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GEOPHYSICAL INVESTIGATIONS OF THE DEEP GEOLOGY OF THE 
EAST MIDLANDS. Graham A r t e r .  1982.

Lat e  Pr ecambr ian  m e t a - s e d i m e n t s  and Ca l e don i an  g r a n i t i c  
i n t r u s i o n s  a r e  exposed in L e i c e s t e r s h i r e .  S i m i l a r  r ocks  a r e  
found a t  sh a l l o w  de p t h  i n  b o r e h o l e s  from L e i c e s t e r  to  Eas t  
A n g l i a .

Two s e i s m ic  r e f r a c t i o n  e x p e r i m e n t s ,  each  co m pr i s i n g  two 
10-30 km. p r o f i l e s ,  have  been c a r r i e d  out  over  p o t e n t i a l  
f i e l d  ano ma l i e s  in  t he  Eas t  Mid l ands .

The Mel ton Mowbray e x p e r i m e n t ,  l o c a t e d  to t he  e a s t  o f  t he  
C ha rn i an  I n l i e r ,  d e f i n e d  t he  t op  s u r f a c e  o f  t h e  Mel ton 
Mowbray g r a n i t i c  i n t r u s i o n  a t  l e s s  t h an  0 .5  km. d e p t h ,  and 
t h e  s o u t h e r n  margin  o f  t h e  C a r b o n i f e r o u s  Widmerpool  G u l f .  
The Mel ton i n t r u s i o n  was found to have a s i m i l a r  p-wave 
v e l o c i t y  ( c .  5 .7  km.s"^) t o  t he  s u r r o u n d i n g  P reca mb r i an
b a s e m e n t .  The r e f r a c t i o n  i n t e r p r e t a t i o n s ,  t o g e t h e r  w i th  some 
s e i s m i c  r e f l e c t i o n  d a t a ,  a r e  used to  c o n s t r a i n  3 - d i m e n s i o n a l  
m o d e l l i n g  of  t he  a e r om ag n e t i c  a no m a l i e s  in  t h i s  a r e a .

The Pe t e rb o r o u g h  e x p e r i m e n t  was l o c a t e d  over  a n e g a t i v e  
Bouguer  g r a v i t y  anomaly t o  t he  n o r t h  o f  P e t e r b o r o u g h .  
R e f r a c t o r  v e l o c i t i e s  t y p i c a l  of  l a t e  P r ecambr i an  basement  
were  d e t e c t e d  a t  s h a l l o w  d e p th  ( 0 . 5  km.) a c r o s s  t h e  g r a v i t y  
anoma ly .  The g r a v i t y  d a t a  i s  mode l l ed  as  a i n t r a - b a s e m e n t  
i n t r u s i o n .

Measurements  have  been made o f  p h y s i c a l  p r o p e r t i e s  o f  
s amp le s  o f  basement  r ocks  from o u t c r o p  and from b o r e h o l e s  
w i t h i n  t he  a r e a .  These a r e  used in t he  i n t e r p r e t a t i o n  o f  t he  
p o t e n t i a l  f i e l d  d a t a .

A p r e - C a r b o n i f e r o u s  p a l a e o g e o l o g i c a l  map ha s  been compi led  
from b o r e h o l e  and g e o p h y s i c a l  d a t a .  A c o m p i l a t i o n  o f  non-  
c o n f i d e n t i a l  b o r e h o l e  d a t a  i s  i n c l u d e d  as  an a p pe n d i x .

The p o t e n t i a l  f i e l d  and s e i s m ic  s t u d i e s  show t h a t  two g roups  
o f  g r a n i t i c  i n t r u s i o n s  can be r e c o g n i s e d ,  one g roup  i s  more 
b a s i c  t han  t he  o t h e r .
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CHAPTER ONE 

INTRODUCTION TO THE AREA

1.1 GENERAL INTRODUCTION

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

a r e  conce rned  w i th  t he  p r e - C a r b o n i f e r o u s  basement  o f  an a r e a  

e x t e n d i n g  e a s t  and s o u t h  from the  P recambr ian  i n l i e r  of  

Charnwood F o r e s t .

The work d e s c r i b e d  h e r e  i s  a c o n t i n u a t i o n  o f  p r e v i o u s  

s e i s m i c ,  m agne t i c  and g r a v i t y  work c a r r i e d  ou t  in  t he  Eas t  

Midl ands  by Arab (1972 ) ,  Maroof  ( 197 3 ) ,  Whitcombe (1979) and 

E l - N i k h e l y  (1980 ) .

The s e i s m i c  e x p e r i m e n t s  and p o t e n t i a l  f i e l d  i n t e r 

p r e t a t i o n s  d e s c r i b e d  h e r e  a r e  a l l  conce rned  w i th  i n v e s t 

i g a t i n g  t he  d i s t r i b u t i o n  o f  (C a l edon i an )  g r a n i t i c  i n t r u s i o n s  

w i t h i n  t he  upper  c r u s t  o f  t h e  Eas t  Mid l an ds .

Mel ton  Mowbray 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 ;  t h i s  e x p e r i m e n t  

was i n t e n d e d  to  i n v e s t i g a t e  t he  Mel ton Mowbray g r a n i t i c  

i n t r u s i o n  and i t s  r e l a t i o n s h i p  t o  t he  Mo u n t so r r e l  

g r a n o d i o r i t e . Recorded in A ug us t - ^ ep t e m b e r  1980,  t h e  su rv e y  

c o n s i s t e d  of  two p r o f i l e s  20 and 30 k i l o m e t r e s  l o n g .  The 

e x p e r i m e n t  i s  d e s c r i b e d  in  c h a p t e r  5, a sma l l  r e f r a c t i o n  

s u rv e y  co n n ec t e d  w i th  t h e  main e x p e r i m e n t  i s  d e s c r i b e d  in 

c h a p t e r  3B.

N a t i o n a l  Coa l  Board s e i s m i c  r e f l e c t i o n  s u r v e y s ;  60 l i n e  

k i l o m e t r e s  o f  commerc i a l  s h a l l o w  s e i s m i c  r e f l e c t i o n  d a t a ,  

and a number o f  b o r e h o l e  s o n i c  l o g s ,  from the  Mel ton Mowbray
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a r e a  have been i n t e r p r e t e d .  These i n t e r p r e t a t i o n s  p r o v i d e  

v e l o c i t y  and dep th  d a t a  f o r  t he  Mel ton  r e f r a c t i o n  ex p e r i m e n t  

and a l s o  h e lp  t o  d e f i n e  t he  t o p  s u r f a c e  o f  t he  Mel ton 

g r a n i t i c  i n t r u s i o n  f o r  m ag n e t i c  m o d e l l i n g .  The r e f l e c t i o n  

i n t e r p r e t a t i o n  i s  d e s c r i b e d  in c h a p t e r  4.

P e t e r b o r o u g h  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 ;  t h i s  e x p e r i m e n t  

was c a r r i e d  out  in  September  1981 t o  d e t e r m i n e  t he  d e p th  t o  

ba sement  over  a n e g a t i v e  g r a v i t y  anomaly t o  t he  n o r t h  o f  

P e t e r b o r o u g h .  The e x p e r i m e n t  c o n s i s i t e d  of  two p r o f i l e s  18 

and 11 k i l o m e t r e s  long and i s  d e s c r i b e d  in c h a p t e r  6.  

C o u n t e s t h o r p e  su rve y ;  t h i s  s u r v e y  c o n s i s t e d  of  a two 

k i l o m e t r e  s e i s m ic  r e f r a c t i o n  p r o f i l e  and a sma l l  g r a v i t y  

s u r v e y .  The su rve y  was c a r r i e d  ou t  t o  i n v e s t i g a t e  t he  

l a t e r a l  e x t e n t  o f  t h e  S o u t h  L e i c e s t e r s h i r e  D i o r i t e s  'and i s  

d e s c r i b e d  in c h a p t e r  3A.

P o t e n t i a l  f i e l d  i n t e r p r e t a t i o n s ;  a e r o m a g n e t i c  d a t a  from the  

Mel ton a r e a  and g r a v i t y  d a t a  from P e t e r b o r o u g h  have been 

i n t e r p r e t e d  u s ing  3 - d i m e n s i o n a l  t e c h n i q u e s .  S a t u r a t e d  

d e n s i t i e s  have been measured  on abou t  40 s amp le s  from 

b o r e h o l e s  and from o u t c r o p .  The r e s u l t s  o f  t h e  p o t e n t i a l  

f i e l d  s t u d i e s  a r e  p r e s e n t e d  in c h a p t e r s  7 and 8.

A p r e - C a r b o n i f e r o u s  p a l a e o g e o l o g i c a l  map based  on b o r e h o l e  

and g e o p h y s i c a l  e v id e n c e  i s  p r e s e n t e d  and d e s c r i b e d  in 

c h a p t e r  9,  t o g e t h e r  w i th  l o c a t i o n  maps f o r  t he  b o r e h o l e s .  

Lees and T a i t t  ( 1946 ) ,  Fa l c o n  and Kent  (1960) and Le Bas 

(1968) have p u b l i s h e d  d e t a i l s  o f  b o r e h o l e s  which e n c o u n t e r  

p r e - C a r b o n i f e r o u s  f o r m a t i o n s  i n  t he  Eas t  Mid l an ds .  There  i s  

n o t ,  however ,  a c o m p i l a t i o n  f o r  t he  more r e c e n t  b o r e h o l e s  o r  

f o r  t he  whole o f  t h e  Eas t  Mid l ands  a r e a .  For t h i s  r e a s o n ,  

b r i e f  d e t a i l s  o f  a l l  t h e  b o r e h o l e s  t h a t  p rove  p r e -



3

C a r b o n i f e r o u s  f o r m a t i o n s  w i t h i n  t he  s t u d y  a r e a  have been 

compi l ed  and a r e  i n c l u d e d  as  app end ix  1 .1 .  A l e s s  comp le t e  

c o m p i l a t i o n  f o r  t he  C a r b o n i f e r o u s  and younger  f o r m a t i o n s ,  

based  ma in ly  on u n p u b l i s h e d  d a t a ,  i s  g i v en  in appendix  1 . 2 .

A summary o f  t h e  g e o lo g y  o f  t h e  s t u d y  a r e a ,  t o g e t h e r  

w i t h  some o f  t he  p r e v i o u s  g e o p h y s i c a l  work i s  g i v en  be low.  

The d e t a i l e d  geo log y  o f  t h e  i n d i v i d u a l  s u r v e y  a r e a s  w i l l  be 

d e s c r i b e d ,  a s  n e c e s s a r y ,  in  t he  r e l e v a n t  c h a p t e r s .

1 . 1 . 1  The C a l e d o n i a n  o rogeny

The l a t e  P r ecambr ian  and Lower P a l a e o z o i c  ge o logy  o f  

C e n t r a l  England i s  l i n k e d  w i t h  t h e  e v o l u t i o n  o f  t he  

C a l e d o n i a n  o r o g e n .  The p l a t e  t e c t o n i c  model f o r  ' the 

C a l e d o n i d e s ,  as  p roposed  by Dewey (1969) and McKerrow and 

Z i e g l e r  (1972) s u g g e s t s  a c y c l e  o f  ocean  deve lopmen t  and 

c l o s u r e .  Thi s  c y c l e  began i n  t he  l a t e  P r ecambr i an  w i t h  t he  

open ing  o f  t h e  l a p e t u s  Ocean.  The ocean  c o n t i n u e d  to open 

t h r o u g h o u t  t he  Cambrian and p r o b a b l y  r each ed  i t s  maximum 

e x t e n t  i n  t he  Lower O r d o v i c i a n .  There  t hen  fo l l ow ed  a p e r i o d  

o f  ocean  c l o s u r e ,  w i t h  s u b d u c t i o n  p r o b a b l y  occurr ing a long  

b o t h  m a r g i n s .  The l a p e t u s  c l o s e d  in t he  l a t e  O r do v i c i a n  to 

S i l u r i a n ,  w i t h  t he  c o n t i n e n t a l  c o l l i s i o n  occurring 

p r o g r e s s i v e l y  l a t e r  t owa rds  t h e  s o u t h w e s t .  The p r e s e n t  day 

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

t r e n d i n g  s o u th w e s t  t o  n o r t h e a s t  a l ong  t he  Solway F i r t h  

( P h i l l i p s  e t . a l .  1976) .

The v a r i o u s  h y p o t h e s e s  f o r  t he  l a t e  P r ecambr ian  and 

Lower P a l a e o z o i c  e v o l u t i o n  o f  t h e  s o u t h e r n  margin  o f  t h e  

l a p e t u s  a r e  d i s c u s s e d  in An de r ton  e t . a l .  ( 1979 ) .  In t he  l a t e
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Precambr i an  t he  Midlands  e x p e r i e n c e d  c o n s i d e r a b l e  s u b s i d e n c e  

t o g e t h e r  w i th  a s s o c i a t e d  v o l c a n i c  and p l u t o n i c  i gneous  

a c t i v i t y .  The igneous  m a t e r i a l  was p r o b a b l y  d e r i v e d  from a 

downgoing s l a b  of  ocean c r u s t ,  bu t  whe the r  t h i s  r e p r e s e n t e d  

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

t h e  no r thward  s u b d u c t i o n  o f  t h e  Cadomian Ocean,  o r  b o t h ,  

r ema ins  open to s p e c u l a t i o n .

By t h e  Cambrian t he  Mid lands  o f  England formed a more 

s t a b l e  p l a t f o r m  and r e p r e s e n t e d  a f o r e l a n d  to t he  o r o g e n i c  

b e l t  and t he  d e v e l o p in g  Welsh b a s i n ,  which were l o c a t e d  to 

t h e  n o r t h w e s t .  Normal s h e l f  s e d i m e n t a t i o n  a p p e a r s  t o  have 

p ro cee de d  w i th  t he  d e p o s i t i o n  o f  c a r b o n a t e s  in  S h r o p s h i r e  

and sands  and muds in  t he  Ma lve rns  and W ar w ic ks h i r e .

The Lower P a l a e o z o i c  c a l c - a l k a l i n e  i gneous  a c t i v i t y ,  

which was w i d e s p r e a d ,  was p r o b a b l y  r e l a t e d  to t he  

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

s o u t h e r n  c o n t i n e n t  (LeBas 1981,  H a r r i s  e t . a l .  1981) .

There  i s  no e v id e n c e  f o r  a n c i e n t  c o n t i n e n t a l  c r u s t ,  

e q u i v a l e n t  t o  t he  Lewi s ian  o f  n o r t h e r n  S c o t l a n d ,  under  

s o u t h e r n  B r i t a i n .  U-Pb i s o t o p e s  from z i r c o n s  i n  C a l e do n i a n  

g r a n i t e s  (Pidgeon and A f t a l i o n  1978) show no e v id e n ce  o f  an 

i n h e r i t e d  component  o f  o l d e r  z i r c o n .  Th i s  i s  i n  c o n t r a s t  t o  

t he  g r a n i t e s  o f  n o r t h e r n  S c o t l a n d ,  where  t h e r e  i s  a 

s i g n i f i c a n t  component  o f  c . 1 6 0 0  m .y r .  z i r c o n .  Thi s  s u g g e s t s  

t h a t  t he  so u r c e  o f  t h e  C a l e d o n i a n  magmas was e i t h e r  young 

P r e ca m b r i a n  c r u s t  (S t ype)  o r  t h e  m a n t l e  (I t y p e ) .

The LISPB ex p e r i m e n t  (Bamford e t . a l .  1978) i n d i c a t e d  a 

c r u s t a l  t h i c k n e s s  o f  abou t  30 k i l o m e t r e s  i n  n o r t h e r n  

E n g l a n d .

The Lower P a l a e o z o i c  and P r ecam br i an  rocks  found a t
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o u t c r o p ,  and in b o r e h o l e s ,  i n  t he  Eas t  Midlands  show low 

metamorphi c  g r a d e s  which i n d i c a t e s  t h a t  t h e s e  rocks  have 

nev e r  been s u b j e c t e d  to deep  b u r i a l .  Heat  f l ow measurement s  

i n  t he  a r e a  (Richa rdson  and Oxburgh 1978) g i v e  v a l u e s  t h a t  

a r e  c l o s e  to  t he  1.4 h f u  a v e r a g e  v a lu e  f o r  England and 

Wales .  C l e a r l y  t h i s  does  n o t  s u p p o r t  t he  c o n c e p t  o f  t h e

Midl ands  be ing  a s i t e  o f  ma jo r  C a l e d on i a n  p l u t o n i s m .  Heat

f low measu rement s  a t  C r o f t  Qu a r ry ,  i n  t he  South  

L e i c e s t e r s h i r e  D i o r i t e s ,  i n d i c a t e d  a v e ry  low h e a t  f l ow of  

0 .88 h fu  (R icha rdson  and Oxburgh 1978) .  Th is  may be because  

t h e  i n t r u s i o n  was emplaced a t  a h igh  l e v e l  w i t h i n  coo l  

c o u n t r y  rock s  t h e r b y  l i m i t i n g  t he  t ime  a v a i l a b l e  f o r  the  

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

e x p l a n a t i o n  i s  a c c e p t a b l e  f o r  sma l l  i n t r u s i v e  c u p o l a s  b u t  i s

u n l i k e l y  t o  be v a l i d  f o r  l a r g e  i n t r u s i o n s  w i t h i n  t he  upper

c r u s t ,  i f  t h e s e  can be shown to  e x i s t .

1.2 THE GEOLOGY OF THE AREA

1 . 2 . 1  The P r eca m br i an

The P recambr i an  g e o lo gy  o f  t h e  a r e a  i s  c o n f i n e d  t o  t he  

o u t c r o p s  o f  Charnwood F o r e s t  and t he  Nuneaton  I n l i e r  

t o g e t h e r  w i th  a few b o r e h o l e  s amp le s  o f  p r o b a b l e  P r ecambr ian  

age .

The l a t e  P r ecambr ian  ro ck s  o f  Charnwood F o r e s t  (The 

Cha rn i an)  a r e  d e s c r i b e d  in d e t a i l  by Wa t t s  (1947) and Evans 

( 196 8 ) .  The s t r a t i g r a p h i e  success ion and t h i c k n e s s e s ,  a s  

worked ou t  by W a t t s ,  a r e  as  f o l l o w s ;



BRAND SERIES 

( 0 .3  km. t h i c k )

S w i t h l a n d  s l a t e  

T r a c h o se  g r i t  & q u a r t z i t e  

Hanging rocks  c o ng lo m er a t e

MAPLEWELL SERIES 

(1 .4  km. t h i c k )

Woodhouse and Bradga t e  beds  

S l a t e  a g g lo m e ra t e  

Beacon H i l l  beds  

F e l s i t i c  a g g lo m er a t e

BLACKBROOK SERIES B lackb rook  beds  

( 0 .9  km. t h i c k )

The Brand S e r i e s  i s  d o m i n a n t l y  e p i c l a s t i c  w h i l s t  t he  

Maplewel l  and Blackb rook a r e  dominan t l y ,  p y r o c l a s t i c ' .  The 

p y r o c l a s t i c  r ocks  compr i s e  t u f f s  and v o l c a n i c  a g g l o m e r a t e s  

and have  a p r e d o m i n a n t l y  a c i d  v o l c a n i c  and a n d e s i t i c  

c o m p o s i t i o n .  The Brand s e r i e s  f i n e s  upward from b a s a l  

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

and q u a r t z i t e s  t o  mudrocks .

C h a r n i a n  i g neous  r o c k s .  Two s u i t e s  o f  i g neous  ro ck s  a r e  

found in  t he  C h a rn i a n ,  t h e s e  a r e  t he  p o r p h y r o i d s  and t he  

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

c o m p o s i t i o n  and a r e  i n t r u s i v e  a t  some l o c a l i t i e s .  Blocks  of  

p r o b a b l e  p o r p h y ro i d  occur  in some o f  t h e  v o l c a n i c  b r e c c i a s  

and a g g l o m e r a t e s  which s u g g e s t s  t h a t  t h e s e  ro ck s  r e p r e s e n t  

penecon t emporaneous  v o l c a n i c  and s h a l l o w  i n t r u s i v e  i gneous  

a c t i v i t y .  K-Ar d a t i n g  g i v e s  a minimum age o f  684+29 m . y r .  

f o r  t he  p o r p h y r o i d s  (Meneisy and M i l l e r  19 63 ) .

The d i o r i t e s  can be s u b - d i v i d e d  i n t o  two g r o u p s ,  t he  

n o r t h e r n  and the  s o u t h e r n .  The s o u t h e r n  d i o r i t e s ,  which t ake
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t h e  l o c a l  name of  M a r k f i e l d i t e s , occu r  as mas s ive  b o d i e s  

i n t r u d e d  a t  v a r i o u s  l e v e l s  ne a r  t o  t he  j u n c t i o n  o f  t h e  Brand 

and Maplewel l  S e r i e s .  C r ibb  (1975) o b t a i n e d  an Rb-Sr  d a t e  of  

552+58 m .y r .  f o r  t he  s o u t h e r n  d i o r i t e s ,  t h i s  i s  i n  agr eement  

w i t h  t h e  K-Ar d a t e  of  547+24 m .y r .  of  Meneisy and M i l l e r  

( 1963 ) .  The n o r t h e r n  d i o r i t e s  a r e  l e s s  abundan t  in o c c u r r 

en ce ,  and more b a s i c  in c o m p o s i t i o n ,  t h an  t he  s o u t h e r n .

The g e o c h e m i s t r y  of  t h e  Ch a rn i an  was s t u d i e d  by Thorpe 

(1972) and i s  rev iewed  by Le Bas (1981) who d e s c r i b e s  t he  

i n t r u s i v e  and e x t r u s i v e  rock s  a s  hav ing  c a l c - a l k a l i n e  

a f f i n i t i e s .  The C ha rn i an  e x t r u s i v e s  show s i m i l a r  

f r a c t i o n a t i o n  t r e n d s  t o  t h e  U r i c o n i a n  v o l c a n i c s  o f  

S h r o p s h i r e  bu t  a r e  d i s t i n c t  from the  t h o l e i i t i c  Warren House 

Lavas of  t h e  Malvern H i l l s .

The p r i n c i p a l  s t r u c t u r e  of  t h e  Cha rn i an  i n l i e r  i s  t h a t  

of  an a n t i c l i n a l  f o l d  w i th  an a x i a l  p lunge  to  t he  s o u t h e a s t .  

In t he  s o u t h e a s t  of  t h e  i n l i e r  t h i s  t r e n d  swings  a round  to 

t h e  e a s t .  S e d i m e n ta r y  s t r u c t u r e s  i n d i c a t e  t h a t  no i n v e r s i o n  

has  o c c u r r e d .  The Cha rn i an  rocks  have a p e r v a s i v e  c l e a v a g e  

which s t r i k e s  280% The c l e a v a g e  f o l l o w s  a s i n u o u s  pa th  

a c r o s s  t he  f o l d  a x i s  s u g g e s t i n g  t h a t  i t  i s  su p e r i m p o s e d .  The 

Ch a rn i a n  i n l i e r  i s  t r u n c a t e d  t o  t he  west  by a major  

He rcyn i an  r e v e r s e  f a u l t ,  t h e  T h r i n g s t o n  F a u l t .  Thi s  f a u l t  

t h rows  t h e  Coal  Measures  of  t h e  L e i c e s t e r s h i r e  C o a l f i e l d  

a g a i n s t  t h e  C h a r n i a n .

The Nuneaton  I n l i e r .  The Nuneaton I n l i e r  c o n t a i n s  a 

sm a l l  e xp os u r e  o f  P r ecam br i an  r o c k s .  The l i t h o l o g i e s  

r es emb le  t h o s e  of  Charnwood F o r e s t  be ing  l a r g e l y  p y r o c l a s t i c  

d e p o s i t s  (The C a ld e c o t e  V o l c a n i c  S e r i e s )  w i th  d i o r i t i c  

i n t r u s i o n s  (The Blue Hole I n t r u s i v e  S e r i e s ) .  The i n l i e r  i s
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t r u n c a t e d  to  t he  n o r t h e a s t  by t h e  E a s t e r n  Boundary F a u l t  of  

t h e  W ar w ic ks h i r e  C o a l f i e l d .

P r e c a m b r i a n  i n  b o r e h o l e s .  A number o f  b o r e h o l e s  t o  the  

s o u t h  and e a s t  o f  L e i c e s t e r  (eg.  a t  G re a t  Oxendon,  Or to n ,  

C l i n t o n ,  W i t t e r i n g ,  S p r o x t o n ,  Wiggenha l l  and Nor th  Creake)  

have  found v o l c a n i c  t u f f s  and a g g l o m e r a t e s  o f  p r o b a b l e  

Ch a rn i a n  a f f i n i t y  ( f i g u r e l . l )  . Kent (1968) s u g g e s t e d  t h a t  a 

r i d g e  o f  P r ecam br i an  basement  ex t e n d ed  e a s t w a r d s  from the  

Cha rn i an  I n l i e r  to  t he  Nor th  Creake  b o r e h o l e  in N o r f o l k .  

More r e c e n t  b o r e h o l e s  and s e i s m i c  r e f r a c t i o n  s u r v e ys  hav e ,  

in  g e n e r a l ,  s u p p o r t e d  t h i s  i d e a ,  -.although t h e  e x t e n t  of  

C a l e d o n i a n  i gneo us  i n t r u s i o n s  w i t h i n  t he  basement  r i d g e  i s  

now known to  be f a r  g r e a t e r  t han  was p r e v i o u s l y  t h o u g h t .

1 . 2 . 2  Lower P a l a e o z o i c

The o n l y  e x po su re  o f  Lower P a l a e o z o i c  r ocks  i n  t h e  Eas t  

Mid l ands  i s  i n  t he  Nuneaton I n l i e r .  Here t h e  Lower Cambrian

i s  r e p r e s e n t e d  by t he  275 met r e  t h i c k  H a r t s h i l l  Q u a r t z i t e .  

The q u a r t z i t e  c o n t a i n s  b o u l d e r s  o f  t h e  Blue Hole I n t r u s i v e  

S e r i e s  and l i e s  uncon fo rmab ly  on t he  C a l d e c o t e  V o l c a n i c s .  

The H a r t s h i l l  Q u a r t z i t e  i s  o v e r l a i n  by ab ou t  800 m e t r e s  of  

Lower Cambrian to  Tremadocian s h a l e s ,  known c o l l e c t i v e l y  as  

t h e  S t o c k i n g f o r d  S h a l e s .  The Tremadoc ian  i s  o v e r l a i n  by 

Middle  Coal  Measu re s .

The H a r t s h i l l  Q u a r t z i t e  i s  i n t e r p r e t e d  by A l l e n  (1968) 

as  a s h a l l o w  w a te r  d e p o s i t ,  w i t h  some u n i t s  p o s s i b l y  

i n t e r t i d a l  in o r i g i n .  The S t o c k i n g f o r d  S h a l e s  show a g e n e r a l  

t r e n d  t o w a rd s  d e epe r  wa t e r  s h e l f  s e d i m e n t a t i o n ,  a l t h o u g h  

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

t h e  S t o c k i n g f o r d  S h a l e s  a r e  t he  Mereva l e  S h a l e s  which have a
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good g r a p t o l i t i c  and t r i l o b i t i c  f auna  of  Tremadoc ian  age .

S h a l e s  w i th  a Cambrian to Tremadocian  f a u n a ,  s i m i l a r  t o  

t h e  S t o c k i n g f o r d  Shales^ have  been i d e n t i f i e d  in b o r i n g s  

a round  L e i c e s t e r  ( L e i c e s t e r  F o r e s t  E a s t ,  E v i n g t o n ,  Aston 

F l a m v i l l e ,  D a d l i n g t o n ,  Merry Lees) and f u r t h e r  a f i e l d  a t  

Towces t e r  and Deanshange r .  In a d d i t i o n  s e v e r a l  b o r e h o l e s  

have  e n c o u n t e r e d  u n f o s s i 1 i f e r o u s  s h a l e s ,  muds tones  and 

q u a r t z i t e s  o f  p r o b a b l e  Lower P a l a e o z o i c  age ( e . g .  Noc ton ,  

E a k r i n g ,  S p a l d i n g ,  Th o r p e - b y - W a te r ,  S t i xwo u ld )  . An Rb-Sr 

whole  rock i s o c h r o n  o f  470 m .y r .  was o b t a i n e d  f o r  t h e  Thorpe 

by Water  s i l t s t o n e  (Ba th ,  v i d e  R i c h a r d s o n  and Oxburgh 1978) .

O r d o v i c i a n  s h a l e s  have  been found in  t h e  G r e a t  Paxton

b o r e h o l e  and t he  Gas Counc i l  GH 5, bo th  l o c a t e d  nea r  to 

Hun t ingdon ,  and in an o f f s h o r e  w e l l  to t he  n o r t h  o f  'N o r f o l k .  

The Lower P a l a e o z o i c  r ocks  a r e  w i de sp re a d  in  t h e  sub

s u r f a c e ,  d i p s  o f  40 t o  80 a r e  common bu t  t h e  met amorphic  

g r a d e  i s  low.  B u l l e r w e l l  (1967) commented on t h e  a s s o c i a t i o n  

o f  s t e e p l y  d i p p i n g  muds tones  i n  t he  G r e a t  Pax ton  and 

Deanshange r  b o r e h o l e s  w i t h  low s e i s m i c  v e l o c i t i e s  (3 .4  t o

3 .5  km.s”^ ) ,  and s u g g e s t e d  t h a t  t he  d i p s  m igh t  be due to

f a u l t i n g  r a t h e r  t han  to a r e g i o n a l  d e f o r m a t i o n ,  
et.dl

B u l l a r d ^  (1946) c a r r i e d  ou t  a number o f  s e i s m i c  

r e f r a c t i o n  e x p e r i m e n t s  i n  t he  v i c i n i t y  o f  Cambr idge .  Surveys  

a t  Lax t on ,  Corby and B e n e f i e l d  a l l  gave  r e f r a c t o r  v e l o c i t i e s  

i n d i c a t i v e  o f  P r ecam br i an  ba sement  a t  d e p t h s  o f  abo u t  100 

m e t r e s  d e e p e r  t han  t he  s i l t s t o n e  in t he  n e a r b y  T h o r p e - b y -  

Water  b o r e h o l e .  Th i s  s u g g e s t s  t h a t  t h e  Lower P a l a e o z o i c  

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

The a v a i l a b l e  e v id e n c e  s u g g e s t s  t h a t  t h e  Lower 

P a l a e o z o i c  in  t he  Eas t  Midl ands  forms a t h i n  v e n e e r  t o  t he
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Pr ecambr ian  basement  and does  n o t  a t t a i n  g é o s y n c l i n a l  

t h i c k n e s s e s .

1 . 2 . 3  C a l e d o n i a n  i gneous  i n t r u s i o n s

Two Ca l ed on i an  i gneous  i n t r u s i o n s  a r e  exposed in 

L e i c e s t e r s h i r e ,  t h e s e  a r e  t he  South  L e i c e s t e r s h i r e  D i o r i t e s  

and t he  M ou n t so r r e l  G r a n o d i o r i t e .  Two o t h e r  g r a n i t i c  to 

d i o r i t i c  i n t r u s i o n s  have  been proved by b o r e h o l e s  a t  Mel ton 

Mowbray, e a s t  o f  M o u n t s o r r e l ,  and a t  Warboys in  Cambr idge

s h i r e .

The M o u n t s o r r e l  g r a n o d i o r i t e .  The M o u n t so r r e l  i n t r u s i o n  

i s  exposed  over  an a r e a  o f  about  6 s q u a r e  k i l o m e t r e s  t o  t he  

e a s t  o f  Charnwood F o r e s t .  The i n t r u s i o n  i s  composed of  p ink  

and wh i t e  g r a n o d i o r i t e  w i t h  l e s s  a b und an t  b a s i c  d i o r i t e  and

gabb ro  (Le Bas 1968) .  Pidgeon and A f t a l i o n  g i v e  a U-Pb d a t e  

o f  452+8 m .y r .  f o r  t he  g r a n o d i o r i t e .  Thi s  age  i s  c o n s i s t e n t  

w i t h  an e a r l i e r  Rb-Sr d a t e  o f  433+17 m .y r .  (Cr ibb  1975) and 

t h e  K-Ar minimum age o f  405+17 m .y r .  ( M i l l e r  and Podmore 

1961) .

On t he  w e s t e r n  edge o f  t h e  i n t r u s i o n  t h e r e  i s  a c o n t a c t  

be tween  a d i o r i t e  and a m icaceous  h o r n f e l s e d  s h a l e .  The age 

o f  t h i s  s h a l e  i s  n o t  known bu t  Lowe (1926) commented on t he  

p o s s i b i l i t y  t h a t  i t  was e q i v a l e n t  to t he  S t o c k i n g f o r d  

S h a l e s .  Le Bas (1968) b e l i e v e d  t h a t  t he  s h a l e  was p e t r o -  

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

Nuneaton and u n l i k e  any e q u i v a l e n t l y  metamorphosed Cha rn i an  

s l a t e .

Lowe (1926) su g g e s t e d  t h a t  t he  o u t c r o p  o f  t he  g r a n o 

d i o r i t e  was t r u n c a t e d  to t he  n o r t h e a s t  by a f a u l t  r unn ing  

a long  t he  Soar  V a l l e y .  Davi es  and Matthews (1966) c a r r i e d
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out  a g r a v i t y  t r a v e r s e  a c r o s s  t h e  l i n e  o f  t h e  p r o j e c t e d  

f a u l t .  The i n t e r p r e t a t i o n  o f  t h i s  su r v e y  was c o n s i s t e n t  w i t h  

a f a u l t  downthrown to t he  n o r t h e a s t  by up t o  70 m e t r e s .

The a e r o m a g n e t i c  map o f  t h e  a r e a  ( see  c h a p t e r  8) shows 

t h a t  t h e  p o s i t i v e  anomaly a s s o c i a t e d  w i t h  t he  M o u n t so r r e l  

g r a n o d i o r i t e  i s  o n ly  a sm a l l  s o u t h e r n  e x t e n s i o n  o f  a l a r g e r  

anomaly .  I t  has  been s u g g e s t e d  t h a t  t h i s  anomaly i s  due to a 

much l a r g e r  b u r i e d  i n t r u s i o n .  P r e v i o u s  s e i s m i c  work i n  t h i s  

a r e a  i s  rev iewed  below.

The Sou th  L e i c e s t e r s h i r e  D i o r i t e s .  These a r e  a group  o f  

d i o r i t e s ,  m i c r o d i o r i t e s  and t o n a l i t é s  which a r e  exposed  in a 

g r oup  o f  q u a r r i e s  10 t o  15 k i l o m e t r e s  s o u t h w e s t  o f  

L e i c e s t e r .  LeBas (1972) s u g g e s t e d  t h a t  t h e  o u t c r o p s  were 

p a r t  o f  a l a r g e r ,  zoned ,  i n t r u s i o n  t en  k i l o m e t r e s  i n  d i a 

m e t e r .  The C o u n t e s t h o r p e  and Desford  b o r e h o l e s  e n c o u n t e r e d  

s i m i l a r  r ocks  t o  t h o s e  exposed  in  t he  q u a r r i e s .  S i l l s  o f  a 

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

S h a l e s  i n  t h e  Merry Lees d r i f t  mine (Le Bas 1968 ) .

U-Pb d a t i n g  o f  z i r c o n  from the  Enderby t o n a l i t é  

(Pidgeon  and A f t a l i o n  1978) gave  an age o f  4S2+8 / -5  m .y r .  

Thi s  i n v a l i d a t e s  t h e  e a r l i e r  Rb-Sr d a t e  o f  546+22 m .y r .  o f  

Cr ibb  (19 75 ) .  The o n ly  known e xpo su r e  o f  a c o u n t r y  rock in  

c o n t a c t  w i t h  t h e  i n t r u s i o n  was i n  t he  now i n f i l l e d  Coal  P i t  

Lane Quar ry  a t  Enderby .  The c o n t a c t  i s  d e s c r i b e d  by H i l l  and 

Bonney (1878 ) ,  H a r r i s o n  (18 84 ) ,  Bonney (1895) and Lowe 

(1928) .  A l l  t he  r e p o r t s  d e s c r i b e  a wedge l i k e  mass o f  g r e y  

g r ee n  a l t e r e d  ( h o r n f e l s e d )  s h a l e  o r  s l a t e  which was somewhat 

f i s s i l e  away from the  c o n t a c t  and w ea t he r ed  f a i r l y  e a s i l y .  

