 )

( 6 , 4 )

( 6 , 5 )
tancfi  I oge . .

cos© i + 1 ( tan©i  + 1 - t a n ^ i )

z i ( 6 , 6 )
© i = t a n - 1 ------

x i
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2 i + 1 - z j
0 i = t a n - 1  ----------------——

v : . 4 - ( 6 . 7 )
X 1 +  1 -  X I

x i + 1 - x i

Ai = Xi + ' + Zi+1 — -----------------  ( 6 . S)
2 1 - z i + 1

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

X a x i s  and d i f f e r e n t  b o d i e s ,  The g r a v i t a t i o n  a t t r a c t i o n s  

f r o m  e a c h  body a t  a g i v e n  p o i n t  a r e  th en  summed.

The d e n s i t y  d a t a  used in m o d e l l i n g  a r e  l i s t e d  in T a b l e

6 . 1 .

Tab I e  6 * 1 *  Dens i t y D a t a  ♦

Li  t h o 1ogy D e n s i t y  ( g / cm3)

C a r b o n i f e r o u s  s ed i ment s 2 . 5 4

C a r b o n i f e r o u s  l avas 2 . 7 2

ORS s e d i m e n t s 2 . 6 1

ORS 1avas 2 . 6 6

Basement  ( V p = 6 . 0  km/s) 2 , 6 9

Basement  ( V p = 6 , 4  km/s) 2 , 76

Bas i c i n t r us i ve 3 , 2 5

The two basement  d e n s i t i e s  a r e  t a k en  f rom B o t t  e t  a l »  

{ 1 9 7 2 ) »  N o t e  t h a t  t h e r e  is a d e n s i t y  c o n t r a s t  be tween t h e  

Lower  ORS and t h e  Lower P a l a e o z o i c  ( d e n s i t y  2 , 7 1  g / c m 3 ) .

However  » t h i s  was i gn o r ed  s i n c e  t h i s  i n t e r f a c e  is  no t  mapped  

s e i  smi c a I  I y . The w ho l e  of  l ay e r  2 was m o d e l l e d  as ORS s e d i ­

me n t s  on a l l  p r o f i l e s  except  G3 where  ORS l avas  wer e  assumed  

as s u g g e s t e d  by t h e  h i g h e r  v e l o c i t y  of  l a y e r  2 on t h e  MAVIS 

I n o r t h  l i n e  ( s e e  s e c t i o n  7 , 2 ) .  T h i s  was p r e f e r r e d  t o  t h e  

a s s u m p t i o n  o f  a c o m p l e t e l y  Lower P a l a e o z o i c  l a y e r  be ca us e
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t h e  s e i s m i c  r e s u l t s  s u g g e s t  t h a t  t h e  l a y e r  1-2 i n t e r f a c e  has

t h e  g r e a t e s t  r e l i e f ,  In a d d i t i o n ,  the  e f f e c t s  of  t h e

q u a r t z - d o l e r i t e  M i d l a n d  V a l l e y  s i l l  ( d e n s i t y  2 , 9 0  g/cm3> had 

to  be i g n o r e d  due to  l ack  o f  c o n s t r a i n t  on i t s  s t r u c t u r e ,

F i g , 6 , 2 ,  i l l u s t r a t e s  t h e  a n o m a l i e s  m o d e l l e d  and t he

I o c a  t i ons o f  t h e  g r av i t y and se i sm i c p r o f i l e s ,  C l e a r I y

t h e s e  a n o m a l i e s  a r e  t h r e e - d i m e n s i o n a l ,  However ,  t he  e x t e n t  

o f  t h e  s e i s m i c  c o v e r a g e  and the  I i m i t a t i o n s ,  m e n t i o n e d  

a b o v e ,  o f  any mode l s  wer e  not  thought  to  j u s t i f y  a d e t a i l e d  

t h r e e - d i m e n s i o n a I  i n t e r p r e t a t i o n , I n s t e a d ,  t h r e e  o r t h o g o n a l  

t w o - d i m e n s i o n a l  p r o f i l e s  wer e  m o d e l l e d ,  T h i s  geomet ry  a l l o w s  

t h e  r e c o g n i t i o n  of  any s i g n i f i c a n t  sour ces  of  anomaly  

l o c a t e d  o u t w i t h  any t w o - d i m e n s i o n a l  p r o f i l e ,  L i n e s  wer e  

p l a c e d  so t h e y  s y m m e t r i c a l l y  t r a v e r s e  the  a n o m a l i e s  to  

r e d u c e  such e f f e c t s  to  a minimum,  The a n o m a l i e s  do not  

n e c e s s a r i l y  c o i n c i d e  e x a c t l y  w i t h  s u r f a c e  s t r u c t u r e s ,  For  

examp I e  , t he A I I oa  " I ow” I i es sever  a I k i lomet r es to  t he eas t 

o f  t h e  s t r u c t u r a l  b a s i n  of  the  Cent r a I Coa I f  i e I d  Sy no I i n e , 

and t h e r e  is  no s u r f a c e  e x p r e s s i o n  of  the  B a t h g a t e  h i gh  

( F i g , 6 , 3 ) ,  F u r t h e r ,  the  g r a v i t y  and magne t i c  h i ghs  

a r o u n d  B a t h g a t e  a r e  not  c o i n c i d e n t ,  the  l a t t e r  b e i n g  d i s ­

p l a c e d  a f ew k i Iomet  res  s o u t h - wes t o f  the for m e r ,

I n i t i a l  models  wer e  based on the  MAVIS p r o f i l e s  and the  

i s o p a c h  maps o f  Browne e t a l ,  ( 1 9 8 5 ) ,  These mode Is  wer e  

t h e n  r e f i n e d  u n t i l  t hey  f i t  t he  obser ved  d a t a  to  w i t h i n  1 

m g a l ,  Where  t he  s ou r ce  of  anomaly is known to  l i e  out  o f  

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



1 2 3

6 . 3 .  R e s u I t  s

6 , 3 . 1 .  B a t h g a t e  Anomaly

The MAVIS p r o f i l e s  show t h e r e  to  be no r e l i e f  on any of  

t h e  i n t e r f a c e s  mapped t h a t  can be c o r r e l a t e d  w i t h  t h e  

B a t h g a t e  " h i g h " ,  T h e r e f o r e ,  t h e  s ou r ce  is l i k e l y  to  be a 

body o f  e x t r u s i v e  a n d / o r  i n t r u s i v e  igneous r o c k s ,  P ow e l l  

( 1 9 7 0 )  s u g g e s t s  t h a t  the  m a g n e t i c  anomaly is due t o  a body  

16 km in d i ame t e r ,  a t  a dep t h o f  4 . 8  km, of  r e l a t i v e l y  

d e n s e ,  m a g n e t i c  Lewi  si  an rocks  o f  g r a n u l i t e  f a c i e s .  An 

a l t e r n a t i v e  i n t e r p r e t a t i o n  o f  the  n o r t h - s o u t h  p r o f i l e  a c r o s s  

t h e  m a g n e t i c  anomal y  is a body 10 km a c r o s s ,  e x t e n d i n q  f rom  

9 . 9  t o  23 km d e p t h  (Gunn 1 9 7 5 ) .  More d e t a i l e d  work by Hos-  

s a i n  ( 1 9 7 6 )  m o d e l l e d  the  B a t h g a t e  m a g n e t i c  " h i gh"  in te rms  

o f  two e x t r e m e s ;  a s h a l l o w  " l a v a "  mode l ,  and a deep  

" i n t r u s i v e "  model  ( see  s e c t i o n  2 , 4  and F i g . 2 , 1 3 , ) ,  The s h a l ­

low s o u r c e  r e q u i r e s  lavas  to e x t e n d  to a dept h  o f  about  4 

km, The MAVIS d a t a  shows the  C a r b o n i f e r o u s  and Upper ORS to  

be c l o s e  t o  2 km t h i c k  in the B a t h g a t e  a r e a ,  I t  may be p o s ­

s i b l e ,  h o w e v e r ,  t o  model the  anomaly as a t h i n n e r  body i f  

t h e  t op  s u r f a c e ,  model led by Hossa i n  a t  a dep t h  o f  up t o  1 

km, i s  b r o u g h t  c l o s e r  to  the  s u r f a c e ,  A l t e r n a t i v e l y ,  t he  

d e e p e r  p a r t  o f  t he  body c ou l d  be an i n t r u s i o n .

F i g , 6 , 4  5 hows t he  key to  the  g r a v i t y  models  d e s c r i b e d  

b e l o w ,  The two g r a v i t y  p r o f i l e s  (G1 and G2 ) show the  a n o ­

ma l y  can be m o d e l l e d ,  as w i t h  the  m a g n e t i c s ,  in terms o f  two 

end member mo d e l s ,  The s h a l l o w  g r a v i t y  model  s a . i s f i e s  th_  

a n o m a l y  w i t h  a t h i c k e n e d  sequence of  C a r b o n i f e r o u s  l av a s  

( F i g s , 6 , 5  8c 6 , 6 ) ,  Such lavas  a r e  exposed a t  t he  s u r f a c e  to



- 1 2 4  -

t h e  n o r t h  o f  B a t h g a t e  and a t h i c k  l a v a  seque nc e ,  i n t e r p r e t e d  

as t h e  o v e r l a p  o f  t he  B a t h g a t e  l avas  w i t h  t ho s e  of  t h e  C l y d e  

P l a t e a u  t o  t h e  w e s t ,  is d e s c r i b e d  f rom t h e  R a s h i e h i l l  

b o r e h o l e  ( An d e r s o n  1963)  ( F i g , 6 , 7 ) ,  No t e  t h a t  t h e  o u t c r o p  

o f  t h e  B a t h g a t e  l a v a s  is to t he  e a s t  o f  t h e  n o r t h - s o u t h  G1

p r o f i l e  a c r o s s  t h e  anomaly ,  T h i s  i n d i c a t e s  t h a t  t h e  n o r t h -

s o u t h  s h a l l o w  model  of  the p r o f i l e  w i l l  not  s a t i s f y  t h e  

o b s e r v e d  einomaly,  F i g s , 6 , 8  and 6 , 9  i I l u s t r a t e  t h e  deep  

i n t r u s i v e  m o d e l ,  The d e n s i t y  of  the  i n t r u s i o n ,  3 , 2 5  g / cm3 ,  

i s  h i g h  in t h e  range quoted  by T e l f o r d  e t  a l ,  ( 1 9 7 6 )  f o r  

g a b b r o ,  In t h i s  case  the sour ce  o f  t he  anomaly  must be a

c o m b i n a t i o n  o f  t h i s  i n t r u s i o n  and t h e  l av a s  mapped a t  the

sur  f a c e ,

G r a v i t y  m o d e l l i n g  acr os s  the  B a t h g a t e  “h i gh "  has c o n ­

f i r m e d  t h e  r a nge  o f  p o s s i b l e  sour ces  d e t e r m i n e d  in e a r l i e r  

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

o f  t h e s e  i n t e r p r e t a t i o n s  is d i s cu s s e d  in s e c t i o n  7 , 5 ,

6 , 3 , 2 ,  A i l o a  and Qchi I F a u I t  AnomaI i es

The A I I oa  " low" c o i n c i d e s  w i t h  the  known d e p o s i t i o n a I  

K i n c a r d i n e  B a s i n ,  The isopaohs of  Browne e t  a l ,  ( 1 9 8 5 )  show 

t h i s  b a s i n  to  l i e  a few k i l o m e t r e s  e as t  o f  the  p r e s e n t  

s t r u c t u r a l  b a s i n  ( t h e  C e n t r a l  C o a l f i e l d  S y n c - l i n e ) ,  T h i s  is  

in a g r e e m e n t  w i t h  the  MAVIS I n o r t h  I ine wh i ch  shows the  

s y n c l i n a l  s t r u c t u r e  of  ORS u n c o n f o r m i t y  to  be o f f s e t  to  the  

e a s t  o f  t h e  s y n c l i n a l  axes (see  s e c t i o n  7 , 2 ) ,  T h i s  is  con-  

f i r m e d  by t h e  g r a v i t y  model of  t he  G3 p r o f i l e  ( F i g , 6 , 1 0 ) ,

Again,  the s o u r c e  o f  t h e  g r a v i t y  " low" is not  s y m m e t r i c a l

a b o u t  t h e  n o r t h - s o u t h  p r o f i l e  C S 1 ) .  F o r  t h i s  r e a s o n  t h e
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“ low" i s  n o t  c o m p l e t e l y  m o d e l l e d  a l o n g  t h i s  l i n e  ( F i g s . 6 , 6  

and 6 , 9 ) ,  Bot h  models  of  the  G1 p r o f i l e  c o n f i r m  the  s o u t h ­

w a r d  d i p  o f  t h e  O c h i l  F a u l t ,  The d a t a  c anno t  be s a t i s f i e d

by a v e r t i c a l  or  r e v e r s e d  f a u l t  even when t he  u n c o n s t r a i n e d  

t h i c k n e s s  o f  t h e  ORS l avas  o f  the  Och i l  H i l l s  i s  a d j u s t e d ,

The n a t u r e  o f  t h e  O c h i l  F a u l t  is d i s c u s s e d  in more d e t a i l  in

s e c t  i on 7 * 3 .

6 , 3 , 3 .  Ham i I ton AnomaIy

The g r a v i t y  “ low" c e n t r e d  a round H a m i l t o n  is not  

c r o s s e d  by a r e f r a c t  i ori I i ne , thoughi the  MAVI S p r o f  i I es  pass  

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

by D a v i d s o n  ( 1 9 8 6 )  l i e s  to the  s o u t h .  Browne e t  a l .  ( 1 9 8 7 a )  

h a v e  r e c e n t l y  p u b l i s h e d  an i n t e r p r e t a t i o n  of  t he  anomal y  

( F i g , 6 .  11,  p r o f i l e  G4 on F i g , 6 , 2 ) .  The anomaly is m o d e l l e d  

as a 2 , 5  km t h i c k  C a r b o n i f e r o u s  b a s i n ,  Not e  t he  s l i g h t l y  

d i f f e r e n t  d e n s i t i e s  used,  In the  model  the  Lower ORS and  

Lower  P a l a e o z o i c  a r e  shown as b e i n g  a t  a dep t h  o f  o n l y  about  

0 , 5  km, w i t h  t he  Cl yde  P l a t e a u  Lavas p r o v i d i n g  a d d i t i o n a l  

d e n s i t y  c o n t r a s t  to the  wes t ,  The b a s i n  ma r g i ns co i n c i de 

w i t h  t h e  s u r f a c e  e x p r e s s i o n s  of  the  Dechmont F a u l t  and a 

s p l a y  f r o m  t h e  Wi l s o n t o w n  F a u l t ,  The t h i n  C a r b o n i f e r o u s  

s e q u e n c e  t o  t he  n o r t h  of  the Wi ls o n t o wn  F a u l t  is not  s u p ­

p o r t e d  by t h e  s e i s m i c  e v i d e n c e ,  S i n c e  t he  anomaly is sub-  

c i r c u l a r  t h i s  model ought  to be an a p p r o x i m a t i o n  o f  t h e  

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

i s  n o t  . l i k e l y ,  but  more i m p o r t a n t l y ,  F i g . 6 . 3  and t he  MAVIS I 

I i n e s  show t h e r e  to  be a t h i c k  C a r b o n i f e r o u s  sequence to  t h e  

n o r t h .  T h e r e f o r e ,  a d i f f e r e n t  source  o f  d e n s i t y  c o n t r a s t  is  

r e q u i r e d  t o  t h a t  used in m o d e l l i n g  the  e a s t  west  p r o f i l e  o f
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t  he anoma I y by B r owne e t a I « « T h i s  i mp I i es t he anoma I y t o  

be t h e  r e s u l t  o f  s e v e r a l  g e o l o g i c a l  f e a t u r e s .  The v a l i d i t y  

o f  t h e  b a s a l t  wedge on t h e  west  s i d e  of  t h e  b a s i n  b e n e a t h  

t h e  Upper  ORS is a l s o  somewhat su sp e c t  g e o l o g i c a l l y ,

A l o m a r i  ( 1 9 8 0 )  p r oduced  two models  to  e x p l a i n  t h i s  a n o ­

m a l y  ( s e e  s e c t i o n  2 , 4 ) ,  A t h i c k  ORS b a s i n  is c o n s i d e r e d  

u n l i k e l y ,  s i n c e  ad j ' ac e n t  s e i s m i c  l i n e s  show basement  t o  be 

c o n s i s t e n t l y  f a r  s h a l l o w e r  than is r e q u i r e d ,  For t h i s  r e as o n  

h i s  model  o f  a g r a n i t e  i n t r u s i o n  is c o n s i d e r e d  t h e  most  

I i k e I y ,
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CHAPTER 7 - GEOLOGICAL INTERPRETATION AND DISCUSSION

7 . 1 ,  C r y s t a l  S t r u c t u r e  in the  M i d l a n d  V a l l e y :  I n t e r p r e t a ­

t i o n  and Compar i son  w i t h  P r e v i o u s  R e s u l t s

{ * 1« 1 i P-Wave D a t a

F i d , 7 , 1  shows a r e p r e s e n t a t i v e  MAVIS P - wave  v e l o c i t y -  

d e p t h  c u r v e ,  based on the  v e l o c i t y  a n a l y s i s  d e s c r i b e d  in 

C h a p t e r  4 and t h e  r a y - t r a c e d  mo d e l s ,  Simi  l a r  c u r v e s  o b t a i n e d  

f r o m LOWNET and LISPB f o r  the  M i d l a n d  V a l l e y  a r e  a l s o  p l o t ­

t e d  ( s e e  s e c t i o n  2 , 2 ) ,  The MAVIS c u r v e  c o n s i s t s  o f  a 2 km 

t h i c k  l a y e r  1 of  v e l o c i t y  3 , 0 - 5 , 0  km/s o v e r l y i n g  a l a y e r  2 

o f  s i m i l a r  t h i c k n e s s  and v e l o c i t y  5 , 4  km/s ,  L a ye r  3 has a 

v e l o c i t y  o f  6 , 0 4  km/s and t h i c k n e s s  o f  3 km, La ye r  4 has a 

v e l o c i t y  o f  6 , 4 3  km/s ,  V e l o c i t y  g r a d i e n t s  a r e  0 , 0 5  s - 1  f o r  

l a y e r  2 and 0 , 0 3  s - 1  f o r  l a y e r s  3 and 4,

The MAVIS' d a t a  a l l o w  the  r e f i n e m e n t  of  the  LI  SPB and 

LOWNET c r u s t a l  mo d e l s ,  The t h i c k n e s s  o f  the  " s u p e r f i c i a l "

LI  SPB l a y e r  1 i s  e s s e n t i a l l y  c o n f i r m e d ,  though w i t h  a some-

wha t h i qh v e I o c i  t y , Si  nee t h i s  I a y e r  was based on s u r f  ace

g e o l o g y ,  r a t h e r  than s e i s m i c  d a t a ,  t he  agreement  is r e m a r k -  

a b l y  good,  The "Lower P a l a e o z o i c "  l a y e r  2 o f  LISPB can be

s u b d i v i d e d  i n t o  t he  two l a y e r s  w i t h  v e l o c i t i e s  o f  about  5 , 4  

and 6 , 0  km/s .  Ther e  is r e a s o n a b l e  agreement  f o r  t he  d e pt h  

and v e l o c i t y  o f  t he  6 , 4  km/s " C a l e d o n i a n  f o r e l a n d  l a y e r  3 

o f  L I S P B ,  The LOWNET 5 , 6 5  km/s l a y e r  a p p e a r s  to  be t he  p r o ­

d u c t  o f  t h e  5 , 4  and 6 , 0  km/s l a y e r s  of  MAVIS,  Ag a i n  t h e r e  is  

r e a s o n a b l e  agr eement  as to t he  dep t h  and v e l o c i t y  of  t he  

L I SPB  l a y e r  3 ,
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F i g . ( . 2  i s  a c o m p i l a t i o n  o f  v e l o c i t y  d a t a  g a t h e r e d  by

H a l l  e t  a l .  ( 1 9 8 3 ) ,  Dav idson  e t  a l ,  ( 1 9 8 4 )  and S o l a  ( 1 9 8 5 ) .

V e l o c i t i e s  o f  C a r b o n i f e r o u s  rocks a r e  s i g n i f i c a n t l y  lower  

t h a n  t h o s e  o f  Lower ORS and Lower P a l a e o z o i c  r oc ks  wh i ch  

a r e ,  in  t u r n ,  l es s  than t hose  of  c r y s t a l l i n e  r o c k s .  The  

MAVIS v e l o c i t y - d e p t h  c ur ve  f rom F i g ♦7♦1 is  a l s o  shown.  

Based,<_»n t h i s  v e l o c i t y  d a t a  the  g e o l o g i c a l  i n t e r p r e t a t i o n  o f  

t h e  MAVIS l a y e r s  i s :

L a y e r  1 C a r b o n i f e r o u s  and Upper ORS

L a y e r  2 Lower ORS and Lower P a l a e o z o i c

L a y e r  3 C r y s t a l  I ine basement

L a y e r  4 H i g h e r  v e l o c i t y  c r y s t a l l i n e  basement .

T h i s  i s  in ag r ee me n t  w i t h  Dav idson ( 1 3 8 6 )  and S o l a  ( 1 3 8 5 ) .  

The h i g h e r  v e l o c i t y  v e I o c i t y - d e p t h  c u r v e  l a b e l l e d  "A" is  

f r o m t h e  A b e r u t h v e n  shot  of  MAVIS I I  and i l l u s t r a t e s  t h e  

i n c r e a s e  in v e l o c i t y  w i t h  depth  f o r  t he  Lower ORS I av a s  o f  

l a y e r  2 e x p o s e d  a t  the  s u r f a c e  to  the  sou t h  of  t h i s  s h o t .  

The l a y e r  2 c u r v e  l a b e l l e d  "B" is taken f rom t he  r a y - t r a c e d

model  o f  t h e  MAVIS I n o r t h  l i n e  whi ch  has h i g h e r  v e l o c i t i e s

t ha n  e l s e w h e r e .

7 . 1 . 2 ,  S-Wave Da t a

F i g . 7 . 3  compares t he  S-wave v e I o c i t y - dept h  c u r v e s  f rom  

MAVIS w i t h  t h o s e  o b t a i n e d  in the  M i d l a n d  V a l l e y  by MacBeth «t 

B u r t o n  ( 1 9 8 6 ) .  T h e i r  d a t a  a r e  based on t he  d e t e c t i o n ,  u s i n g  

t h e  LOWNET a r r a y ,  of  s u r f a c e  waves g e n e r a t e d  by a s o u r ce  in 

t h e  F i r t h  o f  F o r t h .  They d i v i d e  t he  M i d l a n d  V a l l e y  i n t o

f o u r  r e g i o n s  c o n t a i n i n g ,  A ) ,  ORS lavas  B ) , ORS s e d i m e n t s  C , ,

C a r b o n i f e r o u s  s e d i me n t s  and D ) , t he  F i r t h  of  F o r t h  e s t u a r y .



- 12 3  -

The l a t t e r  i s  i n c l u d e d  to  a s c e r t a i n  the  e f f e c t s  of  t h e  w a t e r  

and r e c e n t  s e d i m e n t s ,  The d i s t r i b u t i o n  of  the r e c e i v e r s  is  

such t h a t  f i v e  of  the  e i g h t  p r o p a g a t i o n  pa t hs  a r e  m a i n l y  

t h r o u g h  t h e  C a r b o n i f e r o u s ,  These v e I o c i t y - d e p t h  d a t a  a r e  

t h e r e f o r e  c o m p a r a b l e  w i t h  those  f rom MAVIS l a y e r  1, S - wav e  

v e l o c i t y  v a r i e s  between 1 ,4  and 2 , 1  km/s in the upper  40 0 m 

o f  t h e  c f u s t  and between 1 ,9  and 3 , 5  km/s in t he  d e e p e s t  

l a y e r s ,  The MAVIS c u r v e  is seen to f a l l  w i t h i n  t hese  r a n g e s ,  

t h o u g h  t h e r e  is  a tendency  to p r e d i c t  h i g h e r  v e l o c i t i e s  a t  a 

g i v e n  d e p t h ,  T h i s  is p r o b a b l y  due to the  e f f e c t s  o f  t he  

w a t e r  and r e c e n t  s ed i ment s  on the  s u r f a c e  wave d a t a ,  The  

t h r e e  r e m a i n i n g  p a t h s  (AB, ELO and DU) pass through a s i g n i ­

f i c a n t  p r o p o r t i o n  of  Lower ORS s t r a t a ,  The l a t t e r  two g i v e  

s i m i  I a r  r e s u l t s ,  though AB is anoma l ous l y  low,  The v e l o c i ­

t i e s  p r e d i c t e d  a r e  seen to be g r e a t e r  by about  0 , 5  km/s than  

t h o s e  o b t a i n e d  f rom the  C a r b o n i f e r o u s  ray  p a t h s ,  T h i s  is as  

e x p e c t e d  f rom t he  MAVIS P-wave mode l s ,  S-wave v e l o c i t y -  

d e p t h  d a t a  o b t a i n e d  f rom A b er u t hven  compare f a v o u r a b l y  w i t h  

t h o s e  f r o m ELO and DU, Th i s  is somewhat u n e xp ec t e d  s i n c e  

t h e  MAVIS d a t a  is based on a s i n g l e  shot  r e co r de d  t h r ou g h  an 

ORS l a v a  sequence  w i t h  no a l l o w a n c e  made f o r  l a t e r a l  v e l o ­

c i t y  v a r i a t i o n s  ( see  s e c t i o n  4 , 2 ) ,  w h i l s t  the s u r f a c e  wave  

d a t a  i s  f o r  a c o m b i n a t i o n  of  ORS s ed i me n t s  and l avas  and t h e

C a r bo n  i f e r o u s ,

7 , 1 , 3 ,  V p / V s  and P o i s s o n ' s  R a t i o

P i c k e t t  ( 1 9 8 3 )  demo n st r a t es  t h a t  Po i sson  s r a t i o ,  or

-  <= => l i t h o l o g i c a l  d i s c r i m i n a t o r  j u s t  V p / V s ,  can be used as a i n n - . - j i - a

( F i g , 7 , 4 a , b  and T a b l e  7 , 1 ) *
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T a b l e  7 . 1 .  V p / V s  and P o i s s o n ' s  R a t i o  f o r  D i f f e r e n t  L i t h o l o

q i es  i

Li  t ho Ioqy Vp/ Vs Po i s s o n ' s Rat  i o

Sands tone  

Do Iom i t e  

L i mes tone

1 . 6 - 1  ,75  

1,8  

1 ,9

0 , 1 8 - 0 , 2 6  

0 , 2 8  

0 , 3 1

F i g , 7 , 4 c ,  based on t he  d a t a  of  B i r c h  ( 1 9 6 6 )  and  

C h r i s t e n s e n  ( 1 9 8 2 ) ,  shows t hese  d i f f e r e n c e s  to be r e l a t e d  to  

m i n e r a l o g y ,  p a r t i c u l a r l y  q u a r t z  c o n t e n t ,  C a l c i t e ,  d o l o m i t e  

and f e l d s p a r  ( n o t  shown) have Vp/Vs  r a t i o s  o f  between 1 , 8  

and 2 , 0  w h i l s t  q u a r t z  has a v a l u e  of  1 , 5 ,  A l s o  shown on 

F i g , 7 , 4c i s  t h e  e x t r a p e  I a t i o n  to 100% c l a y  and 0% p o r o s i t y  

o f  T o s a y a ' s  ( 1 9 8 2 )  e m p i r i c a l  r e l a t i o n  f o r  Vp and Vs in s h a l y  

r o c k s ,  The a c t u a l  l o c a t i o n  of  the  “c l a y  p o i n t "  depends on 

t h e  c l a y  m i n e r a l o g y ,  but  is i n c l u d e d  to i l l u s t r a t e  t he  r a t i o  

f o r  c l a y  l i t h o l o g i e s ,  The measurements in F i g , 7 , 4 c  a r e  on 

i n d i v i d u a l  c r y s t a l s  and r e p r e s e n t  rocks c o n s i s t i n g  o f  an 

i s o t r o p i c  a g g r e g a t e  of  such c r y s t a l s ,  In r e a l i t y ,  t he  p h y s i ­

c a l  p r o p e r t i e s  measured in a s e d i m e n t a r y  rock w i t h  f i n i t e  

p o r o s i t y  a r e  t h e  bu l k  physi  ca I p r o p e r t i e s  of  a two phase  

s y s t e m  o f  m a t r i x  and pore  s a t u r a n t ,  These p r o p e r t i e s  a r t  

a l s o  a f u n c t i o n  o f  por e  and c rac k  geomet ry ,  Tatham ( 1 9 8 2 )  

c o n c l u d e s  t h a t  t h e  l a t t e r  have a g r e a t e r  i n f l u e n c e  on Vp / Vs  

t ha n  m a t r i x  m i n e r a l o g y ,  and t h a t  d i s t i n c t i v e  Vp / Vs  is a 

f u n c t i o n  o f  l i t h o l o g i c a l  c o n t r o l  of  pore  and c r a c k  shape  

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

i n  s p i t e  o f  t h i s ,  W i . k e n s  e t  a l ,  ( 1 384 )  d e m o n s t r a t e  

t h a t  V p / V s  can be used to  measure the  q u a r t z  c o n t e n t  o f
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s i l i c e o u s  l i m e s t o n e s ,  where  VP/Vs v a r i e s  f o u r  t i mes  as much 

due t o  t h i s  e f f e c t  than due to  p o r o s i t y  e f f e c t s .

The P o i s s o n ' s  r a t i o  and Vp/Vs c ur ve s  o b t a i n e d  f rom t he  

MAVIS d a t a  a r e  f o r  v a r i a t i o n  w i t h  de p t h  and t h e r e f o r e  w i t h  

c o n f i n i n g  p r e s s u r e ,  S e v e r a l  a u t h o r s  have s t u d i e d  the  v a r i a -  

t i on in V p / V s  w i t h  p r e s s u r e  u s i n g  l a b o r a t o r y  measurement s  on 

c o r e s  <=»nd mdthemdt  i Cd I models o f  c r a c k  b e h a v i o u r .  Domenico

( 1 9 8 4 )  p l o t s  r e c i p r  oca I v e l o c i t y  and r e c i  p r oc a  I v e I o c  i t y 

d i f f e r e n c e  v e r s u s  d i f f e r e n t i a l  p r e s s u r e  ( t h e  d i f f e r e n c e  

b e t w e e n  o v e r b u r d e n  p r e s s u r e  and por e  p r e s s u r e )  f o r  a s e r i e s  

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

( F i g . 7 . 5 ) ,  F i g , 7 , 5  shows Vp/ Vs  t o  be g r e a t e s t  a t  t h e  s u r ­

f a c e ,  d e c r e a s i n g  w i t h  depth to an a p p r o x i m a t e I y  c o n s t a n t  

v a l u e  as i n c r e a s i n g  p r e s s u r e  c l o s e s  c r a c k s  and p o r e s ,  T h i s  

d e c r e a s e  is  g r e a t e r  in sandst ones  than in l i m e s t o n e s ,  and is  

a f u n c t i o n  o f  s ands t on e  Vs v a r i a t i o n  w i t h  p o r o s i t y  b e i n g  

more t h a n  t w i c e  t h a t  of  sands t one  Vp> and I imestone  Vp and  

Vs.  The d e p t h  a t  wh i ch  the  near  c o n s t a n t  v a l u e  is a c h i e v e d  

i n c r e a s e s  w i t h  p o r o s i t y ,

C a s t a g n a  e t  a l ,  ( 1 985 )  show t h a t  in both  s a t u r a t e d  and 

d r y  s am p l e s  o f  c l a s t i c  s ed i ment s  Vs is a p p r o x i m a t e l y  

l i n e a r l y  r e l a t e d  to  Vp,  The Vp/Vs  r a t i o  is s l i g h t l y  l a r g e r  

when t h e  sampl es  c o n t a i n  mudrocks,  For d r y  sand s t o n es  Vp/ Vs  

i s  c o n s t a n t ,  but  f o r  wet  s ands t ones  Vp/ Vs  d e cr e a se s  as Vp 

i n c r e a s e s ,  Bot h  v e l o c i t i e s  i n c r e a s e  w i t h  p r e s s u r e ,  T h i s  is  

in a g r e e m e n t  w i t h  t h e  r e s u l t s  of  Toksov e t  a l ,  ( 1 9 7 6 )  and 

O ' C o n n e l l  & B u d i an s ky  ( 1 9 7 4 )  who show Vp/Vs  to d e c r e a s e  as  

d r y  c r a c k  d e n s i t y  i n c r e a s e s ,  but  to  i n c r e a s e  when t h e  c r a c k s

a r e  s a t u r a t e d ,
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A l l  a u t h o r s  a g r e e  t h a t  p o r o s i t y  and,  s omet imes ,  m a t r i x  

l i t h o l o g y  o o n t r o l  VP /Vs and P o i s s o n ' s  r a t i o ,  In t h e  M i d l a n d  

V a l l e y  t h e  C a r b o n i f e r o u s  sequence is m a i n l y  c l a s t i c  s e d i ­

m e n t s  w i t h  mudrocks  and s u b o r d i n a t e  l i m e s t o n e s ,  Assuminq t h e  

s e q u e n c e  t o  be s a t u r a t e d ,  i t  is e x p e c t e d  t h a t  VP/ V s ,  and to  

a l e s s e r  e x t e n t  Po i sson  s r a t i o ,  w i l l  d e c r e a s e  w i t h  d e pt h  

t e n d i n g  t o w a r d s  a c o n s t a n t  v a l u e  as i n c r e a s i n g  c o n f i n i n g  

p r e s s u r e  c l o s e s  most pores  and c r a c k s ,

F i g , 7 , 6  shows the  MAVIS r e s u l t s  (see  s e c t i o n  4 , 2 , 6 )  to  

l i e  w i t h i n  t h e  I imestone f i e l d  when p l o t t e d  on a gr aph  o f  

P o i s s o n ' s  r a t i o  v er su s  V p / Vs ,  Th i s  is u n e x p e c t e d  but  is  

p r o b a b l y  t h e  r e s u l t  o f  c l a y  rocks  w i t h i n  t he  seq u e n c e ,  s i n c e  

t h e  V p / V s  r a t i o s  o f  these  can exceed 2 , 0 ,  The e f f e c t  o f  

c l a y s  on s a n d s t o n e  Vp/Vs is d i s c u s s e d  by Ca s t a g n a  e t  a l ,

( 1 9 8 5 ) ,  They show t h a t  the Vp/Vs r a t i o  is l ess  s e n s i t i v e  to  

c l a y  c o n t e n t  than to  p o r o s i t y ,  but  the  range o f  v a r i a t i o n  

due t o  c l a y  may be l a r g e r ,  "Thus Vp>/Vs can be g r o s s l y  d e p e n ­

d e n t  on c l a y  c o n t e n t " ,  F i g , 7 , 7  shows Vp/ Vs  as a f u n c t i o n  of  

d e p t h  f o r  s h a l e s  and c l e a n  porous sandst ones  f rom t he  G u I f  

Co a s t  o f  A m e r i c a ,  Note  the  i n c r e a s e  in Vp/Vs  near  t he  sur  

f a c e ,  S h a l e  v e l o c i t y  r a t i o s  a r e  about  10% h i g h e r  than the  

s a n d s t o n e s  a t  a g i v e n  d e p t h ,  and thus in a s a n d - s h a l e  ( c l a y )  

s e q u e n c e ,  t h e  o b s er v e d  Vp/Vs wi I I be h i g h e r  than f o r  j u s t  a 

sand  s u c c e s s i o n ,

The l a r g e  e r r o r s  on the  v a l u e s  o b t a i n e d  f rom MAVIS make

* / f La a -, f = unwor t hwh i l e  and work inf u r t h e r  i n t e r p r e t a t  i on of  the  d a t *  unwur

t h i s  a r e a  was abandoned a t  t h i s  s t a g e ,
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T » 1♦4 * Summer y

The P - w a v e  v e l o c i t y  d a t a  c o n f i r m  t h e  r e s u l t s  of  D a v i d ­

son e t  a l ,  ( 1 9 8 4 )  who r e f i n e  t he  LISPB c r u s t a !  model  and  

p r e d i c t  c r y s t a l l i n e  basement  a t  about  4 km dept h  in t h e  M i d ­

l a n d  V a l l e y ,  S -wav e  v e l o c i t i e s  a r e  in r e a s o n a b l e  a g r e e m e n t  

w i t h  t h o s e  o b t a i n e d  f rom s u r f a c e  wave s t u d i e s ,  though t h e  

s c a t t e r  on t h e  d a t a  is  l a r g e ,  P o i s s o n ' s  r a t i o  o b t a i n e d  f r om  

t h e s e  d a t a  i s  r e a s o n a b l e  f o r  a s a n d s t o n e / I  i m e s t o n e /  s h a l e  

s e q u e n c e ,  though p o o r l y  c o n s t r a i n e d ,

7 , 2 ,  G e o l o g i c a l  I m p l i c a t i o n s  of  R a y - T r a c e d  Models

The g e o l o g i c a l  i n t e r p r e t a t i o n  of  t h e  r a y - t r a c e d  p r o -  

f i l e s  ( F i g s , 5 ,  10 t o  5 , 7 4 )  is based on t he  geomet r y  o f  t h e  

i n t e r f a c e s  and t he  v e l o c i t i e s  w i t h i n  t h e  l a y e r s ,

F i g s , 7 , 8  t o  7 , 1 0  a r e  t h r e e  of  a s e r i e s  o f  i sopach and  

c o n t o u r  maps f o r  v a r i o u s  s t r a t i g r a p h i c  h o r i z o n s  and s u b ­

d i v i s i o n s  w i t h i n  t he  M i d l a n d  V a l l e y  p r e s e n t e d  by Browne e t  

a l ,  ( 1 9 8 5 ) ,  The f i r s t  shows the  d e p t h  to the  base o f  t h e  

Upper  Carbon i f e r o u s , t h e  second t he  dep>th to  t he  base o f  t h e  

C a r b o n i f e r o u s  and t he  t h i r d  is an i sopach  map of  t he  Upper  

ORS Ki nnesswood F o r m a t i o n  and u n d e r l y i n g  S t r a t h e d e n  Group,  

The s ec ond  and ,  p a r t i c u I a r I y , t he  t h i r d  a r e  e x t r e m e l y  s p e c u ­

l a t i v e  b e i n g  based on v e r y  l i t t l e  d a t a ,  These maps a r e  com-  

b i n e d  t o  p r od u c e  t h e  s e c t i o n s  a l o n g  t h e  MAVIS I and I I  l i n e s  

shown in F i g , 7 , 1 1 ,  ( t h e  Upper ORS is not  s u b d i v i d e d  on t h e  

s e c t i o n s ) ,  f o r  co mp ar is o n  w i t h  the  d e p t h  to  the  base o f  t h e  

Upper  ORS o b t a i n e d  f rom MAVIS,  Agreement  be tween t h e  two 

d a t a  s e t s  is s u r p r i s i n g l y  good,  Most  d i s c r e p a n c i e s  can be  

a c c o u n t e d  f o r  by t h e  t h i c k n e s s  o f  Upper  ORS assumed by
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Browne e t  a l ,  The e x c e p t i o n  is between 0 and 20 km f rom t h e  

w e s t e r n  end o f  t h e  MAVIS I n o r t h  p r o f i l e ,  The s e i s m i c  d a t a  

i s  o f  good q u a l i t y  in t h i s  r e g i o n ,  but  i t  i s  s u s p e c t e d  t h a t  

l a y e r  1 v e l o c i t i e s  used in t h e  r a y - t r a c e d  model  may be some­

wh a t  h i g h ,  T h i s  w o u l d  r e s u l t  in an o v e r e s t i m a t e  o f  t h e  d e pt h  

t o  t h e  f i r s t  i n t e r f a c e  ( s e e  s e c t i o n  5 , 2 , 2 ) ,

our  f a c e  geo logy is r e f l e c t e d  by t he  v e l o c i t y  s t r u c t u r e  

w i t h i n  l a y e r  1, Ar e a s  o f  h i g h  v e l o c i t y  be tween 0 and 2 0 km 

on t h e  MAVIS I I i nes ( F i g s , 5 , 1 0 ,  5 , 2 3  and 5 , 3 5 )  cor  respond  

t o  t h e  o u t c r o p  o f  t he  C a r b o n i f e r o u s  l a v a s ,  w h i l s t  t h e  a r e a  

o f  h i g h e r  v e l o c i t i e s  a t  about  60 km on t h e  n o r t h  p r o f i l e  

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

s t r u c t u r e s ,  V e l o c i t y  ” I ow s “ a t  35 km and between 20 and 40 

km, on t h e  MAVIS I s ou t h  I ine  and n o r t h  I i ne  r e s p e c t i v e l y ,  

cor  r e s p o n d  w i t h  t he Cent  r a I  C o a I f i e l d  S y n c l i n e ,  S i m i l a r  

" l o ws "  a t  t h e  e a s t e r n  ends o f  t he s e  I ines a r e  due to t h e  

F i f e - M i d I o t h i a n  S y n c l i n e ,

S u r f a c e  s t r u c t u r e  is r e f l e c t e d  in t he  g eomet r y  o f  the  

ORS u n c o n f o r m i t y  i n t e r f a c e ,  La ye r  1 is t h i c k e s t  b e n e a t h  t h e  

C e n t r a l  C o a l f i e l d  and F i f e - M i d I o t h i a n  S y n c l i n e s  and t h i n s  

w h e r e  o l d e r  s t r a t a  a r e  exposed a t  the  s u r f a c e ,  On t he  MAVIS 

I n o r t h  I i n e ,  t h e  i n c r e a s e d  t h i c k n e s s  of  l a y e r  1 a c t u a l l y  

o c c u r s  a few k i l o m e t r e s  to t he  e a s t  o f  t he  a x i s  o f  t h e  Ce n ­

t r a l  C o a l f i e l d  S y n c l i n e ,  T h i s  o f f s e t  is c o n f i r m e d  by g r a v ­

i t y  m o d e l l i n g  ( s e c t i o n  6 , 3 , 2 ) ,  T h i s  is due to  the  a x i s  of  

t h e  d e p o s i t i o n a l  K i n c a r d i n e  B a s i n  not  c o i n c i d i n g  w i t h  t he  

mode rn s t r u c t u r a l  b a s i n  ( F r a n c i s  et  a l ,  1 9 7 0 ) ,  T h i s  is  

a p p a r e n t  in t he  i sopach maps o f  Browne e t  a l .  ( 1 9 8 5 ) ,  The 

t h i c k e n i n g  a t  the  e a s t e r n  ends o f  the  MAVIS I l i n e s  is
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p o o r l y  c o n s t r a i n e d ,  due to l ack  o f  r e v e r s e d  d a t a ,  and is  

i n c l u d e d  t o  e x p l a i n  t he  l a r g e  d e l a y  o f  t h e  M e t h i l  a r r i v a l s *  

T h i s  is  in a gr eement  w i t h  Browne e t  a l . ' s  i sopach d a t a  w h i c h  

show such a s t r u c t u r e .  A b r u p t  changes  in t he  t h i c k n e s s  of  

l a y e r  1 on t h e  MAVIS I I I  and So I a sou t h ! i nes g o i nc i de w i t h  

f a u I t  s mapped a t  t he s u r f  ace  i n t he Lo t  h i an o i l - s h a I e  

f i e l d s .  The d e n s i t y  o f  r e f r a c t i o n  l i n e s  in t h i s  a r e a  a l l o w  

t h e  s t r u c t u r e  t o  be d e t e r m i n e d  in some d e t a i l  ( s e e  s e c t i o n  

7 , 4 )

V e l o c i t i e s  w i t h i n  l a y e r  2 a r e  c o n s i s t e n t  ( 5 . 4  km/s a t  

a b o u t  3 km d e p t h )  e x c e p t  f o r  t he  MAVIS I n o r t h  l i n e  w h e re  

t h e  v e l o c i t y  i s  5 . 8  km/s ,  T h i s  i s  p r o b a b l y  due t o  t h e  i n t e r ­

f a c e  b e i n g  composed o f  Lower ORS l a v a s  in t h i s  a r e a .  These  

v e l o c i t i e s  s ugge s t  t h a t  t he  n o r t h e r n  and s o u t h e r n  M i d l a n d  

V a l l e y  o u t c r o p s  o f  ORS I av a s  a r e  not  c o n t i n u o u s ,  Where  

l a y e r  2 r e a c h e s  t he  s u r f a c e  n o r t h  o f  t h e  O c h i l  F a u l t  and 

s o u t h  o f  t he  W i l s o n t o w n  F a u l t ,  or  a pp r o a c h e s  the  s u r f a c e ,  

v e l o c i t i e s  a r e  v a r i a b l e  and p o o r l y  c o n s t r a i n e d .  Those based  

on t h e  Kaimes and T r e a r n e  d a t a  a r e  p r i m a r i l y  a f u n c t i o n  o f  

t h e  g e o m e t r y  o f  t he  top of  t he  l a y e r  , D a t a  f rom t he  A b e r u t  l i ­

ven s ho t  a r e  most re  I i a b l e ,  but  a r e  f o r  an ORS l a v a  

s e q u e n c e ♦ S i m i l a r  d a t a  f rom Ca i r n g r y f f e  a r e  based on on Iy  

f o u r  a r  r i v a I  t imes »

In c o n t r a s t  t o  t he  f i r s t  MAVIS i n t e r f a c e ,  t h e  second  

( t o p  o f  c r y s t a l l i n e  basement )  shows v e r y  l i t t l e  r e l i e f ,  

e s p e c i a l l y  on t h e  MAVIS I so u t h  l i n e ,  The p r e l i m i n a r y  MAVIS 

i n t e r p r e t a t i o n  (Conway e t  a l .  1987)  shows t he  d e pt h  to  t he  

h o r i z o n  i n c r e a s i n g  t o  over  7 km a t  t h e  w e s t e r n  end o f  t he  

MAVIS I n o r t h  l i n e ,  The reduced  v e l o c i t i e s  w i t h i n  l=iyer 1 in
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t h e  new i n t e r p i  e t a t  i on and s l i g h t  r e a s s i g n m e n t  o f  t i m e -  

d i s t a n c e  segments  based on second a r r i v a l  d a t a  do not  

r equ i t e t h i s  s t  i u u t u i  e , The r e  i s ,  hi owe v e r ,  s t i l l  some r e l i e f  

on t h e  i n t e r f a c e  a t  about  40 km r a n g e .  T h e r e  is a l s o  r e l  i e f  

on t h e  i n t e r f a c e  a t  15 km range on MAVIS I I ,  in t he  r e g i o n  

o f  t h e  Ouh i I F a u l t .  The two a r e  p r o b a b l y  r e l a t e d  and may be 

a basement  e x p r e s s i o n  o f  a f r a c t u r e  r e l a t e d  to  t h e  Ochi  I 

F a u l t .  T h i s  is d i s c u s s e d  in d e t a i l  in s e c t i o n  7 . 3 .  The low 

r e l  i e f  o f  t h e  basement ,  compared to  near  s u r f a c e  s t r u c t u r e  

a nd  t h e  ORS u n c o n f o r m i t y ,  suggest  t h e  o v e r l y i n g  s t r u c t u r e s  

t o  be t h e  p r o d u c t  o f  t h i n - s k i n n e d  d e f o r m a t i o n ,  A d e ta ch me n t  

i s  e n v i s a g e d  between t h e  two i n t e r f a c e s  o r ,  p e r h a p s ,  a t  t h e  

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

I i ne basemen t ,

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

lows t h e  LISPB i n t e r p r e t a t i o n  in s h a l l o w i n g  to  t he  s o u t h ,  

The n a t u r e  of  t h i s  h o r i z o n  is e n i g m a t i c ,  though Dav i d s o n

( 1 9 8 6 )  suqqes t s i t  c o i n c i d e s  w i t h  a change f r om amp»h i bo I i t e 

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

The r a y - t r a c i n q  models  were  e x t e n d e d  to  t h e  base o f  t h e  

c r u s t ,  based on the  LISPB model ,  P o o r l y  c o n s t r a i n e d  Moho 

r e f l e c t  i ons  f rom t h e  T r e a r n e  shot  suggest  t h e  c r u s t  to  be 

a b o u t  35 km t h i c k ,  T h i s  compares w e l l  w i t h  t he  r e s u l t s  f rom  

L I S PB  ( s e e  F i g , 2 , 3 ) ,

7 , 3 ,  N a t u r e  of  the  O c h i l  F a u l t

The O c h i l  F a u l t  e x t e n d s  e a s t - w e s t  a c r o s s  t h e  M i d l a n d  

Va I l e y  f rom t he  F i f e  coas t  to west  o f  S t i r I  i ng ,  I t  o c c u r s  

as  e i t h e r  a s i n g l e  f r a c t u r e  or a b e l t  o f  f a u l t i n g ,
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s e p a r a t i n g  t h e  Lower ORS t o  t he  n o r t h  f rom t he  C a r b o n i f e r o u s  

t o  t h e  s o u t h  ( F i g , 1 , 8 ) ,  The f a u l t  has i t s  maximum downt hrow  

a t  A l v a  w h e r e  G e i k e  ( 1 9 0 0 )  e s t i m a t e d  a t h r o w  t o  t h e  s o u t h  o f  

g r e a t e r  t han  3 km, an e s t i m a t e  a c c e p t e d  by F r a n c i s  e t  a l *  

( 1 9 7 0 ) *  A s e r i e s  o f  bor es  and some l a r g e l y  u n s u c c e s s f u l  

g e o p h y s i c a l  work  by t h e  BGS e n a b l e d  t he  f a u l t  t o  be t r a c e d  

a c r o s s  t h e  c a r s e  o f  S t i r l i n g  to  near  K i p p e n , about  13 km 

w e s t  o f  S t i r l i n g  ( F r a n c i s  e t  a l ,  1 9 7 0 ) ,  H er e  the  f a u l t  

c e a s e s  t o  be a m a j o r  s t r u c t u r e ,  and is  seen o n l y  as a smaI I 

f a u l t  in t h e  Lower ORS, or  as a f a u l t  or  f o l d  r u n n i n g  w e s t -  

s o u t h w e s t  in t h e  Upper  ORS, I t  may be s i g n i f i c a n t  t h a t  

t h e r e  i s  a b e l t  o f  r e l a t i v e l y  s t e e p  d i p p i n g  s t r a t a  in t h e  

Upper  ORS Gargunnock  San d s t o n e  r u n n i n g  w e s t - s o u t h w e s t  t o  t h e  

s o u t h w e s t  o f  K i p p e n ,

The f a u l t  i s  i n t e r e s t i n g  f o r  two r eas o n s :

C1] At  A l v a  t he  t h r o w  is in excess  o f  3 km, but  the  f a u l t  

a p p e a r s  to  d i e  out  about  13 km west  of  S t i r l i n g ,  i « e ,  

o n l y  ab o u t  20 km from A l v a ,

[ 2 ] The d i r e c t i o n  of  f a u l t  p l a n e  d i p  is u n c l e a r ,  T h i s  is  

c r i t i c a l  in e v a l u a t i n g  the  h i s t o r y  o f  t he  f a u l t ,  A 

h i g h - a n q l e  r e v e r s e  f a u l t  wou l d  be i n d i c a t i v e  of  a r e a c ­

t i v a t e d  C a l e d o n i a n  wrench s t r u c t u r e ,  w h i l s t  a normal  

f a u l t  c o u l d  have a common o r i g i n  w i t h  t he  l a t e  C a r b o n i ­

f e r o u s  e a s t - w e s t  normal  f a u l t s  seen to the  s o u t h ,

A f e a t u r e  o f  t h e  O c h i l  F a u l t  is t he  f a u l t - p l a n e  i n t r u ­

s i o n  o f  l a t e  C a r b o n i f e r o u s  q u a r t z - d o  I e r i t e  d e s c r i b e d  by H a l ­

dane  ( 1 9 2 7 ) ,  The i n t r u s i o n  is c h i l l e d  a g a i n s t  t h e  c o n t a c t  

w i t h  t h e  f a u l t  p l a n e  and so p o s t - d a t e s  t he  f a u l t  r a t h e r  t han
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b e i n g  t e c t o n i c a l l y  empl aced ,  However ,  s i g n s  o f  s u b s i d i a r y  

f r a c t u r e s  a f f e c t i n g  t he  i n t r u s i o n  and t h e  c o u n t r y  rock a r e  

common, i nd i ca  t ing some p o s t - i n t  r us i ve movement s , Ha I dane  

r e p o r t s  t h e  f a u l t  p l a n e  as d i p p i n g  between 63°  and 7 2°  t o  

t h e  s o u t h  a t  t h i r t y - t w o  l o c a l i t i e s ,  T h i s  is not  r e l i a b l e  

e v i d e n c e  s i n c e  i t  is the  d i p  o f  the  i n t r u s i v e  c o n t a c t  t h a t  

i s  b e i n g  m e a s u r e d ,  T h i s  d i p  is l o c a l i s e d  and v a r i a b l e ,  For  

i n s t a n c e ,  F r a n c i s  e t  a l ,  ( 1 97 0 )  r e p o r t  t h a t  a t  C a s t l e  C r a i g  

Q u a r r y ,  T i l l i c o u l t r y ,  t he  p l a n e  o f  t he  f a u l t  is d i s t o r t e d  by 

t h e  i n t r u s i o n  and t he  c o n t a c t  s i g m o i d a l ,

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

i n c o n c l u s i v e  w i t h  a l l  w o r k i n g s  c e a s i n g  a t  t h e  " t r o u b l e d  

z o n e ” , T h i s  b e l t  o f  d i s t u r b e d  s t r a t a  is e n c o u n t e r e d  s o u t h  

o f  t h e  o u t c r o p  of  the  f a u l t ,  but  c o u l d  be v e r y  w i d e ,  and so 

i s  no t  a r e l i a b l e  i n d i c a t o r  o f  f a u l t  hade ,

The C a r b o n i f e r o u s  to the  sout h  of  t he  O c h i l  F a u l t  is 

h e a v i l y  f a u l t e d ,  the  f a u l t s  b e i n g  of  p r e d o m i n a n t l y  of  e a s t -  

w e s t  t r e n d  and s o u t h e r l y  downthrow,  F r a n c i s  & Wa l k e r  ( 1 9 8 6 )  

d e s c r i b e  Namur i an  s i l l s  whose emplacement  was c o n t r o l  l ed by 

s imi  I a r  f r a c t u r e s ,  and suggest  t h e s e  f r a c t u r e s  t o  be C a r b o n ­

i f e r o u s  g r ow t h  f a u l t s ,  I f  t hese  f a u l t s  a r e  assumed to have  

a common o r i g i n  to  the  O ch i l  F a u l t  a C a r b o n i f e r o u s  age and  

s o u t h e r l y  d i p  a r e  to  be e x p e c t e d  f o r  the  l a t t e r ,

Such a f a u l t  geomet ry  is in agreement  w i t h  t h e  s e i s m i c  

and g r a v i t y  models  d e s c r i b e d  in s e c t i o n s  5 . 2 , 2  and G . 3 . 2 ,

D a v i s o n  ( 1 9 2 4 )  d e s c r ibes ov er  t w o - h u n d r e d  e a r t h q u a k e s  

o r i g i n a t i n g  in t he  r e g i o n  o f  t he  O c h i I  F a u I t , F i g . 7 , 1 2  

shows t h e  d i s t r i b u t i o n  of  i so s e i s ma l  l i n e s  and known
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e p i c e n t r e s  f o r  a s e r i e s  of  t hese  e a r t h  t r e m o r s ,  D a v i s o n  

^ s c r i b e s  t h e  shocks to a n o r t h w a r d  d i p p i n g  O c h i l  F a u l t  

b e c a u s e ;  1 ) ,  t h e  a v e r a g e  t r e n d  o f  t h e  long a x i s  of  t h e  

i s o s e i s m a !  l i n e s  is p a r a l l e l  to the  s u r f a c e  e x p r e s s i o n  o f  

t he  f au I t  2 )  , t he spac i ng of  i sosei  smaI I i nes i s I ess  t o  t he 

s o u t h  and 3 ) ,  known e p i c e n t r e s  l i e  to t he  n o r t h  o f  t h e  f a u l t  

f o r m i n g  a band,  a p p r o x i m a t e l y  14 km in l e n g t h  p a r a l l e l  t o  

t h e  f dU I t ,  e x t  end i ng f r om a f ew k i Iome t r es no r t h - ess t o f  

T i I I i c o u I t r y  t o  a s h o r t  di  s t a n c e  west  o f  Br i dge o f  A I I an *

C I e a  r l y ,  t h e r e  is a con f I  i c t of  geo Iog i c a 1 and geoph y - 

s i ca  I e v i d e n c e ,  Ha l d a n e  ( 1 9 2 7 )  s u g g e s t s  t h r e e  s o l u t i o n s  t o  

t h e  p r o b l e m .  F i r s t l y ,  t h a t  the  f a u l t  p l a n e  is normal  near  

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

q u a k e s  o r i g i n a t e  on a n o t h e r  f a u l t ,  p o s s i b l y  one w h i c h  is  too  

sma I I t o  be d e t e c t e d  a t  t he  s u r f a c e  or e l s e  i n t e r s e c t s  t h e  

O c h i l  F a u l t  a t  d e p t h ,  T h i r d l y ,  the  s ou r ce  of  t h e  t r e m o r s  

c o u l d  be movements on the  n o r t h - n o r t h w e s t  t r e n d i n g  f a u l t s  

a d j a c e n t  to  t he  O ch i l  F a u l t  on i t s  n o r t h e r n  s i d e  ( s e e  

l a t e r ) ,  The f a c t  t h a t  t hese  s m a l l e r  f a u l t s  a r e  most  common 

in t h e  a r e a  o f  maximum s e i s m i c  a c t i v i t y  may be o f  s i g n i f i ­

c a n c e  ,

To t h e  n o r t h  of  the  Och i l  F a u l t  t he  Lower ORS l a v a s  and  

s ed  i men t s o f  t he  Ochi I H i l l s  a r e  cu t by a ser  i es o f  f a u I t  s 

( F i g , 7 , 1 3 ) ,  F r a n c i s  e t  a l ,  ( 1 97 0 )  c o n s i d e r  them t o  be of  

p r e - U p p e r  ORS age ,  These f a u l t s  have t h r e e  m a j o r  t r e n d s ;  

NW-SE,  NNW-SSE and NE-SW, Ther e  is a l s o  a s u b o r d i n a t e  group  

w i t h  an e a s t - w e s t  t r e n d ,  but  t h e s e  a r e  a l mo s t  c e r t a i n l y  c o n ­

t e m p o r a n e o u s  w i t h  those  of  C a r b o n i f e r o u s  age  mapped t o  t h e  

s o u t h ,  Most  o f  t he  known f a u l t s  in t he  Lower ORS s t r a t a  o f
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t h e  n o r t h e r n  M i d l a n d  V a l l e y  a r e  r e c o g n i s e d  in the  l a v a s  o f  

t h e  O c h i l  H i l l s ,  T h i s  is p r o b a b l y  the  r e s u l t  o f  t h e  e a s i e r  

r e c o g n i t i o n  o f  f a u l t s  in an a r e a  of  h i gh  r e l i e f  and good  

e x p o s u r e ,  I t  may be s i g n i f i c a n t  t h a t  in t he  a r e a  o f  t h e  

MAV I o I I A b e r u t h v e n  s h o t ,  where  e xp o s u r e  is good and t h e r e  

a r e  d i s t i n c t i v e  a c i d  l a v a s ,  a number of  f a u l t s  have  a l s o  

been r e c o g n i s e d ,  However ,  f a u l t s  a r e  r a r e  in the  w e l l  

e x p o s e d  s e d i m e n t s  o f  the  n o r t h w e s t  l imb of  t h e  S t r a t h m o r e  

S y n c l i n e ,  The p r o x i m i t y  o f  the  O c h i l  F a u l t  may a l s o  be a 

f a c t o r  in t h e  g r e a t e r  d e n s i t y  of  f a u l t i n g .

The f a u l t s  t r e n d i n g  n o r t h w e s t ,  n o r t h - n o r t h w e s t  and  

n o r t h e a s t  can be d a t e d  by t h e i r  a s s o c i a t i o n  w i t h  l o c a l  dykes  

c o n t e m p o r a n e o u s  w i t h  Lower ORS d i o r i t e s ,  The dykes form a 

r a d i a l  p a t t e r n  a round  t he  d i o r i t e s ,  but  t h e r e  is a t e n d e n cy  

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

n o r t h e a s t  t r e n d s .  S i n c e  t h i s  c o i n c i d e s  w i t h  t he  m a j o r  f a u l t  

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

or  d u r i n g  d i o r i t e  e m p I a c e m e n t , T h i s  wou I d  e x p l a i n  why such  

f a u l t s  a r e  se l dom t r a c e a b l e  nor thwa r ds and wes twa r ds i n t o  

t h e  o v e r l y i n g  s e d i m e n t s ,  The most l i k e l y  e x p l a n a t i o n  is  t h a t  

s i n c e  t h e  f a u l t s  a r e  not  r a d i a l  they  wer e  not  a s s o c i a t e d  

w i t h  e mp l a c em e nt  o f  t h e  d i o r i t e ,  R a t h e r ,  t he  dykes made use  

o f  p r e - e x i s t i n g  f a u l t  p l a n e s ,

A r o u n d  B l a i r l o g i e  a group of  n o r t h - n o r t h w e s t  and  

n o r t h w e s t  t r e n d i n g  f a u l t s  is we I I exposed,  The l a r g e s t  is  

seen  in  B l a i r l o g i e  Burn and has a t h r ow of  about  250 m 

d e c r e a s i n g  t o  the  n o r t h  and n o r t h w e s t ,  Between M e n s t r i e  and  

B a l q u h a n  t h e r e  a r e  a l s o  n o r t h w e s t  and n o r t h - n o r t h w e s t  t r e n d ­

i ng  f a u l t s ,  t h e  f l a n k i n g  f r a c t u r e s  of  wh i ch  downthrow a r ou n d
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7 5 -  1 00 m to  t he  w e s t ,  t h e  t hrow d e c r e a s i n g  to  the  n o r t h ,  

The n o r t h w e s t  t r e n d i n g  f a u l t  a t  A l v a  downthrows 60 m t o  t h e  

w e s t ,  bu t  d i e s  o u t  b e f o r e  r e a c h i n g  the  Oc h i l  F a u l t ,  The  

f a u l t s  in S i l v e r  Gl en  p r o b a b l y  o n l y  i n v o l v e d  smal l  amounts

o f  movement ,  F u r t h e r  e a s t ,  the  n o r t h e a s t  t r e n d i n g  f a u l t s  a r e  

more  i m p o r t a n t  w i t h  two examples  b e i n g  p a r t i c u l a r l y  p r om­

i n e n t ,  The amounts  o f  d i s p l a c e m e n t  a r e  unknown but  in b o t h

c a s e s  t h e  f a u l t  p l a n e s  d i p  to t h e  s o u t h e a s t  and a s s o c i a t e d

s m a l l  p a r a l l e l  f a u l t s  have been mapped,  The c e n t r a l  p a r t  o f  

t h e  O c h i l  H i l l s  i s  c h a r a c t e r i s e d  by a group of  n o r t h w e s t  

t r e n d i n g  f a u l t s ,  t h e  v e r t i c a l  component  o f  wh i ch  a p p e a r s  t o  

ha ve  been smaI I ,

A l l  t h e  f a u l t  s e t s  a r e  m i n e r a l i s e d ,  Those o f  n o r t h -  

n o r t h w e s t  t r e n d  a r e  c h a r a c t e r i s e d  by copper  m i n e r a l i s a t i o n  

w i t h  m i n o r  i r o n ,  in a gangue composed m a i n l y  of  b a r y t e s  w i t h  

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

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

w i t h  m i n o r  c o b a l t ,  l ead  and copper  in a gangue o f  m a i n l y  

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

( 1 9 4 4 )  c o n s i d e r e d  t he  n o r t h e a s t  t r e n d i n g  f a u l t s  to have been  

m i n e r a l i s e d  in one or more phases between M i d d l e  C a r b o n i ­

f e r o u s  and P er mi a n  t i m e s ,  The dominant  b a r y t e s  m i n e r a l  i s a -

t i  on w i t h  s u b o r d i n a t e  copper  of  t h e  n o r t h - n o r t h w e s t  s e t  is  

c o n s i d e r e d  to  be as l a t e  as T e r t i a r y  in age .  The t i m e  o f  

m i n e r a l i s a t i o n  i s  not  s i g n i f i c a n t  to  t he  age of  f a u l t i n g .  

M i n e r a l i s a t i o n  depends on the  f r a c t u r e s  b e i n g  open,  and w i l l  

n o t  n e c e s s a r i l y  oc cu r  even i f  a p a r t i c u l a r  f a u l t  s e t  is  

a l r e a d y  in e x i s t e n c e .  The r e  was a s i g n i f i c a n t  amount o f  m i n ­

i ng  i n  t h e  O c h i l  Hi I l a ,  t h i s  is a u s e f u l  source  of  s t r u c -
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t u r a l  d a t a ,  a l  l owi ng  t h e  o r i e n t a t i o n  o f  f a u l t  p l a n e s  t o  be 

t?s t ab I i shed ( F f an i s e t  a l *  19 f 0 ) , The da t a suqqes t t ha t , 

as wel  I .=is normal  f a u l t s ,  t h e r e  a r e  some s t e e p l y  d i p p i n g  

r e v e r s e d  f a u l t s ,  assuming t h a t  t he  m i n e r a l i s e d  b r e c c i a s  

d e s c r i b e d  a r e  e i t h e r  t he  f a u l t s  marked on t h e  map or  p a r a  I - 

l e i  t h e  I o ca  I f r a c t u r e s  * Ex amp Ies  i n c l u d e :

C11 a t  A l l a n  Wat e r  a b r e c c i a  ( p r e s um a b l y  t h e  f a u l t  marked  

on t h e  map) t r e n d s  W*1Q N* and d i p s  7 0 ° S.  On t h e  map 

t h e  f a u l t  is shown as downt hr owi ng  to  t h e  n o r t h ,  i . e  

t h e  f a u l t  i s  r e v e r s e d ,

[23  A m i n e r a l i s e d  b r e c c i a  a t  P e n d r e i c h  t r e n d s  N. IO^W* and  

d i p s  70°  E* T h i s  s uggest s  a d j a c e n t  f a u l t s  o f  s i m i l a r  

t r e n d ,  d o wnt hr owi ng  to t he  n o r t h w e s t ,  a r e  n o r m a l ,

[ 33  At  A i r t h r e y  the  f a u l t  t r e n d  is W,10° ,N and t h e  d i p  10° 

N, i , e ,  a r e v e r s e  f a u l t *

[43 The m i n e r a l i s e d  f a u l t  in the  Second Inchna  Burn d i p s

and downthrows west  and so is normal  *

C5] The Myre t or ,  H i l l  F a u l t  d i p s  80°  S and downthrows

n o r t h w e s t  and so is r e v e r s e d *

C6 ]  T h e  m a j o r  n o r t h w e s t  f a u l t  in t he  Ba l quhan Burn d i p s

n o r t h e a s t  a t  70°  but  downthrows s ou t h we s t  and so i s  

r e v e r s e d *

[ 7 ]  A W. 1 5 °  . S t r e n d i n g  m i n e r a l i s e d  f a u l t  a t  A l v a  d i p s  s o u t h

a t  8 0°  s u g g e s t i n g  t h a t  t he  NE t r e n d i n g  s e t  maybe n o r -

ma I .

a t he  8 0 ° s d i p  of  t h e  S , 5 0 °  ,W[83 T h i s  i s  is s up p o r t e d  by t he  -
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t  r e n d  i n g

f a u I t  in Da i g I e n  Bu rn *

A l l  t h e s e  t h r o w s  may have been a l t e r e d  as a r e s u l t  o f  d r a g  

by t h e  r e a c t i v a t e d  O c h i l  F a u l t ,

The c u r v a t u r e  o f  t he  n o r t h - n o r t h w e s t  and n o r t h w e s t  

f a u l t s  i s  t y p i c a l  o f  t h a t  seen in H a r d i n g ' s  ( 1 9 7 4 )  model  f o r  

a s i n i s t r a l  wr en c h  zone ( F i g , 7 , 1 3 ) ,  The n a t u r e  o f  t h e  o t h e r  

f a u l t  s e t s  can a l s o  be f i t t e d  i n t o  t h i s  mode I , The  

n o r t h e a s t  f a u l t s  a r e  t h e  en e c h e l o n  norma! s e t ,  and t h e  

n o r t h - n o r t h w e s t  and n o r t h w e s t  s e t  the  a n t i t h e t i c  wr enc h  

f a u l t s .  T h i s  i s  c o n s i s t e n t  w i t h  t h e  o b s e r v e d  f a u l t  p l a n e  

d i p  in t h e  n o r t h e a s t  t r e n d i n g  s e t ,  and the  l ack  o f  v e r t i c a l

d i s p l a c e m e n t  in t h e  n o r t h w e s t  t r e n d i n g  s e t  in a r e a s  away

f r o m  t h e  O c h i l  F a u l t ,  The n o r t h w e s t  f a u l t s  a d j a c e n t  to t h e  

O c h i l  F a u l t ,  whose t hrows d e c r e a s e  r a p i d l y  to  t h e  n o r t h ,

c o u l d  be t h e  r e s u l t  o f  d r a g  as t he  O c h i l  F a u l t  under went  t h e  

l a r g e  d e g r e e  o f  v e r t i c a l  d i s p l a c e m e n t  seen t o d a y ,  The 

n o r t h - n o r t h w e s t  and n o r t h w e s t  t r e n d i n g  f a u l t s  t e nd  t o  have  

sma I I component s  o f  v e r t i c a l  movement e x c e p t  near  to  t he  

O c h i l  F a u l t .  The s i g n i f i c a n c e  of  t hese  f a u l t s  is h a r d  to  

e v a l u a t e ,  s i  nee subsequent  movernen t on t he  O c h i l  F a u l t  wo u I d  

p r o b a b l y  have  r e a c t i v a t e d  t hem, but  i t  is i n t e r e s t i n g  to  

n o t e  t h a t  s i m i l a r  f a u l t s  a r e  descr  i bed f r om CaI  i f o  r n i a by

S y l v e s t e r  & S mi t h  ( 1 97 6 )  f rom a known wrench e n v i r o n m e n t ,  

T h e i r  s t e e p l y  d i p p i n g  f a u l t  p l a n e s ,  and c o m b i n a t i o n  o f  nor  

ma I and r e v e r s e d  g e o m e t r i e s ,  s up p o r t  t he  i n t e r p r e t a t i o n  o f  

t h e s e  f a u l t s  as wrench f a u l t s ,  The r e v e r s e d  f a u l t  in A l l a n  

W a t e r  a l s o  f i t s  t he  s i n i s t r a l  model  o f  H a r d i n g  ( 1 9 7 4 )  as a
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" t h r u s t  o r  r e v e r s e  f a u l t ” .

F r a n c i s  e t  a l .  ( 1 9 7 0 )  c o n s i d e r  t h a t  not  a l l  t h e  d i s ­

p l a c e m e n t  on t h e  O c h i l  F a u l t  is p o s t - C a r b o n i f e r o u s , They  

s u g g e s t  t h e  f a u l t  o r i g i n a t e d  p r i o r  to  t he  d e p o s i t i o n  o f  t h e  

U pper  ORS and a c t e d  " i n  the  form of  a monocI  i na I  f o l d ,  as a 

c o n t r o l  on s u b s i d e n c e  and d e p o s i t i o n  d u r i n g  much o f  t h e  C a r ­

b o n i f e r o u s  . The C e n t r a l  C o a l f i e l d  S y n c l i n e  was in t h e  p r o ­

c e s s  o f  f o r m a t i o n  in Upper C a r b o n i f e r o u s  t i m e s  and ,  a t  

I €; a s t f t h e  l a t e r  s t a g e s  o f  the Lower C a r b o n i f e r o u s ,  i n i t i a t ­

i n g  a s  t h e  d e p o s i t i o n a l  K i n c a r d i n e  Ba s i n  in Lower L i m e s t o n e  

G ro u p  t i m e s  ( F r a n c i s  1 95 8 ) ,  N o r t h  of  t h e  O c h i l  F a u l t  t h e r e  

i s  no e v i d e n c e  o f  t h i s  s t r u c t u r e ,  T h i s ,  and t h e  r a p i d  

d e c r e a s e  in t h r o w  to  the  e as t  and w e s t ,  s ug g e s t s  t h a t  t h e  

f a u l t  s e p a r a t e d  a p o s i t i v e  a r e a  of  s l o w ,  and p o s s i b l y  i n t e r ­

m i t t e n t ,  s u b s i d e n c e  to the  n o r t h  f rom an a r e a  of  g r e a t e r  and  

c o n t i n u e d  s u b s i d e n c e  to  the  s o u t h ,

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

s u g g e s t  t h a t  t h e  f a u l t  d i p s  t o  t he  s o u t h ,  and s o l e s  out  i n ,  

or  a t  t h e  base  o f ,  t he  MAVIS l a y e r  2 (Lower  ORS and Lower  

P a l a e o z o i c ) ,  T h e r e  is a l s o  a t h i c k e r  C a r b o n i f e r o u s  (and  

U pper  ORS) sequence  a d j a c e n t  to the  f a u l t  ( F i g , 5 , 9 5 ) ,  I s o -  

pach  e v i d e n c e  is i n s u f f i c i e n t  to  a s c e r t a i n  i f  t h i s  is  a 

r o l l - o v e r  s t r u c t u r e  a s s o c i a t e d  wi th a l i s t r i c  normal  f a u l t ,  

H o w e v e r ,  Browne e t  a l ,  ( 1987b)  descr  i be a s a n d s t o n e  b o d y , 

i n t e r p r e t e d  as a channel  wi t h i n  an a r g i  I l aceous  s eq u e n c e ,  

f r o m  t h e  s t r a t i g r a p h i c  i n t e r v a l  be tween t he  Upper H i r s t  Coal  

a nd  t h e  Calmy L i m e s t o n e  ( i . e  w i t h i n  t h e  Upper L i me s t o n e  

G r o u p ) ,  The channe l  t r e n d s  n o r t h  and west  a d j a c e n t  t o  t h e  

Och i l  and  Arndear i  F a u l t s  and may be a r o l l  ov er  r i v _ r ,  Th_
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p a l a e o f l o w  d i r e c t i o n s  i m p l i e d  by t h i s  channel  suggest  t he  

c o n v e n t i o n a l  c i r c u l a r  i sopach p a t t e r n  f o r  the  K i n c a r d i n e  

B o s i n , b ased  on l i t t l e  e v i d e n c e  f rom a d j a c e n t  to  the  O c h i l  

F a u l t ,  i s  i n c o r r e c t ,  I f  the  p a t t e r n  was c o r r e c t  p a l a e o f l o w  

w o u l d  be e x p e c t e d  to  be i n t o  t he  b a s i n  and not  a r ou n d  i t s  

e d g e ,

The s u r f a c e  e x p r e s s i o n  o f  t h e  f a u l t  c o i n c i d e s  w i t h  t h e  

b asement  s t r u c t u r e  mapped on the  MAVIS I I  l i n e ,  The r e  is  

a l s o  basement  r e l i e f  on t h e  MAVIS I n o r t h  l i n e  t o  t h e  w e s t ,  

I t  i s  p o s s i b l e  t h a t  t h i s  is a basement  s t r u c t u r e  t h a t  was  

r e a c t i v a t e d  d u r i n g  t he  C a r b o n i f e r o u s ,  The same s t r u c t u r e

c o u l d  be r e s p o n s i b l e  f o r  the  l i n e a r  v e n t  system mapped a l o n g  

t h e  n o r t h - w e s t e r n  ma rg i n  of  t he  Campsie H i l l s  ( F i g . 1 , 8 ) ,  

A l s o ,  s ed i me n  t o  I o g i c a I  work in t h e  Lower ORS s u g g e s t s  t h e  

p r e s e n c e  o f  a m a j o r  wrench f a u l t  in t h i s  r e g i o n  (Haught on  

1 9 8 7 ) ,  A n o r t h - s o u t h  o r i e n t e d  C a r b o n i f e r o u s  e x t e n s i o n a l  

s t r e s s  f i e l d  ( s e e  s e c t i o n  1 , 5 )  may have caused r e a c t i v a t i o n  

o f  t h i s  f r a c t u r e  as a d e x t r a l  wrench  f a u l t ,  The e a s t - w e s t  

t r e n d i n g  O c h i l  F a u l t  formed en e c h e l o n  to  t h i s  f r a c t u r e ,

d e v e l o p i n g  i n t o  a l i s t r i c  s t r u c t u r e  s o l i n g  on to  the  p r o ­

posed  d e t a c h m e n t  s u r f a c e  a t  be tween 2 and 4 km dep>th, T h i s  

i s  in a g r e e m e n t  w i t h  the  e v i d e n c e  o f  F r a n c i s  &■ Walker  ( 1 9 8 6 )  

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

F i g , 7,  14 shows a s c h e m a t i c  s e c t i o n  a cr o s s  t he  O c h i l  

F a u l t .  The f a u l t  is shown as a l i s t r i c  normal  f a u l t  d i p p i n g  

t o  t h e  s o u t h ,  The model e x p l a i n s  t he  channel  p a r a l l e l i n g  t h e  

O c h i l  and A r nd e a n  F a u l t s  and,  more i m p o r t a n t l y ,  t h e  l a t e r a l  

d e c r e a s e  in t h r o w ,  and t h i c k e n i n g  o f  t h e  MAVIS l a y e r  1 

( i n t e r p r e t e d  as a r o l l - o v e r  s t r u c t u r e ) .  The de t achment
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p r e d i c t e d  by t h e  s e i s m i c  d a t a  is a l s o  i n c o r p o r a t e d .  F i g , 7 . 1 5  

shows a model  f o r  the  s c h e m a t i c  e v o l u t i o n  of  t h i s  and t h e  

a d j a c e n t  Campsie  F a u l t ,  The model a g r e e s  w i t h  t h a t  of  

F r a n c i s  e t  a l ,  ( 1 9 7 0 ) ,  s i n c e  f a u l t  d a t a  f rom the  a r e a  to t h e

n o r t h  o f  t h e  f a u l t  imply  a p r o t o - O c h i l  F a u l t  d u r i n g  Lower

uRc- t i m e s *  N o t e  how both f a u l t s  change t r e n d  to  p a r a !  l e i

t h e  p o s t u l a t e d  basement  f r a c t u r e ,  The channel  shown p a r a l l e l  

t o  t h e  Campsie  F a u l t  is in the  Passage  Group (Read 1987b)  

and is  p o s s i b l y  a l s o  a r o l l - o v e r  r i v e r ,

7 , 4 ,  S t r u c t u r e  o f  the  L o t h i a n  O i l - S h a l e  F i e l d s

F i g , 7 , 1 6  shows the  d i s t r i b u t i o n  o f  MAVIS r e f r a c t i o n  

l i n e s  in t h e  r e g i o n  of  the  L o t h i a n  o i l - s h a l e s  f i e I d s , t h i s  

b e i n g  t h e  most  i n t e n s e l y  cove r e d  a r e a  o f  t h e  M i d l a n d  V a l l e y ,  

The I i ne  s e p a r a t i o n  a I lows a more d e t a i  l ed  i n t e r p r e t a t i o n  o f  

t h e  s t r u c t u r e  o f  t h i s  r e g i o n  to  be a t t e m p t e d ,

The s t r u c t u r e  of  the o i I - s h a I e  f i e l d s  has been

d e s c r i b e d  by Car r u t  hers  e t  a l ,  ( 1 9 2 7 )  , R i c h e y  ( 1 9 4 2 ) ,

An d e r s o n  ( 1 9 4 2 ) ,  Kennedy ( 1 9 4 3 ) ,  M i t c h e l l  8c Mykura  ( 1 9 6 2 )  

and Came r on 8c Me Adam ( 1 9 7 8 ) ,  The s t r a t a  have a r e g i o n a l  d i p  

t o  t h e  we s t , be i ng o v e r l a i n  t o the  we s t by the  Lowe r L i me - 

s t o n e  Gr o u p ,  and a r e  f o l d e d  i n t o  a s e r i e s  of  minor  domes and  

b a s i n s  t r e n d i n g  n o r t h - s o u t h  to nor t h e a s t - s o u t h w e s t , These  

f o l d s  a r e  cut  by a s e r i e s  of  e a s t - w e s t  to  n o r t h e a s t -  

s o u t h w e s t  t r e n d i n g  f a u l t s ,  Of the s i x  l a r g e s t ,  t h e  n o r t h  

e r n m o s t  ■ t h r e e ,  the  Rosy t h ,  O c h i l t r e e  and Wi nchburgh F a u l t s ,  

d o w n t h r ow  to  t he  s o u t h ,  The o t h e r  t h r e e ,  the  M i d d l e t o n  H a l l ,  

M u r i e s t o n  and C a l de r  F a u l t s ,  a l l  downthrow to  t h e  n o r t h ,  

H o r i z o n t a l  s l i c k e n s i d e s  a r e  not  uncommon in the  r e g i o n  but
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u n e q u i v o c a l  l a t e r a l  movements can be r a r e l y  p r o v e n .  F i g . 7 .  17 

a hows a c o n t o u r  map f o r  the  B u r d i e h o u s e  L i m e s t o n e  ( t h e  base  

o f  w h i c h  is t he  boundary  between t he  Upper and Lower O i l  

S h a l e  G r o u p s ) .  The f o l d  s t r u c t u r e s  a r e  c l e a r l y  seen w i t h  

a x e s  a p p a r e n t l y  d i s p l a c e d  a cr o s s  t he  Wi nc h b u r gh ,  M i d d l e t o n  

H a l l  and U p h a l l  F a u l t s .  Kennedy ( 1 9 4 4 )  d e s c r i b e s  l a t e r a l  

movement  on t h e  l a t t e r ,  showing t he  f a u l t  to hade to t h e  

s o u t h  w i t h  an a p p r o x i m a t e l y  180 m component  of  s i n i s t r a  I 

h o r i z o n t a l  d i s p l a c e m e n t  ( F i g . 7 . 1 6 ,  i n s e t ) ,

The r a y - t r a c e d  s e c t i o n s  o f  t he  MAVIS I I I  and S o l a  so u t h  

I i nes show an a b r u p t  change in t he  d e pt h  to the  ORS uncon-

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

o f  t h e  C a I d e r - M u r i e s t o n  F a u l t  zone ( F i g s . 5 . 6 7  and 5 , 6 1 ) ,  In 

c o n t r a s t ,  t h e r e  is  no r e l i e f  on t h i s  h o r i z o n  e l s e w h e r e  in 

t h e  a r e a ,  even where  the  MAVIS I I I  l i n e  c r o s s e s  t he  o t h e r  

f a u l t s  d e s c r i b e d  above ,

F i g , 7 ,  18 shows t he  MAVIS I I I  p r o f i l e  and i t s  i n t e r p r e ­

t a t i o n .  The ma j o r  e a s t - w e s t  f a u l t s  a r e  e n v i s a g e d  as l i s t r i c ,  

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

a c r o s s  w h i c h  t h e r e  is a downthrow to  t he  n o r t h  a s s o c i a t e d

w i t h  t h e  C a I d e r - M u r i e s t o n  F a u l t  zone ,  T h i s  e x p l a i n s  t h e  

l ac k  o f  d i s p l a c e m e n t  of  the  ORS u n c o n f o r m i t y  a s s o c i a t e d  w i t h  

t h e  f a u l t s  f u r t h e r  n o r t h ,  F i g * 7 » 1 9  shows a s e r i e s  of  c r o s s  

s e c t i o n s  a c r o s s  t h e  r e g i o n  ( s e e  F i g . T . 16 f o r  t h e i r  l o c a ­

t i o n s ) .  The s e c t i o n s  show p a r a l l e l  ( c o n c e n t r i c )  f o l d i n g .