A f t e r  some d e b a t e  a l l  t h o se  who saw the  s h a l e  came around  to  

t h e  o p i n i o n  t h a t  i t  was t oo  s o f t  t o  be C ha rn i an  and was



1 2

p r o b a b l y  r e l a t e d  to t he  S t o c k i n g f o r d  S h a l e s  a t  Nunea ton .  

Bonney compared t he  s h a l e  w i t h  t h e  B r a z i l  Wood s l a t e s  w h i l s t  

H a r r i s o n  r e l a t e d  i t  to  t he  s l a t e y  rock  i n  t he  ne a rby  Sapco t e  

F r e e h o l t  b o r e h o l e  (now shown by t h e  NCB Aston F i a m v i l l e  

b o r e h o l e  to have been C a m b r i a n ) .

The a e r o m ag ne t i c  anomaly map f o r  t he  a r e a ,  t o g e t h e r  

w i t h  t he  absence  o f  d i o r i t e  in t he  Sapco te  b o r e h o l e  (two 

k i l o m e t r e s  west  o f  t he  exposed  d i o r i t e s )  s u g g e s t  t h a t  t he  

i n t r u s i o n  i s  t r u n c a t e d  to t he  west  o f  t h e  exposed  d i o r i t e s  

by a sou thward e x t e n s i o n  o f  t he  T h r i n g s t o n  F a u l t .  However 

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

i gneous  boss  a t  v e ry  s h a l l o w  d e p th  b e n e a t h  t h e  T r i a s  i n  t he  

H i n c k l e y  a r e a  ( A l l so p  p e r s .  comm.) .  I t  i s  hoped t h a t  t h e s e  

d a t a  w i l l  be r e l e a s e d  s h o r t l y .

Mel ton  Mowbray g r a n i t e .  The NCB Kirby l a n e  b o r e h o l e  

co n f i r m ed  t he  p r e s e n c e  o f  t h i s  i n t r u s i o n ,  a s  deduced from 

ae r o m ag n e t i c  e v i d e n c e ,  a t  a d e p th  o f  402 m e t r e s .  The c o r e  

r e c o v e r e d  i s  s t r o n g l y  w e a t he r e d  bu t  has  been d e s c r i b e d  by 

Le Bas (1981) as  a b i o t i t e  g r a n i t e  w i th  a s i m i l a r  c a l c -  

a l k a l i n e  major  e l e men t  g e o c h e m i s t r y  t o  t he  o t h e r  

L e i c e s t e r s h i r e  i n t r u s i o n s .

Warboys d i o r i t e .  Le Bas (1972) d e s c r i b e d  spec imens  from 

th e  Warboys b o r e h o l e  as  d i o r i t e s  w i th  i n c r e a s i n g  

h y d r o t h e r m a l  a l t e r a t i o n  w i t h  d e p t h .  T h i s ,  t o g e t h e r  w i t h  a 

K-Ar age o f  305+10 m . y r .  i s  c o n s i s t e n t  w i t h  t h e  i n t r u s i o n  

be ing  Ca l e d on i a n  w i th  s u b s e q u e n t  a l t e r a t i o n  by He rcyn i an  

m i n e r a l i s a t i o n .  The Warboys b o r e h o l e  was l o c a t e d  on t he  

w e s t e r n  spur  o f  a 50 nT p o s i t i v e  a e r o m a g n e t i c  anomaly .  The 

e x t e n t  o f  t h i s  anomaly s u g g e s t s  t h a t  t he  i n t r u s i o n  migh t  be 

o f  co mpa rab l e  s i z e  to t he  South  L e i c e s t e r s h i r e  D i o r i t e s .
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From the  i s o t o p i c  age s  a v a i l a b l e  t he  L e i c e s t e r s h i r e  

i n t r u s i o n s  a r e  p o s t - t e c t o n i c ,  i n  t h a t  t hey  a r e  l a t e r  t han  

t h e  main Grampian metamorphism in S c o t l a n d ,  bu t  t h e y  p r e 

d a t e  t he  "newer g r a n i t e s "  o f  t h e  So u th e rn  Uplands and 

N o r t h e r n  Eng land .

1 . 2 . 4  THE UPPER PALAEOZOIC

Old Red S a n d s t o n e .  The p o s t  o r o g e n i c  Old Red Sands to ne  

a t t a i n s  i t s  maximum t h i c k n e s s  in  t he  West Mid l an ds ,  Welsh 

Borde r s  and Brecon Beacons .  In t he  Eas t  Midl ands  i t s  

occuirence i s  r e s t r i c t e d  t o  a sma l l  i n l i e r  ne a r  Nuneaton and 

t o  a few b o r e h o l e s .  At Dukes Wood (Eakr ing)  t h e r e  a r e  abou t  

75 m e t r e s  o f  c o n g l o m e r a t e s  be tween  t he  C a r b o n i f e r o u s  and t he  

Cambr ian .  At t he  Wyboston b o r e h o l e  t he  ORS and Devonian were 

115 m e t r e s  t h i c k  and o v e r l a y  t h e  Cambrian.  B o r e h o l e s  a t  

Gayton (No r t h am p to n sh i r e )  and around Hunt ingdon  (Gas Counc i l  

G H s e r i e s )  have bo t tomed in  ORS c o n g l o m e r a t e s .

The C a r b o n i f e r o u s .  The dominant  p a i a e o g e o g r a p h i c  

f e a t u r e  in C e n t r a l  England d u r i n g  t he  C a r b o n i f e r o u s  was t he  

l andmass  o f  S t .  Georges  Land and i t s  e a s t w a r d  e x t e n s i o n ,  t h e  

Mercian H ig h l and s  ( e s s e n t i a l l y  t h e  basement  r i d g e  o f  Kent  

1968) .

The C a r b o n i f e r o u s  L imes tone  was d e p o s i t e d  as a m a s s i f  

and a b a s i n  f a c i e s .  The m a s s i f  f a c i e s  was c h a r a c t e r i s e d  by 

èlow d e p o s i t i o n  in s t a b l e  e n v i r o n m e n t s ,  r e s u l t i n g  in 

r e l a t i v e l y  p u r e ,  w e l l  bedded ,  l i m e s t o n e s .  The exposed  Lower 

C a r b o n i f e r o u s  i n  t he  Mid l ands  i s  ma in ly  o f  t h e  m a s s i f  (or  

b l ock )  f a c i e s ,  a s  r e p r e s e n t e d  by t he  D e r b y s h i r e  Dome and t he  

l i m e s t o n e  i n l i e r s  in  South  D e r b y s h i r e  and a t  Grace Dieu t o
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t h e  n o r t h  o f  Charnwood F o r e s t .  The b a s i n  f a c i e s  c o n s i s t s  o f  

da rk ,  impure and s h a l e y ,  l i m e s t o n e s  w i t h  a poor  f a u n a .  Th i s  

f a c i e s  o c c u r s  i n  an i n l i e r  t o  t he  s o u t h  o f  t h e  D e r b y s h i r e  

Dome, and has  been proved by b o r e h o l e s  a t  Widmerpool  and 

Long Clawson to  t he  n o r t h e a s t  o f  L e i c e s t e r  and a t  Repton and 

M i ck l eo ve r  be tween Charnwood F o r e s t  and t he  D e r b y s h i r e  Dome.

Fa l con  and Kent  (1960) p roposed  t h a t  t he  S t a f f o r d s h i r e  

Gu l f  e x t e n de d  e a s t w a r d s  t o  t he  n o r t h  and n o r t h e a s t  o f

Charnwood F o r e s t  as  t h e  Widmerpool  Gu l f  ( f i g u r e  1 . 2 ) .  There  

a r e  ove r  500 m e t r e s  o f  Lower C a r b o n i f e r o u s  in  t he  Widmerpool  

b o r e h o l e ,  down to a TD a t  1890 m e t r e s .  The Lower 

C a r b o n i f e r o u s  t h i n s  a g a i n s t  t h e  Mercian H ig h l and s  and i s  

o n l y  8 .3  m e t r e s  t h i c k  i n  t he  Des ford  b o r e h o l e  w h i l s t  i t  i s

a b s e n t  a t  Ki rby  Lane.  To t he  s o u t h  o f  t h e  Mercian H ig h l and s

b o r i n g s  i n  N o r t h a m p t o n s h i r e  (Gayton and K e t t e r i n g  Road) and 

a t  Cambridge have proved C a r b o n i f e r o u s  L imes tone .

The M i l l s t o n e  G r i t  was d e p o s i t e d  in a s e r i e s  o f  d e l t a s  

t o  t he  n o r t h  o f  t h e  Mercian  H i g h l a n d s .  The g r e a t e s t  t h i c k 

n e s s e s  (1200 me t r e s )  occu r  in Nor th  S t a f f o r d s h i r e .  The

Widmerpool  and Long Clawson b o r e h o l e s  have  730 and 480 

m e t r e s  o f  M i l l s t o n e  G r i t  r e s p e c t i v e l y .  The M i l l s t o n e  G r i t  

a l s o  t h i n s  a g a i n s t  t h e  a n c i e n t  l andmass  w i th  4 m e t r e s  a t  

Des ford  and 22 m e t r e s  a t  Ki rby  Lane.  F u r t h e r  e a s t  a t  

Sp rox to n  t h e r e  a r e  75 m e t r e s  o f  M i l l s t o n e  G r i t  l y i n g  on

p r o b a b l e  Pr ecambr i an  ba sem en t .

The Lower and Middle  Coal  Measures  were d e p o s i t e d  on

the  e x t e n s i v e  d e l t a s  i n i t i a t e d  in t he  Namurian.  The Upper 

Coal  Measures  a r e  l a r g e l y  u n p r o d u c t i v e  " r ed  bed" f a c i e s .  The 

L e i c e s t e r s h i r e  c o a l f i e l d  l i e s  b e n e a t h  t he  T r i a s s i c  cove r  to  

t h e  west  o f  t he  Cha rn i an  I n l i e r .  The Coal Measures  t h i n  to
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t h e  wes t  and a r e  t r u n c a t e d  to t he  e a s t  by t h e  T h r i n g s t o n  

F a u l t .  Both t h e  L e i c e s t e r s h i r e  and South  D e r b y sh i r e  

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

"Cha rno id"  t r e n d  (Spink and Ford 1968) . The D e r b y s h i r e  

c o a l f i e l d  i s  f o l d e d  i n t o  a s y n c l i n e  w i t h  a C a l e do n id e  t r e n d .

The Nor th  Eas t  L e i c e s t e r s h i r e  c o a l f i e l d  i s  a s  y e t  

u n d e ve lo pe d .  The s t r u c t u r e  i s  b a s i n a l  w i t h  t h e  Coal  Measures  

t r u n c a t e d  by su b c r o p p i n g  a t  t h e  Pe rm o -T r i a s  u nc o n fo r m i ty  and 

t h i n n i n g  to  t he  s ou th  a g a i n s t  t he  basement  r i d g e  ( Jones  

1981) .

There  was c o n s i d e r a b l e  i gneous  a c t i v i t y  d u r i n g ,  o r  

s h o r t l y  a f t e r ,  t h e  C a r b o n i f e r o u s .  Many o f  t h e  b o r e h o l e s  in  

t h e  Widmerpool  Gul f  show i n t r u s i o n s  o f  d o l e r i t e  which 

i n t r u d e  t he  Coal  Measures  b u t  p r e - d a t e  t h e  o v e r l y i n g  

T r i a s s i c  s e d i m e n t s .

1 . 2 . 5  P o s t  C a r b o n i f e r o u s

Permian  rock s  a r e  n o t  exposed  in t he  Eas t  Midl ands  

s o u t h  o f  Not t i ngham,  a l t h o u g h  t h e y  may be p r e s e n t  above t he  

Coal  Measures  in  t he  Long Clawson b o r e h o l e .

Most b o r e h o l e s  from the  ba sement  r i d g e  sou thwards  show 

t h e  p r e - C a r b o n i f e r o u s  basemen t  o v e r l a i n  by Bunter  pe bb l e  

beds  o r  by Keuper s a n d s t o n e s .  By t h e  Keuper t im es  t h e  

He rcyn i an  h i g h l a n d s  had been e roded  and d e p o s i t i o n  was i n  a 

s e r i e s  o f  s u b s i d i n g  non - mar in e  b a s i n s .  The Keuper f i n e s  

upwards t o  t he  Keuper Marl  which i s  exposed e x t e n s i v e l y  t o  

t h e  west  o f  L e i c e s t e r .

Moving e a s t w a r d s  from L e i c e s t e r  t o  Eas t  Ang l i a  t h e r e  i s  

a comp le t e  Mesozoic  s u c c e s s i o n .  The J u r a s s i c  ha s  an e a s t e r l y  

d i p  o f  one de g re e  or  l e s s .
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P l e i s t o c e n e  and R e c e n t  d e p o s i t s ,  ma i n l y  Boulder  Clay bu t  

w i t h  some s ands  and g r a v e l s ,  a r e  w i de sp re a d  in t he  a r e a .  

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

p r o v i d e  a good medium f o r  t he  d r i l l i n g  of  s e i s m i c  sh o t  

h o l e s .  The t h i c k n e s s  o f  t h e s e  d e p o s i t s  r a r e l y  exceeds  20 

m e t r e s .

1.3 PREVIOUS SEISMIC WORK IN THE EAST MIDLANDS.

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

r e f r a c t i o n  s u r ve y s  i s  l a r g e l y  d e p e n d e n t  on t he  i n t e r 

p r e t a t i o n  o f  t he  v a r i o u s  r e f r a c t o r  v e l o c i t i e s  a s  be ing  

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

I n f o r m a t i o n  on r e f r a c t o r  v e l o c i t i e s  comes from f i v e  

p r i n c i p a l  s o u r c e s :

1. R e f r a c t i o n  su r v e y s  ove r  o u t c r o p p i n g  r o c k s .

2. R e f r a c t i o n  s u r v e y s  ne a r  b o r e h o l e s  where t he  d e p t h  

c o n t r o l  i s  we l l  e s t a b l i s h e d .

3. Measurement  o f  v e l o c i t i e s  i n  a b o r e h o l e  by s e i s m i c  

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

4.  L a b o r a to r y  m ea su re me n t s .

5. Compar ison w i t h  p r e v i o u s  s u r v e y s  and t h e i r  

i n t e r p r e t a t i o n .  (Such second hand e v id e n c e  i s  bo th  t h e  l e a s t  

r e l i a b l e  and t he  most  commonly a v a i l a b l e . )

Th i s  d i s c u s s i o n  i s  c o n c e rn e d  w i t h  t h e  v e l o c i t i e s  

o b t a i n e d  f o r  t he  ba sement  r e f r a c t o r  in t he  E as t  Midl ands  and 

t h e  t y p e s  o f  basement  i n t e r p r e t e d  f o r  t h e s e  v e l o c i t i e s .
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1 . 3 . 1  Su rve ys  ove r  o u t c r o p p i n g  b a se m e n t .

Whitcombe and Magui re  (1980) a n a l y s e d  f i r s t  a r r i v a l

t r a v e l  t ime s  f o r  q u a r r y  b l a s t s  l o c a t e d  in and around t he

Cha rn i an  i n l i e r  i n t o  a 5 k i l o m e t r e  a p e r t u r e  s e i s m i c  a r r a y

l o c a t e d  on t he  Cha rn i an  i n l i e r .  They co nc luded  t h a t  t he

r e g i o n  where t he  Maplewel l  S e r i e s  r o c k s  a r e  exposed
- 1c o r r e s p o n d e d  to a p-wave v e l o c i t y  o f  5 .65 km.s . A lower  

p-wave v e l o c i t y ,  about  5 . 4  km.s'^was found to c o r r e s p o n d  w i th  

t h e  o l d e r  B l ackbrook  S e r i e s  r o c k s .

The same s t u dy  d e t e c t e d  a basemen t  r e f r a c t o r  b e n e a th  

t he  Ch a rn i an  a t  a de p th  o f  ove r  2 k i l o m e t r e s .  Th i s  r e f r a c t o r  

had a v e l o c i t y  o f  about  6 . 4  km. s* \

1 . 3 . 2  Su r ve ys  t i e d  t o  b o r e h o l e s .

Ch ros ton  and Sola  (1982) r e p o r t  t he  r e s u l t s  o f  a number 

o f  r e f r a c t i o n  su rv e ys  in  Eas t  A n g l i a .  L ine s  i n  Nor th  N or fo lk  

c l o s e  to  t he  Nor th  Creake  and Wiggenhole  b o r e h o l e s , which 

p r ov e  low g r a d e  metamorphi c  ba semen t  o f  p r o b a b l e  P recambr i an  

a g e ,  show v e l o c i t i e s  f o r  t he  ba semen t  r e f r a c t o r  in t he  r ange  

5.  6 - 6 . 0  km. s " \

B u l l a r d  e t  a l  (1946) c a r r i e d  ou t  s e i s m i c  r e f r a c t i o n  

s u r v e y s  a round  Cambr idge .  A s u r v e y  ne a r  t he  Gre a t  Oxendon

b o r e h o l e  (presumed P recambr i an  q u a r t z  f e l s i t e  a t  118 m e t r e s
- 1

be low OD) gave a r e f r a c t o r  v e l o c i t y  o f  5 . 17  + .15 km.s a t  

107 m e t r e s  below OD.

1 . 3 . 3  B o r e h o l e  and L a b o r a t o r y  Measu remen t s .

C h r o s t o n  and So l a  (1982) have  examined s o n i c  l o g s  f o r  

t he  Somer ton ,  Eas t  Rushton  and Sa x t h o r p e  b o r e h o l e s  i n  

N o r f o l k .  Al l  t he  b o r e h o l e s  c o n t a i n  Lower P a l a e o z o i c  s h a l e s
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and s i i t s t o n e s ,  t he  v e l o c i t i e s  from the  so n i c  l o g s  a r e  in 

t h e  r ange  5 . 1 - 5 .  5 km. s~ \  The South  Creake  b o r e h o l e ,  w i t h  

P r ecambr i an  s h a l e s  and q u a r t z i t e s  g i v e s  v a r i a b l e  v e l o c i t i e s  

up t o  5 . 5  km. s " \

B u l l e r w e l l  (1967) r e p o r t s  t h e  r e s u l t s  o f  b o r e h o l e  s o n i c  

l o g g in g  a t  f ou r  b o r e h o l e s :

4.  57 km.s^

5.94 km.s^

3.41 km. s ’^

3 .47 km.s^

Warboys ( d i o r i t e )

G r e a t  Paxton (O rd ov i c i a n  mudstone)  

Deanshanger  (Tremadocian mudstone)

The v e l o c i t y  a t  Upwood i s  s i g n i f i c a n t l y  l ower  t han  the  

t y p i c a l  P r ecambr ian  v e l o c i t i e s  no t e d  above .

Wyrobek (1959) a n a l y s e d  we l l  v e l o c i t y  d a t a  f o r  a number 

o f  b o r e h o l e s  in  E a s t e r n  England and in L a n c a s h i r e .  The 

r e s u l t s  o f  t h i s  s t u d y  i n d i c a t e  t he  prob l ems  o f  t r y i n g  to 

p r o d uc e  t y p i c a l  v e l o c i t i e s  f o r  any f o r m a t i o n  and u n d e r l i n e  

t h e  v a lu e  o f  l o c a l  v e l o c i t y  d a t a  in t he  i n t e r p r e t a t i o n  o f  

r e f r a c t i o n  d a t a .  Wyrobek f i t t e d  f u n c t i o n s  o f  t h e  form 

= Vq . t o  t he  i n t e r v a l  v e l o c i t y  and d e p th  d a t a ,  where 

V i s  t h e  i n t e r v a l  v e l o c i t y  a t  a d e p th  H. Wyrobek ' s  cu rv e  f o r  

t h e  Keuper i s  shown in f i g u r e  1 .3 .  W h i l s t  t h e r e  i s  a t r e n d  

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

s c a t t e r  o f  v e l o c i t i e s  a t  s h a l l o w  d e p t h s .

S o l u t i o n s  t o  r e f r a c t i o n  t r a v e l  t ime d a t a  f r e q u e n t l y  use  

s o l u t i o n s  i n  which t he  v e l o c i t y  i n c r e a s e s  w i t h  d e p t h .  As can 

be s een  from the  d a t a  o f  Wyrobek and o t h e r s  t h i s  i s  geo

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

r oc ks  s i n c e  i t  a l l o w s  f o r  com pa c t i o n  and b u r i a l  d i a g e n e s i s .
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In c r y s t a i i n e  rocks  i n c r e a s i n g  p r e s s u r e  c a u s e s  f r a c t u r e s  to
K

c l o s e  and hence  c a u s e s  an i n c r e a s e  in p-wave v e l o c i t y .  

F i g u r e  1.4 i s  t a k e n  from B i r c h  (1958) and d r a m a t i c a l l y  

i l l u s t r a t e s  t he  r e l a t i o n s h i p  be tween  p r e s s u r e  and v e l o c i t y  

in  t he  f i r s t  5 k i l o m e t r e s  o f  b u r i a l .

1 . 3 . 4  O t he r  r e f r a c t i o n  e x p e r i m e n t s  i n  t h e  a r e a .

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

(1946) (see  1 . 2 . 2 )  were 5 .43  km.s'^ a t  Lax ton ,  5.69 km.s”  ̂ a t  

Corby and 5 .5  km.s”  ̂ a t  B e n e f i e l d .

Dav i es  and Matthews (1966) c a r r i e d  ou t  g e o p h y s i c a l  

su r v e y s  in  t he  a r e a  be tween  t he  exposed  M o un t s o r r e l  

g r a n o d i o r i t e  and the  Cha rn i an  i n l i e r  a t  Woodhouse Eaves .  Two 

d i s t i n c t  g roups  o f  basement  v e l o c i t i e s  were d e t e r m i n e d  from 

th e  e i g h t  r e f r a c t i o n  p r o f i l e s  (each  600 m e t r e s  l o n g ) . The 

t h r e e  p r o f i l e s  c l o s e s t  to  t he  g r a n o d i o r i t e  a t  Buddon Wood 

and Sw i th l an d  reservoi r  gave  v e l o c i t i e s  o f  4 . 8 - 5 . 0  k m . s " \  t h e  

o t h e r  p r o f i l e s  gave v e l o c i t i e s  o f  3 . 7 - 4 . 4  km.s”\  The a u t h o r s  

i n t e r p r e t e d  t h e s e  v e l o c i t i e s  a s  be ing  due to  an ea s twa rd  

c o n t i n u a t i o n  o f  t he  C ha rn i an  s l a t e s  which a r e  exposed a t  

Woodhouse Eaves .  The h i g h e r  v e l o c i t i e s  n e a r  t he  g r a n i t e  were 

i n t e r p r e t e d  as a c o m p o s i t i o n a l  change  w i t h i n  t he  s l a t e s  near  

t h e  g r a n i t e  c o n t a c t .  A m ag n e t i c  su r v e y  o f  t h e  same a r e a  

i n d i c a t e d  a r a p i d  westward f a l l - o f f  o f  t h e  m agne t i c  anomaly 

a t  t h e  edge o f  t he  g r a n i t e ,  s u g g e s t i n g  a nea r  v e r t i c a l  

w e s t e r n  margin  to t he  i n t r u s i o n .

In  t he  l i g h t  o f  t h e  r e i n t e r p r e t a t i o n  o f  t he  c o n t a c t  

r oc ks  i n  B r a z i l  Wood as Lower P a l a e o z o i c  i t  seems l i k e l y  

t h a t  t h e  lower  group of  v e l o c i t i e s  r e c o r d e d  by Davies  and 

Mat thews (1966) a r e  due t o  Lower P a l a e o z o i c  s h a l e s .
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V e l o c i t i e s  o f  about  3 . 5  t o  4 . 0  km.s"^ a r e  t y p i c a l  of  t h e s e  

r o cks  in  t h e  Eas t  Mid l an ds .  The Cha rn i an  v e l o c i t i e s  of  

Whitcombe and Magui re  (1980) s u g g e s t  t h a t  v e l o c i t i e s  of  3 .7  

t o  5 . 0  km.s  ̂ a r e  t oo  low to  be C h a r n i a n .  The Sw i th l an d  S l a t e  

was n o t  i n c l u d e d  in  t h e i r  s t udy,  due t o  i t s  r e s t r i c t e d  

o u t c r o p ,  bu t  i t  does  have a s i m i l a r  d e n s i t y  t o  t h e  o t h e r  

C h a r n i a n  rocks  ( see  c h a p t e r  7 ) .

The i n c r e a s e  i n  v e l o c i t i e s  r e p o r t e d  by Davi es  and 

Mat thews (1966) i s  p r o b a b l y  due to  a l t e r a t i o n  of  t h e  s h a l e s  

n e a r  to  t h e  c o n t a c t .  Only one of  t h e  p r o f i l e s  was s u f f i c 

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

r e f r a c t i o n  t o  be a p o s s i b i l i t y .

Maroof  (1973) c a r r i e d  out  a r e f r a c t i o n  su r v e y  on 

P r e s t w o l d  a i r f i e l d .  The l i n e  was 2200 m e t r e s  long and was 

o r i e n t a t e d  wes t  t o  e a s t  on t h e  250 nT a e r o m a g n e t i c  anomaly 

which i s  presumed t o  r e p r e s e n t  a n o r t h e r n  e x t e n s i o n  of  t h e  

M o u n t s o r r e l  g r a n o d i o r i t e .  The su r v e y  i n d i c a t e d  a r e f r a c t o r  

o f  v e l o c i t y  of  abou t  4 .84 k m . s ^ a t  abou t  450 met re  de p th  

which was i n t e r p r e t e d  as t he  t op  of  t he  b u r i e d  e x t e n s i o n  of  

t h e  M o u n t s o r r e l  g r a n o d i o r i t e .  This  v e l o c i t y  was s u b s e q u e n t l y  

used  as  e v id e n c e  f o r  low v e l o c i t i e s  be ing  a s s o c i a t e d  w i th  

s h a l l o w  igneous  basement  (Whitcombe & Magui re  1981a) .

E l - N i k h e l y  (1980) however ,  has  p r e s e n t e d  two-way t ime  

and d e p t h  maps f o r  t he  NCB s e i s m i c  r e f l e c t i o n  su rv ey  to  t he  

e a s t  o f  Loughborough.  Line 74-46 of  t he  Loughborough su rv ey  

pa s s e d  abou t  2 k i l o m e t r e s  n o r t h  of  M a r o o f ' s  r e f r a c t i o n  l i n e .  

E l - N i k h e l y ' s  i n t e r p r e t a t i o n s  pu t  t he  base  of  t he  Carbon

i f e r o u s  Limes tone  a t  1250 m e t r e s  wi th  abou t  300 m e t r e s  of  

p r e - C a r b o n i f e r o u s  o v e r l y i n g  a p o s s i b l e  basement  r e f l e c t o r  a t  

ab o u t  1550 m e t r e s .
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J o n e s  (1981) co n cu r s  w i th  t h i s  i n t e r p r e t a t i o n  by 

d e s c r i b i n g  s t r u c t u r e s  seen  on s e i s m i c  s e c t i o n s  a t  below 800 

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

C a r b o n i f e r o u s .  C l e a r l y  t h i s  d i f f e r e n c e  in d e p t h s  between t he  

r e f r a c t i o n  and r e f l e c t i o n  i n t e r p r e t a t i o n s  w i l l  have 

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

a e r o m a g n e t i c  anomaly due to t he  i n t r u s i o n  ( see  c h a p t e r  8A) . 

The 4 .85  km.s  ̂ v e l o c i t y  a t  450 m e t r e s  o b t a i n e d  by Maroof i s ,  

by a n a l o g y  w i th  t he  r e f l e c t i o n  d a t a ,  a s i l l  w i t h i n  t he  Coal 

Measures  o r  M i l l s t o n e  G r i t .

In a d d i t i o n  t o  t he  Charnwood a r r a y  Whitcombe (1979) 

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

r e p o r t e d  in  Whitcombe and Maguire  (1981a ,b)  and t he  r e s u l t s  

a r e  shown in f i g u r e  1 . 5 .  The p r o f i l e s  r a d i a t e d  ou t  from the  

Cha rn i an  I n l i e r  t o  Holwel l  in t he  Widmerpool  G u l f ;  t o  

M a n c e t t e r  in  t h e  Nuneaton I n l i e r  and t o  B a l l i d o n  in t he  

D e r b y s h i r e  Dome.

Bardon t o  Holwel l  l i n e :  t h i s  l i n e  showed a basement

r e f r a c t o r  of  v e l o c i t y  5.64 km.s'^ d i p p i n g  away from Charnwood 

F o r e s t  i n t o  t he  Widmerpool  G u l f .  By a na lo gy  w i th  t he  Charn

wood a r r a y  d a t a  t h i s  r e f r a c t o r  was i n t e r p r e t e d  as  P r e 

ca m br i a n .  The p r o f i l e  a l s o  d e t e c t e d  a low v e l o c i t y  r e g i o n  

w i t h i n  t he  basement  r e f r a c t o r  w i th  a v e l o c i t y  o f  5 . 0  k m . s /  

or  4 . 8  + 0 .7z  km.s'^ i f  an i n c r e a s i n g  v e l o c i t y  w i t h  de p th  was 

used i n  t h e  t ime term s o l u t i o n .  The low v e l o c i t y  r e g i o n  

c o r r e l a t e d  w i th  t he  n o r t h e r n  e x t e n s i o n  of  t h e  M ou n t so r r e l  

m agne t i c  anomaly,  t h e  l i n e  pa s sed  to t he  s o u t h e a s t  of  t he  

peak of  t h e  anomaly a t  t he  100-150 nT c o n t o u r s .  Even i f  t he  

r e f r a c t o r  d e t e c t e d  by Maroof (1973) a t  P r e s t w o l d  ( see  above)
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was n o t  due to the  i n t r u s i o n  t he  c o r r e l a t i o n  o f  t h e  low 

v e l o c i t y  r e g i o n  and t he  a e r o m a g n e t i c  anomaly i n d i c a t e  t h a t  

t h i s  r e g i o n  i s  a n o r t h e r n  e x t e n s i o n  o f  t he  M o u n t so r r e l  

i n t r u s i o n .  A f a u l t  nea r  s t a t i o n  15 (see  f i g .  1 .5)  was 

i n t e r p r e t e d  as  Lowe' s  (1926) "Soar  V a l l e y  F a u l t " .  For  t h i s  

t o  be p o s s i b l e  t he  f a u l t ,  a s  d e t e c t e d  to  t he  n o r t h  o f  Buddon 

Wood by Davi es  and Matthews (1 96 6 ) ,  would have to swing 

n o r t h  from the  l i n e  t h a t  Lowe s u g g e s t e d .  A second e x p l a n 

a t i o n  i s  t h a t  t h e r e  a r e  a t  l e a s t  two f a u l t s  p r e s e n t ;  s t e p  

f a u l t i n g  i s  ob se rved  on t he  n o r t h e r n  margin  o f  t h e  Mel ton 

i n t r u s i o n  to t he  e a s t  o f  M o u n t s o r r e l  ( see  c h a p t e r  4 ) .  The 

p o s i t i o n  o f  t he  f a u l t  on t he  s e i s m i c  l i n e  a g r e e s  w e l l  w i th  

t h e  no r thward  e x t e n s i o n  o f  t h e  S i l e b y  f a u l t  (IGS s h e e t  142, 

f i g u r e s  5 . 1 ,  5 . 5 ) .  Se i smic  r e f l e c t i o n  work i n  p r o g r e s s  a t

L e i c e s t e r  shou ld  r e s o l v e  t h i s  q u e s t i o n  a s  we l l  as  p r o v i d i n g  

more i n f o r m a t i o n  about  t h e  mar g i n s  o f  t h e  i n t r u s i o n .

The Bardon to Ma nce t t e r  l i n e  : t h i s  l i n e  a l s o  d e t e c t e d  

a low v e l o c i t y  r e g i o n  (4 .8  + 0 .45z  km.s’ )̂ and a presumed 

P reca mb r i a n  r e f r a c t o r  ( v e l o c i t y  5 . 67  km.s'^) u n d e r l y i n g  t he  

Nuneaton  b a s i n .  The d i s p l a c e m e n t  o f  t h e  basement  a t  t he  

T h r i n g s t o n  F a u l t  was shown to  be 500 m e t r e s .  The low

v e l o c i t y  ba sement  in t h i s  c a s e  most  p r o b a b l y  r e p r e s e n t s  a

wes tward  e x t e n s i o n  o f  t h e  South  Charnwood D i o r i t e s .

The Charnwood to B a l l i d o n  l i n e ;  t h e  s o u t h e r n  p a r t  o f

t h i s  l i n e  r an  a long t he  p o s t u l a t e d  Derby t o  Melbourne  

causeway ,  a r i d g e  o f  p o s i t i v e  g r a v i t y  a n o m a l i e s  l i n k i n g  

Charnwood F o r e s t  t o  t he  D e r b y s h i r e  Dome. The v e l o c i t y  o f  t he  

ba sement  r e f r a c t o r  a long t h i s  p r o f i l e  was d e t e r m i n e d  a s  5.64 

+ 0 .09z  k m . s ' \  The r e f r a c t o r  showed c o n s i d e r a b l e  t o p o g r a p h y  

( f i g . 1 .5 )  e s p e c i a l l y  a t  i t s  s o u t h e r n  end where He rcyn i an
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f a u l t i n g  was d e t e c t e d  in t he  basement  s u r f a c e .  Basement  

d e p t h s  o f  up t o  1 .8  k i l o m e t r e s  a r e  i n d i c a t e d  f o r  t he  w e s t e r n  

e x t e n s i o n  o f  t h e  Widmerpool  G u l f .

1 . 3 . 5  The c r u s t a l  s t r u c t u r e  o f  N o r t h e r n  B r i t a i n

The LISPB e x p e r i m e n t  (Bamford e t . a l .  1977,1978)  d e f i n e d  

t h r e e  l a y e r s  i n  t he  upper  c r u s t  o f  N o r t h e r n  England 

e x t e n d i n g  as f a r  sou th  as  t h e  end of  t h e  n o r t h e r n  p r o f i l e  a t  

Buxton in D e r b y s h i r e .  The uppermost  l a y e r  " a ^ " had a v e o c i t y  

o f  4 . 0  t o  5 . 0  km.s '^ and was c o r r e l a t e d  w i th  Upper P a l a e o z o i c  

s e d i m e n t s .  The base  o f  t h i s  l a y e r  was abou t  two k i l o m e t r e s  

deep  a t  Buxton.  Beneath  t h i s  l a y e r  was t h e  " a^"  r e f r a c t o r  

w i th  a v e l o c i t y  o f  5 .6  to 5 . 8  km. s ' \  The d a t a  was found to 

be b e s t  f i t t e d  by models  i n  which t he  v e l o c i t y  o f  t h i s  l a y e r  

was a l l owe d  to i n c r e a s e  to about  6 . 0  km.s  ̂ a t  i t s  b a s e .  The 

ba se  o f  t h i s  l a y e r  was abo u t  14 k i l o m e t r e s  deep  i n  N o r t h e r n  

England and abou t  9 k i l o m e t r e s  deep  a t  Buxton .  Th i s  l a y e r  

was i n t e r p r e t e d  as Lower P a l a e o z o i c  ba s eme n t .  The u n d e r l y i n g  

"a^ " l a y e r  had a v e l o c i t y  o f  abou t  6 . 2 5  km.s~^ and was 

i n t e r p r e t e d  as  p r e - C a l e d o n i a n  ba semen t .  The s t r u c t u r e  o f  t h e  

l ower  c r u s t  and uppermos t  m an t l e  on t he  s o u t h e r n  (gamma) 

s e c t i o n  o f  t h e  p r o f i l e  was n o t  w e l l  d e f i n e d .

From the  r e s u l t s  o f  t h e  Charnwood a r r a y  and t he  

Charnwood to B a l l i d o n  p r o f i l e  d e s c r i b e d  above i t  i s  p r o b a b l e  

t h a t  t he  LISPB "ag"  r e f r a c t o r  i s  i n  f a c t  e q u i v a l e n t  to t h e  

presumed Cha rn i an  ba sement  d e t e c t e d  a t  a d e p t h  o f  1.8 

k i l o m e t r e s  a t  B a l l i d o n  (Whitcombe and Magui re  1980 and 

1981b) . The "a,  " l a y e r  can be t e n t a t i v e l y  c o r r e l a t e d  w i t h  

t h e  6 .4  km.s“  ̂ r e f r a c t o r  d e t e c t e d  a t  be tween 2 and 4 

k i l o m e t r e s  b e n e a t h  t h e  Charnwood a r r a y .  High v e l o c i t y
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r e f r a c t o r s  were a l s o  d e t e c t e d  be n e a th  t he  Cha rn i an  type  

ba sement  on t he  Holwel l  and B a l l i d o n  p r o f i l e s .

1.4 SUMMARY

The Midl ands  p l a t f o r m  has  r emained  a s t a b l e  f e a t u r e  

s i n c e  t he  Cambr i an .  There  i s  i n c r e a s i n g  e v id e n ce  f o r  a 

Ca l ed on i an  c a l c - a l k a l i n e  i gneous  p r o v i n c e  w i t h i n  t he  upper  

c r u s t  in  t h i s  a r e a .  The a bs enc e  o f  any medium or  h igh  

metamorphi c  g r a d e s  w i t h i n  t he  P re cambr i an  ba sement  i n d i c a t e s  

t h a t  deep  b u r i a l  ha s  n o t  occu r r ed .  C l e a r l y  g r a n i t i c  

i n t r u s i o n s ,  p o s s i b l y  f o l l o w i n g  o l d e r ,  Ch a rn i an  t y p e ,  

s t r u c t u r a l  t r e n d s ,  co u ld  have been i m p o r t a n t  in m a i n t a i n i n g  

t he  s t a b i l i t y  o f  t he  Midland p l a t f o r m .

G e o p h y s i c a l l y  i t  seems p o s s i b l e  to d i s c r i m i n a t e  be tween 

P recambr i an  ( "Ch a rn i a n" )  basement  and i gneous  i n t r u s i o n s  by 

t h e  l ower  p-wave v e l o c i t i e s  o f  t h e  l a t t e r .  The b o r e h o l e s  

which r ea ch  ba sement  i n  t he  Eas t  Mid l ands  i n d i c a t e  a l e v e l  

p l a t f o r m  a t  d e p t h s  o f  up t o  500 m e t r e s  below OD. Th is  

s u g g e s t s  t h a t  some o f  t h e  a n o m a l i e s  o b s e r v e d  on t he  Bouguer 

g r a v i t y  maps ( s ee  c h a p t e r  7) c an no t  be e x p l a i n e d  by s e d i me n t  

a c c u m u l a t i o n s  and must  be i n t r a - b a s e m e n t  in  o r i g i n .
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CHAPTER TWO 

SEISMIC REFRACTION SURVEYING

2.1 INTRODUCTION

S e c t i o n s  2 .2  and 2 .3  of  t h i s  c h a p t e r  c o n t a i n  d e t a i l s  o f  

t h e  t e c h n i q u e s  used to  a n a l y s e  t he  s e i s m i c  r e f r a c t i o n  d a t a  

from the  v a r i o u s  e x p e r i m e n t s .  The t ime  term method,  i n  

p a r t i c u l a r ,  i s  d e s c r i b e d .

S e c t i o n  2 .4  d e s c r i b e s  t h e  e x p e r i m e n t a l  p r o c e d u r e  

f o l l o w ed  f o r  t he  Mel ton and P e t e r b o r o u g h  e x p e r i m e n t s .  Thi s  

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

s h o t s  and t he  l o c a t i o n  o f  t h e  r e c o r d i n g  s i t e s .  The r e c o r d i n g  

equipmen t  used i s  d e s c r i b e d  b r i e f l y  i n  2 . 5 .

S e c t i o n  2 .6  c o n t a i n s  d e t a i l s  abo u t  t h e  p i c k i n g  of  f i r s t  

a r r i v a l  t r a v e l  t im es  and t he  a s s e s s e m e n t  o f  t h e  

o b s e r v a t i o n a l  e r r o r s .

2 .2  REDUCED TRAVEL TIMES

%
The reduced  t r a v e l  t ime Tp o f  an ob se rv ed  t r a v e l  t ime  T 

i s  g i v en  by:

Tr = T* -  X/Vr ( 2 . 1 )

where X i s  t h e  s h o t - r e c e i v e r  s e p a r a t i o n  and Vp i s  t h e  

s e l e c t e d  r educ i ng  v e l o c i t y .  I f  dg and dp a r e  t he  s h o t p o i n t  

and r e c o r d i n g  s i t e  d e l a y  t i m e s  t h e  t r a v e l  t ime  e q u a t i o n  f o r  

a h o r i z o n t a l l y  l a y e r e d  c o n s t a n t  v e l o c i t y  s t r u c t u r e  can be
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app ro x im a te d  by:

T* =  d g  +  d p  +  X / V  ( 2 . 2 )

where V i s  t h e  t r u e  r e f r a c t o r  v e l o c i t y .  Combining e q u a t i o n s

2 .1  and 2 . 2  g i v e s :

Tp = d s  + dp  + X / V  -  X /V p  ( 2 . 3 )

I f  Vr i s  s e t  equ a l  t o  t h e  t r u e  r e f r a c t o r  v e l o c i t y  (V) 

t h e n  t he  reduced  t r a v e l  t ime  w i l l  r e p r e s e n t  t he  sum o f  t he  

s h o t p o i n t  and r e c o r d i n g  s t a t i o n  d e l a y  t i m e s .  I f  t he  r educed  

t r a v e l  t ime s  f o r  one s h o t  a r e  p l o t t e d  a g a i n s t  t he  r e c e i v i n g  

s t a t i o n  p o s i t i o n  a long  a r e c o r d i n g  p r o f i l e ,  t he  v a r i a t i o n s  in 

r educed  t r a v e l  t ime  shou ld  be i n d i c a t i v e  o f  changes  i n  the  

r e c o r d i n g  s t a t i o n  d e l a y  t ime  a long  t he  p r o f i l e .  In t he  

s i m p l e s t  c a s e ,  t h a t  o f  a un i fo rm  v e l o c i t y  r e f r a c t o r  o v e r l a i n  

by ov e rb u rd en  w i th  a un i fo rm  a v e r a g e  v e l o c i t y ,  t h e  r educed  

t r a v e l  t ime s e c t i o n  w i l l  show v a r i a t i o n s  i n  r e f r a c t o r  

topog r a p h y .

I f  t h e  r educed  t r a v e l  t ime s e c t i o n s  f o r  a r e v e r s e d  

p r o f i l e  a r e  compared t he  d e l a y  t ime  a n o ma l i e s  due to  

s t r u c t u r e  on t he  r e f r a c t o r  w i l l  be o f f s e t ,  away from the  

s h o t ,  by a d i s t a n c e  equ a l  to  h a l f  t h e  c r i t i c a l  d i s t a n c e .  

Th is  o f f s e t  a l l o w s  f o r  t he  s e p a r a t i o n  o f  a no m a l i e s  due to 

r e f r a c t o r  t opog rap hy  from th o se  due to v a r i a t i o n s  such  as  

geophone p l a n t  o r  a l o c a l i s e d  near  s u r f a c e  v e l o c i t y  anomaly .  

However a v e l o c i t y  anomaly i n  t he  s e d i m e n t s  imm e d i a t e ly  

above t he  r e f r a c t o r  would be i n d i s t i n g u i s h a b l e  from a 

s t r u c t u r e  on t he  r e f r a c t o r .
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Reduced t r a v e l  t ime s e c t i o n s  t h e r e f o r e  p r o v i d e  a 

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

b e f o r e  t he  t r a v e l  t ime d a t a  i s  smeared by t he  summat ion o f  

two,  o r  more,  d e l a y  t im e  s u r f a c e s ,  a s  o c c u r s  i n  t he  t ime 

term method.

By compar ing t he  r educed  t r a v e l  t ime  s e c t i o n s  f o r  two 

r e v e r s e d  s h o t s  i t  i s  p o s s i b l e  to  e s t i m a t e  t he  r e d u c i n g  

v e l o c i t y  t h a t  g i v e s  t h e  v i s u a l  b e s t  f i t  be tween t he  two 

d e l a y  t ime  s u r f a c e s .  Whitcombe and Magui re  (1979) s u g g e s t  

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

d i f f e r  from a n o n - i t e r a t i v e  t ime  term s o l u t i o n  v e l o c i t y  by 

l e s s  t h an  + 0 . 1  k m . s " \  I f  a f i t  c a n n o t  be d e t e r m in e d  w i t h i n  

t h e  l i m i t s  o f  t h e  o b s e r v a t i o n a l  e r r o r s  i t  i s  l i k e l y  t h a t  

t h e r e  i s  a l a t e r a l  v a r i a t i o n  i n  t he  v e l o c i t y  o f  t h e  

r e f r a c t o r  o r  t he  o v e r b u r d e n .

2.3 TIME TERM ANALYSIS

2 . 3 . 1  The Method

The t ime term method (Wi l lmore  and B a n c r o f t  1960) i s  a 

means o f  i n v e r t i n g  a s e t  o f  t r a v e l  t ime o b s e r v a t i o n s  and 

s t a t i o n  s e p a r a t i o n s  t o  o b t a i n  a s e t  o f  t ime  t e r m s ( d e l a y  

t imes )  and t he  r e f r a c t o r  v e l o c i t y .

For a un i fo rm v e l o c i t y  r e f r a c t o r  t he  t r a v e l  t ime o f  a 

r e f r a c t e d  head wave be tween  a s h o t  a t  i and a r e c e i v e r  a t  j 

i s  g iven  by:

T j = a, + a.  + A;- /V (2 .4 )

where a, and a j a r e  a z i m u t h a l l y  i n d e p e n d e n t  t ime t e r m s ,  and
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A i s  a s  shown

T|j i s  t h e  t r u e  t r a v e l  t i m e ,  a s  opposed to t he  ob se rv ed  

t r a v e l  t ime  T*j , There  i s  no o b s e r v a t i o n a l  e r r o r  a s s o c i a t e d  

w i t h  T-j . A w i l l  be a p p r o x i m a t e l y  e q u a l  to  t he  s t a t i o n  

s e p a r a t i o n  X jj , t h e  o n l y  t im e  t he  two a r e  equa l  i s  i n  t he  

c a s e  o f  a h o r i z o n t a l  r e f r a c t o r .  However A c an n o t  be c a l c 

u l a t e d  u n t i l  t he  d e p t h  t o  t he  r e f r a c t o r  i s  known. T h e r e f o r e  

i n  a f i r s t  t ime  term s o l u t i o n  t he  o b se r v ed  t r a v e l  t ime  i s  

g i v e n  by;

T ij = 3i + + Xjj /V + e- ( 2 . 5 )

where e jj i s  t he  o b s e r v a t i o n a l  e r r o r .

Each ob se rv ed  t r a v e l  t ime  can be r e p r e s e n t e d  by an 

e q u a t i o n  o f  t h i s  form.  P rov i de d  t h a t  t he  number o f  

o b s e r v a t i o n s  i s  g r e a t e r  t han  t he  number o f  unknowns ( t he  

t ime  t e rms  p l u s  t h e  r e f r a c t o r  v e l o c i t y )  and t h a t  a t  l e a s t  

one s h o t  p o i n t  a c t s  a s  a r e c o r d i n g  s i t e  f o r  a n o t h e r  s h o t ,  a

s o l u t i o n  i s  p o s s i b l e .

Each t r a v e l  t ime o b s e r v a t i o n  in  t he  s o l u t i o n  w i l l  have 

an a s s o c i a t e d  r e s i d u a l  r :

T*. = a \  + a'j + Xjj / V'  + rjj ( 2 . 6 )

where a '  and V  a r e  t he  s o l u t i o n  v a l u e s  a s  opposed to t he
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t r u e  v a l u e s .  The v a l u e s  o f  r - a r e  used to  c a l c u l a t e  t he

s o l u t i o n  v a r i a n c e  ( see  below) .

The i t e r a t i v e  app roach  t o  t ime  term a n a l y s i s  (Wil lmore  

and B a n c r o f t  1960,  Bamford 1973) i s  ba sed  on o b t a i n i n g  a 

f i r s t  s o l u t i o n  u s i n g  T * and X. The s o l u t i o n  t ime  t e rms  a r e  

t h en  c o n v e r t e d  i n t o  d e p t h s  and a p p ro x i m a te  v a l u e s  o f  A a r e  

c a l c u l a t e d .  The s o l u t i o n  can t hen  be i t e r a t e d  u n t i l  t h e  

s o l u t i o n  v a r i a n c e  i s  m in imized .

2 . 3 . 2  R e s i d u a l s  and v a r i a n c e s

The s o l u t i o n  r e s i d u a l s  ( e q u a t i o n  2 .6 )  w i l l  be de pe nd e n t

on:

1. t h e  o b s e r v a t i o n a l  e r r o r  e y

2. an i n c r e m e n t  g jj , needed to  a cc o u n t  f o r  t he  

d i f f e r e n c e  between X/V and A/V.

An e s t i m a t e  o f  t h e  s o l u t i o n  v a r i a n c e  f o r  L o b s e r v a t i o n s  

and N t ime  t e rms  (N+1 unknowns) can be c a l c u l a t e d :

-- I
2

( L -  N -  1) ( 2 . 7 )

The o b s e r v a t i o n a l  e r r o r  v a r i a n c e  i s  g i v e n  by:

r  e '
0-2 -  \   !  ( 2 .8 )

f  ~  L  (L-1)
t  = 1

The v a l u e s  o f  e jj can be o b t a i n e d  by r e p e a t  p i c k i n g  of  

t h e  same a r r i v a l .  T h i s  i s  t ime  consuming and ,  u n l e s s  a

number o f  s e p a r a t e  p e o p l e  make t he  p i c k s ,  i s  l i k e l y  t o  be 

b i a s e d .  The measurement  e r r o r s  a s s o c i a t e d  w i th  t h e  p i ck  can

be a c c u r a t e l y  a s s e s s e d  but  t h e s e  a r e  sma l l  compared w i t h  t he
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u n c e r t a i n t y  o f  l o c a t i n g  t h e  f i r s t  b r e a k  ( see  b e l o w ) .  An 

a l t e r n a t i v e  method of  a s s e s s i n g  t he  e r r o r s  i s  t o  e s t i m a t e  

t he  r ange  o f  t i m e s  w i t h i n  which t h e  t r a v e l  t ime  f a l l s  ( t he  

c o n f i d e n c e  l i m i t ) , t h i s  t e c h n i q u e  i s  d i s c u s s e d  in s e c t i o n

2. 5.
2

^ __ _  .. rr
The r a t i o  2 — r  (2 . 9)

An F r a t i o  i n s i g n i f i c a n t l y  d i f f e r e n t  to u n i t y  i n d i c a t e s  

t h a t  t he  chosen  t ime term model i s  an a deq ua t e  d e s c r i p t i o n  

of  t h e  d a t a ,  bu t  o t h e r  model s  may be e q u a l l y  a s  good .  I f  F 

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

v a r i a n c e  o t h e r  t han  t he  o b s e r v a t i o n a l  e r r o r s  and t he  model 

w i l l  show a l a c k  o f  f i t .

I f  t h e  s t a t i o n  t ime  t e rms  i n d i c a t e  a l a r g e  wa ve l e ng th  

s t r u c t u r e  t he  l a c k  o f  f i t  can be r educed  by an i t e r a t i v e  

s e r i e s  o f  s o l u t i o n s .  I f  t h e  l a c k  o f  f i t  r ema ins  t h e  chosen  

t ime  term model i s  i n a d e q u a t e .

2 . 3 . 3  R e f r a c t o r  geome t ry

Whitcombe and Magui re  (1979) mode l l ed  t he  e f f e c t s  o f  

r e f r a c t o r  s t r u c t u r e  on t ime  term s o l u t i o n s  i n  o r d e r  to 

examine t he  i n a d e q u a c i e s  o f  t h e  method.

For  a p l a n a r  d i p p i n g  r e f r a c t o r  t he  s o l u t i o n  v e l o c i t y  

( v ' )  w i l l  a lways  be g r e a t e r  t han  t he  t r u e  r e f r a c t o r  

v e l o c i t y  ( v ) . The two a r e  r e l a t e d  by :

v^ = v / c o s  a ( 2 . 10)

where a i s  t h e  r e f r a c t o r  d i p .  Dips o f  up t o  10 w i l l  no t

s e r i o u s l y  a f f e c t  t he  s o l u t i o n  v e l o c i t y  ( l e s s  t han  0 .1  km.s 

f o r  a 6 . 0  km.s”  ̂ r e f r a c t o r ) .  In t he  ca s e  o f  an a n t i c l i n a l  

r e f r a c t o r  t he  s o l u t i o n  v e l o c i t i e s  and t he  r a d i u s  o f

-1
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c u r v a t u r e  o f  t h e  s o l u t i o n  w i l l  be o v e r e s t i m a t e d ,  t h i s  i s  

b e cau se  t he  X v a l u e s  used in a f i r s t  s o l u t i o n  a r e  g r e a t e r  

t h a n  t he  t r u e  (A) d i s t a n c e s .  The c o n v e r s e  a p p l i e s  t o  

s y n c l i n a l  r e f r a c t o r s  where t he  s o l u t i o n  v e l o c i t i e s  w i l l  be 

u n d e r e s t i m a t e s  o f  t h e  t r u e  v e l o c i t y .  In t he  c a s e  o f  long 

w a ve l e n g t h  s t r u c t u r e s ^  such a s  a n t i c l i n e s  and s y n c l i n e ^  d i p s  

o f  l e s s  t h an  10 a r e  s u f f i c i e n t  to  s e r i o u s l y  a f f e c t  t he  

s o l u t i o n  v e l o c i t i e s .

The s o l u t i o n  f o r  a r e f r a c t o r  w i th  a v e r t i c a l  v e l o c i t y

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

r e f r a c t o r .  Th i s  means t h a t  i f  a v e r t i c a l  v e l o c i t y  g r a d i e n t  

e x i s t s  b u t  i s  n o t  i n c l u d e d  in t he  s o l u t i o n  s y n c l i n a l  

s t r u c t u r e s  w i l l  be e x a g g e r a t e d  and a n t i c l i n a l  s t r u c t u r e s  

w i l l  be s u p p r e s s e d .  The c o n v e r s e  i s  a l s o  t r u e .

S i n c e  s y n c l i n a l  and a n t i c l i n a l  s t r u c t u r e s  c ause  

o p p o s i t e  d i s t o r t i o n s  i n  t he  t ime term s o l u t i o n  s e r i o u s  

p r ob l ems  can be caused  i f  bo th  s t r u c t u r e s  a r e  p r e s e n t  a long  

t he  p r o f i l e .  The s o l u t i o n  v e l o c i t y  f o r  t he  whole p r o f i l e  

would be a r e a s o n a b l e  a p p r o x i m a t i o n  to  t he  t r u e  v e l o c i t y  bu t  

a s i g n i f i c a n t  l a c k  o f  f i t  would be i n d i c a t e d  by t h e  F r a t i o .  

I f  t h e  model was s p l i t  i n t o  two p a r t s  t h e  r e s u l t i n g  

s o l u t i o n s  would imply a l a t e r a l  change in r e f r a c t o r  v e l o c i t y  

t h a t  d id  no t  e x i s t  bu t  t h e  F r a t i o s  would i n d i c a t e  an 

improved s o l u t i o n .

Reduced t r a v e l  t ime  p l o t s  a r e  u s e f u l  in ch ec k in g  t he  

s u i t a b i l i t y  o f  a d a t a  s e t  f o r  a t ime term s o l u t i o n .  P l o t s  o f  

s h o t s  from d i f f e r e n t  d i s t a n c e s ,  bu t  s i m i l a r  a z i m u t h s ,  i n t o  a 

r e c o r d i n g  p r o f i l e  can be used to d e t e c t  v e r t i c a l  v e l o c i t y  

g r a d i e n t s .  Long w a ve l en g th  s t r u c t u r e s  can be d e t e c t e d  and 

t he  r e f r a c t o r  v e l o c i t y  e s t i m a t e d .
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2.4 EXPERIMENTAL PROCEDURE

The q u a l i t y  of  any s o l u t i o n  depends  on t he  q u a l i t y  of  

t h e  r e c o r d e d  d a t a  and t he  d e s i g n  of  t h e  e x p e r i m e n t .  The 

p r a c t i c a l  l i m i t a t i o n s  of  t h e  method must  be remembered when 

t h e  d a t a  are. be ing  i n t e r p r e t e d .

2 . 4 . 1  L o c a t i o n  o f  t h e  p r o f i l e s

The l o c a t i o n  of  t he  r e c o r d i n g  p r o f i l e s  f o r  t he  Mel ton

and P e t e r b o r o u g h  e x p e r i m e n t s  was d e t e r m i n e d  by t he

f o l l o w i n g  :

1. The g e o l o g i c a l / g e o p h y s i c a l  t a r g e t  under

i n v e s t i g a t i o n  ( e . g .  a p o t e n t i a l  f i e l d  anoma ly ) .

2. S u i t a b l e  s i t e s  f o r  s h o t p o i n t s ,  and f o r  t he  

Mel ton e x p e r i m e n t ,  q u a r r i e s  f i r i n g  r e a s o n a b l e  s i z e d  c h a r g e s .

3. C o n t r o l  p o i n t s  such as  o u t c r o p p i n g  basement  

r ocks  o r  b o r e h o l e s .

The d e t a i l s  of  t h e  l o c a t i o n  of  t h e  two e x p e r i m e n t s  a r e  

d i s c u s s e d  in t he  r e l e v a n t  c h a p t e r s  (5 and 6 ) .

2 . 4 . 2  S h o t p o i n t s

The c o n t r o l l e d  s h o t s  were d r i l l e d  by t he  geo logy  

d e p a r t m e n t ' s  t r a i l e r  mounted t h r e e  i nch  auger  d r i l l ,  which 

i s  c a p a b l e  of  d r i l l i n g  to a dep th  of  19 m e t r e s .  In t h e  a r e a s  

where t he  e x p e r i m e n t s  were c a r r i e d  o u t ,  t h e  ne a r  s u r f a c e  

d e p o s i t s  were m os t l y  c l a y s  which cou ld  be d r i l l e d  f a i r l y  

e a s i l y ,  a t  a r a t e  o f  one or  two h o l e s  a day .  Because t he  

h o l e s  were l e f t  s t a n d i n g  f o r  some t ime be tween d r i l l i n g  and 

f i r i n g  t h ey  were cased  wi th  PVC p i p e .

The e x p l o s i v e  used was N o b e l ' s  S p e c i a l  G e l a t i n e  (80%
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s t r e n g t h )  w i th  s e i s m i c  e l e c t r i c  d e t o n a t o r s  ( d e l a y  l e s s  t h an  

0 .001  s e c . ) .  Cha rges  o f  up t o  25 k i l og rammes co u ld  be p l a c e d  

i n  a s i n g l e  d r i l l  h o l e  19 m e t r e s  deep  l e a v i n g  about  10 

m e t r e s  f o r  s t emming,  t h i s  was s u f f i c i e n t  to  p r e v e n t  t he  ho l e  

b lowing  o u t .

C l ay ,  e s p e c i a l l y  i f  i t  i s  wa t e r  s a t u r a t e d ,  p r o v i d e s  t h e  

b e s t  medium f o r  s h o t f i r i n g  s i n c e  i t  g i v e s  maximum c o u p l i n g  

be tween  t he  c h a r g e  and t he  g r ou nd .  F i r i n g  in rock  c a u s e s  a

l o t  o f  t h e  en e rg y  t o  be was t ed  in f r a c t u r i n g  t he  r o c k ,  t h i s
9

can  r e s u l t  i n  a r e d u c t i o n  in s i g n a l  s t rength by a s  much a s  a
A

f a c t o r  o f  f i v e .

E x t e n s i v e  use  was made o f  q u a r r y  b l a s t s  d u r i n g  t he  

Mel ton e x p e r i m e n t .  A l l  t h r e e  q u a r r i e s  a t  which b l a s t s  were 

t imed  were in r e s i d e n t i a l  a r e a s  and t h e r e f o r e  were c a r e f u l  

t o  m in imise  t he  v i b r a t i o n s  caused  by t h e i r  b l a s t s .  The

r i p p l e  f i r i n g  t e c h n i q u e  was used a t  a l l  t h r e e  q u a r r i e s  w i t h

a 0 .025  second  d e l a y  be tween  t he  c h a r g e s .  The c h a r g e  used on 

t h e  zero  d e l a y  v a r i e d  between 100 and 250 k i l o g r amm es ,  t h i s  

i s  p r o b a b l y  t h e  b e s t  measu re  o f  t h e  e f f e c t i v e  c h a r g e  t h a t  

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

f i r e d  i n t o  a f r e e  f a c e  in ha rd  rock ,  t h e r e f o r e  much o f  t h e  

e ne r gy  i s  l o s t  in  f r a c t u r i n g  and knocking  down the  r o c k .  In 

a d d i t i o n  t he  e x p l o s i v e s  used were n o t  a lways  g e l i g n i t e ,  p a r t  

o f  t h e  c h a r g e  was o f t e n  a s l u r r y  such  a s  "Ampho" wh ich ,  

w e i g h t  f o r  w e i g h t ,  h a s  a s m a l l e r  e x p l o s i v e  power t han  

g e l  i g n i t e .

For  a r i p p l e  d e l a y  o f  0 . 025 s e co nd s  and a r ock  v e l o c i t y

i n  ex ce s s  o f  5 .0  km.s*^ t h e  i n i t i a l  p-wave en e rgy  w i l l  have

t r a v e l l e d  over  125 m e t r e s  b e f o r e  t he  second c ha r ge  i s  

d e t o n a t e d .  The o r i e n t a t i o n  of  t he  r i p p l e  shou ld  t h e r e f o r e
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have no e f f e c t  on t he  s e i s m i c  energy  p r o p a g a t e d  a long  t he  

p r o f i l e .

Bu rk h a rd t  and Rees (1976) c a r r i e d  o u t  a d e t a i l e d  s t u d y  

o f  t h e  so u r c e  c h a r a c t e r i s t i c s  o f  Eschen lohe  q u a r r y  i n  West 

Germany.  A number o f  c h a r g e s  o f  6 t o  22 t o n n e s  were 

m on i to r ed  bo th  w i t h i n  t he  q u a r r y  and a t  a d i s t a n c e  from i t .  

B u r k h a rd t  and Rees co n c l u d e  t h a t  t he  r e c e i v e d  s e i s m i c  s i g n a l  

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

t h e  q u a r r y  and t h a t  t he  q u a r r y  b l a s t s  co u ld  t h e r e f o r e  be

c o n s i d e r e d  as  r e p r o d u c i b l e  s e i s m i c  s o u r c e s .  F u r t h e rm o re  t h ey  

s u g g e s t  t h a t  t he  r a d i a t e d  s i g n a l  i s  n o t  d i r e c t l y  d e pe n de n t  

on t he  p r i m a ry  p u l s e  bu t  on s e c o n d a r y  e f f e c t s  w i t h i n  t he  

q u a r r y ,  p o s s i b l y  a n a t u r a l  v i b r a t i o n  o f  t h e  rock  body.

2 . 4 . 3  R e co r d i n g  s i t e s

The r e c o r d i n g  s i t e s  were d i s t r i b u t e d  as  e v e n l y  a s  

p o s s i b l e  a long  t he  p r o f i l e s ,  t y p i c a l l y  a t  i n t e r v a l s  o f  one 

t o  two k i l o m e t r e s .  The s i t e s  were l o c a t e d  away from s o u r c e s  

o f  n o i s e ,  p i n c i p a ^ l y  r o a d s ,  bu t  w i t h  r e a s o n a b l e  a c c e s s ,  

a c c o r d i n g  to t he  type  o f  equ ipment  used a t  t he  s i t e .

For  t he  Mel ton ex p e r i m e n t  t he  G e o s t o r e  r e c o r d e r s  used 

were s i t e d  where t h ey  were in l i n e  o f  s i g h t  w i t h  t he  

t e l e m e t e r e d  o u t s t a t i o n s .  Because o f  a s h o r t a g e  o f  UHF r a d i o  

l i n k s  some s t a t i o n s  were l i n k e d  to  G e o s t o r e s  by l a n d l i n e s .

Se i smome te r s  were p l a c e d  in p i t s  0 . 5  m e t r e s  deep  and 

t hen  co ve r ed  w i t h  a l i d .  The G e o s t o r e  s t a t i o n s  on t he  Mel ton 

e x p e r i m e n t  were l i n e d  w i t h  a p ipe  s e t  in  a cement  ba se  to 

e n s u re  t h a t  t he  s e i smomete r  remained v e r t i c a l  f o r  s e v e r a l  

weeks and to  improve t he  ground c o u p l i n g .

The r e c o r d i n g  s i t e s  and b o r e h o l e  s h o t p o i n t s  were
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l o c a t e d  on 1 :1 0 , 0 0 0  Ordnance Survey  maps by measurement  from 

marked f e a t u r e s .  Gr id r e f e r e n c e s  were d e t e r m i n e d  t o  + 10 

m e t r e s  which i s  e q u i v a l e n t  to  a t r a v e l  t ime  e r r o r  o f  l e s s  

t h an  0 .002  s e con ds  f o r  a r e f r a c t o r  v e l o c i t y  g r e a t e r  t han  5 .0  

km.s’ \  E l e v a t i o n s  were e s t i m a t e d  from t o p o g r a p h i c  maps w i th  

an a c c u r a c y  o f  abou t  + 5 m e t r e s .  The l o c a t i o n  o f  t h e  q u a r r y  

b l a s t s  used in t he  Mel ton ex p e r i m e n t  i s  d e s c r i b e d  in c h a p t e r

5.

2.5 RECORDING EQUIPMENT

The fou r  t y p e s  o f  r e c o r d i n g  equ ipmen t  a r e  d e s c r i b e d  

b r i e f l y .

G e o s t o r e  sys t em:  t h i s  sys tem i s  d e s c r i b e d  in f u l l  by

Whitcombe (1979 ) .  I t  c o m p r i s e s  a 14 t r a c k  a na lo gu e  m agn e t i c  

t a p e  r e c o r d e r  which r e c o r d s  on 1/2 i n ch  t a p e  a t  spe eds  o f  

15 /640 ,  15 /320 ,  15/160 i p s .  There  i s  a 32 Hz. uppe r  l i m i t  to 

t h e  f r e q u e n c y  o f  t he  r e c o r d e d  s i g n a l  a t  15/160 i p s .  The 

r e c o r d e r  can be s e t  to run in uni  o r  b i - d i r e c t i o n a l  mode. In 

b i - d i r e c t i o n a l  mode two t r a c k s  a r e  used f o r  f l u t t e r  

co m pe n sa t i o n  and i n t e r n a l  c l o ck  l e a v i n g  5 f o r  d a t a  ( f ou r  

s e i s m i c  and an e x t e r n a l  c l o c k  such  a s  MSP) . In u n i 

d i r e c t i o n a l  mode t h e r e  a r e  11 d a t a  c h a n n e l s  bu t  i t  i s  

a d v i s a b l e  t o  r e c o r d  t he  e x t e r n a l  c l o c k  on two t r a c k s  s i n c e  

two d i f f e r e n t  r e c o r d i n g  heads  a r e  used to r e c o r d  two s e t s  o f  

seven  t r a c k s .  At 15/160 i p s  one p a s s  o f  a s t a n d a r d  2400* 

t a p e  t a k e s  about  3 . 5  days .  The s e i s mo me t e r  (Wi l lmore  I I I  o r  

HS 10) o u t p u t  i s  fed to an a m p l i f i e r  m o d u la t o r  where i t  i s  

f r e q u e n c y  modula t ed  a t  676 Hz. + 40%. The modu la t ed  o u t p u t  

i s  s e n t  to  t he  r e c o r d e r  e i t h e r  by c a b l e  o r  v i a  a UHF r a d i o
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l i n k .  The r a d i o  l i n k s  have  a l i n e  o f  s i g h t  r ange  o f  abo u t  30 

k i l o m e t r e s .

MARS sys tem;  t h i s  i s  a p o r t a b l e  r e c o r d i n g  sys tem d e s i gn ed  

f o r  use w i th  e x p l o s i v e  s o u r c e s ,  i t  i s  d e s c r i b e d  b r i e f l y  by 

Berchemer  (1976) and can be summar i sed:
A

R e c o r d e r :  Uher 1 /4 "  r e e l  to  r e e l  t a p e  w i t h  spe eds  of

2 . 4 ,  4 . 7 ,  9 . 5 ,  19 .0  cm. s"%

A m p l i f i e r :  L e n n a r t z ,  0 . 2 - 20 0  Hz. ( o p t i o n a l  20 Hz. low

p a s s  f o r  h igh  n o i s e  c o n d i t i o n s )

M od u l a to r :  6 .4  kHz. f l u t t e r  c o n t r o l .

9 . 6  kHz. + 15% f o r  t ime  code r e c o r d i n g .  

4 . 2 , 2 . 4 . 0 . 8 6  kHz. + 15% f o r  s e i s m i c  d a t a .

Reading  U n i v e r s i t y  c a s s e t t e  r e c o r d e r s :  t h e s e  s i n g l e  c han ne l  

r e c o r d e r s  were d e s i g n e d  by Dr.  D.T. Hopkins or  Reading 

U n i v e r s i t y .  They use a mono audio  c a s s e t t e  r e c o r d e r  m o d i f i ed  

t o  r e c o r d  on bo th  t r a c k s :

1: F r equency  modu la ted  s e i s m i c  s i g n a l .

2: Time code (MSF).

3: 400 Hz. r e f e r e n c e  s i g n a l

The r e c o r d e r s  have an e l e c t r o n i c  t im e r  which can be p r e s e t  

by up t o  24 h o u r s  f o r  unmanned r e c o r d i n g .  The r e c o r d  t ime i s  

t h e n  45 m in u t e s  (one pa s s  o f  a c a s s e t t e  t a p e ) .

Durham U n i v e r s i t y  r e c o r d e r s :  t h e s e  r e c o r d e r s  were  used

d u r i n g  t he  P e t e r b o r o u g h  e x p e r i m e n t .  There  a r e  t h r e e  

d i f f e r e n t  t y p e s  o f  r e c o r d e r .
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Type 1. A m p l i f i e r :  0 .005 t o  40 Hz.

Modu la to r :  415 Hz. + 15% f r e q u e n c y  m o d u la t i o n

Time code :  Recorded a t  fm s a t u r a t i o n

f r e q u e n c i e s  (290 & 530 Hz.)

Type 2. Tape speed :  12/160 i p s .

A m p l i f i e r :  ha s  a 6db p o i n t  a t  20 Hz.

Mod u la to r :  71 Hz. + 30% f r e q u e n c y  m o d u l a t i o n .

Time code :  s w i t c h e d  be tween 50 and 100 Hz.

Type 3. A m p l i f i e r :  h ig h  c u t  g r e a t e r  t han  40 Hz.

Mod u la to r :  800 Hz. + 30% f r e q u e n c y  m o d u la t i o n

Time code :  r e c o r d e d  d i r e c t  .

The t ype  1 and 2 use  Wi l lmore  I I I  s e i s m o m e t e r s ,  t h e  type  3 

use  Wi l lmore  I I ; a l l  w i t h  a 2 Hz. r e s o n a n t  f r e q u e n c y .  An 

e a r l y  v e r s i o n  o f  t h e  type  1 r e c o r d e r s  i s  d e s c r i b e d  by Long 

(1974 ) .  The low m od u l a to r  f r e q u e n c y  o f  t h e  t ype  2 r e c o r d e r s  

and t he  d i r e c t  t ime code r e c o r d i n g  of  t h e  t ype  3 bo th  caused  

some p rob l ems  w i t h  t he  d a t a  r e c o r d e d  ( see  c h a p t e r  6 ) .