I t  i s  n o t  c l e a r  how w e l l  c o n s t r a i n e d  t h e s e  s e c t i o n s  a r e  in 

t e r m s  o f  f o l d  g e o m e t r y ,  but  C a t e r  ( 1 9 8 7 )  d e s c r i b e s  s t r u c ­

t u r e s  i n t e r p r e t e d  as t he  r e s u l t  o f  b e dd i ng  p a r a l l e l  s hea r  

( a s  p r e d i c t e d  by t h i s  s t y l e  o f  f o l d i n g )  f rom t he  Lower O i l -
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S h a l e  Group a t  Gr an t on  near  E d i n b u r g h ,  The ge o met r y  o f  

p a r a l l e l  f o l d s  is  such t h a t  a space p r ob l em is c r e a t e d  due  

t o  t h e  common c e n t r e  o f  c u r v a t u r e  of  the  beds,  A de t a ch me n t  

i s  r e q u i r e d  b e l o w  t h i s  l e v e l ,  as s ug g e s t e d  by t h e  s e i s m i c  

d a t a .  The de ve l opme nt  of  such a de tachment  in a p r edom­

i n a n t l y  s h a l e  sequence  is  to be e x p e c t e d  and is  in a gr ee me n t  

w i t h  C a t e r  ( 1 9 8 7 ) ,  who sugge s t s  d e f o r m a t i o n  by b e d d i n g

p a r a l l e l  step>ped l i s t r i c  normal  f a u l t i n g ,  to  a c c o u n t  f o r  

d e f o r m a t i o n  in t h e  Lower O i l -  S h a l e  Group,  The f l o w e r  

s t r u c t u r e  i n t e r p r e t a t i o n  and t he  f i e l d  e v i d e n c e  o f  l a t e r a l  

f a u l t  movements  suggest  a s t r i k e - s i  ip o r i g i n  f o r  t h e  s t r u c ­

t u r e s  mapped in t he  o i l - s h a l e  f i e l d s ,  w i t h  t h e  dome and  

b a s i n  s t r u c t u r e s  f o r m i n g  en e c h e l o n  in an a p p r o x i m a t e l y  

n o r t h - s o u t h  o r i e n t e d  s t r e s s  f i e l d ,

7 , 5 .  S o u r c e  o f  t he  B a t h g a t e  G r a v i t y  and M a g n e t i c  Anomaly

The MAVIS d a t a  do not  a l l o w  t he  r e c o g n i t i o n  o f  t h e  

s o u r c e  o f  t h e  B a t h q a t e  anomaly ,  H o w e v e r , t hey  do p e r m i t  some 

p o t e n t i a l  s o u r c e s  to be d i s c o u n t e d .  The r e  is no e v i d e n c e  

f o r  r e l i e f  on any of  the  s e i s m i c a i l y  d e f i n e d  i n t e r f a c e s  

b e i n g  r e s p o n s i b l e  f o r  the  anomal y ,  T h e r e f o r e ,  the  most  

l i k e l y  s o u r c e  is e i t h e r  i n t r u s i v e  or e x t r u s i v e  i gneous  

r o o k s ,  o r  some c o m b i n a t i o n  of  t h e s e ,

I t  m i g h t  be p o s s i b l e  t o  d e t e c t  t he  e x t e n t  o f  a s h a l l o w  

l a v a  s o u r c e  by t he  v e l o c i t y  anomaly i t  wou l d  be e x p e c t e d  t o  

c a u s e  w i t h i n  L a ye r  1. Assessment  o f  t he  e x t e n t  o f  t h i s  a n o ­

m a l y  m i g h t  a l l o w  d i f f e r e n t i a t i o n  between t he  two g r a v i t y  

m o d e l s .  However i  r a y - t r a c e d  p r o f i l e s  a c r o s s  t h .  anomal y  

show t h i s  not  t o  be t he  case ( F i g s , 5 , 1 0 ,  5 . 3 5 ,  5 . 5 5  and
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5 , 6 1 ) ,  H o r i z o n t a l  v e l o c i t i e s ,  c a l c u l a t e d  t hr ough t h e  i g n e ­

ous and  s e d i m e n t a r y  sequences p e n e t r a t e d  by t he  S p i l m e r s f o r d  

and G l e n r o t h e s  b o r e h o l e s  ( F i g s , 4 , 6 5  and 4 , 6 6 )  a r e  found t o  

d i f f e f o n l y  by abou t 0 , 2 0  km/s.  T h i s  is because  o f  t h e  Iow 

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

C a r b o n i f e r o u s  l a v a  p i l e s  (Anderson 1963,  MacDonald 1973,  

Fr  a n c i  s 19 8 3 b ) , Such a v e I o c i  t y d i f f e r e n c e  i s be Iow t he

r e s o l u t i o n  o f  t h e  SEIS81 r a y - t r a c i n g  program,

S i n c e  t h e  s o u r c e  of  the  anomaly l i e s ,  a t  l e a s t  in p a r t ,

w i t h i n  L a y e r  1, but  is not  exposed a t  t he  s u r f a c e ,  i t  is  

l i k e l y  t h a t  t h e  l av a s  woul d  be of  e a r l y  V i sean age ,  E v i ­

d e n c e  f o r  i gneous  a c t i v i t y  in t h i s  a r e a  a t  t h i s  t i m e  a r e  t h e  

t u f f  h o r i z o n s  in t he  Lower O i l - S h a l e  Group*, p a r t i c u l a r l y  in  

t h e  w e s t  o f  t h e  o i l - s h a l e  b a s i n ,  e , g »  t h e  S e a f i e l d  Deans Ash 

( F i g , 7 , 2 0 ) ,  In a d d i t i o n ,  t h e r e  a r e  a l s o  “m a r l ” h o r i z o n s ,  

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

t h e  Upper  O i l - S h a l e  Group,  These h o r i z o n s  a r e  s i m i l a r  to  

t h e  D y k e b a r  Mar l  o f  t he  Glasgow d i s t r i c t  whi ch  was d e r i v e d  

f r om t h e  a d j a c e n t  C l yd e  P l a t e a u  L a v a s ,

T o p o q r a p h y  on contemporaneous l av a  pi  Ies  is  known to

ha ve  c o n t r o l l e d  C a r b o n i f e r o u s  s e d i m e n t a t i o n  in t he  M i d l a n d  

V a l l e y  ( s e c t i o n  1 . 5 ) .  Even a f t e r  b e i n g  t o t a l l y  submerged  

t h e  l a v a s  c o n t i n u e d  to  i n f l u e n c e  s e d i m e n t a t i o n  due to d i f ­

f e r e n t i a l  c o m p a c t i o n .  T h e r e f o r e ,  i f  C a r b o n i f e r o u s  l a v a s  a r e  

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

c o u l d  be i n d i c a t e d  by t h e i r  e f f e c t  on sedi ment  t h i c k n e s s  in 

t h e  a r e a  and s h o u l d  be r e f l e c t e d  in i sopach g e o m e t r y ,  

U n f o r t u n a t e l y  t h e  i sopach d a t a  a r e  not  s u f f i c i e n t l y  c o n ­

s t r a i n e d  t o  p r o v i d e  a d e f i n i t i v e  answer ,  However ,
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s e d i m e n t a t i o n  is known to  have been c o n c e n t r a t e d  in t h e  Ce n ­

t r a l  C o a l f i e l d  and F i f e - M i d I o t h i a n  r e g i o n s  a t  t h i s  t i m e  

( F i g , 1 , 9 )  . The s o u r c e  o f  the  B a t h g a t e  anomaly may have  

f o r m e d  p a r t  o f  t h e  w a t e r s h e d  s e p a r a t i n g  t h e s e  two r e q i o n s .  

D e t a i l e d  s t u d i e s  o f  v a r i a t i o n s  in l i t h o i o g y  and t h i c k n e s s  

a c r o s s  t h e  B a t h g a t e  a r e a  may e n a b l e  any t o p o g r a p h i c  " h i gh"  

o f  i g n e ou s  o r i g i n  t o  be i d e n t i f i e d .

F i g . / *20 i l l u s t r a t e s  the  spat  i a I and t empor a I d i s t r i b u - 

t i  on o f  t h e  P e r m o - C a r b o n i f e r o u s  igneous rocks  o f  the  M i d l a n d  

V a l l e y  o f  S c o t l a n d .  C l e a r l y  the  g r e a t e s t  volume of  l av a s  was 

p r o d u c e d  in t he  V i s e a n . Oe Souza ( 1 9 7 9 ) ,  on r a d i o m e t r i c  

e v i d e n c e ,  p r op o s e d  a v i r t u a l l y  c o n t i n u o u s  b a s a l t i c  l a v a  

f i e l d  o v e r  much o f  t he  M i d l a n d  V a l l e y  a t  t h i s  t i m e .  F r a n c i s  

( 1 9 8 3 b ) ,  h o w e v e r ,  n o t e s  v a r i a t i o n s  in t h i c k n e s s  and c o m po s i ­

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

The i n t e r p r e t a t i o n  o f  a V i sean l av a  p i l e  near  B a t h g a t e  is  

c o m p a t i b l e  w i t h  t h e  s u g g e s t i o n s  of  De Souza and F r a n c i s .  

T h e se  l a v a s  a r e  p r o b a b l y  f rom a s our ce  near  B a t h g a t e ,  s i n c e  

t h e  n a t u r e  o f  t he  anomaly  s uggest s  t h e i r  t h i c k n e s s  d e c r e a s e s  

r a p i d l y  away f r om t h i s  a r e a .  They c ou l d  w e l l  be c o n t i n u o u s  

w i t h  t h o s e  o f  t he  C l yd e  P l a t e a u  to the  w e s t ,  R a s h i e h i l l  in 

t h e  n o r t h  and A r t h u r s  Sea t  to  the  e a s t *  T h e i r  r e l a t i o n s h i p  

t o  t h e  o t h e r  P e r m o - C a r b o n i f e r o u s  igneous rocks in the  M i d ­

l a n d  V a l l e y  i s  shown in F i g . 7 . 2 0 .

I f  t h i s  i n t e r p r e t a t i o n  is c o r r e c t  the  i mp o r ta nc e  o f  

B a t h g a t e  as an i gneous  c e n t r e  w i t h i n  t he  M i d l a n d  V a l l e y  has  

been u n d e r e s t i m a t e d ,  The p r e se n c e  of  a t h i c k  Lower C a r b o n i ­

f e r o u s  l a v a  p i l e ,  younger  l avas  of  up to  Namur ian age to  t h e  

n o r t h ,  and t h e  M i d l a n d  V a l l e y  S i l l  to t he  e a s t ,  wou l d  make
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t h i s  a r e a  one o f  t he  ma jor  igneous c e n t r e s  in t he  r e g i o n ,  

T h i s  w o u l d  r e ma i n  t r u e  even i f  p a r t  o f  t h e  anomaly  is due to  

b a s i c  i n t r u s i o n s  a s s o c i a t e d  w i t h  such a c e n t r e ,  C o t t o n  

( 1 9 6 8 )  d e s c r i b e s  an anomaly a t  Wa t e r he ad  in t h e  Campsie  

Hi I I s w h i c h  is  a t t r i b u t e d  to such a s o u r c e ,

An a l t e r n a t i v e  sour ce  f o r  the  B a t h g a t e  " h i gh "  is  an 

i n t r u s i o n  o f  Lower ORS age*  Most of  t he  i qneous rocks  o f  

t h i s  a g e  in t h e  M i d l a n d  V a l l e y  a r e  of  i n t e r m e d i a t e  or  a c i d  

c o m p o s i t i o n *  T h e r e  a r e *  however i  l a r g e  b a s i c  i n t r u s i o n s  in  

t h e  S i d I  aw H i l l s  to  t he  n o r t h  and numerous smaI l e r  dykes and  

s i l l s  a c r o s s  t he  wh o l e  M i d l a n d  V a l l e y *  A f u r t h e r  p>o s s i b i I - 

i t y  i s  t h e  p r e s e n c e  o f  a deep b a s i c  i n t r u s i o n  w i t h i n  t h e  

c r y s t a l l i n e  basement .  A deep s ou r c e  such as t h i s  i s  

u n l i k e l y  t o  be d e t e c t e d  s e i s m i o a l l y *  The i n t r u s i o n  is a t  a 

d e p t h  g r e a t e r  than the  deepest  i n t e r f a c e  mapped f rom r e f r a c ­

t i o n s  and r e f l e c t i o n s  a r e  u n l i k e l y  to  be d e t e c t e d  s i n c e  t h e  

t h e  body is o f  o n l y  l i m i t e d  l a t e r a l  e x t e n t .  F u r t h e r ,  v e r y  

l i t t l e  v e l o c i t y  con t r a s t  is to be e x p e c t e d  be tween t h e  b a s e ­

men t and t h e  i n t r u s i o n .

I n t e r p r e t a t i o n  o f  se i  sm i c r e f I e c  t i on da t a f r om t he 

B a t h g a t e  a r e a  mi gh t  a l l o w  c o n f i r m a t i o n  o f  a C a r b o n i f e r o u s  

l a v a  s o u r c e .  C o n f i r m a t i o n  of  the  o t h e r  p o s s i b i l i t i e s  wo u l d  

r e q u i r e  a deep ,  e x p e n s i v e  and e x t r e m e l y  u n l i k e l y  b o r e h o l e .

7 . 6 ,  T e c t o n i c  I m p l i c a t i o n s  of  the  MAVIS d a t a

The r e s o l u t i o n  o f  the s e i s m i c  r e f r a c t i o n  p r o f i l e s  is  

i n s u f f i c i e n t  t o  c o n s t r a i n  d e t a i  I ed s t r u c t u r a I  i n t e r p r e t s -  

t i o n s ,  H o we ve r ,  t he  t i g h t  g r i d  of  r e f r a c t i o n  l i n e s  in West  

L o t h i a n  has a l l o w e d  t he  p r e se n c e  of  a shaI  Iow de t achment



hor i z o n  ( a t  l e s s  thdn  ̂ km d e p t h )  to  be p o s t u l a t e d *  On a 

l a r g e r  s c a l e ,  t he  r e l i e f  on the  ORS u n c o n f o r m i t y  i s  seen to  

r e f l e c t  s t r u c t u r e s  mapped a t  t h e  s u r f a c e ,  in c o n t r a s t  t o  t h e  

t op  o f  c r y s t a l l i n e  basement ,  w h i c h  is found to be near  I y  

p l a n a r .  A d e ta ch me n t  between t h e s e  two h o r i z o n s ,  i . e .  

b e t w e e n  a bo u t  2 and 4 km d e p t h ,  i s  p o s t u l a t e d  and used to  

e x p l a i n  t h e  s t r u c t u r e s  mapped in t h e  r e g i o n  of  t h e  O c h i l  

F a u I t ,

T h i n - s k i n n e d  t e c t o n i c  p r o c e s s e s  w i t h  m u l t i p l e  d e t a c h ­

ment  l e v e l s  have been p o s t u l a t e d  f o r  t h e  r e g i o n  by G i bb s  

( 1 9 8 4 )  who s u g g e s t s  a d e x t r a l  s t r i k e - s l i p  e n v i r o n m e n t  d u r i n g  

Car  b o n i f e r o u s  t i m e s .  The MAVIS d a t a  app ea r  to  c o n f i r m  t h i s  

h y p o t h e s i s ,  though t he  r e s o l u t i o n  o f  t h e  e x p e r i m e n t  cannot  

p r e c l u d e  o t h e r  i n t e r p r e t a t i o n s .  S i m i l a r  r e s u l t s  have been  

d e s c r i b e d  by Da v i d s o n  ( 1 9 8 6 ) ,  who maps a p l a n a r  c r y s t a l l i n e  

base me nt  h o r i z o n  b e ne a t h  t he  Lower P a l a e o z o i c  i n i  i e r a t  

Lesmahgow ( F i g , 1 . 2 )  and a c r o s s  t he  o u t c r o p  of  t h e  I nc h g o -  

t r i c k  and Ke rs e  Loch F a u l t s  ( F i g . 1 . 8 ) .

C l e a r l y ,  t h e  c o n v e n t i o n a l  s t r u c t u r a l  model  o f  t h e  M i d ­

l a n d  VaI  l ey  wh ere  C a l e d o n i a n  basement  f r a c t u r e s  a r e  r e a c ­

t i v a t e d  t o  c o n t r o l  Car b o n i f e r o u s  s e d i m e n t a t i o n  and voI  can i - 

c i t y  ( F r a n c i s  1983)  must now be t r e a t e d  w i t h  c a u t i o n ,  Such  

c o n t r o l  p r o b a b l y  d i d  e x i s t  in some a r e a s ,  e . g .  t h e  Campsie -  

Ochi  I f a u l t  b e l t ,  but  may have been l es s  u b i q u i t o u s  than  

p r e v i o u s l y  t h o u g h t .

7 , 7 ,  Summary

[ 13  The MAVIS e x p e r i m e n t  s u c c e s s f u l l y  mapped t he  upper  c r u -

s t a l  l a y e r s  r e c o g n i s e d  by D av i dson  e t  a l ,  ( 1 9 8 4 )  a c r o s s
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m o s t o f t  he Ca rbon i f e rous ou t orop o f  t h e  M i d l a n d  VaI  1ey  

o f  S c o t l a n d ,  The C a r b o n i f e r o u s  and Upper  ORS l a y e r  

v-=if i ed be t wee n  0 , 5  and 3 * 0  km t h i c k  depend inq on s u r ­

f a c e  g e o l o g y  and s t r u c t u r e ,  The Lower ORS and Lower  

P a l a e o z o i c  l a y e r  e x t e n d s  f rom between 0 , 5  and 3 , 0  km t o  

b e t  Ween 4 , 0  and 6 , 0  km d e p t h ,  The l a y e r  a p p e a r s  u n i ­

f o r m  e x c e p t  in t he  a r e a  o f  t h e  MAVIS I n o r t h  l i n e ,  

w h e r e  ORS igneous rocks  a r e  p o s t u l a t e d  as c a u s i n g  a  

h i g h e r  v e l o c i t y  than e l s e w h e r e ,  Basement  v a r i e s  in  

d e p t h  b e t ween  4 , 0  t o  6 , 0  and 7 , 0  t o  8 , 5  km, T h e r e  i s  

l i t t l e  r e  I i e f  on t he  top o f  t he  l a y e r  e x c e p t  a t  t h e  

n o r t h e r n  end of  t h e  MAVIS I I  l i n e  and t h e  w e s t e r n  end  

o f  t h e  MAVIS I n o r t h  l i n e ,  A basement  f r a c t u r e  o f  p r o b ­

a b l e  C a l e d o n i a n  age is p o s t u l a t e d  in t h i s  r e g i o n ,  The

6 , 4  km/s l a y e r  and Moho d e p t h s  a r e  be t ween  7 , 0  and 8 , 5  

km and a t  35 km r e s p e c t i v e l y ,  in a g r eement  w i t h  t he  

L I S'PB i n t e r p r e t a t  i on , These r e s u l t s  a r e  summar ised in  

F i g s , 7 , 2 1  t o  7 , 2 3 ,

[23 V e l o c i t y  s t u d i e s  based on r e f l e c t i o n  d a t a  and com­

p a r i s o n  o f  P-  and S-wave  d a t a  p r o v i d e d  i n t e r e s t i n g ,  

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

C33 G r a v i t y  mode I I ing w i t h i n  t he  f ramework  of  t h e  s e i s m i c

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

t h e  O c h i l  F a u l t  to  be b e t t e r  u n d e r s t o o d .  M o d e l l i n g  o f  

t h e  B a t h g a t e  g r a v i t y  anomaly  m e r e l y  c o n f i r m e d  t h e  

r e s u l t s  o f  the  m a g n e t i c  m o d e l l i n g  ( H o s s a i n  1976)  and ,  

as s uch ,  can o n l y  be r e g a r d e d  as p a r t i a l l y  s u c c e s s f u l ,  

T h e r e  a p p e a r s  to be l i t t l e  a l t e r n a t i v e  to d r i l l i n g  t o  

r e s o l v i n g  t h i s  p r ob l em,  u n l e s s  commerc i a l  s e i s m i c
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r e f l e c t i o n  d a t a  a r e  r e l e a s e d  w h i c h  image a s o u r c e  

w i t h i n  t h e i r  l i m i t e d  d e p t h  o f  p e n e t r a t i o n ,

[43  The d a t a  p r o v i d e  some i n s i g h t  i n t o  t h e  t e c t o n i c  e v o l u ­

t i o n  o f  t h e  M i d l a n d  V a l l e y ,  p a r t i c u l a r l y  w h e r e  l i n e  

d e n s i t y  i s  h i g h ,  e , g .  in t h e  L o t h i a n  o i l - s h a l e  f i e l d s ,  

A d e t a i  l e d  s t r u c t u r a l  model  f o r  t h i s  a r e a  and t h e  Qchi  I 

F a u l t ,  p l u s  c o m p a r i s o n  o f  ORS u n c o n f o r m i t y  and basement  

r e l i e f ,  s u g g e s t  t h i n - s k i n n e d  t e c t o n i c  p r o c e s s e s  w i t h  

d e t a c h m e n t s  a t  s e v e r a l  l e v e l s  t o  h a v e  c o n t r o l  l ed  d e f o r ­

m a t i o n  in  t h e  r e g i o n ,

T hus ,  t h e  MAVIS e x p e r i m e n t  s u c c e s s f u l l y  a c h i e v e d  i t s  

m a j o r  o b j e c t i v e s  o f  m a pp i ng  t h e  ORS u n c o n f o r m i t y  and c r y ­

s t a l l i n e  basement  h o r i z o n s  a c r o s s  t h e  M i d l a n d  V a l l e y ,  T h i s  

was t h e  r e a s on  f o r  T r i c e n t r o !  f u n d i n g  t h e  p r o j e c t  and a l w a y s  

t h e  m a j o r  p r i o r i t y ,

7 , 8 ,  Reco mme n d a t i on s  f o r  F u r t h e r  Work

The MAVIS e x p e r i m e n t  was t h e  f i r s t  o f  a s c a l e  t h a t  

a l l o w e d  M i d l a n d  V a l l e y  c r u s t a l  s t r u c t u r e  to  be mapped on 

more t ha n  a l o c a l  i s e d  l e v e l ,  As s u c h ,  t h e  e x p e r i m e n t  was ,  in 

some w ay s ,  a r e c o n n a i s s a n c e  t o  h i g h l i g h t  a r e a s  w h e r e  more  

d e t a i l e d  work  w o u l d  be r e w a r d i n g ,  Such wor k  was c o m p l e t e d  

in West  L o t h i a n  and a d j a c e n t  t o  t h e  Ochi  I F a u l t ,  due to  t h e  

a v a i l a b i l i t y  o f  t h e  G l as go w  s e i s m i c  r e c o r d e r s ,  w h i c h  a l l o w e d  

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

number o f  p o t e n t i a l  q u a r r y  s o u r c e s ,  w i l l  p e r m i t  an e x t e n s i v e  

r e f r a c t i o n  I i ne  n e t w o r k  t o  be e s t a b l  i s h e d  in t h e  M i d l a n d  

V a l l e y ,  p o t e n t i a l l y  t h e  most  i n t e n s e  in t h e  U » K , ,
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To make t h e  maximum use o f  t h e s e  d a t a ,  h o w e ve r ,  t he  

■ nf f e c t s  o f  igneous s t r a t a  and complex v e l o o i t y  s t r u c t u r e  on 

t r a v e l  t i m e s  and a m p l i t u d e s  must be f u r t h e r  u n d e r s t o o d  by 

i n t e n s i v e  s t u d i e s  in a r e a s  of  known g e o l o g y ,  A l s o ,  s i n c e  a t  

p r e s e n t  q u a r r y - b l a s t  s ou r ce s  a r e  u s e f u l  o n l y  in t h e  g e n e r a ­

t i o n  o f  f i r s t  a r r i v a l  d a t a ,  a f u r t h e r  u n d e r s t a n d i n o  o f  t he  

c ompl ex  s o u r c e  w a v e l e t ,  and i t s  c o n v e r s i o n  to  a more i d e a l  

s o u r c e ,  w o u l d  g r e a t l y  i n c r e a s e  t he  u s e f u l n e s s  o f  d a t a  

o b t a i n e d  in t h i s  way,

The e s t i m a t i o n  o f  s e i s m i c  a n i s o t r o p y  and P o i s s o n ' s  

r a t i o  f r om v e l o o i t y  d a t a  wer e  i n t e r e s t i n g  e x e r c i s e s ,  but  

e m p h a s i s e d  t h e  need to  b e t t e r  u n d e r s t a n d  t h e  v e l o c i t y  d a t a  

o b t a i n e d ,  s i n c e  e r r o r s  wer e  f r e q u e n t l y  too  l a r g e  t o  make t h e  

r e s u l t s  u s e f u l ,  In the  l a t t e r  case  t h i s  is  p a r t l y  due to  

t h e  S - w av e  i n t e r p r e t a t i o n ,  Time p r e c l u d e d  a d e t a i l e d  s t u d y  

o f  t h e s e  a r r i v a l s  and f u t u r e  w o r k ,  i n c l u d i n g  d i g i t a l  p r o ­

cess  i n q , may y i e l d  mo re  r e I i a b I e  da t a and i n t e r p r e t a t  i o ns ,  

S - w a v e  a r r i v a l s  f rom t he  basement  wo u l d  be p a r t i c u l a r l y  

i n t e r e s t i n g  in the  l i g h t  of  r e c e n t  work on the  m i n e r a l o g y  o f  

c r y s t a l  I i ne  r oc ks  f rom P- and S - wave  s t u d i e s  (Hal  I & AI i 

1985)  ,

A r e a s  o f  p o t e n t i a l  i n t e r e s t  f o r  f u t u r e  work i n c l u d e  t he  

basement  f e a t u r e s  i d e n t i f i e d  in t he  n o r t h w e s t  o f  t h e  s u r v e y  

a r e a ,  The d a t a  need to be e x t e n d e d  t o  t he  n o r t h  t o  b e t t e r  

c o n s t r a i n  t h e  s t r u c t u r e ,  The n a t u r e  o f  t h e  Oohi ! F a u l t  was  

q u i t e  w e l l  c o n s t r a i n e d  by i n t e g r a t i o n  o f  t h e  s e i s m i c  d a t a  

w i t h  g r a v i t y  m o d e l l i n g .  The complex n a t u r e  o f  t he  M i d l a n d  

V a l l e y  g e o l o g y  make such i n t e g r a t e d  s t u d i e s  p r e f e r a b l e  to  

i s o l a t e d  work  u s i n g  a s i n g l e  g e o p h y s i c a l  t e c h n i q u e ,
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P o t e n t i a l  t a r g e t s  i n c l u d e  t he  Pent  land F a u l t ,  no d a t a  has  

been  a c q u i r e d  in Eas t  L o t h i a n ,  the  S o u t h e r n  U p l a n d s  F a u l t  

a nd  t h e  nor  t h e a s t  *southwes  t t r e n d i n g  f a u l t s  in A y r s h i r e ,  

Sma I I amount s  o f  d a t a  suggest  c r y s t a l  I ine basement  t o  be 

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

t o r y  o f  movements in the  o v e r l y i n g  c o v e r .  These ? h i g h - a n g ! e d  

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

j u n c t i o n  w i t h  t h e  s e i s m i c  w o r k ,  The p o s t u l a t e d  C a r b o n i ­

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

t a r g e t  due t o  i t s  o f f s h o r e  l o c a t i o n ,
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APPEND IX  1 , GLASGOW FM S E I S MI C  RECORDER SPEC I F I  CAT I QMS

D e t e c t o r

Amp I i f i e r  Ga i n

ModuI  a t o r

R e c o r d i  ng 
D e m o d u I a t o r

S y s t e m  F r e q u e n c y  
R e s p o n s e

No i se  and  
D i s t o r  t i on

Power
Requ i r e m e n t s

: Mark P r o d u c t s  L15B 4 , 5  Hz geophones w i t h  
60 0 c o i l ,  or a l t e r n a t i v e ,

: a d j u s t a b l e  8 8 - 1 1 8  db in 6 db s t e p s ; second  
o u t p u t  a t  18 db lower  t han  f i r s t ;  c l  i pped  
10 V p - p  ( l e s s  f o r  b e t t e r  l i n e a r i t y } ,
I np u t  r e s i s t a n c e  o f  4 , 7  k n  f o r  0 , 6 5  o f  
c r i t i c a l  damp>ing o f  L15B geophones ,

: c e n t r e  f r e q u e n c y  is 2 KHz; f r e q u e n c y
d e v i a t i o n  f o r  10 V p - p  i np u t  i s  + / -  100%;  
c u r r e n t  o u t p u t  i s  250 ufK*

: s a t u r a t  i o n ,
: produces  2 V o u t p u t  f o r  maximum m o d u l a t o r  

i nput  (10 V ) ;  14 db loss  re duce s  o v e r a l l
system g a i n  to  t h e  range  5 6 - 1 0 4  db 
( i n c l u d i n g  bo t h  g a i n  o u t p u t s ) ,

: see F i g s , A 1 »  A2 and A3;  3 db down
p o i n t s  i n d i c a t e  b a nd w id t h  o f  2 , 5 - 5 5  Hz ,

: system n o i s e  l i m i t s  dynamic  range  t o
46 db a t  maximum g a i n ,  i n c r e a s i n g  t o  60 db 
w i t h  d e c r e a s e  in g a i n ,  D i s t o r t i o n  i s  l e s s  
than 1% a t  70% o f  c l i p p i n g  l e v e l ,  Wow and  
f l u t t e r  ( r e c o r d  and p l a y b a c k )  i s  l e s s  t ha n  
0 .25%,

d u r i n g  r e c o r d i n g ,  115 mA a t  1SV,
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DYNAMIC RANGE 
(db)

SIGNAL LEVEL 
(% OF MAX)2CH

40H

WOW & FLUTTER
(MAX)

80

GAIN SETTING (6 db STEPS)

f - 1 0 . 0 0

-  1.00

0.10

0.01

F i g . A . 3 Dynamic  range  of  t he  Glasgow s e i s m i c  r e c o r d e r .
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APPENDIX 2 .  RECORDING S I TE  DETAILS
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MAVIS I ( SOUTH)

S I TE SI  TE
NUMBER NAME

S1 TREARNE QUARRY
S2 THE MI LL
S3 DUNSMORE QUARRY
S4 TOPHEAD QUARRY
S5 FORS1DE
S6 GATESHEAD WORKS
S7 COWGLEN GOLF CLUB
S8 POLLOCK GOLF CLUB
S3 RIVER CL I FF
S10 NECROPOL1S
S1 1 PR I SON
S 12 BLAIR TUMNOCK PARK
S 13 LOCKWOOD FARM
S 14 DRUMCAVEL FARM
S 1 5 GREENFOOT
S16 CARTMILL
S 17 DOUGLAS GLEN
S 18 DRUMGRAY
S 19 DR WHO LANDSCAPE
S19A GREENCAIRS RAILWAY
S20 FAIRNEY KNOWE
S21 BLACKHILL
S22 DON'T FALL IN
S23 SOUTHFIELD WOOD
S24 BALQUHATSTONE HOUSE
S25 GREYR1GG
S26 NEUCKS
S27 WINDY YETT
S29 EASTER DRUMBRO1LER
S30 CANDIE HOUSE
S3 1 NETHERTON FARM
S32 CARR 1BBER M 1LL
S33 BOWDEN H I L L
S3 4 EASTER CARR 1BBER
335 BELSYDE
S38 LINLITHGOW GOLF CLUB
S37 PRESTON HOUSE
S38 PARKLEY CRAIGS
S39 PARKLEY PLACE
S40 B R 1DGEND
S41 F A I R N I E H I L L  WOOD
S42 FAWNSPARK FARM
S43 CRAIGTON QUARRY
S44 HOPETOUN HOUSE
S46 1NCHGARV1E
S47 PORT EDGAR
S48 DALMENY CUTTING
S49 LONG CRAIG GATE
S50 DALMENY PARK

GRID REFERENCE ELEVATI ON GEOPHONE
km E km N km AOD COUPL1NG

2 3 6 * 9 2 6 5 3 , 0 8 0,  120 ROCK
2 3 8 , 6 2 6 5 4 , 5 5 0 , 120 ROCK
2 4 1 , 9 8 6 5 6 , 0 2 0 , 2 0 0 ROCK
2 4 4 , 5 3 6 5 6 , 7 7 0 , 2 2 5 ROCK
2 4 6 , 4 1 6 5 7 , 7 5 0 , 2 0 0 ROCK
2 4 8 , 7 5 6 5 8 , 5 8 0 , 075 ROCK
2 5 4 , 2 7 6 6 0 , 4 8 0 , 050 ROCK
2 5 5 , 1 5 6 6 1 , 4 5 0 , 020 ROCK
2 5 7 , 4 5 6 6 1 . 1 0 0 , 050 ROCK
2 6 0 , 4 8 6 6 5 . 4 8 0 , 050 ROCK
2 6 3 , 3 5 6 6 5 , 8 2 0 , 060 ROCK
2 6 6 , 6 7 6 6 6 , 3 9 0 . 090 ROCK
2 6 9 , 4 7 6 6 6 , 7 1 0 , 090 ROCK
2 7 0 , 5 3 6 6 9 , 2 1 0 . 080 ROCK
2 7 3 , 1 6 6 6 9 , 0 1 0 , 1 1 0 ROCK
2 7 4 , 5 8 6 6 9 , 4 9 0 , 120 ROCK
2 7 5 , 5 7 6 7 0 , 2 1 0 , 140 ROCK
2 7 7 , 4 3 670 , 24 0 . 170 ROCK
2 7 8 , 2 2 6 6 9 . 0 8 0 , 180 ROCK
2 7 8 . 2 1 6 7 0 , 2 6 0 , 180 ROCK
2 8 0 , 8 8 670 , 46 0 , 195 DR 1 FT
281 , 4 2 6 7 2 . 2 8 0 . 1 6 0 ROCK
2 8 3 . 5 4 6 7 2 , 7 2 0 , 170 ROCK
2 8 4 , 6 6 6 7 2 . 3 2 0 , 190 DR i FT
2 8 6 . 0 6 6 7 2 , 6 7 0 , 175 DRIFT
2 8 7 , 0 0 6 7 2 , 1 4 0 , 1 8 0 ROCK
2 8 8 . 6 6 67 3 , 0 6 0 . 150 DRIFT
2 9 0 , 0  1 6 7 3 , 1 4 0 , 145 DRIFT
2 9 2 , 3 1 6 7 3 , 8 7 0 . 1 7 0 DRIFT
2 9 3 . 5 3 6 74 ,  1 1 0 , 175 DRIFT
2 9 4 . 5 3 6 7 4 , 3 8 0 , 130 DRIFT
2 9 5 , 6 5 6 7 4 , 3 8 0 . 080 ROCK
2 9 6 , 6 9 6 7 4 , 5 3 0 , 125 ROCK
2 9 7 , 2 5 6 7 5 , 1 5 0 , 1 0 0 ROCK
2 9 7 , 9 3 6 7 5 , 4 5 0 , 120 ROCK
2 9 8 , 7 9 6 7 5 . 9 8 0 . 085 ROCK
300 .0 0 6 7 5 . 9 4 0 . 1 1 0 ROCK
3 0 1 . 1 1 675 ,93 0 , 1 1 0 ROCK
3 0 2 . 8 7 6 75♦ 99 0 . 1 1 0 ROCK
304 . 14 6 7 5 . 9 4 0 . 080 ROCK
3 0 4 , 8 7 6 7 6 , 3 2 0 . 080 ROCK
3 0 6 , 6 5 6 7 6 , 6 0 0 , 080 ROCK
3 0 7 . 6 7 6 7 6 , 8 8 0 , 080 ROCK
3 0 9 , 4 1 6 7 8 , 7 1 0 , 050 ROCK
3 1 1 . 2 8 6 7 8 , 5 4 0 , 045 ROCK
3 1 1 .8 3 6 7 8 , 6 0 0 , 030 ROCK
3 1 4 . 1 1 6 7 7 . 6 8 0 . 0 5 0 ROCK

3 1 4 , 9 3 6 7 8 , 1 2 0 , 070 ROCK
3 1 6 , 3 6 6 7 8 , 8 6 0 , 030 ROCK
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MAVIS I (NORTH)

S I TE  S I TE
NUMBER NAME

N 1 BALL IK INRAIN CURLING POND
N2 BALL IK INRAIN CASTLE
N3 VI OLETS WOOD
N4 HEAD OF BAGLASS
N5 FI NTRY WOOD QUARRY
N6 CRAIGTON MAUSOLEUM
N7 FI NTRY CASTLE
N8 GOWK STONES
N9 CARRON VALLEY FOREST
N 1 0 BOULDERS GALORE
N 1 1 CRINGATE MUIR
N 1 2 WIRELESS STATION
N 1 3 GROUSE BUTTS
N 1 4 TODHOLES
N 15 CRAIGS WOOD
N 1 6 SAUCHIE HOME FARM
N 1 7 CRAIGEND QUARRY
N 1 8 CROFTHILL
N 19 SAUCHENFORD QUARRY
N20 PLEAN
N21 HILLHEAD
N22 CASTLETON FARM CRAIGS
N23 CARNOCH HOUSE CHAPEL
N24 DUNMORE QUARRY
N25 ST.ANDREWS CHAPEL
N26 TULL I ALLAN CASTLE
N27 OVERTON LODGE
N28 GARTARRY WOOD
N29 WESTER CLASH IES
N30 BIJRNBRAE
M3 1 BATHMOOR PLANTATION
N32 HALDANE
N33 CATTLE MOSS
N34 STAND ALANE
N35 KINNEDDAR QUARRY
N36 K I LL E R N I E  CASTLE
N37 STEELEND QUARRY
N38 DUNNYGASK
N39 ROSCOBIE
N41 CRA1GENCATS CRAIGS
N42 B L A 1RADAM
N43 LENCHARS WOOD
N44 BENARTY WOOD
N45 BALL 1NGRY HOUSE
N46 KIRKNESS
N48 BOWHOUSE
N48A CLUNY MAINS
N49 GRANTS MUIR FARM
N50 WEST WEMYESS

GRID REFERENCE ELEVATI ON GEOPHONE
km E km N km AOD COUPLING

2 5 5 . 9 4 6 8 7 ,  1 1 0 , 120 ROCK
2 5 6 . 9 8 6 8 7 , 4 3 0 , 095 ROCK
2 5 7 . 9 8 6 8 7 , 0 3 0 , 125 ROCK
2 5 9 . 3 7 6 8 7 , 3 9 0 , 105 ROCK
2 6 1 . 3 9 6 8 6 , 4 9 0,  125 ROCK
2 6 3 . 2 3 6 8 6 , 6 0 0,  150 ROCK
2 6 3 . 9 7 6 8 6 , 4 0 0 , 180 ROCK
2 66 .  17 6 8 6 , 3 7 0 , 2 1 5 ROCK
2 6 7 . 8 5 2 8 6 , 2 9 0 , 3 3 5 ROCK
2 6 9 . 2 3 6 8 7 , 0 9 0 , 320 ROCK
2 7 1 . 3 5 6 8 7 , 3 2 0 , 3 0 5 ROCK
2 7 2 . 4 0 6 8 7 , 9 8 0 , 345 ROCK
2 7 3 . 5 1 6 8 8 , 0 9 0 , 2 7 5 ROCK
27 5 .  17 6 8 8 , 2 8 0,  195 ROCK
2 7 5 . 8 2 6 8 7 . 9 5 0 , 190 ROCK
2 7 7 , 1 2 6 8 8 . 0 2 0 , 155 ROCK
2 7 8 . 6 8 6 8 7 , 5 3 0 , 085 ROCK
2 8 0 , 9 7 6 8 7 , 8 0 0 , 075 DRIFT
2 8 2 , 2 9 6 8 8 , 3 9 0 , 0 4 5 ROCK
2 8 2 , 7 3 6 8 8 , 8 6 0 , 045 ROCK
2 8 5 , 4 4 6 8 8 , 9 8 0 , 020 ROCK
2 8 5 , 4 0 6 8 8 , 3 0 0 , 040 ROCK
2 8 6 , 5 5 6 8 8 . 4 0 0 . 0 1 5 ROCK
2 8 8 , 0 3 6 8 8 , 6 9 0 , 0 1 5 ROCK
2 8 9 , 0 3 6 8 8 , 8 9 0 , 0 1 5 ROCK
2 9 2 , 6 1 6 8 8 , 9 3 0 , 0 1 0 ROCK
2 9 3 , 8 4 6 8 9 , 9 7 0 , 0 5 0 ROCK
2 9 4 , 2 4 6 9 0 , 5 4 0 , 080 ROCK
295 ,  13 69 0 , 6 2 0 . 085 ROCK
2 9 6 , 0 5 69 1 , 49 0 , 045 ROCK
2 9 6 , 8 8 69 1 , 19 0 , 060 ROCK
298 , 13 6 9 1 . 2 1 0 , 1 1 0 DRIFT
299 . 12 6 9 1 , 7 5 0 , 085 ROCK
3 0 0 , 4 3 6 9 2 , 1 8 0 , 090 ROCK
3 02 ,  18 6 9 2 , 0 6 0 , 1 1 5 ROCK
3 0 3 , 2 4 6 9 2 , 5 2 0 , 1 8 0 ROCK
3 0 5 , 0 0 6 9 2 , 5 6 0 , 2 1 5 ROCK
3 0 5 , 9 5 6 9 2 , 7 7 0 . 2 1 5 ROCK
3 0 7 . 9 8 6 9 3 , 4 1 0 . 2 2 0 ROCK
3 1 0 , 1 7 6 9 5 , 2 8 0 , 270 ROCK
3 1 2 . 7 2 6 9 5 ,  17 0 . 1 5 0 ROCK
3 1 4 , 9 6 6 9 6 , 5 8 0,  145 ROCK
3 1 6 . 5 7 6 9 7 , 4 9 0 . 230 ROCK
3 1 7 , 2 0 698 , 07 0 , 170 ROCK
3 1 8 . 6 4 6 9 8 , 4 5 0,  120 ROCK
3 2 3 , 5 0 6 9 7 , 6 3 0 , 1 0 0 DRIFT
3 2 4 , 3 1 6 9 6 , 7 2 0 , 075 DRIFT

3 2 7 , 7 0 6 9 5 . 5 9 0 , 085 DRIFT

33 1 , 65 6 9 4 , 5 3 0 , 0 1 5 ROCK
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M A V I S M  ( CROSS)

SI TE
NUMBER

S I T E
NAME

X1 CASTLE H I L L
X.2 BEN EFFREY
X3 UPPER CLOAN QUARRY
X4 NEAR LAKE
X5 HAYDARN BURN
X6 S T E E L E 'S  KNOWE
X7 FAWNCLEUCH BURN
X8 H I L L K I T T Y
X9 GLENSHERUP RESERVOIR
X10 COWCLEUGH BURN
X 1 1 ROUGHCLEUGH BURN
X 12 H I L L S I D E
X 1 3 SADDLE H I LL
X 14 GLOOM H I L L  QUARRY
X 15 KELLYBANK
X 1 6 R I VER DEVON
X 1 7 BACK WOOD
X I 8 ALLACKIE
X 19 GARTGREENIE
X20 HAZLEYSHAW
X21 HANTSHAW FARM
X22 TRACK
X23 FORESTRY TRACK
X24 STRUCTURE IN FORESTRY
X25 CLEARING IN FORESTRY
X26 QUARRY
X27 MOSS WOOD
X28 QUARRY BY ROAD
X28A LONGANNET QUARRY
X29 F I R T H  OF FORTH
X30 INVERAVON
X3 1 AVONDALE HOUSE
X32 LODGE
X33 GILSTON
X34 BATTOCK
X35 CRAIGS FARM
X36 MANUEL BURN
X37 CRAIGEND WORKS
X38 EASTER BLACKRIG
X39 WINDY RIG
X40 OLD COLLIERY
X 4 1 WHINNEY KNOWES
X42 CRAIGBANK QUARRY
X43 LINHOUSE QUARRY
X44 NORTH RHODENS PLANTATION 
X45 DRUMBOWIE
X46 TAWNYCRAW HI L L
X47 EASTCRAIGS H I LL
X48 CROWNS H I L L  QUARRY
X49 WESTCRAIGS QUARRY
X50 B L A I R H I L L  QUARRY

ABERUTHVEN AND DOLLAR SHOTS RECEI VED ^  STAT^OIVED AT
CONGANNET, AVONBRIDGE AND B LA IR H ILL  SHOT_

GRID REFERENCE ELEVAT1 ON GEOPHONE
km E km N km AOD COURL ING

2 9 7 , 5 4 7 1 2 , 6 5 0,  125 ROCK
2 9 7 , 6 8 71 1 ,64 0 , 2 1 0 ROCK
2 9 6 , 8 2 7 1 0 , 6 7 0 , 230 ROCK
2 9 7 , 6 0 7 0 9 , 9 4 0 , 2 2 0 ROCK
2 9 7 , 3 7 7 0 8 , 6 7 0 , 3 7 5 ROCK
2 9 6 , 9 3 7 0 7 , 5 2 0 , 470 ROCK
2 9 6 , 7 3 7 0 6 , 3 9 0 , 4 2 5 ROCK
2 9 6 , 4 2 7 0 5 , 7 2 0 , 3 5 0 ROCK
2 9 5 . 3 1 7 0 4 , 7 6 0 , 2 8 0 ROCK
2 9 6 , 4 6 7 0 3 , 8 8 0 , 3 2 5 ROCK
2 9 5 , 2 8 7 0 2 , 7 8 0 , 3 7 5 ROCK
2 9 6 , 4 9 701 , 42 0 , 5 1 0 ROCK
2 9 5 , 7 2 7 0 0 , 3 7 0 , 44 0 ROCK
2 9 6 , 3 0 6 9 9 , 0 5 0 , 165 ROCK
2 9 6 , 8 8 6 9 8 , 2 8 0 , 060 DRIFT
2 9 6 , 4 8 6 9 6 , 9 3 0 , 0 2 5 DRIFT
2 9 6 , 5 6 6 9 5 , 3 3 0 . 070 DRIFT
29 6 ,  17 6 9 4 , 4 3 0 , 075 DR I FT
2 9 5 , 9 3 6 9 3 , 3 9 0 . 0 7 5 DRIFT
2 9 5 , 8 2 6 9 2 , 4 0 0 , 075 ROCK
2 9 6 , 0 5 691 , 49 0 , 0 4 5 ROCK
2 9 5 , 1 3 6 9 0 , 6 3 0 , 0 8 5 ROCK
2 9 6 . 1 4 6 8 9 , 3 4 0 . 070 ROCK
2 9 6 . 1 9 6 8 8 , 6 8 0 , 070 BUILDING
2 9 6 , 3 1 6 8 7 , 8 3 0 , 060 DRIFT
2 9 5 , 9 2 6 8 7 , 0 1 0 , 060 ROCK
2 9 6 , 4 2 6 8 6 , 5 3 0 , 040 DRIFT
2 9 6 , 6 1 6 8 5 , 6 8 0 , 0 1 0 ROCK
2 9 6 , 4 9 6 8 5 , 8 0 0 , 0 1 0 ROCK
2 9 5 , 3 0 6 8 3 . 2 8 0 , 000 DRIFT
2 9 5 , 6 3 6 7 9 , 9 1 0 , 030 DRIFT
2 9 5 , 5 8 6 7 9 , 3 4 0 , 0 3 5 DRIFT
2 9 5 , 2 5 6 7 8 , 8 5 0 , 055 DRIFT
2 9 4 , 4 6 678 , 12 0 , 050 DRIFT
2 9 4 ,  17 6 7 7 , 7 1 0 , 085 DRIFT
2 9 3 , 7 8 6 7 7 , 2 8 0 , 1 0 5 DRIFT
2 9 2 , 9 8 6 7 6 , 5 0 0 , 130 DRIFT
2 9 2 , 7 6 6 7 5 , 6 0 0 , 1 6 0 DRIFT
291 , 82 6 7 5 , 1 1 0 , 180 DRIFT
291 , 65 6 7 4 , 6 5 0 , 175 DRIFT
291 , 43 6 7 4 , 0 8 0 , 180 DRIFT
2 9 0 , 8 9 6 7 3 , 0  1 0 , 1 4 0 DRIFT
290 , 84 6 7 2 . 2 2 0 , 150 ROCK
2 9 0 , 6 7 671 ,25 0 , 1 8 0 ROCK
2 9 0 , 3 8 6 7 0 , 2 4 0 , 185 ROCK

2 9 0 , 7 4 6 6 9 , 8 8 0 , 2 0 5 ROCK
2 9 0 , 2 7 669 , 1 i 0 . 2 1 5 ROCK
2 9 0 , 2 8 6 6 8 , 3 0 0 . 23 5 ROCK

2 9 0 ,  18 6 6 7 , 7 0 0 , 2 1 5 ROCK

2 8 9 , 8 8 6 6 6 , 6 6 0 , 185 ROCK
2 8 8 , 7 8 6 6 5 , 8 9 0 , 200 ROCK

STATION 2 8 A .
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MAVIS I I ( CAI RNYHILL QUARRY)

SI TE S I T E
NUMBER NAME

CS 1 ROADS IDE
CS2 FORESTBURN RESERVOIR
CS3 TREESBANK
CS4 BLAIRMAINS
CSS WESTER HASSOCKRIGG QUARRY
CSS RIVER ALMOND
CS7 BROWNHILL FARM
CSS STARRYSHAW FARM
C-S9 SOUTHFIELD COLLIERY
CS10 MULDRON LODGE
CS 1 1 WEST CLEUGH QUARRY
CS 1 2 BRIDGE
CS 1 3 OLD IRON MINE
CS 1 4 SERGEANTS LAW
CN 1 SNI PE QUARRY
CN2 LOCHEND
CN3 SALTERH1LL FARM
CN4 BALQUHATSTONE HOUSE
CN5 RIVER AVON
CNS ROAD SIDE
CN7 NEW CRAIG COTTAGES
CE 1 BEDLORMIE
CE2 BARN WOOD
CE3 CROWNS H I LL

GRID REFERENCE ELEVATI  ON GEOPHONE
km E km N km AOD COUPLING

2 8 5 , 7 0 6 6 5 , 8 1 0 , 2 3 5 ROCK
2 8 6 , 2 1 6 6 4 , 8  0 0 , 2 3 5 ROCK
2 8 8 , 0 4 6 6 4 , 3 0 0 , 2 2 5 ROCK
2 8 6 , 8 1 6 6 4 , 2 5 0 , 2 3 5 DRIFT
2 8 7 , 0 9 6 6 3 , 2 2 0 , 250 ROCK
2 8 7 , 8 7 6 6 2 , 5 8 0 , 24  0 DRIFT
2 8 8 , 2 2 6 6 2 . 5 3 0 , 2 3 5 DRIFT
2 8 9 , 6 2 6 6 0 , 8 8 0 , 2 3 5 DRIFT
2 8 9 , 9 7 6 5 9 , 9 3 0 , 250 DRIFT
2 9 1 , 5 0 6 5 7 , 9 8 0 , 2 3 5 BUILD II
2 9 1 , 5 5 6 57 ♦ 6 2 0 , 2 4 5 ROCK
2 9 1 , 8 3 6 5 7 , 4 1 0 , 240 DR I FT
2 9 2 . 0 2 6 5 6 , 7 6 0 ♦ 280 DRIFT
2 9 2 , 2 9 6 5 6 , 3 4 0 , 3 0 5 DRIFT
2 8 5 , 1 6 6 6 7 , 6 3 0 , 185 ROCK
2 8 5 , 3 9 6 7 0 , 2 9 0 * 220 DRIFT
2 8 5 , 6 8 6 7 1 , 8 5 0,  185 DR 1 FT
2 8 5 , 7 0 6 7 2 , 6 4 0 , 165 DRIFT
2 8 5 , 5 0 6 7 3 , 6 4 0 , 1 5 0 DRIFT
2 8 5 . 3 8 6 7 4 , 7 8 0 , 180 DRIFT
2 8 5 , 0 1 6 7 5 , 6 6 0,  185 DRIFT
2 8 7 , 4 4 6 6 7 . 2 9 0 , 2 0 5 DRIFT
2 8 8 , 2 5 6 6 7 , 4 5 0 , 2 1 5 DRIFT
290 »08 6 6 7 . 9 9 0 , 2 2 5 ROCK

CE STATION DATA WAS NOT USED
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MAVI S I I I  ( I N N E S  5

SI TE S I T E GRID REFERENCE ELEVATI ON GEOPHONE
NUMBER NAME km E km N km AOD COUPL1NG

I 1 CALA1S 3 2 , 4 0 6 8 6 , 4 0 0 , 085 DR 1 FT
I 2 ANN F1 ELD 3 2 , 8 6 6 8 5 , 3 8 0 , 085 DRIFT
I 3 SUNNYBANK 3 2 , 9 6 6 8 4 , 3 4 0 , 025 DR 1 FT
I 4 PRESTON H I L L  QUARRY 3 3 , 6 3 6 8 2 , 4 0 0 , 0 1 0 ROCK
! 5 GARTH IL L  HOUSE 3 3 ,  09 6 8 1 , 3 0 0 , 045 ROCK
I 6 QUARRY 3 3 , 3 2 6 8 0 , 6 8 0 , 040 ROCK
I 7 FORTH BRIDGE 3 3 , 8 0 6 7 8 , 4 2 0 , 000 ROCK
IS NEWB1GG1NG 3 2 , 2 5 6 7 7 ,  16 0 , 0 5 5 DRIFT
I 3 ROAD S I DE 3 3 , 2 8 6 7 6 , 2 2 0 . 0 5 5 DRIFT
I 10 CRAIGBRAE QUARRY 3 3 , 7 2 6 7 5 , 8 8 0 , 060 ROCK
I 1 1 ALMONDH1LL 3 2 , 9 0 6 7 5 , 1 6 0 , 055 DR 1 FT
I 12 FOXHALL 3 3 , 0 6 6 7 4 , 0 0 0 , 030 DRIFT
I 13 HILLYARDS CASTLE 3 2 , 9 0 6 7 3 , 5 6 0 , 030 DRIFT
I 14 QUARRY 3 2 , 8 4 6 7 2 , 2 3 0 , 045 ROCK
I 15 H 1LLWOOD 3 2 , 9 0 6 7 1 , 6 0 0 , 060 ROCK
I 16 NORTON QUARRY 3 3 , 3 6 671 , 56 0 , 090 ROCK
I 17 RATHO HALL 3 3 ,  14 671 ,10 0 , 1 0 0 ROCK
I 18 OLD QUARRY 3 3 , 02 67 0 ,36 0, 120 DRIFT
I 19 WITCHES STONE 3 2 , 9 7 6 6 9 , 7 6 0 , 135 ROCK
I 20 HATTON HOUSE 3 2 , 8 0 6 6 9 , 0 2 0.  120 ROCK
121 SPITTALTON WOOD 3 2 , 7 2 6 6 8 , 0  8 0 , 105 DRIFT
I 22 WATERLOO TOWER 3 2 , 7 2 6 6 7 , 8 0 0 , 120 DRIFT
I 23 GREEN BURN 3 3 , 0 4 6 6 7 , 3 4 0 , 140 DR 1 FT
I 24 ROAD SIDE 3 3 , 05 6 6 6 , 9 7 0 , 1 7 0 DRIFT
I 25 QUARRY 3 3 , 3 5 6 6 6 , 2 2 0 , 190 ROCK
I 26 KAIMES QUARRY 3 2 , 9 4 6 6 6 , 3 6 0 , 2 0 5 ROCK
I 27 HAUGH HEAD 3 3 , 1 1 6 6 5 , 2 2 0,  190 DRIFT
I 28 TEMPLE HOUSE 3 3 , 0 5 6 6 4 , 1 7 0 , 225 DRIFT
I 23 ROAD SIDE 3 3 , 4 3 6 6 3 , 3 5 0 , 2 5 0 DR 1 FT
I 30 ROAD SI DE 3 3 , 4 3 6 6 2 , 8 4 0 ,260 DR 1 FT

131 LISTONSHIELS 3 3 , 5 8 6 6 2 , 0 3 0 , 280 DR 1 FT

I 32 MANSOON H I L L  QUARRY 3 3 , 1 0 661 ,28 0 , 3 6 0 ROCK
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• y e  r e c e iv e r  l o c a t io n s

□  YE CARBONIFEROUS SEDIMENTS & UPPER OLDE RED SANDSTONE

■  YE p e r m o - c a r b o n if e r o u s  ig n e o u s  r o c k s

YE LOWER OLDE RED SANDSTONE

YE LOWER OLDE RED SANDSTONE IGNEOUS ROCKS

F i g * A . 4 D i s t r i b u t i o n  o f  R e c e i v e r  L o c a t i o n s  L i s t e d  in Appendix  2.  HBF - H i g h l a n d  
B o u n d ary  F a u l t *  OF - Ochi  I F a u l t *  PF - P en t l and F a u l t *



A P P E N D IX  3 a ,  OBSERVED AND CALCULATED TRAVEL T IM E S :  P-WAVE

Ray c odes  r e f e r  t o T a b l e  5 , 1 ,  R e d u c t i o n  v e l o c i t y  = 6 , 0  km/  

A s t a n d a r d  e r r o r  in t r a v e l  t i me  o f  + / -  0 , 0 3  s was assumed  

f o r  d a t a  f rom So I a ( 1 9 8 5 ) »
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MAVI S I : TREARNE (P WAVE) 

SHOT POSI TI ON = 0 . 4 1 0  KM

OBSERVED TRAVEL TIMES

RANGE TRAVEL TIME ERROR (+ ) ERROR ( - ) RED T I!
(KM) (S) (S) (S) (S)
0 . 4 1 0 0 , 0 6 0 0 , 0 3 0 0 . 030 - 0 . 0 0 8
1 , 850 0 , 4 9 0 0 , 0 3 0 0 . 030 0 , 182
5 , 4 5 0 1 , 130 0 , 030 0 , 0 3 0 0 , 2 2 2
8 , 0 5 0 1 , 800 0 , 050 0 , 050 0 , 4 5 8

1 0 , 1 7 0 2 , 3 1 0 0 , 0 3 0 0 , 0 3 0 0 . 6 1 5
1 8 , 4 6 0 3 , 9 2 0 0 , 030 0 , 030 0 , 8 4 3
1 9 , 6 5 0 4 , 1 4 0 0 , 030 0 , 030 0 , 8 6 5
2 6 , 2 2 0 5 . 3 0 0 0 , 0 5 0 0 , 030 0 , 93 0
2 8 , 9 3 0 5 , 8 7 0 0 , 050 0 , 0 5 0 1 , 048
3 2 , 1 9 0 6 , 3 8 0 0 , 030 0 , 030 1 , 0 1 5
3 4 , 8 8 0 6 , 7 8 0 0 , 030 0 , 0 3 0 0 , 967
3 6 , 8 7  0 7 , 2 5 0 0 , 0 3 0 0 , 030 1 , 1 0 5
3 9 , 1 8 0 7 , 4 8 0 0 . 030 0 , 030 0 , 950
4 0 , 6 7 0 7 , 7 4 0 0 , 0 3 0 0 , 030 0 , 9 6 2
4 1 . 8 7 0 7 , 9 1 0 0 » 030 0 , 030 0 , 93 2
4 3 , 5 9 0 8,  140 0 , 0 3 0 0 , 030 0 , 8 7 5
4 3 , 8 9 0 8 , 2 7 0 0 . 030 0 , 0 3 0 0 , 9 5 5
4 4 , 3 2 0 8 , 360 0 , 030 0 , 030 0 , 9 7 3
4 6 , 8 7 0 8 , 7 6 0 0 , 030 0 . 030 0 , 948

4 8 , 0 6 0 9 , 0 1 0 0 , 050 0 , 050 1 , 00 0
5 0 ,  180 9 , 3 3 0 0 , 030 0 , 050 0 , 967

5 1 , 0 7 0 9 , 4 7 0 0 , 030 0 , 030 0 , 9 5 8

5 2 . 5 0 0 9 , 6 6 0 0 , 050 0 , 050 0 , 9 1 0

5 3 , 1 8 0 9 , 790 0 , 030 0 , 030 0 , 927

5 5 , 0 6 0 10 , 1 10 0 , 050 0 , 050 0 , 933

5 6 , 3 5 0 10 , 2 80 0 , 050 0 , 030 0 , 888

6 2 , 0 7 0 11 , 240 0 , 050 0 , 050 0 , 895

63 , 100 1 1 , 350 0 , 0 5 0 0 , 050 0 , 833

6 4 . 5 6 0
6 4 . 5 6 0

1 1 , 670  
1 1 , 490

0 , 050 
0 , 050

0 , 050 
0 , 050

0 , 9 1 0  
0 , 730

6 6 , 6 9 0 11 , 990 0 , 050 0 , 050 0 , 875

6 7 , 7 3 0  
69 , 4 1 0

12 , 070 
12 , 310

0 , 050 
0 , 0 5 0

0 , 0 5 0  
0 , 050

0 , 7 8 2  
0 , 74 2

7 0 , 6 0 0 1 2 , 550 0 , 050 0 , 0 5 0 0 , 7 8 3

7 3 , 1 9 0  
7 4 , 2 4 0  
7 8 , 2 0 0  
7 8 , 7 4 0  
8 3 .  120 
34 , 880  
3 9 , 1 8 0  
4 1 , 870  
4 3 . 8 9 0  
4 4 , 3 2 0  
46 , 870  
62 , 070

12 , 940 0 , 050 0 , 050 0 , 7 4 2

13 , 090  
13 , 720

0 , 050 
0 , 050

0 , 050 
0 , 050

0 , 7 1 7  
0 , 687

13 , 790  
14 , 490  
6 , 880 
7 , 6 0 0  
8 , 0 2 0  
8 , 4 1 0  
8 , 5 0 0  
8 , 8 2 0  

11 , 140

0 , 0 5 0  
0 , 050 
0 , 050 
0 . 050 
0 , 0 5 0  
0 , 050 
0 , 050  
0 , 0 5 0  
0 , 050

0 , 050 
0 , 050 
0 , 050 
0 , 050 
0 , 050 
0 , 050 
0 , 050  
0 , 050 
0 , 0 5 0

0 , 6 6 7  
0 . 6 3 7  
1 , 0 6 7  
1 , 0 7 0  
1 , 0 4 2  
1 , 095  
1 , 1 1 3  
1 , 0 0 8  
0 , 7 9 5

CALCULATED TRAVEL TIMES



1 7 9

RAY CODE = A 1
RANGE (KM) CALC TI ME (S)  

0 , 0 0 0  0 , 0 0 0
1 , 8 5 0  0 , 4 9 8
0 , 4 1 0  0 , 0 3 0

RAY CODE = A3
RANGE (KM) CALC TI ME ( S)

2 8 , 9 3 0 5 , 9 1 1
2 6 , 2 2 0 5 , 3 9 5
1 9 , 6 5 0 4 ,  137
1 8 . 4 6 0 3 , 9 0 5
1 0 , 1 7 0 2 , 2 7 9

8 , 0 5 0 1 , 791
5 , 4 5 0 1 , 2 6 3
1 , 8 5 0 0 . 521

RAY CODE = A5
RANGE (KM) CALC TI ME ( S)

6 4 , 5 6 0  
6 3 ,  100
6 2 , 0 7 0
5 6 , 3 5 0
5 5 . 0 6 0  
5 3 ,  180
5 2 , 5 0 0  
51 , 0 7 0
5 0 . 1 8 0
4 8 . 0 6 0
4 6 . 8 7 0
4 4 . 3 2 0
4 3 , 8 9 0
4 3 . 5 9 0  
4 1 , 870  
40 , 67 0
3 9 . 1 8 0
3 6 . 8 7 0  
3 4 . 8 8 0  
3 2 ,  190 
2 8 , 9 3 0
2 6 , 2 2 0
1 9 , 6 5 0

RAY CODE = A7
RANGE (KM) CALC TI ME ( S)

8 3 ,  120 1 4 , 4 8 5
7 8 , 7 4 0 1 3 . 7 9 1
7 8 , 2 0 0 1 3 , 7 0 6
7 4 . 2 4 0 1 3 , 0 9 4
7 3 , 1 9 0 1 2 , 9 2 7
7 0 , 6 0 0 1 2 . 5 2 3
6 9 , 4 1 0 1 2 , 3 4 0
6 7 , 7 3 0 1 2 , 0 7 4
6 6 , 6 9 0 1 1 , 9 1 1
6 4 , 5 6 0 1 1 , 5 7 7
6 3 ,  100 1 1 , 3 3 5
6 2 , 0 7 0 1 1 . 1 6 7
5 6 , 3 5 0 1 0 , 2 6 4
5 5 , 0 6 0 1 0 . 0 5 6

1 1 , 6 6 0  
1 1 , 4 1 5  
1 1 , 2 3 6  
1 0 , 2 9 2  
1 0 , 0 8 2  

9 , 7 9 1  
9 , 6 8 3  
9 , 453  
9 , 3 0 2
8 . 9 5 2  
8 , 7 6 8  
8 , 3 5 4  
8 , 2 8 0  
8 , 2 3 1
7 . 9 5 3  
7 , 7 5 7  
7 , 5 1 4  
7 , 134 
6 , 8 1 1  
6 , 3 6 4  
5 , 8 1 6  
5 , 3 6 2  
4 , 2 3 7



1S0

5 3 , 1 8 0 9 , 784
5 2 , 5 0 0 9 , 6 8 0
51 , 070 9 , 4 5 9
5 0 , 1 8 0 9 , 3 1 6
4 8 , 0 6 0 8 , 9 7 9
4 6 , 8 7 0 8 , 8 0 5
4 4 , 3 2 0 8 , 4 0 6
4 3 , 8 9 0 8 , 3 4 0
4 3 , 5 9 0 8 , 2 9 2
41 , 870 8 , 0 2 4
4 0 , 6 7 0 7 , 8 3 6
3 9 , 1 8 0 7 , 6 0 4
3 6 , 8 7 0 7 , 2 4 6
3 4 , 8 8 0 6 , 9 3 3

MAVI S I : DRUMGRAY ( P WAVE) 

SHOT POSI TI ON = 4 3 , 7 6 0  KM

OBSERVED TRAVEL TIMES

RANGE
(KM)

4 3 . 7 5 0  
41 , 620
3 5 . 3 1 0
3 3 , 2 0 0
3 0 , 7 2 0
2 4 , 8 9 0
2 3 , 7 1 0  
21 , 730
1 4 . 5 3 0

8 , 4 6 0
6 , 7 8 0
4 , 2 2 0
2 . 7 3 0
1 , 7 0 0  
1 , 340  
0 , 980  
3,  650  
4 , 730 
6 , 8 4 0  
7 , 750  
9 , 190
9 , 9 7 0

1 1 , 8 0 0  
13,  130
1 5 . 5 3 0
1 9 , 9 5 0
2 0 , 6 4 0  
21 , 370
2 3 , 5 0 0
2 6 . 3 0 0
2 7 , 5 2 0  
30 ,  120
3 3 . 3 0 0
4 3 . 7 5 0
3 5 . 3 1 0

TRAVEL TIME ERROR (+ )
(S)  

8 , 2 3 0  
7 , 9 8 0  
6 , 9 4 0  
6 , 6 3 0  
6 , 2 2 0  
5 , 2 7 0  
5,  090 
4 , 8 0 0  
3 , 4 7 0  
2 , 2 6 0  
1 , 830  

180 
750  
400 
450  
300  

1 . 040 
1 , 240  
1 , 690
1 , 920  
2 , 3 4 0
2 , 500  
2 , 8 2 0  
3 , 0 5 0  
3 , 5 2 0  
4 , 350  
4 , 420  
4 , 6 1 0
4 , 960
5 , 460  
5 , 6 0 0  
6 , 0 1 0  
6 , 7 2 0  
8 , 4 1 0  
7 . 1 1 0

(S)
0 . 030 
0 , 030 
0 . 030 
0 , 030 
0 , 030 
0 , 030 
0 , 030 
0 , 030 
0 , 030  
0 , 030 
0 , 030 
0 , 030 
0 , 030 
0 , 030 
0 , 030 
0 , 030 
0 , 030 
0 , 030 
0 , 0 5 0  
0 , 0 3 0  
0 , 030 
0 , 030 
0 , 030 
0 , 030 
0 , 050 
0 , 1 0 0  
0 , 030 
0 , 050 
0 , 0 5 0  
0 , 030 
0 , 030 
0 , 030  
0 , 030 
0 , 0 5 0  
0 , 0 5 0

ERROR ( 
(S)

0 , 030 
0 , 0 5 0  
0 , 030 
0 , 080 
0 , 030 
0 , 030 
0 , 040 
0 , 060 
0 , 070 
0 , 050 
0 , 030 
0 , 0 3 0  
0 , 030 
0 , 030 
0 , 030 
0 , 030 
0 , 030 
0 , 030 
0 , 030 
0 , 050 
0 , 050  
0 , 030 
0 , 030 
0 , 050 
0 , 030 
0 ,1 0 0  
0 , 030 
0 , 050 
0 , 050  
0 , 030 
0 , 030 
0 , 030 
0 , 030 
0 , 050 
0 , 050

) RED TI ME  
(S)

0 , 93 8
1 , 04 3  
1 , 055  
1 , 097  
1 , 1 0 0  
1 , 122 
1 , 138 
1 , 178 
1 , 048  
0 , 8 5 0  
0 , 7 0 0
0 , 477  
0 , 295  
0 , 1 1 7  
0 . 2 2 7  
0 , 137 
0 , 432  
0 , 452  
0 , 550 
0 , 628  
0 , 808  
0 , 838  
0 , 8 5 3  
0 , 86 2
0 , 932
1 , 02 5
0 . 980
1 , 048  
1 , 043  
1 , 077  
1 , 0 1 3
0 , 9 9 0  
1 , 170  
1 , 1 1 8
1 , 225



-  181

2 4 * 8 9 0
1 4 . 5 3 0  
6 * 8 4 0  
7 , 750

1 5 . 5 3 0

780
570
910
060
600

050
050
050
100
050

0 , 050 
0 , 050 
0* 050  
0 * 050 
0 , 050

1 , 632  
1 , 1 4  
0 , 7 7  
0 , 7 6  
1. 01

CALCULATED TRAVEL TIMES 

RAY CODE = A 1
RANGE (KM) CALC TIME

0 , 0 0 0 0 , 000
0 , 9 8 0 0 , 286
1 , 34 0 0 , 3 9 3
3 , 6 5 0 1 , 031
4 , 7 3 0 1 , 29 2
6 , 8 4 0 1 , 80 4
7 , 7 5 0 2 , 0 1 9
9 ,  190 2 , 3 5 7
9 . 9 7 0 2 , 5 2 6

1 1 , 800 2 , 9 1 2
2 4 , 8 9 0 5 , 8 5 6
2 3 , 7 1 0 5 , 6 0 1
2 1 , 7 3 0 5 .  168

1 4 , 5 3 0 3 , 5 9 8
8 , 4 6 0 2 , 2 3 7
6 , 7 8 0 1 , 8 1 9
4 , 2 2 0 1 , 167
2,  730 0 , 7 7 0
1 , 70 0 0 , 4 9 6

Cf CODE = A3
RANGE (KM) CALC TIME

2 6 , 3 0 0 5 , 5 0 9
2 3 . 5 0 0 4 , 9 8 3
2 1 , 3 7 0 4 , 5 8 5
2 0 , 6 4 0 4 . 4 3 8
1 9 , 9 5 0 4 , 3 1 9
1 5 , 5 3 0 3 . 5 0 4
1 3 . 1 3 0 3,  037
1 1 , 8 0 0 2 , 7 8 9

9 , 9 7 0 2,  470
9 ,  190 2 . 3 2 8
7 , 7 5 0 2 , 0 6 1
6 , 8 4 0 1 , 8 8 8

2 4 , 8 9 0 5 . 3 1 4
2 3 , 7 1 0 5 , 0 9 5
2 1 , 7 3 0 4 . 7 4 4
1 4 . 5 3 0 3 , 4 1 4

8,  460 2 , 2 7 4
6 , 7 8 0 1 , 952

RAY CODE = A5
RANGE (KM) CALC TI ME <S)

3 3 , 3 0 0  6 , 5 8 0
30 , 120 6 , 0 6 0

NJ
 

CO 
O 

CO



1 8 2

2 7 , 5 2 0 5 , 6 2 9
2 6 , 3 0 0 5 , 4 3 5
2 3 , 5 0 0 4 , 9 6 8
21 , 37  0 4 , 6 1 0
2 0 , 6 4 0 4 , 4 7 9
1 9 , 9 5 0 4 , 3 7 1
1 5 , 5 3 0 3 , 6 4 9

4 3 , 7 5 0 8 , 2 6 6
4 1 , 6 2 0 7 , 8 9 9
3 5 , 3 1 0 6 , 9 3 4
3 3 , 2 0 0 6 , 6 5 3
3 0 . 7 2 0 6 , 2 1 8
2 4 , 8 9 0 5 , 2 5 9
2 3 , 7 1 0 5 , 0 5 9
21 , 730 4 , 7 4 0
1 4 , 5 3 0 3 , 5 5 2

RAY CODE = A6
RANGE (KM) CALC TIME (S)

3 3 , 2 0 0  6 , 7 7 0
3 5 , 3 1 0  7 , 0 5 1
4 1 , 6 2 0  7 . 9 8 7
4 3 , 7 5 0  8 , 3 4 3

MAVI S I :  AVONBRIDGE (P WAVE) 

SHOT POSI TI ON = 5 8 , 2 5 0  KM

OBSERVED TRAVEL TIMES

31 , 970  
2 9 , 0 9 0

RANGE TRAVEL TIME ERROR (+ )  ERROR ( 
(KM) (S)  (S)  <S>

4 9 , 8 3 0  9 . 3 5 0  0 . 0 5 0  0 , 0 5 0
4 7 , 7 2 0  8 , 9 5 0  0 , 0 5 0  0 , 0 5 0
3 9 , 4 0 0  7 . 6 0 0  0 , 0 5 0  0 , 0 5 0
3 8 , 2 5 0  7 , 5 0 0  0 , 0 5 0  0 , 0 5 0

6 , 4 4 0  0 . 0 3 0  0 , 0 3 0
5 , 9 5 0  0 , 0 5 0  0 , 0 5 0

2 5 , 7 7 0  5 . 3 6 0  n ‘ n30
2 3 , 0 0 0  4 , 8 7 0  0 . 0 3 0  0 , 0 3 0
2 1 . 3 2 0  4 . 6 0 0  0 , 0 3 0  0 , 0 3 0
1 7 , 3 1 0  3 . 8 3 0  0 , 0 3 0  0 . 0 3 0
1 8 . 1 8 0  3 . 5 7 0  0 . 0 3 0  0 . 0 3 0
i o e 1 ft 3 , 1 3 0  0 , 0 3 0  o , 030
lliseo 1:12! i '  m
1o 890 2 , 6 1 0  0 , 0 3 0  o , 030

I K S  2 . 4 2 0  0 . 0 3 0  0 , 0 3 0
7 870 2 , 0 1 0  0 , 0 3 0  0 . 0 3 0
4 6 6 0  1 , 240  0 , 0 3 0  0 , 0 3 0

VIVo o°:Iio o: o 3 o l : l i l
: 2 : 2 2 2  2 : 2 2 2  o i j

V l i l  Vl l l  O.'oso oiolo
3:222 •••*• ° ' 030

) RED TI ME  
(S)

1 , 045
0 , 997
1 , 033  
1 , 125 
1 . 112  
1 , 1 0 2  
1 , 065  
1 , 037  
1 , 047 
0 , 945  
0 , 8 7 3  
0 , 862  
0 , 863  
0 , 7 7 8  
0 , 747  
0 , 698  
0 , 463  
0 , 125 
0 , 128 
0 , 107 
0 , 182 
0 , 440  
0 . 4 8 5  
0 , 540



1 8 3

6 , 0 6 0 1 , 630
7 , 7 5 0 1 , 94  0
8 , 9 1 0 2 , 160

1 2 , 9 8 0 3 , 0 0 0
1 3 , 7 6 0 3,  150
1 6 , 6 1 0 3 , 6 2 0
1 5 , 5 6 0 3 , 4 6 0
2 0 , 4 9 0 4 , 3 2 0
2 1 , 0 4 0 4 , 4 4 0
1 2 , 9 8 0 3 , 3 4 0
1 3 , 7 6 0 3 , 4 4 0
1 5 , 5 6 0 3 , 8 8 0

CALCULATED TRAVEL TIMES

RAY CODE = A1
RANGE (KM) CALC TIME

0 ,0 0 0 0 ,0 0 0
0 , 980 0 , 2 9 4
2 ,2 1 0 0 , 6 5 9
3 , 2 4 0 0 , 9 2 7
4 , 350 1 , 193
5 . 4 0 0 1 , 467
6 , 060 1 , 630
7 , 7 5 0 2 , 0 0 9
8 , 9 1 0 2 , 2 8 0

1 2 , 9 8 0 3,  199
1 3 . 7 60 3 , 3 7 2

1 0 , 0 4 0 2 , 5 0 1
7 , 8 7 0 2 , 003
4 . 6 6 0 1 , 255
2 . 7 9 0 0 , 780
1 , 5 1 0 0 . 436
0 , 000 0 , 000

RAY CODE = A3
RANGE (KM) CALC TIME

21 , 040 4 , 4 8 4
2 0 . 4 9 0 4 , 3 8 2
1 5 , 5 6 0 3 , 4 6 9
1 6 , 6 1 0 3 , 6 7 0
1 3 , 7 6 0 3,  129
1 2 , 9 8 0 2 , 9 9 1
8 , 9 1 0 2 , 2 3 2
7 , 7 5 0 2 ,0 1 1
6 , 0 6 0 1 , 675
5 , 400 1 , 566

2 5 , 7 7 0 5 , 4 3 5
2 3 , 0 0 0 4 , 9 1 8
2 1 , 3 2 0 4 , 5 9 4
1 7 , 3 1 0 3 , 8 1 9
1 6 , 1 8 0 3 , 603
1 3 , 9 60 3 , 1 74
1 3 , 6 1 0 3 , 1 1 6
1 0 , 9 90 2 , 6 3 1

, 030 0 , 030 0 , 620
, 050 0 , 050 0 , 6 4 8
, 030 0 , 030 0 , 6 7 5
, 030 0 , 030 0 , 837
, 030 0 , 030 0 , 8 5 7
, 030 0 , 030 0 , 85 2
, 030 0 , 030 0 , 867
, 050 0 , 030 0 , 9 0 5
, 030 0 , 0 3 0 0 , 9 3 3
, 050 0 , 050 1 , 177
, 050 0 , 0 5 0 1 , 147
, 050 0 , 0 5 0 1 , 287

0
0
0
0
0
0
0
0
0
0
0
0

(S)

(S)



184

1 0 , 0 4 0  2 , 4 4 2
7 , 8 7 0  2 , 0 3 0

RAY CODE = A5
RANGE (KM) CALC TIME (S)

4 9 , 8 3 0 9 , 2 8 9
4 7 , 7 2 0 9 , 0 0 6
3 9 , 4 0 0 7 , 6 0 9
3 8 , 2 5 0 7 , 4 1 9
31 , 970 6 , 3 8 9
2 9 , 0 9 0 5 , 9 1 2
2 5 , 7 7 0 5 , 3 6 2
2 3 . 0 0 0 4 , 9 0 0
21 , 32 0 4 , 6 0 6
1 7 , 3 1 0 3 , 9 3 0

RAY CODE = A6
RANGE (KM) CALC TIME (S)

31 , 97 0 6 , 5 3 9
3 8 , 2 5 0 7 , 514
3 9 , 4 0 0 7 , 702
4 7 . 7 2 0 9 , 060
4 9 , 8 3 0 9 , 342

MAVI S OXCARS (P WAVE)

SHOT POSI TI ON = 9 1 , 1 8 0  KM

OBSERVED TRAVEL TIMES

RANGE TRAVEL T
(KM) (S)

51 , 970 9 , 6 8 0
50 , 470 9 , 5 1 0
4 9 , 3 5 0 9 , 2 5 0
4 7 , 0 3 0 8 . 850
4 7 , 0 3 0 8 , 9 4 0
4 6 , 7 6 0 8 , 870
4 4 , 1 2 0 8 , 4 1 0
4 1 , 0 3 0 7 , 8 9 0
3 7 , 7 8 0 7 , 3 6 0
3 5 , 9 5 0 7 , 090
3 4 . 6 2 0 6 , 8 6 0
3 2 . 2 1 0 6 , 4 2 0
2 9 , 9 4 0 6 , 090
2 7 , 8 0 0 5 , 680
2 7 . 1 2 0 5 , 5 6 0
2 6 , 3 9 0 5 , 390
2 4 . 2 6 0 5,  130
2 1 , 4 5 0 4 , 580
2 0 .2 2 0 4 , 3 4 0
1 9 , 4 2 0 4 , 2 6 0
1 7 , 6 3 0 3 , 7 9 0
1 4 , 5 1 0 3 , 2 9 0
1 2 , 6 9 0 2 , 9 2 0
1 2 , 1 4 0 2 , 8 5 0
1 0 , 1 5 0 2 , 490

9 , 240 2 , 300

ERROR ( +)  
(S)

0 , 050 
0 , 050 
0 , 0 5 0  
0 , 050 
0 , 050 
0 , 030 
0 , 030  
0 , 050 
0 , 0 5 0  
0 , 0 5 0  
0 . 030 
0 . 030 
0 , 0 5 0  
0 , 030 
0 , 030  
0 , 050  
0 , 030  
0 , 030 
0 , 030 
0 , 1 0 0  
0 , 050 
0 , 0 3 0  
0 , 030 
0 , 050 
0 , 030 
0 , 030

ERROR ( 
(S)

0 , 050 
0 , 050 
0 , 050 
0 , 050  
0 , 0 5 0  
0 , 0 3 0  
0 , 030 
0 , 0 5 0  
0 , 050  
0 , 0 5 0  
0 . 030 
0 , 0 3 0  
0 , 050 
0 , 030  
0 , 030 
0 , 0 5 0  
0 , 030 
0 , 030 
0 , 030 
0 . 030 
0 , 0 5 0  
0 , 030 
0 , 030 
0 , 030 
0 , 030 
0 , 030

) RED TI ME  
<S) 
. 01 8  
. 09 8  
, 02 5  
, 0 1 2  , 102 
, 077  
, 057  
, 052  
, 063  
, 098  
, 090 
, 0 5 2  , 100 
, 04 7  
. 040  
, 9 9 2  
, 087  
, 00 5  

0 , 9 7 0  
1 . 0 2 3  
0 , 852  
0 , 872  
0 . 8 0 5  
0 , 8 2 7  
0 . 798  
0 , 760



-  1 8 5  -

2 6 , 3 9 0  
2 4 , 2 6 0  
21 , 450  
1 7 , 6 3 0

5 , 6 7 0  
5 , 3 2 0  
4 , 8 9 0  
4 ,  180

0 , 050  
0 , 050  
0 , 1 0 0  
0 , 1 0 0

0 , 1 0 0  
0 , 0 5 0  
0 , 1 0 0  
0 , 100

CALCULATED TRAVEL TI MES

RAY CODE = A 1
RANGE (KM) CALC TI ME ( S)  

1 4 , 5 1 0  3 , 5 3 5
1 2 , 6 9 0  3 , 1 2 2
1 2 , 1 4 0  3 , 0 0 4
1 0 , 1 5 0  2 , 5 5 1

9 , 2 4 0  2 , 3 4 9
0 , 0 0 0  0 , 0 0 0

RAY CODE = A3
RANGE (KM) CALC TI ME ( S)

2 6 , 3 9 0 5 , 4 9 7
2 4 , 2 6 0 5 ,  104
2 1 , 4 5 0 4 , 5 8 4
2 0 ,2 2 0 4 , 3 4 9
1 9 , 4 2 0 4 . 1 9 1
1 7 , 6 3 0 3 , 8 5 8
1 4 , 5 1 0 3 , 2 8 4
1 2 , 6 9 0 2 , 9 4 1
1 2 , 1 4 0 2 , 8 4 9
1 0 , 1 5 0 2 , 478

9 . 2 4 0 2 , 3 0 6

RAY CODE = A5
RANGE (KM) CALC TI ME ( S)

51 , 97 0 9 , 6 9 3
50 , 47 0 9 , 4 39
4 9 , 3 5 0 9 , 2 4 3
4 7 , 0 3 0 8 , 8 5 9
4 6 , 7 6 0 8 , 8 1 4
4 4 .  120 8 , 3 7 5
4 1 , 0 3 0 7 , 8 5 7
3 7 , 7 8 0 7 . 3 0 4
3 5 , 9 5 0 6 , 9 9 2
3 4 , 6 2 0 6 , 7 6 9
3 2 , 2 1 0 6 , 388
2 9 , 9 4 0 6 ,0 1 0
2 7 , 8 0 0 5 , 6 5 1
2 7 ,  120 5 , 5 4 3
2 6 , 3 9 0 5 , 4 2 2
2 4 , 2 6 0 5 , 0 6 3
2 1 , 4 5 0 4 , 5 9 6
2 0 ,2 2 0 4 , 3 8 6
1 9 , 4 2 0 4 , 2 5 2
1 7 , 6 3 0 3 , 9 5 7

RAY CODE = A6
RANGE (KM) CALC TI ME ( S)

2 0 , 2 2 0  4 , 7 1 2
2 1 , 4 5 0  4 , 8 9 5
2 4 , 2 6 0  5 , 3 0 8

1 , 2 7 2  
1 , 2 7 7  
1 , 3 1 5  
1 , 2 4 2



1 8 6

2 6 , 3 9 0 5 , 6 3 5
2 7 ,  120 5 , 7 5 3
2 7 , 8 0 0 5 , 8 4 8
2 9 , 9 4 0 6 , 180
3 2 , 2 1 0 6 , 5 4 1
3 4 , 6 2 0 6 , 8 9 5
3 5 , 9 5 0 7 , 1 1 2
3 7 , 7 8 0 7 , 4 1 6
41 , 030 7 , 9 4 7
4 4 ,  120 8 , 4 5 1
4 6 , 7 6 0 8 , 8 7 1
4 7 , 0 3 0 8 , 9 2 0
4 9 , 3 5 0 9 , 3 0 0
5 0 , 4 7 0 9 , 4 8 1
51 , 970 9 , 7 2 8

RAY CODE = A7
RANGE (KM) CALC TIME (S)

5 1 , 9 7 0 9 , 6 8 3
5 0 , 4 7 0 9 , 4 4 1
4 9 , 3 5 0 9 , 2 6 2
4 7 , 0 3 0 8 , 8 9 5
4 6 , 7 6 0 8 , 8 5 1
4 4 , 1 2 0 8 , 4 3 4
4 1 , 0 3 0 7 , 9 4 0
3 7 , 7 8 0 7 , 4 1 4
3 5 , 9 5 0 7 , 1 1 3
3 4 , 6 2 0 6 , 9 0  0

MAVI S I : METHIL SOUTH ( P WAVE) 

SHOT POSI TI ON = 1 0 7 . 1 1 0  KM

OBSERVED TRAVEL TIMES

RANGE 
(KM)  

107 . 100
1 0 4 , 9 9 0  
101 , 320

9 8 . 6 7 0  
96 , 570  
94 , 090
8 8 , 2 5 0
6 7 , 5 7 0  
66 . 070
6 4 , 9 0 0
6 2 , 8 1 0  
62 , 400
5 9 . 8 3 0
5 8 , 6 9 0  
5 6 . 5 5 0
5 5 . 6 4 0
5 3 , 5 9 0
5 1 . 6 4 0
5 0 , 3 6 0
4 7 . 9 5 0
4 6 , 7 3 0

TRAVEL TIME 
(S)

1 8 , 690  
18 , 420
17 , 7 80
17 , 470
1 7 , 1 50  
1 6 , 7 8  0
15 , 7 50
1 2 , 580  
12 . 3 8 0
1 2 , 19 0
11 , 8 7 0
1 1 , 77 0  
1 1 , 350  
1 1 , 180
1 0 , 850
1 0 . 74 0
1 0 , 3 00
10 , 070
9 , 9 0 0  
9 , 490
9 , 3 4 0

ERROR ( + )  
(S)

0 . 030 
0 , 030 
0 , 030 
0 , 030 
0 , 050 
0 , 030  
0 , 050  
0 , 030 
0 , 030  
0 , 0 5 0  
0 , 030 
0 , 030 
0 . 030 
0 , 0 5 0  
0 , 030 
0 , 030 
0 , 030 
0 , 030 
0 , 030  
0 , 030  
0 , 030

ERROR ( 
(S)

0 , 030  
0 , 030 
0 , 030 
0 , 030 
0 , 050  
0 , 0 3 0  
0 . 050 
0 , 030 
0 , 030 
0 , 050 
0 , 030 
0 , 030 
0 , 030  
0 , 0 5 0  
0 , 030 
0 , 030 
0 , 030  
0 , 030 
0 ♦ 030 
0 , 030  
0 . 030

RED TI ME  
(S)

0 , 840  
0 , 922  
0 , 893  

, 025  
, 055  
, 098  
, 042  
, 31 8  
, 3 6 8  
, 373  
, 4 0 2  
, 37  0 
, 3 7 8  
, 3 9 8  
, 4 2 5  
, 467  
♦ 368  
, 463  
, 50 7  
, 4 9 8  
, 55 2



1 8 7

46 *730 9 ,2 2 0
45 , 700 9 ,11 0
44 , 670 8 , 880
43 , 660 8 , 760
42 , 9 0 0 8 , 620
42 , 150 8 , 490
41 , 160 8 , 270
40 , 060 8 , 140
39 , 050 7 , 980
37 , 430 7 , 690
36 , 310 7 , 520
35 , 480 7 , 390
32 , 730 6 , 920
33 , 770 7 , 090
30 , 35 0 6 , 490
28 , 760 6 , 250
28 , 250 6 , 160
26 , 750 5 , 900
25 , 820 5 , 740
24 ,2 2 0 5 , 290

107 , 100 20 ,0 1 0
104 . 990 19 , 740
98 , 670 18 , 620
94 , 090 18 , 460

CALCULATED TRAVEL TIMES 

RAY CODE = A5
RANGE (KM) CALC TIME

4 0 , 0 6 0 8 , 152
3 9 . 0 5 0 7 , 9 8 8
3 7 , 4 3 0 7 , 7 2 2
3 6 , 3 1 0 7 , 5 3 0
3 5 , 4 8 0 7 , 3 8 8
3 2 , 7 3 0 6 , 9 2 8
3 3 , 7 7 0 7 , 1 0 0
3 0 , 3 5 0 6 , 532
2 8 , 7 6 0 6 , 263
2 8 , 2 5 0 6 , 179
2 6 , 7 5 0 5 , 9 3 4
2 5 , 8 2 0 5 , 780
24 , 220 5 , 5 1 3

CODE = A7
RANGE (KM) CALC TIME

107,  100 1 8 , 6 85
1 0 4 , 9 9 0 1 8 , 3 4 7
10 1 , 320 1 7 , 7 95

9 8 , 6 7 0 1 7 , 4 3 2
9 6 , 5 7 0 1 7 , 1 6 2
9 4 , 0 9 0 1 6 , 7 6 2
8 8 , 2 5 0 15 , 850
6 7 , 5 7 0 12, 601
6 6 , 0 7 0 1 2 , 3 5 8
6 4 , 9 0 0 1 2 , 1 76
6 2 , 8 1 0 1 1 , 8 4 4
6 2 , 4 0 0 1 1 , 7 7 9
5 9 , 8 3 0 1 1 , 3 7 2

, 030 0 , 0 3 0 1 , 43 2
, 030 0 , 030 1 , 493
, 030 0 , 030 1 , 435
,030 0 , 030 1 , 483
, 030 0 , 030 1 , 470
, 030 0 , 0 3 0 1 , 465
, 030 0 , 0 3 0 1 , 4 1 0
, 030 0 , 030 1 , 463
, 030 0 , 0 3 0 1 , 4 7 2
, 030 0 , 030 1 , 452
, 030 0 , 0 3 0 1 , 4 6 8
, 030 0 , 0 3 0 1 , 477
, 030 0 , 030 1 , 4 6 5
, 030 0 , 030 1 , 4 6 2
, 050 0 , 0 5 0 1 , 4 3 2
, 030 0 , 030 1 , 457
, 030 0 , 030 1 , 4 5 2
, 030 0 , 0 3 0 1 , 4 4 2
. 030 0 . 0 3 0 1 , 437
, 030 0 , 0 3 0 1 , 2 5 3
, 050 0 , 100 2 , 160
, 050 0 ,1 0 0 2 , 2 4 2
, 050 0 , 050 2 , 175
, 050 0 ,1 0 0 2 , 7 7 8

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

(S)

(S)



1 8 8

58 , 69 0 1 1 , 179
56 , 55 0 10 , 847
55 , 640 10 , 703
53 , 590 10 ♦366
51 , 640 10 , 050
50 , 36 0 9, 847
47 , 950 9, 485
46 , 73 0 9, 299
45 , 700 9, 124
44 , 670 8, 955
43 , 660 8, 802

RAY CODE = A10
RANGE (KM) CALC TIME (S)  

1 0 7 * 1 0 0  2 0 , 0 2 0
1 0 4 , 9 9 0  1 9 , 7 3 0

9 8 , 6 7 0  1 9 , 0 10
9 4 , 0 9 0  1 8 , 4 70

MAVI S I : BALL 1K 1NRAIN ( P WAVE) 

SHOT POSI T I ON = 0 , 0 0 0  KM

OBSERVED TRAVEL TIMES

RANGE TRAVEL T
(KM) (S)
0 , 230 0 , 090
1 , 29 0 0 , 400
2 ,  190 0 , 6 2 0
3 , 6 1 0 0 , 9 8 0
5 , 6 2 0 1 , 420
7 , 4 5 0 1 , 780

1 3 , 4 4 0 2 , 9 8 0
1 6 , 6 4 0 3 , 5 6 0
1 7 , 7 6 0 3 , 7 6 0
1 9 , 4 3 0 4 , 0 7 0
2 0 , 0 6 0 4,  180
2 2 . 9 0 0 4 , 6 8 0
2 6 , 5 4 0 5 , 340
2 7 , 0 1 0 5 , 4 3 0
2 9 , 6 4 0 5 , 9 2 0
3 2 , 2 9 0 6 , 400
3 3 , 3 0 0 6 . 5 6 0
3 6 , 8 7 0 7,  190
3 8 .  170 7 , 4 0 0
3 9 , 5 1 0 7 , 7 1 0
4 0 , 5 2 0 7 , 7 6 0
4 1 . 3 3 0 7 , 9 8 0
4 2 , 5 6 0 8 .  180
43 , 600 8 , 360
4 4 . 9 5 0 8 . 5 8 0
4 6 , 6 7 0 8 , 9 0 0
5 0 . 5 0 0 9 , 5 0 0
5 2 , 5 9 0 9 , 8 5 0
5 7 , 5 2 0 1 0 , 6 0 0
5 9 , 9 5 0 1 0 , 930
6 1 , 6 9 0 1 1 , 2 20

IRRQR ( + ) ERROR ( - )  RED T i l
(S) (S) (S )

0 , 0 3 0 0 . 030 0 , 0 5 2
0 , 030 0 , 030 0,  185
0 , 0 3 0 0 , 030 0 , 2 5 5
0 , 0 3 0 0 , 0 3 0 0 , 378
0 . 0 3 0 0 , 030 0 . 4 8 3
0 , 030 0 , 030 0 , 5 3 8
0 , 030 0 . 030 0 , 7 4 0
0 , 030 0 , 030 0 , 787
0 , 0 3 0 0 , 030 0 , 8 0 0
0 , 030 0 , 030 0 , 83 2
0 , 0 3 0 0 , 030 0 . 837
0 , 030 0 , 030 0 , 86 3
0 , 030 0 , 0 5 0 0 . 9 1 7
0 , 030 0 , 030 0 , 928
0 , 030 0 , 030 0 , 980
0 , 030 0 , 030 1 . 0 1 8
0 , 0 3 0 0 , 030 1 . 01 0
0 , 0 3 0 0 , 050 1 , 045
0 , 0 5 0 0 , 050 1 , 03 8
0 . 030 0 , 030 1 , 125
0 , 030 0 , 030 1 . 00 7
0 , 0 5 0 0 , 050 1 , 092
0 , 050 0 , 050 1 , 087
0 , 0 5 0 0 , 050 1 , 093
0 , 080 0 . 050 1 , 088
0 , 0 3 0 0 , 030 1 , 122
0 , 030 0 , 030 1 , 083
0 , 030 0 , 030 1 , 085
0 , 030 0 , 030 1 , 0 1 3
0 , 030 0 , 030 0 , 938

0 , 030 0 , 030 0 , 93 8



1 8 9

6 2 , 4 1 0  1 1 , 3 2 0  0 , 0 3 0  0 , 0 3 0
6 3 , 9 0 0  1 1 , 5 2 0  0 , 0 3 0  0 , 0 8 0

CALCULATED TRAVEL TIMES

RAY CODE = A1
RANGE (KM) CALC TIME (S)  

0 , 0 0 0  0 , 0 0 0
1 , 2 9 0  0 , 3 7 8
2 , 1 9 0  0 , 6 2 7
3 , 6 1 0  0 , 9 8 0
5 , 6 2 0  1 , 4 2 3
7 , 4 5 0  1 , 8 0 3

1 3 , 4 4 0  3 , 0 5 3

RAY CODE = A3
RANGE (KM) CALC Til

4 2 , 5 6 0 8 , 2 5 6
41 , 330 8 , 0 2 8
4 0 , 5 2 0 7 , 8 8 5
3 9 , 5 1 0 7 , 7 1 7
3 8 , 1 7 0 7 , 4 6 5
3 6 , 8 7 0 7 , 2 1 4
3 3 , 3 0 0 6 , 5 6 1
3 2 , 2 9 0 6 , 3 8 2
2 9 , 6 4 0 5 , 9 0 2
2 7 , 0 1 0 5 , 4 3 3
2 6 , 5 4 0 5 , 3 5 3
2 2 , 9 0 0 4 , 6 8 9
2 0 , 0 6 0 4,  162
1 9 , 4 3 0 4 , 0 4 3
1 7 , 7 6 0 3 , 7 6 1
1 6 , 6 4 0 3 , 5 7 2
1 3 , 4 4 0 3 , 0 0 6

7 , 4 5 0 1 , 943

RAY CODE = A5
RANGE (KM) CALC Til

6 3 , 9 0 0 11, 541
6 2 , 4 1 0 1 1 , 3 2 0
6 1 . 6 9 0 1 1 . 20 6
4 6 , 6 7 0 8 , 8 7 1
4 4 , 9 5 0 8 , 5 9 5
4 3 , 6 0 0 8 , 3 7 5
4 2 , 5 6 0 8 . 2 0 7
4 1 , 3 3 0 7 , 9 9 0
4 0 , 5 2 0 7 , 8 5 1
3 9 , 5 1 0 7 , 6 9 2

RAY CODE = A7

6 3 , 9 0 0 1 1 , 5 2 4
6 2 , 4 1 0 1 1 , 3 1 5
6 1 , 6 9 0 1 1 , 207
5 9 , 9 5 0 1 0 , 3 30
5 7 . 5 2 0 1 0 . 5 8 2
5 2 , 5 9 0 9 , 831
50 , 500 9 . 5 2 6

0 , 9 1 8  
0 , 87 0



190

4 6 , 6 7 0  8 , 9 4 2

MAVI S I ; NORTH THIRD (P WAVE) 

SHOT POSI TI ON = 19 , 180  KM

OBSERVED TRAVEL TIMES

RANGE 
(KM)

1 7 , 9 7 0
1 5 . 5 8 0
1 3 , 6 5 0  
1 1 , 8 1 0  
1 1 , 1 1 0  

7 , 3 3 0
5 . 8 1 0  
3 , 6 8 0  
2 , 5 4 0  
1 , 420  
0 , 9 2 0  
2 , 2 0 0
3 . 8 1 0  
6 . 050
7 . 3 6 0  
7 , 830

1 0 . 5 4 0
1 0 . 4 7 0
1 1 , 6 2 0  
1 3 , 1 1 0
1 4 . 1 2 0
1 7 . 7 0 0
1 8 . 9 9 0
1 9 . 4 5 0
2 2 , 1 5 0
2 4 . 4 5 0
2 8 . 6 4 0
30 , 390
31 . 360
3 3 , 4 6 0
3 5 , 9 5 0
3 8 , 4 3 0
4 2 , 6 7 0
4 4 , 9 0 0

6 . 050
7 . 3 6 0
7 , 8 3 0

10 , 470
1 1 , 6 2 0
1 0 . 5 4 0
1 0 . 4 7 0  
1 1 , 620
1 3 , 1 1 0
1 4 . 1 2 0
1 7 . 7 0 0
1 7 . 7 0 0
1 8 . 9 9 0
1 9 . 4 5 0

TRAVEL TIME 
(S)

3 , 7 1 0
3 , 2 6 0

2 , 5 7 0
2 , 4 1 0  
1 , 650  
1 , 260  
0 , 800  
0 , 5 5 0  
0 , 260  
0 , 160 
0 , 4 2 0  
0 , 8 6 0  
1 , 400  
1 , 770  
1 , 820
2 . 4 3 0
2 . 4 3 0
2 , 6 2 0  
2 , 9 4 0  
3,  120

910 
100 
220  
730

5,  150
5 , 8 3 0
6 , 140
6 , 3 0 0  
6 , 6 1 0
7 , 0 4 0
7 . 2 7 0  
8 , 160
8 , 5 2 0  
1 , 980  
2 , 120
2 . 2 7 0
2 , 6 1 0
2 . 7 5 0  
2 , 9 6 0  
2 . 8 6 0
3 . 1 0 0
3 , 3 1 0
3 , 4 8 0
4 . 1 0 0
4 , 5 6 0  
4 , 7 6 0  
4 , 8 2 0

ERROR ( +)  
(S)  

0 , 0 5 0  
0 , 030 
0 , 0 3 0  
0 , 030  
0 , 0 3 0  
0 , 0 3 0  
0 , 0 3 0  
0 , 0 3 0  
0 , 0 3 0  
0 , 0 3 0  
0 , 0 3 0  
0 , 0 3 0  
0 , 0 3 0  
0 , 0 3 0  
0 , 030  
0 , 0 3 0  
0 , 0 3 0  
0 , 030 
0 , 0 3 0  
0 , 030 
0 , 0 3 0  
0 , 050 
0 , 030 
0 , 0 5 0  
0 . 050 
0 , 030 
0 , 030 
0 , 030 
0 , 0 3 0  
0 . 030 
0 , 050 
0 , 030 
0 , 080 
0 , 080 
0 , 080 
0 , 050 
0 . 080 
0 , 050 
0 . 080 
0 , 050 
0 , 080 
0 . 0 5 0  
0 , 0 5 0  
0 , 050 
0 , 050 
0 , 0 5 0  
0 . 050 
0 , 050

ERROR 
(S)  

0 , 0 5 0  
0 , 030 
0 , 0 3 0  
0 , 0 3 0  
0 , 030  
0 , 030 
0 , 030 
0 , 030 
0 , 030 
0 , 0 3 0  
0 , 030 
0 , 030 
0 , 030  
0 , 030 
0 . 030 
0 , 030 
0 , 030 
0 . 030 
0 , 0 3 0  
0 . 0 3 0  
0 , 030 
0 , 1 0 0  

030 
080 
050  
030 

0 , 030  
0 , 030 
0 , 030 
0 , 030 
0 , 030 
0 , 030  
0 , 080  
0 , 080  
0 , 080  
0 , 050 
0 , 080  
0 , 050 
0 , 080 
0 , 050 
0 , 080 
0 , 050 
0 , 050 
0 , 0 5 0  
0 , 0 5 0  
0 , 0 5 0  
0 , 0 5 0  
0 , 050

( -  ) RED TI ME  
(S)  

0 , 7 1 5  
(663  
685  

■ 602  
558  
428  
292  
1 87 
127 
023  
007  
053  
225  
392  
543  
515  
673  
685  
683  
755  
767  
960  
935  
978  
038  
075  
057 
075  
073  
033  
048  
865  
048  
037 
972  
893  
965  
865  
813  
203  
1 15 
163 
125
127
150
610
595
578



191

2 2 , 1 5 0  4 , 9 9 0
2 4 , 4 5 0  5 , 3 3 0
3 3 , 4 6 0  6 , 6 8 0
3 5 , 9 5 0  7 , 0 8 0

0 , 0 8 0  0 , 0 8 0
0 , 0 8 0  0 , 0 8 0
0 , 0 5 0  0 , 0 5 0
0 , 0 5 0  0 , 0 5 0

CALCULATED TRAVEL TIMES

RAY CODE = A 1
RANGE (KM) CALC TIME (S)

0 , 000 0 , 000
2 , 2 0 0 0 , 4 8 5
3 , 8 1 0 0 , 8 6 2
6 . 0 5 0 1 , 422
7 . 3 6 0 1 , 728
7 , 8 3 0 1 , 831

1 0 , 4 7 0 2 . 3 9 2
1 0 , 5 4 0 2 , 4 1 6
1 1 , 6 2 0 2 , 6 4 3
1 3 , 1 1 0 2 , 9 6 4
1 4 , 1 2 0 3,  180
1 7 , 7 0 0 3 , 9 6 1
1 8 , 9 9 0 4 , 2 6 7
1 9 , 4 5 0 4 , 37 1
2 2 , 1 5 0 4 , 9 8 3
2 4 , 4 5 0 5 , 493

1 5 , 5 8 0 3 , 4 0 5
1 3 . 6 5 0 2 , 9 7 5
1 1 , 8 1 0 2 , 5 7 3
1 1 , 1 1 0 2 , 4 2 0

7 , 3 3 0 1 , 586
5 , 8 1 0 1 , 268
3 , 6 8 0 0 , 805
0 , 000 0 , 000

RAY CODE = A2
RANGE (KM) CALC Til

2 4 , 4 5 0 5 , 5 0 5
2 2 , 1 5 0 5 , 009
1 9 , 4 5 0 4 , 420
1 8 , 9 9 0 4 , 3 1 9
1 7 . 7 0 0 4 , 0 3 1
1 4 . 1 2 0 3 , 2 9 8
1 3 , 1 1 0 3 , 1 0 0
1 1 , 6 2 0 2 , 8 1 1
1 0 , 5 4 0 2 , 6 1 3
1 0 , 4 7 0 2 , 5 9 6

7 , 8 3 0 2 , 138
7 , 3 6 0 2,  060
6 . 050 1 , 862

RAY CODE = A4
RANGE (KM) CALC TIME (S)

7 , 8 3 0  2 , 6 3 8
1 0 , 4 7 0  2 , 9 7 0
1 0 , 5 4 0  2 , 9 8 3
1 1 , 6 2 0  3 , 1 2 9
1 3 , 1 1 0  3 , 3 4 8

1 , 298  
1 , 2 5 5  
1 , 1 0 3  
1 , 088



1 9 2  -

1 4 , 1 2 0 3 , 4 9 9
1 7 , 7 0 0 4 , 0 8 1
1 8 , 9 9 0 4 , 3 1 2
1 9 , 4 5 0 4 , 3 9 3
2 2 , 1 5 0 4 . S4 0

RAY CODE = A5
RANGE (KM) CALC TIME (S)

2 8 , 6 6 0 5 , 8 6 5
2 4 , 4 5 0 5 , 1 3 1
2 2 . 1 5 0 4 , 7 2 2
1 9 , 4 5 0 4 , 2 4 6
1 8 , 9 9 0 4,  154
1 7 , 7 0 0 3 , 9 0 7
1 4 , 1 2 0 3 , 2 5 0
1 3 , 1 1 0 3 , 0 7 4
1 1 , 6 2 0 2 , 8 0 4

4 4 , 9 0 0 8 , 4 2 3
4 2 , 6 7 0 8 , 0 9 1
3 8 , 4 3 0 7 , 4 1 9
3 5 , 9 5 0 7 , 0 5 4
3 3 , 4 6 0 6 , 6 3 5
3 1 . 3 6 0 6 , 3 1 0
3 0 , 3 9 0 6 , 165
2 8 , 6 6 0 5 , 9 3 2

CODE = A6
vNGE (KM) CALC TIK
1 4 , 1 2 0 4 , 1 1 4
1 7 , 7 0 0 4 , 5 8 6
1 8 , 9 9 0 4 , 7 6 8
1 9 , 4 5 0 4 , 8 3 5
2 2 , 1 5 0 5 . 2 0 9
2 4 , 4 5 0 5 . 5 4 0
2 8 , 6 6 0 6 , 152
3 0 , 3 9 0 6 , 3 9 7
3 1 , 3 6 0 6 , 533
3 3 , 4 6 0 6 , 8 4 8
3 5 , 9 5 0 7 , 2 3 2
3 8 , 4 3 0 7 , 5 7 5
4 2 , 6 7  0 8 , 2 1 4
4 4 , 9 0 0 8 , 538

MAVI S I :  CATTLE MOSS (P WAVE)

SHOT POSI TI ON = 4 3 . 8 8 0  KM

OBSERVED TRAVEL TIMES

TRAVEL TIME ERROR U >  ERROR <-> RED TIMERANGE 
(KM)  

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

(S)
8 , 4 0 0
8 , 2 1 0
7 , 8 2 0
7 , 5 6 0
7 , 1 5 0
6 , 7 4 0

(S) (S) (S)

0 , 030 0 . 030 1 , 115

0 . 050 0 , 0 5 0 1 , 102

0 , 030 0 , 030 1 ,1 0  8

0 , 030 0 , 030 1 , 165

0 , 030 0 . 0 3 0 1 , 1 7 8

0 , 030 0 , 030 1 , 130



1 9 3  -

3 0 . 5 2 0 6 ,2 1 0
2 8 . 3 9 0 5 , 8 2 0
2 7 . 2 6 0 5 , 6 9 0
2 6 . 1 5 0 5 , 4 5 0
2 3 . 8 8 0 5 , 0 7 0
2 2 , 5 8 0 4 , 9 5 0
2 1 , 1 3 0 4 , 6 0 0
1 8 , 8 3 0 4 , 2 1 0
1 7 , 4 3 0 4 , 0 8 0
1 6 , 9 1 0 4 , 0 3 0
1 4 . 2 2 0 3 , 450
1 4 , 4 0 0 3 , 5 0 0
1 3 , 2 5 0 3 , 2 6 0
1 1 , 7 5 0 3,  000
1 0 , 7 3 0 2 , 8 1 0
7 , 3 0 0 2 ,0 0 0
5 , 8 0 0 1 , 600
5 , 2 8 0 1 , 520
4 , 4 0 0 1 , 320
3 , 3 8 0 1 , 040
2 , 5 7 0 0 , 7 7 0
0 , 380 0,  130
1 , 190 0 , 3 7 0
2 , 8 0 0 0 , 8 6 0
3 , 9 4 0 1 , 130
5 , 6 7 0 1 , 640
6 , 6 4 0 1 , 820
8 , 7 5 0 2 , 2 4 0

1 1 . 380 2 , 7 9 0
1 3 . 7 8 0 3,  120
1 6 . 3 3 0 3 , 6 7 0
1 8 , 1 5 0 4 , 0 1 0
1 8 , 9 4 0 4,  130
2 0 , 4 2 0 4 , 3 9 0
2 5 , 4 2 0 5 , 4 4 0
3 2 , 3 6 0 6 , 7 8 0

5 , 670 1 , 720
8 . 750 2 , 3 4 0
5 , 800 2 , 2 5 0
7 , 300 2 , 4 3 0

1 0 , 7 3 0 2 , 990
1 1 , 7 5 0 3 , 2 1 0
14 , 400 3 , 6 1 0
1 4 , 2 2 0 3 , 5 6 0
2 8 , 3 9 0 5 , 9 1 0
4 2 , 6 5 0 8 , 2 7 0
3 0 . 5 2 0 6 , 3 3 0
2 8 . 3 9 0 6 ,1 1 0
2 7 , 2 6 0 5 , 9 0 0
2 6 , 1 5 0 5 , 7 6 0
2 3 , 8 8 0 5 , 4 1 0
2 1 , 1 3 0 4 , 9 2 0
18 , 830 4 , 480
1 6 , 9 1 0 4 , 6 2 0

CALCULATED TRAVEL TIMES

, 030 0 , 030 1 , 123
, 030 0 , 030 1 , 088
, 030 0 , 030 1 , 147
, 030 0 , 030 1 , 092
, 030 0 , 030 1 , 090
, 030 0 , 050 1 , 187
, 030 0 , 0 3 0 1 , 078
, 050 0 , 0 5 0 1 , 072
, 050 0 , 0 5 0 1 , 175
, 050 0 , 050 1 ,2 1 2
, 030 0 , 030 1 , 080
, 030 0 , 0 3 0 1 ,1 0 0
, 030 0 , 030 1 , 052
, 030 0 , 0 3 0 1 , 042
, 030 0 , 030 1 , 022
, 030 0 , 0 3 0 0 , 7 8 3
, 030 0 , 030 0 , 63 3
, 030 0 , 0 3 0 0 , 640
, 030 0 , 030 0 , 5 8 7
, 030 0 , 0 3 0 0 , 47 7
, 030 0 , 030 0 , 3 4 2
, 030 0 , 030 0 , 067
, 030 0 , 030 0 , 172
, 030 0 , 0 3 0 0 , 3 9 3
, 030 0 , 030 0 , 473
, 030 0 , 0 3 0 0 , 69 5
, 030 0 , 0 3 0 0 , 7 1 3
, 050 0 . 050 0 , 7 8 2
, 030 0 . 030 0 , 893
, 030 0 . 030 0 , 823
, 030 0 , 030 0 , 94 8
, 030 0 . 030 0 , 9 8 5
, 030 0 , 030 0 , 973
, 030 0 , 030 0 , 987
, 030 0 , 030 1 , 203
, 030 0 , 030 1 . 387
, 050 0 , 050 0 , 7 7 5
. 050 0 . 050 0 , 882
, 050 0 , 050 1 , 28 3
, 100 0 ,1 0 0 1 , 2 1 3
, 050 0 , 050 1 , 202
, 050 0 , 080 1 , 252
, 050 0 , 0 5 0 1 ,2 1 0
, 050 0 , 050 1 , 190
, 050 0 , 0 5 0 1 , 1 7 8
, 050 0 , 050 1 . 162
, 050 0 . 050 1 , 24 3
, 050 0 , 080 1 , 3 7 8
, 050 0 , 080 1 , 357
, 050 0 , 0 5 0 1 , 4 0 2
, 050 0 , 050 1 , 430
, 050 0 . 050 1 , 398
, 100 0 ,1 0 0 1 , 34 2
, 050 0 ,1 0 0 1 , 80 2

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

RAY CODE = A 1



1 9 4  -

RANGE (KM) CALC TIME (S)
0 , 000 0 ,0 0 0
1 , 1 9 0 0 , 395
2 , 8 0 0 0 , 8 7 5
3 , 9 4 0 1 , 169
5 , 6 7 0 1 , 596
6 , 6 4 0 1 , 814
8 , 7 5 0 2 , 2 7 4

1 1 , 3 8 0 2 ,8 6 8
1 3 , 7 8 0 3 , 3 4 7

2 6 , 1 5 0 5 , 8 2 7
2 3 , 8 8 0 5 , 3 9 8
2 2 , 5 8 0 5,  142
2 1 , 1 3 0 4 , 8 5 7
1 8 . 8 3 0 4 , 4 0 4
1 7 , 4 3 0 4,  126
1 6 , 9 1 0 4 , 0 1 5
1 4 , 4 0 0 3 , 5 0 0
1 4 , 2 2 0 3 , 4 6 4
1 3 , 2 5 0 3 , 2 5 8
1 1 , 7 5 0 2 , 9 4 3
10 , 730 2 , 7 2 1

7 , 3 0 0 1 , 960
5 , 8 0 0 1 , 614
5 , 2 8 0 1 , 491
4 , 4 0 0 1 , 282
3 , 380 1 ,011
2 , 5 7 0 0 , 8 0 5
0 , 380 0.  132
0 , 000 0 , 000

RAY CODE = A2
RANGE (KM) CALC T11

5 , 8 0 0 2 , 0 5 6
7 , 300 2 , 2 9 3

1 0 , 7 3 0 2 , 9 0 0
1 1 , 7 5 0 3 , 0 8 9
1 3 , 2 5 0 3 , 3 7 0
1 4 , 2 2 0 3 , 5 5 8
1 4 , 4 0 0 3 , 587
1 6 , 9 1 0 4,  068
1 7 , 4 3 0 4,  169
1 8 , 8 3 0 4 , 4 3 9
2 2 , 5 8 0 5,  159
2 3 , 8 8 0 5 , 4 0 2
2 6 , 1 5 0 5 , 833

RAY CODE = A3
RANGE (KM) CALC TIME (S)

2 0 , 4 2 0 4 ♦ 366
1 8 , 9 4 0 4 , 1 2 1
1 8 , 1 5 0 3 , 9 9 9
1 6 , 3 3 0 3 , 6 7 3
1 3 , 7 8 0 3 , 2 6 7
1 1 , 3 8 0 2 , 8 9 5

8 , 7 5 0 2 , 4 3 2

4 3 . 7 1 0 8 . 453



1 9 5  -

42 , 650 o , 266
40 , 270 7 , 855
38 , 370 7 , 544
35 , 830 7 , 118
33 , 660 6 , 740
30 , 520 6 , 172
28 , 390 5 , 816
27 , 260 5 ,631
26 , 150 5 , 426
23 , 880 5 , 035
22 , 580 4 , 829
21 , 130 4 , 587
18 , 830 4 , 20 2
17 , 430 3 , 967
16 , 910 3 , 886
14 , 400 3 , 453
14 , 220 3 , 424
13 , 250 3 , 264
1 1 , 750 3 , 018
10 , 730 2 , 857

RAY CODE = A4
RANGE (KM) CALC Til

5 , 2 8 0 2 , 3 2 0
7 , 3 0 0 2 , 5 6 7

1 0 , 7 3 0 3 , 0 6 8
1 1 , 7 5 0 3 , 2 1 8
1 3 , 2 5 0 3 , 4 4 0
1 4 , 2 2 0 3 , 6 0 0
1 4 , 4 0 0 3 , 6 2 5
1 6 , 9 10 4 , 0 3 5
1 7 , 4 30 4 , 1 1 8
1 8 , 8 3 0 4 , 3 4 8
2 1 , 1 3 0 4 , 7 2 0
2 2 . 5 8 0 4 , 9 5 5
2 3 , 8 8 0 5,  162
2 6 .  150 5 , 5 3 5
27 , 260 5 , 7 4 1
2 8 . 3 9 0 5 , 9 2 0
1 6 , 9 1 0 4 , 0 6 6
1 7 , 4 30 4,  146
1 8 , 8 3 0 4 , 3 5 8
2 1 , 1 3 0 4 . 7 1 0
2 2 , 5 8 0 4 , 9 3 7
2 3 , 8 8 0 5,  138
2 6 , 1 5 0 5 , 5 1 0
2 7 , 2 6 0 5 . 7 0 2
2 8 , 3 9 0 5 , 8 8 1
3 0 . 5 2 0 6 , 2 2 8
3 3 , 6 6 0 6 , 7 7 5
3 5 , 8 3 0 7.  142
3 8 , 3 7 0 7 . 5 7 0
4 0 , 2 7 0 7 , 8 7 5
4 2 , 6 5 0 8 , 2 8 0
4 3 , 7  10 8 , 4 6 4

RAY CODE = A5
RANGE (KM) CALC TIME (S)

3 2 , 3 6 0  6 , 4 9 0



1 9 6

2 5 * 4 2 0  
2 0 , 4 2 0  
1 8 , 9 4 0

4 3 , 7 1 0  
4 2 , 6 5 0  
4 0 , 2 7 0  
3 8 , 3 7 0  
3 5 , 8 3 0  
3 3 , 6 6 0  
3 0 , 5 2 0  
2 8 , 3 9 0  
2 7 , 2 6 0  
2 6 , 1 5 0

RAY CODE = A6
RANGE (KM) CALC TIME (S)

1 4 . 4 0 0 4 , 2 4 2
1 6 , 9 1 0 4 , 5 4 4
1 7 , 4 3 0 4 , 6 0 8
1 8 , 8 3 0 4 , 7 8 7
2 1 , 1 3 0 5 , 0 8 9
2 2 , 5 8 0 5 , 2 8 5
2 3 , 8 8 0 5 , 4 6 0
2 6 ,  150 5 , 7 8 9
2 7 , 2 6 0 5 , 9 6 9
2 8 , 3 9 0 6 , 122
3 0 , 5 2 0 6 , 4 4 1

MAVI S I :  WESTFIELD (P WAVE) 

SHOT POSI TI ON = 6 6 , 4  10 KM

RED TI ME  
(S)

1 , 035  
0 , 9 0 5  
0 , 8 9 8  
0 , 885  
0 , 885  
0 , 748  
0 , 720  
0 , 890  
0 , 4 2 5  
0 . 408  
0 , 3 4 3  
0 , 9 6 8

OBSERVED TRAVEL TIMES

RANGE TRAVEL TIME ERROR (+ )  ERROR ( - >  
(KM) (S)  (S)  IS)

2 6 . 1 3 0  5 , 3 9 0  0 , 0 5 0  0 , 0 5 0
2 0 . 1 3 0  4 , 2 6 0  0 , 0 3 0  0 , 0 3 0
1 8 . 9 7 0  4 . 0 6 0  0 , 0 3 0  0 . 0 5 0
1 7 . 3 1 0  3 , 7 7 0  0 . 0 5 0  0 , 0 5 0
1 6 . 3 5 0  3 . 6 1 0  0 . 0 3 0  0 , 0 . 0
14 290 3 , 1 2 0  0 . 0 3 0  0 . 0 3 0
44* 52 0  2 , 6 4 0  0 , 0 3 0  0 , 0 5 0

9 * 1 8 0  2 * 4 2 0  0 . 0 3 0  0 . 0 3 0
1 * 5 7 0  1 . 5 20  0 . 0 3 0  0 . 0 5 0
4 * 7 5 0  1 . 200  0 . 0 3 0  0 . 0 3 0
4 *000 1 , 0  10 0 . 0 3 0  0 , 0 3 0

,1;°4 10 2 . 8 7 0  0 , 0 3 0  0 . 0 3 0

5 , 2 6 9  
4 , 4 1 7  
4,  182

8 , 3 8 8  
8 , 2 2 4  
7 , 831  
7 , 5 2 8  
7,  123 
6 , 7 6 3  
6 , 2 2 6  
5 , 8 7 7  
5 , 6 9 9  
5 , 5 1 2

CALCULATED TRAVEL TIMES

RAY CODE = A1
RANGE (KM) CALC TIME (S)  

0 , 0 0 0  0 , 0 0 0
1 1 , 4 1 0  2 , 8 2 1



137

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

9 , 180 2 .  127
6 , 5 7 0 1 , 551
4 . 7 5 0 1 , 182
4 . 0 0 0 1 , 0 1 8
0 ,0 0 0 0 ,0 0 0

RAY CODE = A3
RANGE (KM) CALC TIME (S )

2 6 . 1 3 0 5 . 3 6 0
2 0 . 1 3 0 4 , 2 5 4
1 8 , 9 7 0 4 . 0 5 0
1 7 . 3 1 0 3 , 7 6 9
1 6 . 3 5 0 3 , 6 1 2
1 4 , 2 3 0 3 , 2 4 1
1 1 , 5 2 0 2 . 7 4 7

RAY CODE = A5
RANGE (KM) CALC TIME (S)

2 6 , 1 3 0  5 , 3 5 5
2 0 ,  130 4 , 3 1 0

MAVI S I :  METH1L NORTH (P WAVE) 

SHOT POSI TI ON = 8 1 , 0 7 0  KM

OBSERVED TRAVEL TIMES

RANGE
(KM)

8 0 . 9 1 0  
7 7 , 4 7 0  
7 5 , 5 1 0  
7 2 . 3 5 0  
7 2 , 9 5 0  
70 , 740
6 7 . 6 5 0  
6 5 , 5 2 0  
6 4 , 4 3 0  
63 , 300  
61 , 64 0  
61 , 020  
5 9 , 7 1 0  
5 8 , 1 9 0  
5 6 , 5 7 0  
54 , 060  
51 , 350  
51 . 430  
51 . 430  
50 , 280  
4 8 , 7 8 0  
4 7 , 7 7 0  
4 4 . 2 0 0
4 2 . 9 1 0  
4 2 , 4 9 0  
4 1 , 5 9 0
4 0 . 6 5 0

TRAVEL TIME 
(S)

1 4 . 7 1 0
1 4 , 1 00  
1 3 , 9 2 0
1 3 , 4 8 0
1 3 , 53 0  
1 3 , 1 60
12 , 6 2 0
1 2 . 31 0
1 2 .1 2 0
1 1 , 9 90  
11 , 7 4 0
11 , 620
11 , 4 2 0
1 1 , 1 80
1 0 , 8 30
1 0 , 65 0
1 0 ,1 2 0  
1 0 , 0 8 0
10 , 150  
9 . 980
9 , 7 4 0
9 , 5 8 0
3 , 0  10
8 , 8 1 0
8 , 7 5 0  
8 , 600
8 . 4 1 0

ERROR (+ ) ERROR ( - ) RED TI ME
(S) (S) (S)

0 , 030 0 , 030 1 , 225
0 , 0 5 0 0 . 050 1 , 188
0 , 030 0 , 030 1 , 33 5
0 , 030 0 , 030 1 , 3 2 2
0 , 0 3 0 0 , 030 1 , 372
0 , 050 0 , 050 1 , 370
0 . 0 3 0 0 , 030 1 . 345
0 , 030 0 , 030 1 , 390
0 , 030 0 , 030 1 , 382
0 , 050 0 , 0 5 0 1 , 440
0 , 030 0 , 030 1 , 467
0 , 030 0 . 030 1 , 450
0 , 050 0 , 050 1 , 46 8
0 , 030 0 , 030 1 , 482
0 , 030 0 , 030 1 , 40 2
0 , 050 0 , 050 1 , 640
0 , 030 0 . 030 1 , 56 2
0 , 0 3 0 0 , 030 1 , 508
0 , 030 0 . 0 3 0 1 , 5 7 8
0 , 030 0 , 030 1 , 600
0 , 030 0 , 030 1 , 610
0 , 030 0 . 030 1 , 6 1 8
0 , 030 0 , 030 1 , 643
0 . 030 0 , 030 1 , 658
0 , 030 0 , 030 1 . 668

0 , 030 0 , 030 1 , 66 8
0 , 030 0 , 030 1 , 635



1 9 8

3 9 , 8 3 0 8 , 2 5 0 0 , 0 5 0 0 , 0 5 0 1 , 61 2
3 7 , 5 8 0 7 , 880 0 , 030 0 , 0 3 0 1 , 6 1 7
3 4 , 5 2 0 7 , 36  0 0 , 030 0 , 030 1 , 60 7
3 3 , 4 6 0 7 , 1 7 0 0 , 030 0 , 0 3 0 1 , 593
3 1 , 7 1 0 6 , 8 4 0 0 , 0 3 0 0 , 030 1 , 555
3 0 , 7 6 0 6 , 6 8 0 0 , 030 0 , 030 1 , 5 5 3
2 8 , 7 6 0 6 , 3 5 0 0 , 030 0 , 0 3 0 1 , 557
2 6 , 7 3 0 6 , 0 1 0 0 , 030 0 , 030 1 , 555
2 4 ,  190 5 , 7 9 0 0 , 0 3 0 0 , 0 3 0 1 , 7 5 8
2 2 , 2 2 0 5,  150 0 , 0 3 0 0 . 0 3 0 1 . 4 4 7
2 0 , 8 7 0 4 , 9 6 0 0,  030 0 , 0 3 0 1 , 4 8 2
1 9 , 1 8 0 4 , 5 9 0 0 , 030 0 , 0 3 0 1 , 3 9 3
1 3 , 2 6 0 3 , 5 6 0 0 , 030 0 , 0 3 0 1 , 350
9 , 6 9 0 2 , 6 6 0 0 , 0 3 0 0 , 0 3 0 1 , 0 4 5

CALCULATED TRAVEL TIMES  

RAY CODE = A3
RANGE 1 KM) CALC Til

41 , 590 8 , 6 3 2
4 0 , 6 5 0 8 , 4 5 9
3 9 , 8 3 0 8 , 3 1 1
3 7 , 5 8 0 7 , 9 0 6
3 3 . 4 6 0 7,  172
3 1 , 7 1 0 6 , 8 7 5
3 0 , 7 6 0 6 , 7 1 6
2 8 , 7 6 0 6 , 3 6 4
2 6 , 7 3 0 5 , 9 9 6
2 4 .  190 5 , 5 1 5
2 2 , 2 2 0 5,  148
2 0 , 8 7 0 4 , 8 9 0
1 9 . 1 8 0 4 , 6 1 2
1 3 . 2 6 0 3 , 5 9 5

9 , 6 9 0 3 , 0 2 7

RAY CODE = A5
RANGE IKM) CALC TIME I S)

6 5 , 5 2 0 1 2 , 36 0
6 4 , 4 3 0 1 2 . 1 8 9
6 3 , 3 0 0 1 1 , 995
61 , 640 1 1 , 7 2 4
61 . 020 1 1 , 625
5 9 , 7  10 1 1 , 4 1 9
5 8 , 1 9 0 1 1 , 1 7 7
5 6 , 5 7 0 1 0 , 9 1 5
54 , 060 1 0 , 5 0 9
51 , 350 10, 061
51 . 430 1 0 , 0 6 6
5 0 , 2 8 0 9 , 8 9 2
4 7 , 7 7 0 9 , 4 9 3
44 , 200 8 , 9 2 2
4 2 , 9 1 0 8 , 7 2 0
4 2 , 4 9 0 8 , 6 5 4
41 , 590 8 . 5 1 0
4 0 , 6 5 0 8,  342
3 9 , 8 3 0 8 , 2 0 2
3 7 . 5 8 0 7 , 8 1 8
3 4 , 5 2 0 7 . 2 8 8



1 9 9

3 3 , 4 6 0 7 , 1 0 8
3 1 , 7 1 0 6 , 8 2 7
3 0 , 7 6 0 6 , 6 8 5
2 8 , 7 6 0 6 , 3 4 2
2 6 , 7 3 0 5 , 9 9 3
2 4 , 1 9 0 5 , 5 4 0
2 2 , 2 2 0 5,  180
2 0 , 8 7 0 4 , 9 4 0
1 9 , 1 8 0 4 , 6 6 6

RAY CODE = A7
RANGE (KM) CALC TIME (S)  

8 0 * 9 1 0  14* 722
7 7 , 4 7 0  1 4 , 175

1 3 , 8 737 5 * 5 1 0
7 2 , 9 5 0
7 0 , 7 4 0
6 7 , 6 5 0
6 5 , 5 2 0
6 4 , 4 3 0
6 3 , 3 0 0  
61 , 640  
61 . 020
5 9 . 7 1 0
5 8 , 1 9 0
5 6 , 5 7 0
5 4 , 0 6 0  
51 , 350  
51 . 430
5 0 , 2 8 0
4 8 , 7 8 0
4 7 , 7 7 0
4 4 , 2 0 0  
4 2 , 9 1 0  
4 2 , 4 9 0
4 1 , 5 9 0

13 , 4 90  
13,  139 
1 2 , 640  
1 2 , 30 9  
12 , 1 50  
1 1 . 957  
1 1 , 696  
1 1 . 608  
1 1 , 406  
1 1 , 176 
10, 931  
1 0 , 5 48  
10 , 130  
10 . 135  

9 , 9 5 9  
9 , 7 3 8  
9 , 5 8 9  
9 , 0 5 0  
8 , 8 5 4  
8 , 7 9 3  
8 , 6 6 4

MAVI S l I :  ABERUTHVEN (P WAVE) 

SHOT POSI TI ON = 0 , 0 0  0 KM

OBSERVED TRAVEL TIMES

RANGE TRAVEL T 
( K M ) f S )
0 , 2 3 0  0 , 0 6 0
1 , 1 0 0  0 , 2 8 0
2 , 2 7 0  0 . 5 4 0
2 , 8 0 0  0 , 6 6 0
4 . 0 9 0  0 , 8 7 0
5 , 2 8 0  1 , 220
6 , 4 3 0  1 , 470
7 , 1 4 0  1»e 0 °
8 . 9 5 0  1 . 970

1 0 , 2 6 0  2 , 2 1 0
1 1 , 3 9 0  2 , 5 0 0
1 2 , 5 4 0  2 , 6 7 0
1 3 , 7 7 0  2 , 8 8 0

ERROR (+ ) ERROR ( - ) RED TI ME
(S) (S) (S)

0 , 030 0 , 030 0 ,0 2 2
0 , 0 5 0 0 , 0 5 0 0 , 097
0 , 030 0 , 0 3 0 0 , 162
0 , 030 0 , 030 0 , 193
0 , 030 0 , 0 3 0 0 , 188
0 , 030 0 , 030 0 , 34 0

0 , 030 0 , 0 3 0 0 , d 9 8

0 , 030 0 , 03 0 0 , 4 1 0
0 , 030 0 , 030 0 , 478
0 , 030 0 , 030 0 , 5 0 0

0 . 0 5 0 0 , 050 0 , 602
0 , 0 5 0 0 , 0 5 0 0 . 580

0 , 030 0 , 0 3 0 0 , 5 8 5



1 4 , 4 3 0 3 ,  050
1 7 , 4 5 0 3 , 7 0 0
1 9 , 4 4 0 4,  130
20 , 430 4 , 2 9 0
22 , 26 0 4 , 6 3 0
2 3 , 4 6 0 4 , 8 4 0
2 4 ,  1 10 4 , 8 9 0
2 4 , 3 5 0 5 , 0 4 0
2 4 , 9 5 0 5 , 2 0 0
2 5 , 8 0 0 5 , 3 0 0
2 6 , 2 4 0 5 , 3 8 0
2 3 , 5 6 0 5 , 8 7 0
3 3 , 4 7 0 6 , 4 7 0
3 4 , 7 8 0 6 , 740
3 5 , 2 1 0 6 , 8 3 0
3 5 , 6 8 0 6 , 3 0 0
3 5 , 6 8 0 6 , 9 4 0
3 9 , 1 7 0 7 , 5 4 0
3 9 , 1 7 0 7 , 5 1 0
40 , 32 0 7 , 66 0
4 0 , 3 2 0 7 , 6 8 0
4 1 , 1 1 0 7 , 8 0 0
4 2 , 0 9 0 7 , 9 8 0
4 2 , 0 9 0 8 , 0 2 0
4 4 , 2 1 0 8 , 2 3 0
4 4 , 2 1 0 8 , 2 7 0
4 5 , 0 6 0 8 , 450
4 5 , 6 7 0 8 , 5 6 0
4 6 . 7 5 0 8 , 6 8 0
4 7 , 7 0 0 8 , 7 4 0
4 7 , 7 0 0 8 , 8 1 0

CALCULATED TRAVEL TIMES

RAY CODE = A 3 ( d )
RANGE (KM) CALC TIME

0 , 000 0 , 000
1 , 1 0 0 0 , 2 5 8
2 , 2 7 0 0 , 5 4 2
2 , 8 0 0 0 , 657
4 ,  090 0 , 949
5 , 280 1 , 230
6 , 430 1 , 4 6 9
7 .  140 1 , 6 0 4
8 . 9 5 0 1 , 9 6 5

1 0 , 2 6 0 2 . 2 2 5
1 1 , 3 9 0 2 , 4 4 7
1 2 , 5 4 0 2 , 6 6 0
1 3 , 7 7 0 2 , 8 5 4
1 4 , 4 9 0 3 , 0  10
1 7 . 4 5 0 3,  667
1 9 , 4 4 0 4 . 089
2 0 , 4 3 0 4 , 2 8 8
2 2 , 2 6 0 4 , 6 4 5
2 3 . 4 6 0 4 , 8 7 2
24 , 1 10 4 , 9 5 7
2 4 , 9 5 0 5 ,  085
2 5 , 8 0 0 5 , 2 3 0

, 030 0 , 030 0 , 635
, 030 0 , 030 0 , 792
, 030 0 , 030 0 , 89  0
, 030 0 , 030 0 , 885
, 030 0 , 030 0 . 320
, 030 0 , 030 0 , 930
, 030 0 , 0 3 0 0 , 872
, 050 0 , 050 0 , 8 8 2
, 050 0 , 050 1 , 042
, 030 0 , 030 1 , 0 0 0
, 030 0 , 030 1 , 0 0 7
, 050 0 , 0 5 0 0 , 943
, 030 0 , 030 0 , 8 9 2
, 030 0 , 030 0 , 9 4 3
, 030 0 , 030 0 , 962
, 030 0 , 030 0 , 9 5 3
, 030 0 , 030 0 , 9 9 3
, 030 0 , 030 1 , 0 1 2
, 030 0 , 030 0 , 9 8 2
, 030 0 , 030 0 , 940
. 030 0 . 0 3 0 0 , 9 6 0
, 030 0 , 030 0 , 9 4 8
, 030 0 , 030 0 , 9 6 5
, 030 0 , 030 1 , 00 5
, 030 0 . 030 0 , 86 2
, 030 0 , 030 0 , 90 2
, 030 0 , 030 0 , 940
, 030 0 , 030 0 , 9 4 8
. 030 0 , 0 3 0 0 , 888
, 030 0 , 0 3 0 0 , 7 9 0
, 030 0 , 030 0 , 860

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

(S)



2 6 . 2 4 0 5 , 2 9 9
2 9 . 5 6 0 5 , 8 6 9
3 3 . 4 7 0 6 , 5 5 2
3 4 . 7 8 0 6 , 7 8 8
3 5 . 2 1 0 6 , 8 6 2
3 5 . 6 8 0 6 , 9 4 7
3 6 . 5 5 0 7,  103

KY CODE = A5
RANGE (KM) CALC T lf

47 . 70 0 8 , 8 6 5
4 6 . 7 5 0 8 , 6 9 6
4 5 . 6 7 0 8 , 5 3 2
4 5 , 0 6 0 8 , 4 2 5
4 4 , 2 1 0 8 , 2 8 3
4 2 . 0 9 0 7 , 9 4 0
4 1 , 1 1 0 7 , 7 7 9
40 , 320 7 , 6 5 2
3 9 .  170 7 , 4 6 1
3 8 . 5 8 0 7 , 3 6 6
3 6 , 5 5 0 7 , 0 2 2
3 5 , 6 8 0 6 , 8 7 6
3 5 , 2 1 0 6 , 7 9 8
3 4 , 7 8 0 6 , 7 2 6
3 3 , 4 7 0 6 , 5 0 6
2 9 , 5 6 0 5 , 8 7 3
2 6 , 2 4 0 5 , 3 4 7
2 5 , 8 0 0 5 , 277
2 4 , 9 5 0 5,  152
2 4 ,  1 10 5 , 0 2 6

2 0  1

MAVI S I I :  DOLLAR ( P WAVE) 

SHOT POSI T I ON = 1 6 . 6 6  0 KM

OBSERVED TRAVEL TI MES

RANGE TRAVEL TI ME ERROR (+ ) ERROR ( - )  RED TI ME
(KM) (S) (S) (S) (S)

1 6 , 5 6 0 3 , 4 8 0 0 , 030 0 , 030 0 . 720
1 4 , 5 7 0 3 , 1 4 0 0 , 030 0 . 030 0 , 7 1 2
1 3 , 8 6 0 3 , 0 0 0 0 , 030 0 , 03 0 0 , 690
1 2 , 5 8 0 2 , 7 7 0 0 , 030 0 , 0 3 0 0 , 673
1 1 , 4 2 0 2 , 5 4 0 0 ♦ 030 0 , 030 0 , 637
10 , 29 0 2 , 3 3 0 0 , 030 0 , 030 0 , 6 1 5

9 . 6 3 0 2,  190 0 , 030 0 , 030 0 , 585
7 , 7 9 0 1 , 8 1 0 0 , 030 0 , 030 0 , 5 1 2
6 , 8 8 0 1 , 6 4 0 0 , 030 0 , 0 3 0 0 , 493
5 , 340 1 , 320 0 , 030 0 , 030 0 , 430
3 , 000 0 , 86 0 0 , 050 0 , 050 0 , 360

2 ,  180 0 , 6 6 0 0 , 030 0 , 030 . 0 , 2 9 7
0 , 99 0 0 , 2 9 0 0 , 030 0 , 030 0 , 125
0 , 850 0 , 320 0 , 030 0 , 030 0 , 1 7 8

1 . 83 0 0 , 5 7 0 0 , 030 0 , 0 3 0 0 , 265

2 , 890 0 , 8 7 0 0 , 030 0 , 0 3 0 0 , 388
4 , 6 9 0 1 , 3 3 0 0 , 030 0 , 0 3 0 0 , 548

5 . 760 1 , 6 1 0 0 , 0 3 0 0 , 030 0 , 650

6 . 8 0 0 1 , 86 0 0 . 030 0 , 030 0 , 7 2 7



-  2 0 2  -

7 , 460 1 , 9 0 0 0 , 030 0 , 030 0 , 6 5 7
3 , 1 4 0 2 , 4 3 0 0 , 030 0 , 030 0 , 90 7
3 , 1 4 0 2 , 4 5 0 0 , 030 0 , 030 0 , 927
3 , 5 8 0 2 , 5 3 0 0 , 030 0 , 030 0 , 93 3

1 2 , 3 2 0 3 .  050 0 , 050 0 , 050 0 , 8 9 7
1 2 , 3 2 0 3 , 1 1 0 0 , 050 0 , 050 0 , 957
18,  150 4 , 0 9 0 0 , 0 3 0 0 , 030 1 , 06 5
1 8 , 1 5 0 4 , 1 3 0 0 , 030 0 , 030 1 , 1 0 5
1 8 , 5 9 0 4 ,  140 0 , 030 0 , 030 1 , 042
1 8 , 5 3 0 4 , 2 0 0 0 , 030 0 , 0 3 0 1 ,1 0 2
2 3 , 8 6 0 5 , 0 5 0 0 , 0 3 0 0 , 030 1 , 0 7 3
2 4 , 6 4 0 5 ,  150 0 , 030 0 , 030 1 , 0 4 3
2 5 , 6 2 0 5 , 3 3 0 0 , 03 0 0 , 030 1 , 060
2 6 , 9 4 0 5 , 6 9 0 0 , 030 0 , 030 1 , 200
2 6 , 9 4 0 5 , 7 7 0 0 , 030 0 , 030 1 , 280
2 8 , 5 8 0 5 , 8 3 0 0 , 0 3 0 0 , 030 1 , 067
2 9 , 1 9 0 5 , 9 3 0 0 , 030 0 , 030 1 , 0 6 5
3 0 , 2 7 0 6 , 170 0 ,1 0 0 0 ,1 0 0 1 , 125
3 1 , 2 9 0 6 , 2 7 0 0 , 030 0 , 030 1 , 055

CALCULATED TRAVEL TI MES

RAY CODE = A 1
RANGE (KM) CALC TI ME ( S)

0 , 000 0 , 000
0 , 8 5 0 0 , 2 5 7
1 , 830 0 , 5 6 8
2 , 8 9 0 0 , 8 4 5
4 , 6 9 0 1 , 3 0 9
5 , 7 6 0 1 , 575
6 , 800 1 , 8 1 9
7 , 4 6 0 1 , 980
9,  140 2 , 3 6 0
9 , 5 8 0 2 , 4 4 6

1 2 , 9 2 0 3 ,  149

2 , 1 8 0 0 , 6 5 8
0 , 9 9 0 0 . 3 0 6
0 , 000 0 , 00 0

RAY CODE = A3
RANGE (KM) CALC TI ME ( S)

2 5 , 6 2 0 5, 374
2 4 , 6 4 0 5, 198
2 3 , 8 6 0 5 , 060
1 8 , 5 9 0 4, 098
18,  150 4. 022
1 2 , 9 2 0 3, 099
9 , 580 2 , 524
9,  140 2 , 448

1 6 , 5 6 0 3, 482
1 5 , 5 60 3, 298
1 4 . 5 7 0 3, 1 18
1 3 , 8 6 0 2 , 989
1 2 , 5 8 0 2 . 773
11 . 420 2 , 567
1 0 , 29 0 2 , 344



- 2 0 3

9 , 6 3 0 2 , 2  03
8 , 8 1 0 2 , 023
7 , 7 9 0 1 , 8 2 6
6 , 8 8 0 1 , 646
5 , 3 4 0 1 , 3 5 7

RAY CODE = A5
RANGE (KM) CALC TI ME (S)

31 , 2 9 0 6 , 2 7 3
3 0 , 2 7 0 6 . 102
2 9 , 1 9 0 5 , 9 2 6
2 8 , 5 8 0 5 , 8 2 4
2 6 , 9 4 0 5 , 5 5 0
2 5 , 6 2 0 5 , 3 3 7
24 , 640 5 ,  174
2 3 , 8 6 0 5 ,  046
1 8 , 5 9 0 4 .  169
1 8 , 1 5 0 4 , 0 9 2

MAVI S I I :  LONGANNET ( P WAVE) 

SHOT POSI T I ON = 2 6 , 7 9 0  KM

OBSERVED TRAVEL TIMES

RANGE TRAVEL TI ME ERROR ( + ) ERROR ( - ) RED T 1
(KM) (S) ( S) (S) (S)

2 6 . 6 9 0 5 , 3 5 0 0 , 0 3 0 0 , 0 3 0 0 , 9 0 2
2 4 , 6 9 0 5 . 020 0 , 030 0 , 030 0 , 9 0 5
2 3 , 9 9 0 4 . 8 9 0 0 , 030 0 , 030 0 , 8 9 2
2 2 , 7 1 0 4 , 63 0 0 , 030 0 , 0 3 0 0 , 845
2 1 , 5 4 0 4,  450 0 , 030 0 , 030 0 , 8 6 0
20 , 410 4 , 280 0 , 030 0 , 030 0 , 8 7 8
1 7 , 9 0 0 3 . 840 0 , 030 0 , 030 0 , 8 5 7
1 6 , 8 4 0 3 , 5 0 0 0 , 030 0 , 030 0 , 6 9 3
1 6 , 8 4 0 3 , 5 8 0 0 , 030 0 , 030 0 , 7 7 3
1 5 . 4 4 0 3 , 29 0 0 , 050 0 , 050 0 , 7 1 7
1 4 . 4 1 0 3 , 170 0 , 050 0 , 05 0 0 , 7 6 8
1 1 ,0 1 0 2,  730 0 , 050 0 , 050 0 , 8 9 5
9 , 3 5 0 2 , 320 0 . 03 0 0 , 030 0 . 7 6 2
7 , 430 1 , 850 0 , 030 0 , 030 0 , 6 1 2
6 , 4 5 0 1 , 6 1 0 0 , 030 0 , 030 0 , 5 3 5
4 , 8 4 0 1 , 280 0 , 030 0 , 030 0 , 4 7 3
3 , 3 8 0 0 , 880 0 , 050 0 . 050 0 , 3 1 7
0 , 550 0 , 160 0 , 050 0 , 050 0 , 068
6 , 7 0 0 1 , 590 0 , 030 0 , 030 0 , 4 7 3
8 , 120 1 , 960 0 , 030 0 , 030 0 , 607
8 , 5 9 0 2 , 0 9 0 0 , 030 0 , 030 0 , 6 5 8
8 . 9 3 0 2 , 2 6 0 0 , 050 0 , 050 0 , 772

1 0 ,1 1 0 2 , 3 3 0 0 , 030 0 , 030 0 , 6 4 5
1 2 . 3 2 0 2 , 8 2 0 0 , 030 0 , 030 0 , 7 6 7
1 4 , 1 2 0 3,  090 0 , 060 0 , 030 0 , 73 7
1 4 , 8 7 0 3 , 2 6 0 0 , 060 0 , 030 0 , 782
1 5 , 8 3 0 3 , 4 6 0 0 , 030 0 , 030 0 , 822
1 7 , 0 9 0 3 , 6 8 0 0 , 0 3 0 0 , 030 0 , 832
1 7 . 0 9 0 3 . 7 8 0 0 , 0 3 0 0 , 0 3 0 0 , 932

1 8 , 7 4 0 4 , 0 3 0 0 , 030 0 , 030 0 , 90 7
1 9 , 3 4 0 4,  120 0 , 030 0 , 030 0 , 897



2 0 4

2 0 , 4 2 0 4 , 3 1 0 0 , 030 0 , 030 0 , 9 0 7
6 , 700 2 , 7 1 0 0 , 050 0 , 050 1 , 593

1 0 , 1 1 0 3 , 3 0 0 0 , 050 0 , 1 0 0 1 , 6 1 5
1 2 , 3 2 0 3 , 6 0 0 0 , 050 0 , 050 1 , 5 4 7
17 , 090 4 , 3 8 0 0 , 050 0 , 050 1 , 532
1 9 , 3 4 0 4 , 6 8 0 0 , 050 0 , 050 1 , 457
2 0 , 4 2 0 4 . 8 S 0 0 , 080 0 , 050 1 , 4 7 7

CALCULATED TRAVEL TIMES

RAY CODE = A 1
RANGE (KM) CALC TI ME (S)

0 , 0 0 0 0 , 0 0 0
6 , 700 1 , 6 1 7
8 ,  120 1 , 9 3 4
8 , 5 9 0 2 , 0 3 5

1 0 , 1 1 0 2 . 3 5 6
1 2 , 3 2 0 2 , 8 2 4
14,  120 3 . 1 9 1
1 4 , 8 7 0 3 , 3 5 2

1 1 , 0 1 0 2 , 7 2 8
9 , 3 5 0 2 , 3 6 0
7 , 4 3 0 1 , 8 8 9
6 ,  450 1 , 6 4 9
4 , 8 4 0 1 , 2 5 5
3 , 3 8 0 0 , 900
0 . 550 0 , 160
0 , 000 0 , 00 0

RAY CODE = A3
RANGE (KM) CALC Tli

2 0 , 4 2 0 4 , 3 1 5
19 . 340 4,  120
1 8 , 7 4 0 4 , 0 1 7
1 7 , 0 9 0 3 , 7 2 2
1 5 , 8 3 0 3 , 4 8 8
1 4 . 8 7 0 3 , 3 2  0
1 4 , 1 2 0 3,  182
1 2 , 3 2 0 2 , 8 5 5
1 0 , 1 1 0 2 , 4 4 5

8 , 590 2,  155
8,  120 2,  073

21 , 54 0 4 . 5 0 0
20 , 4 1 0 4 , 2 9 0
1 7 , 9 0 0 3 , 9 3 5
1 6 , 8 4 0 3 , 7 5 1
1 5 , 4 4 0 3 , 5 1 8
1 4 , 4 1 0 3 , 3 2 1
1 1 , 0 1 0 2 , 8 6 5

RAY CODE = A5
RANGE ( KM) CALC TI  ME ( S )

2 0 , 4 2 0  4 , 3 5 1
1 9 , 3 4 0  4 , 1 7 0
1 8 , 7 4 0  4 , 0 7 1
2 6 , 6 9 0  5 , 4 0 9



-  2 0 5

1 7 , 9 0 0  3 , 9 2 1

MAVI S I I :  AVONBRIDGE (P WAVE) 

SHOT POSI T I ON = 3 9 , 5 0  0 KM

OBSERVED TRAVEL TIMES

RANGE TRAVEL TIME ERROR (+ ) ERROR ( - ) RED T il
(KM) ( S) (S) (S) (S)

3 9 , 3 7 0 7 , 390 0,  100 0 , 050 0 , 8 2 8
37 , 30 0 6 , 9 6 0 0 , 030 0 , 030 0 , 743
3 6 , 7 1 0 6 , 9 4 0 0 , 050 0 , 0 5 0 0 , 8 2 2
3 6 , 7 1 0 7 , 0 2 0 0 , 0 5 0 0 , 050 0 , 9 0 2
35 , 4 2 0 6 , 7 4 0 0 . 030 0 , 050 0 , 837
3 4 , 2 1 0 6 , 5 6 0 0 , 050 0 , 050 0 , 8 5 8
3 3 , 0 7 0 6 , 4 2 0 0 , 030 0 , 050 0 , 9 0 8
3 2 , 3 5 0 6 , 2 1 0 0 , 050 0 , 050 0 , 8 1 8
3 1 , 2 3 0 6 , 0 2 0 0 , 030 0 , 030 0 , 8 1 5
31 , 23 0 6 , 050 0 , 030 0 , 030 0 , 84 5
3 0 , 5 5 0 5 , 9 6 0 0 , 030 0 . 030 0 , 868
29 , 270 5 , 8 6 0 0 , 030 0 , 030 0 , 9 8 2
2 8 , 1 3 0 5 , 6 3 0 0 . 050 0 , 050 0 , 9 4 2
2 6 , 9 6 0 5 , 390 0 , 030 0 . 050 0 , 8 9 7
2 2 , 2 1 0 4 . 7 3 0 0 ♦ 030 0 , 030 1 , 028
20 . 170 4 , 3 5 0 0 , 030 0 , 050 0 , 9 8 8
1 9 . 1 9 0 4 , 1 0 0 0 , 030 0 , 0 3 0 0 , 9 0 2
1 8 , 3 7 0 3 . 9 4 0 0 , 030 0 , 030 0 , 878
1 7 . 3 0 0 3 . 8 2 0 0 . 050 0 , 030 0 . 937
1 6 , 3 4 0 3 , 6 5 0 0 , 030 0 , 030 0 , 927
1 5 , 7 3 0 3 , 4 5 0 0 , 030 0 , 030 0 , 8 2 8
1 5 , 7 3 0 3 , 5 9 0 0 . 030 0 , 030 0 , 96 8
1 4 , 0 7 0 3 , 2 0 0 0 , 030 0 , 030 0 . 8 5 5
1 3 , 1 7 0 2 , 8 8 0 0 , 050 0 , 050 0 , 685

6 , 1 5 0 1 , 550 0 , 030 0 , 030 0 , 525
5 , 500 1 , 350 0 , 050 0 , 050 0 , 433
5 , 000 1 , 1 7 0 0 , 030 0 , 030 0 . 337
4 , 4 2 0 1 , 050 0 , 030 0 , 030 0 , 3 1 3
1 , 5 1 0 0 , 3 8 0 0 , 030 0 , 030 0 , 1 2 8
1 , 5 1 0 0 , 450 0 , 030 0 , 030 0 , 1 9 8
1 , 040 0 , 280 0 , 030 0 , 030 0 , 1 0 7
0 , 480 0 , 130 0 , 030 0 , 030 0 , 050
0 , 82 0 0 . 2 1 0 0 , 030 0 . 030 0 , 073
1 , 6 1 0 0 , 320 0 , 0 3 0 0 , 030 0 , 052
2 , 6 0 0 0 , 5 9 0 0 , 030 0 . 030 0 , 1 5 7
3 , 9 5 0 0 , 9 5 0 0 , 030 0 , 030 0 , 29 2
4 . 7 1 0 1 , 170 0 , 0 3 0 0 , 030 0 , 385

5 , 570 1 , 340 0 , 030 0 , 030 0 , 4 1 2
6 . 180 1 , 450 0 , 030 0 . 030 0 , 420

7 , 250 1 , 7 5 0 0 , 030 0 , 030 0 , 542

8 ,  240 1 , 95 0 0 , 030 0 , 030 0 , 577

2 8 , 1 3 0 5 , 9 4 0 0 , 050 0 , 050 1 , 252
2 6 , 9 6 0 5 . 6 1 0 0 , 1 0 0 0 , 1 0 0 1 , 1 1 7

2 2 , 2  1 0 5 ,  150 0 , 050 0 , 050 1 , 448

2 0 , 1 7 0 4 , 800 0 , 050 0 , 0 5 0 1 , 438
1 9 , 1 9 0 4 , 6 6 0 0 , 050 0 , 050 1 , 462

1 8 , 3 7 0 4 , 5 1 0 0 , 050 0 , 050 1 , 448

1 7 . 3 0 0 4 , 2 1 0 0 , 050 0 , 080 1 . 32 7



2 0 6  -

1 6 , 3 4 0 4 , 020 0 , 1 0 0 0 , 1 0 0 1 , 297
1 5 , 7 3 0 4 . 0 1 0 0 , 0 5 0 0 , 050 1 , 3 8 3
1 4 , 0 7 0 3 , 6 5 0 0 , 050 0 , 050 1 , 30 5
1 3 . 1 7 0 3 , 5 3 0 0 , 1 0 0 0 , 1 0 0 1 , 335

3 , 9 5 0 1 , 03 0 0 , 050 0 , 050 0 , 372

CALCULATED TRAVEL TIMES  

RAY CODE = A 1
RANGE (KM) CALC T li

0 , 000 0 , 000
0 , 82 0 0 , 2 2 0
1 , 6 1 0 0 , 429
2 , 6 0 0 0 , 6 7 5
3 , 9 5 0 0 , 987
4 , 7 1 0 1 , 166
5 , 5 7 0 1 , 3 5 6
6,  180 1 , 490
7 , 2 5 0 1 , 7 2 5
8 , 2 4 0 1 . 9 4 4

1 6 , 3 4 0 3 , 7 1 3
1 5 . 7 3 0 3 , 5 7 9
1 4 , 0 7 0 3 , 2 1 5
1 3 , 1 7 0 3 , 0 1 2

7,  150 1 , 6 9 2
5 , 5 0 0 1 , 3 2 7
5 , 0 0 0 1 , 2 1 6
4 , 4 2 0 1 , 088
1 , 5 1 0 0 , 4 0 6
1 . 040 0 , 2 7 9
0 , 480 0 , 132
0 , 000 0 , 0 0 0

RAY CODE = A3
RANGE (KM) CALC Tli

3 0 , 5 5 0 6 , 076
2 2 , 2 1 0 4 , 7 5 0
2 0 , 1 7 0 4 , 3 5 5
1 9 , 1 9 0 4 , 1 6 1
18 , 3 7 0 4,  006
1 7 , 3 0 0 3 , 8 1 8
16 . 3 4 0 3 , 6 2 0
1 5 . 7 3 0 3 , 5 0 7
1 4 , 0 7 0 3 ,  197
1 3 . 1 70 3.  021

RAY CODE = A5
RANGE (KM) CALC TI ME ( S)

3 9 , 3 7 0 7 , 4 9 2
3 7 , 3 0 0 7,  146
3 6 . 7 1 0 7 , 0 5 2
31 , 230 6 , 1 1 6
3 0 , 5 5 0 6 , 0 1 2
2 9 , 2 7 0 5 , 8 0 4
2 8 , 1 3 0 5 , 6 3 3
2 6 , 9 6 0 5 , 4 2 7



2 0 7

RAY CODE = AS
RANGE (KM) CALC TI ME (S)

17 , 30 0 4 , 379
18 , 370 4, 526
19 , 190 4 , 6 5 4
2 0 , 1 7 0 4 , 798
22 , 210 5, 109
26 , 960 5, 705
2 8 , 1 3 0 5 , 9 0 4
29 , 270 6,  060

MAVI S I I :  BLAI RHI LL  ( P WAVE) 

SHOT POSI TI ON = 4 7 , 6 8 0  KM

OBSERVED TRAVEL TI MES

RANGE TRAVEL TI ME ERROR (+ ) ERROR ( - ) RED TII
(KM) (S) ( S) (S) (S)

4 7 , 5 5 0 8 , 9 7 0 0 , 030 0 , 050 1 , 045
4 7 , 5 5 0 8 , 730 0 , 030 0 , 0 5 0 0 , 8 0 5
4 6 , 5 9 0 8 . 5 5 0 0 , 050 0 , 030 0 , 7 8 5
4 5 , 4 7 0 8 , 470 0 , 030 0 , 050 0 , 892
44 , 900 8 , 3 5 0 0 , 0 3 0 0 , 0 3 0 0 , 867
4 3 , 6 1 0 8,  190 0 , 050 0 , 050 0 , 9 2 2
4 1 , 2 5 0 7 , 770 0 , 060 0 , 030 0 , 8 9 5
4 0 , 5 3 0 7 , 5 5 0 0 , 030 0 . 030 0 , 79 5
39 , 390 7 , 500 0 , 030 0 , 030 0 , 335
3 8 , 7 4 0 7 , 380 0 , 0 3 0 0 , 030 0 , 9 2 3
3 7 , 4 3 0 7 , 1 1 0 0 , 030 0 , 030 0 , 872
3 7 , 4 3 0 7 , 1 4 0 0 , 030 0 , 030 0 , 9 0 2
3 6 , 3 4 0 7 , 0 2 0 0 , 030 0 , 030 0 , 9 6 3
3 5 , 1 5 0 6 , 750 0 , 030 0 , 0 5 0 0 , 89 2
3 3 . 9 8 0 6 , 6 7 0 0 , 030 0 , 030 1 , 00 7
3 2 , 0 2 0 6 , 330 0 , 030 0 , 030 0 , 99 3
3 0 , 4 4 0 6 , 090 0 , 030 0 , 030 1 , 0 1 7
28 , 400 5 , 760 0 , 030 0 , 030 1 , 02 7
2 7 , 4 2 0 5 , 5 6 0 0 , 030 0 , 050 0 , 9 9 0
2 6 , 6 0 0 5 , 490 0 , 030 0 , 050 1 . 057
2 5 , 5 3 0 5 , 2 8 0 0 , 030 0 , 050 1 , 025
2 4 , 5 7 0 5 , 1 1 0 0 , 030 0 , 030 1 , 0 1 5
2 3 , 9 6 0 4 , 9 9 0 0 , 030 0 , 030 0 , 9 9 7
2 2 , 2 9 0 4 , 6 5 0 0 , 030 0 , 030 0 , 93 5
2 2 , 0  10 4 , 6 4 0 0 , 0 3 0 0 , 030 0 , 9 7 2

2 1 , 360 4 , 5 1 0 0 , 030 0 , 030 0 , 950
15♦090 3 , 330 0 , 030 0 , 030 0 , 8 1 5
1 3 , 5 0 0 3 , 0 5 0 0 , 030 0 , 030 0 , 800
1 3 , 0 0 0 2 . 9 5 0 0 , 030 0 , 030 0 , 7 8 3

1 2 , 4 5 0 2 , 8 6 0 0 , 030 0 , 030 0 , 7 8 5
9 , 7 1 0 2 . 3 1 0 0 , 030 0 , 030 0 , 69 2

9 , 220 2,  180 0 , 030 0 , 030 0 , 643

8 , 600 2,  020 0 . 030 0 , 0 3 0 0 , 587

7 . 4 2 0 1 , 800 0 , 030 0 , 030 0 , 5 6 3

6,  650 1 , 6 1 0 0 . 030 0 , 030 0 , 5 0 2

5 , 680 1 , 3 7 0 0 , 030 0 , 030 0 , 423

4 . 460 1 . 120 0 . 0 3 0 0 . 030 0 , 377

3 , 620  
2 , 8 7 0

0 , 890  
0 . 7 8 0

0 , 030  
0 , 030

0 , 0 3 0  
0 . 030

0 , 287  
0 , 3 0 2



2 0 8

2 , 3 4 0 0 , 5 2 0 0 , 030 0 , 030 0 , 1 3 0
1 , 430 0 , 260 0 , 030 0 , 030 0 , 022
0 , 150 0 , 020 0 , 030 0 , 030 - 0 , 0 0 5

3 2 , 0 2 0 6 , 4 5 0 0 , 050 0 , 050 1 , 1 1 3
3 0 , 4 4 0 6,  180 0 , 050 0 , 050 1 , 1 0 7
2 8 , 4 0 0 5 , 8 1 0 0 , 050 0 , 050 1 , 077
1 2 , 4 5 0 3 , 0 6 0 0 , 050 0 , 0 5 0 0 , 9 8 5
1 2 , 4 5 0 3 . 0 1 0 0 , 050 0 , 050 0 , 9 3 5

8 , 6 0 0 2 , 3 4 0 0 , 050 0 , 080 0 , 9 0 7
7 , 4 2 0 2,  190 0 , 050 0 , 080 0 , 9 5 3
6 , 6 5 0 2.  130 0 , 050 0 , 080 1 , 0 2 2
5 , 6 8 0 2 , 0 2 0 0 , 050 0 , 050 1 , 073
4 , 460 1 , 910 0 , 1 0 0 0 , 1 0 0 1 , 167

CALCULATED TRAVEL TIMES

RAY CODE = A 1
RANGE (KM) CALC TI ME (S)

1 5 , 0 9 0 3 , 3 9 5
1 3 , 5 0 0 3 , 0 6 8
13 , 0 0 0 2 , 9 5 5
1 2 , 4 5 0 2 , 8 3 9
9 , 7 1 0 2 , 2 6 4
9 , 2 2 0 2,  158
8 . 6 0 0 2 , 0 2 2
7 , 4 2 0 1 , 7 6 2
6 , 6 5 0 1 , 5 9 2
5 , 6 8 0 1 , 3 7 3
4,  460 1 . 105
3 , 6 2 0 0 , 9 1 7
2 , 8 7 0 0 , 7 3 5
2 , 3 4 0 0 , 60 5
1 , 430 0 . 381
0 , 000 0 , 000

RAY CODE = A3
RANGE (KM) CALC Tl!