2.6 TRAVEL TIME ERRORS

The a s s e s s e m e n t  o f  t h e  e r r o r s  a s s o c i a t e d  w i t h  t he  

t r a v e l  t ime  o b s e r v a t i o n s  i s  i m p o r t a n t  i f  t h e  F r a t i o  i s  t o  

be used t o  compare t ime  term s o l u t i o n s .

2 . 6 .1  S o u r c e s  o f  e r r o r

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

h i gh  f r e q u e n c i e s  in  t he  s i g n a l  w i l l  c ause  a r ound ing  o f  t he  

f i r s t  b r e a k ,  t h i s  w i l l  i n c r e a s e  w i t h  d i s t a n c e  from the
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s o u r c e .  T y p i c a l ^ s i g n a l s  from e x p l o s i v e  s o u rc e s  a t  r ange s  of
Ao K I WO-W V

up to  30 km. h a v e y f r e q u e n c i e s  o f  10-20 Hz. The o n s e t  t ime of  

such a s i g n a l  can be p icked  to b e t t e r  t han  0 .010  s e c .  E r r o r s  

due to rounding a r e  l i k e l y  t o  be s m a l l e r  t han  t hose  due to 

no i s e  f o r  a l l  but  t he  h i g h e s t  s i g n a l  to no i s e  r a t i o s  ( i e .  

g r e a t e r  t han  ten  to one) .

Se i smic  n o i s e :  the  a ccu rac y  w i th  which a f i r s t  a r r i v a l  can

be p icked depends  l a r g e l y  on the  s i g n a l  to n o i s e  r a t i o  and 

t he  r e l a t i v e  f r equency  c o n t e n t  o f  t he  s i g n a l  and n o i s e .  

Noise i s  u s u a l l y  of  s i m i l a r  f r e q u e n c i e s  to  the  s e i sm ic  

s i g n a l .  High f r eq ue ncy  n o i s e  i s  u s u a l l y  g e n e r a t e d  w i t h i n  the 

r e c o r d i n g  sy s tem,  low f r e q u e n c i e s  (<5 Hz.) a r e  no t  a s e r i o u s  

problem in p i ck i n g  the  f i r s t  b r e a k .

At s i g n a l  to no i s e  r a t i o s  above about  t h r e e  the  f i r s t  

c y c l e  w i l l  be e a s i l y  i d e n t i f i a b l e .  In such c a s e s  t he  f i r s t  

a r r i v a l  can be p i cked  wi th  an acc u ra c y  b e t t e r  than  the  t ime 

to  the  f i r s t  p e a k / t r o u g h ;  f o r  a 10-20 Hz. s i g n a l  t h i s  w i l l  

be 0 .025  t o  0 .013  s e c o n d s .  In p r a c t i c e  the  o n s e t  can 

p ro b ab ly  be l o c a t e d  to w i t h i n  0 . 0 0 5 - 0 .0 1 0  s e co n d s .

Lower s i g n a l  to no i s e  e v e n t s  can p r e s e n t  a problem in 

i d e n t i f y i n g  the  c o r r e c t  c y c l e .  These e v e n t s  a r e  b e s t  p icked  

by c o r r e l a t i o n  wi th  the  b e t t e r  q u a l i t y  e v e n t s .  Using a 

c o r r e l a t i o n  can c a r r y  a s y s t e m a t i c  e r r o r  a long t he  r e c o r d i n g  

p r o f i l e  but  p r e v e n t s  t he  i n d i v i d u a l  t r a v e l  t imes  from being 

in e r r o r  by a complet e  c y c l e .  Event s  p i cked  in t h i s  way a r e  

u s u a l l y  l o c a t e d  to 0 .020 s e co n d s .

Measur ing t h e  o n s e t  t ime:  The ac c u r a c y  wi th  which an o n s e t  

t ime can be measured depends on the  l e n g t h  of  paper  p l ay o u t  

occup i ed  by one second of t he  d a t a .  The equipment  a v a i l a b l e  

f o r  the r e p l a y  of  Geos to r e  t a p e s  gave a maximum r e p l a y  s c a l e
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o f  50 mm.s'^ f o r  t a p e s  r e c o r d e d  a t  15/160 i p s .  Al l  t he  o t h e r  

r e c o r d i n g s  were r e p l a y e d  a t  100 mm.s*’ . P rov ided  t h a t  the  

MSF t ime  s i g n a l  was r e c o r d e d  as  a c l e a n  s q u a r e  wave w i t h  no 

r ounding  o f  t h e  p u l s e s  i t  was p o s s i b l e  t o  measure  t he  t r a c e s  

t o  0 . 2 5  mm. Th is  i s  e q u i v a l e n t  to  an a c c u r a c y  o f  0 . 005  s e c .  

f o r  t he  G e o s t o r e  d a t a  and 0 .0025 s e c .  f o r  t he  o t h e r  d a t a .  

Timing t h e  s h o t  i n s t a n t ;  The b o r e h o l e  s h o t s  and q u a r r y  

b l a s t s  were t imed by means o f  an upho l e  geophone  (HS 10) and 

a s i n g l e  c ha n ne l  MARS r e c o r d e r .  Because  o f  t h e  v e ry  l a r g e  

s i g n a l  s t r e n g t h  o f  t h e  f i r s t  b r e a k  t h e  o n l y  e r r o r  in t he  

s h o t  t ime i s  t he  0 .0025  s e c .  due to  measu remen t .  Dur ing t he  

P e t e r b o r o u g h  e x p e r i m e n t  a c c u r a t e  upho l e  t im es  were o b t a i n e d  

f o r  some o f  t h e  s h o t s  by u s i n g  an a u t o m a t i c  b l a s t e r  

t r i g g e r e d  by t h e  MSF t ime  c o d e , o r  e l s e  by u s i n g  a Nimbus 

r e c o r d e r  t r i g g e r e d  by t h e  Bee thoven b l a s t e r .  Where upho l e  

t i m e s  were n o t  a v a i l a b l e  t h e y  were c a l c u l a t e d  from the  de p t h  

t o  t he  c h a r g e ,  t he  o f f s e t  o f  t h e  geophone  from the  h o l e  and 

t h e  near  s u r f a c e  v e l o c i t y .  For a geophone  15 m e t r e s  from the  

c h a r g e  an e r r o r  o f  25% in t he  e s t i m a t e  o f  n e a r  s u r f a c e  

v e l o c i t y  would cause  a t im in g  e r r o r  o f  l e s s  t h an  0 .002  s e c .

2 . 6 . 2  E r r o r  a s s e s s m e n t

When p i c k i n g  t he  f i r s t  a r r i v a l s  an e s t i m a t e  was made o f  

t h e  maximum range  o f  a r r i v a l  t i m e s  w i t h i n  which t h e  a r r i v a l  

cou ld  o c c u r .  I t  was assumed t h a t  t h e  c o r r e c t  c y c l e  was be ing  

p i cke d  and t h a t  any g r o s s  e r r o r s  would be r e v e a l e d  by t h e  

r educed  t r a v e l  t ime p l o t s .  Repea ted  p i c k i n g  and measurement  

o f  s e l e c t e d  e v e n t s  was c a r r i e d  ou t  to  check t h a t  a l l  t he  

t r a v e l  t ime s  f e l l  w i t h i n  t he  e s t i m a t e d  maximum e r r o r .

As d i s c u s s e d  above t he  o b s e r v a t i o n a l  e r r o r  v a r i a n c e  can
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be c a l c u l a t e d  and used to f i n d  t he  s o l u t i o n  F r a t i o .  I f  t he  

e s t i m a t e d  maximum e r r o r s  a r e  used t h e n , f o r  L o b s e r v a t i o n s ;

L

o - \ e s t )  =  y  (2 .11 )
^ ^  L

f=1

Where n  ̂ i s  a u n i f o r m l y  d i s t r i b u t e d  random number between

- 1 . 0  and +1 .0  and em^ i s  t h e  e s t i m a t e d  maximum e r r o r

a s s o c i a t e d  w i th  t he  ( t h .  o b s e r v a t i o n .  The use  o f  a random

d i s t r i b u t i o n  be tween s e t  l i m i t s  i s  an o v e r s i m p l i f i c a t i o n ,

t he  e r r o r s  w i l l  p r o b a b l y  have  some form o f  skewed

d i s t r i b u t i o n  b u t  i t  i s  i m p o s s i b l e  to  a s s e s s  t h e  shape  o f

t h i s  d i s t r i b u t i o n .

T h i s  v a lu e  w i l l  n o t  be a s  a c c u r a t e  as  e s t i m a t e s  o f

o b t a i n e d  from e q u a t i o n  (2 .8 )  i f  t h e  e r r o r s  a r e  n o t  u n i f o r m l y

d i s t r i b u t e d  w i t h i n  t he  e s t i m a t e d  r a n g e .  A s y s t e m a t i c  o v e r -
2

e s t i m a t e  o f  em by a f a c t o r  o f  2 w i l l  c ause  cr  ̂ ( e s t )  to be 

o v e r e s t i m a t e d  by a f a c t o r  o f  4.

Such c o n s i d e r a t i o n s  g i v e  an i n d i c a t i o n  o f  t h e  l i m i t 

a t i o n s  o f  t he  F r a t i o  in a s s e s s i n g  a t ime term s o l u t i o n .
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CHAPTER THREE 

A. COUNTESTHORPE SEISMIC REFRACTION PROFILE 

3A.1 INTRODUCTION

The pu rpose  o f  t h i s  e x p e r i m e n t  was t w o f o l d :
t

1,  To i n v e s i g a t e  t he  l a t e r a l  e x t e n t  o f  t h e
A

d i o r i t i c  i n t r u s i o n s  s een  in  t h e  C o u n t e s t h o r p e  b o r e h o l e  and 

exposed  in q u a r r i e s  a round  C r o f t ,  some seven  k i l o m e t r e s  to  

t h e  wes t  o f  C o u n t e s t h o r p e .

2. To d e v e l o p  t h e  a b i l i t y  t o  c a r r y  ou t  sm a l l  s c a l e  

(one t o  two k i l o m e t r e )  r e f r a c t i o n  p r o f i l e s  u s ing  a 12 

ch a n n e l  "Nimbus" s e i smograph  and t he  d e p a r t m e n t ' s  t r a i l e r  

mounted auger  d r i l l .

F i g u r e  3 .1  shows t he  s u r f a c e  geo lo g y  t o g e t h e r  w i t h  t he  

Bouguer  g r a v i t y  and a e r o m a g n e t i c  a no m a l i e s  a round t h e  

p r o f i l e .  As was d i s c u s s e d  in c h a p t e r  one t he  South  L e i c e s 

t e r s h i r e  D i o r i t e s  a r e  Ca l ed on i an  in  o r i g i n  and have been 

d e s c r i b e d  by Le Bas (1972,  1981) as  forming p a r t  o f  t h e  

" L e i c e s t e r s h i r e  P l u t o n " .  The C o u n t e s t h o r p e  Boreho le  p roved  a 

m i c r o t o n a l i t e  a t  a de p th  o f  193 m e t r e s .  The a e r o m a g n e t i c  

anomaly map s u g g e s t s  t h a t  t he  South  L e i c e s t e r s h i r e  i n t r u s i o n  

i s  ove r  10 k i l o m e t r e s  i n  d i a m e t e r  w i t h  t h e  peak o f  t h e  

anomaly t o  t he  e a s t  o f  t he  exposed  d i o r i t e s .

The s u r f a c e  geo logy  c o n s i s t e d  of  Lower J u r a s s i c  and 

T r i a s s i c  s e d i m e n t s  o v e r l a i n  by Boulder  C lay;  t h e  s t r i k e  of  

t h e  J u r a s s i c  was a p p r o x i m a t e l y  p a r a l l e l  to  t he  s e i s m i c  

p r o f i l e .  As d i s c u s s e d  in c h a p t e r  1 no f o r m a t i o n s  o l d e r  t han
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t h e  Keuper a r e  known to be in c o n t a c t  w i t h  t h e  d i o r i t e s  bu t  

t h e r e  i s  some ev id e nc e  f o r  t he  p r e s e n c e  o f  Cambrian s h a l e s  

i n  c o n t a c t  w i t h  t he  d i o r i t e s  a t  Ende rby .  These s h a l e s  a r e  

known, from NCB b o r e h o l e s ,  t o  have  a v e l o c i t y  o f  a b ou t  4 , 0  

k m . s " \  I t  was t h e r e f o r e  p o s s i b l e  t h a t  such a r e f r a c t o r  would 

be d e t e c t e d  be nea th  t h e  Keuper .  F i g u r e  3 .1  a l s o  shows t h e  

l o c a t i o n  o f  t h e  b o r e h o l e s  in  t h e  a r e a  which found s h a l e s  o f  

p r o b a b l e  Cambrian to Tremadocian  age .

3A.2 THE EXPERIMENT

The r e c o r d i n g  p r o f i l e  was l o c a t e d  on a d i s u s e d  r a i l w a y  

l i n e  t h a t  r an  so u t h w e s t  from C o u n t e s t h o r p e  a c r o s s  t h e  margin  

o f  t h e  ae r o m ag n e t i c  anomaly.  Because  o f  p rob l ems  w i t h  a c c e s s  

t o  t he  l and  t he  p r o f i l e  co u ld  no t  be ex t ended  f a r  enough to  

t h e  s o u t h w e s t  t o  f u l l y  c r o s s  t h e  marg in  of  t h e  magn e t i c  

anomaly .  A f u r t h e r  p roblem was cau se d  by t h e  Ml motorway,  

which b i s e c t e d  t he  r a i l w a y  l i n e ,  so t h a t  the  p r o f i l e  was 

r e c o r d e d  as  two geophone s p r e a d s  s e p a r a t e d  by about  900 

m e t r e s .

In a d d i t i o n  to t he  Nimbus r e c o r d e r  a T r io  12 channe l  

s e i smo gr aph  b e lo n g i n g  to  Birmingham U n i v e r s i t y  was u sed .  

Geophone s p a c i n g s  were 40 m e t r e s  f o r  t he  Nimbus and 35 

m e t r e s  f o r  t he  T r io  e n a b l i n g  a t o t a l  l i n e  l e n g t h  o f  825 

m e t r e s  t o  be r e c o r d e d  a t  one t i m e .  A t o t a l  o f  s i x  s h o t p o i n t s  

(A-F) w<̂ 6 used w i th  s h o t p o i n t  A a t  t h e  s o u t h w e s t e r n  end of

t h e  l i n e  and s h o t p o i n t  F a t  t he  n o r t h e a s t e r n  end.  Geophone 

s p r e a d s  were l a i d  out  be tween B-C and D-E. Sho t s  A l - F l  were 

f i r e d  i n t o  sp r e ad  D-E and s h o t s  A2-D2,F2 i n t o  sp r e ad  B-C. 

The p o s i t i o n s  o f  t he  s h o t p o i n t s  and r e c o r d i n g  s p r e a d s  a r e
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shown in  f i g u r e  3 . 2 ,  t h e  maximum s h o t  t o  geophone s e p a r 

a t i o n s  o b t a i n e d  were 3 .215  k i l o m e t r e s  i n t o  sp r e ad  D-E and 

2.855 k i l o m e t r e s  i n t o  sp r e ad  B-C.

3A.2.1 The d a t a

The s e i s m i c  r e c o r d s  were r e c o v e r e d  in t he  f i e l d  as  

analogue  t r a c e s  on u l t r a - v i o l e t  s e n s i t i v e  p a p e r .  The t r a c e s  

were r e p l a y e d  a t  s pe ed s  o f  100 cm.s  ̂ f o r  t he  T r io  r e c o r d e r  

and 50 cm.s'^ f o r  t he  Nimbus.  The s i g n a l  t o  n o i s e  r a t i o s  were 

g e n e r a l l y  g r e a t e r  t han  t h r e e  to one and t he  f i r s t  a r r i v a l  

t ime s  cou ld  be p i cked  w i t h  an a c c u r a c y  o f  + 0 .002  s eco nd s  on 

most  o f  t h e  r e c o r d s  and 0 .004 s e c o n d s  on t he  p o o r e r  q u a l i t y  

d a t a  (S/N l e s s  t h an  t h r e e ) . Low g a i n  s e t t i n g s  on t he  Nimbus 

r e c o r d  f o r  s h o t  FI and t he  T r io  r e c o r d s  f o r  B1 and FI caused  

an a t t e n u a t i o n  o f  t h e  f i r s t  a r r i v a l s  and t r a c i n g  paper  

c o r r e l a t i o n s  had to  be used to p i c k  t h e s e  a r r i v a l s .

No Nimbus r e c o r d s  were r e c o v e r e d  for s h o t s  A1 and F2 a s  

t h e  r e c o r d e r  f a i l e d  to  t r i g g e r .  No s h o t  i n s t a n t  mark was 

r e c o rd e d  f o r  t he  T r io  r e c o r d s  f o r  s h o t s  A1 and Cl .  A 

geophone p o s i t i o n  common to  b o th  r e c o r d e r s  was used to 

c a l c u l a t e  t he  t r a v e l  t ime s  f o r  s h o t  Cl but  t he  a r r i v a l s  f o r  

s h o t  A1 could  on ly  be used to  d e t e r m i n e  t he  r e f r a c t o r  

v e l o c i t y .

The prob l ems w i t h  t he  t r i g g e r i n g  and s h o t  i n s t a n t s  were 

p r o b a b l y  due to  t he  l a r g e  d i s t a n c e s  (two t o  t h r e e  k i l o 

me t r e s )  between t he  s h o t p o i n t s  and t he  r e c o r d i n g  equipment  

and hence  t he  impedance o f  t h e  c a b l e  used to t r a n s m i t  t he  

s h o t  i n s t a n t  s i g n a l  from the  b l a s t e r .  Subsequen t  

m o d i f i c a t i o n s  t o  t he  sys tem e l i m i n a t e d  t h i s  p rob l em.

For  a t o t a l  of  e l e v e n  s h o t s  i n t o  46 r e c o r d i n g  p o s i t i o n s
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77% o f  t h e  r e c o r d s  were r e c o v e r e d  w i t h  good q u a l i t y  d a t a ,  

14% w i t h  weak o r  unt imed a r r i v a l s  and 9% were l o s t .

A f t e r  c a l c u l a t i o n  o f  t h e  v e l o c i t i e s ,  t he  t r a v e l  t im es  

were  c o r r e c t e d  f o r  t he  o f f s e t  o f  t h e  s h o t p o i n t  from the  

r e f e r e n c e  p o i n t s  A-F, t h e  g r e a t e s t  o f f s e t  be ing  10 m e t r e s .  

Th i s  r e p r e s e n t s  c o r r e c t i o n s  o f  0 .003 and 0 .002 s e co nd s  f o r  

r e f r a c t i o n s  from l a y e r s  2 and 3 r e s p e c t i v e l y  ( see  b e l o w ) .

3A.3 INTERPRETATION

3A.3.1  App a r en t  v e l o c i t i e s

A l l  t he  f i r s t  a r r i v a l  d a t a  a r e  shown on t he  t ime d i s t a n c e  

g r a p h s  i n  f i g u r e  3 .2 ,  t h e  v e l o c i t i e s  o f  t h e  v a r i o u s  s egmen t s  

were  d e t e r m in e d  by l i n e a r  r e g r e s s i o n  w i th  t h e  b r e a k s  chosen  

so as t o  maximize t he  c o r r e l a t i o n  c o e f f i c i e n t s .  Three  l a y e r s  

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

LAYER 1; The v e l o c i t y  o f  t h i s  l a y e r  was measured  from 

two o r  t h r e e  a r r i v a l s  a t  s h o t p o i n t s  B,C,D,E and v a r i e d  from

0 .95  t o  1 .93 km.s~\  Thi s  v a r i a t i o n  was t o  be expec t ed  g i v en  

t h a t  t he  ground a long t he  p r o f i l e  v a r i e d  from a seven me t r e

h i gh  embankment to an e i g h t  m e t r e  deep  c u t t i n g .

LAYER 2; A r r i v a l s  from t h i s  l a y e r  were r e c o r d e d  f o r  t he  

f ou r  on-end  s h o t s  (D l , E l ,B 2 ,C 2 )  and f o r  FI .  The a p p a r e n t  

v e l o c i t i e s  v a r i e d  from 3 .21  t o  3 .61  km.s'^ f o r  t h e s e  a r r i v a l s .  

Sho t s  D1,E1,B2,  i n d i c a t e d  s l i g h t y  lower  v e l o c i t i e s  f o r

a r r i v a l s  w i t h i n  about  200 m e t r e s  o f  t h e  s h o t p o i n t s .  These

a p p a r e n t  v e l o c i t i e s  r anged  from 2 .87  to 3 . 07  km. s* \  S in c e  

t he  lower  v e l o c i t y  a r r i v a l s  were n o t  r e v e r s e d  t h ey  were used 

w i t h  t he  o t h e r  a r r i v a l s  f o r  t h i s  l a y e r  in t he  i n t e r p r e t 

a t i o n s  be low.  A s i m p le  h o r i z o n t a l  l a y e r  i n t e r p r e t a t i o n  f o r
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t h e  lower  v e l o c i t y  s egmen t s  i n d i c a t e d  a t h i c k n e s s  o f  abou t  

20 m e t r e s  f o r  t h i s  l a y e r .

Sh o t s  C2 and A2 i n d i c a t e d  a l o c a l i s e d  low v e l o c i t y  zone 

in  t he  v i c i n i t y  o f  s h o t p o i n t  B s i n c e  t he  a r r i v a l s  from bo th  

r e f r a c t o r s  were d e l a y e d  by ab o u t  0 . 010  s e c o n d s .

LAYER 3; A r r i v a l s  from t h i s  l a y e r  had a p p a r e n t  

v e l o c i t i e s  i n  t he  r ange  4 . 6  t o  5 . 1  km. s~ \  Sho t s  B1 and Cl 

i n d i c a t e d  a marked i n c r e a s e  in  a p p a r e n t  v e l o c i t y  n e a r  

s h o t p o i n t  E. Th is  s e c t i o n  was n o t  r e v e r s e d  bu t  t h e  

v e l o c i t i e s  o b se r v ed  were t oo l a r g e  (>8.0  km.s'^) t o  be 

c o n s i d e r e d  r e a l i s t i c  and must  have  been due to r e f r a c t o r  

d i p .

There  was no i n d i c a t i o n  o f  a 4 . 0  km.sT^ l a y e r ,  t h e  

d e t e c t i o n  l i m i t  f o r  such  a l a y e r  would be about  70 m e t r e s .

I f  t h e  Cambrian s h a l e s  had a v e l o c i t y  o f  3 .5  km.s~^ , a s  

ob se r ved  in t he  Deanshanger  b o r e h o l e ,  t h e y  would no t  have 

been d e t e c t e d .

3A.3.2 P l u s -m i n u s  i n t e r p r e t a t i o n

A p l u s - m i n u s  i n t e r p r e t a t i o n  (Hagedoorn 1959) was 

a p p l i e d  to  t he  r e f r a c t e d  a r r i v a l s  from l a y e r s  2 and 3. Delay 

t im e s  (TG) a t  each geophone l o c a t i o n  were c a l c u l a t e d :

TG = 1/2 (T+ -  Tab) 

where :  T+ i s  t he  p l u s  t ime

Tab i s  t h e  end to end t ime  

The end to  end t ime s  f o r  t he  v a r i o u s  p a i r s  o f  s h o t s  were  

de t e rm in e d  from the  t : x  g r a p h s .  For  t he  u n r e v e r s e d  a r r i v a l s  

t h e  d e l a y  t i m e s  were e x t r a p o l a t e d  u s ing  t he  r e f r a c t o r  

v e l o c i t y  o b t a i n e d  from l i n e a r  r e g r e s s i o n  o f  t h e  minus t i m e s .  

For t he  a r r i v a l s  r e f r a c t e d  from l a y e r  2 s h o t s  0 1 , El
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gave a v e l o c i t y  o f  3 .36  km.s”  ̂ w h i l s t  s h o t s  B2,C2 gave 3 .47  

km.s"^ . These v e l o c i t i e s  were d e t e r m i n e d  from 17 and 15 

r e v e r s e d  a r r i v a l s  r e s p e c t i v e l y .

For  t he  a r r i v a l s  r e f r a c t e d  from l a y e r  3 s h o t s  F I , C l  and 

s h o t s  A2,D2 bo th  gave  v e l o c i t i e s  o f  4 . 90  km.s \  These

v e l o c i t i e s  were d e t e r m i n e d  from 5 and 12 r e v e r s e d  a r r i v a l s  

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

a c c u r a t e  t o  + 0 . 2  k m . s " \

In o r d e r  t o  c o n v e r t  t h e  d e l a y  t i m e s  t o  d e p t h s  an 

a v e r a g e  v e l o c i t y  o f  1 .75  km.s*^ was assumed f o r  l a y e r  1 and

3.4 km.s"^ f o r  l a y e r  2.  F i g u r e  3 . 3  shows t h e  d e p t h  c r o s s -  

s e c t i o n .  The t h i c k n e s s  o f  l a y e r  1 v a r i e s  from 35 t o  50 

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

a s  much a s  changes  in  t h i c k n e s s .  The de p th  t o  l a y e r  3 r an ge s  

from 210 t o  280 m e t r e s ,  t h e  n o r t h e a s t e r n  end of  t he  p r o f i l e  

shows t h e  r e f r a c t o r  s h a l l o w i n g  50 m e t r e s  i n  abou t  150 

m e t r e s ,  an a p p a r e n t  d i p  o f  18 d e g r e e s .

3A.3.3 I n t e r p r e t a t i o n  of  v e l o c i t i e s

The v e l o c i t y  o f  3.4 km.s~^ o b t a i n e d  f o r  l a y e r  2 i s  

c o n s i s t e n t  w i th  t he  i n t e r p r e t a t i o n  o f  t h i s  l a y e r  as  T r i a s s i c  

(Keuper) as  i n d i c a t e d  by t h e  s u r f a c e  g e o l o g y .  N a t i o n a l  Coal  

Board b o r e h o l e  l o g s  i n  t he  Mel ton  Mowbray a r e a  g i v e  a v e r ag e  

i n t e r v a l  v e l o c i t i e s  o f  3 . 2  km.s*^ f o r  t he  T r i a s s i c  ( c h a p t e r

4) .

The 4 . 9  km. s ’  ̂ r e f r a c t o r  v e l o c i t y  i s  s i m i l a r  to

v e l o c i t i e s  o b t a i n e d  from r e f r a c t i o n  s u rv e ys  ove r  t he  b u r i e d  

n o r t h e r n  e x t e n s i o n  o f  t h e  M o u n t s o r r e l  g r a n o d i o r i t e  (Whit

combe 1979) and t he  C r o f t  t o n a l i t é  (Khan, v i d e  Whitcombe and 

Magui r e  1981a) •
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3A.3.4 C o u n t e s t h o r p e  b o r e h o l e

The s e c t i o n  in t h i s  b o r e h o l e  i s  d e s c r i b e d  by R i ch a rd so n

(1931) and summarized in append ix  lA, The s e i s m i c  i n t e r 

p r e t a t i o n  shows a good ag reemen t  w i th  t h e  b o r e h o l e .

BOREHOLE SEISMIC LINE
For ma t io n  Depth t o  ba se  Layer V e l o c i t y  Depth t o  base

D r i f t  26 .5  1 1 .75  20-30
T r i a s  193.0  2 3.4 220-270
M i c r o t o n a l i t e  3 4 . 9  no t  seen

The minimum d e p t h  t o  t he  basem ent  r e f r a c t o r  was o b se rv ed  a t  

t he  n o r t h e a s t e r n  end of  t h e  s e i s m i c  l i n e ,  0 .8  k i l o m e t r e s  

s ou t h  o f  t h e  b o r e h o l e .

3A.3.5 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

The l a c k  o f  r e v e r s e d  cover  f o r  the  ba semen t  r e f r a c t o r  

on sp r e ad  D-E t o g e t h e r  w i t h  t h e  weak FI s h o t  c aused  a s l i g h t  

problem in t he  i n t e r p r e t a t i o n .  I t  was p o s s i b l e  to p i c k  t h e  

weak a r r i v a l s  from FI such  t h a t  t hey  had an a p p a r e n t  

v e l o c i t y  o f  ab ou t  6 . 0  k m . s ' \  When r e v e r s e d  a g a i n s t  t h e  we l l  

d e f i n e d  v e l o c i t y  o f  abou t  5 . 0  km.s’  ̂ from the  A1,B1,C1 s h o t s  

t h i s  i n d i c a t e d  a r e f r a c t o r  w i t h  a v e l o c i t y  o f  5 .5  km.s*^ 

d i p p i n g  from a d e p th  o f  200 m e t r e s  a t  s h o t p o i n t  D t o  300 

m e t r e s  a t  s h o t p o i n t  E. However on sp r e ad  B-C t h e  v e l o c i t y  o f

5 .0  km.s'^ was we l l  d e f i n e d  by s h o t s  D2 and F2 and t h e r e f o r e ,  

t o  be c o m p a t i b l e  w i t h  t h e  v e l o c i t y  on sp r e a d  D-E^ t h e  

r e f r a c t o r  would have t o  d i p  in  t he  o p p o s i t e  d i r e c t i o n  w i t h

d e p t h s  o f  300 m e t r e s  a t  s h o t p o i n t  C and 400 m e t r e s  a t  B.

Th i s  i n t e r p r e t a t i o n  o f  an a n t i c l i n a l  t op og rap hy  t o  t he  

r e f r a c t o r  d id  no t  a g r e e  w i th  t he  obse rve d  de p t h  in t he
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C o u n t e s t h o r p e  b o r e h o l e  or  t h e  v e l o c i t y  measured a t  C r o f t  

q u a r r y .  However a margin  t o  t he  i n t r u s i o n  nea r  t he  

s o u t h w e s t e r n  end of  t h e  s e i s m i c  l i n e  was s u g g e s t e d  by t he  

a e r o m a g n e t i c  d a t a  ( f i g u r e  3 . 1 ) .  I t  was t h e r e f o r e  de c i de d  t o  

c a r r y  ou t  a sma l l  g r a v i t y  su rv e y  in  an a t t e m p t  t o  map t h e  

d e p t h  to  t h e  t op  s u r f a c e  of  t he  i n t r u s i o n .

3A.4 GRAVITY SURVEY

A s i m p le  2 d i m e n s i o n a l  g r a v i t y  model of  t h e  a n t i c l i n a l  

s t r u c t u r e  d e s c r i b e d  above (u s ing  a d e n s i t y  c o n t r a s t  of  250 

kg.m"^ to  r e p r e s e n t  d i o r i t e  o v e r l a i n  by T r i a s )  i n d i c a t e d  an 

i n c r e a s e  of  13 g . u .  from s h o t p o i n t  A t o  D and a d e c r e a s e  of  

6 g . u .  from D to  F

The su r v e y  was c a r r i e d  ou t  i n  two s t a g e s :

1.  34 s t a t i o n s  a t  50 me t r e  i n t e r v a l s  on t he

s e i s m i c  l i n e  from s h o t p o i n t  C t o  250 m e t r e s  s o u th w e s t  of

s h o t p o i n t  A. The pu rpose  of  t h i s  t r a v e r s e  was t o  check f o r

d ip  on t he  basement  r e f r a c t o r  and to  s ee  i f  t h e  edge of  t h e  

i n t r u s i o n  cou ld  be d e t e c t e d .

2.  51 s t a t i o n s  on road t r a v e r s e s  in o r d e r  to  map

the  anomaly a round  t h e  s e i s m i c  l i n e s  and t he  b o r e h o l e .  ( I t  

was n o t  p o s s i b l e  t o  reoccupy  t h e  e a s t e r n  s e c t i o n  o f  t he  

s e i s m i c  l i n e .

3A.4.1 Data r e d u c t i o n

For t h e  p u rp o s e s  of  d r i f t  and l a t ^ i t u d e  c o r r e c t i o n s  a 

s i t e  on t h e  s e i s m i c  l i n e  400 m e t r e s  s o u t h w e s t  of  s h o t p o i n t  C 

was used as  a base  s t a t i o n  (NGR 454.91 293.35)

L a t i t u d e  c o r r e c t i o n s  were c a l c u l a t e d  r e l a t i v e  to  the
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base  u s ing  t he  fo rm u la :

Ag^= 8 . 1 2  s i n  2f6 g . u . / k m .

whe re  i s  t h e  . l a t i t u d e  (5 6 .6  N)

The Bouguer c o r r e c t i o n s  were c a l c u l a t e d  u s i ng  a d e n s i t y  

o f  2200 kg.m‘̂  f o r  t he  ne a r  s u r f a c e  d e p o s i t s  down to  a datum 

o f  75 m e t r e s  above OD.

A t e r r a i n  c o r r e c t i o n  was c a l c u l a t e d  f o r  t he  s t a t i o n s  on 

t h e  s e i s m i c  l i n e  to  remove t he  e f f e c t s  o f  t h e  r a i l w a y  

c u t t i n g  and embankment .  Measurements  were made o f  t h e  

t o p o g r a p h y  a t  v a r i o u s  p o i n t s  a long  t he  t r a v e r s e  and t h e s e  

were used t o  c o n s t r u c t  two d i m e n s i o n a l  model s e c t i o n s  

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

t h e s e  models  was t h en  computed u s ing  a Talwani  t ype  g r a v i t y  

m o d e l l i n g  program ( c h a p t e r  7 ) .  Thi s  method was p r e f e r r e d  to  

t h e  use  o f  Hammer c h a r t s  beca use  o f  t h e  l i n e a r  shape  o f  t h e  

anomalous  t o p o g r a p h y .  No o t h e r  t e r r a i n  c o r r e c t i o n s  were 

a p p l i e d .

The c a l i b r a t i o n  f a c t o r  f o r  g r a v i t y  m e t e r  G16 was 

1,05204 f o r  t he  d i a l  r ange  460000 t o  470000.  Th i s  f a c t o r  was 

o b t a i n e d  from the  IGS c a l i b r a t i o n  l i n e  between  F r e e s  and 

Ha t t on  Heath .

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

was + 0 .2  g . u . ,  e l e v a t i o n s  were d e t e r m i n e d  to  + 0 .0 5  m e t r e s  

and l a t i t u d e s  t o  + 5 m e t r e s  on t he  s e i s m i c  l i n e  and + 20 

m e t r e s  e l s e w h e r e .

3A.4.2 I n t e r p r e t a t i o n

For  a s i m p le  model of  t h e  d i o r i t e  o v e r l a i n  by T r i a s s i c  

s e d i m e n t s  t h e  Bouguer a n om a l i e s  shown in f i g u r e  3 .4  s h o u l d  

r e f l e c t  the  d e p th  to  t he  i n t r u s i o n  w i th  t he  s h a l l o w e r  d e p t h s
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a s s o c i a t e d  w i t h  t he  l a r g e r  Bouguer a n o m a l i e s .  The Bouguer 

g r a v i t y  i s  g r e a t e s t  t o  t he  n o r t h  o f  s h o t p o i n t s  D,E and F and 

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

i n t e r p r e t a t i o n  in f i g u r e  3.3,  which i n d i c a t e d  a s h a l l o w i n g  of  

t h e  basement  n e a r  s h o t p o i n t  E. The g r a v i t y  c o n t o u r s  run 

a l ^m os t  p a r a l l e l  to  t he  s e i s m i c  l i n e  and t h i s  i s  c o n s i s t e n t  

w i t h  t he  i n t e r p r e t a t i o n  o f  a f l a t  l y i n g  r e f r a c t o r .  The map 

shows a d e c r e a s e  in Bouguer anomaly t o  t he  s o u t h e a s t ,  t h i s  

i s  p r o b a b l y  due to su b c r o p p i n g  of  t he  L i a s  which ha s  a lower  

d e n s i t y  t h a n  t he  Keuper .

T h e r e f o r e  t h e r e  i s  no e v id e n c e  from th e  g r a v i t y  s u r v e y  

t o  s u p p o r t  t he  a n t i c l i n a l  model .