3 2 , 0 2 0 6 , 4 9 9
3 0 , 4 4 0 6 , 2 1 9
2 8 , 4 0 0 5 , 8 3 1
2 7 , 4 2 0 5 , 6 5 4
2 6 , 6 0 0 5 , 4 8 0
2 5 , 5 3 0 5 , 293
2 4 , 5 7 0 5 . 1 0 1
2 3 , 9 6 0 4 , 9 9 5
2 2 . 2 9 0 4 , 6 7 7
2 2 , 0 1 0 4 , 6 2 3
21 , 360 4 . 5 1 0
1 5 , 0 9 0 3 , 333
1 3 , 5 0 0 3 . 0 4 2
1 3 , 0 0 0 2 , 9 4 6
1 2 , 4 5 0 2 , 8 4 8

9 , 7 1 0 2 , 3 5 0

RAY CODE = A4
RANGE (KM) CALC TIME (S)

3 , 6 2 0  1 , 8 3 5
4 , 4 6 0  1 . 9 0  4



-  2 0 9

5 , 6 8 0 2 , 0 2 3
6 , 6 5 0 2 , 1 4 1
7 , 420 2 , 2 4 5
8 , 6 0 0 2 , 4 1 1
9 , 2 2 0 2 , 5 0 1
9 , 7 1 0 2 , 5 7 7

1 2 , 4 5 0 2 , 9 9 2
1 3 , 0 0 0 3,  082
1 3 , 5 0 0 3,  167

CODE = A5
iNGE (KM) CALC T lf
4 7 , 5 5 0 8 , 8 3 3
4 6 , 5 9 0 8 , 6 7 5
4 5 , 4 7 0 8 , 4 8 7
4 4 , 9 0 0 8 , 3 8 9
3 9 , 3 9 0 7 , 4 5 6
3 8 . 7 4 0 7 , 3 5 7
3 7 , 4 3 0 7,  147
3 6 , 3 4 0 6 , 9 8 4
3 5 , 1 5 0 6 , 7 7 3
3 2 , 0 2 0 6 , 3 6 6
3 0 , 4 4 0 6 , 1 1 2
2 8 , 4 0 0 5 , 7 5 7
2 7 , 4 2 0 5 , 5 8 3
2 6 , 6 0 0 5 , 4 3 5
2 5 , 5 3 0 5 , 2 5 3
2 4 . 5 7 0 5 , 0 7 8
2 3 , 9 6 0 4 , 9 6 4
2 2 . 2 9 0 4 , 6 8 1
2 2 , 0  10 4 , 6 2 8
2 1 , 3 6 0 4 , 5 1 1
1 5 , 0 9 0 3 , 4 3 5

MAVI S I I :  CAIRNYHILL ( P 

SHOT POSI TI ON = 4 7 , 3 7  0

OBSERVED TRAVEL TIMES

RANGE TRAVEL TIME
(KM) (S)
1 , 130 0 , 360
3 , 830 1 , 090
5 . 3 9 0 1 , 43 0
6 ,  170 1 , 630
7 , 130 1 , 76 0
8 , 2 7 0 2 , 1 1 0
9 ,  170 2 , 3 6 0

1 2 , 6 7 0 3 , 020
1 2 . 1 7 0 2 . 9 0 0
1 1 , 4 2 0 2 , 6 8 0
1 1 , 2 0 0 2 , 580
1 1 , 200 2 , 6 3 0
1 0 , 8 9 0 2 , 5 8 0

8 , 4 1 0 2 , 060
7 , 4 6 0 1 . 85 0
5 , 300 1 , 340

( + ) ERROR ( - )  RED TI ME
(S ) (S )

0 , 030 0 , 172
0 , 030 0 , 452
0 , 030 0 , 5 3 2
0 , 030 0 , 6 0 2
0 . 030 0 , 5 7 2
0 , 030 0 , 732
0 , 030 0 . 8 3 2
0 , 030 0 , 90 8
0 , 030 0 . 872
0 , 030 0 , 777
0 , 030 0 , 7 1 3
0 , 030 0 , 7 6 3
0 , 030 0 , 76 5
0 , 030 0 . 658
0 , 030 0 , 60 7
0 . 030 0 , 4 5 7

S)

WAVE)

KM

ERROR
I S)

0 . 030
0 , 030
0 , 030
0 , 0 3 0
0 , 030
0 , 030
0 , 030
0 . 030
0 , 030
0 , 030
0 , 030
0 , 030
0 , 030
0 , 0 3 0
0 , 030
0 , 030



- 2 1 0  -

5 , 0 3 0  1 , 2 30
4 , 0 4 0  1 , 020
3 , 0 8 0  0 , 7 8 0
2 , 2 7 0  0 , 5 8 0

CALCULATED TRAVEL TIMES

RAY CODE = A 1
RANGE (KM) CALC TIME (S )

0 , 000 0 , 000
1 , 130 0 , 3 0 0
3 , 8 3 0 0 , 9 6 0
5 , 3 9 0 1 , 310
6 ,  170 1 , 490
7 ,  130 1 , 710
8 , 2 7 0 1 , 960
9 ,  170 2,  150

1 2 , 6 7 0 2 , 9 5 0
1 2 , 1 7 0 2 , 8 4 0
1 1 , 420 2 , 6 9 0
1 1 , 2 0 0 2 , 6 4 0
1 0 , 8 9 0 2 , 5 8 0
8 , 4 1 0 2 , 0 5 0
7 , 4 6 0 1 , 840
5 , 3 0 0 1 , 330
5 , 0 3 0 1 , 270
4 , 0 4 0 1 , 030
3 , 0 8 0 0 , 790
2 , 2 7 0 0 , 6 0 0
0 . 000 0 , 000

MAVI S I I :  TAMSLOUP ( P WAVE) 

SHOT POSI TI ON = 4 9 , 6 2 0  KM

OBSERVED TRAVEL TIMES

RANGE TRAVEL TIME ERROR (+ )  ERROR ( - )  RED TI ME
(KM) (S) (S) (S) (S)

1 1 , 5 9 0 2 , 6 8 0 0 , 030 0 . 030 0 , 748
1 0 . 5 7 0 2 , 4 7 0 0 , 030 0 , 030 0 , 70 8
9 , 6 1 0 2 . 2 5 0 0 , 030 0 , 030 0 , 6 4 8
8 , 3 7 0 2 , 0 0 0 0 , 0 3 0 0 , 030 0 , 6 0 5
4 , 390 1 , 100 0 , 030 0 , 030 0 , 368

CALCULATED TRAVEL TIMES

RAY CODE = A1
RANGE (KM) CALC TIME (S)  

0 , 0 0 0  0 , 0 0 0
4 , 3 9 0  1 , 1 0 5
8 . 3 7 0  1 , 9 9 2
9 , 6 1 0  2 , 2 6 3

1 0 , 5 7 0  2 , 4 7 1
1 1 , 5 9 0  2 , 6 9 5

0 , 030 
0 , 030 
0 , 0 3 0  
0 , 030

0 , 030 
0 , 030 
0 , 030 
0 , 030

0 , 392  
0 , 347  
0 , 2 6 7  
0 , 202



- 2 1 1 -

MAVI S I I :  HEADLESS CROSS ( P WAVE) 

SHOT POSI TI ON = 5 5 , 9 0  0 KM

OBSERVED TRAVEL TIMES

RANGE TRAVEL TI ME ERROR (+ ) ERROR ( - )  RED Tl
(KM) (S) (S) (S) (S)

1 5 , 0 7 0 3 ,  160 0 , 0 3 0 0 , 030 0 , 6 4 8
1 3 , 8 2 0 2 , 9 7 0 0 , 030 0 , 030 0 , 667
1 2 , 2 9 0 2 , 6 1 0 0 , 030 0 , 030 0 , 5 6 2
1 0 , 2 0 0 2 , 2 4 0 0 , 0 3 0 0 , 030 0 , 540
9 , 7 5 0 2 ,  140 0 , 030 0 , 0 3 0 0 , 5 1 5
9 , 5 1 0 2 , 1 0 0 0 , 0 3 0 0 , 030 0 , 5 1 5
8 , 7 1 0 1 , 9 8 0 0 , 030 0 , 030 0 , 5 2 8
8 , 6 4 0 1 , 960 0 , 030 0 , 030 0 , 520
8 , 4 3 0 1 , 92 0 0 , 0 3 0 0 , 030 0 , 5 1 5
8 , 0 2 0 1 , 840 0 , 030 0 , 030 0 , 50 3
7 , 7 8 0 1 , 80 0 0 . 0 3 0 0 , 030 0 , 5 0 3
7 , 5 4 0 1 , 7 7 0 0 , 030 0 , 030 0 , 5 1 3
7 , 3 2 0 1 , 63 0 0 , 030 0 , 030 0 . 4 1 0
7 , 1 1 0 1 , 6 1 0 0 . 030 0 , 030 0 , 4 2 5
6 , 5 5 0 1 , 60 0 0 , 0 3 0 0 , 030 0 , 50 8
6 . 4 5 0 1 , 5 1 0 0 , 030 0 , 030 0 , 435
6 , 4 3 0 1 , 5 1 0 0 , 030 0 , 030 0 , 438
6 ,  150 1 , 4 7 0 0 , 030 0 , 030 0 , 445
5 , 9 2 0 1 , 430 0 , 030 0 , 030 0 . 443
5 , 890 1 . 350 0 , 0 3 0 0 , 030 0 , 368
5 , 7 7 0 1 , 360 0 , 0 3 0 0 , 0 3 0 C , 333
5 , 6 4 0 1 , 300 0 , 030 0 , 030 0 , 360
5 , 5 1 0 1 , 3 0 0 0 , 030 0 , 0 3 0 0 , 3 8 2
5 , 4 1 0 1 , 260 0 , 030 0 , 030 0 , 358
5 , 2 5 0 1 , 260 0 . 0 3 0 0 , 030 0 , 385
5 , 1 4 0 1 , 280 0 , 030 0 , 030 0 , 423
4 , 880 1 , 260 0 , 030 0 , 030 0 , 447
4 , 6 3 0 1 , 200 0 , 030 0 , 030 0 , 428
4 , 480 1 , 170 0 . 030 0 , 030 0 , 4 2 3

4 , 260 1 , 1 3  0 0 , 030 0 , 030 0 , 420
4 . 050 1 , 090 0 , 030 0 , 030 0 , 4 1 5

3 , 6 7 0 1 . 020 0 , 030 0 , 030 0 , 408

3 , 4 7 0 0 , 9 7 0 0 , 030 0 , 030 0 , 392

3 , 240 0 , 880 0 , 030 0 , 030 0 , 340

3.  140 0 , 8 4 0 0 . 030 0 , 030 0 , 3 1 7

2 , 870 0 , 790 0 , 030 0 , 030 0 , 3 1 2

2 , 7 0 0  
2 , 660

0 , 7 5 0  
0 , 740

0 , 030  
0 , 030

0 , 030 
0 , 030

0 , 300  
0 , 297

2 . 5 8 0  
2,  540

0 . 7 1 0
0 , 7 0 0

0 , 030 
0 , 030

0 . 030 
0 ♦ 030

0 , 280 
0 , 277

2,  430 0 , 7 0 0 0 , 030 0 . 030 0 , 2 9 5

2 . 3 0 0 0 , 660 0 , 030 0 . 030 0 , 277
im. i WWW
2 , 3 0 0 0 , 67 0 0 , 030 0 , 0 3 0 0 , 287

2 , 280 0 , 6 3 0 0 , 030 0 , 030 0 , 250

2 , 2 0 0 0 . 620 0 , 030 0 , 030 0 , 253

1 , 930 0 , 580 0 , 030 0 , 030 0 , 258

1 , 710
1 , 490

0 , 5 1 0 0 , 030 0 , 030 0 , 225

0 , 440 0 , 030 0 , 030 0 , 192

1 , 360  
1 , 160 
1 , 130

0 , 390 0 . 030 0 , 030 0 , 1 6 3

0 . 340 0 , 030 0 , 030 0 , 1 4 7
0 , 3 2 0 0 , 030 0 , 030 0 , 132



2 1 2

0 * 9 5 0 0 , 3 0 0
1 , 440 0 , 4 5 0
1 *950 0 , 590
2 , 8 4 0 0 , 8 2 0
4 , 6 9 0 1 , 230
5 * 0 2 0 1 , 310
5 * 5 9 0 1 , 460
6 * 2 3 0 1 , 610
6 , 4 7 0 1 , 61 0
7 , 8 2 0 1 , 89  0
9 , 2 6 0 2 , 2 3 0
9 , 4 0 0 2 , 2 3 0
9 , 4 5 0 2 , 3 3 0

1 0 , 5 8 0 2 , 4 9 0
1 0 , 6 7 0 2 , 5 8 0
1 1 . 1 6 0 2 , 630
1 1 , 5 9 0 2 , 7 8 0
1 2 , 3 5 0 2 , 8 5 0
1 2 , 9 0 0 2 , 9 5 0
1 3 , 2 6 0 3 , 040
1 3 , 8 3 0 3,  120
1 3 , 8 3 0 3,  120
1 4 , 1 6 0 3 , 2 1 0
1 5 , 3 30 3 , 360
1 5 , 6 2 0 3 , 4 4 0
1 6 , 1 5 0 3 , 5 4 0
1 6 , 7 9 0 3 , 6 2 0
1 7 . 2 5 0 3 , 7 1 0
1 7 . 7 90 3 , 8 1 0
1 8 , 0 5 0 3 , 8 8 0
1 8 , 5 0 0 4 , 000
1 9 , 1 40 4 , 0 2 0
1 9 , 8 50 4,  170
21 , 500 4 , 3 8 0

CALCULATED TRAVEL TIMES

RAY CODE = A 1
RANGE (KM) CALC TIME

0 , 000 0 , 000
1 , 440 0 . 430
1 , 950 0 , 5 7 0
2 , 8 4 0 0 , 780
4 , 6 9 0 1 , 210
5 , 0 2 0 1 , 270
5 , 590 1 , 410
6 , 2 3 0 1 , 560
6 , 4 7 0 1 , 610
7 . 8 2 0 1 , 910
9 , 2 6 0 2 , 2 3 0
9 , 4 0 0 2 , 2 5 0
9 , 4 5 0 2 , 270

1 0 , 580 2 , 4 9 0
10 , 6 7 0 2 , 5 3 0
1 1 , 160 2 , 6 1 0
1 1 , 5 90 2 , 7 0 0
1 2 , 3 50 2 , 8 5 0
1 2 , 9 00 2 , 9 6 0

, 030 0 , 030 0 , 142
, 030 0 , 03 0 0 , 2 1 0
, 030 0 , 030 0 , 2 6 5
, 030 0 , 030 0 , 3 4 7
, 030 0 , 030 0 , 4 4 8
, 030 0 , 030 0 , 4 7 3
, 030 0 , 030 0 , 52 8
, 030 0 , 030 0 , 5 7 2
, 030 0 , 030 0 , 53 2
, 030 0 , 030 0 , 58 7
, 030 0 , 030 0 , 6 8 7
, 030 0 , 030 0 , 663
, 030 0 . 030 0 , 7 5 5
, 030 0 , 030 0 , 7 2 7
, 03 0 0 , 030 0 , 80 2
, 030 0 , 030 0 , 7 7 0
, 030 0 . 030 0 , 8 4 8
, 030 0 , 030 0 , 7 9 2
, 030 0 , 030 0 , 8 0 0
, 030 0 , 030 0 , 830
, 030 0 , 030 0 , 8 1 5
, 030 0 , 030 0 , 8 1 5
, 030 0 . 030 0 , 8 5 0
, 030 0 , 0 3 0 0 , 80 5
, 030 0 , 030 0 , 83 7
, 030 0 , 030 0 , 8 4 8
, 030 0 , 030 0 , 8 2 2
, 030 0 , 030 0 , 83 5
, 030 0 , 030 0 , 8 4 5
, 030 0 , 030 0 , 87 2
, 030 0 , 030 0 , 9 1 7
, 030 0 , 030 0 , 830
. 030 0 , 030 0 , 862
, 030 0 , 030 0 , 7 9 7

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

(S)



2 1 3

1 3 , 2 6 0 3 , 0 4 0
1 3 . 8 3 0 3 ,  160
1 3 , 8 3 0 3 ,  150
1 4 , 1 6 0 3 , 2 3 0
1 5 , 3 3 0 3 ,  4 7 0

5 ,  140 1 , 3 5 0
4 , 8 8 0 1 , 2 7 0
4 , 6 3 0 1 , 2 3 0
4 , 4 8 0 1 , 190
4 , 2 6 0 1 , 140
4 , 0 5 0 1 , 0 9 0
3 , 6 7 0 1 , 0 1 0
3 , 4 7 0 0 , 9 5 0
3 , 2 4 0 0 . 9 0 0
3 ,  140 0 , 8 7 0
2 . 8 7 0 0 , 8 1 0
2 , 7 0 0 0 , 7 8 0
2 , 6 6 0 0 , 7 6 0
2 , 5 8 0 0 , 7 5 0
2 , 5 4 0 0 , 7 3 0
2 , 4 3 0 0 , 6 9 0
2 , 3 0 0 0 , 6 7 0
2 , 3 0 0 0 , 6 7 0
2 , 2 8 0 0 , 6 7 0
2 , 2 0 0 0 , 6 3 0
1 . 9 3 0 0 , 5 6 0
1 , 7 1 0 0 , 5 1 0
1 . 4 9 0 0 , 4 5 0
1 , 3 6 0 0 , 4 1 0
1 , 160 0 , 3 6 0
1 , 130 0 , 3 4 0
0 , 9 5 0 0 , 2 9 0
0 , 0 0 0 0 , 0 0 0

RAY CODE = A3
RANGE ( KM)  CALC T I M E  ( S )

7 , 8 2 0 1 , 9 8 0
9 , 2 6 0 2 , 2 6 0
9 , 4 0 0 2 , 3 0 0
9 , 4 5 0 2 , 2 9 0

1 0 , 5 8 0 2 , 5 1 0
1 0 , 6 7 0 2 , 5 3 0
1 1 , 1 6 0 2 . 6 2 0
1 1 , 5 9 0 2 , 6 9 0
1 2 , 3 5 0 2 . 8 5 0
1 2 , 9 0 0 2 . 9 4 0
1 3 , 2 6 0 3 , 0 0 0
1 3 , 8 3 0 3 , 1 2 0

1 3 . 8 3 0 3 .  120
1 4 , 1 6 0 3 ,  190
1 5 , 3 3 0 3 , 4 0 0
1 5 , 6 2 0 3 , 4 5 0
1 6 ,  150 3 . 5 5 0
1 6 , 7 9 0 3 , 6 6 0
1 7 , 2 5 0 3 , 7 6 0
17 , 7 9 0 3 , 8 5 0
1 8 , 0 5 0 3 . 8 9 0
1 8 , 5 0 0 3 , 9 8 0



2 1 4  -

1 9 , 1 4 0 4 , 0 9 0
1 9 , 8 5 0 4 , 2 1 0
2 1 , 5 0 0 4 , 5 1 0

1 5 , 0 7 0 3 ,  140
1 3 , 8 2 0 2 , 9 1 0
1 2 , 2 9 0 2 , 6 3 0
1 0 , 2 0 0 2 , 2 5 0

9 , 7 5 0 2 , 160
9 , 5 1 0 2 , 1 2 0
8 , 7 1 0 1 , 9 8 0
8 , 6 4 0 1 , 9 6 0
8 , 4 3 0 1 , 9 2 0
8 , 0 2 0 1 , 8 4 0
7 , 7 8 0 1 , 8 0 0
7 , 5 4 0 1 , 7 5 0
7 , 3 2 0 1 , 7 1 0
7 , 1 1 0 1 , 6 8 0
6 , 5 5 0 1 , 5 6 0
6 , 4 5 0 1 , 5 4 0
6 , 4 3 0 1 , 5 4 0
6 , 150 1 , 4 9 0
5 , 9 2 0 1 , 4 6 0
5 , 8 9 0 1 , 4 4 0
5 , 7 7 0 1 , 4 3 0
5 , 6 4 0 1 , 3 9 0
5 . 5 1 0 1 , 3 9 0
5 , 4 1 0 1 , 3 6 0
5 , 2 5 0 1 , 3 5 0
5 ,  140 1 , 3 2 0
4 , 8 8 0 1 , 2 8 0
4 , 6 3 0 1 , 2 5 0
4 , 4 8 0 1 , 2 4 0

MAVI S I I :  CAIRNGRYFFE ( P WAVE)

SHOT POSI TI  ON = 7 3 , 1 7 0  KM

OBSERVED TRAVEL TIMES

RANGE TRAVEL TIME ERROR (+ )  ERROR < - )  RED TI ME
(KM)  

1 4 , 6 7 0  
9 , 2 1 0  
6 , 8 9 0  
3 ,  140

< s ) ( S ) ( S ) ( S )
3 , 0 0 0  0 , 0 3 0  0 , 0 3 0  0 , 5 5 5
1 , 9 2 0  0 , 0 3 0  0 , 0 3 0  0 , 3 8 5
i . 4 1 0  0 , 0 3 0  0 , 0 3 0  0 , 2 6 2
0 , 7 0 0  0 , 0 3 0  0 , 0 3 0  0 , 1 7 7

CALCULATED TRAVEL TIMES

RAY CODE = A 3 ( d )
RANGE (KM) CALC TIME (S)  

0 , 0 0 0  0 , 0 0 0
3 , 1 4 0  0 , 6 8 8
6 , 8 9 0  1 , 4 8 6
9 , 2 1 0  1 , 9 4 7

1 4 , 6 7 0  3 , 0 2 2



2 1 5  -

SOLA NORTH: MEDROX (P WAVE) 

SHUT POSI T I  ON = 0 * 0 0 0  KM

OBSERVED TRAVEL TIMES

RANGE TRAVEL TI ME ERROR (+ ) ERROR ( - ) RED T i l
(KM) (S) (S) (S) (S)
1 , 0 6 0 0 , 3 1 0 0 , 0 30 0 , 0 30 0 , 1 33
2 . 8 1 0 0 , 8 4 0 0 , 0 30 0 , 0 3 0 0 , 3 7 2
3 . 8 7 0 1 , 160 0 , 0 3 0 0 , 0 3 0 0 , 5 1 5
4 , 7 9 0 1 , 3 4 0 0 , 0 3 0 0 , 0 3 0 0 , 5 4 2
5 , 5 6 0 1 , 5 2 0 0 , 0 30 0 , 0 30 0 , 5 9 3
7 , 1 1 0 1 , 8 9 0 0 , 0 3 0 0 , 0 30 0 , 7 0 5
7 . 8 2 0 2 , 1 4 0 0 , 0 3 0 0 , 0 3 0 0 , 8 3 7
9 , 8 0 0 2 , 4 1 0 0 , 0 30 0 , 0 30 0 , 7 7 7

1 1 . 0 1 0 2 , 6 9 0 0 , 0 3 0 0 . 0 30 0 , 8 5 5
1 1 , 5 3 0 2 , 8 6 0 0 , 0 3 0 0 , 0 30 0 , 9 3 8
1 3 , 7 2 0 3 , 3 0 0 0 . 0 30 0 , 0 3 0 1 , 0 1 3
1 5 , 0 8 0 3 , 5 3 0 0 , 0 3 0 0 , 0 30 1 , 0 1 7
1 5 , 5 0 0 3 , 6 0 0 0 , 0 30 0 , 0 3 0 1 . 0 1 7
1 5 , 9 1 0 3 , 6 6 0 0 , 0 30 0 , 0 30 1 , 0 0 8
1 8 , 0 7 0 4 , 0 3 0 0 , 0 3 0 0 , 0 30 1 , 0 1 8
1 8 , 8 4 0 4 , 0 8 0 0 , 0 3 0 0 , 0 3 0 0 , 9 4 0

2 0 , 8 8 0 4 , 4 5 0 0 , 0 3 0 0 , 0 3 0 0 , 9 7 0
2 2 , 4 2 0 4 , 8 0 0 0 , 0 3 0 0 , 0 3 0 1 , 0 6 3
2 5 , 0 6 0 5 , 2 2 0 0 , 0 3 0 0 , 0 3 0 1 , 0 4 3

CALCULATED TRAVEL TIMES  

RAY CODE = A 1
RANGE (KM) CALC TIME

0 , 000 0 , 000
1 , 060 0 , 320
2 , 8 1 0 0 . 850
3 , 8 7 0 1 , 1 2 0
4 , 7 9 0 1 , 35 0
5 , 560 1 , 540
7 , 1 1 0 1 , 900
7 . 8 2 0 2 , 0 7 0
9 , 800 2 , 5 0 0

1 1 , 0 1 0 2 . 7 5 0
1 1 , 5 3 0 2 , 8 6 0
1 3 . 7 2 0 3 , 330

CODE = A3
RANGE (KM) CALC TIME

1 1 . 0 1 0 2 , 7 9 0
1 1 , 530 2 . 8 9 0
1 3 , 7 2 0 3,  280
1 5 , 0 8 0 3 . 5 2 0
1 5 . 5 0 0 3,  600
1 5 , 9 1 0 3 , 6 7 0
1 8 , 0 7 0 4 . 0 5 0
1 8 , 8 4 0 4,  190
2 0 , 3 8 0 4 , 5 3 0
2 2 , 4 2 0 4 , 8 2 0
2 5 . 0 6 0 5 , 3 4 0



216

RAY CODE = A5
RANGE ( KM)  CALC T I M E  ( S )  

2 0 , 8 8 0  4 , 5 6 0
2 2 , 4 2 0  4 , 8 3 0
2 5 , 0 6 0  5 , 3 1 0

SOLA SO UTH: TAMSLOUP (P  WAVE)

SHOT P O S I T I O N  = 0 , 0 0 0  KM

OBSERVED TRAVEL T IM E S

RANGE
( KM)
0 , 3 7 0
0 , 5 9 0
1 , 2 7 0
2 . 0 9 0
2 ,  140  
2 , 3 4 0
2 , 6 1 0
3 ,  170  
3 , 4 3 0
3 , 6 7 0  
4 , 1 1 0
4 , 3 2 0
4 , 5 6 0
5 , 3 8 0  
5 , 6 3 0  
5 , 8 7 0
6 , 7 9 0
6 , 6 2 0
7 . 0 9 0
7 . 3 1 0  
7 , 5 4 0
7 , 8 8 0  
8 , 2 3 0
8  , 6 0 0
9 , 0 6 0
9 . 3 1 0  
9 , 6 7 0

1 0 , 1 6 0  
10 , 2 7 0  
1 1 , 0 6 0  
1 1 , 3 0 0  
1 1 , 8 7 0  
1 1 , 9 0 0  
1 2 , 1 6 0
1 2 , 4 1 0
1 2 , 5 4 0
1 2 , 7 8 0
1 3 , 0 2 0
1 3 , 4 3 0  
1 3 , 6 5 0  
1 4 ,  170  
1 4 , 9 8 0
1 5 , 2 4 0
1 6 , 0 3 0

TRAVEL T I M E  
( S )  

0 , 0 7 0  
0 ,  130  
0 , 3 7 0  
0 , 6 2 0  
0 , 6 5 0  
0 , 7 0 0  
0 , 7 4 0  
0 , 8 8 0
0 , 9 4 0  
1 , 0 1 0
1 , 0 9 0  
1 , 2 0 0  
1 . 2 2 0  
1 , 4 4 0  
1 , 4 9 0  
1 , 5 4 0  
1 , 6 7 0  
1 , 7 0 0
1 , 7 9 0  
1 , 8 3 0  
1 , 8 7 0  
1 , 9 5 0  
2 , 0 5 0  
2 , 1 1 0  
2 , 2 0 0
2 . 2 4 0
2 , 4 4 0  
2 , 4 0 0  
2 . 4 4 0
2 , 5 8 0
2 , 6 7 0
2 , 8 1 0  
2 , 8 4 0
2 , 8 7 0  
2 , 9 0 0
2 , 9 7 0
2 , 9 9 0
3 , 0 5 0  
3 ,  0 8 0  
3 , 130
3 , 2 5 0  
3 , 3 9 0
3 , 4 2 0  
3  , 6 0 0

ERROR ( +)  
( S )

0 ♦ 030  
0 , 0 3 0  
0 . 030  
0 , 0 3 0  
0 , 0 3 0  
0 . 0 3 0  
0 , 0 3 0  
0 , 0 3 0  
0 , 030 
0 , 030 
0 , 0 3 0  
0 , 030  
0 , 030  
0 , 030 
0 . 030  
0 , 030 
0 . 030  
0 , 030  
0 , 030 
0 , 030 
0 , 0 3 0  
0 , 030  
0 , 030  
0 , 030  
0 , 0 3 0  
0 , 030  
0 , 030  
0 , 030  
0 , 030  
0 , 030  
0 , 030 
0 , 030  
0 , 030 
0 , 030 
0 , 030 
0 , 030 
0 ♦ 030 
0 , 030 
0 , 0 3 0  
0 , 030 
0 , 030 
0 , 030 
0 , 030 
0 , 030

ERROR ( 
( S )

0 , 030 
0 , 030 
0 , 030 

030  
030 
030 
030 
030 

0 , 030 
0 , 030  
0 , 030 
0 , 030 
0 . 030 
0 , 030 
0 . 030 
0 , 030 
0 , 030 
0 , 0 3 0  
0 , 030 
0 , 030 
0 , 030 
0 , 030  
0 , 030 
0 , 030 
0 , 0 3 0  
0 , 030  
0 , 030 
0 , 030 
0 , 0 3 0  
0 , 030 
0 , 0 3 0  
0 , 030 
0 , 0 3 0  
0 , 030 
0 , 030 
0 , 030 
0 , 030  
0 , 030  
0 , 0 3 0  
0 , 030 
0 , 030 
0 , 030 
0 , 030 
0 , 030

) RED TI ME  
( S )

0,  008  
0 , 032  
0 , 158 
0 , 2 7 2  
0 , 2 9 3  
0 , 3 1 0  
0 , 3 0 5  
0 , 3 5 2  
0 , 368  
0 , 398  
0 , 4 0 5  
0 , 480  
0 , 460  
0 , 543  
0 , 5 5 2  
0 , 562  
0 , 53 8  
0 , 597  
0 , 608  
0 , 6 1 2  
0 , 6 1 3  
0 , 6 3 7  
0 , 67 8  
0 , 6 7 7  
0 , 690  
0 , 6 8 8  
0 , 828  
0 , 7 0 7  
0 . 728  
0 , 7 3 7  
0 , 787  
0 , 832  
0 , 8 5 7  
0 , 843  
0 , 8 3 2  
0 , 880  
0 . 860  
0 , 880  
0 , 8 4 2  
0 , 8 5 5  
0 , 888  
0 , 893  
0 , 880  
0 , 92 8



2 1 7

1 6 , 2 5 0 3 , 630 0 , 030 0 , 030 0 , 9 2 2
1 7 , 3 6 0 3 , 8 3 0 0 , 030 0 , 030 0 , 9 3 7
1 8 , 3 0 0 3 , 9 2 0 0 , 030 0 , 030 0 , 870
1 8 , 5 5 0 3 , 9 6 0 0 , 030 0 , 030 0 , 8 6 8
1 9 , 6 1 0 4 , 0 8 0 0 , 030 0 , 0 3 0 0 , 8 1 2
2 0 , 1 6 0 4,  160 0 , 0 30 0 , 030 0 , 80  0
2 0 , 9 8 0 4 , 3 2 0 0 , 030 0 , 030 0 , 8 2 3
21 , 200 4 , 3 5 0 0 , 030 0 , 030 0 , 8 1 7
2 2 , 4 0 0 4 , 6 3 0 0 , 030 0 , 030 0 , 897
2 2 , 5 9 0 4 , 6 6 0 0 , 030 0 , 0 3 0 0 , 8 9 5
2 2 . 8 5 0 4 , 6 9 0 0 , 030 0 , 030 0 , 8 8 2

CALCULATED TRAVEL TIMES

RAY CODE = A1
RANGE (KM) CALC TIME (S)

0 , 000 0 , 0 0 0
0 , 370 0 , 1 1 0
0 , 5 9 0 0 , 170
1 , 270 0 , 3 8 0
2 , 0 9 0 0 , 6 1 0
2,  140 0 , 6 1 0
2 , 3 4 0 0 , 6 7 0
2 , 6 1 0 0 , 7 5 0
3 , 170 0 , 900
3 , 4 3 0 0 , 9 6 0
3 , 6 7 0 1 . 030
4 , 1 1 0 1 , 120
4 , 3 2 0 1 , 180
4 , 5 6 0 1 , 230
5 , 3 8 0 1 , 420
5 , 8 7 0 1 , 530
6 , 7 9 0 1 , 73 0
6 , 6 2 0 1 , 690
7 , 0 9 0 1 , 800
7 , 3 1 0 1 , 840
7 , 5 4 0 1 , 900
7 , 8 8 0 1 , 960
8 , 230 2 , 0 4 0
8 , 6 0  0 2 , 1 1 0
9 , 0 6 0 2 , 2 1 0
9 , 3 1 0 2 , 2 6 0
9 , 6 7 0 2 , 3 4 0

1 0 , 1 60 2 . 4 3 0
1 0 . 2 70 2 , 4 5 0
1 1 , 060 2 . 6 2 0
1 1 , 300 2 , 6 6 0
1 1 , 870 2 , 7 8 0
1 1 , 900 2 , 7 9 0
1 2 , 1 6 0 2 . 8 4 0
1 2 , 4 10 2 , 890
12 , 5 4 0 2 . 9 2 0
1 2 , 7 8 0 2 , 9 7 0
1 3 , 0 20 3,  020
13 , 4 3 0 3 , 1 0 0
1 3 , 6 50 3,  150
14,  170 3 , 2 5 0
1 4 , 9 80 3 . 4 2 0



-  2 1 8

1 5 , 2 3 0  3 , 4 6 0

RAY CODE = A3
RANGE (KM) CALC TIME (S)

1 1 , 0 6 0 2 , 6 7 0
1 1 , 300 2 , 7 1 0
1 1 , 8 7 0 2 , 8 2 0
1 1 , 900 2 , 8 2 0
1 2 , 1 6 0 2 , 8 6 0
1 2 , 4 1 0 2 , 9 1 0
1 2 , 5 4 0 2 , 9 4 0
1 2 , 7 8 0 2 , 9 8 0
1 3 , 0 2 0 3 , 0 2 0
1 3 , 4 3 0 3 , 1 0 0
1 3 , 6 5 0 3.  140
1 4 , 1 7 0 3 , 2 4 0
1 4 , 9 8 0 3 , 3 9 0
1 5 . 2 4 0 3 , 4 3 0
1 6 , 0 3 0 3 , 5 9 0
1 6 , 2 5 0 3 , 6 2 0
17 , 3 6 0 3 , 8 3 0
1 8 , 3 0 0 4 , 0 0 0

RAY CODE = A5 .
RANGE (KM) CALC TIME (S)

1 5 , 2 3 0 3 , 4 8 0
1 6 , 0 3 0 3 , 6 1 0
1 6 , 2 5 0 3 , 6 5 0
1 7 , 3 6 0 3 , 8 3 0
1 8 , 3 0 0 3 , 9 9 0
2 2 . 5 9 0 4 , 6 2 0
2 2 , 8 5 0 4 , 6 6 0

SOLA SOUTH: KAIMES (P WAVE)

SHOT POSI TI ON = 2 4 , 8 6 0  KM

OBSERVED TRAVEL TIMES

RANGE TRAVEL TI ME ERROR ( + ) 
(KM)

3 2 . 5 0 0
3 0 . 2 0 0
2 7 . 0 2 0
2 4 . 2 0 0
2 2 , 2 4 0  
2 1 , 2 7 0
2 0 . 5 5 0
1 7 , 3 2 0
1 6 , 9 9 0
1 5 , 5 4 0  
1 4 , 8 0 0  
1 4 , 6 8 0
1 3 . 5 5 0  
1 3 , 0 8 0
1 2 , 8 7 0
1 2 , 6 1 0
1 2 , 3 7 0

(S) (S)
6 , 3 2 0 0 , 030
5 . 9 3 0 0 . 030
5 , 490 0 . 0 3 0
4 , 9 0 0 0 , 030
4 , 5 4 0 0 , 0 3 0
4 , 4 0 0 0 , 030
4 , 2 3 0 0 , 030
3 . 7 4 0 0 , 030
3 , 5 5 0 0 , 030
3 , 4 2 0 0 , 030
3.  320 0 , 0 3 0
3 , 3 0 0 0 , 030
3 , 0 7 0 0 , 030
2 , 8 9 0 0 , 0 3 0
2 , 870 0 , 030
2 , 8 3 0 0 , 030
2 , 7 9 0 0 , 030

ERROR ( 
(S)

0 , 030 
0 , 030 
0 , 030 
0 , 030 
0 , 030 
0 , 030  
0 , 030 
0 , 030 
0 , 030 
0 , 030 
0 , 030 
0 , 030 
0 , 030  
0 , 030  
0 , 030  
0 , 030 
0 , 030

) RED TI ME  
(S)

0 . 903  
0 , 897  
0 , 987  
0 , 867  
0 , 8 3 3  
0 , 8 5 5  
0 , 80 5  
0 , 853  
0 , 7 1 8  
0 , 830  
0 , 8 5 3  
0 , 853  
0 . 8 1 2  
0 , 7 1 0  
0 , 7 2 5  
0 , 728  
0 , 728



- 2 1 9

12,  170 2 , 7 5 0
1 2 , 0 3 0 2,  720
1 1 , 86 0 2 , 6 9 0
1 0 , 1 0 0 2 , 2 9 0

9 , 8 6 0 2 , 2 6 0
9 , 6 3 0 2 , 2 2 0
8 , 8 7 0 2 , 0 3 0
6 , 5 6 0 1 , 550
5 , 2 6 0 1 , 230
4 , 0 3 0 0 , 950
3 , 8 9 0 0 , 9 4 0
3 , 6 6 0 0 , 9 1 0
3 , 4 2 0 0 , 8 8 0
2 , 0 3 0 0 , 590
1 , 3 9 0 0 , 390
5 ,  190 1 , 190
6 , 2 7 0 1 , 400
7 , 3 1 0 1 , 590
8 , 6 0 0 1 , 840

1 0 , 1 5 0 2 ,  150
1 0 , 7 9 0 2 , 2 6 0
1 1 , 490 2 , 3 8 0

CALCULATED TRAVEL TIMES

RAY CODE = A 1
RANGE (KM) CALC TIME 

0 , 0 0 0  0 . 0 0 0
2 , 0 3 0  0 , 5 9 0
0 , 000 0 , 0 0 0
1 , 3 9 0  0 , 4 0 0

RAY CODE = A3
RANGE (KM) CALC TIME

1 6 , 9 9 0 3 , 7 1 0
1 5 , 5 4 0 3 , 4 1 0
1 4 , 8 0 0 3 , 2 7 0
1 4 , 6 8 0 3 , 2 4 0
1 3 , 5 5 0 3 , 0 0 0
1 3 , 0 8 0 2 , 9 1 0
1 2 , 8 7 0 2 , 870
1 2 . 6 1 0 2 , 8 1 0
1 2 , 3 7 0 2 , 760
1 2 , 1 7 0 2 , 7 2 0
1 2 , 0 3 0 2 , 6 9 0
1 1 , 8 6 0 2 , 6 5 0
1 0 , 1 0 0 2 , 2 9 0

9 , 8 6 0 2 . 2 5 0
9 , 630 2 , 190
8 , 8 7 0 2 , 0 4 0
6 , 560 1 , 530
5 , 2 6 0 1 , 230
4 , 030 0 , 990
3 ♦ 890 0 , 960
3 , 6 6 0 0 , 9 1 0
3 . 4 2 0 0 , 860
2 , 030 0 , 5 7 0

, 030 0 , 030 0 , 72 2
, 030 0 , 030 0 , 7 1 5
, 030 0 , 0 3 0 0 , 7 1 3
, 030 0 , 030 0 , 60 7
, 030 0 , 030 0 , 6 1 7
, 030 0 , 030 0 , 6 1 5
, 030 0 , 030 0 , 5 5 2
, 030 0 , 0 3 0 0 , 457
, 030 0 , 030 0 , 3 5 3
, 030 0 , 0 3 0 0 , 278
, 030 0 , 030 0 , 29 2
, 030 0 , 030 0 , 3 0 0
, 030 0 , 030 0 , 3 1 0
, 030 0 , 030 0 , 2 5 2
, 030 0 , 0 3 0 0 , 158
, 030 0 , 030 0 , 3 2 5
, 030 0 , 030 0 , 355
, 030 0 , 0 3 0 0 , 3 7 2
, 030 0 , 0 3 0 0 , 407
, 030 0 , 030 0 , 4 5 8
, 030 0 , 0 3 0 0 , 4 6 2
, 030 0 , 030 0 , 4 6 5

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

(S)

(S)



-  2 2 0  -

5 ,  190 1 , 200
6 , 2 7 0 1 , 4 1 0
7 , 3 1 0 1 , 620
8 * 6 0 0 1 , 8 8 0

1 0 , 1 5 0 2 ,  140
1 0 , 7 9 0 2 , 2 6 0
1 1 , 4 9 0 2 , 3 8 0

RAY CODE = A5
RANGE (KM) CALC TI ME (S)

1 3 , 5 5 0 3 , 0 9 0
1 4 , 6 8 0 3 , 2 8 0
1 4 , 8 0 0 3 , 3 0 0
1 5 , 5 4 0 3 , 4 2 0
1 6 , 9 9 0 3 . 6 8 0
1 7 , 3 2 0 3 , 7 3 0
2 0 , 5 5 0 4 , 2 7 0
21 , 27 0 4 . 3 9 0
2 2 , 2 4 0 4 , 5 5 0
2 4 . 2 0  0 4 , 8 9 0
2 7 . 0 2 0 5 . 3 8 0
3 0 . 2 0 0 5 , 9 4 0
3 2 , 5 0 0 6 , 3 2 0

MAVIS I l l s  CRUi KS ( P WAVE)

SHOT POSI TI ON = 5 , 0 0 0  KM

OBSERVED TRAVEL TIMES

RANGE TRAVEL TI ME ERROR < + ) ERROR < - )  RED TIME
(KM) (S)

1 9 , 6 8 0 4,  150
1 8 , 8 7 0 4 , 0 7 0
1 8 . 3 5 0 3 , 9 7 0
1 7 , 5 3 0 3 , 8 7 0
1 5 , 4 8 0 3,  390
1 2 , 6 8 0 2 , 9 4 0
1 2 . 6 8 0 2 , 9 1 0
1 0 , 6 0 0 2 , 5 9 0
1 0 . 6 0 0 2 , 5 6 0

8 ,  140 2 , 0 6 0
6 . 5 4 0 1 , 710
5 , 490 1 , 480
4 . 6 0 0 1 , 26 0
3 , 3 7 0 0 , 9 2 0
3 . 3 7 0 0 . 9 5 0
1 , 070 0 , 3 4 0
0 . 4 1 0 0 , 080
2 . 6 4 0 0 , 7 1 0
3,  680 1 , 0 1 0

CALCULATED TRAVEL TIMES

(S) . o / :=• I
0 » 050 0 050 0 87 0
0 , 030 0 030 0 925
0,  030 0 030 0 912
0 , 030 0 030 0 948
0 , 0 5 0 0 050 0 810
0 . 030 0 030 0 827
0 . 030 0 030 0 797
0 . 030 0 030 0 823
0 , 030 0 030 0 793
0 , 030 0 030 0 703
0 , 030 0 030 0 620
0 . 030 0 030 0 565
0 . 030 0 030 0 493
0 , 0 3 0 0 030 0 358
0 . 030 0 030 0 388
0 . 030 0 030 0 162
0 . 0 3 0 0 030 0 0 12
0 ♦ 030 0 030 0 270
0 , 030 0 030 0 397

RAY CODE = A1
RANGE (KM) CALC TIME (S)  

0 , 0 0 0  0 , 0 0 0



- 2 2 1

0 , 4 1 0 0 , 130
1 , 070 0 , 3 2 0
3 , 3 7 0 0 , 970
4 , 6 0 0 1 , 270
5 , 4 9 0 1 , 480
6 , 5 4 0 1 , 720
8 ,  140 2 , 0 7 0

1 0 , 6 0 0 2 , 5 8 0

0 , 0 0 0 0 , 0 0 0
2 , 6 4 0 0 , 7 4 0
3 , 6 8 0 1 , 000

RAY CODE = A3
RANGE (KM) CALC TIME (S)

1 9 . 6 8 0 4,  190
1 8 , 8 7 0 4 , 040
1 8 , 3 5 0 3 , 9 4 0
1 7 , 5 3 0 3 , 7 9 0
1 5 , 4 8 0 3 , 4 0 0

8,  140 2 , 1 1 0

MAVI S I I I :  HILLWOOD (P WAVE)

SHOT POSI TI ON = 1 4 , 9 20  KM

OBSERVED TRAVEL TIMES

RANGE TRAVEL TIME ERROR (+ )  ERROR ( - )  RED^TIME 
(KM)

1 0 , 5 0 0  
8 , 950
7 , 6 1 0
6 , 5 6 0
4 , 8 1 0
2 , 7 7 0  
1 , 420  
0 , 400
1 , 780  
2 , 2 2 0
3 , 3 8 0  
4 , 160
5 , 4 3 0  
8 , 9 1 0

(S) (S) (S) (S)
2 , 2 8 0 0 , 100 0 . 1 0 0 0 , 5 3 0
2,  130 0 , 030 0 , 0 3 0 0 , 638
1 , 860 0 , 0 3 0 0 , 030 0 , 5 9 2
1 , 650 0 , 030 0 , 030 0 , 5 5 7
1 , 250 0 , 030 0 , 030 0 , 4 4 8
0 , 7 7 0 0 , 030 0 , 030 0 , 308
0 , 440 0 , 030 0 , 030 0 , 2 0 3
0 , 140 0 , 030 0 , 030 0 . 073

0 , 530 0 , 030 0 , 030 0 . 2 3 3
0 , 650 0 , 030 0 , 030 0 , 280
1 , 040 0 , 030 0 , 030 0 . 477

1 , 240 0 . 030 0 , 030 0 , 547

1 , 540 0 . 030 0 , 030 0 , 635

2 , 1 9 0 0 , 030 0 , 030 0 , 705

CALCULATED TRAVEL TIMES 

RAY CODE = A 1

0 , 000 0 , 000
0 , 400 0 , 120
1 , 420 0 , 430
2 , 7 7 0 0 , 8 5 0

0 , 000 0 , 000
1 , 780 0 , 550



2 , 2 2 0 0 , 670
3 , 380 1 , 020
4 , 160 1 , 240
5 , 4 3 0 1 , 540
8 , 9 1 0 2 , 2 3 0

RAY CODE = A3
RANGE (KM) CALC TIME (S)

1 0 , 5 0 0  2 , 4 1 0
8 , 9 5 0  2 , 0 9 0
7 , 6 1 0  1 , 820
6 , 5 6 0  1 , 600
4 , 8 1 0  1 , 240
2 , 7 7 0  0 , 7 9 0

MAVI S I I I ;  KAIMES ( P WAVE)

SHOT POSI TI ON = 2 0 , 2 6 0

OBSERVED TRAVEL TIMES

RANGE TRAVEL TIME
(KM) (S)
5 ,  160 1 , 360
3 , 6 1 0 1 , 000
2 , 2 8 0 0 , 7 1 0
1 , 220 0 , 440
0 , 290 0 , 150
0 , 560 0 , 200
0 , 920 0 , 3 2 0
1 , 450 0 , 4 5 0
1 , 7 1 0 0 , 500
2 , 6 1 0 0 , 7 3 0
3 , 9 3 0 1 , 050
4 , 660 1 , 220
5 .  120 1 , 310
5 , 1 7 0 1 , 300
7,  130 1 , 720
7 , 5 6 0 1 , S50
8 , 7 3 0 2 . 1 0 0
9 , 450 2 , 2 7 0
9 , 7 8 0 2 , 3 2 0

1 0 , 7 6 0 2 , 5 1 0
1 1 , 9 9 0 2 , 8 2 0
1 4 , 2 4 0 3 , 2 0 0
1 4 , 8 6 0 3 , 4 4 0
1 5 , 9 7 0 3 , 7 5 0
1 8 , 9 4 0 4 , 2 0 0
1 9 , 9 6 0 4 , 330

3 , 3 3 0 0 , 9 1 0

ERROR (+ )  ERROR ( - )  RED TI ME
(S) (S) (S)

0 , 030 0 , 030 0 , 5 0 0
0 , 030 0 , 0 3 0 0 , 3 9 8
0 , 030 0 , 0 3 0 0 , 330
0 , 030 0 , 030 0 , 2 3 7
0 , 030 0 , 030 0 , 1 0 2
0 , 030 0 , 030 0 , 1 0 7
0 , 030 0 , 0 3 0 0 , 167
0 , 030 0 , 030 0 , 2 0 8
0 , 03 0 0 , 030 0 , 2 1 5
0 , 030 0 , 030 0 , 2 9 5
0 , 030 0 , 030 0 , 3 9 5
0 , 030 0 , 030 0 , 443
0 , 030 0 , 030 0 , 457
0 , 030 0 , 030 0 , 438
0 , 030 0 , 030 0 , 5 3 2
0 , 030 0 , 030 0 , 590
0 , 030 0 , 030 0 , 645
0 , 030 0 , 030 0 , 695
0 , 030 0 , 030 0 , 6 9 0
0 , 050 0 , 050 0 , 7 1 7
0 , 050 0 , 050 0 , 82 2
0 , 050 0 , 050 0 , 82 7
0 , 050 0 , 050 0 , 96 3
0 , 050 0 , 050 1 , 088
0 , 030 0 , 030 1 . 04 3
0 , 0 3 0 0 , 030 1 , 003
0 , 030 0 , 030 0 , 35 5

CALCULATED TRAVEL TIMES

RAY CODE = A1
RANGE (KM) CALC TIME (S)  

0 , 0 0 0  0 , 0 0 0
0 , 2 9 0  0 , 0 9 0



1 , 220 0 , 390
2 , 2 8 0 0 , 740
3 * 6 1 0 1 , 160

0 , 000 0 , 000
0 , 560 0 , 180
0 , 920 0 , 300
1 , 450 0 , 470
1 , 7 1 0 0 , 550
2 , 6 1 0 0 , 840

RAY CODE = A3
RANGE (KM) CALC TI ME (S)

5 ,  160 1 , 370
3 , 6 1 0 1 , 020
2 , 2 8 0 0 , 730
1 , 220 0 , 490

1 1 , 9 9 0 2 , 7 3 0
1 0 , 7 6 0 2 , 5 0 0

9 , 7 8 0 2 , 3 1 0
9 , 4 5 0 2 , 2 4 0
8 , 7 3 0 2 , 1 0 0
7 , 5 6 0 1 , 870
7 ,  130 1 , 770
5 ,  170 1 , 320
5 ,  120 1 , 310
4 , 6 6 0 1 . 200
3 , 9 3 0 1 , 050
3 , 3 3 0 0 , 930
2 , 6 1 0 0 , 7 8 0
1 . 7 1 0 0 , 5 8 0
1 , 450 0 . 5 2 0

RAY CODE = A5
RANGE (KM) CALC TIME (S)

1 9 , 9 6 0  4 , 3 5 0
1 8 . 9 4 0  4 , 1 8 0
1 5 . 9 7 0  3 , 6 7 0



A PPENDIX  3 b ,  OBSERVED TRAVEL T IM E S ;  S-WAVE

Ray c odes  r e f e r  t o  T a b l e  5 , 1 ,  R e d u c t i o n  v e l o c i t y  = 3 , 5  km/s



2 2 5

MAVI S I :  TREARNE (S WAVE) 

SHOT POSI TI ON = 0 , 4 1 0  KM

OBSERVED TRAVEL TIMES

RANGE TRAVEL TIME ERROR (+ ) ERROR ( - ) RED TI ME
(KM) (S) (S) (S) (S)
0 , 4 1 0 0 , 290 0 . 060 0 , 0 6 0 0 , 173
1 , 850 1 , 290 0 , 0 6 0 0 , 060 0 , 7 6 1
5 , 4 5 0 2 , 6 7 0 0 , 0 6 0 0 , 0 6 0 1 , 1 1 3
8 , 0 5 0 4 , 0 5 0 0 , 0 6 0 0 , 060 1 , 7 5 0
8 , 0 5 0 3 , 5 2 0 0 , 060 0 . 060 1 , 2 2 0

1 0 , 1 7 0 4 , 1 4 0 0 , 0 6 0 0 , 060 1 , 2 3 4
1 8 , 4 6 0 7 , 1 0 0 0 , 1 0 0 0 , 1 0 0 1 , 8 2 6

MAVI S I : DRUMGRAY ( S WAVE) 

SHOT POSI TI ON = 4 3 , 7 6 0  KM

OBSERVED TRAVEL TIMES

RANGE TRAVEL TI ME ERROR (+ ) ERROR ( - ) RED TI ME
(KM) (S) (S) (S) (S)
8 , 4 6 0 4 , 2 7 0 0 , 060 0 . 0 6 0 1 , 853
6 , 7 8 0 3 , 2 9 0 0 . 060 0 , 0 6 0 1 , 353
4 , 2 2 0 2 , 8 2 0 0 , 060 0 , 060 1 , 6 1 4
2 , 7 3 0 1 , 570 0 , 060 0 , 060 0 , 790
1 , 700 1 , 160 0 , 060 0 , 060 0 , 674
1 , 340 1 , 000 0 , 060 0 . 060 0 , 6 1 7
0 , 9 8 0 0 , 820 0 . 060 0 . 060 0 , 540
3 , 6 5 0 1 , 920 0 , 060 0 . 060 0 , 8 7 7
4 , 7 3 0 2 , 7 0 0 0 , 060 0 . 060 1 , 349
6 , 840 3 , 2 8 0 0 , 1 0 0 0 , 1 0 0 1 , 3 2 6
7 , 750 3 , 6 9 0 0 , 060 0 , 060 1 , 47 6

9 , 190 4 , 2 1 0 0 , 1 0 0 0 , 1 0 0 1 , 584
1 1 , 800 5,  120 0 , 060 0 , 060 1 , 74 9

MAVIS I :  AVONBRIDGE (S WAVE)

SHOT POSI TI ON = 5 8 . 2 5 0  KM

OBSERVED TRAVEL TIMES

RANGE TRAVEL TI ME ERROR (+ )  ERROR ( ■)  RED TI ME  
(KM) <S) <S) CS) <S)

2 3 , 0 0 0  8 , 6 2 0  0 , 0 6 0  0 , 0 6 0  2 , 0 4 9
2 1 , 3 2 0  8 , 0 7 0  0 , 1 0 0  0 , 1 0 0  1 , 9 ( 9
1 6 , 1 80  6 , 5 1 0  0 , 0 6 0  0 , 0 6 0  1 , 8 8 7
,q 5 , 7 8 0  0 , 1 0 0  0 , 1 0 0  1 , 891
1 9 , 9 6 0  5 , 8 6 0  0 , 0 6 0  0 , 0 6 0  1 , 871

0 990 4 , 6 1 0  0 , 0 6 0  0 , 0 6 0  1 , 4 7 0
0 9 9 0  5 . 0 0 0  0 . 0 6 0  0 . 0 6 0  1 . 8 6 0

10.' 040 4 : 7 3 0  0 , 1 0 0  0 . 1 0 0  1 . 361
7 870 3 . 6 6 0  0 . 0 6 0  0 . 0 6 0  1 . 411
l i e e o  2 . 4 5 0  0 . 0 6 0  0 . 0 6 0  1 . 1 1 9



2 2 6  -

2 , 7 9 0 1 , 4 6 0 0 , 0 6 0 0 , 0 6 0 0 , 6 6 3
1 , 5 1 0 0 , 8 9 0 0 , 0 6 0 0 , 0 6 0 0 , 4 5 9
0 , 9 8 0 0 , 6 1 0 0 , 0 6 0 0 , 0 6 0 0 , 3 3  0
2 ,2 1 0 1 , 4 3 0 0 ,1 0 0 0 ,1 0 0 0 , 7 9 9
4 , 3 5 0 2 ,2 1 0 0 , 0 6 0 0 , 0 6 0 0 , 9 6 7
5 , 4 0 0 2 , 5 6 0 0 , 0 6 0 0 , 0 6 0 1 , 0 1 7
6 , 0 6 0 2 , 8 1 0 0 , 0 6 0 0 , 0 6 0 1 , 0 7 9
8 , 9 1 0 3 , 9 8 0 0 , 0 6 0 0 , 0 6 0 1 , 4 3 4

1 2 , 9 8 0 5 , 4 6 0 0 , 0 6 0 0 , 0 6 0 1 , 7 5 1
1 3 , 7 6 0 5 , 5 3 0 0 , 0 6 0 0 , 0 6 0 1 , 5 9 9
1 5 , 5 6 0 6 , 0 6 0 0 ,1 0 0 0 , 100 1 , 6 1 4
1 6 , 6 1 0 6 , 2 5 0 0 , 0 6 0 0 , 0 6 0 1 , 5 0 4

M A V I S  1: BALL 1K I N R A I N  ( S W A VE) 

SHOT P O S I T I  ON = 0 , 0  0 0 KM

OBSERVED TRAVEL T IM E S

RANGE TRAVEL T I M E ERROR ( + ) ERROR ( - ) RED T I M E
( KM) ( S ) ( S ) ( S ) ( S )
0 , 2 3 0 0 ,  170 0 , 0 6 0 0 , 0 6 0 0 , 104
1 . 2 9 0 0 , 7 8 0 0 , 0 6 0 0 , 0 6 0 0 , 4 1 1

2 ,  190 1 , 0 7 0 0 , 0 6 0 0 , 0 6 0 0 , 4 4 4
3 , 6 1 0 1 , 7 2 0 0 , 0 6 0 0 , 0 6 0 0 , 6 8 9
5 , 6 2 0 2 , 4 6 0 0 , 0 6 0 0 , 0 6 0 0 , 8 5 4

7 , 4 5 0 3 , 3 6 0 0 , 0 6 0 0 , 0 6 0 1 , 2 3 1

1 3 , 4 4 0 5 , 5 6 0 0 , 0 6 0 0 , 0 6 0 1 , 7 2 0

16 , 6 4 0 6 , 5 5 0 0 , 0 6 0 0 , 0 6 0 1 , 7 9 6

1 6 , 6 4 0 6 , 4 5 0 0 , 0 6 0 0 , 0 6 0 1 , 6 9 6

1 7 , 7 6 0 6 , 9 7 0 0 , 0 6 0 0 , 0 6 0 1 , 8 9 6

1 7 , 7 6 0 6 , 8 6 0 0 , 0 6 0 0 , 0 60 1 , 7 8 6

1 9 , 4 3 0 7 , 3 3 0 0 , 0 6 0 0 , 0 6 0 1 , 7 7 9

2 0 , 0 6 0 7 . 8 1 0 0 , 0 6 0 0 . 0 6 0 2 ,  0 7 9

2 2  , 9 0 0 8 , 2 8 0 0 , 0 6 0 0 , 0 6 0 1 , 7 3 7

2 6 , 5 4 0 9 , 2 8 0 0 ,1 0 0 0 , 100 1 , 6 9 7

2 7 , 0 1 0 1 0 ,2 2 0 0 , 0 6 0 0 , 0 6 0 2 , 5 0 3

2 9 , 6 4 0 1 0 , 2 9 0 0 , 0 6 0 0 , 0 6 0 1 . 8 2 1

M A V I S  I :  NORTH T H I R D  ( S  WAVE) 

SHOT P O S I T I O N  = 1 9 , 1 8 0  KM

OBSERVED TRAVEL T IM E S

RANGE
(KM)

TRAVEL T I M E  ERROR ( + )  ERROR ( - )  RED T I M E  
( S )  <S)  <S)  <S)

1 7 . 9 7 0  6 , 8 4 0  0 , 0 6 0  0 , 0 6 0  1 , 7 0 6
I * ™  I  n . nfiO 0 , 0 6 0  1 , 5 8 91 5 , 5 8 0  6 , 0 4 0  0 , 0 6 0  0 , 0 6 0

i q  6 5 0  5 , 3 9 0  0 , 0 6 0  0 , 0 6 0  , , - r wu
1 1 * 8 1 0  4 , 8 9 0  0 , 0 6 0  0 , 0 6 0  1 , 5 1 6

i n o  4 . 6 0 0  0 . 0 6 0  0 . 0 6 0  1 . 4 2 6
7 9 9 0  3 , 4 7 0  0 , 0 6 0  0 , 0 6 0  1 , 3 ^ 6

2 , 7 9 0  0 , 0 6 0  0 , 0 6 0  1 , 1 3 0
1 * 6 8 0  1 890 0 , 0 6 0  0 . 0 6 0  0 . 8 3 9
^ * | 4 0  420 0 . 0 6 0  0 . 0 6 0  0 . 6 9 4
, ' 4 2 0  0 . 6 9 0  0 . 0 6 0  0 . 0 6 0  0 . 2 8 4



2 2 7

0 , 9 2 0 0 , 5 6 0 0 , 060 0 , 060 0 , 2 9 7
2 , 2 0 0 1 , 250 0 , 060 0 , 060 0 , 62  1
3 , 8 1 0 2,  040 0 , 060 0 , 060 0 , 9 5 1
6 , 0 5 0 3 , 000 0 , 0 6 0 0 , 060 1 , 27 1
7 , 3 6 0 3 , 5 7 0 0 , 060 0 , 0 6 0 1 , 4 6 7
7 , 8 3 0 3 , 9 0 0 0 , 0 6 0 0 , 060 1 , 663

1 0 , 5 4 0 4 , 7 8 0 0 , 0 6 0 0 , 060 1 , 7 6 9

MAVI S I :  CATTLE MOSS (S WAVE) 

SHOT POSI TI ON = 4 3 * 8 8 0  KM

OBSERVED TRAVEL TIMES

RANGE TRAVEL TIME ERROR (+ ) ERROR ( - )  RED Tl!
(KM) (S) (S) (S) (S)

1 6 , 9 1 0 6 , 4 0 0 0 , 100 0 , 1 0 0 1 , 5 6 9
1 1 , 7 5 0 5 , 1 1 0 0 , 1 0 0 0 , 1 0 0 1 . 7 5 3
1 0 , 7 3 0 4 . 7 6 0 0,  100 0,  100 1 . 6 9 4

7 , 3 0 0 3 , 7 3 0 0 , 060 0 , 060 1 , 6 4 4
5 . 8 0 0 2 , 8 5 0 0,  100 0 , 1 0 0 1 , 193
5 , 8 0 0 3 , 0 7 0 0 , 1 0 0 0 , 1 0 0 1 , 4 1 3
5 , 2 8 0 2 , 9 4 0 0 , 1 0 0 0 , 1 0 0 1 . 431
4 , 4 0 0 2 , 4 1 0 0 , 060 0 , 060 1 , 153
3 , 3 8 0 2 , 0 9 0 0 , 060 0 , 060 1 , 124
2 , 5 7 0 1 , 510 0 , 060 0 , 060 0 , 7 7 6
0 , 380 0 , 3 6 0 0 ♦ 060 0 , 060 0 , 2 5 1
1 , 190 0 , 8 2 0 0 , 060 0 , 060 0 , 480
2 , 8 0 0 1 ♦ 830 0 , 0 6 0 0 , 060 1 . 030
3 , 9 4 0 2 , 5 9 0 0 , 060 0 , 060 1 , 464
6 . 6 4 0 3 , 6 6 0 0 , 060 0 , 060 1 , 7 6 3
8 , 750 4 , 5 7 0 0 , 060 0 , 060 2 , 0 7 0

1 1 , 380 5,  160 0 , 060 0 , 060 1 , 909
1 3 , 7 8 0 5 , 8 6 0 0 , 1 0 0 0 , 1 0 0 1 , 923
1 6 , 3 3 0 6 , 7 6 0 0 , 060 0 , 060 2.  094

1 8 , 1 5 0 7 , 4 9 0 0 , 1 0 0 0 , 1 0 0 2 , 3 0 4

2 0 , 4 2 0 8 , 0 5 0 0 , 060 0 ♦ 060 2 , 2 1 6

MAVI S I I :  ABERUTHVEN (S WAVE)

SHOT POSI TI  ON = 0 , 0  0 0 KM

OBSERVED TRAVEL TIMES

RANGE TRAVEL TIME ERROR ( + ) ERROR ( - )  RED TI ME
(KM) <S) ( S ) i S ) ( S )
0 290 0 . 1 7 0  0 . 0 6 0  0 . 0 6 0  0 . 1 0 4

0 . 5 8 0  0 . 0 6 0  0 , 0 6 0  0 . 2 6 6
2 : 2 7Q 0 , 8 9 0  0 , 0 6 0  0 , 0 6 0  0 , 2 4 1
2 800 1 , 140  0 , 0 6 0  0 , 0 6 0  0 , d 4 0
4 * 0 9 0  1 , 720  0 , 0 6 0  0 , 0 6 0  0 , 5 5 1
A ' ° H  2 210 0 , 0 6 0  0 , 0 6 0  0 , 7 0  1

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

' 2 . 9 2 0  0 . 0 6 0  0 . 0 6 0  0 . 8 8 0
L o g o  3 380 0 . 0 6 0  0 , 0 6 0  0 , 8 2 3

10,' 260 3 650 0 . 0 6 0  0 , 0 6 0  0 . 7 1 9



1 1 , 390 4 , 2 4 0 0 , 0 6 0 0 , 060 0 , 986
1 2 , 5 4 0 4 , 6 5 0 0 , 1 0 0 0 , 1 0 0 1 , 067
1 3 , 7 7 0 4 , 9 6 0 0 , 060 0 , 060 1 , 026
1 4 , 4 9 0 5 , 5 1 0 0 ♦ 060 0 , 060 1 , 3 7 0
1 7 , 4 5 0 6,  300 0 , 0 6 0 0 , 060 1 , 3 1 4
1 9 , 4 4 0 7 , 060 0 , 060 0 , 060 1 , 5 0 6

MAVI S I I :  DOLLAR ( S WAVE) 

SHOT POSI T I ON = 1 6 , 660  KM

OBSERVED TRAVEL TIMES

RANGE TRAVEL TIME ERROR (+ ) ERROR ( - ) RED Til
(KM) (S) (S) (S) (S)

1 6 , 5 6 0 6 , 3 7 0 0 , 0 6 0 0 . 060 1 , 6 3 9
1 4 , 5 7 0 5 , 9 3 0 0 , 060 0 , 060 1 , 7 6 7
1 3 , 8 6 0 5 , 4 5 0 0 , 0 6 0 0 , 060 1 , 490
1 2 , 5 8 0 5 ,  120 0 , 0 6 0 0 , 060 1 . 5 2 6
1 1 , 4 2 0 4 . 6 6 0 0,  100 0 , 1 0 0 1 , 39 7
1 0 , 2 9 0 4 , 2 5 0 0 , 1 0 0 0 , 1 0 0 1 , 3 1 0

9 , 6 3 0 4 . 0 6 0 0 , 060 0 , 0 6 0 1 , 3 0 9
7 , 7 9 0 2 , 9 1 0 0 , 0 6 0 0 , 060 0 , 6 8 4
7 , 7 9 0 3 , 3 6 0 0 , 060 0 , 060 1 , 134
6 , 8 8 0 3 , 4 0 0 0 , 060 0 , 0 6 0 1 , 4 3 4
6 , 8 8 0 3 , 0 0 0 0 , 060 0 , 060 1 , 034
5 , 3 4 0 2 , 7 5 0 0 , 060 0 , 0 6 0 1 , 22 4
3 , 0 0 0 1 , 770 0 , 1 0 0 0 . 1 0 0 0 , 9 1 3
2 ,  180 1 , 760 0 , 060 0 , 060 1 , 137
0 , 990 0 , 840 0 , 060 0 , 060 0 , 557
0 , 850 0 , 740 0 , 060 0 , 060 0 , 497
1 . 830 1 , 170 0 , 060 0 , 060 0 , 647
2 , 8 9 0 1 , 740 0 , 060 0 , 0 6 0 0 , 9 1 4
4 , 6 9 0 2 , 6 3 0 0 , 1 0 0 0,  100 1 , 290

5 , 760 3 , 2 9 0 0 , 060 0 , 0 6 0 1 , 644

7 , 460 3 , 8 3 0 0 , 060 0 , 060 1 , 699

9 , 580 4 , 090 0 , 060 0 , 060 1 , 353
1 2 , 9 2 0 5 . 1 0 0 0 , 060 0 , 060 1 , 40 9

1 8 , 1 5 0 6 , 9 6 0 0 , 060 0 , 060 1 , 7 7 4

1 8 , 5 9 0 7,  140 0 , 060 0 , 060 1 , 829

2 4 , 6 4 0 9 , 0 5 0 0 , 1 0 0 0 . 1 0 0 2 , 0 1 0

2 5 . 6 2 0 9 , 3 1 0 0 , 060 0 , 060 1 , 990

2 6 , 9 4 0 9 , 4 3 0 0 , 1 0 0 0 , 1 0 0 1 , 7 3 3

2 6 , 9 4 0 9 , 9 5 0 0 , 1 0 0 0 , 1 0 0 2 , 253

2 8 , 5 8 0 1 0 , 160 0 . 060 0 . 060 1 , 99 4

2 9 , 1 9 0  
3 0 , 2 7 0

1 0 , 43 0  
1 0 , 630

0 , 060  
0 , 060

0 , 060 
0 , 060

2 , 090 
1 , 981

3 1 , 2 9 0 1 0 , 81 0 0 , 060 0 , 060 1 , 8 7 0

MAVI S I I :  LONGANNET ( SWAVE)

SHOT POSI TI ON = 2 6 , 7 9 0  KM

OBSERVED TRAVEL TIMES

RANGE TRAVEL TIME ERROR ( + ) ERROR ( - )  RED TI  ME 
(KM) (S)  (S)



2 2 9  -

2 6 , 6 9 0 3 , 6 8 0 0 , 1 0 0 0 , 1 0 0 2,  054
2 4 , 6 9 0 8 , 8 1 0 0 , 1 0 0 0 , 1 0 0 1 , 7 5 6
2 4 , 6 9 0 9,  180 0 , 060 0 , 060 2 , 126
2 2 , 7 1 0 8 , 4 0 0 0,  100 0,  100 1 , 911
21 , 540 8 , 2 4 0 0 , 060 0 , 060 2 , 0  86
2 0 , 4 1 0 7 , 8 5 0 0 , 060 0 , 060 2 , 0 1 9
1 7 , 9 0 0 7 , 0 3 0 0 , 060 0 , 0 6 0 1 , 9 1 6
1 6 , 8 4 0 6 , 4 6 0 0 , 1 0 0 0 , 1 0 0 1 , 6 4 9
1 5 , 4 4 0 6,  020 0 , 100 0 , 1 0 0 1 , 60 9
1 1 , 0 1 0 4 , 5 8 0 0 , 0 6 0 0 , 060 1 ♦ 434

7 . 4 3 0 2 , 9 4 0 0 , 060 0 , 0 6 0 0 , 8 1 7
6 , 4 5 0 2 , 8 3 0 0 , 060 0 , 0 6 0 0 , 9 8 7
4 , 8 4 0 2,  120 0 , 0 6 0 0 , 060 0 , 7 3 7
3 , 3 8 0 1 , 470 0 , 060 0 , 060 0 , 50 4
0 , 5 5 0 0 , 4 7 0 0 , 060 0 , 060 0 , 3 1 3
6 , 7 0 0 2 , 7 0 0 0 , 060 0 , 060 0 , 7 8 6
8 .  120 3 , 2 6 0 0 , 100 0 , 100 0 , 940
8 , 5 9 0 3 , 7 5 0 0 , 060 0 , 0 6 0 1 , 2 9 6

1 0 . 1 1 0 4,  480 0 , 1 0 0 0 , 1 0 0 1 , 591
1 4 , 1 2 0 5 , 3 8 0 0 , 1 0 0 0,  100 1 , 3 4 6
1 4 , 1 2 0 5 , 7 4 0 0 , 1 0 0 0 , 1 0 0 1 , 7 0 6
14 , 8 7 0 5 , 7 8 0 0 , 060 0 , 060 1 , 531
1 5 , 8 3 0 6 , 2 6 0 0 , 060 0 , 0 6 0 1 , 737
17 , 0 9 0 6 . 8 0 0 0 . 1 0 0 0 , 1 0 0 1 , 9 1 7
1 8 , 7 4 0 7 , 2 8 0 0 , 1 0 0 0 , 1 0 0 1 , 9 2 6
1 9 , 3 4 0 7 , 7 5 0 0 , 0 6 0 0 , 060 2 , 2 2 4
2 0 , 4 2 0 7 , 7 3 0 0,  100 0 , 1 0 0 1 , 8 9 6

MAVI S I I :  AVONBRIDGE ( S WAVE)

SHOT POSI TI ON = 3 9 , 5 0  0 KM

OBSERVED TRAVEL TIMES

RANGE TRAVEL TI ME ERROR (+)  
(KM) (S)  (S)
7 , 1 5 0  3 , 3 8 0  0 , 0 6 0
5 , 5 0 0  2 , 8 1 0  0 , 1 0 0
5 , 0 0 0  2 , 5 5 0  0 , 0 6 0
4 , 420 2 , 1 8 0  0 , 0 6 0
1 , 5 1 0  0 , 7 9 0  0 , 1 0 0
1 , 040 0 , 5 1 0  0 * 060
0 , 4 8 0  0 , 4 2 0  0 , 0 6 0
0 , 8 2 0  0 , 7 7 0  0 , 0 6 0
1 , 6 1 0  0 , 9 4 0  0 , 1 0 0
2 , 6 0 0  1 • 450 0 , 1 0 0
3 , 9 5 0  1 , 9 9 0  0 , 0 6 0
4 , 7 1 0  2 , 2 5 0  0 , 0 6 0
5 , 5 7 0  2 . 9 0 0  0 , 0 6 0
6 , 1 8 0  3 , 4 5 0  0 , 0 6 0
7 , 2 5 0  3 . 4 4 0  0 , 1 0 0
3 , 2 4 0  3 , 8 8 0  0 , 0 6 0

ERROR ( - )  
(S)

0 , 060  
0 , 1 0 0  
0 , 060 
0 , 060 
0 , 1 0 0  
0 , 060  
0 , 060 
0 , 0 6 0  
0 , 1 0 0  
0 , 1 0 0  
0 , 060 
0 , 060 
0 , 060 
0 , 060 
0 , 1 0 0  
0 , 060

RED TI  ME 
(S)

1 . 33 7  
1 , 239  
1, 121  
0 , 9 1 7  
0 , 353  
0 , 2 1 3  
0 , 283  
0 , 536  
0 , 480
0 , 7 0 7  
0 , 8 6 1  
0 . 9 0 4
1 , 3 0 9  
1 , 68 4  
1 , 3 6 9  
1 , 52 6

MAVIS I I :  B LA IR H ILL  ( SWAVE)  

SHOT POSI TI ON = 4 7 . 6 8 0  KM



- 230

OBSERVED TRAVEL TIMES

RANGE TRAVEL TIME
(KM) (S)

15* 090 6,  160
13* 500 5 , 4 1 0
1 3 , 0 0 0 5 , 3 2 0
1 2 , 4 5 0 4 * 6 9 0

9 * 7 1 0 4 , 2 4 0
7 , 4 2 0 3 , 2 1 0
6 , 6 5 0 2 , 7 5 0
5 * 6 8 0 2 , 4 7 0
4 , 4 6 0 1 , 630
3 , 6 2 0 1 *770
2 * 8 7 0 1 , 270
2 , 3 4 0 1 , 400
1 *430 0 , 6 7 0
0* 150 0,  120

( + )  ERROR ( - )  RED TI ME
(S) (S)

0 , 0 6 0 1 , 8 4 9
0 , 060 1 , 553
0 , 0 6 0 1 , 6 0 6
0 , 060 1 , 133
0 , 1 0 0 1 , 466
0 , 1 0 0 1 , 090
0 , 1 0 0 0 , 850
0 , 0 6 0 0 , 84 7
0 , 060 0 , 3 5 6
0 , 1 0 0 0 , 7 3 6
0 , 060 0 , 450
0 , 060 0 , 731
0 , 060 0 , 2 6 1
0 , 0 6 0 0 , 0 7 7

ERROR
<S)

0 * 0 6 0
0 * 060
0 , 060
0 , 060
0 * 1 0 0
0 , 1 0 0
0 , 1 0 0
0 , 060
0 * 060
0 * 1 0 0
0 * 060
0 , 060
0 * 0 6 0
0 , 060



2 3 1

APPENDIX 4 .  MAVIS I PLUS TIMES



MAVIS I (SOUTH)

SI TE ORS REVERSED BASEMENT REVERSED BASEMENT REVERSED
NO, REFR POI NT? REFR 

6 , 0  0 km/s
POINT? REFR 

6 , 4  0 km/s
POINT?

S1 0 , 3 5 - 0 , 92 - 1 , 37 -

S2 0 , 3 9 - 0 , 9 2 - 1 , 48 -
S3 0 , 4 3 - 0 , 92 - 1 , 38 -
S4 0 . 4 6 - 0 , 9 9 - 1 , 49 -
S5 0 , 4 8 - 0 , 93 - 1 , 50 -
SB 0 . 5 2 - 0 , 9 2 - 1 , 46 -
S7 0 , 5 7 - 0 , 92 - 1 , 39 -
S8 0 , 5 7 - 0 , 92 - 1 , 44 -
S9 0 , 6 2 YES 0 , 34 - 1 , 45 ~
S10 0 , 5 9 - 0 , 9 2 - 1 , 45 -
S 1 1 0 , 6 2 YES 0 , 93 - 1 , 47 -
S 12 0 , 6 5 - 0 , 9 3 - 1 , 46 -
S 13 0 . 6 1 - 0 , 9 1 - 1, 51 -
S 1 4 0 . 7 0 - 0 , 9 7 - 1 , 50 -
S 15 0 , 6 9 - 0 , 9 3 YES 1 , 48 -
S 16 0 , 6 4 - 0 , 95 YES 1 , 47 -
S 17 0 . 6 6 - 0 , 94 YES 1 , 48 -
S 18 - - - - - -
S19 0 , 6 5 - 0 , 9 5 YES 1 , 47 -
S 19 0 , 6 2 - 0 ♦ 96 - 1 , 46 -
S20 0 , 6 6 - 0 , 9 7 YES 1 , 44 ~
S21 0 , 6 9 - 0 , 95 - 1,41 -
S22 0 , 65 - 0 , 9 9 - 1 , 44 ~
S23 0 , 6 4 - 0 , 93 - 1 , 46 -
S24 0 » 63 - 0 . 93 - 1 , 48
S25 0 , 6 2 - 0 , 9 5 - 1 , 44 ~

S26 0 , 59 - 0 , 9 9 - 1 , 48 _

S27 0 , 5 6 - 0 . 9 7 - 1 , 45
S29 0 , 5 3 - 1 , 05 YES ” “
S30 0 . 5 2 - 1 , 06 -
S3 1 0 , 5 2 - 1 , 04 - •
S32 0 , 5 1 - 1 , 03 - 1 , 58 "
S33 0 , 5 1 - 1 , 07 YES 1, 61 '
S34 0 , 5 1 _ 1 , 0 6 YES 1 , 57 "
S3 5 0 , 5 1 . . 1 . 07 YES 1 , 58
S36 0 . 5 2 - 1 . 02 - 1 , 56
S3 7 0 , 53 _ 1 , 06 YES 1 , 57
S38 0 . 5 3 1, 01 - 1 ♦ 55
S39 0 , 55 - 1 , 05 - 1 , 52
S40 0 , 5 6 YES 1 , 02 - 1 , 52
S41 0 , 59 YES 1 , 03 - 1 , 48
S42 0 , 6 2  ■ YES 1 , 00 YES 1, 50
S43 0 , 6 1 0 , 9 9 YES 1 , 49
S44 0 , 62 _ 1 , 04 - 1 , 50
S4G 0 , 6 3 0 , 99 YES 1, 50
S47 0 , 64 0 , 98 YES 1 , 49
S48 0 . 62 1 , 06 - 1 , 50
S49 0 , 62 — 1 , 05 - 1 , 44
S50 0 , 6 4 _ 1 , 02 - 1 , 50
OXCARS 0 , 5 1 _ 0 , 9 2 - 1,71
METHIL 1 . 32 - 1 ,4 4 - 2 , 0 1

REFR 
6 , 5 3  km/ 5

1 , 58  
1 ♦ 68  
1 , 57  
1 , 67  
1 , 68  
I . 64  
1 , 55  
1 , 64  
1 , 53 
1 , 56  
1 , 59  
1 , 57  
1 . 61  
1 . 60  
1 . 57  
1 , 56  
1 , 55

1 , 54 
1 , 50
1. 51  
1 , 46  
1 , 49
1. 51  
1 , 48 
1 , 48 
1 , 50  
1 , 49

61
65
61
62
61
61
60
58
60
56
57
56
58
58
57 
60
59
60 
83 
18

POI NT?

YES
YES
YES

YES

YES



MAVIS I (NORTH)

RI TE ORS REVERSED BASEMENT REVERSED BASEMENT REVERSED BASEMENT
NO, REFR POI NT? REFR

6» 0 0 km/ s

N 1 0 , 6 1 - 1 , 1 6
N2 0 , 6 2 - 1 . 1 6
N3 0 , 6 2 - 1 . 1 7
N4 0 , 6 3 - 1 . 1 5
N5 0 , 6 4 - 1 , 17
N6 0 , 6 6 - 1 , 1 8
NT 0 , 66 - 1. 21
N8 0 , 6 8 - 1 . 2 2
N9 0 . 6 9 - 1 , 20
N 1 0 0 , 7 2 YES 1 , 18
N 1 1 0 , 8 2 - 1 , 25
N 12 0 , 7 8 YES 1 , 20
N 13 0 , 7 8 YES 1 , 20
N14 0 , 8 0 - 1, 21
N15 0 , 8 0 YES 1 , 22
N 1 6 0 , 8 6 - 1 , 2 2
N 1 7 0 , 80 YES 1 , 22
N 1 8 0 , 8 9 - 1 . 2 3
N1 9 0 , 9 6 YES 1 , 2 3
N20 0 , 9 3 YES 1 , 24
N21 0 , 90 - 1 , 23
N 2 2 0 , 9 8 YES 1 , 2 3
N23 0 , 9 1 - 1 , 23
N24 0 , 9 4 YES 1 , 2 2
N25 0 , 92 YES 1 , 22
N26 0 , 9 4 - 1 , 20
N27 0 . 9 6 - 1 , 22
N28 0 , 96 - 1 , 20
N29 0 , 97 - 1 , 20
N30 0 , 9 6 - 1 . 1 8
N3 1 0 , 97 - 1 , 16
N32 0 , 98 - 1 , 20
N33 0 , 9 8 - 1 . 1 8
N34 1 , 00 - 1 . 04
N35 0 , 9 1 - 1 , 04
N36 0 , 9 2 YES 1 . 02
N37 1 , 0 2 YES 1 . 1 2
N38 1 , 0 8 YES 1 , 10
N39 1 , 0 4 YES 1 , 1 0
N41 - - 1 . 08
N42 1 . 1 0 YES -
N43 1 , 02 YES -

N44 1 , 16 YES 1 , 12
N45 - - 1 , 06
N4S 1 . 1 8 YES 1, 11
N48 - _ -
N48a 1 , 18 YES -
N49 - _ -
N50 1 , 1 8 - -
m e t h i l 1 , 3 2 - 1 , 68

POINT? REFR POINT? REFR
6♦40 km/ 5 6 , 5 3  k m/ 5

_ 1 , 75 - 1 . 8 7
- 1 , 67 - 1 , 79
- 1 , 68 - 1 , 80
- 1 , 70 - 1, 81
- 1,71 - 1, 81
- 1 , 69 - 1 , 79
- 1 , 70 - 1 , 80
- 1 , 70 - 1 , 80
- 1 , 72 - 1 , 80
- 1 , 70 - 1 , 79
- 1 , 73 - 1 , 80
- 1 , 74 - 1, 81
_ 1 , 73 - 1 , 80
- 1 , 74 - 1 , 80
- 1 , 75 - 1. 81
- 1 , 76 - 1, 81
- 1 , 73 - 1 , 7 8

1 , 79 - 1 , 79
1 , 77 - 1 , 80
1 , 77 - 1, 81
1 , 77 - 1 , 80
1 . 75 - 1 , 78
1 , 7 8 - 1, 81
1 , 82 - 1 , 82
1 , 79 - 1, 81
1,81 - 1 . 82

YES 1,81 - 1 , 82
1.81 - 1, 81

YES 1 , 80 - 1 , 80
YES 1 , 80 - 1 , 80
YES 1 , 80 - 1 , 80

1 , 79 - 1 , 80
YES 1 , 79 - 1 , 80

1 , 78 - 1 , 80
1 , 77 - 1 , 73
1 , 77 - 1 , 79
1 , 76 - 1 , 80

YES 1 , 7 6 - 1 , 80

YES 1 , 7 4 - 1 , / 9
_ 1 , 73 - 1 , 7 8

1 , 75 - 1, 81
1, 71 - 1 , 78
1 , 75 - 1 , 82
1. 71 - 1 , 78
1 . 70

-

1 , 7 7

-

2 , 1 4
-

2 , 27

REVERSED
POI NT?



APPENDIX 5 ,  OBSERVED AND CALCULATED GRAVITY DATA



2 3 5

GRAVI TY L I NE 1: BATHGATE HIGH (SHALLOW SOURCE),

NO, STMS TREND
51 1 8 0 , 0 0 2 4 0

COORDS OF PROFILE ENDS 
EASTI NG 1 NORTHING 1

2 9 4 , 0 0 0 0 0  2 9 4 , 0 0 0 0 0
REGIONAL GRADN REGIONAL TREND 

- 0 , 1 7 0  8 , 0 0 0
0 , 0 0 0  0 , 0 0 0

AMBIENT F IE LD
DECLI NAT I ON INCLI  NAT I ON

0 , 0 0 0 0 0

LENGTH
4 9 , 9 9 9 9 7

EASTING 2 
7 0 5 , 0 0 0 0 0

NORTHING
7 0 4 , 9 8 9 9 9

70 1 , 00000  
7 0 0 , 0 0 0 0 0

0 , 0 0 0 0 0  
F I E L D DATA 

STN EASTING
1 2 9 4 , 0 1 0 0 1
2 2 9 4 , 0 0 0 0 0  7 0 4 , 0 0 0 0 0
3 2 9 4 , 0 0 0 0 0  7 0 3 , 0 0 0 0 0
4 2 9 4 , 0 0 0 0 0  7 0 2 , 0 0 0 0 0
5 2 9 4 , 0 0 0 0 0
6 2 9 4 , 0 0 0 0 0
7 2 9 4 , 0 0 0 0 0  6 9 9 , 0 0 0 0 0
8 2 9 4 . 0 0 0 0 0  6 9 8 , 0 0 0 0 0
9 2 9 4 , 0 0 0 0 0  6 9 7 , 0 0 0 0 0  

10 2 9 4 , 0 0 0 0 0  6 9 6 . 0 0 0 0 0  
1 1 294  , 0 0 0 0 0  6 9 5 , 0 0 0 0 0
12 2 9 4 , 0 0 0 0 0  6 9 4 , 0 0 0 0 0
13 2 9 4 , 0 0 0 0 0  6 9 3 , 0 0 0 0 0
14 2 9 4 . 0 0 0 0 0  6 9 2 . 0 0 0 0 0
15 294  . 00000 6 9 1 , 0 0 0 0 0
16 2 9 4 , 0 0 0 0 0  6 9 0 , 0 0 0 0 0
17 2 9 4 , 0 0 0 0 0  6 8 9 , 0 0 0 0 0
18 2 9 4 . 0 0 0 0 0  6 8 8 , 0 0 0 0 0
19 2 9 4 , 0 0 0 0 0  6 8 7 , 0 0 0 0 0
20 2 9 4 , 0 0 0 0 0  6 8 6 , 0 0 0 0 0
21 2 9 4 , 0 0 0 0 0  6 8 5 , 0 0 0 0 0
22 2 9 4 , 0 0 0 0 0  6 8 4 . 0 0 0 0 0
23 2 9 4 , 0 0 0 0 0  6 8 3 , 0 0 0 0 0
24 2 9 4 , 0 0 0 0 0  6 8 2 , 0 0 0 0 0
25 2 9 4 , 0 0 0 0 0  6 8 1 , 0 0 0 0 0
26 2 9 4 , 0 0 0 0 0  6 8 0 . 0 0 0 0 0
27 2 9 4 , 0 0 0 0 0  6 7 9 , 0 0 0 0 0
28 2 9 4 , 0 0 0 0 0  6 7 8 , 0 0 0 0 0
29 2 9 4 , 0 0 0 0 0  6 7 7 , 0 0 0 0 0
30 2 9 4 , 0 0 0 0 0  6 7 6 , 0 0 0 0 0
31 2 9 4 , 0 0 0 0 0  6 7 5 , 0 0 0 0 0
32 2 9 4 , 0 0 0 0 0  6 7 4 , 0 0 0 0 0
33 2 9 4 , 0 0 0 0 0  6 7 3 . 0 0 0 0 0
34 2 9 4 . 0 0 0 0 0  6 7 2 . 0 0 0 0 0
35 2 9 4 , 0 0 0 0 0  6 7 1 , 0 0 0 0 0
36 2 9 4 , 0 0 0 0 0  6 7 0 . 0 0 0 0 0
37 2 9 4 , 0 0 0 0 0  6 6 9 , 0 0 0 0 0
38 2 9 4 , 0 0 0 0 0  6 6 8 , 0 0 0 0 0
39 2 9 4 , 0 0 0 0 0  6 6 7 , 0 0 0 0 0
40 2 9 4 . 0 0 0 0 0  6 6 6 , 0 0 0 0 0
41 2 9 4 , 0 0 0 0 0  6 6 5 , 0 0 0 0 0
42 2 9 4 , 0 0 0 0 0  6 6 4 , 0 0 0 0 0
43 2 9 4 , 0 0 0 0 0  6 6 3 , 0 0 0 0 0

NORTH ING 
6 5 5 , 0 0 0 0 0  

ERROR 
0 , 2 0 0  
0 , 0 0 0

I NTENSI TY  
0 , 0 0 0 0 0

PRO POSI T BOUG GRAY
0 . 0 1 0 0 1  
0 , 9 9 9 9 9  
2 , 0 0 0 0 0
2 . 9 9 9 9 8
4 . 0 0 0 0 0
5 . 0 0 0 0  1
6 .0 0 0 0 0
6 . 9 9 9 9 9  
8 , 0 0 0 0 0
8 . 9 9 9 9 9
9 . 9 9 9 9 9  

1 1 ,0 0 0 0 1  
1 2 .0 0 0 0 0  
1 3 , 0 0 0 0  1 
14 . 0 00 0 1  
1 4 . 9 9 9 9 9  
1 6 , 0 0 0 0 0
16 , 9 9 9 9 8
17 , 99 9 97
1 8 . 9 9 9 9 7
1 9 . 9 9 9 9 7
2 0 . 9 9 9 9 8
2 1 . 9 9 9 9 8
2 2 . 9 9 9 9 7
2 3 . 9 9 9 9 8  
24 , 9 9 9 9 8
2 5 . 9 9 9 9 8
2 6 . 9 9 9 9 8
2 7 . 9 9 9 9 8
2 8 . 9 9 9 9 8  
3 0 , 0 0 0 0 0
3 0 . 9 9 9 9 8  
31 , 99 9 98
3 2 . 9 9 9 9 7
3 3 . 9 9 9 9 5
3 4 . 9 9 9 9 7
3 5 . 9 9 9 9 5
3 6 . 9 9 9 9 5
3 7 . 9 9 9 9 5
3 8 . 9 9 9 9 5
3 9 . 9 9 9 9 7  
40 . 99997  
4 1 , 99 9 97

50000  
50000  
00000  
00000  
70000  
2 0 0 0 0  
00000  
00000  

- 2 , 9 0 0 0 0  
- 4 , 2 0 0 0 0  
- 5 , 2 0 0 0 0  
- 4 , 7 0 0 0 0  
- 4 , 0 0 0 0 0  
- 3 , 6 0 0 0 0  
- 3 . 2 0 0 0 0  
- 2 . 7 0 0 0 0
- 1 , 9 0 0 0 0
- 1 , 10000 
- 0 , 4 0 0 0 0

0 . 5 0 0 0 0  
1 , 50 000  
2 , 5 0 0 0 0  
4 , 00000  
6 , 0 0 0 0 0  
8 , 3 0 0 0 0

1 0 . 5 0 0 0 0
1 3 . 0 0 0 0 0  
1 4 , 4 0 0 0 0
1 5 . 7 0 0 0 0
1 7 . 0 0 0 0 0  
1 7 , 6 00 0 1  
1 8 , 2 0 0 0 0  
18 , 50000  
1 8 . 2 0 0 0 0  
1 7 , 2 0 0 0 0  
1 5 . 8 0 0 0 0  
1 4 , 6 0 0 0 0
1 3 . 7 0 0 0 0
1 3 . 0 0 0 0 0
1 2 . 5 0 0 0 0
1 2 . 0 0 0 0 0  
1 1 , 0 0 0 0 0  
1 0 , 3 0 0 0 0

TOTAL
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

MAG 
, 0 0 0  
, 00 0  
, 0 0 0  
, 0 0 0  
, 0 0 0  
, 0 0 0  
. 0 0 0  
, 0 0 0  
, 00 0  
, 0 0 0  
. 0 0 0  
. 0 0 0  
, 0 0 0  
. 0 0 0  
, 0 0 0  , 000  
, 000  
, 00 0  
, 0 0 0  
, 0 0 0  
, 0 0 0  
, 000  
, 000  
, 000  
, 000  
, 00 0  
, 0 0 0  
, 000  
, 00 0  
, 000 
, 00 0  
, 000  
, 00 0  
, 000  
, 00 0  
, 000  
, 000  
, 000  
, 0 0 0  
, 00 0  
, 0 0 0  
, 000  
, 000



- 2 3 6  -

44 2 9 4 , 0 0 0 0 0 6 6 2 . 0 0 0 0 0 4 2 . 9 9 9 9 7 3 . 8 0 0 0 0 0
45 2 9 4 , 0 0 0 0 0 6 6 1 , 0 0 0 0 0 4 3 , 9 9 9 9 7 9 , 4 0 0 0 0 0
46 2 9 4 . 0 0 0 0 0 6 6 0 , 0 0 0 0 0 4 4 , 9 9 9 9 5 8 . 9 0 0 0 0 0
47 2 9 4 , 0 0 0 0  0 6 5 9 . 0 0 0 0 0 4 5 . 9 9 9 9 7 8 . 3 0 0 0 0 0
48 2 9 4 , 0 0 0 0 0 6 5 8 , 0 0 0 0 0 4 6 , 9 9 9 9 7 7 , 7 0 0 0 0 0
49 2 9 4 , 0 0 0 0 0 6 5 7 . 0 0 0 0 0 4 7 , 9 9 9 9 7 7 , 5 0 0 0 0 0
50 2 9 4 , 0 0 0 0 0 6 5 6 . 0 0 0 0 0 4 8 . 9 9 9 9 7 7 , 5 0 0 0 0 0
51 2 9 4 , 0 1 0 0 1 6 5 5 . 0 1 0 0  1 4 9 , 9 8 9 9 4 7 , 7 0 0 0 0 0

MODEL DATA 
NO, BODIES = 7

N CORN DENSITY
1 16 -  0 , 16000 0

X3-ORDS OF CORNERS
X Z

5 , 8 0 0 0 0 0 , 0 0 0 0 0
5 0 . 0 0 0 0 0 0 , 0 0 0 0 0
6 0 . 0 0 0 0 0 0 , 0 0 0 0 0
60 . 000 0 0 0 . 2 0 0 0 0
50 . 0 0 0 0 0 0 . 2 0 0 0 0
4 7 ,  10001 0 , 4 0 0 0 0
4 6 . 0 0 0 0 0 0 . 6 0 0 0 0
3 7 . 0 0 0 0 0 0 , 2 0 0 0 0
3 3 , 0 0 0 0 0 0 , 0 0 0 0 0
3 0 . 3 9 9 9 9 0 , 0 0 0 0 0
2 5 , 0 0 0 0 0 0 . 2 0 0 0 0
2 2 , 0 0 9 9 9 0 , 6 0 0 0 0
2 2 . 8 0 0 0 0 1 , 0 0 0 0 0
21 , 7 0 0 0 0 1 . 2 0 0 0 0
1 0 , 9 0 0 0 0 1 , 2 0 0 0 0

7 , 0 1 0 0 0 1 , 2 0 0 0 0
N CORN DENSITY
2 21 - 0 , 16000 0

:o - o r d s  OF CORNERS
X z

7 . 0 1000 1 , 2 0 0 0 0
10 , 9 0 0 0 0 1 , 2 0 0 0 0
21 . 7 0 0 0 0 1 , 2 0 0 0 0
2 2 , 8 0 0 0 0 1 , 0 0 0 0 0
2 2 , 0 0 9 9 9 0 . 6 0 0 0 0
2 3 , 6 1 0 0 0 1 , 4 0 0 0 0
3 0 , 3 9 9 9 9 1 , 6 0 0 0 0
3 3 , 0 0 0 0 0 1 , 6 0 0 0 0
3 7 ,  00000 1 , 2 0 0 0 0
4 6 , 0  00 00 0 , 6 0 0 0 0
4 7 , 1 0 0 0 1 0 , 4 0 0 0 0
5 0 , 0 0 0 0 0 0 . 2 0 0 0 0
6 0 , 0 0 0 0 0 0 , 2 0 0 0 0
60 , 00000 2 ,  00000
5 0 , 0 0 0 0 0 2 .  00000
4 8 . 6 0 0 0 1 2 , 0 0 0 0 0
3 4 , 8 0 0 0 0 2 . 0 0 0 0 0
20 , 0 0 0 0 0 2 .  00000
1 4 , 5 0 0 0 0 3 , 2 0 0 0 0

9 . 5 0 0 0 0 3 , 3 0 0 0 0
7 , 5 0 0  00 1 , 5 0 0 0 0

SUSC
, 0 0 0 0 0

REM DEC
0 , 0 0 0 0 0

SUSC
, 0 0 0 0 0

REM DEC 
0 , 0 0 0 0 0

N CORN 
3 23  

CO-ORDS
X

DENS ITY SUSC 
■0 , 03 00 0  0 , 0 0 0 0 0
OF CORNERS

REM DEC 
0 , 0 0 0 0 0

REM INC
0 . 0 0 0 0 0

REM I NT 
0 , 0 0 0 0 0

REM INC 
0 . 0 0 0 0 0

REM I NT 
0 . 0 0 0 0 0

REM INC 
0 . 00000

REM 1 NT 
0 , 0 0 0 0 0

000
000
0 0 0
0 0 0
0 0 0
000
000
000



2 3 7  -

- 1 0 , 0 0 0 0 0 1 , 5 0 0 0 0
0 , 0 0 0 0 0 1 , 5 0 0 0 0
7 , 5 0 0 0 0 1 , 5 0 0 0 0
9 , 5 0 0 0 0 3 , 3 0 0 0 0

1 4 . 5 0 0 0 0 3 , 2 0 0 0 0
20 , 0 0 0 0 0 2 , 0 0 0 0 0
3 4 , 3 0 0 0 0 2 . 0 0 0 0 0
4 8 , 6 0 0 0 1 2 , 0 0 0 0 0
5 0 , 0 0 0 0 0 2 , 0 0 0 0 0
6 0 , 0 0 0 0 0 2 , 0 0 0 0 0
6 0 , 0 0 0 0 0 3 , 9 0 0 0 0
5 0 , 0 0 0 0 0 3 , 9 0 0 0 0
4 6 , 0 0 0 0 0 3 , 9 0 0 0 0
40 , 0 0 0 0 0 3 , 9 5 0 0 0
3 7 , 0 0 0 0 0 3 , 9 5 0 0 0
3 2 , 0 0 0 0 0 4 , 0 5 0 0 0
2 7 , 0 0 0 0 0 4 , 2 0 0 0 0
2 2 ,  00000 4 , 3 0 0 0 0
1 7 , 0 0 0 0 0 4 , 4 0 0 0 0

9 , 0 0 0 0 0 4 , 5 0 0 0 0
4 , 0 0 0 0 0 6 , 0 0 0 0 0
0 . 0 0 0 0 0 6 , 0 0 0 0 0

- 1 0 , 0 0 0 0 0 6 , 0 0 0 0 0
N CORN DENSITY :
4 8 - 0 , 0 4 0 0 0  0

CO-ORDS OF CORNERS
X z

- 1 0 , 0 0 0 0 0 0♦00 0 00
0 , 0 0 0 0 0 0 , 00000
5 ♦ 8 0 0 0 0 0 , 0 0 0 0 0
7 , 0 1 0 0 0 1 , 2 0 0 0 0
7 , 5 0 0 0 0 1 , 5 0 0 0 0
5 , 0 0 0 0 0 1 . 5 0 0 0 0
0 , 0 0 0 0 0 1 , 5 0 0 0 0

- 1 0 , 0 0 0 0 0 1 , 5 0 0 0 0
N CORN DENSITY :
5 21 - 0 , 0  1000 0

CO-ORDS OF 
\/

CORNERS
,<

- 1 0 , 0 0 0 0 0
L.

6 . 0 0 0 0 0
0 , 0 0 0 0 0 6 , 00000
4 , 0 0 0 0 0 6 , 0 0 0 0 0
9 , 0 0 0 0 0 4 , 5 0 0 0 0

17 , 0 0 0 0 0 4 , 4 0 0 0 0
2 2 , 0 0 0 0 0 4 , 3 0 0 0 0
27 , 0 0 0 0 0 4 , 2 0 0 0 0
32 , 0 0 0 0 0 4 , 0 5 0 0 0
37 , 0 0 0 0 0 3 , 9 5 0 0 0
40 , 0 0 0 0 0 3 . 9 5 0 0 0
4 6 .  00000 3 , 9 0 0 0 0
5 0 , 0 0 0 0 0 3 , 9 0 0 0 0
60 , 0 0 0 0 0 3 , 9 0 0 0 0
60 , 0 0 0 0 0 7 . 3 0 0 0 0
50 , 0 0 0 0 0 7 , 3 0 0 0 0
42 , 0 0 0 0 0 7 , 45000
3 2 , 0 0 0 0 0 7 , 7 0 0 0 0
2 2 , 0 0 0 0 0 7 , 9 5 0 0 0
1 2 . 0 0 0 0 0 8 , 2 0 0 0 0

0 , 0 0 0 0 0 8 , 4 5 0 0 0

SUSC REM DEC 
0 , 0 0 0 0 0

REM INC 
0 , 00000

SUSC REM DEC 
0 , 00000

REM INC 
0 . 00000

REM I NT 
0 , 00000

REM I NT 
0 , 0 0 0 0 0



2 3 8

- 1 0 , 0 0 0 0 0  8 , 4 5 0 0 0
N CORN DENSITY SUSC 
6 10 0 , 0 6 0 0 0  0 , 0 0 0 0 0  

CO-ORDS OF CORNERS

REM DEC 
0 , 0 0 0 0 0

REM INC 
0 , 0 0 0 0 0

x 2
- 1 0 , 0 0 0 0 0 8 , 4 5 0 0 0

0 , 0 0 0 0 0 8 , 4 5 0 0 0
1 2 , 0 0 0 0 0 8 , 2 0 0 0 0
2 2 , 0 0 0 0 0 7 , 9 5 0 0 0
3 2 , 0 0 0 0 0 7 , 7 0 0 0 0
4 2 , 0 0 0 0 0 7 , 4 5 0 0 0
5 0 , 0 0 0 0 0 7 , 3 0 0 0 0
6 0 , 0 0 0 0 0 7 , 3 0 0 0 0
6 0 , 0 0 0 0 0 1 5 , 0 0 0 0 0

- 1 0 , 0 0 0 0 0 1 5 , 0 0 0 0 0
N CORN DENSITY :
7 10 0 . 0 2 0 0 0  0

CO-ORDS OF
v

CORNERS
X

2 2 , 0 0 9 9 9
L.

0 , 6 0 0 0 0
2 5 , 0 0 0 0 0 0 , 2 0 0 0 0
3 0 , 3 9 9 9 9 0 , 0 0 0 0 0
3 3 , 0 0 0 0 0 0 , 00 000
3 7 . 0  0000 0 , 2 0 0 0 0
4 6 , 0 0 0 0 0 0 , 6 0 0 0 0
3 7 , 0 0 0 0 0 1 . 20 0 00
3 3 , 0 0 0 0 0 1 , 60 000
3 0 , 3 9 9 9 9 1 , 60 0 00
2 3 , 6 1 0 0 0 1 , 40 0 0 0

SUSC REM DEC 
0 , 0 0 0 0 0

REM INC 
0 , 0 0 0 00

TOTAL ANOMALIES
STN PRO POS GRA ANOM(OBS) GRA ANOM( CALC)

1 0 , 0 1 0 0 1 1 , 49831 0 , 9 6 2 3 1
OA. 0 , 9 9 9 9 9 1 , 3 3 1 6 6 1 , 0 9 9 1 9
3 2 , 0 0 0 0 0 0 , 6 6 3 3 1 1 , 2 3 9 6 4
4 2 , 9 9 9 9 8 0 , 4 9 4 9 6 1 , 3 6 2 0 5
5 4 , 0 0 0 0 0 1 , 02661 1 . 4 2 0 8 6
6 5 . 0 0 0 0 1 2 , 3 5 8 2 6 1 , 2 8 5 4 9
7 6 , 0 0 0 0 0 0 , 9 8 9 9 2 - 0 , 3 9 0 7 2
8 6 , 9 9 9 9 9 - 2 , 1 7 8 4 2 - 2 , 8 3 4 2 5
9 8 , 0 0 0 0 0 - 4 , 2 4 6 7 7 - 4 ,  13 175

10 8 , 9 9 9 9 9 - 5 , 7 1 5 1 2 - 4 , 8 4 3 6 5

1 1 9 , 9 9 9 9 9 - 6 , 8 8 3 4 6 - 5 , 1 9 2 0 9

12 1 1 , 0 0 0 0  1 - 6 . 5 5 1 8 1 - 5 , 2 9 7 8 2

13 1 2 , 0 0 0 0 0 - 6 , 0 2 0  16 - 5 , 2 4 1 6 2

14 1 3 , 0 0 0 0  1 - 5 , 7 8 8 5 1 - 5 . 0 7 2 5 5

15 1 4 , 0 0 0 0  1 - 5 . 5 5 6 8 5 - 4  , 8 1 3 7 9

16 1 4 , 9 9 9 9 9 - 5 , 2 2 5 2 0 - 4 , 4 7 3 8 7

1 7 1 6 , 0 0 0 0 0 - 4 , 5 9 3 5 4 - 4 , 0 5 9 7 9

18 1 6 , 9 9 9 9 8 - 3 , 9 6 1 8 9 - 3 , 5 8 2 9 8

19 1 7 , 9 9 9 9 7 - 3 . 4 3 0 2 3 - 3 , 0 5 7  1 9
20 1 8 . 9 9 9 9 7 - 2 , 6 9 8 5 8 - 2 , 4 9 4 3 5

21 1 9 , 9 9 9 9 7 - 1 , 8 6 6 9 3 - 1 , 8 9 2 8 3

22 2 0 , 9 9 9 9 8 - 1 , 0 3 5 2 7 - 1 , 1 6 2 3 1
23 2 1 , 9 9 9 9 8 0 . 2 9 6 3 8 0 . 2 0 6 1 0

24 2 2 . 9 9 9 9 7 2,  12804 2 , 6 9 9 7 6

25 2 3 , 9 9 9 9 8 4 , 2 5 9 6 9 4 , 9 4 4 3 8

26 2 4 , 9 9 9 9 8 6 . 2 9 1 3 4 6 , 6 2 4 5 1

27 2 5 , 9 9 9 9 8 8 , 6 2 2 9 9 7 , 5 8 3 0  1

28 2 6 , 9 9 9 9 8 9 , 8 5 4 6 5 8 , 3 1 0 1 6

REM lNT 
0 , 0 0 0 0 0

REM I NT 
0 , 00000



29
30
3 1
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

2 7 , 9 9 9 9 8 10,
2 8 , 9 9 9 9 8 12 ,
30 , 0 0 0 0 0 12,
30 , 9 9 9 9 8 12,
31 , 9 9 9 9 8 13,
3 2 , 9 9 9 9 7 12,
3 3 . 9 9 9 9 5 1 1 ,
34 , 9 9 9 9 7 9,
3 5 , 9 9 9 9 5 8,
3 6 , 9 9 9 9 5 7 ,
37 , 9 9 9 9 5 6 ,
3 8 , 9 9 9 9 5 5 ,
3 9 , 9 9 9 9 7 5.
40 , 9 9 9 9 7 4,
4 1 , 9 9 9 9 7 3 ,
4 2 . 9 9 9 9 7 2 ,
4 3 , 9 9 9 9 7 1 ,
4 4 , 9 9 9 9 5 1 ,
4 5 , 9 9 9 9 7 0 ,
4 6 . 9 9 9 9 7 - 0 ,
4 7 . 9 9 9 9 7 -0 ,
4 8 . 9 9 9 9 7 -0 ,
4 9 , 9 8 9 9 4 -0 ,

8 * 9 5 0 5 0  
9 , 5 2 8 9 1  

1 0 . 0 4 2 4 0  
1 0 , 3 0 6 0 8  
1 0 , 3 4 5 0 7  
1 0 , 2 3 8 7 7  
9 , 5 9 3 2 1  
8 , 8 2 9 0 1  
7 , 9 9 8 4 1  
7 , 1 5 5 2 5  
6 , 3 6 0 1 5  
5 , 5 8 3 2 4  
4 , 8 0 5 7 5  
4 , 0 2 2 1 6  
3 , 2 3 1 8 0  
2 , 4 3 6 5 5  
1 , 6 4 2 8 2  
0 , 8 7 1 7 0  
0 , 2 2 5 7 4  

- 0 , 1 0  110 
- 0 , 2 9 4 7 5  
- 0 , 4 6 0 4 3  
- 0 , 6 1 8 5 4

239

98630
1 1795
54961
98126
1 1291
64457
47622
90788
5 3953
471 19
60284
9 3449
26614
09780
22945
561 1 1
99276
32441
55607
2 1228
58063
74897
71563



2 4 0

GRAVI TY L I NE  1: BATHGATE HIGH (DEEP SOURCE)♦

NO , STNS TREND
51 1 8 0 , 0 0 2 4 0

COORDS OF PROFILE ENDS 
EASTING 1 NORTHING 1

2 3 4 , 0 0 0 0 0  2 9 4 , 0 0 0 0 0
REGIONAL GRADN REGIONAL TREND 

- 0 , 1 7 0  8 , 0 0 0
0 , 0 0 0  0 , 0 0 0

AMBIENT F IE L D
DECLI NAT I ON INCLI NAT I ON

0 , 0 0 0 0 0  0 , 0 0 0 0 0  
F IE L D  DATA

STN EAST ING NORTH ING
1 2 9 4 . 0 1 0 0 1  7 0 4 , 9 8 9 9 9
2 2 9 4 . 0 0 0 0 0  7 0 4 . 0 0 0 0 0
3 2 9 4 , 0 0 0 0 0  7 0 3 , 0 0 0 0 0
4 2 9 4 . 0 0 0 0 0  7 0 2 . 0 0 0 0 0
5 294  , 00000  70 1 . 0 0 0 0 0
6 2 9 4 . 0 0 0 0 0  7 0 0 . 0 0 0 0 0
7 2 9 4 , 0 0 0 0 0  8 9 9 , 0 0 0 0 0
8 2 9 4 . 0 0 0 0 0  8 9 8 . 0 0 0 0 0
9 2 3 4 . 0 0 0 0 0  6 9 7 , 0 0 0 0 0

10 2 9 4 , 0 0 0 0 0  6 9 6 . 0 0 0 0 0
11 2 9 4 , 0 0 0 0 0  6 9 5 , 0 0 0 0 0
12 2 9 4 . 0 0 0 0 0  6 9 4 . 0 0 0 0 0
13 2 9 4 , 0 0 0 0 0
14 2 9 4 , 0 0 0 0 0  
1 5 2 9 4 , 0 0 0 0 0  69 1 , 0 0 0 0 0
16 2 9 4 , 0 0 0 0 0  6 9 0 . 0 0 0 0 0
17 2 3 4 , 0 0 0 0 0  6 8 9 . 0 0 0 0 0
18 2 9 4 . 0 0 0 0 0
19 2 9 4 , 0 0 0 0 0
20 2 9 4 , 0 0 0 0 0
21 2 9 4 , 0 0 0 0 0  6 8 5 , 0 0 0 0 0
22 2 9 4 . 0 0 0 0 0  6 8 4 , 0 0 0 0 0
23 2 9 4 , 0 0 0 0 0  6 8 3 , 0 0 0 0 0
24 2 9 4 , 0 0 0 0 0  6 8 2 , 0 0 0 0 0
25 2 9 4 . 0 0 0 0 0  6 8 1 . 0 0 0 0 0
26 2 9 4 . 0 0 0 0 0  6 8 0 , 0 0 0 0 0
27 2 9 4 , 0 0 0 0 0  6 7 9 , 0 0 0 0 0
28 2 9 4 , 0 0 0 0 0  6 7 8 . 0 0 0 0 0
29 2 9 4 , 0 0 0 0 0  6 7 7 , 0 0 0 0 0
30 2 9 4 , 0 0 0 0 0  6 7 6 , 0 0 0 0 0
31 2 9 4 , 0 0 0 0 0  6 7 5 , 0 0 0 0 0
32 2 9 4 . 0 0 0 0 0  6 7 4 . 0 0 0 0 0
33 2 9 4 , 0 0 0 0 0  6 7 3 , 0 0 0 0 0
34 2 9 4 , 0 0 0 0 0  6 7 2 , 0 0 0 0 0
35 2 9 4 , 0 0 0 0 0  6 7 1 , 0 0 0 0 0
36 2 9 4 , 0 0 0 0 0  6 7 0 . 0 0 0 0 0
37 2 9 4 , 0 0 0 0 0  6 6 9 . 0 0 0 0 0
38 2 9 4 . 0 0 0 0 0  6 6 8 . 0 0 0 0 0
39 2 9 4 , 0 0 0 0 0  6 6 7 , 0 0 0 0 0
40 2 9 4 , 0 0 0 0 0  6 6 6 , 0 0 0 0 0
41 2 9 4 , 0 0 0 0 0  6 6 5 , 0 0 0 0 0
42 2 9 4 . 0 0 0 0 0  6 6 4 , 0 0 0 0 0
43 2 9 4 . 0 0 0 0 0  6 6 3 , 0 0 0 0 0

LENGTH 
4 9 , 9 9 9 9 7

EASTING
7 0 5 , 0 0 0 0 0

NORTH ING 
655 , 0 0 0 0 0  

ERROR 
0 , 2 0 0  
0 , 000

INTENSITY  
0 , 0 0 0 0 0

PRO POSI T BOUG GRAY

6 9 3 . 0 0 0 0 0
6 9 2 . 0 0 0 0 0

6 8 8 , 0 0 0 0 0  
687 , 00 0 00  
6 8 6 , 0 0 0 0 0

0 , 0 1 0 0 1  
0 , 9 9 9 9 9  
2 , 0 0 0 0 0
2 . 9 9 9 9 8
4 . 0 0 0 0 0
5 . 0 0 0 0 1  
6 , 0 0 0 0 0
6 . 9 9 9 9 9  
8 , 0 0 0 0 0
8 . 9 9 9 9 9
9 . 9 9 9 9 9  

1 1 , 0 0 0 0  1 
1 2 , 0 0 0 0 0  
1 3 , 0 0 0 0  1 
1 4 , 0 0 0 0 1  
1 4 . 9 9 9 9 9  
16 , 00000  
1 6 , 9 3 9 9 8
1 7 . 9 9 9 9 7
1 8 . 9 9 9 9 7
1 9 . 9 9 9 9 7  
20 , 9 9 9 9 8  
2 1 , 399 9 8
2 2 . 9 9 9 9 7
2 3 . 9 9 9 9 8
2 4 . 9 9 9 9 8
2 5 . 9 9 9 9 8  
2 6 , 9 9 9 9 3
2 7 . 9 9 9 9 8
2 8 . 9 9 9 9 8  
30 , 0 0 0 0 0
3 0 . 9 9 9 9 8
3 1 . 9 9 9 9 8
3 2 . 9 9 9 9 7
3 3 . 9 9 9 9 5
3 4 . 9 9 9 9 7
3 5 . 9 9 9 9 5  
3 6 ♦ 9 9 9 9 5
3 7 . 9 9 9 9 5
3 8 . 9 9 9 9 5
3 9 . 9 9 9 9 7
4 0 . 9 9 9 9 7
4 1 . 9 9 9 9 7

50000  
50000  
00000  
00000  
70000  

3 , 2 0 0 0 0  
2 , 0 0 0 0 0  

- 1 , 0 0 0 0 0  
- 2 . 9 0 0 0 0  
- 4 . 2 0 0 0 0  
- 5 , 2 0 0 0 0  
- 4 , 7 0 0 0 0  
- 4 . 0 0 0 0 0  
- 3 . 6 0 0 0 0
- 3  
- 2  
- 1 
- 1 
-0

20000  
70000  
90000  
1 0000  
40000  

0 , 5 0 0 0 0  
1 , 50 0 0 0  
2 , 5 0 0 0 0
4 . 0 0 0 0 0
6 . 0 0 0 0 0  
8 , 3 0 0 0 0

1 0 . 5 0 0 0 0
1 3 . 0 0 0 0 0  
1 4 , 4 0 0 0 0
1 5 . 7 0 0 0 0
1 7 . 0 0 0 0 0  
1 7 . 600 01  
1 8 , 2 0 0 0 0
1 8 . 5 0 0 0 0  
1 8 , 2 0 0 0 0  
1 7 . 2 0 0 0 0  
1 5 , 8 0 0 0 0  
1 4 , 6 0 0 0 0
1 3 . 7 0 0 0 0
1 3 . 0 0 0 0 0
1 2 . 5 0 0 0 0
1 2 . 0 0 0 0 0  
1 1 , 00000  
1 0 , 3 0 0 0 0

TOTAL
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

MAG 
, 000  
, 0 0 0  
, 0 0 0  
, 0 0 0  
, 0 0 0  
. 0 0 0  
, 000  
, 0 0 0  
, 0 0 0  
, 0 0 0  
. 000  
, 0 0 0  
. 0 0 0  
, 000  
, 000  
, 0 0 0  
, 0 0 0  
, 0 0 0  
, 000  
, 0 0 0  
. 0 0 0  
. 0 0 0  
, 0 0 0  
, 0 0 0  
, 0 0 0  
, 000  
, 0 0 0  
, 0 0 0  
, 0 0 0  
, 0 0 0  
, 0 0 0  
, 0 0 0  
, 0 0 0  
, 0 0 0  
, 0 0 0  
, 0 0 0  
, 0 0 0  
, 0 0 0  
. 0 0 0  
. 0 0 0  
, 000  
, 000  
, 0 0 0



- 2 4 1  -

44 2 3 4 , 0 0 0 0 0  6 6 2 , 0 0 0 0 0  4 2 , 9 9 9 9 7  9 . 8 0 0 0 0  0 , 0 0 0
45 2 9 4 , 0 0 0 0 0  6 6 1 , 0 0 0 0 0  4 3 , 9 9 9 9 7  9 , 4 0 0 0 0  0 , 0 0 0
46 2 9 4 , 0 0 0 0 0  6 6 0 , 0 0 0 0 0  4 4 , 3 9 9 9 5  8 , 9 0 0 0 0  0 , 0 0 0
47 2 9 4 , 0 0 0 0 0  6 5 9 , 0 0 0 0 0  4 5 , 3 9 9 9 7  8 , 3 0 0 0 0  0 . 0 0 0
48 2 9 4 , 0 0 0 0 0  6 5 8 , 0 0 0 0 0  4 6 , 9 9 9 9 7  7 , 7 0 0 0 0  0 , 0 0 0
49 2 9 4 , 0 0 0 0 0  6 5 7 , 0 0 0 0 0  4 7 , 9 9 9 9 7  7 , 5 0 0 0 0  0 , 0 0 0
50 2 9 4 , 0 0 0 0 0  6 5 6 . 0 0 0 0 0  4 8 , 9 9 9 9 7  7 , 5 0 0 0 0  0 , 0 0 0
51 2 9 4 , 0 1 0 0 1  6 5 5 , 0 1 0 0 1  4 9 , 3 8 9 9 4  7 , 7 0 0 0 0  0 , 0 0 0

MODEL DATA 
NO, BODIES = 7

N CORN D 
1 1 6  -0  

CO-ORDS O 
X

5 , 8 0 0 0 0
5 0 . 0 0 0 0 0
6 0 . 0 0 0 0 0  
6 0 , 0 0 0 0 0
5 0 . 0 0 0 0 0
4 7 . 1 0 0 0 1
4 6 . 0 0 0 0 0  
37♦ 0  00 0 0
3 3 . 0 0 0 0 0  
30 , 3 9 9 9 9
2 5 . 0 0 0 0 0
2 2 . 0 0 9 9 9  
2 2 , 8 0 0 0 0
2 1 . 7 0 0 0 0
1 0 . 9 0 0 0 0  

7 . 0 1 0 0 0
N CORN D 
2 21 -0  

CO-ORDS O 
X

7 , 0 1 0 0 0
1 0 . 9 0 0 0 0
2 1 . 7 0 0 0 0  
2 2 , 8 0 0 0 0
2 2 . 0 0 9 9 9  
2 3 , 6 1 0 0 0  
3 0 , 3 9 9 9 9
3 3 . 0 0 0 0 0
3 7 . 0 0 0 0 0
4 6 . 0 0 0 0 0
4 7 . 1 0 0 0 1
5 0 . 0 0 0 0 0
6 0 . 0 0 0 0 0  
6 0 , 0 0 0 0 0
5 0 . 0 0 0 0 0  
4 8 , 6 0 0 0 1  
3 4 , 8 0 0 0 0
2 0 . 0 0 0 0 0  
1 4 , 5 0 0 0 0

9 . 5 0 0 0 0
7 . 5 0 0 0 0  

N CORN D 
3 23 -0

CO-ORDS OF CORNERS 
X Z

lENSITY SUSC- REM DEC REM INC REM ! NT
, 1 6 0 0 0  0 , 0 0 0 0 0  0 , 0 0 0 0 0  0 , 0 0 0 0 0  0 . 0 0 0 0 0  

IF CORNERS 
Z

0 , 00000  
0 , 0 0 0 0 0  
0 , 0 0 0 0 0  
0 , 2 0 0 0 0  
0 , 2 0 0 0 0  
0 , 4 0 0 0 0  
0 , 6 0 0 0 0  
0 , 2 0 0 0 0  
0 , 0 0 0 0 0  
0 , 0 0 0 0 0  
0 , 2 0 0 0 0  
0 , 6 0 0 0 0  
1 , 0 0 0 0 0  
1 , 2 0 0 0 0  
1 , 2 0 0 0 0  
1 , 2 0 0 0 0

ENSITY SUSC REM DEC REM INC REM ! NT
, 1 6 0 0 0  0 , 0 0 0 0 0  0 , 0 0 0 0 0  0 , 0 0 0 0 0  0 , 0 0 0 0 0  
F CORNERS 

Z
1 , 2 0 0 0 0  
1 , 2 0 0 0 0  
1 , 2 0 0 0 0  
1 , 0 0 0 0 0  
0 , 6 0 0 0 0  
1 , 4 0 0 0 0  
1 , 6 0 0 0 0  
1 , 6 0 0 0 0  
1 . 2 0 0 0 0  
0 , 6 0 0 0 0  
0 , 4 0 0 0 0  
0 , 2 0 0 0 0  
0 , 2 0 0 0 0  
2 , 0 0 0 0 0  
2 , 0 0 0 0 0  
2 , 0 0 0 0 0  
2 , 0 0 0 0 0  
2 , 0 0 0 0 0  
3 , 20000  
3 , 300 0 0  
1 , 5 0 0 0 0

ENSI TY SUSC REM DEC REM INC REM I NT
, 0 9 0 0 0  0 , 0 0 0 0 0  0 , 0 0 0 0 0  0 , 0 0 0 0 0  0 , 0 0 0 0 0



-  2 4 2  -

- 1 0 , 0 0 0 0 0 1 , 5 0 0 0 0
0 , 0 0 0 0 0 1 , 5 0 0 0 0
7 , 5 0 0 0 0 1 , 5 0 0 0 0
9 . 5 0 0 0 0 3 , 3 0 0 0 0

1 4 , 5 0 0 0 0 3 , 2 0 0 0 0
2 0 . 0 0 0 0 0 2 , 0 0 0 0 0
3 4 , 8 0 0 0 0 2 , 0 0 0 0 0
4 8 , 6 0 0 0 1 2 , 0 0 0 0 0
5 0 , 0 0 0 0 0 2 . 0 0 0 0 0
6 0 . 0 0 0 0 0 2 , 0 0 0 0 0
60 , 0 0 0 0 0 3 , 9 0 0 0 0
5 0 , 0 0 0 0 0 3 , 9 0 0 0 0
4 6 , 0 0 0 0 0 3 , 9 0 0 0 0
40 , 0 0 0 0 0 3 , 9 5 0 0 0
37 , 0 0 0 0 0 3 , 9 5 0 0 0
3 2 , 0 0 0 0 0 4 , 0 5 0 0 0
2 7 , 0 0 0 0 0 4 , 2 0 0 0 0
2 2 , 0 0 0 0 0 4 . 3 0 0 0 0
1 7 , 0 0 0 0 0 4 , 4 0 0 0 0

9 . 0 0 0 0 0 4 , 5 0 0 0 0
4 , 0 0 0 0 0 6 , 00 0 00
0 , 0 0 0 0 0 6 , 0 0 0 0 0

- 1 0 , 0 0 0 0 0 6 , 0 0 0 00
N CORN DENSITY :
4 8 - 0 , 0 4 0 0 0  0

CO-ORDS OF CORNERS
X Z

- 1 0 , 0 0 0 0 0 0 , 00000
0 , 0 0 0 0 0 0 , 0 0 0 0 0
5 . 8 0 0 0 0 0 , 0 0 0 0 0
7 . 0  1000 1 , 20 0 00
7 , 5 0 0 0 0 1 , 500 00
5 , 00000 1 , 5 0 0 0 0
0 , 0 0 0 0 0 1 , 50 0 0 0

- 1 0 , 0 0 0 0 0 1 , 50 0 0 0
N CORN DENSITY !
5 21 - 0 , 0  1000 0

CO-ORDS OF
\y

CORNERS
x

- 10 , 00000
z

6 , 0 0 0 0 0
0 , 0 0 0 0 0 6 , 0 0 0 0 0
4 , 0 0 0 0 0 6 . 0 0 0 0 0
9 , 0 0 0 0 0 4♦50 0 00

1 7 . 0 0 0 0 0 4 , 4 0 0 0 0
2 2 , 0 0 0 0 0 4 , 30 0 00
2 7 , 0 0 0 0 0 4 . 2 0 0 0 0
3 2 , 0 0 0 0 0 4 . 0 5 0 0 0
3 7 , 0 0 0 0 0 3 , 9 5 0 0 0
4 0 , 0 0 0 0 0 3 , 9 5 0 0 0
4 6 , 0 0 0 0 0 3 , 9 0 0 0 0
50 , 00000 3 , 9 0 0 0 0
60 . 0 0 0 0 0 3 . 9 0 0 0 0
6 0 . 0 0 0 0 0 7 , 3 0 0 0 0
5 0 , 0 0 0 0 0 7 . 30000
4 2 , 0 0 0 0 0 7 , 4 5 0 0 0
3 2 , 0 0 0 0 0 7 , 7 0 0 0 0
2 2 , 0 0 0 0 0 7 , 95000
1 2 . 0 0 0 0 0 8 , 2 0 0 0 0

0 , 0 0 0 0 0 8 , 45000

susc REM DEC 
0 , 00000

REM INC 
0 , 0 0 0 0 0

SUSC REM DEC 
0 , 00000

REM INC 
0 , 00000

REM I NT 
0 , 0 0 0 0 0

REM I NT 
0 , 00000



2 4 3

- 1 0 , 0 0 0 0 0  8 , 4 5 0 0 0
N CORN DENSITY SUSC
6 10 0 , 0 6 0 0 0  0 , 0 0 0 0 0

CO-ORDS OF CORNERS
x Z

- 1 0 , 0 0 0 0 0 8 , 4 5 0 0 0
0 , 00000 8 , 4 5 0 0 0

1 2 , 0 0 0 0 0 8 , 2 0 0 0 0
22 , 00000 7 , 9 5 0 0 0
3 2 , 0 0 0 0 0 7 , 7 0 0 0 0
42 , 00000 7 , 4 5 0 0 0
50 , 0 0 0 0 0 7 , 3 0 0 0 0
60 , 00000 7 , 3 0 0 0 0
60 , 0 0 0 0 0 1 5 , 0 0 0 0 0

- 1 0 , 0 0 0 0 0 1 5 , 0 0 0 0 0
N CORN DENSITY !
7 10 0 , 02000 0

CO-ORDS OF CORNERS
X z

2 2 , 0 0 9 9 9 0 , 6 0 0 0 0
25 . 0 0 0 0 0 0 , 2 0 0 0 0
30 . 3 9 9 9 9 0 , 0 0 0 0 0
3 3 , 0 0 0 0 0 0 , 0 0 0 0 0
3 7 , 0 0 0 0 0 0 , 2 0 0 0 0
46 , 0 0 0 0 0 0 , 6 0 0 0 0
37 . 00000 1 , 2 0 0 0 0
33 , 0 0 0 0 0 1 , 6 0 0 0 0
30 , 3 9 9 9 9 1 , 6 0 00 0
2 3 , 6 1 0 0 0 1 , 4 0 0 0 0

SUSC

TOTAL ANOMALIES
STNI PRO POS GRA ANOM(OBS)

1 0 , 0 1 0 0 1 1 , 49831
2 0 , 9 9 9 9 9 1 , 3 3 1 6 6
3 2 , 0 0 0 0 0 0 , 6 6 3 3 1
4 2 , 9 9 9 9 8 0 . 4 9 4 9 6
5 4 , 0 0 0 0 0 1 , 02661
6 5 , 0000 1 2 , 3 5 8 2 6
7 6 , 0 0 0 0 0 0 , 9 8 9 9 2
8 6 , 9 9 9 9 9 - 2 ,  17842
9 8 , 00000 - 4 , 2 4 6 7 7

10 8 , 9 9 9 9 9 - 5 . 7 1 5 1 2
1 1 9 , 99999 - 6 , 8 8 3 4 6
12 1 1 . 0 0 0 0  1 - 6 , 5 5 1 8 1
1 3 1 2 , 0 0 0 0 0 - 6 , 0 2 0 1 6
14 1 3 , 0 0 0 0  1 - 5 , 7 8 8 5 1
15 14 , 0000 1 - 5 , 5 5 6 8 5
16 1 4 , 9 9 9 9 9 - 5 , 2 2 5 2 0
17 1 6 , 0 0 0 0 0 - 4 , 5 9 3 5 4
18 1 6 . 9 9 9 9 8 - 3 , 9 6 1 8 9
19 1 7 , 9 9 9 9 7 - 3 , 4 3 0 2 3
20 1 8 , 9 9 9 9 7 - 2 , 6 9 8 5 8
21 1 9 , 9 9 9 9 7 - 1 , 8 6 6 9 3
22 20 . 9 9 9 9 8 - 1 , 0 3 5 2 7
23 21 , 9 9 9 9 8 0 , 2 9 6 3 8
24 2 2 , 9 9 9 9 7 2 , 1 2 8 0 4
25 2 3 , 9 9 9 9 8 4 , 2 5 9 6 9
26 2 4 , 9 9 9 9 8 6 , 2 9 1 3 4
27 2 5 , 9 9 9 9 8 8 , 6 2 2 9 9
28 26 . 99998 9 , 8 5 4 6 5

REM DEC 
0 , 0 0 0 0 0

REM INC 
0 , 000 00

REM DEC 
0 , 0 0 0 0 0

REM INC 
0 , 0 0 0 0 0

GRA ANOM(CALC)
96231  
09919  
239 6 4  
36205  
4208 6  

1 , 2 8 5 4 9  
- 0 , 39072  
- 2 , 8 3 4 2 5  
- 4 ,  13175  
- 4 , 8 4 3 6 5  
- 5  , 19209
- 5
-5
- 5
-4
- 4
- 4
- 3
- 3 
_ n

- 1 
- 1

0

297 8 2  
24 162 
07255  
8137 9  
47387  
05979  
5 8 2 9 8  
05719  
49435  
892 8 3  
16231 
206 10 

2 . 6 9 9 7 6  
4 , 9 4 4 3 8  
6 . 6 2 4 5 1  
7 , 5 8 3 0 1  
8 , 3 1 0  16

REM I NT 
0 , 0 0 0 0 0

REM I NT 
0 , 00000



29
30
3 1
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

2 4 4

2 7 , 9 9 9 9 8 10,
2 8 , 9 9 9 9 8 12,
3 0 , 0 0 0 0 0 12,
30 , 9 9 9 9 8 12,
31 , 9 9 9 9 8 1 3,
3 2 , 9 9 9 9 7 12,
3 3 , 9 9 9 9 5 1 1 ,
3 4 , 9 9 9 9 7 9,
3 5 , 9 9 9 9 5 8,
3 6 , 9 9 9 9 5 7,
3 7 , 9 9 9 9 5 6,
3 8 , 9 9 9 9 5 5,
3 9 , 9 9 9 9 7 5,
40 , 9 9 9 9 7 4 ,
41 , 9 9 9 9 7 3,
4 2 , 9 9 9 9 7 2.
4 3 , 9 9 9 9 7 1 ,
4 4 , 9 9 9 9 5 1 ,
4 5 . 9 9 9 9 7 0 ,
4 6 ♦ 9 9 9 9 7 -0 ,
4 7 , 9 9 9 9 7 - 0 ,
4 8 . 9 9 9 9 7 -0 ,
4 9 , 9 8 9 9 4 - 0 ,

8 , 9 5 0 5 0  
9 , 5 2 8 9 1  

1 0 , 0 4 2 4 0  
1 0 , 3 0 6 0 8  
1 0 , 3 4 5  07 
1 0 , 2 3 8 7 7  

9 , 5 9 3 2 1  
8 , 8 2 9 0 1  
7 , 9 9 8 4 1  
7 , 1 5 5 2 5  
6 , 3 6 0 1 5  
5 , 5 8 3 2 4  
4 , 8 0 5 7 5  
4 , 0 2 2 1 6  
3 , 2 3 1 8 0  
2 , 4 3 6 5 5  
1 , 6 4 2 8 2  
0 , 8 7 1 7 0  
0 , 2 2 5 7 4  

- 0 , 1 0 1  10 
- 0 , 2 9 4 7 5  
- 0 , 4 6 0 4 3  
- 0 , 6 1 8 5 4

98630
1 1795
54961
98126
1 1291
64457
47622
90788
53953
471 19
60284
93449
26614
09780
22945
561 1 1
99276
32441
55607
21228
5 8063
74897
71563



-  2 4 5  -

GRAVI TY L I NE 2:  BATHGATE HIGH (SHALLOW SOURCE),

MO, STMS TREND
4 1 9 0 , 0 0  116

COORDS OF PROFILE ENDS 
EASTING 1 NORTHING 1

2 7 5 , 0 0 0 0 0  3 1 5 , 0 0 0 0 0
REGIONAL GRADN REGIONAL TREND 

- 0 , 1 7 0  S , 000
0 , 0 0 0  0 , 0 0 0

AMBIENT F I ELD
DECLI NAT I ON INCLI NAT I ON

LENGTH 
3 9 , 9 9 9 9 8

EASTING : 
673 , 00000

0 , 0 0 0 0 0  
F I E L D  DATA 

STN EASTING  
1 2 7 5 , 0 1 0 0 1

0 , 0 0 0 0 0

NORTH ING 
6 7 3 , 0 0 0 0 0  

ERROR 
0 , 20 0  
0 , 00 0

INTENSITY  
0 , 00000

NORTH ING 
6 7 3 , 0 1 0 0 1

PRO POSI T BOUG GRAY

2 7 6 . 0 0 0 0 0  6 7 3 , 0 0 0 0 0
2 7 7 . 0 0 0 0 0  6 7 3 , 0 0 0 0 0

4 2 7 8 , 0 0 0 0 0  6 7 3 , 0 0 0 0 0
5 2 7 9 , 0 0 0 0 0  6 7 3 , 0 0 0 0 0
6 2 8 0 , 0 0 0 0 0  6 7 3 . 0 0 0 0 0
7 2 8 1 , 0 0 0 0 0  6 7 3 , 0 0 0 0 0
8 2 8 2 , 0 0 0 0 0  6 7 3 , 0 0 0 0 0
9 2 8 3 , 0 0 0 0 0  6 7 3 , 0 0 0 0 0

10 2 8 4 . 0 0 0 0 0  6 7 3 , 0 0 0 0 0
11 2 8 5 , 0 0 0 0 0  6 7 3 , 0 0 0 0 0
12 2 8 6 , 0 0 0 0 0  6 7 3 , 0 0 0 0 0
13 2 8 7 , 0 0 0 0 0  6 7 3 , 0 0 0 0 0
14 2 8 8 . 0 0 0 0 0  6 7 3 . 0 0 0 0 0
15 2 8 9 , 0 0 0 0 0  6 7 3 , 0 0 0 0 0
16 2 9 0 , 0 0 0 0 0  6 7 3 , 0 0 0 0 0
17 29 1 , 00000 6 7 3 . 0 0 0 0 0
18 2 9 2 . 0 0 0 0 0  6 7 3 , 0 0 0 0 0
19 2 9 3 . 0 0 0 0 0  6 7 3 , 0 0 0 0 0
20 2 9 4 , 0 0 0 0 0  6 7 3 , 0 0 0 0 0
21 2 9 5 , 0 0 0 0 0  6 7 3 , 0 0 0 0 0
22 2 9 6 . 0 0 0 0 0  6 7 3 . 0 0 0 0 0
23 2 9 7 . 0 0 0 0 0  6 7 3 , 0 0 0 0 0
24 2 9 8 , 0 0 0 0 0  6 7 3 , 0 0 0 0 0
25 2 9 9 . 0 0 0 0 0  6 7 3 , 0 0 0 0 0
26 3 0 0 , 0 0 0 0 0  6 7 3 , 0 0 0 0 0
27 30 1 , 0 0 0 0 0  6 7 3 , 0 0 0 0 0
28 3 0 2 , 0 0 0 0 0  6 7 3 , 0 0 0 0 0
29 3 0 3 , 0 0 0 0 0  6 7 3 . 0 0 0 0 0
30 3 0 4 , 0 0 0 0 0  6 7 3 , 0 0 0 0 0
31 3 0 5 , 0 0 0 0 0  6 7 3 , 0 0 0 0 0
32 3 0 6 , 0 0 0 0 0  6 7 3 . 0 0 0 0 0
33 3 0 7 , 0 0 0 0 0  6 7 3 , 0 0 0 0 0
34 3 0 8 , 0 0 0 0 0  6 7 3 . 0 0 0 0 0
35 3 0 9 . 0 0 0 0 0  6 7 3 , 0 0 0 0 0
36 3 1 0 . 0 0 0 0 0  6 7 3 , 0 0 0 0 0
37 3 1 1 , 0 0 0 0 0  6 7 3 . 0 0 0 0 0
38 3 1 2 , 0 0 0 0 0  6 7 3 , 0 0 0 0 0
39 3 1 3 , 0 0 0 0 0  6 7 3 , 0 0 0 0 0
40 3 1 4 . 0 0 0 0 0  6 7 3 , 0 0 0 0 0
41 3 1 4 . 9 8 9 9 9  6 7 2 , 9 8 9 9 9  

MODEL DATA
NO. BODIES = 6

0 , 0  1005
1 . 0 0 0 0 3  
2 , 0 0 0 0 2
3 . 0 0 0 0 3
4 . 00003
5 , 0 0 0 0  1
6 . 0 0 0 0 3  
7 , 0 0 0 0  1 
8 , 0 0 0 0 0  
9 . 0 0 0 0 0  
9 , 9 9 9 9 9

1 0 . 9 9 9 9 9  
1 2 . 0 0 0 0 1
1 2 . 9 9 9 9 9  
1 4 , 0 0 0 0 1
1 5 . 0 0 0 0  1
1 6 . 0 0 0 0 0
1 7 . 0 0 0 0 0
1 8 . 0 0 0 0 0
1 8 . 9 9 9 9 8
1 9 . 9 9 9 9 8
2 0 . 9 9 9 9 8  
21 , 9 9 9 9 7
2 2 . 9 9 9 9 7
2 3 . 9 9 9 9 7
2 4 . 9 9 9 9 7  
2 5 , 9 9 9 3 7
2 6 . 9 9 9 9 8
2 7 . 9 9 9 9 7
2 8 . 9 9 9 9 8
2 9 . 9 9 9 9 8  
3 0 ♦ 9 9 9 9 7
3 1 . 9 9 9 9 8
3 2 . 9 9 9 9 7
3 3 . 9 9 9 9 5
3 4 . 9 9 9 9 7
3 5 . 9 9 9 9 5
3 6 . 9 9 9 9 5
3 7 . 9 9 9 9 7
3 8 . 9 9 9 9 5  
3 9 , 9 8 9 9 3

9 . 5 0 0 0 0  
9 , 8 0 0 0 0

1 0 , 0 0 0 0 0  
1 0 , 6 0 0 0 0  
1 1 , 0 0 0 0 0  
1 2 , 0 0 0 0 0  
1 2 , 8 0 0 0 0  
1 3 , 4 0 0 0 0
1 3 . 8 0 0 0 0
1 4 . 0 0 0 0 0  
14 . 2 5 0 0 0
1 4 . 5 0 0 0 0  
1 4 , 75000
1 5 . 0 0 0 0 0
1 5 . 8 0 0 0 0
1 6 . 3 9 9 9 9
1 7 . 0 0 0 0 0  
1 7 , 6 0 0 0  1 
18 . 1 000 1
1 8 . 5 0 0 0 0
1 8 . 5 0 0 0 0  
18,  1000 1
1 7 . 5 0 0 0 0
1 7 . 0 0 0 0 0  
1 6 , 6 0 0 0 1  
1 6 , 3 0 0 0 0
1 5 . 5 0 0 0 0
1 4 . 8 0 0 0 0
1 4 . 4 0 0 0 0  
1 3 , 7 0 0 0 0
1 3 . 0 0 0 0 0
1 2 . 0 0 0 0 0  
1 1 , 0000 0  
10♦80000  
1 0 , 6 0 0 0 0
1 0 . 4 0 0 0 0  
10 , 2 0 0 00  
1 0 , 0 0 0 0 0

9 . 5 0 0 0 0  
9 , 00000  
8 . 0 0 0 0 0

TOTAL
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

MAG 
, 000  
. 0 0 0  
, 0 0 0  
, 0 0 0  
, 0 0 0  
, 0 0 0  
, 000  
, 0 0 0  
, 0 0 0  
, 0 0 0  
, 0 0 0  
, 0 0 0  
, 0 0 0  
, 0 0 0  
, 0 0 0  
. 0 0 0  
, 0 0 0  
, 0 0 0  
. 000  
, 0 0 0  
, 000  
, 0 0 0  
, 0 0 0  
, 0 0 0  
, 0 0 0  
, 00 0  
, 000  
, 0 0 0  
, 0 0 0  
, 0 0 0  
, 0 0 0  
, 0 0 0  
. 0 0 0  
. 0 0 0  
, 0 0 0  
, 000  
, 0 0 0  
, 000  
, 0 0 0  
, 0 0 0  
, 0 0 0



2 4 6

N CORN DENSITY SUSC 
1 10 - 0 , 1 6 0 0 0  0 , 0 0 0 0 0  

CO-ORDS OF CORNERS 
X z

REM DEC 
0 , 0 0 0 0 0

REM INC 
0 , 00 0 00

- 1 0 , 0 0 0 0 0 0 , 0 0 0 0 0
0 , 0 0 0 0 0 0 , 0 0 0 0 0

2 2 , 0 0 0 0 0 0 , 0 0 0 0 0
20 , 0 0 0 0 0 0 , 1 0 0 0 0
1 8 , 0 0 0 0 0 0 , 2 0 0 0 0
1 4 , 0 0 0 0 0 0 , 6 0 0 0 0

6 , 0 0 0 0 0 0 , 6 0 0 0 0
3 , 0 0 0 0 0 0 , 9 6 0 0 0
0 , 0 0 0 0 0 0 , 9 6 0 0 0

- 1 0 , 0 0 0 0 0 0 , 9 6 0 0 0
N CORN DENSITY
2 24 - 0 , 16000 0

CO-ORDS OF CORNERS
X Z

- 1 0 , 0 0 0 0 0 1 , 1 0 0 0 0
0 , 00000 1 , 1 0 0 0 0
6 . 0 0 0 0 0 1 , 1 0 0 0 0
9 , 0 0 0 0 0 1 , 1 0 0 0 0

1 0 , 3 0 0 0 0 1 , 1 0 0 0 0
1 4 , 0 0 0 0 0 1 , 4 0 0 0 0
1 7 , 0 0 0 0 0 1 , 4 0 0 0 0
3 2 , 0 0 0 0 0 1 , 3 0 0 0 0
2 7 , 0 0 0 0 0 0 , 7 0 0 0 0
1 6 , 0 0 0 0 0 0 , 5 0 0 0 0
1 8 , 0 0 0 0 0 0 , 4 0 0 0 0
2 5 , 0 0 0 0 0 0 , 00000
40 , 0 0 0 0 0 0 , 00000
50 , 0 0 0 0 0 0 , 0 0 0 0 0
50 , 0 0 0 0 0 1 , 8 5 0 0 0
40 , 0 0 0 0 0 1 , 8 5 0 0 0
30 , 0 0 0 0 0 1 , 7 0 0 0 0
2 5 , 0 0 0 0 0 1 , 9 0 0 0 0
20 , 0 0 0 0 0 2 , 0 0 0 0 0
1 5 , 0 0 0 0 0 2 . 2 0 0 0 0
1 0 , 0 0 0 0 0 2 , 5 0 0 0 0

5 , 00000 2 , 5 0 0 0 0
0 . 0 0 0 0 0 2 , 6 0 0 0 0

- 1 0 , 0 0 0 0 0 2 , 6 0 0 0 0
N CORN DENSITY !
3 21 - 0 , 0 9 0 0 0  0

CO-ORDS OF CORNERS
X Z

- 1 0 , 0 0 0 0 0 2 , 6 0 0 0 0
0 , 0 0 0 0 0 2 . 6 0 0 0 0
5 . 0 0 0 0 0 2 , 5 0 0 0 0

10 , 00000 2 , 5 0 0 0 0
1 5 , 0 0 0 0 0 2 . 2 0 0 0 0
2 0 , 0 0 0 0 0 2 , 0 0 0 0 0
25 . 00000 1 , 9 0 0 0 0
3 0 , 0 0 0 0 0 1 , 7 0 0 0 0
40 , 00000 1 , 8 5 0 0 0
5 0 , 0 0 0 0 0 1 , 8 5 0 0 0
50 , 0 0 0 0 0 4 , 3 0 0 0 0
40 , 0 0 0 0 0 4 , 3 0 0 0 0
3 5 , 0 0 0 0 0 4 , 2 6 0 0 0

SUSC REM DEC 
0 , 0 0 0 0 0

REM INC 
0 , 0 0 0 0 0

SUSC REM DEC 
0 , 0 0 0 0 0

REM INC 
0 , 00000

REM I NT 
0 , 0 0 0 0 0

REM I NT 
0 , 0 0 0 0 0

REM I NT 
0 , 0 0 0 0 0



2 4 7

3 0 , 0 0 0 0 0 4 , 2 3 0 0 0
2 5 , 0 0 0 0 0 4 , 2 0 0 0 0
20 , 0 0 0 0 0 4,  15000
1 5 , 0 0 0 0 0 4,  10000
1 0 , 0 0 0 0 0 4 , 1 0 0 0 0
5 , 0 0 0 0 0 4,  10000
0 , 0 0 0 0 0 4 , 2 0 0 0 0

- 1 0 , 0 0 0 0 0 4 , 2 0 0 0 0
N CORN DENSITY
4 20 0 , 0 2 0 0 0  0

CO-ORDS OF CORNERS
X 2

- 1 0 , 0 0 0 0 0 0 , 9 6 0 0 0
0 , 0 0 0 0 0 0 , 9 6 0 0 0
3 . 0 0 0 0 0 0 , 9 6 0 0 0
6 , 0 0 0 0 0 0 , 6 0 0 0 0

1 4 , 0 0 0 0 0 0 , 6 0 0 0 0
1 8 , 0 0 0 0 0 0 , 2 0 0 0 0
2 0 , 0 0 0 0 0 0,  10000
2 2 , 0 0 0 0 0 0 . 0 0 0 0 0
2 5 , 0 0 0 0 0 0 , 0 0 0 0 0
1 8 , 0 0 0 0 0 0 , 4 0 0 0 0
1 6 , 0 0 0 0 0 0 , 5 0 0 0 0
27 , 0 0 0 0 0 0 , 70000
3 2 , 0 0 0 0 0 1 , 3 0 0 0 0
1 7 , 0 0 0 0 0 1 , 4 0 00 0
1 4 , 0 0 0 0 0 1 , 4 0 0 0 0
1 0 , 3 0 0 0 0 1 , 1 0 0 0 0

9 , 0 0 0 0 0 1, 10000
6 , 00000 1 , 1 0 0 0 0
0 , 00000 1 , 1 0 0 0 0

- 1 0 , 0 0 0 0 0 1, 10000
N CORN DENSITY :
5 22 - 0 , 0 1 0 0 0  0

CO-ORDS OF CORNERS
X z

- 1 0 . 00000 4 , 2 0 0 0 0
0 , 0 0 0 0 0 4 , 2 0 0 0 0
5 , 0 0 0 0 0 4,  10000

1 0 , 0 0 0 0 0 4,  10000
1 5 , 0 0 0 0 0 4,  10000
20 , 0 0 0 0 0 4.  15000
2 5 , 0 0 0 0 0 4 , 2 0 0 0 0
30 , 0 0 0 0 0 4 , 2 3 0 0 0
3 5 , 0 0 0 0 0 4 . 2 6 0 0 0
4 0 , 0 0 0 0 0 4 , 3 0 0 0 0
5 0 , 0 0 0 0 0 4 , 3 0 0 0 0
50 , 0 0 0 0 0 8 , 2 0 0 0 0
40 . 0 0 0 0 0 8 . 2 0 0 0 0
3 5 , 0 0 0 0 0 8 , 2 0 0 0 0
30 , 0 0 0 0 0 8 , 2 0 0 0 0
25 , 0 0 0 0 0 8 , 2 0 0 0 0
20 , 0 0 0 0 0 8 , 2 0 0 0 0
1 5 , 0 0 0 0 0 8 , 2 0 0 0 0
10 , 0 0 0 0 0 8 . 2 0 0 0 0

5 , 0 0 0 0 0 8 , 2 0 0 0 0
0 , 00000 8 . 2 0 0 0 0

- 1 0 , 0 0 0 0 0 8 , 2 0 0 0 0

SUSC REM DEC 
0 , 0 0 0 0 0

REM INC 
0 , 0 0 0 0 0

SUSC REM DEC 
0 , 0 0 0 0 0

REM INC 
0 , 0 0 0 0 0

SUSC REM DEC REM INC

REM I NT 
0 , 0 0 0 0 0

REM I NT 
0 , 0 0 0 0 0

REM I NT



2 4 8

6 15 0 , 0 6 0 0 0  0 , 0 0 0 0 0
CO-ORDS OF CORNERS

x Z
- 1 0 , 0 0 0 0 0 8 , 2 0 0 0 0

0 , 00000 8 , 2 0 0 0 0
5 , 0 0 0 0 0 8 , 2 0 0 0 0

1 0 , 0 0 0 0 0 8 , 2 0 0 0 0
1 5 , 0 0 0 0 0 8 , 2 0 0 0 0
2 0 , 0 0 0 0 0 8 , 2 0 0 0 0
2 5 , 0 0 0 0 0 8 , 2 0 0 0 0
3 0 . 0 0 0 0 0 8 , 2 0 0 0 0
3 5 , 0 0 0 0 0 8 , 2 0 0 0 0
4 0 , 0 0 0 0 0 8 , 2 0 0 0 0
50 , 0 0 0 0 0 8 , 2 0 0 0 0
5 0 , 0 0 0 0 0 1 5 . 0 0 0 0 0
4 0 , 0 0 0 0 0 1 5 , 0 0 0 0 0

0 , 0 0 0 0 0 1 5 , 0 0 0 0 0
- 1 0 , 0 0 0 0 0 1 5 , 0 0 0 0 0
TOTAL ANOMALIES
STNI PRO POS GRA ANOM(OBS)

1 0 . 0 1 0 0 5 9 , 5 0 0 2 4
2 1 . 0 0003 9 , 8 2 3 6 6
3 2 . 0 0 0 0 2 10 , 04731
4 3 . 0 0 0 0 3 1 0 , 6 70 9 7
5 4 , 0 0 0 0 3 1 1 , 09463
6 5 , 0 0 0 0 1 12,  1 1828
7 6 , 0 0 0 0 3 1 2 , 9 4 1 9 4
8 7 , 0 0 0 0 1 1 3 , 5 6 5 5 9
9 8 , 0 0 0 0 0 1 3 , 9 8 9 2 5

10 9 , 0 0 0 0 0 14 , 212 91
1 1 9 , 9 9 9 9 9 1 4 , 4 8 6 5 6
12 1 0 . 9 9 9 9 9 1 4 , 7 6 0 2 2
13 1 2 , 0 0 0 0 1 1 5 , 0 3 3 8 8
14 1 2 , 9 9 9 9 9 1 5 , 3 0 7 5 3
15 1 4 , 0 0 0 0 1 1 6 , 1 3 1 1 8
16 1 5 , 0 0 0 0 1 1 6 , 7 5 4 8 4
17 1 6 , 0 0 0 0 0 1 7 , 3 7 8 4 9
18 1 7 . 0 0 0 0 0 1 8 , 0 0 2 1 5
19 1 8 , 0 0 0 0 0 1 8 , 5 2 5 8 2
20 1 8 , 9 9 9 9 8 1 8 , 9 4 9 4 6
21 1 9 . 9 9 9 9 8 18 , 97311
22 2 0 , 9 9 9 9 8 1 8 , 5 9 6 7 9
23 2 1 , 9 9 9 9 7 1 8 , 0 2 0 4 3
24 2 2 . 9 9 9 9 7 1 7 , 5 4 4 0 8
25 2 3 , 9 9 9 9 7 17,  16776
26 2 4 . 9 9 9 9 7 1 6 . 8 91 4 0
27 2 5 , 9 9 9 9 7 1 6 , 1 1 5 0 5
28 2 6 , 9 9 9 9 8 1 5 , 4 3 8 7 2
29 2 7 . 9 9 9 9 7 15 , 06238
30 2 8 , 9 9 9 9 8 1 4 , 3 8 6 0 3
31 2 9 , 9 9 9 9 8 13 , 7 0 9 6 9
32 3 0 . 9 9 9 9 7 1 2 , 7 3 3 3 4
33 3 1 . 9 9 9 9 8 1 1 , 75700
34 3 2 , 9 9 9 9 7 1 1 , 58 0 66
35 3 3 , 9 9 9 9 5 1 1 , 40431
36 3 4 , 9 9 9 9 7 1 1 , 22797
37 3 5 , 9 9 9 9 5 1 1 , 0 5163
38 3 6 , 9 9 9 9 5 1 0 . 8 7 5 2 8

39 3 7 , 9 9 9 9 7 10 , 39894

0 , 0 0 0 0 0  0 , 0 0 0 0 0

GRA ANOM(CALC) 
9 , 9 7 4 0 3  

1 0 , 1 7 5 3 2  
1 0 , 4 3 1 5 8  
1 0 , 8 2 3 3 9  
1 1 , 4 6 1 2 5  
1 2 , 2 3 3 3 6  
1 2 , 9 4 1 2 0  
1 3 , 3 2 7 9 1  
1 3 , 5 7 0 0 4  
1 3 , 8 0 1 8 4  
1 4 , 0 9 7 1 5  
1 4 , 5 3 1 8 5  
1 5 , 0 6 6 8 0  
1 5 , 6 2 0 6 5  
1 6 , 2 0 0 0 6  
1 6 , 9 3 3 3 6  
1 7 , 6 3 3 9 1  
1 8 , 0 9 2 9 1  
1 8 , 4 0 8 8 1  
1 8 . 4 0 9 8 4  
1 8 , 3 0 9 9 2  
18.  17 107 
1 8 , 0 1 0 1 6  
1 7 , 4 4 8 3 2  
1 6 , 8 5 3 7 9  
1 6 , 2 2 1 2 4  
1 5 , 9 7 0 0 1  
1 5 , 5 8 6 5 3  
1 4 , 9 4 3 2 8  
1 4 , 2 0 3 6 4  
1 3 , 4 5 9 3 9  
1 2 , 7 5 7 9 5  
1 2 . 1 8 5 5 3  
1 1 , 8 0 6 0 7  
1 1 , 550  1 1 
11♦ 34503  
1 1 , 1 6 0 9 6  
1 0 , 9 8 6 4 5  
1 0 , 8 1 7 4 8

0 , 0 0 0 0 0



- 2 4 9  -

40 3 8 , 9 9 9 9 5  9 , 9 2 2 5 9
4 1 3 9 , 9 8 9 9 3  8 , 9 4 6 0  1

1 0 , 6 5 4 0 8
1 0 , 5 0 0 8 2



2 5 0

GRAVI TY L I NE 2:  BATHGATE HIGH (DEEP SOURCE)*

NO. STNS TREND
41 9 0 . 0 0 1 1 6

COORDS OF PROFILE ENDS 
EASTING 1 NORTHING 1

2 7 5 . 0 0 0 0 0  3 1 5 . 0 0 0 0 0
REGIONAL GRADN REGIONAL TREND 

- 0 . 1 7 0  8 . 0 0 0
0 . 0 0 0  0 . 0 0 0

AMBIENT F I ELD
DEC-L I NAT I ON I NCL I NAT I ON

LENGTH
3 9 . 9 9 9 9 8

EASTING 2 
6 7 3 . 0 0 0 0 0

0 . 0 0 0 0 0  
F I E L D  DATA 

STN EASTING  
1 2 7 5 . 0 1 0 0 1

0 . 00 0 00

NORTH ING 
6 7 3 . 0 0 0 0 0  

ERROR 
0 . 20 0  
0 . 000

INTENSITY  
0 . 0 0 0 0 0

NORTH ING 
6 7 3 . 0 1 0 0 1

PRO POSI T BOUG GRAV

2 2 7 6 . 0 0 0 0 0  6 7 3 . 0 0 0 0 0
3 2 7 7 . 0 0 0 0 0  6 7 3 , 0 0 0 0 0
4 2 7 8 . 0 0 0 0 0  6 7 3 , 0 0 0 0 0
5 2 7 9 , 0 0 0 0 0  6 7 3 , 0 0 0 0 0
6 2 8 0 , 0 0 0 0 0  6 7 3 . 0 0 0 0 0
7 2 8 1 . 0 0 0 0 0  6 7 3 , 0 0 0 0 0
8 2 8 2 , 0 0 0 0 0  6 7 3 , 0 0 0 0 0
9 2 8 3 . 0 0 0 0 0  6 7 3 , 0 0 0 0 0

10 2 8 4 . 0 0 0 0 0  6 7 3 . 0 0 0 0 0
11 2 8 5 , 0 0 0 0 0  6 7 3 , 0 0 0 0 0
12 2 8 6 . 0 0 0 0 0  6 7 3 , 0 0 0 0 0
13 2 8 7 , 0 0 0 0 0  6 7 3 . 0 0 0 0 0
14 2 8 8 , 0 0 0 0 0  6 7 3 , 0 0 0 0 0
15 2 8 9 , 0 0 0 0 0  6 7 3 . 0 0 0 0 0
16 2 9 0 , 0 0 0 0 0  6 7 3 , 0 0 0 0 0
17 2 9 1 , 0 0 0 0 0  6 7 3 ♦ 0 0 0 0 0
18 2 9 2 , 0 0 0 0 0  6 7 3 , 0 0 0 0 0
19 2 9 3 , 0 0 0 0 0  6 7 3 , 0 0 0 0 0
20 2 9 4 . 0 0 0 0 0  6 7 3 . 0 0 0 0 0
21 2 9 5 , 0 0 0 0 0  6 7 3 , 0 0 0 0 0
22 2 9 6 . 0 0 0 0 0  6 7 3 . 0 0 0 0 0
23 2 9 7 , 0 0 0 0 0  6 7 3 . 0 0 0 0 0
24 2 9 8 , 0 0 0 0 0  6 7 3 . 0 0 0 0 0
25 2 9 9 , 0 0 0 0 0  6 7 3 . 0 0 0 0 0
26 3 0 0 . 0 0 0 0 0  6 7 3 . 0 0 0 0 0
27 3 0 1 , 0 0 0 0 0  6 7 3 , 0 0 0 0 0
28 3 0 2 , 0 0 0 0 0  6 7 3 . 0 0 0 0 0
29 3 0 3 . 0 0 0 0 0  6 7 3 . 0 0 0 0 0
30 3 0 4 , 0 0 0 0 0  6 7 3 . 0 0 0 0 0
31 3 0 5 , 0 0 0 0 0  6 7 3 , 0 0 0 0 0
32 3 0 6 , 0 0 0 0 0  6 7 3 . 0 0 0 0 0
33 3 0 7 , 0 0 0 0 0  6 7 3 , 0 0 0 0 0
34 3 0 8 . 0 0 0 0 0  6 7 3 . 0 0 0 0 0
35 3 0 9 , 0 0 0 0 0  6 7 3 , 0 0 0 0 0
36 3 1 0 , 0 0 0 0 0  6 7 3 , 0 0 0 0 0
37 3 1 1 , 0 0 0 0 0  6 7 3 . 0 0 0 0 0
38 3 1 2 . 0 0 0 0 0  6 7 3 . 0 0 0 0 0
39 3 1 3 , 0 0 0 0 0  6 7 3 . 0 0 0 0 0
40 3 1 4 , 0 0 0 0 0  6 7 3 , 0 0 0 0 0
41 3 1 4 , 9 8 9 9 9  6 7 2 , 9 8 9 9 9  

MODEL DATA
NO, BODIES = 7

0 , 0 1 0 0 5  
1 , 0 0 0 0 3  
2 , 0 0 0 0 2
3 . 0 0 0 0 3
4 . 0 0 0 0 3  
5 , 0000  1 
6 ,  00 0 03
7 . 0 0 0 0  1 
8 , 0 0 0 0 0
9 . 0 0 0 0 0  
9 , 9 9 9 9 9

1 0 . 9 9 9 9 9  
1 2 , 0 00 0 1
1 2 . 9 9 9 9 9
1 4 . 0 0 0 0  1
1 5 . 0 0 0 0  1
1 6 . 0 0 0 0 0
1 7 . 0 0 0 0 0
1 8 . 0 0 0 0 0
1 8 . 9 9 9 9 8
1 9 . 9 9 9 9 8
2 0 . 9 9 9 9 8
2 1 . 9 9 9 9 7
2 2 . 9 9 9 9 7
2 3 . 9 9 9 9 7
2 4 . 9 9 9 9 7
2 5 . 9 9 9 9 7
2 6 . 9 9 9 9 8
2 7 . 9 9 9 9 7
2 8 . 9 9 9 9 8
2 9 . 9 9 9 9 8
3 0 . 9 9 9 9 7
3 1 . 9 9 9 9 8
3 2 . 9 9 9 9 7
3 3 . 9 9 9 9 5
3 4 . 9 9 9 9 7
3 5 . 9 9 9 9 5
3 6 . 9 9 9 9 5
3 7 . 9 9 9 9 7
3 8 . 9 9 9 9 5  
3 9 , 9 8 9 9 3

9 . 5 0 0 0 0  
9 , 8 0 0 0 0

1 0 , 0 0 0 0 0  
1 0 , 6 0 0 0 0  
1 1 , 0 0 0 0 0  
1 2 , 0 0 0 0 0  
1 2 , 8 0 0 0 0  
1 3 , 4 0 0 0 0  
1 3 , 8 0 0 0 0
1 4 . 0 0 0 0 0  
1 4 , 2 5 0 0 0  
14 , 50 0 00  
1 4 . 7 5 0 0 0
1 5 . 0 0 0 0 0
1 5 . 8 0 0 0 0
1 6 . 3 9 9 9 9
1 7 . 0 0 0 0 0  
1 7 , 6 0 0 0  1 
18,  1 000 1
1 8 . 5 0 0 0 0
1 8 . 5 0 0 0 0  
1 8,  1000 1
1 7 . 5 0 0 0 0
1 7 . 0 0 0 0 0  
16 , 6000 1  
1 6 , 3 0 0 0 0
1 5 . 5 0 0 0 0
1 4 . 8 0 0 0 0
1 4 . 4 0 0 0 0  
1 3 , 7 0 0 0 0
1 3 . 0 0 0 0 0
1 2 . 0 0 0 0 0  
1 1 , 0 0 0 0 0
1 0 . 8 0 0 0 0  
1 0 , 6 0 0 0 0  
1 0 , 40000  
10 , 20 0 00  
1 0 , 0 0 0 0 0

9 . 5 0 0 0 0
9 . 0 0 0 0 0
8 . 0 0 0 0 0

TOTAL
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

MAG 
, 0 0 0  
, 0 0 0  
. 0 0 0  
, 0 0 0  
, 0 0 0  
, 0 0 0  
, 000  
, 000  
, 0 0 0  
, 0 0 0  
, 0 0 0  
, 0 0 0  
, 0 0 0  
, 000  
, 0 0 0  
, 0 0 0  
. 0 0 0  
, 00 0  
, 0 0 0  
, 00 0  
, 000  
, 0 0 0  
, 0 0 0  
, 00 0  
, 0 0 0  
, 0 0 0  
, 00 0  
, 00 0  
, 0 0 0  
, 00 0  
, 00 0  
. 0 0 0  
, 0 0 0  
, 0 0 0  
, 000  
, 00 0  
, 0 0 0  
, 00 0  
, 0 0 0  
, 0 0 0  
, 0 0 0



2 5 1

N CORN DENSITY SUSC
1 1 0 -  0 * 1 6 0  0 0 0 , 0 0 0 0 0

CO-ORDS OF CORNERS 
X 2

REM DEC 
0 , 0 0 0 0 0

REM INC 
0 , 0 0 0 0 0

- 1 0 , 0 0 0 0 0 0 , 0 0 0 0 0
0 , 0 0 0 0 0 0 , 0 0 0 0 0

2 2 , 0 0 0 0 0 0 , 0 0 0 0 0
20 , 0 0 0 0 0 0 , 2 0 0 00
1 7 , 0 0 0 0 0 0 , 4 0 0 0 0
1 4 , 0 0 0 0 0 0 . 6 0 0 0 0

9 , 0 0 0 0 0 0 , 6 0 0 0 0
5 , 0 0 0 0 0 0 , 7 6 0 0 0
0 , 00000 0 , 7 6 0 00

- 1 0 , 00000 0 , 7 6 0 0 0
N CORN DENSITY
2 22 - 0 , 16000 0

CO-ORDS OF CORNERS
X Z

- 1 0 , 0 0 0 0 0 1 , 10000
0 , 00000 1 , 10000
9 , 0 0 0 0 0 1 , 10000

1 0 , 3 0 0 0 0 1 , 0 0 0 0 0
9 , 0 0 0 0 0 0 , 9 6 0 0 0

1 4 , 0 0 0 0 0 0 , 96 000
1 7 . 0 0 0 0 0 0 , 7 0 0 0 0
20 , 0 0 0 0 0 0 , 5 0 0 0 0
2 2 ,  00000 0 , 2 0 0 0 0
2 5 , 0 0 0 0 0 0 , 0 0 0 0 0
40 . 0 0 0 0 0 0 , 0 0 0 0 0
50 , 0 0 0 0 0 0 , 0 0 0 0 0
50 , 0 0 0 0 0 1 , 8 5 0 0 0
40 , 0 0 0 0 0 1 , 8 5 0 0 0
30 , 00000 1 , 70 0 0 0
25 , 0 0 0 0 0 1 , 90 0 0 0
20 , 0 0 0 0 0 2 , 0 0 0 0 0
1 5 , 0 0 0 0 0 2 , 2 0 0 0 0
1 0 , 0 0 0 0 0 2 . 5 0 0 0 0

5 , 0 0 0 0 0 2 , 5 0 0 0 0
0 , 0 0 0 0 0 2 , 6 0 0 0 0

- 1 0 , 0 0 0 0 0 2 , 60 0 00
N CORN DENSITY !
3 21 - 0 , 0 9 0 0 0  0

CO-ORDS OF
\y

CORNERS
2X

- 1 0 , 0 0 0 0 0 2 . 6 0 0 0 0
0 , 00000 2 , 60 0 00
5 , 0 0 0 0 0 2 , 5 0 0 0 0

1 0 , 0 0 0 0 0 2 , 5 0 0 0 0
1 5 , 0 0 0 0 0 2 , 2 0 0 0 0
20 , 0 0 0 0 0 2 , 0 0 0 0 0
2 5 , 0 0 0 0 0 1 , 9 0000
3 0 , 0 0 0 0 0 1 , 70 0 0 0
40 , 0 0 0 0 0 1 , 85 0 00
5 0 , 0 0 0 0 0 1 , 85 0 0 0
5 0 , 0 0 0 0 0 4 , 3 0 0 0 0
40 , 0 0 0 0 0 4 , 3 0 0 0 0
35 , 0 0 0 0 0 4 , 2 6 0 0 0
3 0 , 0 0 0 0 0 4 , 2 3 0 0 0
2 5 , 0 0 0 0 0 4 , 2 0 0 0 0

SUSC REM DEC 
0 , 0 0 0 0 0

REM INC 
0 , 0 0 0 0 0

SUSC REM DEC 
0 , 00000

REM INC 
0 , 0 0 0 0 0

REM I NT 
0 , 0 0 0 0 0

REM I NT 
0 , 0 0 0 0 0

REM I NT 
0 , 0 0 0 00



- 2 5 2

2 0 ,0 0 0 0 0 4 , 1 5 0 0 0
1 5 , 0 0 0 0 0 4 ,  1 0 0 0 0
1 0 ,0 0 0 0 0 4 ,  1 0 0 0 0

5 , 0 0 0 0 0 4 ,  1 0 0 0 0
0 , 0 0 0 0 0 4 , 2 0 0 0 0

1 o O o o o 4 , 2 0 0 0 0
N CORN D E N S IT Y  :
4 18 0 , 02000  0

C O -O R D S  OF
v

CORNERS

- 1 0 . 0 0 0 0 0
z .