3A.5 SUMMARY AND CONCLUSIONS

The s e i s m i c  p r o f i l e  c on f i r m ed  t he  p r e s e n c e  o f  a l a r g e ,  

f l a t  t o p p e d ,  i n t r u s i o n ,  a t  a d e p th  o f  abo u t  150 m e t r e s  be low 

OD; c o n n e c t i n g  t he  exposed d i o r i t e s  i n  t he  west  w i t h  t he  

C o u n t e s t h o r p e  b o r e h o l e  in t he  e a s t .  The edge o f  t h e  i n t r u s 

i on  was n o t  d e t e c t e d  a l t h o u g h  t h e  s e i s m i c  l i n e  was l o c a t e d  

c l o s e  to t he  s ou t hw e s t  edge  o f  t he  a e r o m a g n e t i c  anomaly.

The ba sement  v e l o c i t y  o f  abou t  5 . 0  km.s*^ i s  c o n s i s t e n t  w i t h  

t h e  r e s u l t s  o f  p r e v i o u s  s u r v e y s  over  C a l e do n i a n  i n t r u s i o n s  

in L e i c e s t e r s h i r e ,  and a p p e a r s  t o  c on f i r m  the  v e l o c i t y  

c o n t r a s t  be tween t h e s e  ro cks  and t y p i c a l  Cha rn i an  type  

b a s e m e n t .

The i n t r u s i o n  was o v e r l a i n  by a r e f r a c t o r  o f  v e l o c i t y

3.4 km.s" which ,  by a n a l o g y  w i t h  t he  exposed d i o r i t e s  and 

t he  b o r e h o l e ,  i s  i n t e r p r e t e d  as  T r i a s s i c .
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3B QUENBY SEISMIC REFRACTION SURVEY

3B.1 INTRODUCTION

Fo l low ing  t he  Mel ton Mowbray r e f r a c t i o n  ex p e r i m e n t  

( c h a p t e r  5) a s h o r t  s e i s m i c  r e f r a c t i o n  p r o f i l e  was r e c o r d e d  

on a d i s u s e d  r a i l w a y  l i n e  c l o s e  to  Quenby Ha l l  (NGR 

470 306 ) .

The pu rpose  o f  t h i s  p r o f i l e  was t o  improve c o n t r o l  on 

t h e  ne a r  s u r f a c e  s t r u c t u r e  and v e l o c i t y  c l o s e  to t he  Quenby 

s h o t p o i n t .

A sou thward  e x t r a p o l a t i o n  o f  t h e  NCB s e i s m i c  r e f l e c t i o n  

and b o r e h o l e  d a t a  ( see  c h a p t e r  4) s u g g e s t e d  a t h i c k n e s s  o f

abou t  130 m e t r e s  o f  Boulder  Clay  and Lower J u r a s s i c  

o v e r l y i n g  t he  Keuper .  The c r o s s o v e r  d i s t a n c e  f o r  ba sement  

r e f r a c t i o n s  from the  Quenby s h o t p o i n t  was known, from the  

Mel ton r e f r a c t i o n  e x p e r i m e n t ,  t o  be abou t  two k i l o m e t r e s .  

This  was t oo  l a r g e  a d i s t a n c e  to  be co v e red  w i t h  t h e  e q u i p 

ment a v a i l a b l e .

3B.2 THE EXPERIMENT

The r e c o r d i n g s  were made w i th  a 12 channe l  Nimbus 

s e i smograph  w i t h  s i n g l e  HSJ v e r t i c a l  geophones  a t  30 met r e  

i n t e r v a l s .  Two end to end s p r e a d s  (B-C and C-D) were 

r ec o r d ed  g i v i n g  a p r o f i l e  l e n g t h  o f  660 m e t r e s .  Sh o t s  were 

f i r e d  from a t o t a l  o f  f i v e  s h o t p o i n t s  (A-E) l o c a t e d  a t  

e i t h e r  end of  each  sp r e ad  and a t  330 m e t r e s  o f f - e n d  in each 

d i r e c t i o n .
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As w i t h  t h e  C o u n t e s th o r p e  su r v e y  t h e  f i r s t  a r r i v a l s  

were p i cke d  from the  UV pa pe r  r e c o r d s .  Because  o f  t h e  l a r g e  

c h a r g e s  used ( t a b l e  3 .1 )  t he  p i c k i n g  a c c u r a c y  was g e n e r a l l y  

+ 0 .001 s e c o n d s .

The t ime  d i s t a n c e  g r aph  f o r  t he  combined sp r e a d  ( f i g u r e  

3 .5 )  shows a l l  t he  r e c o r d e d  d a t a  from the  f i v e  s h o t p o i n t s .  

S h o t p o i n t s  C and E were n o t  used f o r  s p r e a d  C-D due to a 

s h o r t a g e  o f  s h o t h o l e s .

SPREAD B-C SPREAD C- D

SHOT SIZE kg. DEPTH m. SHOT SIZE kg. DE PTH

A1 5. 0 12 .2 A2 4 .0 6 .7

B1 2. 0 6. 0 B2 4. 0 6. 0

Cl 2. 0 6. 2 D2 2. 0 6 .7

Dl 4. 0, 2 .0 6 . 7 , 5 . 8

E2 4. 0 6. 2

Table 3 .1  Charge s i z e s  and h o l e  d e p t h s

3B.3 INTERPRETATION

S t r a i g h t  l i n e  segmen ts  were f i t t e d  to t h e  t ime d i s t a n c e  

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

t h r e e  l a y e r s  w i th  v e l o c i t i e s  o f  1 .8  to  1 . 9 ,  2 . 45  t o  2 .76  and

3 .02  t o  3 . 26  km. s " \

Having i d e n t i f i e d  t he  a r r i v a l s  from t h e  two r e f r a c t o r s  

a p l u s - m in u s  i n t e r p r e t a t i o n  (Hagedoorn 1959) was used on t he  

r e v e r s e d  a r r i v a l s  from each r e f r a c t o r  in o r d e r  to d e t e r m i n e
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t h e  r e f r a c t o r  v e l o c i t y  and geophone  d e l a y  t i m e s .  Delay t i m e s  

were c a l c u l a t e d  f o r  t he  u n r e v e r s e d  a r r i v a l s  by e x t r a p o l a t i o n

from the  r e v e r s e d  d e l a y  t i m e s ,  u s i n g  t he  r e f r a c t o r  v e l o c i t y  

o b t a i n e d  from the  minus t i m e s .

L i n e a r  r e g r e s s i o n  o f  t h e  minus t i m e s  i n d i c a t e d  

v e l o c i t i e s  o f  2.64 and 3 .24  km.s”  ̂ f o r  t he  two r e f r a c t o r s .  An 

a v e r a g e  v e l o c i t y  o f  1.83 km.s"^ was t a k e n  f o r  t he  s u r f a c e  

l a y e r  in o r d e r  to  c o n v e r t  t he  d e l a y  t i m e s  i n t o  d e p t h s .

The d e p th  c r o s s  s e c t i o n  ( f i g u r e  3.5) shows t h a t  t he  

f i r s t  l a y e r  i s  45 t o  60 m e t r e s  t h i c k .  Th i s  l a y e r  can be 

i n t e r p r e t e d  as  Boulder  Cl ay  and w e a t h e r e d  L i a s  s h a l e s .  The 

second l a y e r  i s  abou t  70 m e t r e s  t h i c k *  t h e  v e l o c i t y  o f  2.64 

i s  0 . 2  km.s~^ h i g h e r  t han  i n t e r v a l  v e l o c i t i e s  f o r  t h e  L i a s  in  

NCB b o r e h o l e s  t o  t he  n o r t h  ( see  c h a p t e r  4) . Layer  2 i s  

t h e r e f o r e  i n t e r p r e t e d  as  L i a s  s h a l e s .  The v e l o c i t y  of  

l a y e r  3, 3.24 km. s* \  i s  t h e  same as t h e  b o r e h o l e  i n t e r v a l

v e l o c i t i e s  f o r  t he  Keuper .

3B.4 CONCLUSIONS

The nea r  s u r f a c e  s t r u c t u r e  and v e l o c i t i e s  d e t e rm i n e d  by 

t h e  r e f r a c t i o n  p r o f i l e  a g r e e  w i th  those p r e d i c t e d  by e x t r a p o 

l a t i o n  o f  t h e  s t r u c t u r e  t o  t he  n o r t h .  The v e l o c i t y  and dep th  

im f o r m a t io n  o b t a i n e d  w i l l  be used in t he  i n t e r p r e t a t i o n  of  

t h e  Mel ton Mowbray r e f r a c t i o n  p r o f i l e  ( c h a p t e r  5) .



54

CHAPTER FOUR 

NATIONAL COAL BOARD SEISMIC REFLECTION LINES

4.1 INTRODUCTION

During e x p l o r a t i o n  f o r ,  and s u b s e q u e n t  e v a l u a t i o n  o f , 

t h e  Nor th  E as t  L e i c e s t e r s h i r e  (Vale o f  B e l v o i r )  C o a l f i e l d  

t h e  NCB commiss ioned  an e x t e n s i v e  programme o f  s e i s m i c  

r e f l e c t i o n  l i n e s  f o l l o w ed  up by a l a r g e  number o f  b o r e h o l e s .  

Some o f  t h e s e d a t a  ŵ % s u p p l i e d  by t h e  NCB f o r  i n t e r p r e t a t i o n  

i n  c o n n e c t i o n  w i t h  t h e  Mel ton Mowbray s e i s m i c  r e f r a c t i o n  

e x p e r i m e n t  ( c h a p t e r  5 ) .  The pu rpose  o f  t h e  i n t e r p r e t a t i o n  

was t w o f o l d :

1: To a s s i s t  w i th  t h e  i n t e r p r e t a t i o n  of  

t h e  r e f r a c t i o n  e x p e r i m e n t  by p r o v i d i n g  v e l o c i t y  and dep th  

d a t a  f o r  t he  s e d i m e n t s  above t he  basement  r e f r a c t o r .

2: To p r o v i d e  c o n s t r a i n t s  on t he  basement  

s t r u c t u r e ,  over  a l a r g e r  a r e a  t han  t h a t  c o ve re d  by t he

r e f r a c t i o n  e x p e r i m e n t ,  f o r  s u b s e q u e n t  m o d e l l i n g  of  t he

a e r o m a g n e t i c  d a t a  ( c h a p t e r  8A).

The g e o lo g y  and s t r u c t u r e  o f  t h e  a r e a  d e s c r i b e d  in

c h a p t e r  1.  R e f l e c t i o n  d a t a  from t h i s  a r e a  have p r e v i o u s l y  

been i n t e r p r e t e d  by E l - N i k h e l y  (1980) who was p r i m a r i l y  

i n t e r e s t e d  in t h e  s t r u c t u r e  o f  t he  Nor th  E as t  L e i c e s t e r s h i r e  

C o a l f i e l d  and d i d  no t  a t t e m p t  t o  i n t e r p r e t  t he  basement  

r e f l e c t o r .
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4.2  BOREHOLE DATA

4 . 2 . 1  I n t e r v a l  v e l o c i t i e s

The b o r e h o l e s  d r i l l e d  f o l l o w i n g  t he  s e i s m i c  su rvey

( f i g u r e  4 .1 )  were co r ed  from the  ba se  T r i a s s i c  to  TD

( u s u a l l y  in  t he  Lower Coal  Measures )  and most  were

g e o p h y s i c a l l y  l ogged from the  s u r f a c e  to  TD.

The NCB made a v a i l a b l e  l i t h o l o g i c a l  and i n t e g r a t e d

s o n i c  l o g s  f o r  18 b o r e h o l e s  in  t he  s u r v e y  a r e a .  These l o g s  

were used to d e t e r m i n e  t he  de p th  and two way t r a v e l  t ime to 

v a r i o u s  h o r i z o n s  in o r d e r  to c a l c u l a t e  i n t e r v a l  v e l o c i t i e s  

and to c o n t r o l  t he  s e i s m i c  i n t e r p r e t a t i o n .  Tab l e  4 .1  i s  a 

c o m p i l a t i o n  o f  t h e  t ime and v e l o c i t y  d a t a  d e t e r m i n e d  from 

t h e  b o r e h o l e s .

The i n t e r v a l  v e l o c i t i e s  d e t e rm i n e d  from the  b o r e h o l e  

s o n i c  l o g s  were measured w i th  an a c c u r a c y  of  + 0 .05  k m . s \  

D e t a i l s  o f  t h e  l o c a t i o n s  o f  t he  b o r e h o l e s  can be found in 

append ix  1 . 2 .

F i g u r e  4 .2  shows a n o r t h - s o u t h  c r o s s  s e c t i o n  t h rough  

some o f  t he  b o r e h o l e s ,  t o g e t h e r  w i th  t h e  i n t e r v a l  v e l o c i t i e s  

measu red  f o r  t he  v a r i o u s  f o r m a t i o n s .  The c oa l  seams,  because  

o f  t h e i r  low v e l o c i t i e s ,  a r e  good marker  h o r i z o n s  on the  

s o n i c  l o g s  and t he  s e c t i o n  shows t he  s u bc r op p i n g  of  t he  

n o r t h e r l y  d i p p i n g  Coal Measures  b e n e a t h  t he  T r i a s s i c  

u n c o n f o r m i t y .

Some o f  t h e  b o r e h o l e s  d r i l l e d  t h ro u gh  a t h i c k n e s s  o f  10 

t o  30 m e t r e s  o f  d o l e r i t e  s i l l s  w i t h i n  t he  Coal Measures .  The 

e f f e c t  o f  t h e s e  h igh  v e l o c i t y  ( 4 .5  to  5 . 5  km.s’^) s i l l s  i s  

i n c l u d e d  in t he  i n t e r v a l  v e l o c i t i e s  f o r  t he  Coal Measures  

g i ve n  in t a b l e  4 . 1 .  For a b o r e h o l e  wi th  30 m e t r e s  o f  s i l l  in
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BOREHOLE TWT (s) <------------v e l o c i t y  km.s~

to  TD LIAS TRIAS C.MEAS

200 GRIMSTON 0. 339 2. 39 3 .08 2. 73

201 GREENNILLS 0. 364 2. 46 3 .28 2 .96

2 04 AB KETTLEBY 0. 359 2. 45 3 .23 2. 89

2 05 ASFORDBY 0. 350 2. 52 3. 13 3. 30a

206 GLEBE FARM 0. 349 2. 25 3. 15 3.01

2 07 GT FRAMLANDS 0. 495 2. 57 3 .2 8 3.01

210 WARTNABY 0. 353 2. 33 3. 12 2. 82

211 WELBY 0. 324 2. 23 3. 18 2.92

KIRBY LANE 0 . 218b 3.04 2. 90

MEAN 2. 41 3. 18 2.92

S. D. 0. 12 0. 10 0. 10

Bor eho le  numbers a r e  used on the maps ( f i g u r e s  4.8

3. 26

3. 07

No te s :  a = v e l o c i t y  a f f e c t e d  by s i l l s  

b = TWT to  basement  n o t  TD

Tab le  4 . 1 .  B o r e h o l e  i n t e r v a l  v e l o c i t i e s
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a Coal  Measures  s e c t i o n  o f  200 m e t r e s  (a t y p i c a l  t h i c k n e s s )  

t h e  i n c r e a s e  in v e l o c i t y ,  r e l a t i v e  to a b o r e h o l e  w i th  no 

s i l l s ,  would be about  0 . 1  km. s " \

The log f o r  t he  As fordby  b o r e h o l e  i n d i c a t e s  a t o t a l  of  

130 m e t r e s  o f  d o l e r i t e  which s u g g e s t s  t h a t  t he  b o r e h o l e  must  

have  fo l l owed  a dyke .  The e x a c t  d e p t h  o f  t h e  base  o f  t h e  

Coal  Measures  in t he  As fordby  b o r e h o l e  i s  u n c e r t a i n  s i n c e  

t h e  base  o f  t h e  d o l e r i t e  i s  in  c o n t a c t  w i th  s e d i m e n t s  o f  t h e  

Upper Namurian.

From the  a n a l y s i s  o f  t h e  b o r e h o l e  l o g s  t h e  f o l l o w i n g  

i n t e r v a l  v e l o c i t i e s  were t ake n  to be r e p r e s e n t a t i v e .

L i a s  + R h a e t i c  2 . 4  + 0 . 2  km.s’^

Keuper  + Bun te r  3 . 2  + 0 . 2  km.s'^

Coal  Measures  2 . 9  + 0 . 2  km.s'^

Namur i an  3 . 2  + 0 .2  km.s'"'

The e r r o r  l i m i t s  g i ve n  cover  t he  r ange  o f  v a l u e s  d e t e r m i n e d  

from the  b o r e h o l e  l o g s .  The v e l o c i t y  o f  t h e  L ia s  and R h a e t i c  

i n t e r v a l  was measured from Ordnance Datum s i n c e  the  s e i s m i c  

l i n e s  were datumed to t h i s  l e v e l .

These i n t e r v a l  v e l o c i t i e s  a r e  t he  v a l u e s  t h a t  w i l l  be 

used in t he  c o n v e r s i o n  o f  t h e  two way t r a v e l  times^ p i cked  

from the  s e i s m i c  s e c t i o n s ,  i n t o  d e p t h s .

The sma l l  v a r i a t i o n s  in i n t e r v a l  v e l o c i t y  between the  

d i f f e r e n t  b o r e h o l e s  ( t a b l e  4 . 1 )  can be acco un t ed  f o r  by 

changes  in t he  p o r o s i t y  and l i t h o l o g y  o f  t h e  v a r i o u s  

i n t e r v a l s .

4 . 2 . 2  C a r b o n i f e r o u s  t h i c k n e s s e s

The base  Coal Measures  h o r i z o n  was no t  i n t e r p r e t e d  on 

t he  s e i s m i c  s e c t i o n s  and t h e r e f o r e  i t  was n e c e s s a r y  to
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assume a t h i c k n e s s  f o r  t he  Coal Measures .  The Ki rby  Lane and 

G r e a t  Framlands  b o r e h o l e s  proved Coal Measures  t h i c k n e s s e s  

o f  94 and 223 m e t r e s  r e s p e c t i v e l y .  The Widmerpool  b o r e h o l e ,  

l o c a t e d  10 k i l o m e t r e s  t o  t he  n o r t h w e s t  o f  t h e  su r v e y  a r e a ,  

p roved  280 m e t r e s  o f  Coal  Measures  and 730 m e t r e s  o f  

Namurian ( M i l l s t o n e  G r i t ) .  At Long Clawson b o r e h o l e ,  s i x  

k i l o m e t r e s  n o r t h  o f  G r e a t  F r a mla nd s ,  t h e  Coal Measures  

t h i c k n e s s  was 430 m e t r e s  and the  M i l l s t o n e  G r i t  480 m e t r e s .  

I t  i s  p r o b a b l e ,  however ,  t h a t  t he  C a r b o n i f e r o u s  f o r m a t i o n s  

a t  Long Clawson have been t h i c k e n e d  by d o l e r i t e  i n t r u s i o n s  

(Lees and T a i t t l 9 4 6 ) .

The s e i s m i c  d a t a  d id  no t  e x t e nd  n o r t h  o f  t h e  Gre a t  

Framlands  b o r e h o l e  and t h e r e f o r e  t he  p o s s i b i l i t y  t h a t  t he  

Coal Measures  t h i c k e n s  t o  t he  n o r t h  o f  t h i s  b o r e h o l e  need 

no t  be c o n s i d e r e d .  A t h i c k n e s s  o f  220 m e t r e s  ( e q u i v a l e n t  to

0.150 s econds  o f  two way t ime)  was assumed f o r  t he  Coal 

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

l i n e  320 (see b e lo w ) .  To t he  sou th  o f  t h i s  f a u l t  a t h i c k n e s s  

o f  110 me t r e s  (0 .075 s e co n ds  TWT) was assumed.  The change  in 

t h i c k n e s s  was l o c a t e d  a t  t he  f a u l t  s i n c e  i t  r e p r e s e n t e d  a 

d i s c o n t i n u i t y  in  t he  d a t a .  As w i l l  be seen  l a t e r  i t  i s  

p o s s i b l e  t h a t  t h i s  f a u l t  was a c t i v e  d u r i n g  t he  i n f i l l i n g  of  

t he  b a s i n  and d id  have some e f f e c t  on s e d i m e n t a t i o n .

4 . 2 . 3  S y n t h e t i c  se i smograms

V e l o c i t y  and d e n s i t y  l o g s  from the  Glebe Farm b o r e h o l e  

were p r o c e s s e d  f o r  t he  NCB to  p roduce  an a c o u s t i c  impedence 

( v e l o c i t y  x d e n s i t y )  log and s y n t h e t i c  s e i smograms ,  t h e s e  

a r e  shown in f i g u r e  4 . 3 .

The J u r a s s i c - T r i a s s i c  boundary  in t he  Glebe Farm
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b o r e h o l e  i s  t y p i c a l  of  most  o f  t h e  b o r e h o l e s  in  t he  a r e a  in 

t h a t  i t  c o n t a i n s  t h e  s eq uen ce ;

L i a s  s h a l e  2 ,4  km.s"^

L imes tone  3 . 0 - 3 . 3  km.s“  ̂ 0 . 5 - 1 . 0  m e t r e s  t h i c k

S h a l e  2 . 5 - 2 . 6  km.s"^ 2 . 0 - 3 . 0  m e t r e s  t h i c k

Keuper  3 . 2  km. s“ ^

The t h i c k n e s s e s  o f  t h e s e  u n i t s  a r e  s l i g h t l y  e x a g g e r a t e d  in 

t he  l ogs  in f i g u r e  4 . 3 .

The t op  o f  t h e  R h a e t i c  l i m e s t o n e  p rod uce s  a s t r o n g  

c o mp re s s i ve  (b l ack )  p u l s e  on t he  s y n t h e t i c  s e i smogram^as  

does  t he  t op  o f  t h e  Keuper (marked 01 on f i g u r e  4 . 3 ) .

The base  o f  t he  T r i a s s i c  in t h i s  b o r e h o l e  i s  marked by 

a d o l e r i t e  s i l l  a t  t he  t o p  o f  t h e  Coal Measu re s .  The s i l l  

a p p ea r s  on t he  s y n t h e t i c  se i smogram by a c o m p r e s s i ve  p u l s e  

( b l ack)  a t  t he  t op  and a r a r e f ^ a c t i o n  a t  t he  b a s e .  As was 

shown above ,  and can be seen  from the  l o g s  in f i g u r e  4 . 3 ,  

t he  Coal Measures  have a lower  v e l o c i t y  t h an  t he  T r i a s s i c ;  

t h e r e f o r e  i f  t h e  s i l l  were n o t  p r e s e n t  t he  T r i a s s i c  -  

C a r b o n i f e r o u s  bounda ry  would be marked by a r a r e f ^ a c t i o n .

The i n t e r v a l  v e l o c i t y  l og shows t h a t  t he  i n t e r v a l

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

Coal Measures)  do not  i n c r e a s e  w i th  d e p t h .  The i n t e r v a l

v e l o c i t i e s  f o r  t he  L ia s  in a l l  t he  b o r e h o l e s  were measured 

from Ordnance Datum and were t h e r e f o r e  u n a f f e c t e d  by t he  

v e l o c i t y  d e c r e a s e  which o c c u r s  above t h i s  l e v e l .

4.3 THE SEISMIC REFLECTION DATA

The su rv ey  was c a r r i e d  ou t  by Sei smograph S e r v i c e s  L td .

and p r o ce s s ed  by D i g i t a l  Technology  Ltd.  Recording  and
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RECORDING
DATE May/June 1975
SOURCE 11b.  ( 0 . 5  Kg.) dynami te  a t  3 m e t r e s
SHOT OFFSET 30 m e t r e s  o f f  end
GROUP INTERVAL 12 m e t r e s  
GROUPS 24
GEOPHONE ARRAY 12 a t  0 .75 m e t r e s  in l i n e  
RECORD TIME 1 second
SAMPLE INTERVAL 1 m i l l i s e c o n d  
FILTERS LOW: ou t

HIGH: 250 Hz. 72 d b / o c t a v e

PROCESSING SEQUENCE
1.  BINARY GAIN RECOVERY
2. PRE FILTER 26-36 Hz. ou t
3. DATA DEPENDENT SCALING
4. DECONVOLUTION BEFORE STACK
5. STATIC CORRECTIONS
6. VELOCITY ANALYSIS
7. NMO CORRECTION
8. 1200% CDP STACK
9. DECONVOLUTION AFTER STACK

10.  TIME VARIANT BAND PASS FILTER
.1 80-240 Hz. from 0 .000  t o  0 .150 s econds
.2  60-220 Hz. from 0 .150 t o  0 . 300 s econds
.3 45-200 Hz. from 0 .300  t o  0 . 450 s econds
.4 35-170 Hz. from 0 .450 t o  0 . 600 s econds
.5  25-140 Hz. from 0 .600 t o  1 .000 s e conds

11. DISPLAY p o s i t i v e  numbers ( compre ss ion )  whi t e
v e r t i c a l  s c a l e  30 mm = 100 m i l l i s e c o n d s  
h o r i z o n t a l  s c a l e  1:6000 

UNMIGRATED

Tab le  4 .2  R eco rd in g  and p r o c e s s i n g  p a r a m e t e r s
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p r o c e s s i n g  d e t a i l s  f o r  t he  s u r v e y  a r e  g iven  in t a b l e  4 . 2 .  

The c l o s e  spa c i n g  of  t h e  s h o t p o i n t s  and geophone g r o u p s ,  and 

t h e  sm a l l  sampl ing  i n t e r v a l ,  r e f l e c t  t he  r e q u i r e m e n t  f o r  

h i g h  r e s o l u t i o n  a t  sh a l l o w  d e p t h s  t h a t  d i s t i n g u i s h e s  co a l  

e x p l o r a t i o n  from o i l  e x p l o r a t i o n  s u r v e y s .  The s h o t  d e p th  o f  

t h r e e  m e t r e s  i s ,  however ,  v e r y  s h a l l o w  and must  have 

r e s u l t e d  in h igh  f r e q u e n c y  a t t e n u a t i o n  w i t h i n  t he  we a the r ed  

l a y e r .

The s e i s m i c  r e f l e c t i o n  s e c t i o n s  were r educed  to  

Ordnance  Datum du r in g  t he  s t a t i c  c o r r e c t i o n  p r o c e s s ,  a 0 .200  

s econd  bu lk  s t a t i c  was t h en  added to p r e s e r v e  t he  sh a l l o w  

d a t a .  E l e v a t i o n s  in t he  s u r v e y  a r e a  were 100 t o  150 m e t r e s  

above CD. F i g u r e  4 . 4 ,  which was produced by d i g i t i z i n g  a 

1:10000 s h o t  p o i n t  basemap,  shows t he  d i s t r i b u t i o n  of  t he  

s e i s m i c  l i n e s .

The ne a r  s u r f a c e  ge o lo gy  in the  su rvey  a r e a  c o n s i s t e d  

o f  10 t o  20 m e t r e s  o f  Boulder  Clay and o t h e r  P l e i s t o c e n e  

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

4 . 3 . 1  I n t e r v a l  v e l o c i t i e s  d e r i v e d  from s t a c k i n g  v e l o c i t i e s

S t a c k i n g  v e l o c i t i e s  can be c o n v e r t e d  i n t o  i n t e r v a l  

v e l o c i t i e s  us ing  t he  Dix e q u a t i o n :

U
, % -L

^n-1 ’ "̂ n-i

Tn T p _ i

where :  VI i s  t h e  Dix i n t e r v a l  v e l o c i t y ,  V i s  t h e  s t a c k i n g  

v e l o c i t y  and T i s  t he  two way t i m e .

T h i s  r e l a t i o n s h i p  assumes t h a t  t he  s t a c k i n g  v e l o c i t y  i s  

e q u i v a l e n t  to the  normal moveout  v e l o c i t y ,  an a s sum pt ion
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F i g u r e  4 . 4  : S h o t p o i n t  b a s e m a p  f o r  t h e  s e i s m i c  s u r v e y .
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which i s  o n l y  t r u e  f o r  h o r i z o n t a l  p l an e  l a y e r i n g .

F i g u r e  4 .5  shows t h e  i n t e r v a l  v e l o c i t i e s  d e r i v e d  from 

some o f  t h e  s t a c k i n g  v e l o c i t i e s  f o r  l i n e  75 -02 ,  t h e  t h r e e  

i n t e r p r e t e d  h o r i z o n s ,  01,  02, 03, a r e  i n c l u d e d  f o r  r e f e r e n c e  

( t he  h o r i z o n s  a r e  d e s c r i b e d  be lo w ) .  The n u m er i c a l  d a t a  f o r  

t he  c a l c u l a t i o n s  g i v en  in t a b l e  4 , 3 .

To t he  s o u t h  o f  SP 362,  where t he  r e f l e c t o r s  were 

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

between t he  b r e a k s  in  t he  Dix i n t e r v a l  v e l o c i t i e s  and t he  

i n t e r p r e t e d  h o r i z o n s .  In p a r t i c u l a r  low v e l o c i t i e s  ( l e s s  

t h an  4 .0  km.s“  ̂ ) a r e  i n d i c a t e d  down to  t he  ba sement  

r e f l e c t o  r .

To t he  n o r t h  o f  SP 362 t he  no r t hw ard  d i p  o f  t h e  

r e f l e c t o r s  r e s u l t s  in  a g r e a t e r  v a r i a t i o n  in Dix i n t e r v a l  

v e l o c i t i e s  and a l a c k  o f  c o r r e l a t i o n  w i th  t he  i n t e r p r e t e d  

h o r i z o n s .  The 03 h o r i z o n  was no t  we l l  d e f i n e d  on t he  

n o r t h e r n  p a r t  o f  t h e  s e c t i o n .  I t  can be seen from the  

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

to  a l l  t he  d a t a  below 0 .55  s ec on ds  two way t ime  and t h i s  may 

e x p l a i n  t he  l a c k  o f  good q u a l i t y  r e f l e c t o r s  in t h i s  a r e a .

4.4 SEISMIC INTERPRETATION

Fol lowing  t he  a n a l y s i s  o f  t he  b o r e h o l e  d a t a  and an 

i n s p e c t i o n  o f  t he  s e i s m i c  s e c t i o n s  t h r e e  h o r i z o n s  were 

s e l e c t e d  f o r  i n t e r p r e t a t i o n :

01 Base R h a e t i c - T o p  Keuper

02 Base T r i a s s i c - T o p  Coal Measures

03 "Basement" as seen  in t he  Kiby Lane b o r e h o l e  

Hor i zon 01 was chosen  as t he  base  R h a e t i c ,  r a t h e r  t han  the
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SHOT POI NT 

HORI ZON

6 3 0  

TWT <S)

0 .  13 0  

0 . 1 9 0  

0 . 2 7 0  

0 . 3 3 0  

0 . 5 5 0  

1 . 0 0 0

VNMO ( M / S )  VINT ( M / S )

5 9 9  . 9

1 3 9 9 . 7  

2 1 9 9 . 5  

2 7 9 9 . 3  

3 8 9 9 . 0

4 9 9 8 . 8

5 9 9 . 9  

2 3 2 9 . 0  

3 4 1 6 . 8  

4 6 1 8 . 4  

5 1 2 3 . 7  

6 0 7 8  . 4

SHOT POI NT 

HORIZON

2 5 3  

TUT ( S )

0 .  1 6 0  

0 . 2 5 0  

0 . 3 1 5  

0 . 3 8 0  

0 . 6 5 0  

1 . 0 0 0

VNMO ( M/ S )  VI NT ( M / S )

7 4 9  . 8 

1 5 4 9 . 6

1 9 9 9 . 5

2 1 9 9 . 5  

2 9 9 9 . 3  

4 7 9 8  . 8

7 4 9 . 8

2 3 8 1 . 4

3 1 8 4 . 2

2 9 8 4 . 4

3 8 5 3 . 3  

7 0 0 6  . 4

SHOT POI NT 

HORI ZON

5 1 4  

TUT ( S )

0 .  15 0  

0 .  19 0  

0 . 2 7 0  

0 .  3 3 0  

0 . 3 9 0

0 . 6 2 5

1 . 0 0 0

VNMO ( M / S )  VI NT ( M / S )

5 9 9 . 9  

9 9 9  . 8 

1 6 9 9 . 6  

1 9 9 9  . 5  

2 2 9 9 . 4  

3 7 9 9 . 1  

4 9 9 8 . 8

5 9 9 . 9

1 8 4 3 . 5

2 7 1 5 . 7

2 9 9 8 . 4

3 5 1 3 . 4  

5 4 4 1  . 6  

6 5 2 5  . 3

SHOT POI NT 1 3 0  

HORI ZON TUT ( S )  VNMO ( M/ S )  VI NT ( M / S )

0 . 2 6 5  

0 . 3 2 0  

0 . 3 8 0  

0 . 4 3 5

0 . 5 0 0  

0 . 5 8 5

1 . 0 0 0

1 5 9 9 . 6

1 9 9 9 . 5

2 1 9 9 . 5  

2 7 9 9  . 3 

2 9 9 9  . 3 

3 3 9 9 . 2  

4 7 9 8 . 8

1 5 9 9 . 6

3 3 0 6 . 5

3 0 5 2 . 1

5 3 4 3 . 5

4 0 9 3 . 3

5 1 5 8 . 1

6 2 6 1 . 3

SHOT POI NT 

HORI ZON

4 11  

TWT ( S )

0 . 1 5 0

0 . 1 9 0

0 . 2 6 5  

0 . 3 2 5  

0 . 4 4 0  

0 . 5 9 0

1 . 0 0 0

VNMO ( M / S )  VI NT ( M/ S )

7 9 9 . 3

1 1 9 9 . 7  

1 6 9 9  . 6 

1 9 9 9 . 5  

2 3 9 9  . 4 

3 6 9 9 . 1

4 7 9 8 . 8

7 9 9  . 8

2 1 0 6 . 6  

2 5 6 1 . 3  

2 9 8 3 . 0  

3 2 7 5 . 5  

6 0 7 7  . 3 

6 0 3 9  . 6

SHOT POI NT 

HORIZON

86 
TWT ( S )

0 . 2 6 5

0 . 3 1 5

0 . 3 7 5  

, 0 . 4 2 0

0 . 4 9 0

0 . 5 7 0

1 . 0 0 0

VNMO ( M / S )  VI NT ( M / S )

1 4 9 9 . 6

1 7 9 9 . 6  

2 2 9 9 . 4  

2 5 9 9  . 4 

2 8 9 9 . 3  

3 2 9 9  . 2 

4 7 9 8 . 8

1 4 9 9 . 6

2 9 1 2 . 5  

4 0 0 5  . 6

4 3 5 9 . 0

4 2 7 8 . 0

5 1 0 5 . 6

6 2 5 5 . 1

SHOT POI NT 

HORI ZON

3 6 2  

TUT ( S )

0 . 1 5 0

0 . 1 9 0

0 . 2 7 0

0 . 3 2 5  

0 . 4 3 0  

0 . 5 0 0  

0 . 6 0 0

1 . 0 0 0

VNMO ( M / S )  VI NT ( M/ S )

7 9 9  . 8

1 1 9 9 . 7  

1 9 9 9 . 5  

2 2 9 9 . 4  

2 5 9 9  . 4 

3 0 4 9 . 3  

3 7 9 9  . 1

4 7 9 8 . 8

7 9 9  . 8 

2 1 0 6 . 6

3 1 7 4 . 1

3 4 0 3 . 4

3 3 6 2 . 2  

4 9 9 0 . 8  

6 3 3 3 .  1

5 9 9 3 . 5

SHOT POI NT 

HORIZON

I B  

TWT ( S )

0 . 2 5 0

0 . 2 9 0  

0 . 3 5 0  

0 . 3 9 0  

0 . 4 7 0

0 . 5 6 0

1 . 0 0 0

VNMO ( M / S )  VINT ( M / S )

1 5 9 9 . 6  

1 8 9 9 . 5  

2 3 9 9  . 4 

2 7 9 9  . 3

3 1 9 9 . 2

3 2 9 9 . 2  

4 7 9 8 . 8

1 5 9 9 . 6

3 1 9 8

4 0 1 7  

5 1 0 1 ,  

4 6 8 2  . 