0 , 7 6 0 0 0
0 .0 0 0 0 0 0 , 7 6 0 0 0
5 , 0 0 0 0 0 0 , 7 6 0 0 0
9 , 0 0 0 0 0 0 , 6 0 0 0 0

1 4 , 0 0 0 0 0 0 , 6 0 0 0 0
1 7 , 0 0 0 0 0 0 , 4 0 0 0 0
2 0 .0 0 0 0 0 0 ,2 0 0 0 0
2 2 .0 0 0 0 0 0 ,0 0 0 0 0
2 5 . 0 0 0 0 0 0 .0 0 0 0 0
2 2 ,0 0 0 0 0 0 ,2 0 0 0 0
20  . 0 0 0 0 0 0 , 5 0 0 0 0
1 7 . 0 0 0 0 0 0 , 7 0 0 0 0
1 4 . 0 0 0 0 0 0 . 9 6 0 0 0

9 ,  0 0 0 0 0 0 , 9 6 0 0 0
1 0 , 3 0 0 0 0 1 , 0 0 0 0 0

9 , 0 0 0 0 0 1 , 1 0 0 0 0
0 .0 0 0 0 0 1 , 1 0 0 0 0

- 1 0 , 0 0 0 0 0 1 , 1 0 0 0 0

;i IRC: REM DEC 
0 , 0 0 0 0 0

REM I NC
0 i 00 00 0

N CORN D E N S IT Y  SUSC  
5 22 - 0 , 0 1 0 0 0  0 . 0 0 0 0 0  

C O -O R D S OF CORNERS 
X z

REM DEC 
0 , 0 0 0 0 0

REM IN C  
0 . 0 0 0 0 0

-  10 . 0 0 0 0 0 4 . 2 0 0 0 0
0 , 0 0 0 0 0 4 , 2 0 0 0 0
5 .0 0 0 0 0 4 ,  1 0 0 0 0

1 0 .0 0 0 0 0 4 , 1 0 0 0 0
1 5 . 0 0 0 0 0 4 , 1 0 0 0 0
2 0 .0 0 0 0 0 4 .  1 5 0 0 0
2 5 . 0 0 0 0 0 4 . 2 0 0 0 0
3 0 , 0 0 0 0 0 4 , 2 3 0 0 0
3 5 .0 0 0 0 0 4 . 2 6 0 0 0
4 0 , 0 0 0 0 0 4 , 3 0 0 0 0
5 0 . 0 0 0 0 0 4 , 3 0 0 0 0
5 0 . 0 0 0 0 0 8 ,2 0 0 0 0
4 0 . 0 0 0 0 0 8 ,2 0 0 0 0
3 5 .0 0 0 0 0 8 , 2 0 0 0 0
3 0 , 0  0 0 0 0 8 .2 0 0 0 0
2 5 , 0 0 0 0 0 8 , 2 0 0 0 0
20  . 0 0 0 0 0 8 ,2 0 0 0 0
1 5 . 0 0 0 0 0 8 ,2 0 0 0 0
1 0 ,0 0 0 0 0 8 ,2 0 0 0 0

5 , 0 0 0 0 0 8 ,2 0 0 0 0
0 .0 0 0 0 0 8 ,2 0 0 0 0

-  1 0 . 0 0 0 0 0 8 ,2 0 0 0 0
N CORN D E N S IT Y  SUSC
S 2 2  0 . 0 6 0 0 0  0 . 0 0 0 0 0

C O -O R D S OF CORNERS 
X z

- 1 0 . 0 0 0 0 0  8 , 2 0 0 0 0

REM DEC 
0 , 0 0 0 0 0

REM IN C  
0 , 0 0 0 0 0

REM I NT 
0 , 0 0 0 0 0

REM 1 NT 
0 . 00000

REM I NT 
0 . 00000



-  2 5 3

0 * 0 0 0 0 0  
5 * 0 0 0 0 0  

1 0 , 0 0 0 0 0  
1 5 * 0 0 0 0 0  
2 0 , 0 0 0 0 0
2 5 . 0 0 0 0 0  
30 , 0 0 0 0 0
3 5 . 0 0 0 0 0  
40 , 0 0 0 0 0
5 0 . 0 0 0 0 0  
50 , 0 0 0 0 0
4 0 . 0 0 0 0 0  
35 , 0 0 0 0 0
2 2 . 5 0 0 0 0  
2 1 , 5 0 0 0 0
1 8 . 5 0 0 0 0
1 7 . 5 0 0 0 0
1 0 . 0 0 0 0 0  

5 , 0 0 0 0 0  
0 , 0 0 0 0 0

- 1 0 , 0 0 0 0 0  
N CORN DENSITY  
7 4 0 , 5 5 0  00

CO-ORDS OF CORNERS 
X

1 8 . 5 0 0 0 0
2 1 . 5 0 0 0 0
2 2 . 5 0 0 0 0  
17 , 5 0 0 0 0

8 , 2 0 0 0 0
8 , 2 0 0 0 0
8 , 2 0 0 0 0
8 , 2 0 0 0 0
8 , 2 0 0 0 0
8 , 2 0 0 0 0
8 , 2 0 0 0 0
8 , 2 0 0 0 0
8 , 2 0 0 0 0
8 , 2 0 0 0 0

1 5 . 0 0 0 0 0
1 5 . 0 0 0 0 0
1 5 . 0 0 0 0 0
1 5 . 0 0 0 0 0
1 0 . 0 0 0 0 0
1 0 , 0 0 0 0 0
1 5 . 0 0 0 0 0
1 5 . 0 0 0 0 0
1 5 . 0 0 0 0 0
1 5 . 0 0 0 0 0
1 5 . 0 0 0 0 0

SUSC 
0 , 0 0 0 0 0

1 0 . 0 0 0 0 0
1 0 , 0 0 0 0 0
1 5 . 0 0 0 0 0
1 5 . 0 0 0 0 0

TOTAL ANOMALIES
STNI PRO POS GRA ANOM(OBS)

1 0 , 0  1005 9 , 50024
o
i- 1 , 0 0 0 0 3 9 , 8 2 3 6 6
3 2 , 0 0 0 0 2 10 , 04731
4 3 , 0 0 0 0 3 1 0 , 6 7 0 9 7
5 4 , 0 0 0 0 3 1 1 , 09463
6 5 , 0 0 0 0 1 1 2 , 1 1 8 2 8
7 6 , 0 0 0 0 3 1 2 , 9 41 9 4
8 7 . 0 0 0 0  1 1 3 , 5 6 5 5 9
9 8 , 0 0 0 0 0 1 3 , 9 8 9 2 5

1 0 9 , 0 0 0 0 0 1 4 , 21291
1 1 9 , 9 9 9 9 9 1 4 , 4 8 6 5 6
12 1 0 , 9 9 9 9 9 1 4 , 7 6 0 2 2
13 1 2 , 0 0 0 0  1 1 5 , 0 3 3 8 8
14 1 2 , 9 9 9 9 9 1 5 . 3 0 7 5 3
15 1 4 . 0 0 0 0  1 1 6 , 1 3 1 1 8
16 1 5 . 0 0 0 0  1 1 6 . 7 5 4 8 4
17 1 6 . 0 0 0 0 0 1 7 , 3 7 8 4 9
18 1 7 . 0 0 0 0 0 1 8 , 0 0 2 1 5
19 1 8 , 0 0 0 0 0 1 8 . 5 2 5 8 2
20 1 8 . 9 9 9 9 8 1 8 , 9 4 9 4 6
21 1 9 , 9 9 9 9 8 18 , 9731  1
22 2 0 . 9 9 9 9 8 1 8 , 5 9 6 7 9
23 2 1 , 9 9 9 9 7 1 8 , 0 2 0 4 3
24 2 2 , 9 9 9 9 7 17 , 54 4 0 8
25 2 3 , 9 9 9 9 7 17 , 16776
26 2 4 , 9 9 9 9 7 1 6 , 8 9 1 4 0

27 2 5 , 9 9 9 9 7 1 6 , 1 1 5 0 5
28 2 6 , 9 9 9 9 8 1 5 , 4 3 8 7 2

REM DEC 
0 , 0 0 0 0 0

REM INC 
0 , 000 00

GRA ANOM(CALC) 
9 , 6 9 3 5 3  

1 0 , 0 63 4 1  
1 0 , 4 6 5 3 9  
1 0 , 8 9 4 6 5  
1 1 , 3 5 5 5 8  
1 1 , 8 7 8 5 4  
1 2 , 5 1 2 4 8  
1 3 , 2 0 2 3 5  
1 3 , 8 9 0 3 3  
1 4 , 4 7 7 1 9  
1 4 , 8 6 5 6 0  
1 5 , 3 0 8 2 4  
1 5 , 8 7 4 4 0  
1 6 , 4 7 6 5 0  
1 7 , 0 6 3 7 4  
1 7 , 6 4 2 4 0  
18,  14827  
1 8 , 5 7 5 0 3  
1 8 , 9 3 8 7 4  
1 9 , 1 9 1 2 4  
1 9 , 2 5 4 1 8  
1 9 . 0 6 6 6 8  
1 8 . 7 1 0 0 5  
1 7 , 8 5 2 8  1 
1 6 , 9 6 4 0 8  
1 6 , 0 0 0 4 6  
1 5 , 4 9 6 5 9  
1 4 , 9 8 3 6 8

REM I NT 
0 , 00000



29
30
3 1
32
33
34
35
36
37
38
39
40
41

-  2 5 4

2 7 , 9 9 9 9 7 15,
28 , 9 9 9 9 8 14 ,
2 9 , 9 9 9 9 8 13,
3 0 , 9 9 9 9 7 12,
3 1 , 9 9 9 9 8 1 1 ,
3 2 , 9 9 9 9 7 1 1 ,
33 , 99995 1 1 ,
3 4 , 9 9 9 9 7 1 1 ,
3 5 , 9 9 9 9 5 1 1 ,
3 6 , 9 9 9 9 5 10 ,
3 7 . 9 9 9 9 7 10,
3 8 , 9 9 9 9 5 9,
3 9 , 9 8 9 9 3 8,

1 4 »4 6 42 4  
1 3 , 9 4 3 1 4  
1 3 , 4 1 8 3 2  
1 2 , 8 8 8 2 6  
1 2 , 3 6 1 8 8  
1 1 , 8 4 9 6 4  
1 1 , 35641  
1 0 , 8 8 4 2 2  
1 0 , 4 3 3 5 3  
1 0 , 0 0 4 0 7  

9 , 5 9 6 1  1 
9 , 2 1  102 
8 , 8 5 5 1 6

06238
38603
709 6 9
73334
75700
58066
40431
22797
05163
87528
39894
92259
94601



25-5

GRAVI TY L I NE 3:  KINCARDINE BASI N,

NO,  STNS TREND
36 9 0 , 0 0 1 1 6

COORDS OF PROFILE ENDS 
EASTING 1 NORTHING 1

2 7 5 , 0 0 0 0 0  3 1 0 , 0 0 0 0 0
REGIONAL GRADN REGIONAL TREND 

- 0 , 1 7 0  8 , 0 0 0
0 , 0 0 0  0 , 0 0 0

AMBIENT F IELD
DECLINATION I NCLI NATI ON

0 , 0 0 0 0 0  0 , 0 0 0 0 0
F I E L D  DATA

STN EAST ING NORTH ING
1 2 7 5 , 0 1 0 0 1  6 9 4 , 9 8 9 9 9
2 2 7 6 , 0 0 0 0 0  6 9 5 , 0 0 0 0 0
3 2 7 7 , 0 0 0 0 0  6 9 5 , 0 0 0 0 0
4 2 7 8 , 0 0 0 0 0  6 9 5 , 0 0 0 0 0
5 2 7 9 , 0 0 0 0 0  6 9 5 , 0 0 0 0 0
6 2 8 0 , 0 0 0 0 0  6 9 5 , 0 0 0 0 0
7 281 , 00 0 0 0  6 9 5 , 0 0 0 0 0
8 2 8 2 . 0 0 0 0 0  6 9 5 , 0 0 0 0 0
9 2 8 3 , 0 0 0 0 0  6 9 5 , 0 0 0 0 0

10 2 8 4 , 0 0 0 0 0  6 9 5 , 0 0 0 0 0
11 2 8 5 , 0 0 0 0 0  6 9 5 , 0 0 0 0 0
12 2 8 6 , 0 0 0 0 0  6 9 5 , 0 0 0 0 0
13 2 8 7 , 0 0 0 0 0  6 9 5 , 0 0 0 0 0
14 2 8 8 , 0 0 0 0 0  6 9 5 , 0 0 0 0 0
15 2 8 9 , 0 0 0 0 0  6 9 5 , 0 0 0 0 0
16 2 9 0 , 0 0 0 0 0  6 9 5 , 0 0 0 0 0
17 2 9 1 , 0 0 0 0 0  6 9 5 , 0 0 0 0 0
18 2 9 2 . 0 0 0 0 0  6 9 5 , 0 0 0 0 0
19 2 9 3 , 0 0 0 0 0  6 9 5 , 0 0 0 0 0
20 2 9 4 , 0 0 0 0 0  6 9 5 . 0 0 0 0 0
21 2 9 5 , 0 0 0 0 0  6 9 5 . 0 0 0 0 0
22 2 9 6 , 0 0 0 0 0  6 9 5 . 0 0 0 0 0
23 2 9 7 , 0 0 0 0 0  6 9 5 , 0 0 0 0 0
24 2 9 8 , 0 0 0 0 0  6 9 5 . 0 0 0 0 0
25 2 9 9 , 0 0 0 0 0  6 9 5 , 0 0 0 0 0
26 3 0 0 , 0 0 0 0 0  6 9 5 , 0 0 0 0 0
27 3 0 1 , 0 0 0 0 0  6 9 5 , 0 0 0 0 0
28 3 0 2 , 0 0 0 0 0  6 9 5 , 0 0 0 0 0
29 3 0 3 , 0 0 0 0 0  6 9 5 , 0 0 0 0 0
30 3 0 4 , 0 0 0 0 0  6 9 5 , 0 0 0 0 0
31 3 0 5 , 0 0 0 0 0  6 9 5 , 0 0 0 0 0
32 3 0 6 , 0 0 0 0 0  6 9 5 , 0 0 0 0 0
33 3 0 7 , 0 0 0 0 0  6 9 5 , 0 0 0 0 0
34 3 0 8 , 0 0 0 0 0  6 9 5 . 0 0 0 0 0  
3 5 3 0 9 , 0 0 0 0 0  6 9 5 , 0  00 0 0 
36 3 0 9 , 9 8 9 9 9  6 9 4 , 9 8 9 9 9

MODEL DATA 
NO, BODIES = 6

N CORN DENSITY SUSC 
1 15 - 0 , 1 6 0 0 0  0 , 0 0 0 0 0  

CO-ORDS OF CORNERS 
X Z

3 , 7 0 0 0 0  0 , 0 0 0 0 0

LENGTH
3 4 . 9 9 9 9 7

EASTING 2 
6 9 5 , 0 0 0 0 0

NORTH ING 
6 9 5 , 0 0 0  0 0 

ERROR 
0 , 2 0 0  
0 , 0 0 0

INTENSITY  
0 , 0 0 0 0 0

PRO POSI T BOUG GRAY
0 , 0 1002 
1 . 0 0 0 0 1  
2 , 0 0 0 0 1
2 . 9 9 9 9 8
3 . 9 9 9 9 8
4 . 9 9 9 9 8  
6 , 0 0 0 0 0
7 . 0 0 0 0 0
8 . 0 0 0 0 0  
9 , 0 0 0 0 0

1 0 . 0 0 0 0 1  
1 0 . 9 9 9 9 9
1 1 , 9 9 9 9 9
1 2 . 9 9 9 9 9
1 3 . 9 9 9 9 9
1 4 . 9 9 9 9 9
1 5 . 9 9 9 9 9  
1 6 , 9 9 9 9 8  
17 . 9 9 9 9 8
1 8 . 9 9 9 9 7
1 9 . 9 9 9 9 7
2 0 . 9 9 9 9 7
2 1 , 9 9 9 9 7
2 2 . 9 9 9 9 7
2 3 . 9 9 9 9 7
2 4 . 9 9 9 9 5
2 5 . 9 9 9 9 5
2 6 . 9 9 9 9 7
2 7 . 9 9 9 9 5
2 8 . 9 9 9 9 7
2 9 . 9 9 9 9 8
3 0 . 9 9 9 9 7
3 1 . 9 9 9 9 8
3 2 . 9 9 9 9 5
3 3 . 9 9 9 9 5  
3 4 . 9 8 9 9 4

REM DEC 
0 , 0 0 0 0 0

5 . 5 0 0 0 0
5 . 5 0 0 0 0  
5 , 5 0 0 0 0
5 . 5 0 0 0 0
4 . 5 0 0 0 0  
3 , 8 0 0 0 0
3 . 2 0 0 0 0  
2 . 4 0 0 0 0  
1 , 50 0 00
0 , 7 0 0 0 0  

■0 , 2 0 0 0 0  
■ 1 , 4 0 0 0 0  
■2, 50000  
3 , 3 0 0 0 0  

• 4 , 0 0 0 0 0  
• 4 , 2 5 0 0 0  
• 4 , 5 0 0 0 0
4 . 7 5 0 0 0

• 5 . 0 0 0 0 0
5 . 2 0 0 0 0  

•4 . 20000  
3 , 9 0 0 0 0  

■3, 600 0 0 
• 3 . 4 0 0 0 0  
• 3 , 2 0 0 0 0  
■3, 00000

50000  
00000  
30000  

0 , 5 0 0 0 0  
0 , 4 0 0 0 0
1 , 0 0 0 0 0
1 . 2 0 0 0 0  
1 , 50 0 00  
1 . 2 0 0 0 0  
1 , 0 0 0 0 0

REM INC 
0 , 0 0 0 0 0

- 2  
- 2 
- 1

TOTAL
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

REM I NT 
0 , 0 0 0 0 0

MAG 
, 00 0  
, 000  
, 0 0 0  
, 0 0 0  
, 000  
. 0 0 0  
, 000  
. 0 0 0  
, 0 0 0  
, 0 0 0  
, 0 0 0  
. 0 0 0  
. 0 0 0  
, 000  
, 0 0 0  
, 000  
, 0 0 0  
, 00 0  
, 000  
, 000  
, 00 0  
, 00 0  
, 000  
, 000  
, 000  
, 000  
, 000  
, 000  
, 000  
, 000  
, 00 0  
. 000  
, 000  
. 000  
, 00 0  
. 00 0



2 5 6

3 2 , 8 0 0 0 0 0 , 000 00
2 9 , 3 9 9 9 9 0 , 2 0 0 0 0
2 8 , 3 9 9 9 9 0 , 40000
2 6 , 8 0 0 0 0 0 , 6 0 0 0 0
2 5 , 7 0 0 0 0 0 , 8 0 0 0 0
21 , 6 0 0 0  1 1 , 000 00
1 6 , 3 9 9 9 9 1 , 40000
1 3 , 8 0 0 0 0 1 , 40 000
1 1 , 9 0 0 0 0 1 , 20000
1 1 , 2 0 0 0 0 1 , 00000
1 0 , 1 0 0 0 0 0 , 8 0 0 0 0

7 , 8 0 0 0 0 0 , 6 0 0 0 0
7 , 1 0 0 0 0 0 , 4 0 0 0 0
6 , 0 0 0 0 0 0 , 2 0 0 0 0

N CORN DENSITY
2 29 - 0 ,  16000 0

CO-ORDS OF CORNERS
X 2

- 1 0 , 0 0 0 0 0 0 . 2 5 0 0 0
0 , 0 0 0 0 0 0 , 2 5 0 0 0
3 , 7 0 0 0 0 0 , 2 5 0 0 0
6 , 0 0 0 0 0 0 , 4 5 0 0 0
7 , 1 0 0 0 0 0 , 6 5 0 0 0
7 , 8 0 0 0 0 0 , 80 000

10,  10000 0 , 8 0 0 0 0
1 1 . 2 0 0 0 0 1 , 00000
1 1 , 9 0 0 0 0 1 , 20000
1 3 , 8 0 0 0 0 1 , 400 00
1 6 , 3 9 9 9 9 1 , 40000
2 1 , 6 0 0 0  1 1 , 00000
2 5 , 7 0 0 0 0 0 . 8 0 0 0 0
2 6 , 8 0 0 0 0 0 , 6 0 0 0 0
2 8 , 3 9 9 9 9 0 . 4 0 0 0 0
2 9 , 3 9 9 9 9 0 , 20000
3 2 , 8 0 0 0 0 0 . 00000
35 , 0 0 0 0 0 0 , 00000
45 . 0 0 0 0 0 0 , 00000
45 , 0 0 0 0 0 1 , 50000
35 , 0 0 0 0 0 1 , 50000
3 0 , 0 0 0 0 0 1 . 60000
2 6 , 0 0 0 0 0 2 , 9 5 0 0 0
2 0 , 0 0 0 0 0 3 , 2 5 0 0 0
1 5 , 0 0 0 0 0 3 , 2 5 0 0 0
1 0 , 0 0 0 0 0 2,  10000
5 , 0 0 0 0 0 1 , 400 00
0 , 0 0 0 0 0 1 , 00000

- 1 0 . 00000 1 , 00000
N CORN DENSITY I
3 20 - 0 , 0 4 0 0 0  0

CO-ORDS OF CORNERS
X z

- 1 0 , 0 0 0 0 0 1 , 00000
0 , 0 0 0 0 0 1 , 00000
5 , 0 0 0 0 0 1 , 40000

1 0 , 0 0 0 0 0 2 , 10000
1 5 , 0 0 0 0 0 3 , 2 5 0 0 0
20 , 0 0 0 0 0 3 , 2 5 0 0 0
2 6 . 0 0 0 0 0 2 , 9 5 0 0 0
30 , 0 0 0 0 0 1 , 60000

SUSC REM DEC 
0 , 0 0 0 0 0

REM INC 
0 , 0 0 0 0 0

SUSC REM DEC 
0 , 00000

REM INC 
0 , 0 0 0 0 0

REM I NT 
0 , 0 0 0 0 0

REM I NT 
0 , 0 0 0 0 0
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3 5 , 0  00 00 1 , 5 0 0 0 0
4 5 , 0 0 0 0 0 1 , 5 0 0 0 0
4 5 , 0 0 0 0 0 4 , 4 0 0 0 0
3 5 , 0 0 0 0 0 4 , 4 0 0 0 0
30 , 0 0 0 0 0 4 , 4 0 0 0 0
2 5 , 0 0 0 0 0 4 , 4 0 0 0 0
20 , 0 0 0 0 0 4 , 6 0 0 0 0
1 5 , 0 0 0 0 0 5 , 7 0 0 0 0
1 0 . 0 0 0 0 0 5 , 6 0 0 0 0

5 . 0 0 0 0 0 5 , 5 0 0 0 0
0 , 0 0 0 0 0 5 , 4 0 0 0 0

-  1 0 , 0 0 0 0 0 5 , 4 0 0 0 0
N CORN DENSITY
4 15 - 0 , 0 1 0 0 0  0

CO-ORDS OF CORNERS
X Z

- 1 0 , 0 0 0 0 0 5 , 4 0 0 0 0
0 , 0 0 0 0 0 5 , 4 0 0 0 0
5 , 0 0 0 0 0 5 , 5 0 0 0 0

1 0 , 0 0 0 0 0 5 , 6 0 0 0 0
1 5 , 0 0 0 0 0 5 . 7 0 0 0 0
2 0 , 0 0 0 0 0 4 , 6 0 0 0 0
2 5 , 0 0 0 0 0 4 , 4 0 0 0 0
3 0 , 0 0 0 0 0 4 , 4 0 0 0 0
3 5 , 0 0 0 0 0 4 , 4 0 0 0 0
45  , 0 0 0 0 0 4 , 4 0 0 0 0
4 5 , 0 0 0 0 0 8 , 6 0 0 0 0
35  , 0 0 0 0 0 8 , 6 0 0 0 0
1 5 , 0 0 0 0 0 8 , 6 0 0 0 0

0 , 0 0 0 0 0 8 , 6 0 0 0 0
- 1 0 , 0 0 0 0 0 8 ♦ 6 0 0 0 0

N CORN DENSITY !
5 10 0 , 0 6 0 0 0  0

CO-ORDS OF CORNERS
X Z

- 1 0 , 0 0 0 0 0 8 , 6 0  0 00
0 , 0 0 0 0 0 8 , 6 0 0 0 0

1 5 , 0 0 0 0 0 8 , 6 0 0 0 0
35  , 0 0 0 0 0 8 , 6 0 0 0 0
4 5 , 0 0 0 0 0 8 ,  6 0 0 0 0
45  . 0 0 0 0 0 1 5 , 0 0 0 0 0
3 5 , 0 0 0 0 0 1 5 , 0 0 0 0 0
1 5 , 0 0 0 0 0 1 5 , 0 0 0 0 0

0 , 0 0 0 0 0 1 5 . 0 0 0 0 0
- 1 0 , 0 0 0 0 0 15 , 0 0 0 0 0

N CORN DENSITY :
6 13 0, 0 2 0 0 0  0

CO-ORDS OF CORNERS
X z

-  1 0 , 0 0 0 0 0 0 , 0 0 0 0 0
0 , 0 0 0 0 0 0 , 0 0 0 0 0
3 , 7 0 0 0 0 0 , 0 0 0 0 0
6 , 0 2 0 0 0 0 , 2 0 0 0 0
7 ,  10000 0 , 4 0 0 0 0
7 , 8 0 0 0 0 0 , 6 0 0 0 0

1 0 .  1 0 000 0 . 8 0 0 0 0
7 , 8 0 0 0 0 0 , 8 0 0 0 0
7 .  10000 0 , 6 5 0 0 0
6 , 0 2 0 0 0 0 , 4 5 0 0 0

SUSC

s u s c

s u s c

REM DEC 
0 , 0 0 0 0 0

REM INC 
0 , 0 0 0 0 0

REM DEC 
0 , 0 0 0 0 0

REM INC 
0 , 0 0 0 0 0

REM DEC 
0 , 0 0 0 0 0

REM INC 
0 , 0 0 0 0 0

REM I NT 
0 , 0 0 0 0 0

REM I NT 
0 , 0 0 0 0 0

REM I NT 
0 , 0 0 0 0 0



2 5 8  -

3 , 7 0 0 0 0 0 , 2 5 0 0 0
0 , 0 0 0 0 0 0 , 2 5 0 0 0

- 10 , 0 0 0 0 0 0 , 25 0 00
TOTAL ANOMALIES
STNI PRO POS GRA ANOM(OBS) GRA ANOM ( C,

1 0 , 0 1 0 0 2 5 , 5 0 0 2 4 5 , 4 3 7 4 2
2 1 , 0000 1 5 , 5 2 3 6 6 5 , 2 7 4 6 9
3 2 , 0 0 0 0 1 5 , 5 4 7 3 1 5 , 0 3 6 6 6
4 2 , 9 9 9 9 8 5 , 5 7 0 9 7 4 , 7 7 0 3 0
5 3 , 9 9 9 9 8 4 , 5 9 4 6 2 4 , 4 3 8 8 9
6 4 , 9 9 9 9 8 3 , 9 1 8 2 8 3 , 9 4 2 1 3
7 6 , 0 0 0 0 0 3 , 3 4 1 9 4 3 , 3 9 8 8 4
8 7 , 0 0 0 0 0 2 , 5 6 5 5 9 2 , 5 8 2 0 3
9 8 , 0 0 0 0 0 1 , 6 8 9 2 5 1 , 5 7 4 7 5

10 9 . 0 0 0 0 0 0 , 9 1 2 9 1 0 , 5 9 1 8 2
1 1 1 0 , 0 0 0 0 1 0 , 0 3 6 5 6 - 0 , 3 6 0 9 4
12 1 0 , 9 9 9 9 9 - 1 , 1 3 9 7 8 - 1 , 1 3 93 1
13 1 1 , 9 9 9 9 9 - 2 , 2 1 6 1 2 - 1 , 7 9 4 3 8
14 1 2 , 9 9 9 9 9 - 2 , 9 9 2 4 7 - 2 , 3 6 3 7 8
15 1 3 , 9 9 9 9 9 - 3 , 6 6 8 8 1 - 2 , 8 3 3 3 0
16 1 4 , 9 9 9 9 9 - 3 , 8 9 5 1 5 - 3 , 1 8 4 9 4
17 1 5 , 9 9 9 9 9 - 4 ,  12150 - 3 , 4 1 3 9 1
18 1 6 , 9 9 9 9 8 - 4 , 3 4 7 8 4 - 3 , 5 3 3 2 7
19 1 7 , 9 9 9 9 8 - 4 . 5 7 4 1 9 - 3 , 5 6 4 2 6
20 1 8 , 9 9 9 9 7 - 4 , 7 5 0 5 3 - 3 , 5 2 5 3 2
21 1 9 , 9 9 9 9 7 - 3 , 7 2 6 8 7 - 3 , 4 2 8 4 0
22 2 0 , 9 9 9 9 7 - 3 , 4 0 3 2 2 - 3 . 2 8 0 6 0
23 2 1 , 9 9 9 9 7 - 3 , 0 7 9 5 6 - 3 , 0 8 5 8 6
24 2 2 , 9 9 9 9 7 - 2 , 8 5 5 9 1 - 2 , 8 4 3 0 6
25 2 3 , 9 9 9 9 7 - 2 . 6 3 2 2 5 - 2 , 5 4 2 3 2
26 2 4 , 9 9 9 9 5 - 2 , 4 0 8 5 9 - 2 , 1 6 2 5 3
27 2 5 , 9 9 9 9 5 - 1 , 8 8 4 9 4 - 1 , 67441
28 2 6 , 9 9 9 9 7 - 1 , 3 6 1 2 8 - 1 , 0 5 9 5 8
29 2 7 , 9 9 9 9 5 - 0 , 6 3 7 6 3 - 0 , 3 3 4 5 3
30 2 8 , 9 9 9 9 7 0,  18603 0 . 4 3 7 5 6
3 1 2 9 . 9 9 9 9 8 1 , 1 0 9 6 9 1 , 1 3 5 3 3
32 3 0 . 9 9 9 9 7 1 , 7 3 3 3 4 1 , 6 3 2 0 7
33 31 , 9 9 9 9 8 1 , 9 5 7  00 1 . 9 3 2 7 3
34 3 2 , 9 9 9 9 5 2 , 2 8 0 6 6 2 . 1 0 6 5 4
35 3 3 , 9 9 9 9 5 2 , 0 0 4 3 1 2 , 1 9 8 4 2
36 3 4 , 9 8 9 9 4 1 , 8 2 7 7 3 2 , 2 2 7 8 5



APPEND 1 X 6 ,  COMPUTER PROGRAMS

The p rogram s  l i s t e d  a r e  a v a i l a b l e  f r om t he  
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Pr o g r a m WHB10

P ro g ra m  f o r  th e  i n v e r s i o n  o f  t i m e - d i s t a n c e  d a t a  t o  v e I o c i t y - d e p t h  d a t a  
u s i n g  t h e  WHB and t a u - p  i n v e r s i o n s  ( s e e  C h a p te r  4 ) .

INPUT DATA FOR PROGRAM WHB10 

CARD 1 (5  I 5 )

NPR, NCODE1 , NCODE2, NC0DE3

NPR NUMBER OF DATA SETS
NCODE1 CONTROLS THE PLOT OF VELOCI TY VS DEPTH

1 TAU-P AND WHB V E L OC I T I E S  PLOTTED AS L IN E S
2   " " AS POINTS WI TH ERROR BARS
3 WHB VEL OCI T I ES PLOTTED AS POI NTS WI TH ERROR BARS
4 TAU-P " ............................
5 " " " " B " L IN E S
6 WHB

NCODE3 CONTROLS THE PLOT OF REDUCED TI ME VS RANGE
1 DATA POI NTS PLOTTED
2 DATA AND SMOOTHED CURVES PLOTTED 

NCODE4 CONTROLS TYPE OF PLOT
0 EACH PAI R OF PLOTS ARE ON SEPERATE AXES
1 ALL PAI RS OF PLOTS USE SMAE AXES

NCODE5 CONTROLS PLOTTING OF AD I T I ONAL DATA ON V -Z  PLOTS
0 NO EXTRA DATA PLOTTED
1 ADDI TI ONAL DATA POI NTS JOI NED BY STRAIGHT L IN E S
2 “ “ " PLOTTED AS SER IES OF POI NTS
3 ” “ IN 3RD ORDER POLYNOMIAL FORM

CARD 2 (FREE FORMAT)

Z R 0 2 , Z M X 2, VMN2, VMX2, TMN2, TMX2

ZR02 MINIMUM ON DEPTH AXES WHEN NCODE4=1
ZMX2 MAXIMUM "
VMN2 MINIMUM ” VELOCI TY AXES WHEN NCODE4=1
VMX2 MAXIMUM “
TMN2 MINIMUM " REDUCED TI ME A X I S  WHEN NCODE4=1
TMX2 MAXIMUM “

CARD 3 ( 10A4)

T I TLE

T I T L E  ARBITRARY CHARACTER STRI NG (WHEN NCODE4=1 THE F I RST  T I T L E  IS
IS USED

CARD 4 (FREE FORMAT)

RVEL

RVEL REDUCTION VELOCI TY FOR REDUCED TI ME VS RANGE PLOT ( DEFAULT = 6 . 0 0 )

CARD 5 (FREE FORMAT)

M, N , Z RO, ZMX, VMN, VMX, TMN, TMX
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M NUMBER OF OBSERVED T - X  POINTS
N
ZRO

" T - X  
MI NI MUM VALUE

POI NTS DEFI NI NG  
OF DEPTH AXI S

THE SMOOTHED

ZMX MAX IMUMU " ••
VMM
VMX

MINIMUM VALUE 
MAXIMUM VALUE

” VELOCITY AXIS5 (WHEN NCODE4

TMN
TMX

MINIMUM VALUE 
MAX I MUM

ON REDUCED TIME AX I S "

CARD 6 O F  10 , 5 )

T T ( K ) , DI ST 1 ( K ) , ERROR( K ) , K - 1 , M

TT OBSERVED TRAVEL TI ME
DI ST 1 RANGE
ERROR ERROR ON TRAVEL TI ME (UNCERTAINTY = + / -  ERROR) 

CARD 7 (FREE FORMAT)

VELO( I ) , 1 = 1 , 5

VELO SURFACE VELOCITY

CARD 8 (FREE FORMAT)

T ( >J , M ) , J = 1 , 5 D I S T 2 ( M ) , M =  1 »N

T TRAVEL TI ME OF SMOOTHED DATA
DI ST2  RANGE OF T

C
C
C:
C
c
c
c
c
c
c
c
c
c

PROGRAM WHB10

PROGRAM TO INVERT T I ME - D I STANCE DATA TO VELOC-1 TY-DEPTH DATA USING  
THE WHB AND/OR TAU-P METHODS

PROGRAM WRITTEN FOR FORTRAN 77 COMPILER WITH GHOST 
GRAPH ICS ROUT IN E S ,

ORI GI NAL PROGRAM WRITTEN BY J , HALL ,
ADAPTED BY K . DAVIDSON
AND M »DENT ITH

DEPT♦OF GEOLOGY,
UNI VERSI TY OF GLASGOW,

COMMON T I T L E  ( 1 0 )
REAL LT
DIMENSION VI  N T ( 5 , 2 0  0 ) , V P T ( 5 , 2 0 0 ) , 2 ( 5 , 2 0 0 )  , T ( 5 , 2 0  0 ) , TTRED( 2 0 0 )
DI MENS I ON DI ST 1 ( 20 0 ) , Q ( 5)  , V U ( 5 » 20 0)  , U ( 5 , 2 0  0 ) , 2 2 ( 5 , 2 0  0 ) , V 0 ( 5 )
DI MENS I ON UT D( 5 , 2 0 0 ) , TALK 5 , 2 0 0 )  , P ( 5 , 2 0 0 ) , V D I F F ( 5 , 2 0 0 )  , GRAD( 5 , 2 0 0 )  
DIMENSION T T ( 20 0 ) ,  D l S T 2 ( 2 0 0 ) ,  ERROR( 2 0 0 ) ,  XI  N T ( 2 0 0 ) ,  VELO( 5 )  
DIMENSION T R E D ( 5 » 2 0 0 ) ,  U T ( 2 0 0 ) ,  L T ( 2 0 0 ) ,  GLOWA(2Q0) ,  GH! GHA( 200 )  
DIMENSION GLOWE- ( 2 0 0 )  , GLOWC( 200) ,  GHI GHB( 2 0 0 ) ,  GH I GHC( 200)
DI MENS I ON GRAF 1 ( 2 0 0 ) , GRAF2 ( 2 0 0 )  , GRAFS( 2 0 0 ) , GRAF4 ( 2 0 0 )  , GRAF5( 200  )
D I MENS I ON GRAFS ( 20 0 ) , GRAFT ( 20 0 ) , GRAF8 ( 20 0 ) , GRAF-9 ( 20 0 ) , GRAF 1 0 ( 2 0 0 )  
DIMENSION GRAF 1 1 ( 2 0 0 )  , GRAF1 2 ( 200 )  , GRAF13( 200 )  , GRAF14( 200 )
DIMENSION GRAF 1 5 ( 2 0 0 )

C



CALL PAPER ( 1)
C

CALL ! CL3HEMASK ( 6 4 , 1  RES)
ONE=1 , 0 0 0  
P ! = ATAN( ONE) *  4

C
C READ IN DATA,
C

READ ( 5 , 1 0 4 )  NPR, NCODE1 , NCODE2 , NCODE3 , NCODE4 
READ( 5 , *  ) 2 R 0 2 , ZMX2, VMN2, VMX2, TMN2, TMX2, XMN2, XMX2

C
OPEN( 1 3 , F ! L E = ' FNAME1 3 ' )
OPEN( 3 , F I L E = ' FNAME3' )

C
DO 50 K = 1 , NPR

C
C

READ ( 5 ,  106)  T I TLE  
WRI TE ( 6 , 1 0 5 )  K , T I T L E  
READ ( 5 , * )  RVEL 
IF  ( RVEL, EQ « 0 , )  RVEL=6 , 0 00
READ (5  , * ) M , N , XMN, XMX, 2 R 0 , 2M X, VMN, VMX, TMN, TMX 
READ ( 5 , 1 1 2 )  ( TT ( L ) , D I S T K L ) ,  ERROR ( L ) , L = 1 , M)
READ( 5 , * )  VELO( 1 ) , VELO( 2 ) , VELO( 3 ) , VELO( 4 ) , VELO( 5 )
DO 821 ,1=1 , N

READ ( 5 , * ) ( ( T ( KV, J ) , KV= 1 , 5 ) , D I ST2 ( , ))  )
821 CONTINUE
C
C

DO 22 L = 1 ,M
T T R E D ( L ) = T T ( L ) - ( D I S T 1 ( L ) / R V E L )
IJT ( L ) = ( TT ( L ) + ERROR ( L ) ) - ( D I ST 1 ( L ) / RVEL)
L T ( L ) = ( T T ( L ) -ERROR( L ) ) - ( D I S T 1 ( L ) / R V E L )

22 CONTINUE
r

DO 444  I J = 1 ,5
C
17 UT D( I J , 1 ) = T ( I J , 1 ) / D I S T 2 ( 1)

DO 15 ,1 = 2 , N
UTD ( I J , J ) = ( T ( I J , J ) - T ( I ,1, J - 1 ) ) /  ( D I ST2 ( J ) - D I ST2 ( «J - 1 ) ) 
I F (UTD ( I J , v1) , LT , UTD ( I J , J ~ 1 ) ) GO TO 15 

16 T(  ! J , , I ) = T (  I ,1, J ) - 0  , 00 0 1
UTD ( I J , J ) = ( T ( I J , 0 ) - T ( I ,J, 0 - 1 ) ) /  ( D I ST2 ( 0 ) - D I ST2 ( 0 - 1 ) ) 
I F ( UTD( I 0 , 0 )  , L T . UTD( I J , J - 1 ) ) GO TO 17 

GO TO 16 
15 CONTINUE
C

DO 878  I BM=1 , N
TRED( I J , I B M ) = T ( I 0,  I B M ) - ( D I S T 2 ( I BM) / RVEL)

878 CONTINUE
C:

I F ( I J , EQ, 1 )  WRITE ( 6 , 1 0 3 )
I F ( I 0 , EQ, 1 )  WRI TE( 6 , 9 8 7 )
I F ( I ,1 , NE » 1 ) WRITE ( 6 , 7 6 5 )  ( 1 0 -  1)

W R I T E ( 6 , 2 1 1 )
C
C CALCULATIONS OF VELOC IT IES  AND DEPTHS♦
C

V I N T ( I J , 1 ) = D I S T 2 ( 1 ) / T ( I J , 1 )
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V D I F F ( I J , 1 ) =V I NT < I 0 , 1 )
X i N T ( 1) = D I S T 2(  1)
I F ( VELO( ! J ) , E Q , 0) THEN 

VO( I J ) =VI  N T ( 1 0 , 1 )
ELSE

VO( ! 0 > = V E L 0 ( ! , D  
END I F

C
Q( 1 0 ) = V 0 ( 1 0 ) / V O ( I J ) * * 2

C
DO 20 0 = 2 , N

V I N T ( ! 0 , 0 )  = ( DI ST2 ( 0 ) - DI ST 2 ( 0  - 1 ) ) / ( T ( I 0 , 0 ) - T ( I 0 , 0 - 1 ) ) 
V D ! F F ( I 0 , 0 ) = V I N T ( I 0 , 0 ) - V I N T ( I 0 , 0 - 1 )
X ! N T ( 0 ) =  DI ST 2 ( 0 ) - DI ST 2 ( 0  - 1)

2 0 CONTINUE
MM=N-1
DO 30 0 = 1 , MM

V P T ( I 0 , 0 ) =  0 » 5 * ( V I N T ( I 0 , 0 ) +  V I N T ( I 0 , 0 + 1 ) )
Z ( I 0 , 0 ) = 0 , 0 
GRAD( I 0 , 0 ) = 0 , 0
I F ( V P T ( I 0 , 0 ) , L E ♦V I N T ( I 0 » 0 ) ) GO TO 43  
DO 40 1=1 , 0

X = V P T ( I 0 , 0 ) / V I  N T ( I 0,  I )
ACOSH=ALOG( X + SQRT( X*  *2  - 1 , 0 ) )
Z ( I 0 , 0 ) = Z ( I 0 , 0 ) +XI  N T ( I ) *ACOSH/PI 
I F ( 0 , GT , 1 )  GO TO 41 

ZD I FF = Z ( 1 0 , 0 )
GO TO 42

41 ZD IFF = Z ( I 0 , 0 ) - Z (  1 0 , 0 - 1 )
42 GRAD( I 0 , 0 ) =V D I F F ( I 0 , 0 ) / ZD IFF

IF ( ABS( GRAD( I 0 , 0 )  ) , GE, 9 9 9 , )  GRAD( I 0 , 0 ) = 9 9 9 . 0  
4 0 CONTINUE
43 TAU( I 0 , 0 ) = T ( I 0 , 0 ) - D I S T 2 ( 0 ) / V P T ( I 0 , 0 )

P ( I 0 , 0 )  = ( T ( I 0 , 0 ) - TAU( I 0 , 0 ) ) / D I S T 2 ( 0 )
U ( I 0 , 0 ) =SQRT( P ( I 0 , 0 ) * * 2  + Q ( I 0 ) * * 2 )
WR I T E ( 6 ,  1 02)  Z ( I 0 , 0 ) , VPT ( I 0 , 0 ) T ( I 0 , 0 ) ,

%TRED( I 0 , 0 )  , D I S T 2 (0)
30 CONTINUE

Z Z ( I 0 ,  1 ) = ( TALK I 0 , 2 ) / 2 ) / ( SQRT( Q ( I 0 ) * * 2 - P (  I 0 , 2 ) * * 2 ) )  
NN=MM-1 
DO 44 0 = 2 , NN

ZF = SQRT( Q( I 0 ) * * 2 - P ( I 0 , 0 + 1 ) * * 2 )
ZG = SQRT( U ( I 0 , 0 ) * * 2 - F N  I 0 , 0 + 1  ) * * 2 )
Z H = ( TAU( I 0 , 0 + 1 ) / 2 )  + ( Z Z ( I 0 , 0  - 1 ) * Z F )
ZZ(  I 0 , 0 ) =ZH/ZG 

44 CONTINUE
C

DO 46 0 = 1 , NN
V U ( I 0 , 0 ) = U( I 0 , 0 ) / U ( I 0 , 0 ) * * 2 

WRI TE ( 6 , 1 0 1 )  D I S T 2 ( 0 )  , T ( I 0 , 0 )  , V P T ( I 0 , 0 )
& , Z ( I 0 , 0 ) , Z Z ( I 0 , 0 )

46 CONTINUE
C
444 CONTINUE
C
C PLOTTING SEQUENCE,
C

I F ( NCODE3, EQ« 0) GO TO 497  
VMN=VMN2
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VMX=VMX2 
ZR 0=ZR 02  
ZMX=ZMX2 
TMN=TMN2 
TMX=TMX2 
XMN = XMN 2 
XMX=XMX2

C
4-97 I F ( NC0DE3 , NE , 0 ♦AND, K »GT , 1 ) GO TO 3333  

CALL WHBPL2( VMN, VMX, ZRO, ZMX)
GO TO 358

3 3 3 3  CALL PSPACE( 0 , 2 , 0 , 7 4 , 0 , 1 1 , 0 . 4 9 )
CALL MAP( VMN, VMX, ZMX, ZMN)

C
358  DO 9 4 5  I K = 1 , N - 1

GRAF 1( I K ) = Z ( 1 ,  I K )
GRAF2 ( ! K ) = Z ( 2 , IK)
GRAF3 ( I K ) = Z ( 3 , I K )
GRAF4( I K ) = Z ( 4 , I K )
GRAFS( I K ) = Z ( 5 , IK)
GRAF6 ( I K ) = VPT( 1 , IK)
GRAF7( I K ) =VPT( 2 , IK)
GRAF8 ( I K ) = VPT( 3 , IK)
GRAF9( I K ) =VPT( 4 , IK)
GRAF 10(  I K ) =VPT( 5 ,  IK)

C
GLOWA( I K ) = MI N ( Z ( 1 , I K ) , Z ( 2 , I K ) , Z ( 3 , I K ) , Z ( 4 , I K ) , Z ( 5 , I K ) )
G H I G H A ( I K ) = M A X ( Z ( 1 , ! K ) , Z ( 2 , ! K ) , Z ( 3 , I K ) , Z ( 4 , I K ) , Z ( 5 , I K ) )

G L O WB ( I K ) = M I N ( VPT ( 1 ,  I K ) , V P T ( 2 ,  I K ) »V P T ( 3 ,  I K ) , VPT ( 4 ,  I K ) , V P T (5 # I K)  ) 
GH I G H B ( I K ) = M A X ( VPT ( 1 ,  I K ) , V P T ( 2 ,  I K ) , VPT ( 3 ,  IK)  , V P T ( 4 ,  IK)  , V P T (5 , I K ) )

C
945  CONTINUE

DO 123 I L = 1 , N - 2
C

GRAF 11(  I L ) = Z Z ( 1 ,  I L)
GRAF 12(  I L ) = Z Z ( 2 ,  I L)
GRAF 13(  I L ) = Z Z ( 3 ,  I L)
GRAF 14(  I L ) = Z Z ( 4 ,  I L )
GRAF 15(  I L ) = Z Z ( 5 ,  I L)

C
GLOWC( I L ) = MI N ( Z Z ( 1 , I L ) , Z Z ( 2 , I L ) , Z Z ( 3 , I L ) , Z Z ( 4 , I L ) , ZZ 

% ( 5 , I L ) )
GHI GHC( I L ) =MAX( Z Z ( 1 , I L ) , Z Z ( 2 , I L ) , Z Z ( 3 , I L ) , Z Z ( 4 , I L ) , ZZ 

% ( 5 , I L ) )
C
123 CONTINUE  
C

WRITE1 13,  105)  K , T I T L E  
W R I T E ( 1 3 , 6 0 1 )
W R I T E ( 1 3 , 6 0 8 )
W R I T E ( 1 3 , * )  N-1
W R I T E ( 1 3 , 6 1 9 )  ( VPT( 1 ,MI  I ) , Z ( 1 , MI I ) , ( Z ( 1 ,MI  I ) * * 2 ) ,

& ( Z (  1 , MI  I ) * * 3 ) , MI 1 = 1 , N - 1)
W R I T E ( 1 3 , 6 0 2 )
W R I T E ( 1 3 , 6 0 8 )
W R I T E ( 1 3 , * )  ( N - 1 ) *  2
W R I T E ( 1 3 , 6 1 9 )  ( GLOWB(Ml ! ) » Z ( 1 , M I  l ) , ( Z ( 1 , M I  I ) * * 2 ) ,

& < Z < 1 , M I I  ) * * 3 )  , M I I = 1 , N-  1 )
WR I TE ( 13 , 6 19 ) ( VPT ( 1 , M I I ) , GH I GHA ( M I I ) , ( GH I GHA (Ml I ) * * £.) ,



& ( GHI GHA( Ml  1 ) * * 3 ) # M I  I = 1#N- 1 )
W R I T E ( 1 3 , 6 0 3 )
W R ! T E ( 1 3 , 6 0 8 )
W R I T E ( 1 3 , * )  ( N - 1 ) *  2
WRI TE!  1 3 , 6 1 9 )  ( V P T < 1 , MI I ) ,GLOWA(MI I ) , (GLOWA(Ml I ) * * 2 ) , 

& ( GLOWA( MI I ) * * 3 ) , MI  I = 1 , N - 1 )
W R I T E ! 1 3 , 6 1 9 )  ! GHIGHB(MI I ) , Z ( 1 »MI I ) , ! Z ( 1 »MI 1 ) * * 2 ) , 

& ( Z (  1 , MI  I ) * * 3 ) , M ! 1 = 1 , N - 1)
W R I T E ! 1 3 , 6 0 4 )

I F ! NCODE1 »N E , 1«AND«NCODE1»NE * 6 )  GO TO 825

CALL PLOTNC( V 0 ( 1 ) , 0 , 0 , 4 4 )
CALL JOI N ! V P T ! 1 , 1 ) , Z ! 1 , 1 ) )
CALL BROKEN ! 3 0 , 1 5 , 3 0 , 1 5 )

VPLOT = M I N ( V 0 ( 2 ) , V 0 ( 3 ) , V 0 ( 4 ) , V 0 ( 5 ) )

CALL POSITN ( V P L OT , 0 , 0 )
CALL JOI N! GLOWB! 1 ) , GHI GHA! 1 ) )

VPLOT =MAX( V 0 ! 2 ) , V 0 ( 3 ) , V 0 ( 4 ) , V 0 ! 5 ) )

CALL POSITN ( VPL OT , 0 , 0 )
CALL J O I N ( GHI GHB( 1 ) , GLOWA( 1 ) )

CALL FULL

CALL F'TPLOT ( GRAF6 , GRAF 1 , 1 , N- 1 , 43 )
CALL PTPLOT ( GRAF6, GRAF 1, 1 , N - 1 , - 2 )
CALL BROKENOO, 1 5 , 3 0 ,  15)
CALL PTPLOT ( GLOWB, GHI GHA, 1 , N - 1 , - 2 )
CALL PTPLOT ( GHI GHB, GLOWA, 1 , N - 1 , - 2 )
CALL FULL

I F ( NCODE1 , NE , 2 . AND♦NCODE1 , N E , 3 )  GO TO 249

DO 5 34  LJ = 1 , N - 1
CALL POSI TN ( GRAF6 ( L J ) , GRAF 1 ( L J ) )
CALL CIRCLE ( ( VMX-VMN) / 1 5 0 )
CALL POSITN ! GRAF6( L J ) , GLOWA! L J ) )
CALL MOVE ( - 1 , 0 * 1 ( V M X - V M N ) / 1 5 0 ) , 0 , 0 )  
CALL L I NE  ! 2 , 0 * ( ( VMX-VMN) / 1 5 0 ) , 0 , 0 )
CALL POSITN ( GRAF6( L J ) , GLOWA( L J ) )
CALL JOI N ( GRAF6 ( L J ) , GHI GHA! L J ) )
CALL MOVE ( - 1 , 0 * ! ( V M X - V M N ) / 1 5 0 ) , 0 , 0 )  
CALL L IN E  ! 2 , 0 * < ( VMX-VMN) / 1 5 0 ) , 0 , 0 )
CALL POSITN ! GLOWB( L J ) , GRAF 1 ( L J ) )
CALL MOVE ( 0 , 0 , -  1 , 0 * ( ( V M X - V M N ) / 1 5 0 ) )
CALL L IN E  ( 0 , 0 , 2 , 0 * ( ( VMX- VMN) / 1 5 0 ) )
CALL POSI TN ( GLOWB( L J ) , GRAF 1 ( L J ) )
CALL JOI N ( GHI GHB( L J ) , GRAF 1 ( L J ) )
CALL MOVE ( 0 , 0 , -  1 , 0 * ( ( V M X - V M N ) / 1 5 0 ) )
CALL L I NE  (0 , 0 , 2 , 0 * (  ( VMX- VMN) / 1 5 0 ) )

CONTINUE

I F ( NCODE1 , EQ, 1 , OR, NCODE1 , EQ, 2 )  CALL BLKPEN 
I F ( NCODE1 , EQ, 3 , OR, NCODE1 , EQ, 6 )  GO TO 4 
I F ( NCODE1♦N E, 1 , AND, NCODE1♦N E , 5 )  GO TO 511
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CALL P L OT NC( VO( 1 ) , 0 . 0 , 4 4 )
CALL JOI N ( V P T ( 1 , 1 ) , Z Z ( 1 , 1 ) )
CALL BROKEN ( 3 0 , 1 5 , 3 0 , 1 5 )

VPL OT = MI N( VO( 2 ) , VO( 3 ) , VO( 4 ) , VO( 5 ) )

CALL POSI TN ( V P L OT , 0 . 0 )
CALL JO I N ( GLOWB( 1 ) , GHI GHC( 1 ) )

VPLOT=MAX( V0( 2 ) , V 0 ( 3 ) , V 0 ( 4 ) , VO( 5 ) )

CALL POSITN ( VPL OT , 0 . 0 )
CALL JO I N ( GHI GHB( 1 ) , GLOWC( 1 ) )

CALL FULL
CALL PTPLOT ( GRAF6, GRAF 1 1 , 1 , N - 1 , NOCHAR)  
CALL PTPLOT ( GRAF6, GRAF 1 1 , 1 , N - 2 , - 2 )
CALL BROKEN ( 3 0 , 1 5 , 3 0 , 1 5 )
CALL PTPLOT (GLOWB, GHI GHC, 1 , N - 2 , - 2 )
CALL PTPLOT ( GHI GHB, GLOWC, 1 , N - 2 , - 2 )
CALL FULL

C
511 I F ( NCODE1♦N E . 2 . AND. NCODE1« N E , 4 )  GO TO 4
C:

DO 52 I E= 1 , N- 2
CALL POSITN ( G R A F 6 ( I E ) , G R A F 1 1 ( I E ) ) 
CALL CIRCLE MV MX - V MN ) / 1 5 0 )
CALL POSI TN ( G R A F 6 ( I E ) , GLOWC( I E ) )
CALL MOVE ( - 1 . 0 * ( ( V M X - V M N ) / 1 5 0 ) , 0 . 0 )  
CALL L I NE ( 2 , 0 * ( ( VMX- VMN) / 1 5 0 ) , 0 . 0 )  
CALL POSITN ( G R A F 6 ( I E ) , G L O W C ( I E ) )
CALL JOI N ( G R A F 6 ( I E ) , G H I G H C ( I E ) )
CALL MOVE ( -  1 . 0 * ( ( VMX-VMN) / 1 5 0 ) , 0 . 0 )  
CALL L I NE ( 2 . 0 * ( ( V M X - V M N ) / 1 5 0 ) , 0 . 0 )  
CALL POSI TN ( GLOWB( IE ) , GRAF 11( I E ) ) 
CALL MOVE ( 0 . 0 1 . 0 * ( ( VMX- VMN) / 1 5 0 ) )  
CALL L I NE ( 0 . 0 , 2 . 0 * ( ( VMX- VMN) / 1 5 0 ) )  
CALL POSITN ( GLOWB( I E) , GRAF 11(  I E ) )  
CALL JOI N (GHIGHB( I E ) , GRAF 11(  I E ) )
CALL MOVE ( 0 , 0 , - 1 . 0 * ( ( VMX- VMN) / 1 5 0 ) )  
CALL L I NE ( 0 . 0 , 2 . 0 * ( ( VMX- VMN) / 1 5 0 ) )

52 CONTINUE
C
4 CALL BLKPEN
C
605  I F ( NCODE3. N E , 0 , AND. K . N E . NPR) GO TO 3
C

I F ( N C O D E 4 . N E . 0)  CALL ADPLOT( NCODE4, K )
C
699  CONTINUE
C
C CALL FRAME
C
3 CONTINUE
f:

I F ( NCODE3. N E . 0 . AND. K . G T , 1 )  GO TO 1111 
CALL WHBPL0 ( RVEL, XMN, XMX, TMN, TMX)
GO TO 2222
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1 1 1 1  C O N T I N U E
CALL PSPACE( 0 . 2 , 0 . 7 4 , 0 , 5 7 , 0 . 9  1)
CALL MAP( XMN, XMX, TMN, TMX)

2 2 22  DO 62 I G = 1 ,M
CALL POSI TN ( D 1 ST 1( I G ) , T I R E D ( I G ) )
CALL CI RCLE ( ( XMX- XMN) / 1 5  0)
CALL POSI TN ( DI ST 1 ( I G ) , UT < I G ) )
CALL MOVE ( ( -  1 , 0 * ( XMX- XMN) / 1 5 0 )  , 0 , 0 )
CALL L I NE  ( ( 2 , 0 * ( XMX- XMN) / 1 5 0 ) , 0 . 0 )
CALL POSI TN ( D 1 S T 1 ( I G ) * U T ( ! G ) )
CALL JOI N ( D I S T 1 ( I G ) , L T ( I G ) )
CALL MOVE ( ( -  1 . 0 * ( XMX-XMN) / 1 5 0 ) , 0 . 0 )
CALL L I NE  ( ( 2 , 0 * ( X M X - X M N ) / 1 5 0 ) , 0 , 0 )

62 CONTINUE
C

I F ( NCODE2. N E ♦2)  GO TO 900
C

GRAF 1 ( 1 ) = 0 . 0 0  
GRAF2 ( 1 ) = 0 . 0 0  
GRAF3 ( 1 ) = 0 . 0 0  
GRAF4( 1 ) = 0 . 00 
GRAFS( 1 ) = 0 . 00 
GRAF6( 1 ) = 0 . 0 0

C
DO 92 KW=2 , N + 1

GRAF 1 ( KW)=TRED( 1 ,  KW- 1)
GRAF2 ( KW) =TRED( 2 , KW- 1)
GRAF3( KW) =TRED( 3 , KW- 1)
GRAF4 ( KW) =TRED( 4 , KW- 1)
GRAFS( KW) = TRED( 5 , KW- 1)
GRAF6 ( KW)= DI ST 2 ( KW- 1)

92 CONTINUE
C

CALL PTPLOT( GRAF6 , GRAF 1 , 1 , N + 1 , - 2 )
CALL BROKEN( 1 0 , 5 , 1 0 , 5 )
CALL PTPLOT( GRAF6, GRAF2 , 1 , N + 1 , - 2 )
CALL PTPLOT( GRAF6, GRAFS, 1 , N + 1 , -  2)
CALL PTPLOT( GRAF6, GRAF4, 1 , N + 1 , - 2 )
CALL PTPLOT( GRAFS, GRAFS, 1 , N + 1 , - 2 )
CALL FULL

C
90 0 CONTINUE
C

I F ( NCODE3. N E . 0 . AND. K ♦N E , NPR) GO TO 39 
CALL FRAME

C
39 CONTINUE
C
50 CONTINUE
C
C FORMATS.
C
619  FORMAT( 4 F 1 0 . 5 )
201 FORMAT ( F 8 . 3 , '  0 . 0 0 0  ' , F 8 . 3  , ' 0 . 0 0 0  0 . 0 0 0  )
28 FORMAT(2  I 5 )
921 FORMAT ( 3 I 5 )
61 FORMAT < 2 < I 5)  , 3 X , 1 0 A 4 )
10 1 FORMAT ( 5 F 8 . 3 )  _ , A 0 C7 Q OY102 FORMAT ( 4 X , F 7 . 3 » 7 X , F 6 . 3 , 8 X , F 7 . 3 , F 10♦3 » 6X > F 7 . v , 8X



103

987
765
432
21 1

104
105
106
109
1 10
1 1 1
1 12
73
1 13
60 1
602
603
604
606
607
608

C
C
C
C

C
C
c
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FORMAT ( ./ /  6X , ' DETERM I NAT ! ON OF VELOC ! TV - DEPTH FUNCT ! ON ' / 6X , ' BY W ! E 
1 CHERT-HERGLOTZ-BATEMAN I NTEGRAL' / / )
FORMAT ( 1X * 'BEST F I T  CURVE' )
FORMAT ( / / 1 X , ' ERROR CURVE' , 1 3 )
FORMAT M X , ' E R R O R  CURVE 2 ' )
FORMAT ( / / 1 X , ' DEPTH ( KM) ' , 2 X , ' VELOCITY ( K M/ S ) ' ,

2 2 X , ' TI  ME ( S ) ' , 2 X , ' RED♦TI  ME' , 2  
3X,  ' DI STANCE ( KM) ' . / )

FORMAT (5  I 5 )
FORMAT ( / 2 X , ' DATASET NUMBER' ,  I 3 , 5 X , 10 A 4 )
FORMAT ( 1 0 A 4 )
FORMAT (2  I 3 5 
FORMAT ( 2 F 8 , 3 )
FORMAT ( 9 F 8 . 3 )
FORMAT ( 3 F 1 0 . 5 )
FORMAT( 6 F 1 0 . 5 )
FORMAT ( 3 F 10 * 5 ,  I 5)
FORMAT( / , 'BEST F I T  WHB VELOCITY DEPTH CURVE' )
FORMAT( / , 'MAX DEPTH, MIN VELOCITY WHB CURVE')
FORMAT( / , ' MI N DEPTH, MAX VELOCITY WHB CURVE')
FORMAT( / , 'BEST F I T  TAU-P VELOCITY DEPTH CURVE')
FORMAT( / , 'MAX DEPTH, MIN VELOCITY TAU-P CURVE')
FORMAT( / , ' MI N DEPTH, MAX VELOCITY TAU-P CURVE' )
FORMAT( 2 X , ' VELOCITY DEPTH' )
CALL GREND
STOP
END

SUBROUTINE TO ANNOTATE PLOT OF VELOCITY AGAINST DEPTH,

SUBROUTINE WHBPL2 ( VMN, VMX, ZRO, ZMX)
COMMON T I T L E  ( 10 )
CALL CSPACE ( 0 , 0 5 , 1 , 4 7 , 0 , 0 5 , 1 , 0 8 )
CALL PSPACE ( 0 , 2 , 0 , 7 4 , 0 , 1 1 , 0 , 4 9 )
CALL MAP ( VMN, VMX, ZMX, ZRO)
CALL PLACE ( 1 0 , 5 )
CALL TYPECS ( T I T L E . 4  0)
CALL PLACE ( 1 8 , 3 6 )
CALL TYPECS ( ' VELOCI TY ( K M / S ) ' , 1 5 )
CALL PLACE ( 5 , 3 0 )
CALL CTRORI ( 1 , 0 )
CALL TYPECS ( ' DEPTH ( K M) ' , 1 0 )
CALL CTRORI ( 0 , 0 )
CALL BORDER 
CALL CTRMAG ( 10 )
CALL SCALES 
CALL CTRMAG ( 20 )
RETURN
END

SUBROUTINE TO ANNOTATE PLOT OF COMPUTED REDUCED TIME AGAINST RANGE

SUBROUTINE WHBPL0 ( RVEL, XMN, XMX, TMN, TMX)
COMMON T I T L E  ( 10 )
CALL PSPACE ( 0 , 2 , 0 , 7 4 , 0 , 5 7 , 0 , 9 1 )
CALL MAP ( XMN, XMX, TMN, TMX)
CALL PLACE ( 1 8 , 2 0 )
CALL TYPECS ('RANGE ( K M ) ' , 1 0 )
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C

C

C

C

C

C

C

C

r:

CALL PLACE ( 5 , 1 6 )
CALL CTRORI ( 1 , 0 )
CALL TYPECS ('REDUCED TI ME' , 1 2 )
CALL CTRORI ( 0 , 0 )
CALL BORDER 
CALL CTRMAG ( 1 0 )
CALL SCALES 
CALL CTRMAG ( 2 0 )
RETURN
END

SUBROUT INE ADPLOT( NCODE4 , K )
DIMENSION Y (2 0 0)> X X ( 2 0 0 ) ,  Z Z Z ( 5 0 , 2 0 0 ) ,  AN I ( 2 0 0 ) ,  P R ( 200  ) 
DIMENSION DAT A 1 ( 2 0 0 )  , DATA2( 200)
DIMENSION END1 ( 5 0 )  , E N D 2L 50),  L I M I T A L 5 0 ) ,  L I M i T B ( 5 0 )  
DIMENSION L I M I T C ( 5 0 ) ,  L I M I T D ( 5 0 )

I F ( NCODE4, N E , 1 , AND, NCQDE4, N E , 2 )  GO TO 628

READ( 5 , * )  MSETS 
DO 9 34  JHG=1,MSETS

READ( 5 , * )  NPTS

DO 4 82  I A A = 1 , NPTS
READ( 5 , * )  DATA1( I A A ) , DATA2( IAA)  

482  CONTINUE

I F ( NCODE4, NE , 1 )  GO TO 742

CALL PTPLOT( DATA 1 , DATA2, 1 , N PT S, 43)
742  I F ( NCODE4, NE , 2 )  GO TO 621

CALL PTPLOT( DATA 1»DATA2, 1 , N P T S , - 4 3 )
621 CONTINUE
C
934 CONTINUE  
C
628  I F ( NCODE4♦EQ, 1 ♦ OR, NCODE4, EQ * 2)  GO TO 823

READ( 5 , *  ) MSETS 
DO 8 32  MCD=1,MSETS

READ( 5 , * )  A , B , C , D , END 1 ( MCD) , END2 ( MCD) ,  I BROKE 

I F ( I BROKE, EQ, 1) CALL BROKEN ( 2 0 , 1 0 , 2 0 , 1 0 )

X = 0 , 0 0
DO 517  I OTA=1, 100

Y ( I O T A ) = ( A + B * X + C * X * * 2 + D * X * * 3 )  
X X ( I OTA) =X
Z Z Z ( MCD, I OTA) =Y(  I OTA)
X = X + 0 , 05
I F ( X , G T , END2( MCD) )  THEN 

L I M I T B ( MCD) = I OTA 
I OTA=100 

END IF 
517  CONTINUE

L I M I T A ( MCD) =NI  N T ( END 1 ( MCD) / 0 . 0 5 )
I F ( L I M I T A ( M C D ) . L T ,  1) L I M I T A ( MCD) = 1 . 0



c
c

c
832
C

C
C
C

C

822
C

1 10 
513
C

C
823
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I F ( NCODE4. N E . 3 )  GO TO 832  
CALL PTPLOT ( Y , X X , L I M I T  A ( MCD) , L i M I T B ( MCD) , -  2)

CONT! NUE 

CALL FULL

! F ( NCODE4♦N E . 4 ♦ AND. NCODE4♦NE * 5)  GO TO 823

READ( 5 , * ) MSETS 
DO 5 13  ! 1 0 = 1 , MSETS

READ( 5 , * )  MCOMP1 , MCOMP2, ! BROKE 
I F ( I BROKE » EQ. 1 )  CALL BROKEN ( 2 0 , 1 0 , 2 0 , 1 0 )
I F ( L !MI TB( MCOMP1) , GE « L I M I T B ( MCOMP2) )  THEN 

L I M I T  D ( I 1 0 ) =LI M!TB(MCOMP2)
ELSE

L I M I T D ( I ! 0 ) = L I M I T B ( MCOMP1)
END IF

I F ( L IM I T A ( MCOMP1 ) , L E , L I M I T A ( MCOMP2) )  THEN 
L I M I T C ( I I 0 ) = L I M I T A ( MCOMP2)

ELSE
L I M I T C ( I I 0 ) =  L I M I T A ( MCOMP1)

END I F
I F ( L I M I T C ( I I Q ) ♦ L T ♦1)  L I MI T C  ( I I 0 )  = 1 . 0

DO 822  I I P = 1 , L I M I T D (  I 10)
Y ( I I P)  = (ZZ2(MCOMP1, I I P ) + Z Z Z ( MCOMP2, I I P ) ) * 0 , 5  
ANI  ( I I P ) = ( Z Z Z ( MCOMP1, I I P) / ZZZ( MCOMP2,  I I P ) )
P R ( | I P ) = ( AN I ( I I P ) * * 2 * 0 i 5 - 1 , 0 ) / ( A N  I ( I I P ) * * 2 - 1 • 0  )

CONTINUE

I F ( NCODE4. EQ * 4)  THEN
CALL PTPLOT( Y , X X , L I M I T C ( ! I O ) , L I M I T D ( I I O ) , - 2 )

ELSE
CALL PTPLOT(AN I , X X , L I M I T C (  I I O ) , L ! M I T D (  I IO) , - 2 )
CALL P T P L OT ( PR , X X , L I MI T C (  I I O ) , L I M I T D ( I I O ) , - 2 )

END IF
I F ( K * EQ♦1 ) WRI TE( 3 , 1 1 0 )  ( Y ( I Q X ) ,  X X ( I QX) ,  I QX=1 , L I M I T B ( I I O ) ) 
FORMAT( 2 F 1 0 , 5 )

CONTINUE

CALL FULL

RETURN
END
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P r o q r a m  T I M P R U G

Pr o g r a m f o r  t h e  c a l c u l a t i o n  o f  v e r t i c a l  and h o r i z o n t a l  v e l o c i t i e s  t h r o u g h  
a t r a n s v e r s e l y  i s o t r o p i c  me d i a  ( s e e  c h a p t e r  4 ) .

INPUT DATA FOR PROGRAM TIMPROG

CARD 1

NDATA

NDATA NUMBER I F T . h M ,  TO BE MODELLED, CARDS 2 TO 6 REPEATED NDATA T 1 ME(

CARD 2 

T I TLE  

CARD 3

CHARACTER STRING LESS THAN 40 LONG

NCOMP» ICAL » I UN I T S ,  ! SO

NCOMP NUMBER OF COMPONENT MEDIA ( I NTEGER)
ICAL = 0 S WAVE VELOCITY AND DENSITY CALCULATED FROM P WAVE VELOCITY
I CALM S WAVE VELOCITY AND DENSITY READ IN
I UN I TS = 0 VELOCI TY INPUT IN KM/S 
! UN! TS=1 VELOCITY INPUT IN F T / S  
ISO= 0 ALL COMPONENTS ARE ISOTROPIC
I S OM ONE OR MORE COMPONENTS ARE INTRINSICALLY ANISOTROPIC

CARD 4

READ I F ( I C A L , EQ♦0)
I DEN, VELO

DEN= 1 
DEN = 2 
DEN = 3 
I VELO

CARD 5

DENSI TY CALCULATED FORM P WAVE VELOCITY  
MINIMUM DENSITY CALCULATED FROM P WAVE VELOCITY  
MAXIMUM DENSITY CALCULATED FROM P WAVE VELOCITY
RAT I 0 V P : VS

I PLOT, VMI N, VMAX

I PLOT = 0 PLOT OF VELOCITY VS THETA 
I PLOT = 1 PLOT OF VELOCITY ELLIPSE , 1/ tJ/ *)
VMIN MINIMUM VELOCITY ON PLOT AXES KM/
VMAX MAXIMUM VELOCITY ON PLOT AXI S -

CARD 6 (REPEATED NCOMP TI MES)

I F ( I CAL , EQ , 0 , AND , I S O  , EQ • 0 ) VP , pR0
I F (  I CAL , EQ , 1 »AND , I S O  , EQ , 0 ) FAC2,PRO
I F ( I C A L . E Q i 0 i AND . I SO * EQ• 1 j V P . FAC , dEN, PRO
IF< I C A L . E Q . 1 . A N D .  I SO. HQ. 1> V P , F A L 1 , v - .