3 7 7 8  ,

6 2 0 3  ,

SHOT POI NT 3 2 3  

HORI ZON TUT ( S )  VNMO ( M / S )  VINT ( M/ S )

0 . 1 5 0  

0 . 2 1 0  

0 . 2 4 0  

0 . 2 9 0  

0 . 3 6 0  

0 . 4 0 0

0 . 4 9 0

1 . 0 0 0

6 4 9  . 8 

1 2 9 9  . 7 

1 5 4 9 . 6

1 8 9 9 . 5

2 1 4 9 . 5  

2 5 9 9  . 4 

2 9 4 9 . 3  

4 7 9 8  . 8

6 4 9  . 8 

2 2  03  . 7 

2 7 1 7 . 0  

3 0 6 6  . 2 

2 9 6 8 . 6  

5 0 9 7  . 5 

4 1 6 2 . 6  

6 0 6 6  . 1

T a b l e  4 . 3  : S t a c k i n g  (VNMO) and Di x i n t e r v a l  
v e l o c i t i e s  f o r  l i n e  7 5 - 0 2 .
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base  J u r a s s i c  or  t he  R h a e t i c  l i m e s t o n e ,  as  t h e  major  change 

i n  i n t e r v a l  v e l o c i t y  occur red  a t  t h i s  p o i n t .

As d i s c u s s e d  above ,  t he  base  T r i a s s i c  r e f l e c t o r  was 

e xp ec t e d  to v a r y  in  s e i s m i c  c h a r a c t e r  due to t he  p r e s e n c e  o f  

d o l e r i t e  s i l l s  a t  t he  t op  o f  t he  Coal Measu re s .

The basemen t  r e f l e c t o r  was assumed to have a p o s i t i v e  

r e f l e c t i o n  c o e f f i c i e n t  on acc o u n t  o f  t h e  h i g h e r  v e l o c i t y  and 

d e n s i t y  of  t he  ba s eme n t ,

4 , 4 , 1  Sou th  from l i n e  75-06

Two o f  t h e  l i n e s  (75-01 and 75-06)  pa s se d  w i t h i n  0 ,3  

k i l o m e t r e s  o f  t h e  Ki rby  Lane b o r e h o l e  and t h i s  was used as 

t he  s t a r t i n g  p o i n t  o f  t h e  i n t e r p r e t a t i o n .  The t h r e e  

h o r i z o n s ,  t o g e t h e r  w i th  a d o l e r i t e  s i l l ,  were c o r r e l a t e d

wi th  t h e  b o r e h o l e  u s i n g  t he  i n t e g r a t e d  s o n i c  l o g .  The

r e f l e c t o r s  were t hen  c a r r i e d  a round t he  g r i d  of  l i n e s  

( f i g u r e  4 ,4 )  u s i ng  l i n e  t i e s .

For  t he  a r e a  to t he  s ou th  of  l i n e  75-06 t he  s p a c i n g  

between l i n e  t i e s  was two to t h r e e  k i l o m e t r e s .  In t h i s  a r e a  

t he  t h r e e  r e f l e c t o r s  cou ld  be fo l lowed  around c l o s e d  loops  

in o r d e r  to check  t h a t  t he  c o r r e c t  c y c l e  had been 

i n t e r p r e t e d .  The a c c u r a c y  of  t he  l i n e  t i e s  in t h i s  a r e a  was 

abou t  0 ,010 s eco nd s  TWT.

HORIZON 01: The J u r a s s i c  s t r a t a  down to  t h i s  h o r i z o n

were f l a t  l y i n g  and ea sy  t o  f o l l o w .  The r e f l e c t i o n s  had 

dominant  f r e q u e n c i e s  o f  abo u t  120 Hz. S u r f a c e  f e a t u r e s ,  such 

a s  r o a d s ,  r i v e r s  and r a i l w a y s ,  c aused  a l o s s  o f  s u b s u r f a c e  

cover  which ,  a t  two way t i m e s  e q u i v a l e n t  to h o r i z o n  01,  

ammounted to abou t  20% of  t he  t o t a l  l i n e  l e n g t h .  The gaps  in

cover  were u s u a l l y  on ly  100 t o  200 m e t r e s  a c r o s s  and i t  was
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p o s s i b l e  t o  c a r r y  t h e  r e f l e c t o r  a c r o s s  such gaps  ( see  f i g u r e  

4 .6 )  .

HORIZON 02: The ba se  T r i a s  r e f l e c t o r  had a s h o r t

wa v e l e ng th  (100 t o  200 m e t r e s )  t o p o g ra p h y  w i t h  an a m p l i t u de  

of  20 t o  40 m e t r e s .  The r e f l e c t o r s  from t h e  s u r f a c e  to  

h o r i z o n  02 were c o n c o r d a n t .  F i g u r e  4 .7  shows an example of 

t h e  t r u n c a t i o n  of  Coal  Measures  r e f l e c t o r s  be n e a th  t he  

T r i a s s i c  u n c o n f o r m i t y .  T r u n c a t i o n s  such as  t h i s  p roved 

u s e f u l  i n  t h e  i n t e r p r e t a t i o n  of  h o r i z o n  02,  e s p e c i a l l y  over  

t h e  n o r t h e r n  p a r t  of  t he  su rv ey  a r e a .

HORIZON 03: In t h e  a r e a  s o u t h  from l i n e  75-06 t he

basement  r e f l e c t o r  was w e l l  d e f i n e d ,  w i th  t h e  l e n g t h  of  

c o h e r e n t  r e f l e c t i o n s  a t  l e a s t  50% o f  t h e  t o t a l  l i n e  l e n g t h .  

The h o r i z o n  had a s i m i l a r  t op og r aph y  t o  h o r i z o n  02;  in some 

a r e a s  t h e  t o po g r ap hy  of  t h e  two r e f l e c t o r s  was so s i m i l a r  

t h a t  i t  must  have been due t o  l o c a l i s e d  v e l o c i t y  changes  

above h o r i z o n  02.

On l i n e  75 -1 0 ,  t o  t h e  s o u t h  of  SP 80,  t h e  T r i a s s i c  

o v e r s t e p p e d  t h e  C a r b o n i f e r o u s  t o  l i e  d i r e c t l y  on t he  

basement  s u r f a c e .  The m agne t i c  m o d e l l i n g  i n  c h a p t e r  BA 

s u g g e s t s  t h a t  t h e  basement  i n  t h i s  a r e a  i s  no t  t h e  t op 

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

4 . 4 . 2  Nor th  o f  75-06

The a r e a  t o  t h e  n o r t h  of  l i n e  75-06 was h a r d e r  t o  

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

and t h e  no r t h wa rd  d ip  and d o w n f a u l t i n g  of  t h e  r e f l e c t o r s  

( see  b e l o w ) .

The l i n e  t i e s  f o r  h o r i z o n s  01 and 02 were a c c u r a t e  to 

b e t t e r  t h an  + 0.010 seconds  TWT. Two b o r e h o l e s  p r o v i d ed
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c o n t r o l  on h o r i z o n s  01 and 02.  The Glebe  Farm b o r e h o l e  was 

a d j a c e n t  to  SP 520 on l i n e  75 -04 ,  t h e  d i f f e r e n c e s  between 

t he  s e i s m i c  i n t e r p r e t a t i o n  and t he  t r a v e l  t im es  from the  

i n t e g r a t e d  s o n i c  log were 0 .005  and 0 .015  s e co nd s  TWT f o r  

h o r i z o n s  01 and 02 r e s p e c t i v e l y .

L ine  75-01 SP 110 was 150 m e t r e s  west  o f  t h e  Welby

b o r e h o l e .  The t im es  t o  h o r i z o n s  01 and 02 o b t a i n e d  from the

b o r e h o l e  log were 0 .064  and 0 .216  s econds  TWT below OD 

r e s p e c t i v e l y .  The t ime s  from the  s e i s m i c  i n t e r p r e t a t i o n  were

0 .055  and 0 .200  s e co nd s  below OD.

Smal l  d i f f e r e n c e s  such as  t h e s e  can be a cc o un t e d  f o r  by 

l o c a l i s e d  l i t h o l o g i c a l  v a r i a t i o n s .  For example t he  R h a e t i c  

in t he  Welby b o r e h o l e  was composed of  e i g h t  m e t r e s  of  

l i m e s t o n e .  The p r om ine n t  r e f l e c t i o n  would p r o b a b l y  occu r  a t  

t he  t op  o f  t h e  l i m e s t o n e  and no t  from the  Keuper .  The 

b o r e h o l e  log f o r  Welby s u g g e s t s  t h a t  t he  b a s a l  20 m e t r e s  of  

t h e  Bunt e r  i s  a c han ne l  f i l l  d e p o s i t  w i th  a s h a r p  downward 

d e c r e a s e  in v e l o c i t y ,  from 3 .65  t o  2 . 9  km.s'*'\ a c r o s s  i t ' s  

bot tom s u r f a c e .  Th i s  change  in v e l o c i t y  i s  s i m i l a r  to a

normal  T r i a s s i c  -  Coal  Measures  c o n t a c t .  I t  i s  p o s s i b l e  t h a t

a chann e l  cu t  i n t o  t he  un c o n f o r m i ty  s u r f a c e  would no t  have 

been r e s o l v e d  on t he  s e c t i o n ;  f o r  a dep th  of  400 m e t r e s  and 

an av e r ag e  v e l o c i t y  o f  2 .8  km.s"^ t h e  f i r s t  F r e s n e l  zone of  a 

100 Hz. w a v e l e t  would have a r a d i u s  o f  75 m e t r e s .

The i n t e r p r e t a t i o n  o f  t he  basement  r e f l e c t o r  to t he  

n o r t h  o f  t h e  f a u l t i n g  a t  g r i d  l i n e  320. N was d i f f i c u l t  due 

to  a l a c k  o f  b o r e h o l e  c o n t r o l  and probl ems in  c o r r e l a t i n g  

t he  r e f l e c t o r  a c r o s s  t he  f a u l t .  Hor izon  03 cou ld  no t  be t i e d  

between l i n e s  75-01 and 75-02 because  of  poor  d a t a  q u a l i t y  

on t he  n o r t h e r n  ends o f  t h e s e  l i n e s  and on t he  t i e  l i n e
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( 7 5 - 0 4 ) .  Th i s  poor  d a t a  q u a l i t y  i s  p r o b a b l y  due to a 

c o m b i n a t i o n  o f  t h e  sma l l  c h a r g e s  used and t he  way in which 

t he  e v e n t s  below 0 .5  s econds  TWT were s t a c k e d .

4 .5  FAULTING

The e a s t - w e s t  f a u l t i n g  has  been r e f e r r e d  to above in 

c o n n e c t i o n  w i t h  t h e  c h o i c e  o f  i n t e r v a l  v e l o c i t i e s  and 

p rob l ems  w i th  t h e  i n t e r p r e t a t i o n .  Two f a u l t s  can be t r a c e d  

a c r o s s  t he  s u r v e y  a r e a ,  bo th  a r e  normal  f a u l t s  downthrown to 

t h e  n o r t h .  The s o u t h e r n  f a u l t  has  a throw o f  40 t o  50 

m e t r e s .  To t he  west  o f  l i n e  75-01 i t s  t r e n d  swings  s o u t h  

and i t  i s  p r o b a b l e  t h a t  t h i s  f a u l t  i s  an e x t e n s i o n  o f  t he  

S i l e b y  f a u l t  which i s  mapped a t  t he  s u r f a c e  about  10 

k i l o m e t r e s  t o  t he  s o u t h w e s t  o f  t h e  su rv ey  a r e a  ( see  f i g u r e  

5 .1)  .

The n o r t h e r n  f a u l t  i s  seen a t  t he  ex t r eme  ends of  l i n e s  

75-01 and 75 -03 ,  t he  throw c an no t  be r e l i a b l y  e s t i m a t e d  due 

t o  t he  l a c k  o f  d a t a  on t he  downthrown s i d e .  The Wartnaby 

b o r e h o l e  i n t e r s e c t e d  a f a u l t  in t he  Keuper a t  200 m e t r e s  

below OD. The t hrow on t h i s  f a u l t  was e s t i m a t e d ,  from the 

t h i n n i n g  of  t h e  Keuper ,  a t  abou t  50 m e t r e s .

Both t h e  f a u l t s  d i s p l a c e  t he  L i a s  and t h e r e f o r e  a r e  

p o s t  Lower J u r a s s i c  in age .  The c o r r e l a t i o n  be tween t he  

s o u t h e r n  f a u l t  and t he  r a p i d  deepen ing  of  h o r i z o n  03 ( f i g u r e  

4 .11 )  s u g g e s t s  t h a t  t he  f a u l t s  were r e a c t i v a t e d  a long the  

l i n e  o f  t h e  s o u t h e r n  bounda ry  f a u l t s  o f  t he  Widm^repool  

G u l f .

Arab (1972) model led  g r a v i t y  d a t a  from the  Widm^repool  

G u l f ,  t h i s  m o d e l l i n g  su g g e s t e d  a s t e p  f a u l t e d  s o u t h e r n
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margin  to t he  b a s i n  w i th  throws  o f  abou t  0 . 5  k i l o m e t r e s .

4.6  STRUCTURE AND ISOPACH MAPS

In o r d e r  to  p r e p a r e  t h e s e  maps ( f i g u r e s  4 .8  to 4 .11)

th e  t h r e e  i n t e r p r e t e d  h o r i z o n s  were p i cked  a t  i n t e r v a l s  o f  

50 s h o t p o i n t s  ( 0 . 6  k i l o m e t r e s )  w i th  e x t r a  p i c k s  a t  f a u l t s  

and l i n e  t i e s .  Thi s  i n t e r v a l  was s u f f i c i e n t l y  c o a r s e  to 

smooth ou t  any sm a l l  s c a l e  s t r u c t u r e  on t he  r e f l e c t o r s  and 

sm a l l  enough t o  p r e s e r v e  t he  g e n e r a l  t r e n d s ,  which was t he  

pu r po se  o f  t h e  i n t e r p r e t a t i o n .  The measurement  a c c u r a c y  was 

+ 0 .005  s e co n ds  TWT. The two way t im es  were c o n v e r t e d  to 

d e p t h s  u s ing  t he  v e l o c i t i e s  d i s c u s s e d  above .

In  f i g u r e s  4 .8  to  4 . 11  t h e  numbers 200 t o  217 r e p r e s e n t  

b o r e h o l e s  ( see  t a b l e  4 . 1 ) ,  t he  s i t e s  marked Al-7 and B37-53

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

HORIZON 01: The s t r u c t u r e  map f o r  t he  base  R h a e t i c

( f i g u r e  4 .8 )  shows a one de g re e  d i p  to t he  s o u t h e a s t  f o r  the  

J u r a s s i c .  To t he  n o r t h  o f  t he  s o u t h e r n  f a u l t  no d i p  

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

no r th war d  i n c r e a s e  in de p th  which p r o b a b l y  r e f l e c t s  a 

g r e a t e r  de g re e  o f  s u b s i d e n c e  due to compac t i on  w i t h i n  the  

b a s i n .

HORIZON 02: The i sopa ch  map f o r  t he  01-02 i n t e r v a l

( f i g u r e  4 .9 )  shows t h a t  t h i s  i n t e r v a l  i s  t y p i c a l l y  abou t  250 

m e t r e s  t h i c k .  The v a r i a t i o n s  in t h i c k n e s s  a r e  no t  r e l a t e d  to 

t he  f a u l t i n g .

HORIZON 03: The c a l c u l a t e d  C a r b o n i f e r o u s  s e d i m e n t

t h i c k n e s s  ( f i g u r e  4 .10)  and the  ba sement  s t r u c t u r e  map 

( f i g u r e  4 .11)  show the  t h i n n i n g  of  t he  C a r b o n i f e r o u s  t o  the
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s o u t h  where i t  o n l a p s  t h e  basement  h i g h .  The t h i c k n e s s

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

Lower J u r a s s i c ,  f a u l t  which s u g g e s t s  t h a t  t he  b a s i n  was

s u b s i d i n g  a long  a s i m i l a r  t r e n d .  The maximum t h i c k n e s s  f o r  

t h e  01-02 i n t e r v a l  in t he  su r ve y  a r e a  i s  about  400 m e t r e s .  

The Long Clawson b o r e h o l e  i n d i c a t e d  870 m e t r e s  o f  Coal 

Measures  and M i l l s t o n e  G r i t  o v e r l y i n g  C a r b o n i f e r o u s  

L im es to ne .  Th i s  l a r g e  t h i c k n e s s  of  C a r b o n i f e r o u s  s e d i m e n t s  

so c l o s e  to  t h e  su rv ey  a r e a  c a s t s  doub t  on t he  03 r e f l e c t o r

b e in g  ba sement  in  t h e  a r e a  to t he  n o r t h  of  t h e  s o u t h e r n

f a u l t .  By a n a l o g y  w i th  t he  g r a v i t y  and s e i s m i c  work o f  Arab 

(1972) i t  i s  p o s s i b l e  t h a t  t he  03 r e f l e c t o r  in t h i s  a r e a  i s  

t h e  t op  o f  t h e  C a r b o n i f e r o u s  Limes tone  and t he  basement  i s  

d o w n fa u l t e d  by 0 .5  k i l o m e t r e s  or  more.

The minimum dep th  t o  h o r i z o n  03 o c c u r s  t o  t he  s o u t h w e s t  

o f  t h e  Ki rby  Lane b o r e h o l e ,  as  w i l l  be seen in l a t e r  

c h a p t e r s  t h i s  i s  t h e  l o c a t i o n  o f  t he  peak o f  t he  a e r o -  

magn e t i c  anomaly.

4.7 SUMMARY AND CONCLUSIONS

Three  h o r i z o n s ,  t he  base  R h a e t i c ,  base  T r i a s s i c  and 

basement  (or  t op  C a r b o n i f e r o u s  Limes tone)  have been 

i n t e r p r e t e d  to show the  s t r u c t u r e  o f  t h e  s o u t h e r n  margin  o f  

t h e  Widmer^pool  Gul f  and t he  s t r u c t u r e  o f  t he  ( g r a n i t i c )  

basement  a round  t he  Ki rby Lane b o r e h o l e .

The a c c u ra c y  of  t he  de p th  and t h i c k n e s s  d e t e r m i n a t i o n s  

i s  abou t  + 25 m e t r e s  f o r  t he  J u r a s s i c ,  t h e  T r i a s s i c  and fo r  

t he  ba sement  in  t he  s o u t h e r n  p a r t  of  t he  su rv ey  a r e a .  This  

i s  a d eq u a t e  g i v en  t he  uses  t h a t  a r e  to be made o f  t he
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i n t e r p r e t a t i o n s .

The t h i c k n e s s  of  t h e  J u r a s s i c  and T r i a s s i c  s e d i m e n t s  

w i l l  be used  i n  t h e  a n a l y s i s  of  t h e  s e i s m i c  r e f r a c t i o n  t ime 

t e rms  i n  t h e  f o l l o w i n g  c h a p t e r .

The e s t i m a t e s  o f  basement  de p th  w i l l  be used t o  

c o n s t r a i n  t h e  m o d e l l i n g  o f  t h e  Mel ton a e r o m a g n e t i c  anomaly 

( c h a p t e r  8A). As w i l l  be s een  i n  c h a p t e r  8A, t he  l i n e s  on 

t h e  e a s t e r n  p a r t  of  t h e  su r v e y  a r e a  have p r o b a b l y  c r o s s e d  

t h e  e a s t e r n  marg in  of  t h e  Mel ton i n t r u s i o n .  I t  was no t  

p o s s i b l e  t o  d e t e c t  any i n t r a - b a s e m e n t  s t r u c t u r e s ,  or  changes  

i n  s e i s m i c  c h a r a c t e r ,  on t h e  s e i s m i c  l i n e s  t o  s u p p o r t  t he  

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

The two f a u l t s  which d i s p l a c e  h o r i z o n s  01 and 02 have 

s m a l l  t h rows  (< 50 m e t r e s )  bu t  may r e p r e s e n t  a p o s t  Lower 

J u r a s s i c  r e a c t i v a t i o n  of  t he  s o u t h e r n  bounda ry  f a u l t s  of  t h e  

Widmerpool  G u l f ,  as  s u g g e s t e d  by t h e  t h i c k e n i n g  of  t he  

C a r b o n i f e r o u s  a c r o s s  t h e  s o u t h e r n  f a u l t .  The f a u l t s  may a l s o  

i n d i c a t e  t h e  n o r t h e r n  margin  of  t h e  g r a n i t i c  i n t r u s i o n .

The n a t u r e  of  t he  03 ( "ba sement " )  r e f l e c t o r  t o  t he  

n o r t h  o f  t h e  s o u t h e r n  f a u l t  i s  u n c e r t a i n  bu t  may be r e s o l v e d  

by t h e  m ag ne t i c  m od e l l i n g  (see  c h a p t e r  8A) .
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CHAPTER FIVE 

MELTON MOWBRAY SEISMIC REFRACTION PROFILES

5 .1  INTRODUCTION

Th i s  s e i s m i c  r e f r a c t i o n  ex pe r i m e n t  was t h e  f o u r t h  i n  a 

s e r i e s  o f  p r o f i l e s  d e s i g n e d  t o  map t h e  P re cam b r i a n  basement  

r e f r a c t o r  s u r r o u n d i n g  t h e  C ha rn i an  I n l i e r ^  and t o  i n v e s t i g a t e  

t h e  r e l a t i o n s h i p  of  t h i s  basement  t o  t h e  C a l e d o n i a n  i gneous  

i n t r u s i o n s  exposed i n  L e i c e s t e r s h i r e .

The t h r e e  p r e v i o u s  p r o f i l e s  a r e  d e s c r i b e d  i n  Whitcombe 

(1979) and Whitcombe and Magui re  ( 1 9 8 1 a , b ) .

5 . 1 . 1  G e o l o g i c a l  s e t t i n g  o f  t h e  e x p e r im e n t

The Ki rby  Lane b o r e h o l e  ( f i g u r e  5 .1)  proved  a b i o t i t e  

g r a n i t e  a t  a de p th  of  400 m e t r e s .  As d e s c r i b e d  i n  c h a p t e r  1 

t h e  g e o c h e m i s t r y  of  t h i s  rock i n d i c a t e d  t h a t  i t  was r e l a t e d  

t o  t h e  C a l e d o n i a n  i gneo us  i n t r u s i o n s  of  M o u n t s o r r e l  and 

South  L e i c e s t e r s h i r e .

The s u r f a c e  geology  of  t h e  su rv ey  a r e a  ( f i g u r e  5.1)  

c o n s i s t s  o f  L i a s  s h a l e s  and Keuper  m a r l s .  The l a t t e r  l i e  

uncon fo rmab ly  on t h e  C h a r n i a n , a n d  on t h e  i gneo us  i n t r u s i o n s .  

P l e i s t o c e n e  d e p o s i t s ,  mo s t l y  Boulder  C l ay ,  a r e  w id e sp r e a d  

b u t  a r e  u s u a l l y  l e s s  t h a n  10-20 m e t r e s  t h i c k .  The S i l e b y  

(Wreake V a l l e y )  f a u l t  i s  p o s t - J u r a s s i c  i n  age .  An e a s tw a r d  

c o n t i n u a t i o n  o f  t h i s  f a u l t  i s  ob se rv ed  on NCB s e i s m i c  

r e f l e c t i o n  l i n e s  ( c h a p t e r  4 ) .  To t h e  wes t  t h e  f a u l t  can be 

t r a c e d  a t  t h e  s u r f a c e  i n t o  t h e  Soar  V a l l e y  where i t  a p p e a r s
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t o  swing to  t h e  n o r t h  (IGS s h e e t  142) .

To t h e  s o u t h  o f  M o u n t s o r r e l  and Mel ton Mowbray s e v e r a l

b o r e h o l e s  p rove  Lower P a l a e o z o i c  or  P r e cam br i an  basement  a t  

100 t o  300 m e t r e s  below OD, To t h e  n o r t h  and n o r t h w e s t  of  

Mel ton i s  t h e  t h i c k  C a r b o n i f e r o u s  s u c c e s s i o n  of  t h e  Widmer

p o o l  Gul f  ( c h a p t e r s  1 and 9) ,

5 . 1 . 2  G e o ph y s i ca l  background

The a e r o m a g n e t i c  map of  t h e  a r e a  ( f i g u r e  5 .2 )  shows t h e  

l a r g e  (200-250 nT) p o s i t i v e  a n om a l i e s  a s s o c i a t e d  w i th  t h e  

Mel ton  i n t r u s i o n  ^and w i t h  t h e  presumed n o r t h e r n  ex - t ens ion^of  

t h e  M o u n t s o r r e l  g r a n o d i o r i t e .  The Mel ton and M o u n t s o r r e l  

i n t r u s i o n s  l i e  i n  a b e l t  of  a e r o m a g n e t i c  a n om a l i e s  t h a t  r uns  

n o r t h w e s t  t o  s o u t h e a s t ,  f rom n o r t h  o f  Charnwood F o r e s t  t o  

E a s t  Ang l i a  ( see  c h a p t e r  7) .

There  i s  no d i s c e r n a b l e  g r a v i t y  anomaly a s s o c i a t e d  w i th  

t h e  Mel ton or  M o u n t s o r r e l  i n t r u s i o n s .  The d e n s i t i e s  

t a b u l a t e d  i n  c h a p t e r  7 s u g g e s t  t h a t  t h e  M o u n t s o r r e l  

g r a n o d i o r i t e  sh ou ld  have a lower  d e n s i t y  ( c .2650 kg.m^) t h a n
- 3

t y p i c a l  Ch a rn i a n  rock s  ( c . 2700-2750 kg.m ) .  However t h e  

l a r g e  s e d i m e n t a r y  t h i c k n e s s  in  t h e  Widmerpool  Gul f  c a us e s  a 

l a r g e  (100 g u . )  n e g a t i v e  g r a v i t y  anomaly and t h i s  may be 

masking any anomaly due t o  t h e  i n t r u s i o n s .  Arab (1972) 

p roduced  a g r a v i t y  model f o r  t h e  margin of  t h e  Widmerpool  

Gu l f  t o  t h e  n o r t h w e s t  of  Mel ton Mowbray. The model i n d i c a t e d  

a two k i l o m e t r e  d o w n f a u l t i n g  of  t h e  basement  a c r o s s  t he  

margin  of  t he  G u l f .  The p rob l em of  g r a v i t y  a no ma l i e s  and t h e  

L e i c e s t e r s h i r e  i n t r u s i o n s  i s  d i s c u s s e d  f u r t h e r  in c h a p t e r  7.

The p r e v i o u s  s e i s m i c  work i n  t h e  a r e a  has  been 

d e s c r i b e d  i n  c h a p t e r  1. The most  u s e f u l  i n f o r m a t i o n  i n  t h e
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d e s i g n  o f  t h e  Mel ton ex p e r i m e n t  was t h e  i n t e r p r e t a t i o n  of  

t h e  Bardon t o  Ho lwe l l  l i n e  o f  Whitcombe (1979) .  Thi s  l i n e  

i n d i c a t e d  t h a t  t h e  n o r t h e r n  e x t e n s i o n  o f  t he  M o un t so r r e l  

a e r o m a g n e t i c  anomaly c o r r e l a t e d  w i t h  a low r e f r a c t o r  

v e l o c i t y  of  5 .0  km.s^ a t  d e p t h s  of  0 .25 t o  1 .25  k i l o m e t r e s .  

Th i s  low v e l o c i t y  basement  l a y  be tween t h e  C ha rn i an  I n l i e r  

t o  t h e  w e s t ,  and a 1 .25  t o  2 . 0  k i l o m e t r e  deep r e f r a c t o r ^  to  

t h e  e a s t ,  which had v e l o c i t y  5 . 64  km.s  ̂ and was i n t e r p r e t e d  

a s  Ch a rn i a n  t y pe  ba semen t .  The i n t e r p r e t a t i o n  of  t h e  

Charnwood a r r a y  d a t a  (Whitcombe and Magui re  1980 and c h a p t e r  

1) i n d i c a t e d  a 6 . 4  km.s"^ r e f r a c t o r  a t  2 t o  4 k i l o m e t r e s  

b e n e a t h  t h e  C ha rn i an  I n l i e r .  S t a t i o n s  on t h e  Bardon t o  

Ho lwe l l  l i n e  (Whitcombe 1979) , a t  g r e a t e r  t h a n  25 k i l o m e t r e s  

f rom t h e  C ha rn i an  I n l i e r ,  r e c o r d e d  f i r s t  a r r i v a l s  from a 

p r o b a b l e  basement  t o  t h e  Ch a rn i a n  r e f r a c t o r .

5 . 1 . 3  The p u r p os e  o f  t h e  e x p e r im e n t

As can be s een  from f i g u r e  5 .2  t h e  a e r o m a g n e t i c  anomaly 

a s s o c i a t e d  w i t h  t h e  Mel ton i n t r u s i o n  i s  no t  c o n t i g u o u s  wi th  

t h e  M o u n t s o r r e l  anomaly.  The aim of  t h e  r e f r a c t i o n  e x p e r 

iment  was t h e r e f o r e  t w o f o l d :

1.  To i n v e s t i g a t e  t h e  basement  s t r u c t u r e  between 

M o u n t s o r r e l  and Ki rby  Lane i n  o r d e r  t o  s ee  i f  t h e  magne t i c  

low was i n d i c a t i v e  of  deep basement  be tween  t h e  two i n t r u s 

i o n s  ( i . e .  a s o u t h e r n  e x t e n s i o n  of  t h e  Widmerpool  G u l f ) .

2.  To l o c a t e  t h e  n o r t h e r n  and s o u t h e r n  marg ins  of  

t h e  Mel ton  i n t r u s i o n  i n  o r d e r  t o  c o n s t r a i n  su b s e q u e n t  

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

In  o r d e r  t o  a c h i e v e  t h e s e  two o b j e c t i v e s  i t  was 

n e c e s s a r y  t o  r e c o r d  two r e f r a c t i o n  p r o f i l e s .  The d e s i g n  of
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t h e  e x p e r i m e n t ,  as  d e s c r i b e d  be low,  was based  on t h e  

a s su m pt ion  t h a t  t h e  g r a n i t i c  i n t r u s i o n s  i n  t h i s  a r e a  co u ld  

be d i s t i n g u i s h e d  from C h a r n i a n  t ype  basement  by t h e i r  low 

p-wave v e l o c i t i e s .

5 . 2  THE EXPERIMENT

5 . 2 . 1  L o ca t i o n  of  t h e  p r o f i l e s

The e x a c t  amount of  r e c o r d i n g  equipment  a v a i l a b l e  was 

no t  known when t h e  p r o f i l e s  were p l ann ed  bu t  t he  t a r g e t  was 

t o  a c h i e v e  a mean s t a t i o n  s p a c i n g  of  1 .5  k i l o m e t r e s .

The Bardon t o  Ho lwe l l  p r o f i l e  o f  Whitcombe (1979) had 

s u c c e s s f u l l y  r e c o rd ed  a r r i v a l s  from Bardon H i l l  and Whitwick 

q u a r r i e s  a t  r ange s  of  23 and 30 k i l o m e t r e s  r e s p e c t i v e l y .

Using t h e  v e l o c i t i e s  measured  from NCB b o r e h o l e  l og s  

( c h a p t e r  4) t h e  c r o s s o v e r  d i s t a n c e  f o r  a 5 . 0  km.s"^ r e f r a c t o r  

a t  0 .5  km dep th  was c a l c u l a t e d  t o  be abou t  2 k i l o m e t r e s .  The 

Bardon t o  Ho lwe l l  p r o f i l e  i n d i c a t e d  a c r o s s o v e r  d i s t a n c e  a t  

t h e  Holwel l  s h o t p o i n t ,  where t h e  r e f r a c t o r  was abou t  1 .8  

k i l o m e t r e s  deep ,  of  6 k i l o m e t r e s  f o r  a 5 .64 km.s  ̂ r e f r a c t o r .

The two p r o f i l e s  a r e  shown in  f i g u r e  5 . 3 .  P r o f i l e  A was 

a b o u t  30 k i l o m e t r e s  long and r an  e a s t w a r d s  from th e  C h a r n i a n  

I n l i e r ,  a c r o s s  t h e  exposed  M o u n t s o r r e l  g r a n o d i o r i t e ,  t o  a 

s h o t  p o i n t  a t  Dalby one k i l o m e t r e  e a s t  of  t he  Ki rby Lane 

b o r e h o l e .  P r o f i l e  B was ab ou t  20 k i l o m e t r e s  long and r an  

n o r t h - s o u t h  from a s h o t p o i n t  a t  Holwe l l  i n  t h e  Widmerpool  

Gu l f  (used p e v i o u s l y  by Whitcombe 1979) ,  t o  a s h o t p o i n t  a t  

Quenby some 10 k i l o m e t r e s  e a s t  o f  L e i c e s t e r .  The two 

p r o f i l e s  i n t e r s e c t e d  i n  t h e  v i c i n i t y  of  t he  Kirby Lane 

b o r e h o l e .
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The c o n s t r a i n t s  on t h e  l o c a t i o n  of  t h e  r e c o r d i n g  

p r o f i l e s  can be summarized as f o l l o w s :

P r o f i l e  A: 1,  The p r o f i l e  was d e s i gn ed  t o  i n v e s t i g a t e

t h e  l i n k  between t h e  M o u n t s o r r e l  and Mel ton i n t r u s i o n s .  I t  

was t h e r e f o r e  s i t e d  t o  p a s s  t h r oug h  M o u n t s o r r e l  and c l o s e  t o  

t h e  s i t e  of  t h e  Kirby Lane b o r e h o l e .

2 .  The w e s t e r n  end o f  t he  p r o f i l e  had t o  be 

a t  one of  t h e  q u a r r i e s  i n  t h e  C ha rn i an  I n l i e r .

3.  The maximum range  of  q u a r r y  b l a s t s  from 

Charnwood was 25 t o  30 k i l o m e t r e s .  The r ange  of  t h e  

M o u n t s o r r e l  q u a r r y  b l a s t s  was p r o b a b l y  abou t  20 k i l o m e t r e s .

4.  A s h o t p o i n t  had t o  be found a t  t h e  

e a s t e r n  end of  t h e  p r o f i l e  a t  which t o  f i r e  a 50 t o  100 kg.  

c h a r g e .

P r o f i l e  B: 1. The p r o f i l e  was d e s i g n ed  t o  i n v e s t i g a t e

t h e  n o r t h e r n  and s o u t h e r n  marg in s  of  t he  Mel ton i n t r u s i o n ,  

and t h e r e f o r e  had to  be of  s u f f i c i e n t  l e n g t h  t o  g i v e  r e v e r 

sed cove r  on t h e  r e f r a c t o r  a c r o s s  t he  magne t i c  anomaly.

2.  The on ly  c o n t r o l  p o i n t  was t h e  Ki rby  Lane 

b o r e h o l e ,  t h e r e f o r e  t h e  p r o f i l e  shou ld  pa ss  c l o s e  t o  t he  

b o r e h o l e .

3.  S u i t a b l e  s h o t p o i n t s  had t o  be found f o r  

f i r i n g  c h a r g e s  of  up t o  50 k i l ogrammes .

4.  I f ,  as  was presumed,  t he  Mel ton i n t r u s i o n  

c o u ld  be d e t e c t e d  by a low p-wave v e l o c i t y  t h en  a f an  s h o o t  

from th e  ends o f  p r o f i l e  B i n t o  p r o f i l e  A would h e lp  to  

d e l i n e a t e  t h e  marg in s  of  t h e  i n t r u s i o n .
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5 . 2 . 2  S h o t p o i n t s

The Holwe l l  and Quenby s h o t p o i n t s  were on d i s u s e d  

r a i l w a y  l i n e s  and t h e  Dalby s h o t p o i n t  on a d i s u s e d  a i r f i e l d .  

I n  a d d i t i o n  t o  t h e s e  s h o t s ,  t h r e e  s m a l l e r  c h a r g e s  ( 0 1 ,02 ,03 )  

were  f i r e d  a t  t h e  e a s t e r n  end o f  p r o f i l e  A. These were used 

i n  c o n n e c t i o n  w i t h  a s e i s m i c  r e f l e c t i o n  p r o f i l e  which was 

r e c o r d e d  a t  t h e  same t ime as t h e  r e f r a c t i o n  p r o f i l e  (Maguire 

e t . a l .  1982) .  Towards t h e  end o f  t h e  e x p e r im e n t  a c o n t r o l l e d  

b o r e h o l e  sh o t  was f i r e d  a t  Bardon H i l l  Quarry t o  supp l emen t  

t h e  q u a r r y  b l a s t  d a t a  and t o  improve t h e  r e v e r s a l  on p r o f i l e  

A. Th is  s h o t  was i n  a c o n f i n e d  b o r e h o l e  i n  s o l i d  rock and 

n o t  a normal  q u a r r y  b l a s t .  A second  s h o t  was s u b s e q u e n t l y  

f i r e d  a t  t h e  Quenby s h o t p o i n t  t o  f i l l  i n  some gaps  on 

p r o f i l e  B. As a r e s u l t  a t o t a l  of  e i g h t  b o r e h o l e  s h o t s ,  f i v e  

t imed  Bardon H i l l  q u a r r y  b l a s t s ,  t h r e e  t imed Whitwick q u a r r y  

b l a s t s  and s even  t imed  M o u n t s o r r e l  q u a r r y  b l a s t s  were 

r e c o r d e d .  The d e t a i l s  of  t h e  i n d i v i d u a l  s h o t s  a r e  g i v en  in 

t a b l e  5 . 1 .

The l o c a t i o n s  of  t h e  q u a r r y  b l a s t s  were d e t e r m i n e d  as 

a c c u r a t e l y  as p o s s i b l e  from t h e  a v a i l a b l e  p l a n s  and,  i n  t h e  

c a s e  of  Bardon H i l l ,  a e r i a l  p h o t o g r a p h s .  No p l a n s  were 

a v a i l a b l e  f o r  Whitwick q u a r r y  and so an Ordnance Survey  map 

was u sed .  The Bardon and M o u n t s o r r e l  q u a r r y  b l a s t s  were 

l o c a t e d  t o  b e t t e r  t h an  + 50 m e t r e s .  For a r e f r a c t o r  v e l o c i t y  

o f  ove r  5 .0  km.sT^ t h i s  i s  e q u i v a l e n t  t o  a t r a v e l  t ime e r r o r  

of  l e s s  t h an  + 0.010 s e c o n d s .  The b l a s t s  from Whitwick 

q u a r r y  were l o c a t e d  t o  abo u t  + 100 m e t r e s .  Thi s  q u a r r y  was 

no t  used as  a r e c o r d i n g  s t a t i o n  and t h e r e f o r e  any l o c a t i o n  

e r r o r  shou ld  a pp ea r  as  an anomalous  t ime term f o r  t he  

s h o t p o i n t .
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BLAST Charge Ch 0 BLAST Charge Ch 0

MS 232 2125. 25. BH 225 400. 60.
MS 234 1070. 145. BH 234 1140. 90.
MS 241 1050. 75. BH 248 1175. 105.
MS 245 665. 75. BH 262 1185. 100.
MS 246 2145. 90. W 245 1450. 255.
MS 247 1575. 75. W 248 1105. 255.
MS 255 1040. 125. W 261 1200. 255.

Charge  = t o t a l c h a rg e  in kg, Ch 0 = cha rge  on ze r o  d e l a y

SHOT Charge No. h o l e s  Hole de p th s

BARDON 1 125. 4 20.0
01 9. 1 19.0
02 14. 1 19 .0
03 20. 1 19.0
DALBY 100. 4 19.0
HOLWELL 35 2 1 6 . 0 / 1 2 . 0
QUENBY 1 35 2 1 9 . 0 / 1 5 . 0
QUENBY 2 25 1 19.0

Charges  i n  kg. Hole d e p t h s  i n  me t r e s

SHOT SITE NCR E NCR N ELEV

QUENBY 1 B30 470.24 305.83 120
QUENBY 2 B31 470 .02 305.82 120
HOLWELL B53 473.42 324.17 150
01 A2 472.15 316.63 100
02 A4 470.48 316.34 90
03 A6 469.17 316.15 80
DALBY A1 474.52 316.71 110
BARDON 1 A26 446.47 313.32 245
BH 225 446.28 313.18 270
BH 234 445.55 313 .03 220
BH 248 446.10 313.35 235
BH 262 A25 445.88 313.18 190
WHITWICK A28 445.00 315 .75 200
MS A 456.18 314.97 95
MS B A18 456.06 315.00 105
MS C 456.05 315 .04 105
MS D 456.08 314.94 105

MS = M o u n t s o r r e l  BH = Bardon H i l l W = Whitwick
Quar ry  b l a s t s  numbered by J u l i a n  days  (1980)
A,B,C,D = f a c e s a t  M o u n t s o r r e l  q u a r r y  (see t e x t )

Tab le  5 . 1 .  S h o t p o i n t  d a t a
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5 . 2 . 3  Re co rd in g  s i t e s

The bu lk  o f  t h e  d a t a  was c o l l e c t e d  on e i g h t  G e os to r e  

r e c o r d e r s  o p e r a t i n g  in b i - d i r e c t i o n a l  mode a t  15/160 i p s .  A 

t o t a l  of  26 Wi l lmore  and HS10 s e i sm o m e t e r s  o f  2 Hz. r e s o n a n t  

f r e q u e n c y  were c o nn ec t e d  to  t he  G e o s t o r e s  v i a  UHF r a d i o  

l i n k s  and l a n d l i n e s .  The l o n g e s t  r a d i o  l i n k  was abou t  s i x  

k i l o m e t r e s ,  t h e  l o n g e s t  l a n d l i n e  was two k i l o m e t r e s .  The 

G e o s t o r e s  were o p e r a t e d  c o n t i n u o u s l y  f o r  a f ou r  week p e r i o d ,  

w i t h  some i n t e r r u p t i o n s  due t o  equipment  f a i l u r e .  For the  

c o n t r o l l e d  s h o t s  t he  number of  r e c o r d i n g  s t a t i o n s  was i n c r e 

a sed  by u s i ng  seven  3-component  MARS r e c o r d e r s  and up to  

e i g h t  s i n g l e  c ha n ne l  Reading c a s s e t t e  r e c o r d e r s  ( c h a p t e r  2) .

The t o t a l  number o f  r e c o r d i n g  s t a t i o n s  s u c c e s s f u l l y  

o c c u p i e d  was 21 on p r o f i l e  A and 24 on p r o f i l e  B. Th i s  gave 

mean s t a t i o n  s p a c i n g s  of  1.4 and 0 .8  k i l o m e t r e s  f o r  p r o f i l e s  

A and B r e s p e c t i v e l y .  The r e c o r d i n g  s i t e s  were c l o s e d  up 

over  t h e  p o s t u l a t e d  marg in s  o f  t h e  Mel ton  i n t r u s i o n  and 

spaced ou t  ove r  t he  o u t c r o p p i n g  basement  of  t he  Cha rn i an  

I n l i e r .  As f a r  as  was p o s s i b l e  t he  G e o s t o r e  s t a t i o n s  were 

sp r e a d  e v en l y  a long  t he  p r o f i l e s  and t he  t em por a ry  s t a t i o n s  

were  used t o  f i l l  in t he  g a p s .  To t he  e a s t  of  M ou n t s o r r e l  

p r o f i l e  A c r o s s e d  two sma l l  towns and so permanent  s i t e s  

cou ld  no t  be used between s t a t i o n s  A13 and A18. The s t a t i o n  

l o c a t i o n s  and equipment  t y p e s  a r e  g i v en  in t a b l e  5 . 2 .

5 . 2 . 4  S h o t p o i n t  l i n k s

S h o t p o i n t  t o  s h o t p o i n t  l i n k s  a r e  i m p o r t a n t  f o r  any t ime 

term s o l u t i o n .  At l e a s t  one l i n k  i s  n e c e s s a r y  to  i n v e r t  t he  

d a t a ,  bu t  t h e  more l i n k s  t h e r e  a r e  in a s o l u t i o n  t he  b e t t e r  

t he  s o l u t i o n  w i l l  be.
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SITE NGR E NGR N ELEV Rec S e i s

Al 474 .52 316.71 110 M H
A3 471.24 316.44 110 G W
A4 470.49 316.35 90 c W
A5 469.27 316.16 80 c W
A7 468.36 316.04 80 t W
A8 466.53 315.79 60 c W
A9 466.16 315.41 80 G W
A10 465.02 315.58 55 t W
A l l 463.35 315.38 75 t W
A12 462.60 315.52 100 G W
A13 461.45 315.26 70 t W
A14 460.86 314.99 65 M H
A15 459.67 315.01 45 M H
A16 457.83 315.02 60 M H
A17 456.49 315.14 102 t H
A19 455.24 314.38 60 M H
A20 454.71 314.23 70 R J
A21 453 .98 314.20 75 t W
A22 451.55 314.08 230 G W
A23 449.55 313.76 195 t H •
A24 446.11 313.19 275 t H

SITE NGR E NGR N ELEV Rec S e i s

B30 470.19 305 .83 120 M H
B32 469.89 306 .69 155 G H
B33 470.38 307 .45 145 M(R) H
B34 470.38 308 .32 125 R J
B35 470.61 309 .09 120 R J
B36 470 .80 309 .75 140 t W
B37 470 .95 310 .91 110 (M) (H)
B38 470.97 311 .70 90 M H
B39 471.18 312 .68 110 R J
B40 471.76 313 .23 138 R(R) J(H)
B41 471.72 314 .16 120 G(R) W(H)
B42 471.72 314 .96 110 (M) (H)
B43 471.76 315 .14 110 t W
B44 471.91 316 .01 110 (R) (H)
B45 472.15 316 .63 100 (R) (H)
B46 471.89 316 .62 105 t H
B47 472.19 317 .68 75 M(M) H(H)
B48 472.08 319 .10 90 G W
B49 472.62 320 .46 80 t W
B50 472.74 321 .01 90 t H
B55 472.69 321 .96 120 t H
B51 472.97 322 .91 125 t W
B52 473.16 323 .77 160 G H
B53 473.42 324 .17 150 M H

Rec = r e c o r d e r : M = MARS R = Reading c a s s
G = G eo s to r e t  = t e l e me t e r e d c = ca b l ed
o u t s t a t  i on
S e i s = s e i smome te r : W = Willmo re  mk I I I
H = HS10 J  = HSJ (14 Hz . in  s t r i n g s of  s i
( ) : used fo r Que nby 2 sh o t

Tabl e 5 . 2 . S i t e l o c a t i on d e t a i l s
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Because  of  a s h o r t a g e  of  r e c o r d i n g  equ ipmen t ,  and t he  

p r o b a b i l i t y  t h a t  t h e y  would be ou t  o f  range  of  t h e  q u a r r y  

b l a s t s ,  t h e  Da lby ,  Quenby and Holwe l l  s h o t p o i n t s  were not  

occup i ed  by permanen t  r e c o r d e r s  or  o u t s t a t i o n s .  They were 

occup i ed  f o r  t h e  01,  02,  03,  Dalby,  Quenby 1 and Ho lwe l l

s h o t s .  Dalby was a l s o  o c c u p i e d  f o r  t h e  Bardon H i l l  b o r e h o l e  

s h o t  (Bardon 1 ) .  The 02 and 03 s h o t p o i n t s  were a l s o  G e o s t o r e  

o u t s t a t i o n s  as were M o u n t s o r r e l  and Bardon H i l l  q u a r r i e s .  

The 01 s h o t p o i n t  was a r e c o r d i n g  s i t e  f o r  t he  Quenby 2 s h o t .

5 . 2 . 5  Probl ems d u r i n g  t h e  e x p e r i m e n t

Dur ing t h e  c o u r s e  of  t h e  e x pe r im e n t  a number of  e v e n t s  

were not  r e c o r d e d  a t  c e r t a i n  s i t e s .  As w i l l  be s een  l a t e r  

t h e  a r e a s  i n  which t h e  f a i l u r e s  o c c u r r e d  a r e  s u b j e c t  t o  t he  

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

prob l ems a r e  summarized below:

1.  M o u n t s o r r e l  Quar ry :  a t e l e m e t e r e d  o u t s t a t i o n  was 

i n s t a l l e d  a t  t h e  q u a r r y  t o  r e c o r d  a r r i v a l s  from t h e  

c o n t r o l l e d  s h o t s  and from t h e  o t h e r  q u a r r i e s .  A breakdown of  

t h e  r a d i o  l i n k ,  and s u b s e q u e n t l y  t h e  Geo s to r e  r e c o r d e r ,  

meant  t h a t  t h i s  s t a t i o n  was no t  o p e r a t i o n a l  f o r  most  o f  t h e  

e x p e r i m e n t .  The Bardon 1 s h o t  was t h e  on ly  t imed e v e n t  

r e c o r d e d  a t  t h i s  s i t e .

2.  S t a t i o n s  B 41 ,4 3 ,4 6 :  t h e s e  s t a t i o n s  were l o c a t e d  on 

t h e  c e n t r a l  p a r t  of  p r o f i l e  B and were a l l  r e c o r d e d  by a 

Ge os t o r e  a t  B41. Thi s  G e o s t o r e  f a i l e d  f o r  t h e  week of  t he  

Quenby 1 and Holwel l  s h o t s  r e s u l t i n g  in  a l o s s  of  co ve r  f o r  

t h e  c e n t r a l  p a r t  o f  p r o f i l e  B. The Quenby 2 sh o t  was used to  

f i l l  in f o r  some o f  t h e  m i s s i n g  d a t a .
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3. Sho t s  0 1 , 0 2 , 0 3 , Dalby :  e i g h t  Reading  c a s s e t t e

r e c o r d e r s  were de p lo y e d  w i t h  a 0 .5  k i l o m e t r e  s p a c i n g  a t ,  and 

be tween ,  t h e s e  s h o t p o i n t s .  The pu rp ose  of  t h i s  was t o  o b t a i n  

l i n k i n g  o b s e r v a t i o n s  be tween t h e  f o u r  s h o t p o i n t s ,  as  w e l l  as  

o v e rb u r d e n  and r e f r a c t o r  v e l o c i t i e s  a round  t he  Ki rby  Lane 

b o r e h o l e .  As a r e s u l t  of  an e r r o r  i n  l o a d i n g  t h e  t a p e s  a l l  

t h e  r e c o r d i n g s  were l o s t .

4.  Quenby 2 s h o t :  As a r e s u l t  of  t h e  f a i l u r e  of  an MSF 

t ime  code r e c e i v e r  t h e  s h o t  i n s t a n t  was no t  t im e d .  However 

t h r e e  of  t h e  r e c o r d i n g  s i t e s  f o r  t he  Quenby 1 s h o t  had been 

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

co u ld  be c a l c u l a t e d  from t h e  a r r i v a l  t ime s  a t  t h e s e  s i t e s .

5 . 3  THE DATA

5 . 3 . 1  S i g n a l  s t r e n g t h s

The s i g n a l  s t r e n g t h s  from th e  c o n t r o l l e d  s h o t s  were 

s t r o n g .  T y p i c a l  s i g n a l  t o  n o i s e  r a t i o s  were be tween f i v e  and 

t e n  t o  one f o r  many of  t h e  a r r i v a l s  from t h e  Dalby s h o t  and 

abou t  f i v e  t o  one f o r  t h e  Quenby and Ho lwe l l  s h o t s .  The 

q u a r r y  b l a s t s  f rom Whitwick and M o u n t s o r r e l  were s t r o n g

enough t o  p roduce  p i c k a b l e  f i r s t  a r r i v a l s  ( s / n  of  two or 

t h r e e  t o  one)  a t  s t a t i o n  A3 on p r o f i l e  A, bu t  were no t

s t r o n g  enough t o  g i v e  u s a b l e  a r r i v a l s  a t  t h e  s t a t i o n s  on 

p r o f i l e  B. The q u a r r y  b l a s t s  from Bardon H i l l  p roduced  weak 

a r r i v a l s  which were no t  u s a b l e  t o  t h e  e a s t  o f  M o u n t s o r r e l .  

The c o n t r o l l e d  s h o t  f i r e d  a t  Bardon H i l l  was l a r g e r  t h a n  t he

Dalby s h o t  bu t  was f i r e d  in  s o l i d  rock r a t h e r  t h an  c l a y .

This  s h o t  p roduced  weak f i r s t  a r r i v a l s  which were on ly  

d e t e c t a b l e  above t h e  background  n o i s e  a t  t h r e e  s t a t i o n s  to
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t h e  e a s t  of  M o u n t s o r r e l .

The q u a r r y  b l a s t s  and t h e  Bardon s h o t  were a l l  f i r e d  i n  

t h e  da y t i m e ,  u s u a l l y  a t  midday,  when t he  c u l t u r a l  n o i s e  

l e v e l s  were h i g h .  The o t h e r  c o n t r o l l e d  s h o t s  were f i r e d  i n  

e a r l y  even in g  when t h e  n o i s e  l e v e l s  were a f a c t o r  of  two 

l ow er .

With t h e  e x c e p t i o n  of  t h e  s i t e s  t o  t he  wes t  of  

M o u n t s o r r e l ,  t h e  G e o s t o r e  o u t s t a t i o n s  were o p e r a t e d  on h igh  

g a i n s  (7-8 f o r  a Wi l lmore  mk I I I )  i n  o r d e r  to r e c o r d  t h e  

q u a r r y  b l a s t s .  Because  of  t h e  l a r g e  number of  s i t e s  i n v o l v e d  

i t  was no t  p o s s i b l e  t o  change t h e  g a i n  s e t t i n g s  b e f o r e  and 

a f t e r  t h e  c o n t r o l l e d  s h o t s .  The Dalby s h o t  p roduced  

o v e r l o a d e d  a r r i v a l s  a t  t h e  e a s t e r n  end of  p r o f i l e  A and on 

t h e  c e n t r a l  p a r t  of  p r o f i l e  B. The s h o t s  were f i r e d  i n  p a i r s  

( 01 -02 ,  D a lb y - 0 3 ,  Quen by - Ho l we l l ) t o  e n ab l e  p o r t a b l e  

r e c o r d e r s  t o  be used t o  f i l l  i n  gaps  i n  t h e  r e c o r d i n g  

p r o f i l e s .  I n  t h e  c a s e  of  p r o f i l e  B t h i s  meant  t h a t  t h e  

Ge o s to r e  s t a t i o n s  a t  e i t h e r  end of  t h e  p r o f i l e  were 

o v e r l o a d e d  by t h e  c l o s e r  s h o t .

The d a t a  a n a l y s i s  was t h e r e f o r e  l i m i t e d  t o  t h e  f i r s t  

a r r i v a l  t r a v e l  t ime s  a t  v e r t i c a l  geophones .  The on ly  h o r i z 

o n t a l  geophones  were s i x  n o r t h - s o u t h / e a s t - w e s t  p a i r s  used 

w i t h  t he  MARS r e c o r d e r s .

5 . 3 . 2  The t r a v e l  t ime  d a t a

The f i r s t  a r r i v a l s  were p i cke d  as  d e s c r i b e d  i n  c h a p t e r  

2,  and t h e  maximum o b s e r v a t i o n a l  e r r o r  a s s o c i a t e d  w i th  each 

t r a v e l  t ime  was e s t i m a t e d .  The comple t e  t r a v e l  t ime d a t a  s e t  

i s  g iv en  i n  t a b l e s  S.'Z ( p r o f i l e  A) and 6^.4 ( p r o f i l e  B).

The a r r i v a l s  from th e  Quenby 1 and Holwel l  s h o t s  i n t o
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p r o f i l e  B were d i g i t i z e d  u s i ng  an ARll  a na l og ue  t o  d i g i t a l  

c o n v e r t e r  on t h e  L e i c e s t e r  mainframe compu te r .  The f i r s t  

a r r i v a l s  f o r  t h e s e  e v e n t s  were p i cke d  from t h e  d i g i t a l  

r e c o r d s .  The d i g i t i z i n g  was done i n  o r d e r  t o  t e s t  a newly 

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

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

p r o c e s s  was found t o  be ve ry  t ime consuming and o f  l i m i t e d  

v a l u e  i f  t h e  i n t e r p r e t a t i o n  was t o  be r e s t r i c t e d  t o  t he  

f i r s t  a r r i v a l  d a t a .

Because  o f  t h e  l a r g e  number of  q u a r r y  b l a s t s  r e c o r d e d  

by t h e  G e o s t o r e  r e c o r d e r s  i t  was n e c e s s a r y  t o  comp i l e  a 

r e p r e s e n t a t i v e  d a t a  s e t  o f  a r r i v a l s  from th e  t h r e e  q u a r r i e s  

i n t o  a l l  t h e  r e c o r d i n g  s i t e s .  This  p r o v i d e d  a way of  

c h eck ing  t h e  a c c u r a c y  o f  t h e  f i r s t  a r r i v a l  p i c k s  and 

removing d u b i o us  e v e n t s .

The q u a r r y  b l a s t s  a t  M o u n t s o r r e l  came from f o u r  

s e p a r a t e  f a c e s  (A,B,C,D t a b l e  6 ' .2 ) .  Face A was a t  a lower  

l e v e l  t h an  t h e  o t h e r  t h r e e  which l ay  on a l i n e  p e r p e n d i c u l a r  

t o  p r o f i l e  A. The s i g n a l s  from th e  d i f f e r e n t  f a c e s  were 

checked by g r a p h i c a l  c o r r e l a t i o n  t o  e n su re  t h a t  t h e y  were 

c o m p a t i b l e .  As d e s c r i b e d  i n  c h a p t e r  2 t h e  p o s i t i o n  o f  a 

b l a s t  w i t h i n  a q u a r r y  w i l l  no t  s i g n i f i c a n t l y  a f f e c t  t h e  

r e c e i v e d  s e i s m i c  s i g n a l .

The f i n a l  d a t a  s e t  f o r  p r o f i l e  A c o n s i s t e d  of  102 

t r a v e l  t im es  from 10 s h o t p o i n t s  i n t o  21 r e c o r d i n g  s i t e s .  For 

p r o f i l e  B t h e r e  were no q u a r r y  b l a s t  d a t a  and t h e r e f o r e  t h e  

d a t a  s e t  c o n s i s t e d  of  66 t r a v e l  t imes  from 6 s h o t p o i n t s  i n t o  

23 r e c o r d i n g  s i t e s .



QUARRY BLASTS

8A

MS 2 34
STN
A19

MS 241
STN
A21
A22
A24
A 25*

(B)
D kn 
1 . 0 1

(B)
D km 
2 . 2 3  
4 . 6 0  

1 3 . 1 1  
1 3 . 3 4

MS 24 5 (C) 
STN D km
A5 1 3 . 2 7
A8 1 0 . 5 1
A3 1 0 . 1 2

MS 247 (3) 
STN D km
A10 ^ 3 9
A21 2 . 2 3
A22 4 . 6 0
A 24 1 3 . 1 1

MS 25 2
STN D km
A3 1 5 . 2 5
A4 1 4 . 4 9
A 5 1 3 . 2 6
A7 1 2 . 3 4
A3 1 0 . 5 0
A 9 1 0 . 1 1
A12 5 . 5 6

MS 25 3
STN D km
A3 1 5 . 2 5
A4 1 4 . 4 9
A5 1 3 . 2 5
A7 1 2 . 3 4
A 9 1 0 . 1 1
A13 3 . 9 3
A l l  7 . 3 0
A12 5 . 5 5
A 13 5 . 4  0
A21 ^ 2 3

■•*5 255

1 2 - 3 5 - 4 5 . 6 0 0  
T s e c  E s e c  
0 . 2 5 0  0 . 0 1 0

1 2 - 3 3 - 2 9 . 9 4 5  
T s e c  E s e c
0 . 4 8 5
0 . 8 9 5
1 . 3 7 0
1 . 9 1 0

0 . 0 2 0
0 . 0 1 0
0 . 0 1 0
0 . 0 1 0

1 2 - 3 3 - 5 0 . 4 6 5  
T s e c  E s e c  
2 . 4 6 0  0 . 0 2 0
1 . 9 6 5  0 . 0 2 0
1 . 8 9 5  0 . 0 2 0

1 2 - 3 3 - 1 9 . 3 0 5  
T s e c  E s e c  
1 . 6 7 5  0 . 0 1 5
0 . 5 0 5  0 . 0 1 0
0 . 9 0 0  3 . 0 1 0
1 . 8 3 0  0 . 0 2 0

UNTIMED 
T s e c  E s e c  
2 . 8 2 5  0 . 0 2 0
2 . 6 9 0  0 . 0 2 0
2 . 4 8 5  0 . 0 2 0
2 . 3 3 5  0 . 0 2 0
1 . 9 8  0 0 . 0 2  0
1 . 9 0 0  0 . 3 1 5
1 . 2 6 0  0 . 0 1 5

UNTIMED 
T s e c  
2 . 8 2 5
2 . 5 9 0  
2 . 4 3 5  
2 . 3  30 
1 . 9 0 0
1 . 5 9 0  
1 . 395 
1 . 263 
1.  053 
0.  500

E s e c  
0 . 0 2 0  
0.020 3.020 
3 . 3 2 0  
0 . 3 1 5  0.020 
0.020 
0 . 3 1 5  
0 . 0 1 0  
0.010

1 2 - 3 1 - 3 3 . 5 4 0

STN
A3
A4
A7
A8
A9
A10
A21
A22
A23
A24
A25*

STN 
A21 
A22 
A2 3 
A24

K 261 1 3 - 5 7 - 1 8 . 4 9 0
D km T s e c E s e c

2 6 .  25 4 . 7 1 0 0 . 0 2 5
2 5 . 5 0 4 . 6 0 0 0 . 0 2 5
2 3 . 3 6 4 . 2 1 5 0 . 0 2 5
2 1 .  53 3 . 8 8 5 0 . 0 2 5
2 1 . 1 6 3 . 8 0 3 0 . 0 2 5
2 0 . 0 2 3 . 6 0 5 0 . 0 2 5

9 . 1 1 1 . 6 3 0 0 . 0 1 5
6 . 7 6 1 . 2 0 5 0 . 0 1 0
4 . 9 7 0 . 9 1 5 0 . 0 1 0
2 . 7 9 0 . 5 3 5 0 . 0 1 0
2 . 7 2 0 . Ï 2 2 0 . 0 1 0

262 1 2 - 2 9 - •05.  340
D km T s e c E s e c
8 . 1 6 1 . 4 8 5 0 . 0 1 0
5 . 7 4 1 . 0 3 5 0 . 0 1 0
3 . 7 2 0 . 7 0 5 0 . 0 1 0
0 . 2 3 0 . 0 4  0 0 . 0 1 0

T ime d  b u t  n o t  u s e d :  
MS 232 (B)
MS 234 (D)
MS 24 6 (A)
BARDON 225 
BARDON 234 
BARDON 24 8

1 2 - 3 3 - 1 0 . 2 5 5  
1 2 - 3 5 - 4 5 . 6 0 0  
1 2 - 3 3 - 2 0 . 4 8 0  
1 2 - 3 0 - 4  2 . 4 13 
1 2 - 3 1 - 1 1 . 9 9 0  
1 2 - 2 3 - 3 6 . 9 8 0

CONTROLLED SHOTS

01 ( 252)
STN D km
A1 2 . 3 7
A3 0 . 9 3
A4 1 . 6 9
A5 2 . 9 2
A7 3 . 8 3
A3 5 . 6 8
A9 6 . 1 1
A10 7 . 2 1
A12 9 . 6 1
A13 1 0 . 7 9
A21 1 3 . 3 3
A22 2 0 . 7 6

16- 23 -  
T s e c  
0 . 7 1 5  
0 . 3 3 3  
0 . 5 4  2 
0 . 7  55
0 . 9 2 5  
1 . 2 1 5
1.  28 5 
1 . 470 
1 . 9 0 0
2.  105
3.  380 
3 . 7 3 0

-35 .  670 
E s e c  
0 . 0 1 0
3 . 0 1 0  
0 . 0 1 0  
0 . 0 1 0  
0 . 0 1 5
3 . 0 1 0
3 . 0 1 0  
0.010 
0.010 
3 . 0 1 5  
0 . 0 1 5  
0 . 0 1 5

STN D km T s e c 5 s e c 02 ( 252 ) 1 5 - 5 3 - -5 3 . 3 1 0
A3 1 5 . 2 5 2 . 8  25 0.  020 STN D km T s e c E s e c
A 5 1 % 2 6 2.  483 0 . 0 2 0 A1 4 . 0 6 0 . 9 6 5 3 . 0 1 0
A l l 7 .  30 ^ ^ 9 5 0 . 0 2 0 A3 0 . 7 7 0 . 2 7 5 0 . 0 1 0
A 12 6 . 5 6 1 . 2 8 3 0 . 3 1 5 A7 2.  14 0 . 5 8 5 3 . 0 1 0
A 13 5 . 4 0 1 . 0 5 5 3 . 0 2 0 A8 3 . 9 9 0 . 8 8 5 0 . 0 1 0
A 21 2 ^ ^ 0 . 4  85 3 . 0 2 0 A9 4 . 4 2 0 . 9 6  5 0 . 0 1 0
A22 4 . 6 0 0 . 8 9 0 3 . 3 2 0 A10 5 . 5 1 1 . 1 5 3 0 . 0 1 0
A 2 3 6 . 6  3 1 . 2 8 3 0 . 3 2 3 A12 7 . 9 2 1 . 570 0 . 0 1 0

A13 9 . 0 9 1 . 783 3 .  010
WHI7'WICK 24 5 1 4 - 3 8 - 4 2 . 2 2 0 A21 1 6 . 6 4 3.  04 0 3 . 0 1 5
STN D kn T s e c E s e c A22 1 9 . 0 6 3 . 4  00 3 . 0 1 5
A3 2 6 . 2 5 4 . 7 1 5 0 . 0 2 5
A4 2 5 . 5 0 4 . 5 3 5 0 . 0 2 5 03 ( 25 2) 1 5 - 5 8 - - 5 3 . 3 1 0
AS 24 . 27 4 . 370 0 . 0 2 5 STN D km T s e c E s e c
A7 2 %  36 4 . 2 1 5 0 . 0 2 5 A3 2 . 0 9 0 . 5 7 0 3 . 0 1 0
A3 2 ^ ^ 3 3 . 8 8 0 0 . 0 2 5 A4 1 . 3 4 0 . 4 0 0 0 . 0 1 0
A9 2 1 . 1 6 3 . 8 3 5 0 . 0 2 5 A5 0 . 1 0 0 . 0  50 0 . 0 1 0
A 12 1 7 . 6 0 3 . 1 9 0 0 . 0 2 0 A7 0 . 8 2 0 . 2  50 0 . 0 1 0

A8 2 . 6 6 0 . 6  30 0 . 0 1 0
WHITWICK 248 3 9 - 5 5 - 5 0 . 5 9 3 A9 3 . 1 0 0 . 7 1 5 0 . 0 1 0
STN D km T s e c E s e c A10 4 . 1 9 0 . 8 9 5 0 . 0 1 0
A3 2 6 . 2 5 4 . 7 1 0 0 . 0 2 5 A l l 5 . 8 7 1 . 1 9 5 0 . 0 1 5
A5 24 . 27 4 . 365 0 . 0 2 5 A12 6 . 6 0 1 . 3 3 0 0 . 0 1 5
A7 2 ^ ^ 6 4 . 2 1 0 0 . 0 2 5 A13 7 . 7 7 1.  54 5 0 . 0 2 0
A 8 2 1 . 5 3 3 . 8 7 5 0 . 0 2 0 A14 8.  39 1 . 6 4 5 0 . 0 2 0
A9 2 1 . 1 6 3 . 8 0 5 0 . 0 2 5 A15 9 . 5 7 1 . 3 4 0 0 . 0 2 0
AlO 2 0 . 0 2 3.  595 0 . 0 2 0 A21 1 5 . 3 1 2 . 7 9 0 0 . 0 1 5
A 12 1 7 . 6 0 3. 195 0 . 0 2 0 A22 1 7 . 7 4 3 . 1 4 5 0 . 0 1 5
A22 6 . 7 6 1 . 2 1 0 0 . 3 1 0 A24 2 3 . 2 5 4 . 1 2 0 0 . 0 2 0
A24 2 . 7 9 0 . 5 3 5 0 . 0 1 0

Table 5.3 : T rave l t ime da t a  f o r p r o f i l e  A.
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D A L B Y
S T N
A3
A4
A5
A7
A8
A9
A10
A l l
A12
A13
A14
A15
A16
A21
A22
A24

BARDON
S T N
A3
A9
A 10
A17
A18*
A19
A 20
A21
A22
A23
A24

(2 52 )
D km
3 . 2 9  
4 . 0 6
5.  286. 20
8 .  04 
3 . 4 6
9.  57 

1 1 . 2 5  
1 1 . 9 8  
1 3 . 1 5
1 3 . 7 7  
1 4 . 9 5
1 6 . 7 8
2 0 . 6 9  
2 3 . 1 2  
2 9 . 6  3

1 ( 263)  
D km 

2 4 . 9 7  
1 9 . 8 0
1 8 . 6 9  
1 0 . 0 4

9 . 7 4
3 . 8 3
8 . 2 9  
7 . 5 6  
5 . 1 4  
3 . 1 1  
0.  38

1 9 - 0 6 -  
T s e c  
0 . 8 4 5
0 . 9 6 5
1.  170 
1 . 3 4 0  
1 . 6 1 0  
1 . 6 9 0  
1 . 8 7 5  
2 . 1 7 0  
2 . 3 1 0
2.  510 
2 . 6 2 5  
2 . 8 1 0  
3 . 1 0 0  
3 . 7 5 0  
4 . 1 1 0  
5.  070

1 2 - 2 3 -  
T s e c  
4 . 555
3.  560 
3 . 3 6 5  
1 . 8 9 5  
1 . 8 3 5  
1 . 6 6 0  
1.  555 
1 . 4 0 5  
0 . 9 5 0  
3 . 6 2 0  
0 . 3 7 0

0 2 . 0 5 0  
E s e c  
0 . 0 1 0  
0 . 0 1 0  
0 . 0 1 0  
0 . 0 1 0  
0 . 0 1 0  
0 . 0 1 0  
0 . 0 1 0  
0 . 0 1 0  
0 . 0 1 0  
0 . 0 1 0  
0 . 0 2 5  
0 . 0 2 0  
0 . 0 2 0  
0 . 0 1 5  
0 . 0 1 5  
0 . 0 1 0

5 7 . 2 8 5  
E s e c  
0 . 0 2 5  
0 . 0 2 0  
0 . 0 2 0  
0 . 0 1 5  
0 . 0 2 0  
0 . 0 1 5  
0 . 0 1 0  
0 . 0 1 0  
0 . 0 1 0  
0 . 0 1 0  
3 . 0 1 0

QUENBY 1 1 8 - 3 5 - • 2 7 . 0 6 0
STN D km T s e c E s e c
A1 1 1 . 6 9 2 . 3 7 0 0 . 0 1 5
A3 1 0 . 6 6 2 .  155 0 . 0 2 0
A4 1 0 . 5 2 2 . 1 5 0 0 . 0 2 0
A8 1 0 . 6 3 2 . 0 8 5 0 . 0 1 0
A9 1 0 . 4 1 2 . 0 4 5 0 . 0 1 0
A10 1 1 . 0 6 2 .  130 0 . 0 1 0
A l l 1 1 . 7 8 2 . 2 6 0 0 . 0 1 0

HOLWELL ( 2 62 ) 1 8 - 4 5 - - 0 2 . 1 8 0
STN D km T s e c E s e c
A1 7 .  54 1 . 8 2 0 0 . 0 1 5
A3 8 . 0 3 ' 1 . 9 6 5 0 . 0 2 0
A4 8 . 3 5 2 . 0 2 0 0 . 0 1 0
A10 1 2 . 0 1 2 . 5 8 0 0 . 0 1 0
A l l 1 3 . 5 7 2 . 8 4 5 0 . 0 1 0

( 26 2)  : J u l i a n  d a y  n u m b e r s  1980

S h o t  t i m e s  : H H - MM -S S . s s s  (3ST) 

MS : M o u n t s o r r e l  f a c e s  A / B/ C / D 

* : dummy t r a v e l  t i m e  ( s e e  t e x t )  

s h o t  t o  r e c e i v e r  d i s t a n c e  

t r a v e l  t i m e

e s t i m a t e d  maximum o b s e r 
v a t i o n a l  e r r o r

Table  5 .3  c o n t i n u e d .