VP
VS

p WAVE VELOCITY OF COMPONENT 
S WAVE VELOCITY OF COMPONENT



FAC 1 RAT I 0 V P ( H ) : V P ( V )
FAC2 RAT I 0 V S ( H ) : V S ( V )
DEN DENSI TY OF COMPONENT ( q / C C )
PRO PROPORTION OF T . I . M  (SUM OF PRO( I ) , I = 1 , NCOMP=1 * 0 )

PROGRAM TIMPROG
C
C PROGRAM TO CALCULATE ANISOTROPY OF A T . I . M ,  (SEE APPENDIX, LEVI N 1 9 7 9 ) ,  
C VERTICAL AND HORIZONTAL P WAVE V E L OC I T I E S  THROUGH THE MEDIA ARE 
C CALCULATED AND VELOCITY VARI ATI ON WI TH ANGLE CALCULATED ASSUMING AN 
C E L L I P T I C A L  DEPENDENCE 
C
C WHERE ALL COMPONENTS ARE I SOTROPI C EQUATIONS A - 8 a  OF LEVI N ARE USED,
C WHERE ONE OR COMPONENTS WERE I NT RI NS I CAL L Y  ANI SOTROPI C EQUATIONS A - 8 
C AND A - 9 WERE USED,
C
C FORTRAN 77 WITH GHOST GRAPHICS ROUTINES  
C
C MI KE DENT ITH 1987

COMMON T I T L E ! 3)
DIMENSION X( 160)  , V ( 160)  , FAC 1 ( 1 0 0 0  ) , F A C 2 ( 1 0 0 0 ) , VX(  1000)
DIMENSION V P ( 1 000 ) , V S ( 1000 )  , DEN( 1000 )
REAL PRO( 1 0 0 0 ) , NN, N , L L , L , P , Q , R , S , PROTOT

C
READ( 5 , * )  NDATA

C
DO 99 0 = 1 , NDATA

C
C INPUT MEDIA DETAILS  
C

READ( 5 , 2 7 )  T I T L E  
W R I T E ( 6 , 2 7 )  T I T L E  
W R I T E ( 6 , 9 3 )

93 FORMAT( ' COMPONENT PROPERTI ES' )
W R I T E ( 6 , 3 1  )

31 FORMAT ( '  VF’ (H) VP ( V ) V S( H )  V S ( V )  DENSITY
% PROPORTI ON' )

READ( 5 , * )  NCOMP, I C A L , I UN I T S , I SO 
I F ( I C A L , E Q, 0 ) READ( 5 , * )  I DEN, VELO 

READ( 5 , * )  I PLOT,VM IN,VM AX
C
C SET ELASTI C CONSTANTS AND INTERMEDIATE VARIABLES TO ZERO 

A = 0 , 0 
C=0 , 0 
F = 0 , 0 
N = 0 ♦ 0 
L = 0 , 0 
D = 0 , 0 
F 1 = 0 » 0 
F2 = 0 , 0 
A 1 = 0 . 0 
A2 = 0 ,0  
A3 = 0 , 0

C
PROTOT = 0 ,0

C
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C LOOP TO CALCULATE ELASTI C CONSTANTS A , C , F , L , N  Op COMPONENTS 
C

DO 10 1 = 1 , NCOMP
C
C INPUT COMPONENT DETAILS  
C
27 FORMAT( 3A4)
C

I F ( I CAL , E Q, 0 , AND. I SO, EQ, 0 )  READ( 5 , * )  V P ( I ) , PRO( I )
I F ( I C A L . EQ. 1 . AND, I SO. EQ, 0 )  READ( 5 , * )  V P ( I ) , V S ( I ) , DEN( I ) , PRO( I )
I F ( I C A L , EQ, 0 . AND. I SO, EQ, 1 )  READ( 5 , * )  V P ( I ) , FAC 1 ( 1 ) , F AC2 ( I ) , PRO( I )
I F ( I C A L , E Q. 1 . AND, I SO, EQ, 1 )  READ( 5 , * ) V P ( I ) , FAC 1( I ) , V S ( I ) , FA C 2( I )

& , DEN( I ) , PRO( I )

PROTOT = PROTOT + PRO( I )

I F ( I UN I T S , EQ« 0)  V P ( I ) = ( V P ( I ) /  0 , 3 0 4 8 ) *  100 0 , 0  
I F ( I UN I T S , E Q , 0 , AND♦ I CAL . EQ, 1) V S ( I ) = ( V S ( I ) / 0 , 3 0 4 8 ) *  100 0 . 0

C
C SELECT VP DENSITY FUNCTION AND CALC VS ( I F , I CAL♦EQ, 0 )
C

I F ( ICAL * N E . 0 )  GO TO 92
C

VX(  I ) = ( V P ( I  ) * 0 . 3 0 4 8 ) /  1000 , 0
C

I F ( I DEN *E Q, 1 )  THEN
DEN ( I ) = ( ( 0 , 0  0 S * V X ( I ) * * 3 )  + ( - 0 . 0 8 6 * V X (  I ) * * 2 )  + ( 0 , 5 5 7 * V X ( 1 ) ) + 1 , 132)  
ELSE I F ( IDEN.EQ.4 2)  THEN
DEN( I ) = ( ( 0 . 0 0 7 * V X ( I ) * * 3 ) + ( - 0 . 1 2 2 * V X ( I ) * * 2 ) + ( 0 , 7 6 7 * V X ( 1 ) ) + 0 . 6 7 7 )  
ELSE
DEN( I ) = ( ( -  0 . 0 0 S * V X ( I ) * * 3 )  + ( 0 , 0 62 * VX(  I ) * * 2 )  + ( - O. OOS+VXt  I ) ) + 2 . 0 2 9 )  
END I F

C
V S ( I ) = V P ( I ) /VELO

C
92 CONTINUE

I F ( I S O, E Q, 0 )  THEN 
FAC 1( I ) = 1 , 0  
FAC2 ( I ) = 1 , 0  

END IF
C

W R I T E ( 6 , 4 3  ) VP ( I ) * 0 , 3 0 4 8 , ( V P ( I ) * 0 . 3 0 4 8 ) /FAC 1 ( I ) , VS(  I ) * 0 . 3 0 4 S ,
% ( VS ( I ) *  0 4 30 4 8 ) / FAC2( I ) , DEN( I ) , PRO( I ) * 1 0 0 . 0 

43 FORMAT( 1 F 9 , 2 , ' M / S ' , 1 F 9 . 2 , ' M / S ' , F 9 , 2 , ' M / S ' ,
% 1F9 , 2 , ' M / S ' i 1 F 6 , 2 , ' q / C C ' , 1 F 9 ♦ 2 , '  %' )

C
I F ( I . EQ.  NCOMP) WR I TE ( 6 , 117)  PROTOTMOO ^

117 F ORMAT ( 2 0 X , '  TOTAL: , 1 F 8 , ^ ,  k
C
C
C CALCULATE ELASTIC  CONSTANTS 
C

I F ( I SO 4 EQ . 0 ) THEN n/o m \ o n  i f i iAA1 = ( 4 * D E N < l > . V S U ! 4 * 2 * < 1 - ( V S U ) 4 * 2 / V P ( l > * * 2 > > > * P R O ( l )

AA2 =( ( 1 - ( 2* VS(  I ) * * 2 / V P (  I ) * * 2 ) ) *PRO( I ) )
A A 3 = ( 1 / ( DEN( I ) * V P ( I ) * * 2 ) ) * P R O ( I )
A1=A1+AA1  
A2=A2+AA2  
A3 = A3 + AA3
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CC=( 1 / ( DEN( I ) *VP(  l ) *  * 2 ) ) * PRO( I ) 
C=C+CC
F F 1 = (1 - ( 2 * VS(  I ) * * 2 / V P ( I ) # * 2 ) ) * PRO( ! ) 
FF2 =( 1 / ( DEN( I ) *VP(  I ) * * 2 ) ) *PRO( 1 )
F 1= F 1+ F F 1 
F2=F2+FF2
NN=( DEN( ! ) * ( V S ( I ) *  * 2 )  ) * PRO( I )
N = N + NN
L L = ( 1 / ( DEN{ ! ) *VS< ! ) * * 2 ) ) *PRO(  ! ) 
L=L+LL  

ELSE
Q 1=DEN( I ) * V P ( I ) * * 2  
0 2 = DEN( I ) * V S ( I } * * 2  
Q3 = DEN( I ) * ( V P ( ! ) *  #2 - 2 * V S ( ! ) * * 2  )
Q4 = DEN( I ) * ( V P ( ! ) / FAC 1( I ) ) *  * 2  
Q5=DEN( I ) * ( V S < ! ) / F A C 2 ( I ) ) * * 2  
AA1 = ( Q 1 - Q 3 * * 2 M 1 / Q 4 ) ) * P R 0 ( I )
A A 2 - ( 1/Q4)*PRCM I )
A A3 = Q3 * ( 1 / Q 4 ) * P R 0 ( I )
A 1= A1+AA1 
A2 =A2+AA2 
A3=A3+AA3 
CC=( 1 / Q 4 ) * P R 0 ( ! )
C=C+CC
F F 1 = ( 1 / Q 4 ) * P R 0 ( I )
F F 2 = Q 3 * ( 1 / Q 1 ) * P R 0 ( I )
F 1= F 1+ F F 1 
F2=F2+FF2  
N N = Q 5 * P R 0 ( I )
N=N+NN
L L = ( 1 / Q 2 ) * P R 0 ( I )
L = L + LL 

END IF
C

DD=DEN( I ) * P R 0 ( I )
D=D+D0

C
10 CONTINUE 
C
C CONVERT ELASTIC CONSTANTS FROM COMPONENTS TO THOSE OF T . I . M  
C

I F ( I SO * EQ » 0)  THEN 
L = 1 / L  
F = F 1/ F2  
C=1 / C
A=A1 + ( ( A2*  * 2 ) / A 3 )

ELSE
L = 1 / L
F = ( 1 / F 1 ) *F2
C=1 / C
A=A1 + ( 1 / A 2 ) * A3*  * 2  

END I F
C
C WRITE MODEL PARAMETERS TO F I L E  
C

WRI TE( 6 , 9 4 )
94 FORMAT( ' T , I , M .  PROPERTIES')

WRI T E(6 » 29)  D 
29 FORMAT( ' D E N S I T Y ' , 1 F 8 . 2 , ' g / C C ' )
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W R I T E ( 6 , 2 1 )
2 1 FORMAT( ELASTI C CONSTANTS * 1Oexp- F * 0 ' }

W R I T E ( 6 , 2 2 )
22 FORMAT( '  A C F L N ' )
C

W R I T E ( 6 , 2 0 )  A * 0 . 0 0 0 0 0 1 , C * 0 , 0 0 0 0 0 1 , F * 0 , 0 0 0 0 0 1 , L* 0  , 0 0 0 0 0 1 ,
?vN*0 , 0 0 0 0 0  1

C
20 F ORMAT( 5 F1 0 , 5 )
C
C CALCULATE VERTICAL AND HORIZONTAL P-WAVE VELOCITIES  
C

V V = ( C / D ) * * 0 , 5  
V H = ( A / D ) *  * 0 , 5  
A N =VH/VV

C
W R I T E ( 8 , 3 7 )

37 FORMAT( '  VP( VERT)  VP( HORI Z)  V P ( H ) / V P ( V )  AN I SO' ,
k ' TROPY' )

C
WR I T E ( 6 , 3 4 )  V V * 0 , 3 0 4 8 , V H * 0 , 3 0 4 8 , V H / V V , ( ( V H - V V ) / V V ) *  100 

34 F OR MA T ( F 1 0 , 2 , ' M/ S  ' , F 1 0 , 2 , ' M / S  ' , F 1 0 , 2 , 7 X , F 6 , 2 , ' % ' )
C
C CALCULATE VELOCITY AT ANGLE X FROM THE VERTICAL ASSUMING E L L IP T IC A L  
C

X(  1 ) = 0 , 00 
W R I T E ( 6 , 3 0 3 )

303 FORMAT( ' VELOCI TY AS A FUNCTION OF ANGLE FROM VERTI CAL ' )
W R I T E ( 6 , 10 1)

10 1 FORMAT( '  THETA(RADS) VELOCI TY ' )
C

DO 100 K = 1 , 1 5 8
C

R = ( V V * V H ) *  * 2  
S = ( V V * * 2 ) * ( S I N ( X ( K ) ) * * 2 )
T = ( V H * * 2 ) * ( C O S ( X ( K ) ) *  * 2 )
V ( K ) = ( R / ( S + T ) ) * * 0 , 5

C
W R I T E ( 6 , 1 0 2 )  X ( K ) , V ( K ) * 0 , 3 0 4 8  
X ( K + 1 ) = X ( K )+ 0 , 01  

10 2 FORMAT( F 1 0 , 3 , 2 X , F 10 . 3 )
C
100 CONTINUE  
C

V M I N = V M I N * 1000 
VMAX = VMAX * 10 0 0

C
I F ( I PLOT, N E , 1 )  GO TO 44

C
CALL A X P L( VMAX, V M IN )
CALL P O S I T N ( X ( 1 ) , V ( 1 ) * 0 , 3 0 4 8 )
DO 88 M = 2 , 1 5 8
CALL J O I N ( X ( M ) , V ( M ) * 0 , 3 0 4 8 )

88 CONTINUE
CALL FRAME

C
44 I F ( I P L OT ♦N E . 0 )  GO TO 99
C

C A L L  A X P L 2
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C
99
C
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CALL ARCELL( 1 . 0 0 , 0 , 0 , 1 , 5 7 , VH/ VV)
CALL FRAME

CONT! NUE

CALL GREND
STOP
END

SUBROUTINE TO ANNOTATE PLOT OF VELOCITY VS ANGLE

SUBROUTINE AXPL ( VMAX, VMI N)
COMMON T I T L E  ( 3 )
CALL CSPACE ( 0 , 0 5 , 1 , 1 , 0 , 0 5 , 0 , 8 2 )  

PSPACE ( 0 , 2 , 1 , 1 , 0 , 2 , 0 , 7 6 )
MAP ( 0 , 0 0 , 1 , 5 7 , VMI N, VMAX)  
PLACE ( 2 0 , 1 )
TYPECS ( T I T L E , 40)
PLACE ( 3 0 , 2 4 )
TYPECS ( 'ANGLE ( RADS) ' , 1 2 )  
PLACE ( 4 , 1 7 )
CTRORI ( 1 , 0 )
TYPECS ( ' VELOCI TY  ( M / S E C ) ' , 1 6 )  

( 0 , 0 )

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
RETURI-
END

CTRORI 
BORDER 
CTRMAG 
SCALES 
CTRMAG

1 0 )

( 2 0 )

SUBROUTINE TO ANNOTATE PLOT OF VELOCITY VS VELOCITY

SUBROUTINE AXPL2 
COMMON T I T L E  ( 3 )
CALL CSPACE ( 0 , 0 5 , 1 , 1 , 0 , 0 5 , 0 . 8 2 )  

PSPACE ( 0 , 2 , 0 , 7 6 , 0 , 2 , 0 , 7 6 )
MAP ( 0 , 0 0 , . 1 , 0 0 , 0 . 0 , 1 . 0 0 )
PLACE ( 2 0 , 1 )
TYPECS ( T I T L E , 40)
PLACE ( 1 7 , 2 4 )
TYPECS ( ' HORIZONTAL VELOCI TY ' , 1 9 )  
PLACE ( 4 , 1 7 )

CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
RETURN 
END

CTRORI 
TYPECS 
CTRORI 
BORDER 
CTRMAG 
SCALES 
CTRMAG

( 1 , 0 )
( ' VERT ICAL VELOCI TY' ,  1 7)  
( 0 , 0 )

( 1 0 )

( 2 0 )
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P r o g r a m  M D 2 D

P ro g ram  f o r  t h e  c a l c u l a t i o n  t w o - d i me n s i o n  g r a v i t y  and m a g n e t i c  a n o m a l i e s  (s  
C h a p te r  6 )»

INPUT DATA FOR PROGRAM MD2D

THE PROGRAM CALCULATES GRAVITY AND/OR MAGNETIC ANOMALIES ALONG A PROFILE  
AND PLOTS THE RESULTS AGAINST OBSERVED DATA,

STATIONS ARE EXTRAPOLATED ON TO THE PROFILE AT 9 0 '  TO THE PROFILE TREND,
IF STATI ONS L I E  OUTSIDE THE PROFILE THEY ARE PLACED ON TO THE EXTRAPOLATION 
OF THE P R O F IL E ,

SET I GRAF TO 7 ON I N I T I A L  RUN TO CHECK PROF ILE POSI TI  ON ING ,

IF  REGIONAL GRADIENTS ARE SPEC IF IED  THESE ARE REMOVED FROM OBSERVED DATA

ALL DATA IS  READ IN FREE FORMAT EXCEPT CARD 1 ,
IF  PARAMETERS ARE NOT USED THEY SHOULD BE SET TO ZERO,

ALL DISTANCES ARE IN KM

CARD 1

I GRAF, T I T L E  FORMAT( 1 3 , 1 0 4 )

I GRAF CONTROLS GRAPHICAL OUTPUT

TI TLE  

CARD 2 

NSTN 

NSTN 

CARD 3

ONLY THE MODEL IS PLOTTED
ONLY THE CALCULATED AND OBSERVED MAGNETICS ARE PLOTTED 
ONLY THE CALCULATED AND OBSERVED GRAVITY ARE PLOTTED 
MODEL AND OBS AND CALC GRAVITY ARE PLOTTED 
MODEL AND OBS AND CALC MAGNETICS ARE PLOTTED
MODEL AND BOTH OBS AND CALC GRAVITY AND MAGNETICS ARE PLOTTED 
MAP OF STATIONS AND PROFILE IS PLOTTED

CHARACTER STRING OF LENGTH LESS THAN 41 APPEARING ON ALL PLOTS

NUMBER OF STATIONS ( INTEGER)

END 1E , END 1N , END2E, END2N

END 1E 
END1N 
END2E 
END2N

THE EASTING OF THE ORI GI N OF THE PROFILE  
THE NORTHING OF THE ORI GI N OF THE PROFILE  
EASTING OF THE OTHER END OF PROFILE  
NORTHING OF THE OTHER END OF PROFILE

NOTE THAT A STATION MUST NOT L IE  AT THE ^ ^ i p r . P ^ i ^ ^ A N n ^ / F R O  
COS INF RULE IS USED TO EXTRAPOLATE ONTO THE PROFILE AND A a ERO
D?STANCE TO ONE~OF THE PROFILE ENDS CAUSES A ZERO DI V I DE

CARD 4
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GGRADiGTREN» ERRG > GCONS

GGRAD THE REGIONAL GRAVITY GRADIENT
GTREN TREND OF THE ABOVE GRADIENT
ERRG ERROR IN OBSERVED GRAVITY DATA
GCONS CONSTANT ADDED TO CALCULATED GRAVITY

ERRG IS  SHOWN AS AN ERROR BAR ON THE CALCULATED DATA

CARD 5

MGRAD, MTREN, ERRM, MCONS

MGRAD 
MTREN 
ERRM 
MCONS

CARD 6

DECA,INCA

DECA 
INCA 
INTA

CARD 7

I S T N , GREFE » GREFN , BOANOM > T OTMAG (REPEATED NSTN TIMES)

ISTN ARB ITUARY STAT I ON NUMBER
GREFE STATI ON EASTING
GREFN STATI ON NORTHING
BOANOM BOUGUER GRAVITY AT STATION
TOTMAG TOTAL MAGNETIC FI ELD AT STATION

CARD 8 

NBOD

NBOD NUMBER OF BODIES IN MODEL ( I NTEGER)

CARDS 9 AND 10 ARE REPEATED NBOD TIMES  

CARD 9

LNO, N P T , RHO, S U S , DECR, R I N C , RI NT

LNO 
NPT

RHO 
SUS 
DECR 
RING 
R I NT

ARBITARY BODY NUMBER (INTEGER)
NUMBER OF CORNERS TO BODY ( IN T E G E R ),
POINTS INPUT IN CLOCKWISE ORDER, THE 1ST POINT IS  NOT REPEATED
DENSITY OF BODY l a / c m * * 3)
SU S C E PTIB ILTY  OF BODY
DECLINATION OF REMANENT MAGNETISM IN BODY (DEGREES)
IN C L IN A T IO N  OF REMANENT MAGNETISM IN BODY (DEGREES)
IN TE N S ITY  OF REMANENT MAGNETISM (AMP/METRE)

AS CARD 4 FOR MAGNETIC DATA

, I NTA

D ECLINATION OF AMBIENT F IE LD  ( 354  IN SCOTLAND) 
I NCL I NAT I ON OF AMBIENT F IE LD  ( + 7 0 , 0  IN SCOTLAND) 
I NTENSI TY OF AMBIENT F IE LD  ( 450 0 0 IN SCOTLAND)

CARD 10
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X f '(

X X CO-ORD OF CORNER RELATIVE TO PROFILE ORI GI N
Y Z CO-ORD OF CORNER RELATIVE TO GROUND LEVEL ( +VE DOWNWARDS)

CARD 1 1

EMAX, EM I N , NMAX, NMIN

EMAX MAXIMUM EASTING WHEN PLOTTING MAP
EMIN MINIMUM
NMAX MAXIMUM NORTHING "
NMIN MI N I  MUM

CARD 12

ZMAX, Z M I N , ZI  NT

ZMAX MAXIMUM DEPTH WHEN PLOTTING MODEL
ZMI N MINIMUM DEPTH "
Z l NT INTERVAL AT WHICH AXI S IS LABELLED

CARD 13

MMAX, MM IN t MI NT

MMAX 
MM IN 
MINT

AS ABOVE FOR MAGNETIC DATA

CARD 14

GMAX , GM I N , G I NT

GMAX 
GM I N 
GINT

AS ABOVE FOR GRAVITY DATA

CARD 15

X I NT

XI NT INTERVAL AT WHICH RANQE AXI S IS LABELLED ON ABOVE PLOTS

PROGRAM MD2D

C PROGRAMME TO CALCULATE 2D GRAVITY AND MAGNETIC ANOMALIES
C FORTRAN 77 WI TH GHOST GRAPHICS 
C
C:
C MI KE DENT ITH JUNE 1987 
C GRAVI TY PROGRAMME ADAPTED FR0M 
C MAGNETIC PROGRAMME ADAPTED FROM

ROUT INES

PROGRAMME T2D BY W«SOWERBUTTS 
PROGRAMME BY D,WATTS

( 2 0 0 ) , GREFE( 2 0 0 ) , GREFN( 2 0 0 )COMMON T I T L E ( 1 0 ) , 0 ( 2 0 0 ) , ISTN
COMMON BOANOM ( 2 0 0 )  > T OTMAG ( 2 0 0 )  v , onn v f ? n n  9nn>
COMMON LNO ( 2 0 0 ) , NPT ( 2 0 0 ) , RHO( 2 0 0 ) , S U o ( 2 0 0 ) , X ( 2 0 0 , 2 0 0 ) , Y ( 2 0 0 , 2 0 0 )



2 8 0

COMMON DECR( 20 0)  »R I N C (2 0 0)  » R 1 N T ( 2 0 0 )
COMMON RESG( 2 0 0 )  , RESM(200 ) , SSEL2 ( 2 0 0 ) , PDELZ( 2 0 0 . 2 0 0 )
COMMON CALM( 2 0 0 ) , CMBQD( 2 0 0 , 2 0 0 )
REAL IN T A , IN C A , MCONS, MGRAD, MTREN

C
C READ CONTROL PARAMETERS 
C

READ( 5 , 1 1 )  I GRAF, T I TLE  
1 1 FORMAT( 1 3 , 1 0 A 4 )
C
C CALL SUBROUTINES  
C

CALL DAT I N ( DI  S T , NSTN, TREND, END 1E , END 1N , END2E, END2N 
k , GGRAD , GTREN , ERRG , GCONS, MGRAD , MTREN, ERRM, MCONS, DECA, INCA, INTA)  

CALL GRADN ( TREND , D I ST , NSTN , GGRAD , GTREN, MGRAD , MTREN)
CALL MOD I N(NBOD)
CALL GRANOMtNSTN,NBOD,GCONS)
CALL MAANOM ( TREND , NBOD, NSTN, I NTA, I NCA, DECA, MCONS)
CALL DATAPL( 1 GRAF, DI S T , NSTN, NBOD, GGRAD, MGRAD, ERRG, ERRM, END 1E . END 1N 

k  , EN D 2E , END2N, TREND, MTREN, GTREN)
CALL DATOUT( DI S T , NSTN, TREND, END 1E , END 1N , END2E, END2N 

k  , GGRAD , GTREN, ERRG , GCONS, MGRAD, MTREN, ERRM, MCONS , DECA, I NCA, I NTA, 
k  NBOD)

CALL GREND
C

STOP
END

C
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C
C SUBROUTINE TO READ IN DATA AND CONSTRUCT PROFILE 
C

SUBROUT I NE DAT I N ( DI S T , NSTN, TREND, END 1E , END 1N , END2E, END2N 
k  , GGRAD, GTREN,ERRG,GCONS,MGRAD,MTREN,ERRM,MCONS,DECA, INCA, INTA)

C
COMMON T I T L E ( 1 0 ) , D ( 2 0 0 ) , I S T N ( 2 0 0 ) , GREFE(20 0 ) , GREFN(20 0)
COMMON BOANOM( 2 0 0 ) , TOTMAG( 2 0 0 )
COMMON LNO( 200  ) , N P T (20 0 ) , RHO(20 0 ) , SUS(20 0 ) , X (20 0 , 2  0 0 ) , Y ( 2 0 0 , 2 0 0 )  
COMMON DECR( 2 0 0 )  ,RINCH 200 ) , R I N T ( 2 0 0 )
COMMON RESG( 2 0 0 ) , RESM(200 ) , S S E L Z ( 2 0 0 ) , PDELZ( 200 , 200 )
REAL IN T A , INCA, MCONS, MGRAD, MTREN

C
READ( 5 , *  ) NSTN
READ( 5 , *  ) END 1E , END 1N , END2E, END2N 
READ( 5 , *  ) GGRAD, GTREN, ERRG, GCONS 
READ(5 , * ) MGRAD, MTREN, ERRM, MCONS 
READ( 5 , *  ) DECA, INCA, INTA

C

READ( 5 , *  ) ! STN( I ) , GREFE( ! ) , GREFN( I ) , BOANOM( I ) , TOTMAG( I )
13 CONTINUE  
C
C CALC LENGTH AND TREND OF PROFILE  
C

P I = 3 , 1 4 1 5 9 3
DI ST =(  ( END1E- END2E) * * 2 + ( END 1N- END2N) * * 2 ) * * 0  . 5 
I F ( END 1N . EQ , END2N. OR. END 1E . EQ. END2E) GJ TO 

ANGLE= ( ATAN( ( END1E- END2E) / ( END1N- END2N) ) )  /  PI



! F ( END 1E * GT * END2E. AND. END 1N * G T♦EMD2N) THEN 
TREND = 1 3 0 * 0 0 + ANGLE 

ELSE I F ( END 1E , L T ♦END2E. AND. END 1N . GT, END2N) THEN 
TREND= 1 8 0 ♦ 0  0 +ANGLE 

ELSE ! F ( END 1E * L T , END2E, AND * END 1N ♦LT *END2N) THEN 
TREND = 0 * 0 +ANGLE 

ELSE I F ( END 1E * G T , END2E. AND♦END IN , L T ♦END2N) THEN 
TREND= 3 6 0 . 0 0+ANGLE 

ELSE I F ( END 1E . EQ. END2E * AND, END 1N ♦N E*END2N) THEN 
I F ( END 1N . G T . END2N) TREND= 1 80 * 0 0  
I F ( END 1N . L T , END2N) TREND = 0 ,0  0 

ELSE
I F ( END 1E * G T ♦END2E) TREND = 27 0♦0  
I F ( END1E * L T . END2E) TREND=90*0  

END IF

DO 14 0 = 1 , NSTN

DA= ( ( GREFE( 0 ) -END 1E ) * * 2 + ( GREFN( J ) - E N D 1 N ) * * 2 ) * * 0  , 5 
DB = ( ( GREFE( 0 ) - END2E) *  * 2 + ( GREFN( 0 ) -END2N) *  * 2 ) *  * 0 ♦ 5

C O S A = ( D A * * 2 - D B * * 2 - D I S T * * 2 ) / ( - 2 . 0«DB* DI ST)  
COSB=<D B * * 2 - D A * * 2 - D I S T * * 2 ) ! ( -  2 . 0 * D A * D ! S T )

D 1=DA*COSB 
D2 = DI  ST - ( DB*COSA)
D ( J ) = ( D 1 + D2 ) /  2

C
14 CONTINUE 
C

RETURN 
END

C
c 
c.
c  SUBROUTINE TO READ IN MODEL 
C

SUBROUTINE MOD IN(NBOD)
C:

COMMON T I T L E ( 1 0 ) , D ( 2 0 0 ) , 1 STN(20 0) , GREFE(20  0 ) , GREFN(20 0)  
COMMON BOANOM(2 0 0  )*  TOTMAG(20 0)
COMMON LNO( 2 0 0 )  , N P T ( 2 0 0 ) , RHO( 2 0 0 ) »  SUS( 2 0 0 ) , X ( *  0 0 , - 0  0)  , Y ( 
COMMON DECR( 2 0 0 ) , R I N C (2 0 0) , RI  N T (2 0 0 )
COMMON RESG ( 2 0 0 )  ,RESM(200 ) , SSELZ( 2 0 0 )  , PDEL^. ( 200 , -tOO )

READ( 5 , * )  NBOD 

DO 19 K = 1 >NBOD

R E A D ( 5  i *  ) L N O ( K ) , N P T 1 K ) , R H O ( K ) , S U S ( K ) , D E C R ( K ) , R I N C ( K ) ,

& RI  N T ( K )
C

DO 20 MN=1 t NPT ( K )
READ( 5 , * )  X ( K , MN) , Y ( K »MN)

20 CONTINUE
C
19 CONTINUE

C

C

C
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RETURN
END

C

SUBROUTINE TO PLOT DATA

SUBROUT I NE DATAPL( I GRAF, D ! S T , NSTN, NBOD, GGRAD, MGRAD»ERRG, ERRM, END 1E 
& , END 1N , END2E , END2N, TREND, MTREN, GTREN)

COMMON T l T L E ( 1 0 ) , D ( 20 0 ) ,  I ST N( 2 0 0 ) , GREFE( 2 0 0 ) , GREFN( 2 0 0 )
COMMON BOANOM ( 2 0 0 ) , TOTMAG( 2 0 0 )
COMMON LNO( 2 0 0 )  , N P T ( 2 0 0 ) , RHO( 2 0 0 ) , SUS( 2 0 0 ) , X ( 2 0 0 , 2 0 0 ) ,  Y ( 2 0 0 , 2 0 0 )  
COMMON DECR( 2 0 0 ) , R I N C ( 2 0 0 ) , RI N T ( 200 )
COMMON RESG ( 2 0 0 )  ,RESM(20 0) ,S SE LZ(20  0)  , PDELZ( 2 0 0 , 2 0  0 )
COMMON CALM( 2 0 0 )  , CMBOD( 2 0 0 , 2 0 0 )
DIM ENSION XMOD( 2 0 0 ) , YMOD( 2 0 0 )
REAL MMAX , MM I N , MGRAD, MI N T , NMI N, NMAX, MTREN

READ IN PLOT CONTROL PARAMETERS

READ( 5 , * ) EMAX, EM I N , NMAX, NM I N
READ( 5 , * ) ZMAX, Z M I N , ZI  NT
READ( 5 , * ) MMAX»MM I N , MI NT
READ( 5 , *  ) GMAX, GM IN, GI NT
READ( 5 , #  ) XI  NT

MAP WINDOW AND SELECT LABELLING

CALL CSPACE( 0 , 0 5 , 1 . 1 #  0 . 0 5 , 0 . 8 2 )
CALL PSPACE( 0 , 2 , 1 , 1 , 0 , 2 , 0 , 7 8 )
CALL PLACE( 2 0 , 1 )
CALL TYPECS( T I T L E , 4 0 )
CALL PLACE( 3 0 , 2 4 )
I F (  I G R A F , E Q , 7)  THEN

CALL TYPECS( 'EAST ING ( K M ) ' , 1 2 )
ELSE

CALL TYPECS( 'RANGE ( K M ) ' , 1 0 )
END IF

C
I F ( I GRAF, EQ, 1 , OR. I GRAF, EQ. 2 , OR. I GRAF. EQ. 3 )  THEN 

CALL PLACE( 4 , 1 4 )
CALL CTROR1 ( 1 , 0 )  , 4 A ,
I F (  I G R A F . E Q . 1) CALL TYPECS( ' DEPTH (KM) , 1 °
I F ( I GRAF » EQ * 2) CALL TYPECS( 'ANOMALY (NT)  » 12 
I F ( I G R A F . E Q, 3)  CALL TYPECS( ' ANOMALY ( MGAL , 14 )

ELSE I F ( I GRAF, EQ, 4 . OR. I GRAF, EQ, 5 )  THEN 
CALL PLACE( 4 , 2 0 )

IF ? m R A F TEQR4) 1rALL TYPECF ( ' DEPTH (KM) ANOMALY ( MGAL) ' , 3 0 )I F (  I G R A F . E Q , 4)  CALL T C F E L . i lc  ANOMALY ( N T ) ' , 3 0 )
I F < I G R A F . E Q, 5)  CALL TYPECo( DEPIH i mvu 

ELSE 1F ( I GRAF, EQ * 6 ) THEN 
CAI I P! ACF ( 4 . 2 2 )

" !±  " ™ « r « P T H
ELSE

CALL PLACE( 4 , 1 4 )
CALL CTRORI ( 1 , 0 )
CALL TYPECS( ' NORTH I MG ( KM) ' ,  13 )



2 8 3

END IF
C

C A L L  C T R O R I ( 0 , 0 )
C
C SELECT PLOT
C

I F ( I GRAF. EQ,  1 . OR, I GRAF, EQ, 4 , OR, I GRAF. EQ. 5 .OR, I GRAF,EQ,6) THEN 
i F ( I GRAF, E Q , 4 , OR , I GRAF, EQ, 5 )  CALL PSPACE( 0 , 2 , 1 , 1 , 0 , 2 , 0 , 4 7 )
I F ( I GRAF . E Q , 6 ) CALL PSPACE ( 0 , 2 , 1 , 1 , 0 , 2 , 0 , 3 6 )
CALL MAP( 0 , 0  0 , DI S T , ZMAX, Z M I N )
CALL BORDER 
CALL CTRMAG( 1 0 )
CALL S C A L S I ( X ! N T , Z ! N T )
CALL CTRMAG( 2 0 )
DO 21 11 = 1 , NBOD

DO 22 JJ = 1 , NPT ( I I )
X MOD ( J J ) = X ( I I , JJ )
YMOD( JO) = Y ( I I , JJ)

22 CONTINUE
I COUNT=NPT( I I )
CALL PTPLOT( XMOD, YMOD, 1 , 1  COUNT , - 1 )

21 CONTINUE
END I F

C
I F ( I G R A F . E Q , 2 , OR, I GRAF, EQ, 5 , OR , I GRAF. EQ, 6)  THEN 

I F ( I GRAF, EQ, 5 )  CALL PSPACE( 0 , 2 , 1 , 1 , 0 , 5 1 , 0 , 7 8 )
I F (  IG R A F.EQ . 6 ) CALL PSPACE( 0 , 2 , 1 , 1 , 0 , 4 1 , 0 , 5 7 )
CALL MAP( 0 , 0  0 , DI S T , MM I N , MMAX)
CALL BORDER 
CALL CTRMAG( 1 0 )
CALL SCALSI ( X I N T , MI N T )
CALL CTRMAG(2 0 )
I F ( M G R A D , E Q , 0 , 0 )  GO TO 30 
CALL BROKEN( 1 0 , 1 0 , 1 0 , 1 0 )
CALL PTPLOT( D, TOTMAG, 1 , NS T N, - 2 )

30 CALL FULL
CALL PTPLOT( D , R E S M , 1 , NS T N , - 2 )
DO 43 J J = 1 , NSTN

CALL PLOTNC( D ( 0 0 ) , CALM( JJ)  , 57 )
CALL MOVE( 0 , 0  0 , ERRM)
CALL L I N E ( 0 , 0 0 , - 2 , 0*ERRM)

43 CONTINUE
END IF

C
1F ( I GRAF, EQ, 3 , OR, I GRAF, EQ, 4 , OR, I GRAF, EQ. 6 )  THEN 

I F ( I GRAF. EQ, 4 ) CALL PSPACE( 0 , 2 , 1 , 1 , 0 , 5 1 , 0 , 7 8 )
I F (  I GR A F . E Q, 6)  CALL PSPACE( 0 , 2 , 1 » 1 , 0 , 6 2 , 0 . 7 8 )
CALL MAP( 0 ♦ 0  0 , DI S T , GM IN, GMAX)
CALL BORDER 
CALL CTRMAG( 1 0 )
CALL S C A L S I ( X I NT , G I NT )
CALL CTRMAG(2 0 )
I F ( GGRAD, E Q , 0 , 0 )  GO TO 31 
CALL BROKEN( 1 0 , 1 0 , 1 0 , 1 0 )
CALL PTPLOT( D, BOANOM, 1 , NS T N , - 2 )

51 CALL FULL
CALL P T P L OT ( D , R E S G, 1 , NS T N , - 2 )
DO 4 0 KK=1 , NSTN

CALL PLOTNC( D ( KK) , SSELZ( KK) , 57 )
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CALL MOVE( 0 * 0 0 , ERRG)
CALL L I N E ( 0 ♦ 0  0 , -  2♦0 *ERRG)

40 CONTINUE
END I F

C
1F ( I G R A F . E Q , 7 )  THEN

CALL MAP( EM I N , EMAX, NM! N , NMAX)
CALL BORDER 
CALL CTRMAG( 1 0 )
CALL SCALES 
CALL CTRMAG(2 0 )
CALL PLOTNC ( EMAX- ( ( EMAX-EMI N ) /  1 0 ) , NMAX- ( ( NMAX - NM I N ) /  1 0 ) , 24 ) 
CALL MOVE( 0 , 0 , ( NMAX- N M IN ) *  f - 0 « 05 ) )
CALL C T RORI ( 2 , 0 )
CALL TYPENC( 3 2 )
CALL CTROR1 ( 0 , 0 )
CALL L I N E ( 0 , 0 , ( NMAX- NMI N) *  ( - 0 , 1 ) )
CALL P O S IT N ( END 1E ♦END 1N )
CALL C I R C L E ( 0 , 1 )
CALL JO I N ( END2E, END2N)
CALL C I R C L E ( 0 , 1 )
I F ( GGRAD, N E , 0 , 0 )  THEN

CALL POS I TN ( EM I N+ ( EMAX-EM I N ) * 0 , 2 , NMAX- ( NMAX - NM I N ) * ( 0 • 2 ) )
CALL TYPENF( GGRAD, 2)
CALL TYPECS( '  MGAL/ KM' ,  8)
CALL MOVE( 0 , 0 , ( NMAX- NMI N) * ( 0 , 0 5 )  )

CALL L I NE ( ( EMAX - EM I N ) * 0 ♦ 1*S  i N ( GTREN) , ( NMAX-NMI N ) * 0 , 1*COS(GTREN) ) 
CALL TYPENC(4 3 )

END IF
I F ( MGRAD♦N E , 0 , 0 )  THEN

CALL POS I TN ( EM I N+ ( EMAX-EM I N ) * 0 , 5 , NMAX- ( NMAX-NM I N ) * ( 0 , 2 ) )
CALL TYPENF(MGRAD,2)
CALL TYPECS( '  NT / KM' , 6 )
CALL MOVE( 0 , 0 , ( NMAX- NMI N) * ( 0 , 0 5  ) )

CALL L I NE ( ( EMAX-EM I N) *0  , U S  IN (MTREN) , ( NMAX-NM I N ) *  0 , 1 *COS ( MTREN ) ) 
CALL TYPENC( 4 3 )

END I F
CALL POS I TN ( EM I N+ ( EMAX-EM I N ) * ( 0 , 1 ) , NM I N+ ( NMAX-NM I N ) * ( 0 . 1 ) )
CALL TYPECS( ' STATI ONS ' , 9 )
CALL TYPENC( 4 5 )
CALL BROKEN( 5 , 5 , 5 , 5 )
DO 10 1 M = 1 , NSTN

CALL POS I TN( (END1E + (D( M)  * SI N( TREND)  ) ) , END 1N+ ( D(M) *COS ( TREND ) ) ) 
CALL JO I N ( GREFE( M) , GREFN( M) )
CALL TYPENC( 4 5 )

1 0 1 CONTINUE  
CALL FULL 
END IF

RETURN 
END

SUBROUTINE TO REMOVE REGIONAL GRADIENT

SUBROUT I NE GRADN ( TREND , D I ST , NSTN, GGRAD, GTREN , MGRAD , MTREN )

COMMON T I T L E ( 10)  » D ( 200  ) , I ST N( 2 0 0 ) , GREFE( 2 0 0 ) , GREFN( 2 0 0 )



2 8 5

COMMON BOANOM( 2 0 0 ) , TOTMAG( 2 00 )
COMMON LNO(2 0 0 ) » NPT (2 0 0)  , RHO( 200 ) , SUS( 2 0 0 ) » X ( 2 0 0 , 2 0 0 ) » Y ( 2 0 0 . 2 0 0 )  
COMMON DECR( 2 0 0 ) , R I N C (20 0 ) , RI N T (20 0)
COMMON RESG ( 20 0 ) , RESM(20 0 ) # SSELZ( 2 0 0 ) , PDELZ( 2 0 0 , 2 0 0  )
REAL MGRAD,MTREN,MPROGR,MCON

C
TREND=TREND/ 5 7 ♦ 2 9 5  
GTREN=GTREN/ 5 7 . 2 9 5  
MTREN=MTREN/5 7 .2 9 5

C
GPROGR = GGRAD*COS ( ABS ( TREND-GTREN) )
MPROGR = MGRAD*COS ( ABS ( TREND - MTREN) )

C
DO 24 1 1 = 1 , NSTN

RESG ( I I ) = BOANOM( ! I ) -GPROGR*D(1 I )
RESM( I I ) = TOTMAG( I I ) -MPROGR*D( I I )

24 CONTINUE  
C

RETURN
END

C
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
c
C SUBROUTINE TO CALCULATE GRAVITATIONAL EFFECT OF MODEL
C

SUBROUT I NE GRANOM( NSTN, NBOD, GCONS)
C

COMMON T I T L E ( 10)  , D ( 2 0 0 )  , I S T N (20 0 ) , GREFE( 200 ) , GREFN( 200 )
COMMON BOANOM( 2 0 0 ) , TOTMAG( 2 0 0 )
COMMON LNO ( 2 0 0 ) ,NPT(  200 ) , RHO( 2 0 0 ) , SUS( 2 0 0 ) , X ( 2 0 0 , 2 0 0 ) , Y ( 2 0 0 , 2 0 0 )
COMMON DECR( 2 0 0 )  , R I N C ( 2 0 0 ) , RI  N T ( 200 )
COMMON RESG ( 2 0 0 ) , R E S M ( 2 0 0 ) , SSELZ( 2 0 0 ) , PDELZ( 2 0 0 , 2 0 0 )
DIMENSION F X ( 20 0 ) , F Z ( 20 0 )

C
P I = 3 , 1 4 1 5 9 3

C
DO 451 K = 1» NSTN 

F Z ( K )= 0 * 0 0 
F X ( K ) = D ( K )

451 CONTINUE  
520 CONTINUE

DO 53 K = 1 , NSTN 
S S E L Z ( K ) = GCONS 

53 CONTINUE
DO 430  I Z = 1> NBOD 

DO 420 K = 1 , NSTN 
SDELZ = 0 » 0 
1 = 1

205 CONTINUE
I F ( I * EQ « N P T ( IZ )  + 1) THEN 

EXXX = X ( I Z ,  1 ) - FX( K)
Z E E E = Y ( I Z , 1 ) - F Z ( K )

ELSE
E X X X = X ( I Z , I ) - F X ( K )
ZEEE = Y ( I Z ,  I ) - F Z ( K )
END I F
R R = E X X X **2 + Z E E E **2  
I F ( E X X X ) 2 1 0 , 2 4 0 , 2 8 0  

210 I F ( Z E E E ) 2 2 0 , 2 3 0 , 2 3 0
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220 THETB=ATAN( 2 EEE/ EXXX) -P i 
GO TO 300  

230 THETB = ATAN ( 2 E E E /E X X X ) +F’ I 
GO TO 300  

240 1F ( Z E E E ) 2 5 0 , 2 6 0 , 2 7 0  
250 T H E T B = - 1 . 5 7 0 8 0  

GO TO 300  
260 THETB= 0 . 0  

GO TO 300  
270 T H E T B = 1 . 5 7 0 8 0  

GO TO 300  
280 THETB=ATAN( 2E E E /E X X X )
300 I F ( 1- 1 ) 3 0  0 1 , 3 0 0 2 , 3 0 0  1

3002  EXX=EXXX  
ZEE=2EEE  
R = RR
THETA=THETB  
I F ( 1 - 1 ) 2 0 5 , 2 0 0 , 2 0 5  

200 I =2
GO TO 2 05  

300 1 CHECK =EXX*ZEEE-ZEE*EXXX  
! F ( C H E C K ) 3 2 0 , 3 1 0 , 3 2 0  

310 DELZ= 0 .0  
GO TO 40 0 

320 OMEGA=THETA-THETB
IF (O M E G A )320  1 , 3 2 0 2 , 3 2 0 2  

3202  I F ( O M E G A - P I ) 3 3 0 , 3 3 0 , 3 4 0  
3201 ! F ( O M E G A + P I ) 3 4 0 , 3 3 0 , 3 3 0

330 DTHET =OMEGA 
GO TO 370  

340 I F ( OME GA ) 3 5 0 , 3 6 0 , 3 6 0  
350 DTHET=OMEGA+6.28319  

GO TO 370  
360 DTHET=O M EG A-6.28319
370 A = CHECK /  ( ( EXXX- EXX) * * 2  + ( ZEEE-ZEE) * *2 )

B = ( E X X X - E X X ) *DTHET 
C = 0 . 5  * ( ZEEE- Z E E ) * ALOG< RR/ R >
DELZ = A * (B + C.)

400 SDELZ=SDELZ+DELZ
I F ( I - ( N P T ( ! Z )  + 1 ) ) 3 0 0 3 , 3 0 0 5 , 3 0 0 5

3003  1=1+1
GO TO 3 0 0 2  

30 05 P D E L Z ( l Z , K ) = 1 3 . 3 4* RHO( I Z) * SDELZ  
S S E L Z ( K ) = S SEL Z ( K ) +PDELZ( I Z , K )

420 CONTINUE  
430 CONTINUE  
24 CONTINUE

C
RETURN
END

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

SUBROUT I NE TO CALCULATE MAGNET I C: ANOMALY 

^ SUBROUT 1 NE MAANOM( TREND, NBOD , NSTN, I NTA, I NCA, DECA, MCON_

COMMON T I T L E ( 1 0 ) , D (20 0 ) » I STN( 20  0)# GREFE< 2 0 0 ) , GREFN(20  
COMMON BOANOM( 2 0 0 ) , TOTMAG( 2 0 0 )



C O M M O N  L N O  ( 2 0 0 )  , N P T  ( 2 0 0 )  , R H O ( 2 0 0  ) , S U S ( 2 0 0 )  , X ( 2 0 0 , 2 0 0 )  , Y  
C O M M O N  D E C R ( 2 0 0 )  , R I N C ( 2  0 0 ) f R I  N T ( 2 0 0 )
C O M M O N  R E S G  ( 2 0 0 )  , R E S M  ( 2 0 0 )  , S S E L Z  ( 2 0 0 )  , P D E L Z  ( 2 0 0 , 2 0 0 )  
C O M M O N  C A L M ( 2 0 0 ) , C M B O D ( 2 0 0 , 2 0 0 )
D I M E N S  I O N  I X ( 5  1 ) , I Z ( 5  1 ) , I X N ( 2 0 0 , 5 1 ) , S T O R M ( 2 0 0 )
R E A L  M A G Z  ( 2 0 0 )  , M A G X ( 2 0 0 )  , M A G T ( 2 0 0  )
R E A L  I N T  A , I N C A , M C O N S , J X R , J Z R , OX I , J Z  I , J X T  , J Z T , J I , H F I  E L D

C
P  I = 3  . 1 4 1 5 9 3

C
C I N I T I A L I S E  M A G N E T I C  P R O F I L E  V A R I A B L E S  
C

D A T A  M A G Z / 2  0 0 *  0 » /
D A T A  M A G X / 2 0 0 # 0 , /
D A T A  M A G T / 2 0  0 * 0 . /
D A T A  S T Q R M / 2 0 0 * 0 . /

C
T R E N D D = T R E N D / P 1 * 1 8 0

C
I F  ( T R E N D D  . L T  , 3 6 0  ♦ A N D  ♦ T R E N D D »GE ♦ 1 8 0 )  T H E N  

S T R I K E = T R E N D D - 9 0 . 0  
E L S E

S T R I K E = T R E N D D + 9 0 ♦ 0  
E N D  I F

C
S T R I K E = S T R I K E * P I / 1 8 0

C
H F I E L D = ( I N T A * 1 , E - 9 ) / ( 4 . 0 * P l * 1 » 0 E - 7 )

D E C A = D E C A * P I / 1 8 0 . 0  
1N C A = I N C A * P I / 1 8 0 , 0

C

DO 5 5  1 1 1  = 1 , N B O D
C

DO 9 9  J 0 J = 1 , N S T N  
M A G Z ( J 0 0 ) = 0  . 0 0  
M A G X ( J J J ) = 0  . 0 0  

3 9  C O N T I N U E
C

DO 5 4  J 0 = 1 , N P T ( I I I )
I X ( J O ) = X (  I I I  , J J  ) *  1 0 0 0  
I Z ( J J ) = Y (  I I I , J J ) * 1 0 0 0  

5 4  C O N T I N U E
C

D E C R ( I N ) = D E C R ( I I I ) * P I / 1  SO 
R I N C (  I I I ) = R I N C (  I I I ) * P I / 1  SO

C

J I = S U S (  I I I ) * H F  I E L D  «i i  D1 a m p  o f  B ODY
C C A L C U L A T E  P R O J E C T I O N  O F  M A G N E T I C  V E C T O R E o

J X R  = R I  N T ( I I I ) * ( C O S ( R I N C ( I  I I ) ) * C O S ( P I / 2 . 0 + S T R I K E  D E C R ( I

J Z R  = R I N T  ( I I I ) *  ( S  I N ( R ! NC ( I I I ) } > | l / C  nPrA)  ^
J X  I = 0  I * ( C O S ( I N C A ) * C Q S ( P I / 2 . 0 + S T R I K E - D E ^

J Z I = J 1 * ( S I N ( I N C A ) )
J X T  = J X I + J X R  

J Z T  = J Z I + J Z R
C

I X ( N P T ( ! I I )  + 1)  = I X ( 1 )
I Z ( N P T ( I I I ) + 1 )  = I Z ( 1)

2 0 0 ,

I ) ) )
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C TRANSFORM CO-ORDS OF POLYGON TO ORI GI N AT EACH STATION
C

DO 30 0 0 = 1 , NSTN
DO 400 0 1 = 1 , NP T ( I I I ) + 1 
I X N ( 0 , 0 1 )  = ( I X ( 0 1 ) - ( D ( 0  ) *  10 0 0 ) )

40 0 CONTINUE
30 0 CONTINUE  
C
C CALCULATE ANOMALY 
C

DO 5 00  0 = 1 , NSTN 
ZMAG = 0 , 0  
XMAG= 0♦0

DO 600  0 1 = 1 , N P T ( M l )
I X 1 = I X N ( 0 , 0 1 )  
I X 2 = I X N ( 0 , 0 1 + 1 )
I Z 1 = I Z ( 0 1 )
I Z 2 = I Z ( 0 1 + 1 )
Z 1=REAL( I Z 1 )
Z 2 = R E A L ( I Z 2 )
X 1 =REAL( 1 X 1 )
X 2 = R E A L ( I X 2 )
I F ( 1 X 1 , E Q , 0 ♦ AND * I Z 1»EQ, 0 )  THEN 

I Z 1 = 1 
Z 1 = 1 , 0  

END I F
I F ( I X 2 . E Q . 0 . A N D . 1 Z 2 . E Q . 0 )  THEN 

I Z 2 = 1 
Z2=  1 . 0  

END I F
I F U X 1  . E Q . 0 )  THEN 

T HETA1= P I / 2  
ELSE

THETA1=ATAN( Z 1 / X 1)
END I F
I F ( I X 2 . E Q . 0 )  THEN 

T H E T A 2 = P I / 2  
ELSE

THETA2=ATAN (Z2./X2)
END I F
I F ( THETA1♦LT * 0 ♦ 0 )  THETA1=PI+TH ETA1 
I F ( THETA2 » LT * 0 , 0 )  THETA2 = PI +THETA2  

X 12 = X 1- X2  
Z 2 1= Z 2 - Z 1
R 1= S Q R T ( X 1 # * 2 + Z 1 * * 2 )
R2 = SQRT ( X 2 * * 2 + Z 2 * * 2 )  t i i p t a (  Tu c t a 9 ) ,
PCHAR= ( Z2  1 * # 2 /  ( Z2 1 ##2 + X 1 2 * * 2 )  ) * ( THETA 1 - THETA2) +

& ( Z 2 1 * X 1 2 / < Z 2 1 * * 2 + X 1 2 * * 2 )  ) *A LO G (FU  f ^ ]
QCHAR = ( Z 2 1 * X 1 2 / ( Z 2 1 * * 2  + X 1 2 * * 2 ) ) * (  TH^ A  1 -THETA*.

k  ( Z 2 1 * * 2 / ( Z 2 1 * * 2 + X 1 2 * # 2 ) ) * A L O G ( R2 /  R 1 )
ZMAG = 2 .  0 * ( 0XT * QCHAR-0ZT*PCHAR)
XMAG = 2 • 0 * ( 0XT*PCHAR + 0ZT*QCHAR)

MAGZ( 0 ) =MAGZ( 0 ) +ZMAG
MAGX i 0 ) =MAGX( 0 ) +  XMAG

M A Q ? u ! ^ S Z ( J ) . S I N ( I N C A ) + M A G X < J M ( C O S ( I N C A ) . C O 8 ( P I / 2 . 0  +

k S T R I K E - D E C A ) )
MAGT( 0 ) =MAGT( 0 ) *  1 * 0E2  
CMBOD( I I I , 0 ) =MAGT( 0 )
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S T  O R M ( J ) = S T O R M ( J ) + M A G T ( J )
5 0  0 C O N T I N U E

I F ( I I I , E Q . N B O D ) T H E N  
DO  6 7  1 = 1 , N S T N

C A L M ( I ) = S T Q R M ( I ) + M C O N S  
6 7  C O N T I N U E

E N D  I F  
5 5  C O N T I N U E
C

R E T U R N
E N D

C

C * * * * * * * * * * * * * * * * * * * * * * * * # * * # * * * * # * # # # # # # * * # # # # # * # # * ♦ * # # # # # # # # # # # * # # *
C
C S U B R O U T I N E  T O  F O R M A T  A N D  O U T P U T  D A T A  
C

S U B R O U T  I N E  D A T O U T  ( D I  S T , N S T N , T R E N D , E N D  1E , E N D  1N , E N D 2 E , E N D 2 N  
& , G G R A D  , G T R E N , E R R G  , G C O N S , M G R A D  , M T R E N , E R R M , M C O N S , D E C A , I N C A , I N T A ,
& N B O D )

C

CO M M O N  T I T L E ( 1 0 ) , D ( 2 0 0 )  , I S T N ( 2 0 0 ) , G R E F E ( 2 0 0 ) , G R E F N ( 2 0 0 )
C O M M O N  B O A N O M ( 2 0  0 ) , T O T M A G ( 2 0 0 )
C O M M O N  L N O  ( 2 0 0 )  , N P T  ( 2 0 0 )  , R H O  ( 2 0 0 )  , S U S  ( 2 0 0 )  , X ( 2 0 0  , 2 0 0  ) , Y  ( 2 0 0  , 2 0 0  ) 
C O M M O N  D E C R ( 2 0 0 ) , R I N C ( 2 0  0 ) , R I N T ( 2 0 0 )
C O M M O N  R E S G  ( 2 0 0 )  , R E S M ( 2 0 0 )  , S S E L Z  ( 2 0 0 )  , P D E L Z  ( 2 0 0  , 2 0 0  )
C O M M O N  C A L M ( 2 0 0 ) » C M B O D ( 2 0 0 , 2 0 0 )
R E A L  I N T A , 1 N C A , M C O N S , M G R A D , M T R E N

C

W R I T E ( 6 ,  1 0 )  T I T L E  
W R I T E ( 6 , 2 1 )
T R E N D  = T R E N D / 3 ,  1 4 1 5 9 3 * 1 8 0  
W R I T E ( 6 ,  1 1 )  N S T N , T R E N D , D I  S T  
W R I T E ( 6 , 1 9 )
W R I T E ( 6 , 2 2 )
W R I T E ( 6 ,  1 2 )  E N D  1E , E N D 2 E , E N D  1N , E N D 2 N  
W R I T E ( 6 , 2 4 )
G T R E N  = G T R E N / 3  » 1 4 1 5 9 3 * 1 8 0  
M T R E N  = M T R E N / 3 » 1 4 1 5 9 3 *  1 8 0  
W R I T E ( 6 , 1 8 )  G G R A D , G T R E N , E R R G  
W R I T E ( 6 ,  1 8 )  M G R A D , M T R E N , E R R M  

W R I T E ( 6 , 2 5 )
WR I T E  ( 6  , 2 6  ) i ki TA
W R I T E ( 6  , 1 3 )  D E C A / 3 ,  1 4 1 5 9 * 1 8 0 ,  I N C A / 3 . 1 4 1 5 9 * 1 8 0 ,  I N T A

W R I T E ( 6 , 2 7 )

W R I T E I g ! 1 4 )  ( I S T N  ( K ) i G R E F E  ( K ) , G R E F N ( K )  , D ( K )  .BOANOM1 K ) ,  T O T M A G  ( K ) ,

& K = 1 , N S T N )
C

W R I T E ( 6 , 2 9 )
W R I T E ( 6 , 1 5 )  N B O D  
DO 9 8  J = 1 , N B O D  

W R I T E ( 6 , 3 1 )
D E C R ( J ) = D E C R ( J ) / 3 . 1 4 1 5 9 3 * 1  SO
R I N C ( J ) = R I N C ( J ) / 3 . 1 4 1 5 9 3 * 1 8 0  , . .  n P r R , n  r i N C ( J ) , R I  N T  ( J )
WR I T E  1 6 )  1 6 )  L N O  1 J ) t N P T  ( 0 ) f R H O  ( J ) t S U S  ( J ) t DEC R ( 0 ) r R NC J f m l N i

W R I T E ( 6 , 3 2 )

9 8

WRI TE ( 6 ,  33 )  , , MDT, n ,
W R I T E ( 6 , 1 7 )  ( X ( 0 , 0 0 ) , Y ( 0 » 0 J ) , 0 0 = 1 , N P T  ^

C O N T I N U E



-  2 9 0  -

84
85 
C

10 
1 1 
12
13
14
15
16
17
18 
21 
19 
22

24
25
26
27
28

29
30 
3 1

32
33
34
35
36 
33

37
38 
40 
C

&

k

W R I T E ( 6 , 3 4 )
DO 8 5  L  =1  i N B O D  

W R I T E ( 6 , 3 5 )  L  
W R I T E ( 6 , 3 6 )
DO 8 4  L L  = 1 , N S T N  

W R I T E  ( 6 ,  3 7 )  IS 
C O N T I N U E  

C O N T I N U E

►TN ( L L ) , D ( L L ) , CMBOD ( L , L L ) ,  PDELZ ( L , L L )

k

W R I T E ( 6 , 3 8 )
W R I T E ( 6 , 3 9 )
WR I T E ( 6 , 4  0)  ( I STN( KK) , D( KK) , RESM( KK) , CALM( KK) , RESG( KK  
SSELZ( KK)  , K K =1>NSTN)
FORMAT( 10A4)
FORMAT( 1 5 , 2 ( 1  O X , F 1 Q . 5 ) )
FORMAT( 4 ( F 10 * 5 , 5 X ) )
FORMAT ( 2 ( 5.X , F 1 0 , 5 ) , 5X , F 15 . 5 )
FORMAT( I 5 , 4 F 1 0 , 5 , F 1 5 , 3 )
F O R M A T('N O , BODIES  
FORMAT(2  I 3 , 5 F 1 0 , 5 )  
FORMAT( 2 F 1 0 , 5 )  
FORMAT( 3 ( F 1 5 , 3 , 2 X ) )  
FORMAT(
F O R M A T (

» 3 )

F O R M A T ( 
'  )
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S E I S MI C  VELOCI TY DETERM! NAT I ON 
AND ! NTERPRETATI  ON

WHB i n v e r s i o n  o f  t i m e - d i s t a n c e  d a t a .

WHB i n v e r s i o n  o f  t h e  f i v e  t i m e - d i s t a n c e  
c u r v e s  (A t o  E)  r e p r e s e n t i n g  t h e  b e s t -  
f i t , and max i mum v a r  i a t  i on w i t h i n  
e r r o r s *  o f  t h e  d a t a .

M o d e l ,  p l u s  t i me - d i  s t a n c e  d a t a  and r a y -  
p a t h s  c a l c u l a t e d  by S E I S 8 1 .

Co mp a r i s o n  o f  model  and c a l c u l a t e d
v e I o c i t y - d e p t h  d a t a ;  s o u r c e  1.

Co mp a r i s o n  o f  model  and c a l c u l a t e d
v e I o c i t y - d e p t h  d a t a ;  s o u r c e  2 ( w e s t ) .

C o mp a r i s o n  of  model  and c a l c u l a t e d
v e I o c i t y - d e p t h  d a t a ;  s o u r c e  2 ( e a s t ) .

C o mp a r i s o n  o f  model  and c a l c u l a t e d
v e I o c i t y - d e p t h  d a t a , ;  s o u r c e  3 .

I n p u t  (A)  and d e r i v e d  (B)  v e l o c i t y  model  
u s i n g  t h e  WHB i n v e r s i o n .

Comp a r i s o n  o f  d a t a  d e r i v e d  u s i n g  t h e  WHB 
i n v e r s i o n  t e c h n i q u e .

Comp a r i s o n  of  d a t a  d e r i v e d  u s i n g  t h e  
t a u - p  i n v e r s i o n  t e c h n i q u e .

The e f f e c t  of  VO on t h e  t a u - p  me t h o d ,  VO 
= 1 . 5 0  k m / s .

The e f f e c t  o f  VO on t h e  t a u - p  me t h o d ,  VO 
= 2 . 0 0  k m / s .

The e f f e c t  o f  VO on t h e  t a u - p  me t h o d ,  VO 
= 2 . 5 0  k m / s .

The e f f e c t  o f  V0 on t h e  t a u - p  me t h o d ,  V0 
= 3 . 0 0  k m / s .

The e f f e c t  o f  V0 on t h e  t a u - p  me t h o d ,  V0 
= 3 . 5 0  k m / s .

E f f e c t  o f  r e c e i v e r  s p a c i n g ,  1 km s p a c ­
i n g .

E f f e c t  o f  r e c e i v e r  s p a c i n g ,  2 km ( e v e n )  
s p> a c i n g «

E f f e c t  o f  r e c e i v e r  s p a c i n g ,  2 km ( odd)
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f o r l a t e r a l  v e I o  c i t y v a r i a t i o n *

T i m e - d i s t a n c e  and v e I o c  i t y - d e p t h  d a t a
f r o m WHB i n v e r s i o n ;  T r e a r n e  s h o t *

T i me  - d i s t a n c e  and v e I o c i t y - d e p t h  d a t a  
f r o m WHB i n v e r s i o n ;  Dr umgr ay  s hot
( w e s t )*

T i me  - d i s t a n c e  and v e I o c i t y - d e p t h  d a t a
f r o m WHB i n v e r s i o n ;  Dr umgr ay  s h o t
( e a s  t ) .

T i me  - d i s t a n c e  and v e I o c i t y - d e p t h  d a t a
f r o m WHB i n v e r s i o n ;  A v o n b r i d g e  s h o t
(wes t ) »

T i m e - d i s t a n c e  and v e i o c i t y - d e p t h  d a t a
f r o m WHB i n v e r s i o n ;  A v o n b r i d g e  s h o t
( e a s  t ) .

T i me  - d i s t a n c e  and v e i o c i t y - d e p t h  d a t a
f r o m WHB i n v e r s i o n ;  B a l l i k i n r a i n  s h o t *

T i m e - d i s t a n c e  and v e I o c i t y - d e p t h  d a t a  
f r o m WHB i n v e r s i o n ;  N o r t h  T h i r d  s h o t s  
(wes t ) .

T i me  - d i s t a n c e  and v e ! o c i t y - d e p t h  d a t a  
f r om WHB i n v e r s  i o n ; Nor  th T h i r d  s h o t  
( e a s  t )*

T i m e - d i s t a n c e  and v e I o c i t y - d e p t h  d a t a  
f r o m WHB i n v e r s i o n ;  C a t t l e m o s s  s hot
(wes t ) .

T i me  - d i s t a n c e  and v e I o c i t y - d e p t h  d a t a  
f rom WHB i n v e r s i o n ;  Ca 1 1 I e moss  s hot
( e as  t ) ♦

T i m e - d i s t a n c e  and v e I o c i t y - d e p t h  d a t a  
f r o m WHB i n v e r s i o n ;  W e s t f i e l d  shot
( wes t ) .

T i me  - d i s t a n c e  and v e I o c i t y - d e p t h  d a t a  
f r om WHB i n v e r s i  on;  A b e r u t h v e n  s h o t *

T i m e - d i s t a n c e  and v e I o  c i t y - d e p t h d a t a  
f r o m WHB i n v e r s i o n ;  D o l l a r  s hot  ( n o r t h ) ,

T i m e - d i s t a n c e  and v e I o c i t y - d e p t h  d a t a  
f r o m WHB i n v e r s i o n ;  D o l l a r  s hot  ( s o u t h ) ,

T i m e - d i s t a n c e  and v e I o c i t y - d e p t h  d a t a  
f r o m WHB i n v e r s i o n ;  L o n g a n n e t  s ho t
( nor  t h ) *

T i me - d i s t a nce  and ve I oc i t y - dep t h d-n t a 
f r o m WHB i n v e r s i o n ;  A v o n b r i d g e  shot
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( nor  t h ) .

T i m e - d i s t a n c e  and v e I o c  i t y - dep t h da t a
f r o m WHB i n v e r s i o n ;  A v o n b r i d g e  s hot
( sou t h ) *

T i m e - d i s t a n c e  and v e i o c i t y - d e p t h  d a t a
f r o m WHB i n v e r s i o n ;  B i a i r h i l i  s h o t *

T i m e - d i s t a n c e  and v e I o c i t y - d e p t h  d a t a
f r om WHB i n v e r s i o n ;  Ca i r n y hi  I i s ho t
( n o r t h ) .

T i m e - d i s t a n c e  and v e I o c i t y - d e p t h  d a t a
f r o m WHB i n v e r s i o n ;  C a i r n y h i l !  s hot
( sou t h ) .

T i m e - d i s t a n c e  and v e ! o c i t y - d e p t h  d a t a
f r o m WHB i n v e r s i o n ;  Tams l oup  s hot  
( nor  t h ) .

T i m e - d i s t a n c e  and v e I o c i t y - d e p t h  d a t a
f r o m WHB i n v e r s i o n ;  H e a d l e s s  Cr o s s  s hot  
( n o r t h ) .

T i m e - d i s t a n c e  and v e I o c i t y - d e p t h  d a t a  
f r o m WHB i n v e r s i o n ;  H e a d l e s s  Cr os s  s hot  
( s o u t h ) .

T i me - d i s t a n c e  and v e I o c i t y - d e p t h  d a t a  
f r o m WHB i n v e r s i o n ;  Medr ox  s h o t .

T i me - d i s t a n c e  and v e I o c i  t y - d e p t h  d a t a  
f r o m WHB i n v e r s i o n ;  C r a i g p a r k  s h o t .

T i me - d i s t a nce  and v e I o c i  t y - dep t h da t a 
f r o m WHB i n v e r s i o n ;  Tams l oup  shot
( eas  t ) .

T i me - d i s t a n c e  and v e I o c i t y - d e p t h  d a t a  
f r o m WHB i n v e r s i o n ;  Kai mes s hot  ( w e s t ) .

T i m e - d i s t a n c e  and v e I o c i t y - d e p t h  d a t a  
f r o m WHB i n v e r s i o n ;  Kai mes s hot  ( e a s t ) .

T i me  - d i s t a n c e  and v e I o c i t y - d e p t h  d a t a  
f rom WHB i n v e r  s i o n ; Cr u i ks s hot  ( nor  t h ) .

T i me - d i s t a n c e  and v e l o c i t y - d e p  t h d a t a  
f rom WHB i n v e r s i o n ;  Cr u i ks shot  ( s o u t h ) .

T i me  - d i s t a n c e  and v e I o c i t y - d e p t h  d a t a  
f r o m WHB i n v e r s i o n ;  Hi  I I wood shot
( nor  t h ) .

T i me  - d i s t a n c e  and v e I o c i t y - d e p t h  d a t a  
f r o m WHB i n v e r s i o n ;  H i l l w o o d  shot
( sou t h ) •
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Ti me - d i s t a n c e  and v e I o c i t y - d e p t h  d a t a  
f rom WHB i n v e r s i o n ;  Ka i me5 s hot  ( n o r t h ) ,  210

Ti me  - d i 5 t a n c e  and v e I o c i t y - d e p t h  d a t a
f r om WHB i n v e r s i o n ;  Ka i mes  s hot  ( s o u t h ) ,  211

P - w a v e  ve i oc i t y - d e p t  h d a t a  f r om WHB
i n v e r s i o n  u s i n g  s h o t  p a i r s  l i s t e d  in
T a b ! e 4 , 1  , 2 12
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13,  ~ 213

S - w a v e  v e I o c i t y - d e p t h  d a t a  f r om WHB
i n v e r s i o n  u s i n g  s hot  p a i r s  7 ,  8 ,  9 ,  214

V p : V s  and P o i s s o n ' s  r a t i o  (PR)  f r om t h e
b e s t - f i t  d a t a  o f  F i g , 4 , 5 1  and 4 , 5 2 ,  215

Vp : Vs  and P o i s s o n ' s  r a t i o  f r om a l l
a v a i  I a b l e  d a t a ,  2 16
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r a t i o ,  217
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E s t i m a t i o n  of  i n t e r v a l  v e l o c i t y  e r r o r s  
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A ) ,  S c h e m a t i c  d i a g r a m  of  we I I - s h o o t i n g  
s u r v e y ,  B ) ,  D a t a  f r om w e l l - s h o o t i n g  
su r v e y ,

V e I o c i t y - d e p t h  c u r v e s  f r om v e l o c i t y  
I ogs ,

Schemat  i c d i agr am i I I us t r a t  i ng d i f ­
f e r e n t  t y p e s  o f  s e i s m i c  v e l o c i t y  an i s o - 
t r o p y , 2 2^

E s t i m a t i o n  o f  v e l o c i t y  a n i s o t r o p y  by 
c o m p a r i s e n  of  r e f l e c t i o n  and r e f r a c t i o n
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bo r e h o I e ,

i n t e r v a l  v e l o c i t i e s ,  f rom v e I o c  i t  y 
l o g s ,  and I i t  ho l ogy o f  t h e  Spi  I m e r s f o r d  
bo r e h o I e ,

V e l o c i t y - d e n s i t y  p l o t  w i t h  be s t - f i t , 
max i mum and mi ni  mum dens i t y cu r ves  ,
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R e f l e c t e d  and r e f r a c t e d  r a y s  r e s u l t i n g  
f r om obi  i gue  i n c i d e n c e  o f  a r a y  on an 
i n t e r f a c e  o f  a c o u s t i c  i mped anc e  c o n ­
t r a s t  ,

T r a v e l - t i m e  c u r v e s  and r a y - p a t h s  r e s u l t ­
i ng f r o m t h e  c r i t i c a l  r e f r a c t i o n  o f  r a y s  
a t  i n t e r f a c e s  b e t wee n  c o n s t a n t  v e l o c i t y  
h o r i z o n t a l  l a y e r s ,

T r a v e l - t i m e  c u r v e s  and r a y - p a t h s  r e s u l t ­
i ng f r om t h e  c r i t i c a l  r e f r a c t i o n  o f  r a y s  
a t  a d i p p i n g  i n t e r  f a c e  be t ween con s t an t 
v e l o c i t y  l a y e r s ,

The pi  u s - m i n u s  met hod o f  r e f r a c t i o n  
i n t e r p r e t a t i  o n ,

Reduced t i me - d i  s t a n c e  g r a p h  f o r  t he
MAVI S I sou t h l i n e ,

Reduced t i m e - d i s t a n c e  g r a p h  f o r  t he
MAVI S I n o r t h  I i n e ,

Reduced t i m e - d i s t a n c e  g r a p h  f o r  t he
MAVI S I I  l i n e ,

P l u s - m i n u s  i n t e r p r e t a t i o n  o f  t h e  MAVI S I 
s out  h I i n e ,

P l u s - m i n u s  i n t e r p r e t a t i o n  o f  t h e  MAVI S I 
no r t h I i n e ,

L o c a t i o n  map of  s e i s m i c  s o u r c e s  and  
r e c e i v e r s  f o r  p a r t  o f  t h e  MAVI S I 1 I i n e ,

R a y - t r a c e d  model  of  t h e  MAVI S I s o u t h  
I i n e ,

O b s e r v e d  ( c i r c l e s  w i t h  e r r o r  b a r s )  and  
c a l c u l a t e d  ( l i n e s )  t r a v e l - t  i mes;  T r e a r n e  
s hot  ,

R a y - p a t h s  used in t h e  c a l c u l a t i o n  of  
t r a v e I  - t i mes shown in F i g , 5 , 1 1 ,
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O b s e r v e d  ( c i r c l e s  w i t h  e r r o r  b a r s )  and  
c a I c u I  a t e d  ( I i n e s ) t r a v e I  - t i m e s ;
Dr umgr a y  s h o t ,

R a y - p a t h s  used in t h e  c a l c u l a t i o n  o f
t r a v e l  - 1 i mes s hown in F i g , 5 ,  13,

O b s e r v e d  ( c i r c l e s  w i t h  e r r o r  b a r s )  and  
c a I c u I  a t ed ( I i n e s ) t r a v e I  - t i m e s ; Avon - 
br  i dge s h o t ,

Ra y - pa t h s used in t h e  c a l c u l a t i o n  o f
t r  a v e I  - t i mes shown in F i g , 5 , 1 5 ,

O b s e r v e d  ( c i r c l e s  w i t h  e r r o r  b a r s )  and  
c a I c u l a t e d  ( l i n e s )  t r a v e l  - 1 i m e s ; O x c a r s  
s h o t  ,

R a y - p a t h s  used in t h e  c a l c u l a t i o n  o f
t r a v e l - t i m e s  shown in F i g , 5 , 1 7 ,

O b s e r v e d  ( c i r c l e s  w i t h  e r r o r  b a r s )  and  
c a I c u I  a t e d  ( I i n e s ) t r a v e  I - t i m e s ; Me t h  i I 
s h o t  ,

R a y - p a t h s  used in t he  c a l c u l a t i o n  o f  
t r a v e l - t i m e s  o f  a5 and a 7 a r r i v a l s  shown 
in F i g , 5 ,  19,

R a y - p a t h s  used in t h e  c a l c u l a t i o n  o f  
t r a v e l - t i m e s  of  a 10 a r r i v a l s  shown in 
F i g , 5 ,  19,

R a y - d i a g r a m  s howi ng  a l l  r a y - p a t h s  used  
i n t h e  c a l c u l a t i o n  of  t r a v e l - t i m e s  f r om  

MAVI S I s o u t h  I i ne  s o u r c e s ,

R a y - t r a c e d  model  of  t h e  MAVI S I n o r t h  
I i ne ,

O b s e r v e d  ( c i r c l e s  w i t h  e r r o r  b a r s )  and  
c a l c u l a t e d  ( l i n e s )  t r a v e l - t  i mes;  B a l ­
l i k i n r a i n  shot  ,

R a y - p a t h s  used in t he  c a l c u l a t i o n  o f  
t r a v e l  - t i me s s hown in F i g < 5 , 2  4,

O b s e r v e d  ( c i r c l e s  w i t h  e r r o r  b a r s )  and  
c a l c u l a t e d  ( l i n e s )  t r a v e l - t  i mesj  N o r t h  
Th i r d  s h o t ,

R a y - p a t h s  used in t h e  c a l c u l a t i o n  of  
t r a v e l - t i m e s  shown in F i g , 5 , 2 6 ,

O b s e r v e d  ( c i r c l e s  w i t h  e r r o r  b a r s )  and  
c a I c u I  a t  ed ( I i n e s ) t r a v e I  - 1 i m e s ;
Cat  t I e m o s s  s h o t .

R a y - p a t h s  used in t he  c a l c u l a t i o n  of
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t r a v e l - t i m e s  sh own in F i g . 5 * 2 8 .

O b s e r v e d  ( c i r c l e s  w i t h  e r r o r  b a r s )  and  
c a I c u l a  t e d  ( I i n e s ) t r a v e I  - t i m e s ; Wes t - 
f i e l d  s ho t  .

R a y - p a t h s  used in t he  c a l c u l a t i o n  o f  
t r a v e l - t i m e s  shown in F i g * 5 , 3 0 .

O b s e r v e d  ( c i r c l e s  w i t h  e r r o r  b a r s )  and  
c a I c u I  a t e d  ( I i n e s ) t r a v e I  - 1 i m e s ; Me t h i I 
s h o t  ♦

R a y - p a t h s  used in t he  c a l c u l a t i o n  o f  
t r a v e l - t i m e s  shown in F i g * 5 . 3 2 .

R a y - d i a g r a m  s howi ng  a l l  r a y - p a t h s  used  
i n t h e  c a l c u l a t i o n  o f  t r a v e l - t  imes f r om  

MAVI S I n o r t h  I i ne  s o u r c e s .

R a y - t r a c e d  model  o f  t h e  MAVI S I I  I i n e .

O b s e r v e d  ( c i r c l e s  w i t h  e r r o r  b a r s )  and  
c a l c u l a t e d  ( l i n e s )  t r a v e l - t  i mes;
A b e r u t h v e n  s h o t .

R a y - p a t h s  used in t h e  c a l c u l a t i o n  of  
t r a v e l - t i m e s  shown in F i g . 5 . 3 6 .

O b s e r v e d  ( c i r c l e s  w i t h  e r r o r  b a r s )  and  
c a I c u I  a t  ed ( i i n e s ) t r a v e  I - 1 i m e s ; Do I I a r  
s h o t  .

R a y - p a t h s  used in t he  c a l c u l a t i o n  of  
t r a v e l  - t i me s s h own in F i g . 5 . 3  8 .

O b s e r v e d  ( c i r c l e s  w i t h  e r r o r  b a r s )  and  
c a l c u l a t e d  ( l i n e s )  t r a v e l - t  i mes;  L o n g a n ­
n e t  s ho t  .

R a y - p a t h s  used in t h e  c a l c u l a t i o n  o f  
t r a v e l - t i m e s  shown in F i g . 5 . 4 0 .

O b s e r v e d  ( c i r c l e s  w i t h  e r r o r  b a r s )  and  
c a l c u l a t e d  ( l i n e s )  t r a v e l - t  i mes;  Avon-  
br  i dge s h o t .

R a y - p a t h s  used in t h e  c a l c u l a t i o n  o f  
t r a v e l - t i m e s  shown in F i g . 5 . 4 2 .

O b s e r v e d  ( c i r c l e s  w i t h  e r r o r  b a r s )  and  
c a l c u l a t e d  ( l i n e s )  t r a v e I - t i m e s ;
BI  a i rh i I I s h o t ,

R a y - p a t h s  used in t h e  c a l c u l a t i o n  of  
t r a v e  I - t imes shown in F i g . 5 . 4 4 .

O b s e r v e d  ( c i r c l e s  w i t h  e r r o r  b a r s )  and  
c a l c u l a t e d  ( l i n e s )  t r a v e  I - t i m e s ;
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Ca i r nyhi  I I s h o t  *

Ray - pa t hs used in t h e  c a I c u I  a t i on o f  
t r a v e  i - t i mes shown in F i g < 5 ♦ 4 6 .

O b s e r v e d  ( c i r c l e s  w i t h  e r r o r  b a r s )  and  
c a I c u I  a t  ed ( I i n e s ) t r a v e I  - t i m e s ;
Tams l oup  s h o t *

R a y - p a t h s  used in t h e  c a l c u l a t i o n  o f  
t r a v e l  - t i mes s hown in F i g . 5 . 4  8 .

O b s e r v e d  ( c i r c l e s  w i t h  e r r o r  b a r s )  and  
c a I c u I  a t ed ( l i n e s )  t r a v e I  - t i m e s ; Head - 
l e s s  Cr os s  s h o t *

R a y - p a t h s  used in t h e  c a l c u l a t i o n  o f  
t r a v e l - t i m e s  shown in F i g . 5 . 5 0 .

O b s e r v e d  ( c i r c l e s  w i t h  e r r o r  b a r s )  and  
c a l c u l a t e d  ( l i n e s )  t r a v e l - t  i m e s ;
Ca i r ngr  y f f e  s h o t .

R a y - p a t h s  used in t h e  c a l c u l a t i o n  of  
t r a v e l - t i m e s  shown in F i g . 5 * 5 2 .

R a y - d i a g r a m  s h o wi n g  a l l  r a y - p a t h s  used  
in t h e  c a l c u l a t i o n  o f  t r a v e l - t i m e s  f r om  

MAVI S I I  I i ne  s o u r c e s .

R a y - t r a c e d  model  o f  t h e  S o l a  n o r t h  
I i n e .

O b s e r v e d  ( c i r c l e s  w i t h  e r r o r  b a r s )  and  
c a I c u I  a t e d  ( l i n e s ) t r a v e  I - t i m e s ; Medr ox  
s hot  .

R a y - p a t h s  used in t h e  c a l c u l a t i o n  of  
t r a v e l - t i m e s  shown in F i g . 5 . 5 6 .

O b s e r v e d  ( c i r c l e s  w i t h  e r r o r  b a r s )  and  
c a l c u l a t e d  ( l i n e s )  t r a v e l - t  i mes;  C r a i g -  
par  k s h o t .

R a y - p a t h s  used in t h e  c a l c u l a t i o n  of  
t r a v e l - t i m e s  shown in F i g . 5 . 5 8 .

R a y - d i a g r a m  s h o wi n g  a l l  r a y - p a t h s  used  
i n t h e  c a l c u l a t i o n  o f  t r a v e l - t i m e s  f r om  
S o l a  n o r t h  l i n e  s o u r c e s .

R a y - t r a c e d  model  of  t h e  S o l a  s o u t h  
l i n e .

O b s e r v e d  ( c i r c l e s  w i t h  e r r o r  b a r s )  and  
c a I c u I  a t ed ( l i n e s )  t r a v e l  - t  imes;
T a ms l oup  s h o t .

R a y - p a t h s  u s e d  in t h e  c a l c u l a t i o n  <_>f



F i g , 5 , 6 4

F i g , 5 , 6 5  

F i g , 5 , 6 6

F i g i 5 i 6 7 

F i g , 5 . 6 8

F i g , 5 , 6 9

F i g , 5 4 TO

F i g , 5 . 7 1

F i g , 5 , 7 2  

F i g 4 5 4 73  

F i g , 5 4 7 4

CHAPTER 6 

F i q , 6 4 1 

F i g , 6 , 2

F i g , 6 , 3 

F i g , 6 , 4

t r a v e l - t i m e s  shown in F i g , 5 4 6 2 ,

O b s e r v e d  ( c i r c l e s  w i t h  e r  r o r  bar  s ) and  
c a I c u I  a t e d  ( I i n e s ) t r a v e  I - t  i mes;  Ka i mes 
s h o t  ,

R a y - p a t h s  used in t h e  c a I c u I  a t i on o f 
t r a v e l - t  imes shewn in F i g , 5 , 6 4 ,

R a y - d i a g r a m  s h o wi n g  a l l  r a y - p a t h s  used  
i n t h e  c a I c u I  a t  i on o f  t r a v e I  - 1 imes f rom 
S o l a  s o u t h  I i ne  s o u r c e s .

Ray - t r  a ce d  mode I o f  t h e  MAVI S I I I  l i n e ,

R a y - p a t h s  used in t h e  c a l c u l a t i o n  o f  
t r a v e l - t i m e s  shown in F i g , 5 , 6 9 ,

O b s e r v e d  ( c i r c l e s  w i t h  e r r o r  b a r s )  and  
c a l c u l a t e d  ( l i n e s )  t r a v e l  - t i m e s ; Cru i ks 
s h o t  ,

O b s e r v e d  ( c i r c l e s  w i t h  e r r o r  b a r s )  and  
c a I c u I  a t e d  ( I i n e s ) t r a v e  I - t i m e s ; H i l l -  
wood s h o t .

O b s e r v e d  ( c i r c l e s  w i t h  e r r o r  b a r s )  and  
c a I c u I  a t ed ( l i n e s )  t r a v e I  - 1 i m e s ; Ka imes 
s h o t  ,

R a y - p a t h s  used in t h e  c a l c u l a t i o n  o f  
t r a v e l  - t  imes shown in F i g , 5 , 7 0 ,

R a y - p a t h s  used in t h e  c a l c u l a t i o n  o f  
t r a v e  I - t i mes shown in F i g , 5 , 7  1 ,

R a y - d i a g r a m  showi ng  a l I  r a y - p a t h s  used  
i n t h e  c a l c u l a t i o n  o f  t r a v e l - t  imes f r o m  

MAVI S I I I  I i ne  s o u r c e s .

- GRAVI TY MODELLING

P o l y g o n a l  a p p r o x i m a t i o n  o f  dn i r r e g u l a r  
body t o  c a l c u l a t e  i t s  g r a v i t y  e f f e c t .

R e l a t i o n s h i p  be t we e n  Bouguer  g r a v i t y  
a n o m a l i e s ,  t h e  MAVI S r e f r a c t i o n  l i n e s  
and t h e  g r a v i t y  p r o f i l e s  G1,  G 2 , G3 and  
G4 ,

D i s t r i b u t i o n  o f  i gne ous  r o c k s  w i t h i n  t h e  
c e n t r a l  M i d l a n d  V a l l e y  o f  S c o t l a n d ,

Key t o  g r a v  i t y mode I s  shown in F i g s , 6 , 5  
and 6 , 6  and 6 , 8  t o  6 , 1 0 ,
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F i g , 6 , 5  G r a v i t y  modei  o f  t he  B a t h g a t e  “h i g h "



F i g » 6 . 6 

F i g , 6 . 7 

F i g » 6 » 8 

F i g * 6 * 9

F i g , 6 , 10 

F i g , 6 , 1 1

CHAPTER

F i g , 7 , 1 

F i g , 7 , 2

F i g , 7 , 3

F i g , 7 * 4 

F i g , 7 , 5

F i g , 7 , 6

F i g , 7 , 7 

F i g , 7 , 8

- x x i i -

( G3)  , Anomal y  model  l ed  u s i n g  a s ha l  low 
l a v a  sou r c e ,

Gr av i t y mode I o f  t h e  B a t h g a t e  " h i g h "  and  
A I I oa  " Iow" ( G 1 ) , B a t h g a t e  a n o ma 1y
model  l ed  u s i n g  a sha l  low l a v a  s o u r c e ,

S c h e m a t i c  c r o s s - s e c t i o n  o f  t h e  r e l a t i o n ­
s h i p  b e t we e n  t h e  I a v a s  o f  t h e  C l y d e  P l a ­
t e a u  and B a t h g a t e  H i l l s ,

G r a v i t y  model  o f  t h e  B a t h g a t e  " h i g h "
( G 3 ) , AnomaI y  mode I I ed  us i ng s ha I  Iow
l a v a  and deep i n t r u s i v e  s o u r c e s ,

G r a v i t y  model  o f  t h e  B a t h g a t e  " h i g h ” and  
A l l o a  " l ow"  ( G 1 ) ,  B a t h g a t e  a n o ma l y
model  l ed  u s i n g  sha l  low l a v a  and deep  
i n t r u s i v e  s o u r c e s ,

Gr a v  i t y mode I o f  t he A I I o a  " I o w " ,

G r a v i  t y  model  o f  t h e  Hami I t on  " l o w " ,

- GEOLOGICAL INTERPRETATI ON AND 
DI SCUSSI  ON

Co mp a r i s o n  o f  v e I o c i t y - d e p t h  c u r v e s  f r om  
t h e  M i d l a n d  V a l l e y  of  S c o t l a n d ,

Co mp a r i s o n  o f  MAVI S v e I o c i t y - d e p t h  
c u r v e s  w i t h  t h e  v e l o c i t y  f i e l d s  o f  M i d ­
l and  V a l l e y  l i t h o l o g i e s ,

C o mp a r i s o n  o f  s h e a r  wave  v e I o c i t y - d e p t h  
c u r v e s  f r om t h e  M i d l a n d  V a l l e y  o f  S c o t ­
l a n d ,

V p / V s  and P o i s s o n ' s  r a t i o  f r o m I a b o r a -  
t o r y measur  emen t s on c o r e s ,

R e l a t i o n s h i p  b e t we e n  p o r o s i t y ,  p r e s s u r e  
and s e i s m i c  v e l o c i t y  in s a n d s t o n e s  and  
I i mes t o n e s ,

V p / V s  and P o i s s o n ' s  r a t i o  f o r  s a n d s t o n e ,  
l i m e s t o n e ,  q u a r t z  and c a l c i t e ,  The MAVI S  
d a t a  f r om d e p t h s  g r e a t e r  t h a n  a b o u t  0 , 5  
km shown f o r  c o mp a r i s o n ,

V p / V s  as a f u n c t i o n  o f  d e p t h  for- 
s e l e c t e d  G u l f  Coast  5 h a I e s  and Wd t e r  
s a t u r a t e d  s an d s ,

De p t h  c o n t o u r s  on t he  base  o f  t h e  Up>per 
Car  bon i f e r o u s ,

30 4 

30 4 

305

305

3 0 6

306

307

308

309

310  

3 1 1

3 12

313

313

314



3 15

3 16

317

3 1 S

313

320

32 1

322

323

324

325

326

327

328

329

168

x x i i i -

Dep>th c o n t o u r s  on t he  base  o f  t h e  C a r ­
bon i f e r o u s ,

I s o p a c h  map o f  t he  S t r a t h e d e n  Gr oup and  
Ki n n e s s wo o d  F o r m a t i o n s  of  t h e  Upper  ORS.

Co mp a r i s o n  o f  t he  t h i c k n e s s  o f  MAVI S  
l a y e r  1 w i t h  t h e  Car  b o n i f e r o u s  and Upper  
ORS i so pac h  d a t a  o f  Br owne e t  a l  * 
( 1985 )  ,

E a r t h q u a k e s  a s s o c i a t e d  w i t h  t h e  Ochi  I 
f a u I t  *

G e o l o g i c a l  map o f  t he  a r e a  o f  t h e  Ochi  I 
F a u I t  ♦

S c h e m a t i c  s t r u c t u r a l  model  f o r  t h e  
Ochi  I F a u l t  and u n d e r l y i n g  ba se me nt *

T e c t o n i c  model  f o r  t he  e v o l u t i o n  o f  t h e  
a r e a  a r o u n d  t h e  Ochi  I F a u l t *

G e o l o g i c a l  map of  t h e  L o t h i a n  o i l - s h a l e  
f i e l d s .

S t r u c t u r a l  map of  t he  B u r d i e h o u s e  L i m e ­
s t o n e  in West  L o t h i a n ,

MAVI S I I I  r a y - t r a c e d  p r o f i l e  and i t s  
s t r u c t u r a l  i n t e r p r e t a t i o n .

C r o s s - s e c t i o n s  of  t he  Lo t h i an o i I - s ha I e  
f i e I d s .

S c h e m a t i c  r e p r e s e n t a t i o n  of  t h e  t e m­
p o r a l  and s p a t i a l  d i s t r i b u t i o n  os
P e r m o - C a r b o n i f e r o u s  i gneous  r o c k s  in t h e  
M i d l a n d  V a l l e y  of  S c o t l a n d .

Summary of  t he  s t r u c t u r e  of  t h e  MAVI S I 
s o u t h  l i n e  and i t s  g e o l o g i c a l  i n t e r p r e ­
t a t  i on ,

Summary of  t h e  s t r u c t u r e  of  t h e  MAVI S I 
n o r t h  l i n e  and i t s  g e o l o g i c a l  i n t e r p r e ­
t a t  i on ,

Summary o f  t h e  s t r u c t u r e  of  t h e  MAVI S  
I I  l i n e  and i t s  g e o l o g i c a l  i n t e r p r e t a ­
t i o n .

1 ( F i g s  in V o l .  I )

A m p l i t u d e  r e s p o n s e  o f  t h e  Gl a s g o w  
s e i s m i c  r e c o r d e r  *



x x i v

F i q . A » 2 P h a s e  r e s p o n s e  o f  t h e  G I asgow se i sm i c
r e c o r  der  » 163

F i g . A . 3 Dy na mi c  r a n g e  o f  t h e  Gl a sgow s e i s m i c
r e c o r  de r * 17 0

F i g . A . 4  D i s t r i b u t i o n  o f Rece i ve r Loca  t i ons
L i s t e d  in A p p e n d i x  2 . 17 6b
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Supracrusta l cove r;  
Pa laeozoic

M a in ly  fo l ia ted  qu a r tzo -  
fe ldspath ic rocks w ith  some 
unfoliated plutonic rocks; 
granites, trondhjem ites, 
tonalites & k inz ig ites

M a in ly  basic m eta - 
igneous rocks; basic 
g ranul ites, anorthosites 
& pyroxen ifes

M a in ly  fo l ia ted  peridofi tes 
w ith  unfo l ia ted c p x - r ic h  
u l tram afi tes ; evidence o f  
localised K-metasom atism ; 
spinel Iherzolites, wehrlites, 
pyroxen ifes  & g l im m erites

F i g , 1 , 1  S c h e m a t i c  s e c t i o n  t h r o u g h  t h e  upper  l i t h o s p h e r e  b e n e a t h  
t h e  M i d l a n d  V a l l e y  o f  S c o t l a n d  ( a f t e r  Up t on  e t  a l ,
1 3 8 4 )  ,



GLASGOW

10 km

LOWER P A L A E O Z O IC  ST R A T A

F i g . 1*2 O u t c r o p  o f  Lower  P a l a e o z o i c  r o c k s  in t h e  M i d l a n d  V a l l e y  
o f  S c o t l a n d .  A - C r a i g h e a d ,  B - G i r v a n ,  C - Lesmahagow,  
D - Hagshaw Hi  I I s , E - C a r m i c h a e l ,  F - E a s t  f i e  I d ,  G 
Pent  l and  H i l l s ,  H - H i g h l a n d  B o r d e r ,  H8F - H i g h l a n d  
Bo u n d a r y  F a u l t ,  SUF - S o u t h e r n  U p l a n d s  F a u l t .



a  L O C A T I O N  AN D  DESCRIPTION

O R D O V I C I A N  : L l a n d e i  lo -  C a r a d o c

INTERPRETATION

N

H I G H L A N D  BORDER C OMPLEX
S<? r p e n  t i n  i f e .  g a b b r o .  p i l l o w  l a v a s ,  b l o c k  s h a l e s  &  c a r b o n a t e s 
? C o m b f i o n  -  £ O r d o v i c i o n  m a g e .  u n c o n f o r m a b l y  o v e r l a i n  b y  
a r e n i t e s  a n d  c a r b o n a t e s  o f  m o i n l y  L a t e  O r d o v i c i a n  o g e ;  
s o u r c e s  i n q u a r  t z  -  r i c h . a c i d i c  l a v a - r i c h  a n d  o p h i o l i  t e -

c h  a r e a

v o nS
B o l l a n t r o e

G IR V AN  C o o r s e  c o n g l o m e r a t e s
c o n t a i n i n g  a b u n d a n t  b o s i c  -  a c i d i c  
i g n e o u s  c l a s t s ,  p a r t i c u l a r l y  g r a n i t e s  
w h i c h  h a v e  a g e s  n e a r  t h e  a g e s  
o f  t h e  s e d i m e n t a r y  b a s i n  g r a n i t e s  
a n d  a s s o c i a t e d  c l a s t s  w i t h  a r c - t y p e  
g e o c h e m i s t r y — d e r i v e d  f r o m  N W

S U P L A N D S  T u r b i d i t e s  d e r i v e d
f r o m  N W  &  N E  y o u n g i n g  t o  N W  
i n a f a u l t  -  b o u n d e d  s e q u e n c e  w h i c h  g e t  
o l d e r  t o  N W :  b l a c k  s h a l e s  a n d  
p i l l o w  l a v a s  i n  s e q u e n c e !  b a s e m e n t  
o f  c o n t i n e n t a l  t y p e

T r a n s f o r m  f a u l t s  „  
w i t h i n  t h i s  b a s i n .

D A L R A D I A N  BLOCK o f  u n c e r t a i n
p o s i t i o n  os  n o  d e t r i t u s  o f  c e r t a i n  

* D a l r a d i a n  t y p e  is f o u n d  in s e d i m e n t s  
o l d e r  t h a n  U O R S  S o f  HBF

H I G H L A N D  BORDER BASIN
s u f f i c i e n t l y  w i d e  o n d  d i v e r s e  
t o  a l l o w  a  v o r i e t y  o f  l i t h o l o g i e s  

* t o  f o r m  — p o s s i b l y  o  f r o g m e n t e d  
c o n t i n e n t a l  b a s e m e n t  as 
i n S u n d a  s h e l f

M I D L A N D  VALLEY BLOCK ( m v S |
o f  b a t h o l i t h i c  a n d  v o l c a n i c  
a r c . t h e  m a r g i n s  t o  w h i c h  
e x t e n d  t o  r h e  N W  &  SE:  b a s e m e n t  
o f  r o c k s  >  c . 7 5 0  M a :  p o s s i b l e  s m o l l  
i n t e r a r c  b a s i n s  w i t h i n  t h e  a r c - m a s s i f

FOR E- AR C  ( m i s s i n g )
p r o x i m a l  f o r e - o r c  a t  
G i r v a n .  b u t  c o e v a l  t r e n c h  

* p r e s e n t l y  l i e s  a d j a c e n t  t o  i t ;  
p r e s e n t  d a y  a r c  -  t r e n c h  g a p s  
>  4 5  k m  a n d  o v e r a g e  
£  9 0  k m

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

F i g . 1 . 3 Tec  t on i c s e t t i n g  o f  t h e  M i d i  and VaI  l e y  o f  Sc o t  I and dur  
i nq  t h e  O r d o v i c i a n  ( a f t e r  B l u c k  1984)

a  L O C A TIO N  AND DESCRIPTION

SILURIAN : L l a n d o v e r y - W e n l o c k

b  INTERPRETATION

St onehaven

s

M I D L A N D  VALLEY:  iniier1
of  L l o n d o v e r y  -  Pr 1 d o l i  a g e  
r o c k s :  i n  S e x p o s u r e s  b e g i n  
os  m o r i n e  [ L l o n d o v e r y ]  o n d  
c h a n g e  t o  t e r r e s t r i a l  [ W e n l o c k J  
.n N  e x p o s u r e s ; ?  P r i d o l i  o g e  
s e d i m e n t s  n o w  p r e s e r v e d .  a n d  b a s e  o f  
D e v o n i a n  is u n c e r t a i n

S U P L A N D S  • t u r b i d i t e s  d e r i v e d
f r o m  N W  &  N E .  y o u n g i n g  t o  
N W  i n a  f o u l t - b o u n d e d  s e q u e n c e  
w h i c h  g e t s  o l d e r  t o  N W

D A L R A D I A N  BLOCK:
o f  u n c e r t a i n  p o s i t i o n

H I G H L A N D  BORDER  
B A S I N :  ? p r e s e n t  o f
t h i s  t i m e

M I D L A N D  VALLEY 
BLOCK:  [ m v s ]  w . , *
c e n t r a l  r i d g e  o f S h u r . o n  
o n d .  o r .  o l d e r  v o l c a n i c  
r o c k s  o n d  b o s e m e n r .  
i n t e r - o r c  t y p e  b a s i n s  
i n S M i d l a n d  V a l l e y  
w i t h  s o u r c e  m a i n l y  
t o  SE

F O R E - A R C :
[ m i s s i n g ]

T r e n c h  s e q u e n c e

F i g * 1♦4 T e c t o n  i c se11 i nq o f  t he  M i d i  and VaI  I e y  o f  S c o t I  and dur  
i ng t h e  S i l u r i a n  ( a f t e r  B l u c k  1 9 8 4 ) .
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EDINBURGH

GLASGOW •

F i g ,  1 , 5  D i s t r i b u t i o n  o f  OPS' s t r a t a  in t he  M i d l a n d  V a l l e y  o f  
S c o t l a n d ,  HBF - H i g h l a n d  Bo u n d a r y  F a u l t ,  OF - Ochi  I 
F a u l t ,  SUF - S o u t h e r n  U p l a n d s  F a u l t ,  The S t r a t h m o r e  
Sy n c l  i ne  and Och i I - S  i dI  aw A n t i c l i n e  t r e n d  p a r a l l e l  t o  
t h e  HBF,



l a v a s  o f  L o m e  
G l e n c o e

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

d i s p e r s a l O c h i l  -  S i d l a w  
H i l l s

ox
r ’- „<• vVJ O f

V  v 'v

A <b /0 v ° 0
7 « v V
/o ./ # °

/  « • - \ M \ / S '  \*~ * 0 cf>Jc
/ m \ \ V \ \ 0 ° /  / ^  y °11 ' r ' /  n° 11 / /  . / o\ '  o . “  ✓ ox I - V0\ / ! . /. / /  /  , . 0 > G v ^

P e n t  l a n d  
H i l l s

v° \  V/TT-^.'V ✓ ^  '
\  'V  V  ° /
T j V / 7 D a r v e l  ^

v
o *  ^  0332?  ■ vP o r t e n c r o s s  

/  «

v  V o l c a n i c  c l a s t s  in 
c o n g l o m e r a t e s  w i t h  
N W  d i s p e r s a l

F i r t h  o f  
C l y d e

C o n g  l o m e r a t  e

V o l c a n i c  r o c k s  ( o u t c r o p s )

V o l c a n i c  r o c k s  ( f o r m e r  e x t e n t )

F i g , 1 , 6  P 3 Ia e o g e o g ra p h y  o f  t h e  M i d l a n d  V a l l e y  d u r i n g  t h e  l a t e  
S i l u r i a n  and e a r l y  D e v o n i a n  { a f t e r  B l u c k  1 9 8 3 ) ,
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MAJOR FOLDS 
MAJOR FAULTS 
VOLCANIC LINEAMENTS

10 km i

1 km

LEVENLANARK LINE
1 km

ST OS

OF
CLACKMANNAN

FM

CF

CCF

vSUFDWF y WF

' SBF
\

BF
KLF .

1 km

DA

HAMILTON

DALMELLINGTON

F i g * 1 , 8  S t r u c t u r a l  map of  t h e  M i d l a n d  V a l l e y  o f  S c o t l a n d *  
I n s e t s  show I o ca  I f a u l t  p a t t e r n s .  T i c k s  a r e  on down- 
t h r o wn  s i d e  of  f a u l t s *  BF - B r o d i c k  Bay F a u l t *  Bl  
Bu r n t i s I and An t i c I i ne » CCF - Cen t r a I Coa I f i e I d S'yn - 
c l i n e ,  CF - Cam psie  F a u l t *  DA - Dai  I I y  A n t i c l  i n e ,  DF 
Dechmon t F a u I t , DWF - Dus k Wa t e r  F a u I t , FM - F i f e -  
M i d l o t h i a n  Sync l i n e ,  HBF - H i g h l a n d  B o u n d a ry  F a u l t ,  I F  

l n c h g o t r i c k  F a u l t ,  KLF - K e r s e  Loch F a u l t ,  MC - 
M auch I i ne Basi  n , PF - Pen t I  and F a u I t , OS - Och i I - S i dI  aw 
A n t i c l i n e ,  OF - Ochi  I F a u l t ,  SBF - Sound o f  B u t e  F a u l t ,  
ST - S t r a t h m o r e  S y n c l i n e ,  SUF - S o u t h e r n  U p la n d s  F a u l t ,  
WF - W i l s o n t o w n  F a u l t .



-  s

  ISOPACH TREND

•-»- FAULTS 

-3-*- FOLDS 7 f i fe -m id lo th ia n
/  D A C I K I

CENTRAL 
BASIN /

10 km'DOUGLAS  
1 S '  BASIN

AYRSHIRE
SHELF

LAVAS

F i g , 1 . 9  C o n t r o l s  on s e d i m e n t a t i o n  w i t h i n  t h e  M i d l a n d  V a l l e y  o f  
S c o t l a n d .  T i c k s  a r e  on down th ro w n  s i d e  o f  f a u l t s .
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F i g , 2 . 2  L o c a t  i on  
M i d ! a n d  
s o l i d  i s

< f i  N

„ , 200 km

d J

* WINCH

LISPB

LISPB SHOTS #  
KINTAIL EARTHQUAKE 0

ma p f o r  r e g i o n a l  s e i s m i c  l i n e s  c r o s s i n g  t h e  
V a l l e y .  T h e  s e c t i o n  o f  t h e  WI NCH l i n e  d r a w n  
s h o w n  i n  F  i g . 2 .  1 1 .
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FORTH

300 km E

M ID L A N D  VALLEY

CLYDE

600 km N

\
\ ^ LOWER PALAEOZOIC

+ +
+

+ +
GRANITE

^  SEISMIC EVENTS

NEGATIVE BOUGUER GRAVITY

; -w.e <={* i Qmi r - w o r  k i n s o u t h e r n  S c o t l a n d *  
F i g , 2 . 5  L o c a t i o n  o f  p r e v  f o o a t e  h i g h  a n d  l o w  v e l o c i t y

c ?  v °  r t m  - B r o u g h t o n  s e i s m i c  a r r a y ,  EKA - E s h -
b l o c k s ,  BTN _ M a r y ' s  L o c h ,  SUSP -
d a l e m u i r  s e i s m i c  a i r  a y  - ML  P o | a r  p l o t s  a r e  o f
S o u t h e r n  U p l a n d s  o e i s m i c  P r o  -  5 | 5
a p p a r e n t  v e  I o c  . t  y «  d , r e c t  , on w ,  ( ^  ^  ^

k m / s  ( o u t e r )  * n d  6 ‘ . i t v  i s  g r e a t e r  t h a n  6 * 0  k m / s
r e p r e s e n t s  a r e a  w h e r e  v e i o c i t y  i s  g r e a
( r e d r a w n  f r o m  H a l !  e t  a l *
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LISPB LINE ----  M ID LAN D VALLEY

5 9  oc? 0-8

I
K 0-4 
Q
UJU
O 0-2
ujo:

20 40 60 80 100

N RANGE (km) S

LAYER 1
5 0

58
EJC 5 8

x
CL.
UJO LAYER 2

6 0

LAYER 3

F i g , 2 . 7  T h e  L I S P B  mo d e l  a c r o s s  t h e  M i d l a n d  V a l l e y  w i t h  t i m e -  
d i s t a n c e  d a t a  a n d  i n t e r p r e t a t i o n  ( a f t e r  D a v i d s o n  e t  a l ,  
1 9 8 4 ) ,

VELO CITY  ( k m , * 1)

3 0  4-0 5 0 6-0 7 0
0

/ J + C ....LO W NET

2

I
Cl
ujQ

4

♦ VELOCITY FIELD FOR GREYWACKES

• VELOCITY FIELD FOR GNEISSES

6

F i g , 2 , 8  V e l o c i t y - d e p t h  p l o t  f o r  M i d l a n d  V a l l e y  l i t h o l o g i e s ,  T h e  
v e l o n i t y - d e p t h  m o d e l s  o f  L I S P B  a n d  LOWNET a r e  s h o w n  f o r  
c o m p a r i s o n ,  d - C a r b o n i f e r o u s ,  c 3  - U p p e r  0 R S , d  - 
L o w e r  0 R S , b 6 - 7  - S i l u r i a n ,  HB i s  v e l o c i t y  o f  b a s e m e n t  
r e f r a c t o r  ( a f t e r  D a v i d s o n  e t  a l ,  1 9 8 4 ) ,
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A)

B)

200.000 300.000 400.000

C)

PERTH ' . /  ^ /S TO N EH AVE N

3 0 k
STIRLI

povt - L i OW Red 
Sonditone 
I f  Cofbonife

poil  • I r  O R S

L r O  R S ond 
I f  Poloeozoic

ARRAN

HAMILTON faul t
BATHGATE

GIRVAN
Im e - o r  ro  Y 

▲ Low
EDINBURGH

I T  I rr~i /wcn,s
l U  ophiol ii—y i i

j I i i i i ii /i i i i i
r ' r -  1 1 I 1 . ' - f -  , >Tvr JT - \ ~ - Z  DUNBAR/! I

ph 
Dairad 
Supergroup

BROUGHTON b o re h o le

700.000600.000 
200.000 4 00.000300.000

800 
'-'TOOO

vr^

.....

\ \ ° )  B O U G U E R
700 0 0 06 00000  

200.000
4 00 000300.000

%

&

Po»«t**e o ’
SOnT 
N e g o  

p p I r  d

A E R O M A G N E T I C
700.000

800
000

600.000

, . _ _ : | m= D o f  t h e  M i d l a n d  V a l l e y *
F i g . 2 . 9  A ) ,  S i m p l i f i e d  g e o  I o g  i o - l  map ^  B o y g u e r  g r a v i t y

N u m b e r s  r e f e r  t o  s ( r e d r a w n  f r o m H u s s a i n  & H i p -

T a P  L o c a l i t y  nam es  a b b r e v i a t e d  f r o m  ( A ) ,  C ) .
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MSF SEIS 1 SEIS 2 MSF

14:45:09

14:45:08

14:45:07

ARRIVAL TIME = 14:45:07 + L1/L2 -  14:45:07.89

MAVIS II BLAIRHILL SHOT STATION 33 
FILTERS 3-40 Hz 
GAIN 1 V/cm

F i q , 3 , 7  C a ! c u I  a t  i on o f  a
a r r i v a l  t i m e  f r o m  a n a l o g u e  p l a y b a c k s ,
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M E  PQBH3EN IB!) 
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FILE START TIME 14:45:08 -  243 x 1/200 = 14:45:06.785

SHOT TIME -  FILE START TIME -1.965 s =-393 SAMPLES

F i g , 3 . 8  E x a m p l e  o f  o u t p u t  f r o m  p r o g r a m  MSFPLOT a n d  t h e  c a l c u l a -  
t i o n  o f  f i l e  s t a r t  t i  m e »
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spike input output =
impulse response
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F i g s , 3 , 2 5  t o  3 . 5 0 :

Wh e r  e  p o s s  i b I e  t he  f o i l o w  i ng  d a t a  a r e  p r e s e n  t e d ; A ) ,  u n f  i I - 

t e r e d  d a t a ,  B ) ,  u n f i l t e r e d  d a t a  w i t h  P -  a n d  S - w a v e  p i c k s  C ) , 

d a t a  f i l t e r e d  t o  e n h a n c e  P - w a v e  a r r i v a l s  D ) ,  d a t a  f i l t e r e d  

t o  e n h a n c e  S - w a v e  a r r i v a l s  ( i f  a n y  w e r  e  i d e n  t i f i e d ) . A l l  

t r a c e s  a r e  n o r m a l i s e d  w i t h  r e s p e c t  t o  t h e  ma x i mu m a m p l i t u d e  

w i t h i n  t h e  t r a c e .  A l s o  shown a r e ;  E ) ,  t i m e  - d i s t a n c e  g r a p h s  

o f  t h e  P - w a v e  a r r i v a l s  a n d ,  w h e r e  a p p r o p r i a t e ,  F ) ,  t i m e -  

d i  s t a n c e  g r a p h s  o f  t h e  S - w a v e  a r r i v a l s ,  A l l  a r e  p l o t t e d  a t  

a  r e d u c t i o n  v e l o c i t y  o f  6 , 0  k m / s ,  e x c e p t  ( D )  a n d  ( F )  w h i c h  

a r e  a t  3 , 5  k m / s ,  B o t h  f i r s t  a n d  s e c o n d  a r r i v a l  p i c k s  a r e  

s h o w n .
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1/vWyv̂ ^^JVvvw-̂ /̂ /\̂ /UA,/\A/VVl̂ AÂ |̂ /V̂ rVWVwV̂—Ŷ 'VVVW .Vv̂ falVVstyW—Vv"vv^./v\V;\V,'̂ CyV-'-'-‘‘--A-V>'—'*"'■ %V-—
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î /̂V\/\/VVVvA '̂̂ \̂A/V/V'̂ vVyvVs /̂V/VVV\rv/vV̂ A'■';VŶ *N'v/VV̂ AAVV''l/ŷ ll̂ ,
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*/\ y ^ \ / * - N * - A J S ^ v ^ \ / N A  ■—   -----

O
-‘t"

'̂ VV\DA -̂~VVVv-/\A/VYVV'ANV\/V'-/WVV''-'•'—\'V\A/\̂ A^U\/V\/\/VTAA./*'/VV^^d^ 

'---v^ \̂AAa '̂MVAA^v/wVftA^^UvU^VvVAWx^WVv\/VA/\v̂ W//'V'̂ '<,VA’VV'r ~ w .~ ~ .

w.'v^V^^vVW 'W W tV^\i'VvS A ^ *A ^ \A ^ 'vv \ ,—

O
CD

O
CD

— v a / w w v v w n M m / v V V v ^ ^ —

□
n
'H

00 ID CM a

E

as
C77
C
D

QrC

c
o

-iJ
o
o

“31
c
L

dl
CD
cm

CD

C7<

LL

( T 8 A / X - C )  0 W i ‘4 p a o n p  e^J



M
ET

H
IL

 
(S

O
U

TH
)

- 70 -

111

"W^^AAA/^AAAv7v^^w\/v^AAA^v^w\AAAA/VAMAAA

A p C r ^ w W W W

v̂JWV '̂--̂ AA/vrvW\/V^U\/W^V f̂̂ W-~\yw \̂̂ /V-v/̂ A/̂ VV \̂Â /̂ V \̂ArÂV 
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“ ŵvvjv-VLvvAiS/̂ i- 

V w v ^ V W ^ ^ v v A /V A '''V 'M r ,v '^ —
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D
E

P
T

H
 

(K
M

) 
R

E
D

U
C

E
D

 
T

I
M

E

1 4 4

SOURCE 1 (NO LATERAL VELO' CHANGE)

0

. 8

. 6

. 4

. 2

. 0
0 2 4 6 8 10

R A N G E  ( K M )

V E L O C I T Y  ( K M / S )

. 0

. 2

. u

. 6

. 8

. 0

. 2

. 4

. 6

. 8

2

F i g , 4 , 4 a  Co mp a r i s o n  o f  model  and c a l c u l a t e d  ^  ^
d a t a ;  s o u r c e  1, R e d u c t i o n  v e l o c i t y  .s 6 , 0  k m / s . W H B  
d a t a  open c i r c l e s ,  t a u - p  d a t a  s o l i d  c i r c l e s ,  The model  
c u r v e  i s shown f o r  compar i s on .
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SOURCE 2 (E) (NO LATERAL VELO' CHANGE)
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F | g * 4 , 4 c  Comp a r i s o n  o f  model  and c a l c u l a t e d  v e I o c i t y - dept h  
d a t a ;  s o u r c e  2 ( e a s t ) .  R e d u c t i o n  v e l o c i t y  is 6 . 0  km^ '  
WHB da t a open c i r c I e s  » t a u - p da t a s o l i  c i r  c es « 
model  c u r v e  is shown f o r  compar i son*



D
E

P
T

H
 

(K
M

) 
R

E
D

U
C

E
D

 
T

I
M

E

- 147 -

S O U R C E  3  ( N O  L A T E R A L  V E L O '  C H A N G E )
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F i g , 4 , 4 d  Compar ison of  model  and c a l c u l a t e d  v e l o c  ^ - de P ^  
d a t a ,  ; s o u r c e  3.  R e d u c t i o n  v e l o c i t y  i s 6 , 0  k m / ' d e f  
d a t a  open c i r c l e s ,  t a u - p  d a t a  s o l i d  c i r c l e s ,  The model
c u r v e  i s shown fo r  c o m p a r i s o n ,
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> 9 * 4 . 6a  C o mp a r i s o n  o f  d a t a  d e r i v e d  us i ng  ' " r i a t a  a r e
t e c h n i q u e .  R e d u c t i o n  v e l o c i t y  .s 6 . 0  km/ s,  Da a a r e  
f r o m s o u r c e  2 ,  e a s t  s o l i d  p r o l e s ,  west  open c . r o l e s .
The mode!  c u r v e s  is shown f or  compdr i so .
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C O M P A R I S O N  O F  T A O - P  D A T A
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V E L O C I T Y  ( K M / S )

F i g , 4 , 6 b  Compar i son  o f  d a t a  d e r i v e d  u s i n g  t h e  t a u - p  i n v e r s i o n  
t e c h n i q u e ,  R e d u c t i o n  v e l o c i t y  i s  6 , 0  km/ s ,  Da t a  a r e  
f r om s o u r c e  2 ,  e a s t  s o l i d  c i r c l e s ,  wes t  open c i r c l e s ,  
The model  c u r v e s  i s shown f o r  c o mp a r i s o n ,
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T A U - P  ( V 0 =  1 0 5 0 )
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F i g , 4 , 7 a  The e f f e c t  of  VO on t h e  t a u - p  me t hod ,  V0 = 1 , 5 0  km/s .
R e d u c t i o n  v e l o c i t y  i s  6 , 0  km/s ,  The model  c u r v e  is
shown f o r  c o m p a r i s o n ,
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TAU-P ( V 0 = 2 . 00) :
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F i g , 4 , 7b The e f f e c t  o f  VO on the  t a u - p  met hod ,  V0 = 2 , 0 0  km/s ,
R e d u c t i o n  v e l o c i t y  is  6 , 0  km/s ,  The model  c u r v e  is
shown f o r  c o m pa r i s o n ,
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F i g ,4  >7 c The e f f e c t  o f  VO on t h e  t a u - p  methodi  V0 = 2 . 5 0  km/s .
R e d u c t i o n  v e l o c i t y  is 6 . 0  km/s .  The model  c u r v e  is
shown f o r  c o m pa r i s o n .
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T A U - P  ( V 0 = 3 o  0 0 )
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V E L O C I T Y  ( K M / S )

R i q . 4 , 7 d  The e f f e c t  o f  VO on t he  t a u - p  me t hod ,  VO = 3 . 0 0  km/s ,
R e d u c t i o n  v e l o c i t y  is S.O km/s ,  The model  c u r v e  is
shown f o r  compar isor i f
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F i g ♦ 4 ♦ 7e  Th<* e f f e c t  of  VO on t he  t a u - p  method,  V0 = 3 . 5 0  km/s .
" R e d u c t i o n  v e l o c i t y  is 6 . 0  km/s .  The mode I c u r v e  . s

shown f o r  comp ar i so n .
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1 KM SPACING
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F i g , 4 , 8a E f f ^ t  o f  r e c e i v e r  s p a c i n g ,  1 km s p a c i n g ,  R e d u c t i o n  
v e l o c i t y  i s 6 , 0  km/ s,  WHB d a t a  open c i r c l e s ,  t a u - p  d a t a  
s o l i d  c i r c l e s ,  The model  c u r v e  i s shown f o r  c o mp a r i s o n ,
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F i g , 4 . 8b E f f o n t  o f  r e c e i v e r  spac ing ,  2 km (even)  spac ing .
R e d u c t i o n  v e l o c i t y  is 6 . 0  km/ s ,  WHB d a t a  open c i r c l e s ,  
t a u - p  d a t a  s o l i d  c i r c l e s .  The model  c u r v e  i s  shown r or
compar i  son »
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F i g , 4 , 8c E f f e c t  o f  r e c e i v e r  s p a c i n g ,  2 km ( odd)  s p a c i n g ,  Re duc ­
t i o n  v e l o c i t y  is 6 , 0  km/ s .  WHB d a t a  open c i r c l e s ,  t a u - p  
d a t a  s o l i d  c i r c l e s ,  The mode!  c u r v e  is shown fo r  com-
par  i s o n ,
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F j n  4 8d E f f o r t  n f  r e c e i v e r  spac i ng*  3 km ( 1 * 4 * 7 * 1 0 )  spac i ng«  r i g , 4  » 8d E f f e c t  o f  r e c e i v  ^  6 f 0  k m / s , WHB d a t a  open c i r c l e s ,

t a u - p ' i a ? a  s o l i d  c i r c l e s ,  The model c u r v e  i s shown fo r

compar i s o n .
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F i g . 4 , 8 e  E f f e c t  o f  r e c e i v e r  s p a c i n g ,  3 km ( 2 , 5 , 8 )  s p a c i n g .  
R e d u c t i o n  v e l o c i t y  is 6 . 0  km/ s,  WHB d a t a  open c i r c l e s ,  
t a u - p  d a t a  s o l i d  c i r c l e s ,  The model c u r v e  i s shown fo r  
com par i s o n .
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3 KM ( 3 , 6 , 9 )  SPACING
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F i g « 4 , S f  E f f e c t  o f  r e c e i v e r  s p a c i n g *  3 km ( 3 , 6 , 9 )  s p a c i n g .
R e d u c t i o n  v e l o c i t y  is 6 . 0  km/ s .  WHB d a t a  open c i r c l e s ,  
t a u - p  d a t a  s o l i d  c i r c l e s .  The model c u r v e  i s shown fo r
compar i s o n .
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EFFECTS OF D IFF  2 KM INTERVALS (WHB)
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^ i g ♦4 * 9 a  E f f e c t  o f  r e c e i v e r  q e o m e t r y *  2 km s p a c i n g  WHB d a t ^ *  
R e d u c t i o n  v e l o c i t y  i s  6 * 0  k m / s *  T h e  mo d e l  c u r v e  i s  
s h o w n  f o r  c o m p a r i s o n *  E v e n  s p a c i n g  o p e n  c i r c l e s *  o d d  
s p a c i n g  s o l i d  c i r c l e s *
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EFFECTS OF D IFF 2 KM INTERVALS (TAU-P)
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V E L O C I T Y  ( K M / S )

F > g . 4 , 9 b  E f f e c t  Of r e c e i v e r  ge o me t r y ,  2 km s p a c i n g  t a u - p  d a t a ,  
R e d u c t i o n  v e l o c i t y  i s 6 , 0  km/ s,  The model  c u r v e  i s  
shown f o r  c o mp a r i s o n ,  Even s p a c i n g  open c i r c l e s ,  od 
s p a c i n g  s o l i d  c i r c l e s ,
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E F F E C T S  O F  D I F F  3  K M  I N T E R V A L S  ( W H B )
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F i g , 4 , 9c E f f e c t  o f  r e c e i v e r  geomet r y*  3 km s p a c i n g  WHB d a t a ,  j

R e d u c t i o n  v e l o c i t y  i s 8 , 0  km/ s,  The model  c u r v e  i s |
shown f o r  c o mp a r i s o n ,  1 , 4 * 7 * 1 0  open c i r c l e s *  *. * 5 * 8  
so l i d  c i r c l e s *  3 * 6 * 9  h a l f  c i r c l e s ,
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EFFECTS OF D IF F  3 KM INTERVALS (TAU-P)
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V E L O C I T Y  ( K M / S )

^ • 9 » 4 , 9 d  E f f e c t  o f  r e c e i v e r  geomet  r y i  3 km s p a c i n g  t a u - p  d a t a t  
R e d u c t  i on v e l o c i t y  i s 6 * 0  km/ s*  The mo del  c u r v e  i s  
shown f o r  compar  i son * 1 , 4 , 7 , 1 0  open c i r c l e s ,  2 , 5 , 8
s o l i d  c i r c l e s ,  3 , 6 , 9  h a l f  c i r c l e s ,
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F i g . 4 , 10a E f f e c t  o f  r e c e i  v er  i n t e r v a l  , WHB d a t a *  R e d u c t i o n  v e l o ­
c i t y  i s  6 . 0  km/ s .  1 km s p a c i n g  open c i r c l e s ,  2 km ( odd)  
s p a c i n g  s o l i d  c i r c l e s ,  3 km ( 1 , 4 » / » 1 0 ) spac  i ng h a l f  
c i r c l e s .  The model  c u r v e  i s  s hown f o r compdr i s o n ♦
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F i g , 4 .  10b E f f e c t  o f  r e c e i v e r  i n t e r v a l , t a u - p  d a t a *  R e d u c t i o n  
v e l o c i t y  i s  6 * 0  km/ s .  1 km s p a c i n g  open c i r c l e s ,  2 km 
( odd )  s p a c i n g  so I i d c i r c l e s ,  3 km ( 1 , 4 , / ,  10)  s pac  i ng 
h a l f  c i r c l e s .  The model  c u r v e  i s shown f o r  c o mp a r i s o n .
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F i g , 4 * 1 1  T h e  e f f e c t  o f  s m a I ! r e c e i v e r  s p a c i n g *  R e d u c t i o n  v e l o ­
c i t y  i s  6 , 0  k m / s ,  WHB d a t a  o p e n  c i r c l e s ,  t a u - p  d a t a
s o l i d  c i r c l e s ,  T h e  m o d e  I c u r v e  i s  s h o w n  f o r  c o m p a r i s o n ,
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F i g , 4 ,  13a C o mp a r i s o n  of  model  and c a l c u l a t e d  v e I o c i t y - d e p t h  d a t a ,  
s o u r c e  1 * R e d u c t i o n  v e l o c i t y  i s 6 , 0  km/s*  WHB d e t -=j 
open c i r c l e s ,  t a u - p  d a t a  s o l i d  c i r c l e s ,  The mode I 
c u r v e s  b e n e a t h  each shot  p o i n t  a r e  shown f or  corn­
ea  r i son ♦
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Fr i g * 4 t  13b  C o m p a r i s o n  o f  mo d e l  a n d  c a l c u l a t e d  v e I o c i t y - d e p t h  d a t a  » 
s o u r c e  2 (we s t ) * R e d u c t i o n  v e l o c i t y  i s  6 * 0  km/ 5 t WHB 
cj a1 3  o p e n  c i r c l e s *  t a u - p d a t a  s o l i d  c i r c l e s *  T h e  m ode I 
c u r v e s  b e n e a t h  e a c h  shot  p o i n t  a r e  shown f o r  c u m - 
p a r  i s o n .
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F i g , 4 i 1 3 c  Compa r i son o f  mode I and c a l c u l a t e d  v e l o c i t y - dep t h da t a » 
s o u r c e  2 ( e a s t ) *  R e d u c t i o n  v e l o c i t y  i s 6 * 0  km/ s*  WHB 
d a t  a open c i r c l e s *  t a u - p d a t a  s o l i d  c i r c l e s *  The mode I 
c u r v e s  b e n e a t h  each shot  p o i n t  a r e  shown f o r  com-  
pa r  i s o n ♦
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F i g , 4 , 13d Comp a r i s o n  o f  mode!  and c a l c u l a t e d  ve I oc i t y - d e p t h  d<nta» 
s o u r c e  3 ,  R e d u c t i o n  v e l o c i t y  i s 6 , 0  km/ s ,  WHB d a t a  
open c i r c I e s  » t a u ■p d a t a  so l i d  c i r c l e s ,  The mode I 
c u r v e s  b e n e a t h  each shot  p o i n t  a r e  shown f o r  com- 
par  i s o n ,
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SOURCE 2 (LATERAL VELO/ CHANGE)
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F i g , 4* 14a D e r i v a t i o n  o f  t r u e  v e I o o i t y - d e p t h  c u r v e *  s p l i t - s p r e a d  
d a t a  ( s o u r c e  2 ) ,  R e d u c t i o n  v e l o c i t y  i s 6 . 0  km/ s .  V - Z  
c u r v e  A i s  d e r i v e d  f r om T - X  c u r v e  A e t c .  Cur v e  C is 
o b t a i n e d  by a v e r a g i n g  A and B.
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F ii g* 4 * 1i4lfc Cfcfcir > i t i w  off t r u e  v e i o e i  t y - d e p t h  c u r v e t  r e v e r s e d  d a t a  
fi fe€>i'uiif <£■•%#■ 2 31*  R e d u c t i o n  v e l o c i t y  i s  6 * 0  km/ s*  V - z.

A ii *  d®if ii ved  from T - X  c u r v e  A e t c .  Cur ve  C i s  
a v e r a g i n g  A and B* a )  t s p l i t - s p r e a d  d a t a .
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F i g . 4 . 14c D e r i v a t i o n  o f  t r u e  v e I o c i t y - d e p t h  c u r v e ,  r e v e r s e d  d a t a  
( s o u r c e s  1 & 2 ) ,  R e d u c t i o n  v e l o c i t y  is 6 , 0  km/ s^ V-z.
c u r v e  A i s  d e r i v e d  f rom T- X c u r v e  A e t c ,  Cur ve  C i s  
o b t a i n e d  by a v e r a g i n g  A and B,
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SOURCE 1 SOURCE 2 SOURCE 3
-6 -2

3.5
4 .0 ---- 4.25

4.5 4.75
5.0

LATERAL VELOCITY INCREASE 0.05 sec-1

SOURCE 1 SOURCE 2 SOURCE 3

-G - 4 -2
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4.25 4.75 5.04.5

• DATA POINTS

SOURCE 3SOURCE 2SOURCE 1

3.5

4.5

•DATA POINTS

F i g • 4 ,  15 I n p u t  (A)  and d e r i v e d  (B & C) v e l o c i t y  mode l s  u s i n g  
t h e  WHB i n v e r s i o n *  V e l o c i t y  c o n t o u r s  in km/ s .  A ) ,  
w i t h o u t  c o mp e n s a t i o n  f o r  l a t e r a l  v e l o c i t y  v a r i a t i o n *  
c)  f w i t h  c o mp e n s a t i o n  f o r  l a t e r a l  v e l o c i t y  Vdt i a t  i on.
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V E L O C I T Y  ( K M / S )

F i g 4 4♦ 16 T i m e - d i s t a n c e  and v e I o c i t y - d e p t h  d a t a  f r om WHB i n v e r ­
s i o n ;  T r e a r n e  s h o t .  S - shear  wave d a t a ,  P - c o mp r e s - 
s i o n a l  wave d a t a ,  VP: VS - r a t i o  o f  P-  and S- wave  v e l o ­
c i t i e s ,  PR - P o i s s o n ' s  r a t i o ,  R e d u c t i o n  v e l o c i t y  i s
6 . 0  km/s f or  P- wave  d a t a  and 3 , 5  km/s f o r  S - wave  d a t a ,
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F i g * 4.  17 T i m e - d i s t a n c e  and v e I o c i t y - d e p t h  d a t a  f r o m WHB i n v e r ­
s i o n ;  Dr umgr a y  s hot  ( w e s t ) .  S - s h e a r  wav e  d a t a ,  P - 
c o m p r e s s i o n a I  wave  d a t a ,  VP: VS - r a t i o  o f  P-  and S - w a v e  
v e l o c i t i e s ,  PR - P o i s s o n ' s  r a t i o .  R e d u c t i o n  v e l o c i t y  
i s 6 . 0  km/ s f o r  P - wa v e  d a t a  and 3 . 5  km/ s f o r  S - w a v e  
d a t a  ♦
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F i g . 4 . 1 8  T i m e - d i s t a n c e  and v e I o c i t y - d e p t h  d a t a  f rom WHB i n v e r ­
s i o n s  Dr umgr ay shot  ( e a s t ) .  S - shear  wave d a t a ,  P - 
compr ess  i ona I wave d a t a ,  VP:VS - . r a t i o  o f  P-  and S - w a v .  
v e l o c i t i e s ,  PR - P o i s s o n ' s  r a t i o .  R e d u c t i o n  v e l o c i t y  
T M ? 0  km/s f o r  P- wave  d a t a  and 3 . 5  km/s f o r  S- wave
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M A V I S  1 s A V O N B R I D G E  W E S T
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F i g * 4 . 1 9  T i m e - d i s t a n c e  and v e I o c i t y - d e p t h  d a t a  f r om WHB i n v e r ­
s i o n ;  A v o n b r i d g e  s h o t  ( w e s t ) *  S - s h e a r  wave  d a t a > P - 
c o m p r e s s i o n a I  wave  d a t a *  V P : VS - r a t i o  of  P-  and S- wave  
v e l o c i t i e s »  PR - Poi  s s o n ' s  r a t i o *  R e d u c t i o n  v e l o c i t y  
i s  6 * 0  km/ s f o r  P - wa v e  d a t a  and 3 * 5  km/s f o r  S- wave  
d a t a .
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F i g . 4 . 2 0  T i m e - d i s t a n c e  and v e I o c i t y - d e p t h  d a t a  f r om WHB i n v e r ­
s i o n ;  A v o n b r i d g e  shot  ( e a s t ) *  S - s h e a r  wave d a t a *  P 
c o m p r e s s i o n a 1 wave  d a t a *  VP: VS - r a t i o  of  P-  and S- wave  
v e I o c  i t i es * PR ~ Poi  s s o n ' s r a t  i o * Reduc t i on v e I o c  i t y 
i s  6 . 0  km/ s f o r  P - wav e  d a t a  and 3 . 5  km/s f o r  S- wav e  
d a t a *
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MAVIS 1 s B A L L I K I N R A I N

1 . 8

1 . 6

1 . 4

1 . 2

1 . 0  

0 . 8  

0 . 6  

0 . 4  

0 . 2  

0 . 0
0 2 4 6 8 10 12 14

R A N G E  ( K M )

0 . 0  

0 . 2  

0 . 4  

0 . 6  

0 . 8

1 . 0

1 . 2

1 . 4

1 . 6

1 . 8

0 . 0  0 . 5  1 . 0  1 . 5  2 . 0  2 . 5  3 . 0  3 . 5  4 . 0  4 . 5  5 . 0  5 . 5

V E L O C I T Y  ( K M / S )

F i g , 4 . 2 1  T i m e - d i s t a n c e  and v e I o c i t y - d e p t h  d a t a  f r om WHB i n v e r ­
s i o n ;  B a l l i k i n r a i n  s h o t *  S - shea r  wave  d a t a ( P - 
c o m p r e s s i o n a I  wave da t a>  VP: VS - r a t i o  of  P-  and S- wa v e  
v e l o c i t i e S f  PR - P o i s s o n ' s  r a t i o *  R e d u c t i o n  v e l o c i t y  
i s  6 . 0  km/s f o r  P - wa v e  d a t a  and 3 . 5  km/s f o r  S - wav e
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M A V I S  1 s N O R T H  T H I R D  W E S T
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P i g . 4 . 2 2  T i m e - d i s t a n c e  and v e 1o c i t y - d e p t h  d a t a  f r om WHB i n v e r ­
s i o n ;  Nor  t h T h i r d  sho t s (wes t )» S - shea r wave da t a t P 
- compr e ss  i ona  i wave  da t a »  VP: VS - r a t i o  o f  P-  and S-  
wa v e  v e l o c i t i e s *  PR - P o i s s o n ' s  r a t i o *  R e d u c t i o n  v e l o ­
c i t y  i s  6 * 0 km/ s  f o r  P - wav e  d a t a  and 3 * 5  km/ s f o r  b-  
wa v e  d a t a .
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MAVIS 1 s NORTH THIRD EAST

1.8 

1 . 6

1 . 4

1 . 2  

1 . 0  

0.8 

0 .6  

0 . 4  

0 .2  

0 .0
0 2 4 6 8 10 12 U

R A N G E  ( K M )
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0 . 2  

0 . 4  
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0 .8

1 . 0  

1 . 2  

1 . 4  

- 1 . 6

1 . 8

2.0

2 . 2

2 . 4

0 . 0  0 . 5  1 . 0  1 . 5  2 . 0  2 . 5  3 . 0  3 . 5  4 . 0  4 . 5  5 . 0  5 . 5

V E L O C I T Y  ( K M / S )

F i g , 4 , 2 3  T i m e - d i s t a n c e  and v e I o c i t y - d e p t h  d a t a  f r om WHB i n v e r ­
s i o n ;  N o r t h  T h i r d  s h o t  ( e a s t ) ,  S - s hear  wave d a t a ,  P - 
c o m p r e s s i o n a I  wave  d a t a ,  VP: VS - r a t i o  of  P-  and S- wa v e  
v e l o c i t i e s ,  PR - P o i s s o n ' s  r a t i o ,  R e d u c t i o n  v e l o c i t y  
i s  6 , 0  km/ s f o r  P - w a v e  d a t a  and 3 , 5  km/s f o r  S - wav e  

.  d a t a ,  ------------- --------- ----------------  -----------------------

PR VP:VS
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MAVIS 1 s CATTLEMOSS WEST
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_____ i______i_______ i____ i______:______i----------1----------1------1------------- 1------- —i—
0 . 0  0 . 5  1 . 0  1 . 5  2 . 0  2 . 5  3 . 0  3 . 5  4 . 0  4 . 5  5 . 0  5 . 5

V E L O C I T Y  ( K M / S )

F i g » 4 . 2 4  T i m e - d i s t a n c e  and v e I o c i t y - d e p t h  d a t a  f r om WHB i n v e r ­
s i o n ;  Cat  t I emoss s hot  ( w e s t ) » S - s hea r  wave d a t a *  F' - 
c o m p r e s s i o n a I  wave  d a t a ,  VP: VS - r a t i o  o f  P-  and S - wav e  
v e l o c i t i e s ,  PR - P o i s s o n ' s  r a t i o .  R e d u c t i o n  v e l o c i t y  
i s  6 . 0  km/s f o r  P - wa v e  d a t a  and 3 . 5  km/s f o r  S - wa v e  

 ___________ d a t a .    —
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M A V I S  1 8 C A T T L E M O S S  E A S T  ( P  W A V E )

0 . 8

0 . 6
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0 . 2

0 . 0
0 2 4 86 10 12 14
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0 . 6 1-0

0 . 8

1 . 0

1 . 2
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2 . 0

2 . 2

2 . 4

3 . 0  3 . 5  4 . 0  4 . 5  5 . 0  5 . 5

V E L O C I T Y  ( K M / S )

F i g , 4 , 2 5  T i m e - d i s t a n c e  and v e I o c i t y - d e p t h  d a t a  f r om WHB i n v e r ­
s i o n ;  C a t t l e m o s s  s h o t  ( e a s t ) ,  R e d u c t i o n  v e l o c i t y  i s
6 , 0  k m / s ,
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MAVIS 1* WESTFIELD WEST . (P WAVE)

o 2 4 8 106 12 14

R A N G E  ( K M )
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1 > I - -  1 — -  1
3 . 0  3 . 5  4 . 0  4 . 5  5 . 0  5 . 5

V E L O C I T Y  ( K M / S )

F i g . 4 # 2 6  T i m e - d i s t a n c e  and v e I o c i t y - d e p t h  d a t a  f r o m WHB i n v e r ­
s i o n ;  W e s t f i e l d  s h o t  ( w e s t ) .  R e d u c t i o n  v e l o c i t y  i s 6 f 0  
km/ s *
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M A V I S  2 s  A B E R U T H V E N
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4
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4

R A N G E  ( K M )

o . o

. 6

. 8

4

VP:VSPR
______i_______ i__i________i______i______i----------1----------1----------1----------1------- ——

0 , 0  0 . 5  1 . 0  1 . 5  2 . 0  2 . 5  3 . 0  3 . 5  4 . 0  4 . 5  5 . 0  5 . 5

V E L O C I T Y  ( K M / S )

F j g * 4 ♦ 2 7  T i m e - d i 5 1ance  and v e I o c i t y - d e p t h  d a t a  f r om WHB i n v e r ­
s i o n ;  A b e r u t h v e n  s h o t *  S ~ s hea r  wave  d a t a>  P - 
c o m p r e s s i o n a I  wave da t a »  VP: VS - r a t i o  o f  P-  and S - wa v e  
v e I o c  i t i es » PR - Po i s s o n ' 5  r a t i o *  Reduct  i on v e I o c  i t y 
i s  6 . 0  km/ s f o r  P - wav e  d a t a  and 3 . 5  km/s f o r  S - wav e  
d a t a .  ________________________________________________
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M A V I S  2 s  D O L L A R  N O R T H
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R A N G E  ( K M )

VP:VS

0 . 0  0 . 5  1 . 0  1 . 5  2 . 0  2 . 5  3 . 0  3 . 5  4 . 0  4 . 5  5 . 0  5 . 5

V E L O C I T Y  ( K M / S )

F i g . 4 * 2 8  T i m e - d i s t a n c e  and v e 1o c i t y - d e p t h  d a t a  f r om WHB i n v e r ­
s i o n ;  D o l l a r  s ho t  ( n o r t h ) .  S - s h e a r  wave  d a t a .  P - 
com press i o n a l  w ave d a t a .  VP: VS - r a t i o  o f  P-  and S- wave  
v e l o c i t i e s .  PR - P o i s s o n ' s  r a t i o .  R e d u c t i o n  v e l o c i t y  
i s  6 . 0  km/ s f o r  P -w a v e  d a t a  and 3 . 5  km/s f o r  S -w ave  
d a t a .
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M A V I S  2 s  D O L L A R  S O U T H
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0 . 0  0 . 5  1 . 0  1 . 5  2 . 0  2 . 5  3 . 0  3 . 5  4 . 0  4 . 5  5 . 0  5 . 5

V E L O C I T Y  ( K M / S )

F i g , 4 , 2 9  T i m e - d i s t a n c e  and v e I o c i t y - d e p t h  d a t a  f r om WHB i n v e r ­
s i o n ;  D o l l a r  s hot  ( s o u t h ) ♦ 8 - s h e a r  w ave d a t a ,  P -
c o m p r e s s i o n a I  w ave d a t a ,  VP: VS - r a t i o  of  P-  and S- wave  
v e l o c i t i e s ,  PR - P o i s s o n ' s  r a t i o ,  R e d u c t i o n  v e l o c i t y  
i s  6 , 0  km/ s f o r  P - wa v e  d a t a  and 3 , 5  km/s f o r  S -w ave  
d a t a ,  __________________________________

VP:VS
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M A V I S  2 s  L O N G A N N E T  N O R T H
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PR VP:VS4

6
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0 . 0  0 .5  1.0 1.5 2 .0  2 .5  3 .0  3 .5  4.0 4 .5  5.0 5.5

V E L O C I T Y  ( K M / S )

F i g , 4 , 3 0  T i m e - d i s t a n c e  a n d  v e I o c i t y - d e p t h  d a t a  f r o m  WHB i n v e r ­
s i o n ;  L o n g a n n e t  s h o t  ( n o r t h ) ,  S - s h e a r  w a v e  d a t a , P - 
c o m p r e s s i o n a ! w a v e  d a t a i  V P : V S  - r a t i o  o f  P -  a n d  S - w a v e  
v e 1o c  i t  i e s  > PR - Po i s s o n ' s r a t i o ,  R e d u c t  i on  v e I o c  i t  y 
i s  6 , 0  Km/ s  f o r  P - w a v e  d a t a  a n d  3 * 5  k m / s  f o r  S - w a v e  
d a t a ,
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MAVIS 2 S AVONBRIDGE NORTH

. 8

. 6

.4

. 8

. 6

4

. 2

0 2 4 6 8 10 1 2 14

R A N G E  ( K M )
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. 2

u
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VP:VSPR
. 0

. 2

.4

. 6

. 8

0.0 0 .5  1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.50.0  0 .5  1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5

V E L O C I T Y  ( K M / S )

F i g , 4 , 3 1  T i m e - d i s t a n c e  a n d  v e I o c i t y - d e p t h  d a t a  f r o m  WHB i n v e r ­
s i o n :  A v o n b r i d g e  s h o t  ( n o r t h ) .  S - s h e a r  w a v e  d a t a ,  P - 
n o m p r e s s i o n a l  w a v e  d a t a ,  V P : V S  - r a t i o  o f  P -  a n d  S - w a v e  
v e l o c i t i e s ,  PR " P o i s s o n ' s  r a t i o ,  R e d u c t i o n  v e l o c i t y  
i s  6 , 0  k m / s  f o r  P - w a v e  d a t a  a n d  3 , 5  k m / s  f o r  S - w a v e

d a t a ,  _________ _________ _____ __________
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MAVIS 2 S AVONBRIDGE SOUTH

. 8

. 6

. 2

. 0

. 8

6

.4

. 2

. 0

0 2 4 6 8 1 0 1 2 14
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VP:VSPRu

. 6
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0.0  0 .5  1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.50 .0  0 .5  1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5

V E L O C I T Y  ( K M / S )

R i g • 4 . 3 2  T i m e - d i s t a n c e  a n d  v e I o c i t y - d e p t h  d a t a  f r o m  WHB i n v e r ­
s i o n :  A v o n b r i d g e  s h o t  ( s o u t h ) .  S - s h e a r  w a v e  d a t a ,  P 
c o m p r e s s  i o n a I  w a v e  d a t a ,  V P : V S  - r a t i o  o f  P -  a n d  S - w a v e  
v e l o c i t i e s ,  PR - P o i s s o n ' s  r a t i o .  R e d u c t i o n  v e l o c i t y  
i s  6 . 0  k m / s  f o r  P - w a v e  d a t a  a n d  3 . 5  k m / s  f o r  S - w a v e

d a t a .  _____________________
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M A V I S  2 .  B L A I R H I L L
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L
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0.0  0 .5  1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5

V E L O C I T Y  ( K M / S )

F i Q . 4 . 3 3  T i m e - d i s t a n c e  and v e I o o i t y - d e p t h  d a t a  f rom WHB i n v e r ­
s i o n ;  B l a i r h i l l  s h o t .  S - shear  waye d a t a ,  P - 
compress  i onaI  wave d a t a ,  VP:VS - r a t i o  o f  P-  and S-waye  
v e l o c i t i e s ,  PR - P o i s s o n ' s  r a t i o .  R e d u c t i o n  v e l o c i t y  
i s 6 . 0  km/s f o r  P-wave d a t a  and 3 . 5  km/s f o r  wave  
d a t a .   —
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M A V I S  2 S C A I R N Y H I L L  N O R T H  ( P  W A V E )
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V E L O C I T Y  ( K M / S )

F i g . 4 , 3 4  T i m ^ - d  i s t a n c e  a n d  v e I o c i t y - d e p t h  d a t a  f r o m  WHB i n v e r ­
s i o n ;  C a i r n y h i l l  s h o t  ( n o r t h ) .  R e d u c t i o n  v e I o c i t y  i s

6 . 0  k m / s ,
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M A V I S  2 s  C A I R N Y H I L L  S O U T H  ( P  W A V E ) ’
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F i g . 4 , 3 5  T i m e - d i s t a n c e  a n d  v e I o c i t y - d e p t h  d a t a  f r o m  WHB i n v e r ­
s i o n ;  C a i r n y h i l l  s h o t  ( s o u t h ) .  R e d u c t i o n  v e l o c i t y  i _

6 . 0  k m / s ♦
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MAVIS 2 S TAMSLOUP NORTH (P WAVE)
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F i g . 4 , 3 6  T i m e - d i s t a n c e  a n d  v e  I o c  i t  y - d e p t  h d a  t a  f r o r l  “
s i o n ;  T a m s l o u p  s h o t  ( n o r t h ) .  R e d u c t i o n  v e l o c i t y  i s  6 , 0

k m/  5 ♦
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V E L O C I T Y  ( K M / 5 )

^ • 9 * 4 i 3 7  T i m e - d i s t a n c e  a n d  v e ! o c i t y - d e p t h  d a t a  f r o m  WHB i n v e r ­
s i o n ;  H e a d l e s s  C r o s s  s h o t  ( n o r t h ) *  R e d u c t i o n  v e l o c i t y
i s  6 * 0  k m / s .
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s i o n ;  H e a d l e s s  C r o s s  s h o t  ( s o u t h ) .  R e d u c t i o n  v e l o c i t y

i s  S . 0  k m / s  »
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T i m e - d i s t a n c e  a n d  v a l o o i t y - d e p t h  d a t a  W ™  ' " v e r
s i o n ;  M e d r o x  s h o t ,  R e d u c t i o n  v e l o c i t y  i s  6 . 0  k m / s ,
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SOLA NORTHs CRAIGPARK (P WAVE)
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F i g . 4 . 4 0  T i m e - d i s t a n c e  a n d  v e I o c i t y - d e p t h  d a t a  f r o n  WHB i n v a r -
s i o n ;  C r a i g p a r k  s h o t ,  R e d u c t i o n  v e l o c i t y  . s  6 , 0  K m / 5 .
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BASIC SILL

Vh/Vv = 1.09

F i g , 4 , 6 5  I n t e r v a l  v e l o c i t i e s ,  f r o m  v e l o c i t y  l o g ,  and l i t h o l o g y  
o f  t h e  G l e n r o t h e s  b o r e h o l e .
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1 2
DENSITY

AFTER LUDWIG, NAFE & DRAKE (1 9 7 0 )  

AND BARTON (1 9 8 6 )

F i g , 4 , 6 7  V e l o c i t y - d e n s i t y  p l o t  w i t h  b e s t - f i t ,  maximum and  
mi ni mum d e n s i t y  c u r v e s ,  ( r e d r a w n  f rom L u d w i g ,  N a f e  fc 
D r a k e  1970 ,  B a r t o n  1986)



INCIDENT RAY REFLECTED RAY

6i 0iV1

TRANSMITTED RAY 

V 1< V2

* 5 * 1  R e f l e c t e d  and r e f r a c t e d  r ays  r e s u l t i n g  f rom o b l i q u e  
i n c i d e n c e  o f  a r a y  on an i n t e r f a c e  o f  a c o u s t i c  
i m pedance con t ra s  t *

1/V3

1/V2

1/V1

D

Z1V1

Z2V2

V3
V 1< V 2<  V3

5 * 2  T r a v e l - t i m e  c u r v e s  and r a y - p a t h s  r e s u l t i n g  f rom t h e  
c r i t i c a l  r e f r a c t i o n  o f  r ays  a t  i n t e r f a c e s  b e tw een  c o n ­
s t a n t  v e l o c i t y  h o r i z o n t a l  l a y e r s .



1/V2u

1/V1

A B

V2

F i g . 5 . 3  T r a v e l - t i m e  c u r v e s  and r a y - p a t h s  r e s u l t i n g  f rom t h e  
c r i t i c a l  r e f r a c t i o n  of  r ays  a t  a d i p p i n g  i n t e r f a c e  
b e tw e e n  c o n s t a n t  v e l o c i y  l a y e r s .

T(S1S2)
T(S1K) - 
T(S2L) -

T(S1L)
T(S2K)

B> S1 C1 K

<r

C2 S2

V1

F i g , 3 . 4  The  p l u s - m i n u s  m ethod of  r e f r a c t i o n  i on ,  A» ,
t r a v e l - t i m e  c u r v e s  B ) » ray  P®1 ,
S 2)  t o  i n t e r m e d i a t e  r e c e i v e r s  <K, L ) .



RE
DU

CE
D 

TI
M

E-
D

IS
TA

N
C

E 
G

R
A

PH

cc

Li.

UJo

<  -
L_

c OJ 
m
— a
CD ^  

Oi
♦ c
til —
u
— in
— □ 

c
j z  —  
+-• E□ i
O in 
in □

CO Oi
—  j _  
>  *-■ 
<

01
JZ T )
*-• oi

in

O
>4- in 

JZ ill
a  >■ 
m m
i_  —
rrt

O' D
O O

' O
0 ! 4 - '

E 
— "□ 

c

01 in
0 O'
□  i_
•n i_
01 O 
ir o
LO

LO

rn

LL



20
REDUCED TIME-DISTANCE GRAPH 

FOR MAVIS NORTH LINE
20

BALLIKINRAIN N.THIRD CATTLE MOSS WESTFIELD METHIL 
0 ‘  X (km) *

* 5 .8  R educed  t i me - d i s t a n c e  graph f o r  t h e  MAVIS I n o r t h  I i n e * 
B ra n c h e s  A t o  D c o r r e s p o n d  t o  t h e  f o u r  l a y e r s  used in 
t h e  p I u  s - m i n u s i n t e r p r e t a t i o n *
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TAMSLOUP
O o QUARRY

RECEIVER LOCATIONS
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CAIRNYHILL O

HEADLESS CROSS ■

TAMSLOUP □
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O
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QUARTZ-DOLERITE
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CU HW KA

1 0 2 0 25 30

0
3 .50

~ 4 .0 0
5 .0 0 --------  ~ 4 .5 0

2

3

4 5 .5 0

6 .0 55

6

F i g . 5 , 6 7  R a y - t r a c e d  model o f  th e  MAVI S I I I  l i n e ;  CU - C r u i k s ,  
HW - Hi  I I w o o d , KA - Ka i mes .  I n t e r f a c e s  shown by t h i c k  
l i n e s ,  s e i s m i c  v e l o c i t y  c o n t o u r s ,  in km/ s ,  by t h i n  
I i n e s . S c a l e s  a r e  in km.

CU HW KA

2 0 25 30

F i g . 5 . 6 8  R a y - p a t h s  used  in th e  c a l c u l a t i o n  o f  t r a v e l - t i m e s  
shown in F i g , 5 . 6 9 .  See F i g . 5 . 6 7  f o r  a b b r e v i a t i o n s .
S c a l e s  a r e  in km.
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CU HW KA

2 0 25 30

0

2

3

5

6

F i g . 5 * 7 2  R a y - p a t h s  used  in t h e  c a l c u l a t i o n  o f  t r a v e l - t i m e s  
shown in F i g . 5 * 7 0 ,  See F i g * 5 * 6 7  f o r  a b b r e v i a t i o n s .
S e a l e s  a r e  i n km.

CU HW KA

0 10 15 2 0 25 30

0

2

3

4

5

6

F i g , 5 . 7 3  R a y - p a t h s  used in th e  c a l c u l a t i o n  o f  t r a v e l - t i m e s  
shown in F i g . 5 . 7  1. See F i g * 5 , 6 7  f o r  a b b r e v i a t i o n s ,
Sea I e s  a r e  in km *
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CU HW KA

1 0 2 0 25 30

6J

F i g . 5 . 7 4  R a y - d i a g r a m  show ing  a l l  r a y - p a t h s  used  in th e  c a I c u I  a 
t i on o f  t r a v e  I - t i mes f rom MAVI S I I 1 I i ne s o u r c e s . S 
F i g . 5 . 6 7  f o r  a b b r e v i a t i o n s .  S c a l e s  a r e  i n km.

ee

Ai

Q

'  B ( X i , Z i )
_

±  R (X ,Z )  

\ ) C ( X i +  1 ,Z i+ 1 )

F i g . S . 1  P o l y g o n a l  a p p r o x i m a t i o n  o f  an i r r e g u l a r  body t o  c a l c u ­
l a t e  i t s  g r a v i t y  e f f e c t *  see  t e x t  f o r  e x p l a n a t i o n  of  
sym b o Is  ( a f t e r  T e l f o r d  e t  a i .  1 9 7 6 ) .
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F i g . 6 . 6  G r a v i t y  model o f  t he  B a t h g a t e  " h i g h ” and A l l o a  " l o w ”

( G 1 ) * Ba t hga t e anom aIy  mode l i e d  u s i n g  a s h a l l o w  l a v a
s o u r c e .  - - - - o b s e r v e d  Bouguer g r a v i t y ,  ----------- r e s i ­
dua l  Bouguer g r a v i t y ,  # c a l c u l a t e d  g r a v i t y .  X ' , --i n t e r ­
c e p t  w i t h  G3 p r o f i l e ,  X ' ' i n t e r c e p t  w i t h  G2 p r o f i l e .
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m o d e l l e d  u s i n g  s h a l l o w  l a v a  and deep i n t r u s i v e  s o u r c e s .
- - o b s e r v e d  Bouguer g r a v i t y ,    r e s i d u a l
Bouguer g r a v  i t y , # c a I c u I a t e d  g r a v i  t y » RH, Rash i eh i I I
b o r e h o l e ,  X,  i n t e r c e p t  w i t h  G1 p r o f i l e .
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( G 1 ) .  B a t h g a t e  a noma l y  m o d e l l e d  u s i n g  s h a l l o w  l a v a  and  
deep i n t r u s i v e  s o u r c e s .  - - - - o b s e r v e d  Bouguer g r a v ­
i t y .  -----------  r e s i d u a !  Bouguer g r a v i t y ,  # c a l c u l a t e d  g r a v ­
i t y .  X ' , i n t e r c e p t  w i t h  G 3 p r o f i l e ,  X ' i n t e r c e p t  w i t h  
G 2 p r o f i l e .
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Bouguer g r a v i t y ,  ---------- r e s i d u a l  Bouguer g r a v i t y ,  # ca I
c u l a t e d  g r a v i t y .  X,  i n t e r c e p t  w i t h  G1 p r o f i l e .
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S H E A R  V E L O C I T Y  ( k m / s )  

1 . 5  2 . 0  2 . 5
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L A Y E R  1
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M A V I S  

L A Y E R  2

F i g * 7 ♦ 3  C o m p a riso n  o f  s h ea r  wave v e I o c i t y - d e p t h  c u r v e s  f r om t h e  
M i d l a n d  V a l l e y  o f  S c o t l a n d .  I n s e t ;  A - ORS l a v a s ,  B - 
ORS s e d i m e n t s ,  C - C a r b o n i f e r o u s ,  D - C a r b o n i f e r o u s  
b e n e a th  t h e  F i r t h  o f  F o r t h *  See F i g . 2 . 1  f o r  o t h e r  
abb r e v  i a t  i ons ( Red r awn f r om MacBe t h  & B u r t o n  1 9 8 6 ) .
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F i g . 7 ♦ 5  A ) ,  S a n d s t o n e  r e c i p r o c a l  v e l o c i t y  v e r s u s  d i f f e r e n t i a l  
p r e s s u r e  a t  c o n s t a n t  p o r o s i t y .  B ) ,  L i m e s t o n e  r e c i p r o ­
c a l  v e l o c i t y  v e r s u s  d i f f e r e n t i a l  p r e s s u r e  a t  c o n s t a n t  
p o r o s i t y .  C)» D i f f e r e n c e  be t wee n  l i m e s t o n e  P - a n d  S-  
wave  r e c i p r o c a l  v e l o c i t y  a t  c o n s t a n t  p r e s s u r e .  D ) f 
D i f f e r e n c e  be t ween  s a n d s t o n e  P - a n d  S - wave  r e c i p r o c a l  
v e l o c i t y  a t  c o n s t a n t  p r e s s u r e .  ( a f t e r  Domenico 1 9 8 4 ) .
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F i g , 7 , 6  V p / V s  and P o i s s o n ' s  r a t i o  f o r  s a n d s t o n e ,  l i m e s t o n e ,  
q u a r t z  and c a l c i t e ,  The MAVIS d a t a  f r om d e p t h s  g r e a t e r  
t h a n  about  0 . 5  km shown f o r  c o m p a r i s o n .  ( r e d r a w n  f rom  
Domen i co 1984)  .
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F i g , 7 , 7  V p / V s  as  a f u n c t i o n  o f  d e p t h  f o r  s e l e c t e d  G u l f  Coast  
s h a l e s  and w a t e r  s a t u r a t e d  sands ( a f t e r  C a s t a g n a  e t  a l , 
1985 )  ,
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F i g . 7 * 8  D e p t h  c o n t o u r s  on  t h e  b a s e  o f  t h e  U p p e r  C a r b o n i f e r o u s  
( r e d r a w n  f r o m  B r o w n e  e t  a ! .  1 9 8 5 ) .
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ISOPACHS (m)

1 0 0 — K WOOD FM 
-750— STRATHEDEN GP

U. DEVONIAN ABSENT

KINNESSWOOD FM 
PRESENT ONLY

's o 0 %

50 km

F i g . 7 « 1 0  I so p a c h  map o f  t h e  S t r a t h e d e n  Group and Ki nnesswood  
F o r m a t i o n s  o f  t h e  Upper  ORS ( r e d r a w n  f r om Browne e t  a i *  
1 9 8 5 ) .
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OLD RED SANDSTONE

HBFLATE LOWER ORS 
AXIAL SYSTEM

EARLY LOWER ORS 
STRIKE-SLIP B A SIN /

PROTO-OCHIL FAULT?

ORS VOLCANICS

SYNDEPOSITIONAL
FAULT

STRAIN
ELLIPSE

CARBONIFEROUS

HBF

GROWTH
FAULTS OFLINEAR 

VENT SYSTEM

/ K BST

CF

.STRAIN
ELLIPSE

REACTIVATED 
BASEMENT FRACTURE

—  r  C nYT) X X
PALAEOFLOW ALLUVIAL FANS SYNDEPOSITIONAL

FOLDS

HBF HIGHLAND BOUNDARY FAULT KB KINCARDINE BASIN

CF CAMPSIE FAULT ST STIRLING

OF OCHIL FAULT

F i g , 7 » 1 5  T e c t o n i c  model  f o r  the  e v o l u t i o n  o f  t h e  a r e a  a r o u n d
t h e  Och i ! F a u I t .



 MAVIS LINES

^  MAVIS SHOTS 

FAULTS

OLD RED SANDSTONE 
H  SEDIMENTS 

f 3  IGNEOUS ROCKS
BS BROXBURN SHALE FS FELLS SHALE

5 km

CARBONIFEROUS 
Q  SEDIMENTS 
■  IGNEOUS ROCKS

N

t
BS FS

_ HUSYTI
' "* # fault

f c / J t /
CRUIKS□ BROXBURN SHALE WORKED

FIRTH OF FORTH >
OXCARS

TOCHILTREEFAULT f  ^
X ------A /WINCHBURGHFAULT

MIDDLETON HALL FAULT /  /UPHALL FAULT I - HILLWOOD

7 CRAIGPARK

MURIESTON FAULT

KAIMES

CALDER FAULT

♦16 G e o l o g i c a l  map o f  t h e  L o t h i a n  o i l - s h a l e  f i e l d s *  
I n s e t s ;  d e m o n s t r a t i o n  o f  l a t e r a l  movements on t h e  
U p h a l l  F a u l t  ( r e d r a w n  f r om Kennedy 1 9 4 4 ) *
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fou/t at surface

-------fau/t underground
-------Thrust in Camps Sho/e underground

Contours (200ft! co/cu/oted from 
various mining plans ond boreho/e 
information 

(DATUM is IOOO feet be/ow Ordnance Datum)
Scale

/  C ob b ins /ia wrr> 2 ma es

F i g , 7 * 1 7  S t r u c t u r a l  map o f  t h e  B u r d i e h o u s e  L i m e s t o n e  in West  
L o t h i a n  ( a f t e r  M i t c h e l l  & M y k u r a  1 9 6 2 ) #
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F i g . 7*  19 C r o s s - s e c t i o n s  o f  t h e  L o t h i a n  o i l - s h a l e  f i e l d s  ( a f t e r  
A n d e r s on  1942.  Kennedy 1 943 ,  R i c h e y  1942)  see  F i g . 7 . 1 6
f o r  i o c a t  i o n s
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