QUENBY 1 ( 26 2 ) 1 8 - 3 5 - 2 7 . 0 6 0 01 (252) 1 6 - 2  3--0 5 .  670
STN D km T s e c E s e c STN D km T s e c E s e c
332 0 . 9 3 0.  365 3 . 0 2 0 332 1 0 . 1 9 2 . 1 3 0 0 . 0 1 5
333 1 . 6 3 0.  560 0 . 0 1 5 B41 2 . 5 1 0 . 6 8 5 0 . 0 1 5
334 2 . 4 9 0 . 6 9 8 0 . 3 1 0 B43 1.  54 0.  515 0 . 0 1 0
3 35 3 . 2 8 0 . 8 6 7 3 . 3 1 5 346 0 . 2 6 0 . 1 2 5 0 . 0 1 0
336 3 . 9 6 0 . 9 9 5 0 . 0 2 0 348 2 . 4 7 0 . 7 1 5 0 . 0 1 5
B38 5 . 9 2 1.  319 0 . 3 1 5 349 3 ^ ^ 0 .  990 0 . 0 2 0
339 6 . 9 1 1 . 5 2  0 0 . 0 1 5 351 6 . 3 3 1 . 5 7 0 0 . 0 1 5
340 7.  55 1 . 649 3 . 3 1 5
347 1 2 . 0 1 2.  390 0 . 0 1 5 02 ^ 5 2 ) 1 5 - 5 8 - 5 3 . 3 1 0
948 1 3 . 4 0 2 . 6 2 5 0 . 3 1 5 STN D km T s e c S s e c
950 15.  39 3 . 0 3 5 0 . 0 2 0 332 9 .  67 1 . 9 7 5 0 . 0 2 0
351 1 7 . 3 0 3 . 4 5 9 0 . 0 1 5 34 1 2.  51 0 . 6 5 0 0 . 0 1 3
353 1 3 . 6 1 3 . 7 3 0 0 . 3 1 5 8 48 3 . 1 9 0 . 6 0 5 0 . 0 1 0

349 4 . 64 1 . 0 9 0 0 . 0 1 3
QUENBY 2 U 5 3 ) 11 - 05 - - 3 5 . 3 2 0 3 53 5.  19 1 . 2 3 0 0 . 0 1 0
STN D km T s e c S s e c
333 1 . 6 7 0 . 5 7 5 3 . 0 1 5 03 (252) 1 9 - 2 6 - 0 1 . 3 5 0
337 5.  17 1. 190 3 . 0 1 5 STN D km T s e c E s e c
340 7 . 6 1 1 . 6 4  0 0 . 0 1 5 B30 1 0 . 3 7 2 . 0 5 5 0 . 0 1 0
341 3 . 5 1 1 . 7 8 5 0 . 3 1 5 3 32 9 . 4 9 1 . 8 8 0 0 . 0 1 0
94 2 9.  30 1 . 9 2 0 3 . 0 1 5 341 3 . 2 3 0 . 7 5 0 0 . 0 1 0
944 1 0 . 3 6 2 . 1 3 0 0 . 3 1 5 B43 2 . 7 8 0 . 6 6 0 0 . 0 1 3
845 1 1 . 0 2 2 . 2 3 0 0 . 3 2 5 346 2.  76 0 . 6 9 0 0 . 0 1 0
3 47 1 2 . 0 6 2 . 4  00 0 . 3 2 0 348 4 .  14 0 . 9 3 5 0 . 0 1 5

3 50 6 .  03 1 . 4 3 0 0 . 0 1 5
HOLWELL, (262) 1 8- 4  5-- 3 2 . 1 8 0
STN D km T s e c E s e c DALBY ( 25 2) 1 9 - 0 6 - 0 2 . 0 5 0
3 30 1 8 . 6 1 3 . 7 3 2 0 .  320 STN D km T s e c E s e c
332 1 7 . 8 3 3 . 6 5 0 0 . 0 1 5 330 1 1 . 6 9 2 .  380 0 . 0 1 5
333 16.  99 3 . 4 6 0 0 . 0 2 0 3 32 1 1 . 0 4 2 . 2 4  0 0 . 0 1 5
3 34 1 6 . 1 4 3.  341 0 . 0 1 5 B41 3 . 7 9 0 . 9 1 0 0 . 0 1 0
335 1 5 . 3 4 3.  190 0 . 0 1 5 3 43 3.  18 0 . 8 0 0 0 . 0 1 0
3 36 1 4 . 6 6 3.  060 3 . 0 1 5 3 46 2 . 6 3 0 . 7 3 0 0 . 0 1 0
838 1 2 . 7 1 2 . 6 7 5 0 . 0 2 0 348 3 . 4 2 0 . 8 4 0 0 . 0 2 0
9 39 1 1 . 7 1 2.  552 0 . 3 1 5 B50 4 . 6 5 1 . 1 3 5 0 . 0 2 0
B4 0 1 1 . 0 7 2 . 4 2 9 0 . 0 2 0 351 6.  39 1 . 5 7 0 0 . 0 2 0
347 6 . 6 1 1 . 6 6 5 0 . 0 1 5 353 7.  54 1 . 9 2 0 0 . 0 1 5
848 5 .  24 1 . 4 2 5 0 . 0 1 5
B50 3 . 2 3 0 . 9 9 1 3 . 0 1 5
355 2 . 3 3 0 . 7 7 3 0 . 0 1 5
351 . 1 . 3 4 0 . 5 1 3 0 . 0 1 5

Table  5. 4 : T rave l t ime d a t a fo r p r o f i l e  B.
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5 .4  REDUCED TRAVEL TIMES

5 . 4 . 1  P r o f i l e  A

F i g u re  5 .4  shows t h e  r educed  t r a v e l  t i m e s  f o r  p r o f i l e  

A. The r e d u c i n g  v e l o c i t y  of  5 .7  km.s”^was found t o  g i v e  a 

v i s u a l  b e s t  f i t  f o r  t h e  r e v e r s e d  s h o t s  i n t o  s t a t i o n s  A3-A13. 

The o ve rb u r d e n  s t r u c t u r e  v a r i e s  a l ong  t h e  p r o f i l e ,  t h u s  

c o m p l i c a t i n g  t h e  i n t e r p r e t a t i o n  of  t he  r educed  t r a v e l  t ime 

s e c t i o n s .  From A16 t o  A24 t h e  s t a t i o n s  were l o c a t e d  on 

exposed ,  o r  s h a l l o w  b u r i e d ,  basement  r o c k s .  From A15 t o  AS 

t h e  Keuper Marl  u n d e r l i e s  t h e  Bou lder  Clay  and t h e r e  i s  

l i t t l e  v a r i a t i o n  i n  t h e  o ve rb u r de n  s t r u c t u r e .  To t h e  e a s t  of  

AS t h e  t h i c k n e s s  o f  t h e  L i a s  s h a l e s  and Coal  Measures  

i n c r e a s e s  e a s t w a r d s  ( c h a p t e r  4 ) .  The e f f e c t  of  t h i s  w i l l  be 

t o  lower  t h e  a v e r a g e  v e l o c i t y  o f  t he  s ed imen ts ,  w i t h  r e s p e c t  

t o  t h e  Keuper^ by an amount e q u i v a l e n t  t o  a 0 .015  second  

i n c r e a s e  i n  d e l a y  t ime be tween AS and A3. The i n c r e a s e  in 

s t a t i o n  e l e v a t i o n  t o  t h e  e a s t  of  AS ( t a b l e  5 .2)  cou ld  

acc ou n t  f o r  a s i m i l a r  i n c r e a s e  in  d e l a y  t ime be tween A3 and 

A1 (Da lby) .

The r educed  t r a v e l  t ime s e c t i o n s  f o r  t h e  s h o t s  from the  

e a s t e r n  end of  t h e  l i n e  ( 0 1 , 0 2 , 0 3 , Dalby)  compare ve ry  

c l o s e l y .  Thi s  i n d i c a t e s  t h a t  t h e r e  i s  no d e t e c t a b l e  i n c r e a s e  

i n  v e l o c i t y  w i t h  dep th  i n  t h e  r e f r a c t o r .  The s h o t s  from 

Whitwick and M o u n t s o r r e l ,  which were about  11 k i l o m e t r e s  

a p a r t ,  compare l e s s  c l o s e l y  bu t  a r e  s t i l l  w i t h i n  t he  l i m i t s  

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

The r educed  t r a v e l  t ime s e c t i o n s  can be c o n s i d e r e d  in 

t h r e e  p a r t s :

S t a t i o n s  A1 t o  A7: Th is  i n t e r v a l  was l o c a t e d  ove r  t he  Mel ton
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a e r o m a g n e t i c  anomaly .  The r e s o l u t i o n  of  t he  r educed  t r a v e l  

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

s e d i m e n t s  i n  t h i s  a r e a .  There  i s ,  however ,  no i n d i c a t i o n  of  

a low v e l o c i t y  ( i . e .  5 .0  km.s’ )̂ r e f r a c t o r  i n  t h i s  a r e a .

The i n t e r v a l  be tween s t a t i o n s  AS and A7 (a d i s t a n c e  

g r e a t e r  t h a n  t h e  c r i t i c a l  d i s t a n c e )  l i e s  on t h e  t h e  edge of  

t h e  Mel ton  magne t i c  anomaly and t h i s  i s  t h e  p o i n t  a t  which 

t h e  o v e r b u r d e n  v e l o c i t y  s t a r t s  t o  change .  There  i s  a 

d i s c o n t i n u i t y  be tween s t a t i o n s  A3 and A7 w i th  a wes tward  

d e c r e a s e  i n  t h e  r educed  t r a v e l  t i m e s .  S inc e  no l a t e r a l  

v e l o c i t y  change  can be d e t e c t e d  t h e  d i s c o n t i n u i t y '  must  be 

due t o  s t r u c t u r e  w i t h i n  t h e  s e d i m e n t s  or  t o  t o po g ra p h y  on 

t h e  r e f r a c t o r .  The b e s t  q u a l i t y  d a t a  i s  from t h e  Dalby sh o t  

which shows t h a t  t h e  d e c r e a s e  in  r educed  t r a v e l  t im es  i s  

g r e a t e r  t h a n  can be e x p l a i n e d  by a l a t e r a l  t h i n n i n g  o f  t h e  

low v e l o c i t y  s e d i m e n t s  (a maximum of  abou t  0 .020 s econds  fo r  

t h e  i n t e r v a l  be tween AS and A7) .

S t a t i o n s  AS t o  A16: The i n t e r v a l  from AS to  A14 has  t h e  b e s t  

r e v e r s e d  co v e r ag e  on t h i s  p r o f i l e  and t h e  most  un i fo rm  o v e r 

bu r d en  s t r u c t u r e ;  t h e  c r i t i c a l  d i s t a n c e  i s  abou t  one k i l o 

m e t r e .  The r educed  t r a v e l  t ime s e c t i o n s  g i ve  a good c o r r e l 

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

n e g l i g i b l e  d ip  and a v e l o c i t y  of  abou t  5 .7  km.s~^ . The 

changes  i n  r educed  t r a v e l  t imes  between a d j a c e n t  s t a t i o n s  

a r e  s m a l l e r  t h a n  t h e  e s t i m a t e d  e r r o r s .  The i n t e r v a l  from A14 

t o  t h e  exposed  M o u n t s o r r e l  g r a n o d i o r i t e  a t  A16 was n o t  

r e v e r s e d  from th e  wes t  due t o  t he  weak Bardon s h o t .  The 

reduced  t r a v e l  t im es  f o r  t h e  Dalby sh o t  i n t o  s t a t i o n s  

A14-A16 i n d i c a t e  a westward  s h a l l o w i n g  o f  t he  r e f r a c t o r
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which i s  c o n s i s t e n t  w i t h  t h e  exposu re  of  basement  r o c k s  a t  

M o u n t s o r r e l .

S t a t i o n s  A18 t o  A24; These  s t a t i o n s  l i e  on or  a d j a c e n t  t o  

t h e  Ch a rn i a n  I n l i e r ,  a l t h o u g h  on ly  A22 and A24 were on 

exposed  C h a r n i a n  r o c k s .

The Charnwood a r r a y  of  Whitcombe and ,Magui re  (1980) 

i n d i c a t e d  a v e l o c i t y  of  5 . 65  km.s"^ f o r  t he  Maplewe l l  S e r i e s  

and 5 .4  km.s~^ f o r  t h e  o l d e r  Bl ackbrook  S e r i e s .  Using t h e  

s u r f a c e  geo logy  ( f i g u r e  5.5)  t h e  r e l a t i v e  p r o p o r t i o n s  o f  t h e  

two l i t h o l o g i e s  t h a t  any a r r i v a l  w i l l  p a s s  t h ro ug h  can be 

c a l c u l a t e d .  The p r o p o r t i o n  of  Maplewel l  S e r i e s  v a r i e s  from 

30 t o  65%, which i s  e q u i v a l e n t  t o  a v a r i a t i o n  i n  v e l o c i t y  of  

a b ou t  0 .08 k m . s ' \  The reduced  t r a v e l  t ime s e c t i o n s  have  been 

r e p l o t t e d  f o r  a r e d u c i n g  v e l o c i t y  of  5.6 km.s  ̂ ( f i g u r e  5 . 6 ) .  

Th i s  v e l o c i t y  g i v e s  a b e t t e r  v i s u a l  c o r r e l a t i o n  f o r  t he  

r e v e r s e d  s h o t s  from t h e  s u r r o u n d i n g  q u a r r i e s  t h a n  t h e  

r ed u c i n g  v e l o c i t y  of  5 .7  km . s~ \  S ince  A22 and A24 were 

l o c a t e d  on exposed  C h a r n i a n  rocks  both s t a t i o n s  sh o u l d  have 

n e a r  z e r o  r educed  t r a v e l  t imes  f o r  t he  s h o t s  which were 

l o c a t e d  i n  basement  r o c k s .  The Whitwick a r r i v a l  a t  A22 shows 

t h i s  bu t  t h e  a r r i v a l  a t  A24 has  a p o s i t i v e  r educed  t r a v e l  

t ime i n d i c a t i n g  an a p p a r e n t  v e l o c i t y  of  l e s s  t h a n  5 .6  km . s " \  

The n e a r  s u r f a c e  v e l o c i t y  of  t h e  Bardon P o r p h y ro i d  and S l a t e  

Agg lomera t e  i s  known, from sh a l l o w  r e f r a c t i o n  s u r v e y s ,  t o  be 

ab o u t  5 . 0 - 5 . 2  km. s~ \  However,  t h e  reduced  t r a v e l  t im e s  f o r  

s h o t s  from M o u n t s o r r e l  show a n e g a t i v e  d e l a y  f o r  A24 wi th  

r e s p e c t  t o  A22, i n d i c a t i n g  an a p p a r e n t  v e l o c i t y  of  g r e a t e r  

t h a n  5.6 km.s  ̂ be tween A22 and A24. I t  a p p e a r s  t h a t  t h e  

l o c a l i s e d  v a r i a t i o n s  in  a p p a r e n t  v e l o c i t y  a r e  g r e a t e r  t han
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can be p r e d i c t e d  by u s i n g  t h e  t y p i c a l  Maplewel l  and 

Blackbrook  S e r i e s  v e l o c i t i e s  d e s c r i b e d  above.

The r educed  t r a v e l  t ime s  f o r  t h e  M o u n t s o r r e l  s h o t  a l s o  

p r e s e n t  a p rob l em s i n c e  t hey  a r e  about  0 .050 s econds  l a r g e r  

t h a n  t h e  r educed  t r a v e l  t imes  f o r  t h e  same s t a t i o n s  from th e  

o t h e r  s h o t p o i n t s .  The Bardon s h o t  i n t o  A17 (M o un t so r r e l )  

a l s o  shows a p o s i t i v e  reduced  t r a v e l  t ime r e l a t i v e  t o  A22. 

Th i s  s u g g e s t s  t h a t  t h e r e  i s  a d e l a y  of  up t o  0 .050 s econds  

a s s o c i a t e d  w i t h  t h e  M o u n t s o r r e l  g r a n o d i o r i t e .  As d i s c u s s e d  

p r e v i o u s l y  a low v e l o c i t y  r e f r a c t o r  has  been d e t e c t e d  t o  t h e  

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

e x t e n s i o n  o f  t h e  i n t r u s i o n .  The probl em of  t h e  M o u n t s o r r e l  

d e l a y  t im es  i s  d i s c u s s e d  below.

I f  t h e r e  i s  a low v e l o c i t y  anomaly a s s o c i a t e d  w i th  t h e  

M o u n t s o r r e l  i n t r u s i o n  t h en  t h e r e  i s  no i n d i c a t i o n ,  on t h e  

reduced  t r a v e l  t ime  p l o t s ,  t h a t  r a y p a t h s  which pa s s  t h r ou gh  

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

anomaly i s  c o n f i n e d  t o  sh a l l o w  d e p t h s ,  t h i s  i s  c o n s i s t e n t  

w i t h  t h e  s o l u t i o n  v e l o c i t y  f o r  t he  Bardon t o  Holwe l l  l i n e  

which i n d i c a t e d  a r a p i d  i n c r e a s e  i n  v e l o c i t y  w i th  dep th  

( 4 . 8 + 0 . 7 Z  km.s^)  w i t h i n  t h e  low v e l o c i t y  r e f r a c t o r .

Of t h e  s t a t i o n s  no t  l o c a t e d  on exposed basement  r ocks  

A21 and A23 show c o n s i s t e n t l y  s m a l l ,  p o s i t i v e ,  r educed  

t r a v e l  t i m e s  compared to  A22. A r r i v a l s  from t h e  Bardon s h o t  

were a l s o  r e c o r d e d ,  t o  t he  e a s t  of  t h e  exposed C h a r n i a n ,  a t  

s t a t i o n s  A21 t o  A19 ( f i g u r e  5 . 5 ) .  The r educed  t r a v e l  t im es  

h e r e  s u g g e s t  an e a s t w a r d  de epen ing  of  t he  r e f r a c t o r  or  a 

l a t e r a l  d e c r e a s e  in  o v e rb u r de n  v e l o c i t y .
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5 . 4 . 2  A p o s s i b l e  basement  t o  t h e  Cha rn i an

The s h o t s  from t h e  e a s t e r n  end of  p r o f i l e  A, as  p l o t t e d  

i n  f i g u r e  5 . 5 ,  show a 0 .070  second d e c r e a s e  i n  r educed  

t r a v e l  t im e s  be tween A21 and A22. Th is  i s  s i g n i f i c a n t l y  

l a r g e r  t h a n  t h e  d i f f e r e n c e  i n  r educed  t r a v e l  t im e s  f o r  t he  

c l o s e r  s h o t s  i n t o  t h e s e  s t a t i o n s .  Whitcombe and Maguire  

(1980) i n t e r p r e t  a basement  r e f r a c t o r  w i th  a v e l o c i t y  of  6 .4  

km.s"^ a t  a d e p th  of  2 t o  4 k i l o m e t r e s  b e n ea th  t h e  C h a rn i a n .  

The a p p a r e n t  v e l o c i t i e s  ob se rved  between A21 and A22 were 

abo u t  6 .8  km.s"^. However,  t h e  r educed  t r a v e l  t ime  f o r  A24 

w i th  r e s p e c t  t o  A22 f a i l s  t o  show an e q u i v a l e n t

a p p a r e n t  v e l o c i t y .  I f  t he  h igh  a p p a r e n t  v e l o c i t y  be tween A21 

and A22 i s  due t o  a f i r s t  a r r i v a l  from a d e e p e r  r e f r a c t o r  

t h e n  i t  i s  p o s s i b l e  t h a t  t h e r e  i s  an i n c r e a s e  i n  d e l a y  timey 

on t h i s  d e e p e r  r e f r a c t o r ,  a t  s t a t i o n  A24. Such an i n c r e a s e  

migh t  be due t o  t h e  i n t r u s i o n  of  t h e  p o r p h y r o i d s ,  a l t h o u g h  

t h e s e  a r e  not  known to  be deep r o o t e d  i n t r u s i o n s .  A l t e r n 

a t i v e l y  t h e  r e f r a c t o r  may be 0 .5  to  1 .0  k i l o m e t r e s  d e e p e r  a t  

t h e  w e s t e r n  edge of  t h e  C ha rn i an  I n l i e r .

Us ing v e l o c i t i e s  of  5 .6  and 6 .4  km. s"^ f o r  t h e  two 

r e f r a c t o r s  s u g g e s t s  an o f f s e t  of  3 .6  t o  7 .2  k i l o m e t r e s  f o r  

a r r i v a l s  from a r e f r a c t o r  a t  2 t o  4 k i l o m e t r e s  d e p t h .  High 

v e l o c i t y  a r r i v a l s  from a l l  f o u r  s h o t s  (01,  02,  03,  Dalby) 

a r e  o bs e r ve d  be tween s t a t i o n s  A21 and A22, i n d i c a t i n g  

c r o s s o v e r  d i s t a n c e s  o f  16 t o  22 k i l o m e t r e s .  Th i s  s u g g e s t s  

t h a t  t h e  a r r i v a l s  a t  A22 from t h e  f o u r  s h o t s  must  a l l  

o r i g i n a t e  from t h e  same p o i n t  on t h e  r e f r a c t o r .  The most  

l i k e l y  p l a c e  f o r  t h i s  t o  happen i s  a t  t he  w e s t e r n  edge of 

t h e  M o u n t s o r r e l  i n t r u s i o n ,  which was 3 .5  k i l o m e t r e s  from 

A22. The v a r i a t i o n  i n  c r o s s o v e r  d i s t a n c e  s u g g e s t s  t h a t  t he
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h i g h e r  v e l o c i t y  r e f r a c t o r  i s  e i t h e r  d e ep e r  or  no t  p r e s e n t  t o  

t h e  e a s t  of  M o u n t s o r r e l .

S i m i l a r  h igh  v e l o c i t y  a r r i v a l s  a r e  no t  d e t e c t e d  a t  t h e  

e a s t e r n  end o f  p r o f i l e  A, where t h e  s h o t  t o  r e c e i v e r  

d i s t a n c e s  a r e  up t o  25 k i l o m e t r e s .  Th i s  a l s o  s u g g e s t s  t h a t ,  

i f  p r e s e n t ,  t h e  h igh  v e l o c i t y  r e f r a c t o r  i s  de ep e r  h e r e  t h a n  

i t  i s  unde r  t h e  C ha r n i a n  I n l i e r .  Th is  i s  c o n s i s t e n t  w i th  t h e  

r e s u l t s  o f  t h e  Mel ton Mowbray r e f l e c t i o n  p r o f i l e  ( see  

b e l o w ) .

5 . 4 . 3  P r o f i l e  B

With t h e  e x c e p t i o n  o f  t h e  n o r t h e r n  p a r t  o f  p r o f i l e  B 

t h e  r educed  t r a v e l  t ime s e c t i o n s  ( f i g u r e  5 .7)  show l i t t l e  

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

( c h a p t e r  4) showed an a p p r o x i m a t e l y  n o r t h - s o u t h  s t r i k e  t o  

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

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

s t a t i o n  B47.

The r educed  t r a v e l  t ime s e c t i o n s  show t h a t  t h e  f i r s t  

a r r i v a l s  from the  Holwel l  sh o t  a t  s t a t i o n s  t o  t h e  n o r t h  of  

B48 a r e  not  from t h e  basement  r e f r a c t o r .  S i m i l a r l y  t he  

Quenby 1 a r r i v a l  a t  B32 i s  no t  from t h e  basement  r e f r a c t o r .

The r a p i d  i n c r e a s e  in  r educed t r a v e l  t imes  t o  t h e  n o r t h  

o f  B48 c l e a r l y  shows t h e  deepen ing  of  t he  basement  a s s o c 

i a t e d  w i t h  t h e  margin of  t he  Widmerpool  G u l f .  To t h e  s ou th  

of  B48 t h e r e  i s  on ly  a sm a l l  s c a l e  t opo g r aph y  on t h e  

r e f r a c t o r  and n o t h i n g  t o  i n d i c a t e  a l a t e r a l  change  in  

r e f r a c t o r  v e l o c i t y  ove r  t he  Mel ton i n t r u s i o n .  The s m a l l e r  

r ed uced  t r a v e l  t ime s  in  t h e  v i c i n i t y  of  B37-38 and B33-34 

c o u ld  be due t o  basement  h ig h s  or  t o  l o c a l i s e d  v e l o c i t y
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a no m a l i e s  w i t h i n  t h e  s e d i m e n t s .

The s e c t i o n s  f o r  t he  Holwel l  and Quenby 1 s h o t s  s u g g e s t  

a s l i g h t  c o r r e l a t i o n  be tween t h e  r educed  t r a v e l  t im e s  and 

t h e  s h o t  t o  r e c e i v e r  d i s t a n c e s  be tween s t a t i o n s  B32-33 and

B40, F i g u r e  5 .8  shows t h e  d a t a  f o r  t h e  Quenby and Holwe l l
-1

s h o t s  r e p l o t t e d  a t  a r e d u c i n g  v e l o c i t y  of  5 .55  km.s The 

v i s u a l  c o r r e l a t i o n  between t h e  two s e c t i o n s  f o r  t h e  i n t e r v a l  

f rom B33 t o  B40 i s  b e t t e r  t han  i t  was f o r  t h e  r e d u c i n g  

v e l o c i t y  of  5 .7  k m . s \  S ince  B39 i s  l o c a t e d  on t h e  s o u t h e r n  

marg in  of  t h e  a e r o m a g n e t i c  anomaly i t  i s  p o s s i b l e  t h a t  a 

sou thward  d e c r e a s e  i n  t h e  r e f r a c t o r  v e l o c i t y  i n  t h i s  a r e a  

c ou ld  c o r r e s p o n d  t o  a sou thward  t r a n s i t i o n  from g r a n i t i c  t o  

C h a r n i a n  t ype  ba semen t .  I t  i s  e q u a l l y  p o s s i b l e  t h a t  t h e r e  i s  

a sou thward  i n c r e a s e  in t h e  v e l o c i t y  of  t he  o v e r l y i n g  s e d i 

m en t s ,  as  would be t h e  ca se  i f  t h e r e  was an i n c r e a s i n g  

t h i c k n e s s  o f  Lower P a l a e o z o i c  s e d i m e n t s  o v e r l y i n g  t h e  

basement  t o  t h e  s o u t h  o f  t h e  i n t r u s i o n .  Such s e d i m e n t s  a r e  

found a t  d e p t h s  of  100-200 m e t r e s  below OD in b o r e h o l e s  

a round  L e i c e s t e r .

5 . 4 . 4  A d e e p e r  r e f r a c t o r  unde r  p r o f i l e  B

The r educed  t r a v e l  t ime s e c t i o n s  f o r  t h e  Ho lwel l  sh o t

( f i g u r e  5 .7)  show a 0 .050  second d e c r e a s e  in  r educed  t r a v e l

t ime  be tween  B32 and B30 (Quenby 1 s h o t p o i n t ) ,  a t  a d i s t a n c e

o f  ab ou t  18 k i l o m e t r e s  from the  Ho lwe l l  s h o t p o i n t .  The

c l o s e r  Dalby and 03 s h o t s  show an i n c r e a s e  i n  r educed  t r a v e l

t i m e s  from B32 t o  831.  The Quenby a r r i v a l s  a t  B51 and B53 

( t he  Holwe l l  s h o t p o i n t )  a l s o  have s m a l l e r  r educed  t r a v e l  

t imes  t h a n  t h e  a r r i v a l s  from the  Dalby s h o t  wherea s  f o r  

s t a t i o n s  t o  t he  sou th  of  851 t he  reduced  t r a v e l  t im es  fo r
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t h e  Dalby and Ho lwe l l  s h o t s  compare c l o s e l y .  The magni tude  

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

d e t e r m i n e  be ca us e  of  t h e  r e f r a c t o r  d ip  bu t  i t  i s  s i m i l a r  to  

t h e  d i f f e r e n c e  a t  B30.

I t  i s  p o s s i b l e  t h a t  p r o f i l e  B was j u s t  long enough to  

r e c o r d  f i r s t  a r r i v a l s  from a de ep e r  r e f r a c t o r ,  such  as may 

have been d e t e c t e d  under  t h e  C h a rn i a n  I n l i e r  on p r o f i l e  A. 

I f  i t  i s  assumed t h a t  t h e  h igh  v e l o c i t y  r e f r a c t o r  i s  no t  

p r e s e n t  b e n e a t h  t h e  Mel ton g r a n i t e  t h en  t h e  a r r i v a l s  a t  

Quenby and Holwe l l  must  have been r e f r a c t e d  from t h e  deepe r  

l a y e r  w i t h i n  ab o u t  6 k i l o m e t r e s  o f  t h e  r e c o r d i n g '  s i t e s  

( u s in g  t h e  m a g ne t i c  anomaly t o  d e f i n e  t h e  a p p ro x i m a t e  margin  

o f  t h e  g r a n i t e ) .  For v e l o c i t i e s  of  5.7 and 6 .4  km. s^  t h e  

r e f r a c t o r  would have t o  be l e s s  t h a n  4 k i l o m e t r e s  deep to  

g i v e  an o f f s e t  o f  6 k i l o m e t r e s .

5 . 5  TIME TERM SOLUTIONS FOR PROFILE A

As d e s c r i b e d  i n  s e c t i o n  5 . 3 . 2  t h e  q u a r r y  b l a s t  d a t a  

were c o l l a t e d  t o  g i v e  one s e t  of  t r a v e l  t ime s  f o r  each 

q u a r r y  i n t o  as  many r e c o r d i n g  s i t e s  as  p o s s i b l e .  The t ime 

t erm s o l u t i o n s  were a l l  c a r r i e d  ou t  u s i n g  t h i s  d a t a  s e t ,  

t o g e t h e r  w i t h  t h e  d a t a  from each of  t h e  c o n t r o l l e d  s h o t s .

The r educed  t r a v e l  t ime p l o t s  s u g g e s t e d  t h a t  t h e r e  were 

l o c a l i s e d  v e l o c i t y  v a r i a t i o n s  ove r  t h e  Ch a rn i an  I n l i e r .  In 

o r d e r  t h a t  t h e  s o l u t i o n  f o r  s t a t i o n s  t o  t h e  e a s t  of  

M o u n t s o r r e l  would no t  be a f f e c t e d  by v e l o c i t y  v a r i a t i o n s  

a c r o s s  t h e  C h a rn i a n  I n l i e r  p r o f i l e  A was d i v i d e d  a t  

M o u n t s o r r e l ,  and t h e  two p a r t s  t r e a t e d  s e p a r a t e l y  in  t he  

t ime t e rm s o l u t i o n s .
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5 . 5 . 1  Bardon H i l l  t o  M o u n t s o r r e l  (A24-A17)

Because  t h e  c o n t r o l l e d  s h o t s  from th e  e a s t e r n  end of  

t h e  p r o f i l e  a pp ea re d  t o  i n d i c a t e  a d e ep e r  r e f r a c t o r  t he  

s o l u t i o n  was c o n f i n e d  t o  e v e n t s  from t h e  s u r r o u n d i n g

q u a r r i e s .

S t a t i o n  A17 was a t e l e m e t e r e d  o u t s t a t i o n  l o c a t e d  a t  

M o u n t s o r r e l  Quar ry  f o r  t h e  pu rp ose  of  r e c o r d i n g  a r r i v a l s  

from o t h e r  s h o t p o i n t s .  L ikewi se  A24, on Bardon H i l l ,  was 

a d j a c e n t  t o  t h e  q u a r r y .  The t ime t erm method r e q u i r e s  one or  

more s h o t p o i n t  t o  s h o t p o i n t  l i n k i n g  o b s e r v a t i o n s  ( e q u i v a l e n t  

t o  a r e c i p r o c a l  t ime )  b u t  i n  p r a c t i c e  t h e  pe rmanent  

o u t s t a t i o n s  had t o  be l o c a t e d  up t o  300 m e t r e s  from the  

q u a r r y  f a c e s .  In  o r d e r  t o  make a t ime t erm s o l u t i o n  p o s s i b l e  

dummy t r a v e l  t im es  l i n k i n g  Whi twick ,  Bardon H i l l  and

M o u n t s o r r e l  were c a l c u l a t e d .  These  dummy t i m e s  were 

d e t e r m i n e d  u s i n g  t h e  e v e n t s  r e c o rd e d  a t  A17 and A24, and 

t h e n  c a l c u l a t i n g  an a d j u s t e d  t r a v e l  t ime a c c o r d i n g  t o  t he  

d i s t a n c e  be tween t h e  two s h o t p o i n t s  compared w i th  t he

d i s t a n c e  t o  t h e  r e c o r d i n g  s i t e .  The a l t e r n a t i v e  way of 

d e a l i n g  w i t h  t h e  probl em i s  t o  assume t h a t  t h e  r e c o r d i n g  

s t a t i o n  and s h o t p o i n t  w i l l  have t h e  same t ime term and to  

t r e a t  them as one s i t e .  The d i s a d v a n t a g e  of  t h i s  method i s  

t h a t  i t  c o n c e a l s  any l o c a l i s e d  d i f f e r e n c e s  between t h e  two 

t ime  t e r m s .

The f i r s t  d a t a  s e t  c o n s i s t e d  of  t r a v e l  t im es  f o r

M o u n t s o r r e l ,  Whitwick and Bardon H i l l  q u a r r y  b l a s t s ,  

t o g e t h e r  w i t h  t h e  Bardon s h o t ,  i n t o  s t a t i o n s  A17 to  A24. 

Thi s  gave a t o t a l  of  7 r e c o r d i n g  s i t e s ,  4 s h o t p o i n t s  and 23

o b s e r v a t i o n s .  The t ime term s o l u t i o n  (number 1) i s  g i ve n  in
-1

t a b l e  5 . 5 ,  t h e  s o l u t i o n  v e l o c i t y  was 5.63 km.s and t h e  F
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r a t i o  was 2 . 0 9 .  Given t he  l i m i t e d  number of  r e c o r d i n g  s i t e s  

t h i s  s o l u t i o n  v e l o c i t y  i s  no t  s i g n i f i c a n t l y  d i f f e r e n t  t o  t h e  

p r e v i o u s l y  d e t e r m i n e d  v e l o c i t i e s  f o r  t h e  C h a r n i a n  (see  

a b o v e ) .

A second  s o l u t i o n  (number 2) was c a r r i e d  ou t  t o  e xc l ude  

t h e  a r r i v a l s  from Whitwick Qua r ry ,  which was no t  used as a 

r e c o r d i n g  p o i n t  and was o f f  l i n e .  Th i s  gave a s o l u t i o n  

v e l o c i t y  of  5 .57 km.s  ̂ and an F r a t i o  of  0 .6  ( f i g u r e  5 . 9 ,  

t a b l e  5 . 5 ) .

The t ime  t e rms  f o r  t he  two s o l u t i o n s  were s i m i l a r ,  t h e  

v a r i a t i o n s  r e s u l t i n g  l a r g e l y  from th e  s l i g h t l y  d i f f e r e n t  

s o l u t i o n  v e l o c i t i e s .  The s t a t i o n s  on exposed  basement  

(A22,A24) and t h e  Bardon H i l l  (A25) and Whi twick (A28) 

q u a r r y  b l a s t s  a l l  had n e a r  z e ro  t ime t e r m s .  The Bardon H i l l  

c o n t r o l l e d  s h o t  (A26) and M o u n t s o r r e l  (A17,A18) had l a r g e  

p o s i t i v e  t ime t erms  (0.030 t o  0 .070  s e c o n d s ) .  As d i s c u s s e d  

above t h e r e  a p p e a r s  t o  be a d e l a y  a s s o c i a t e d  w i t h  t h e  

M o u n t s o r r e l  g r a n o d i o r i t e  which a f f e c t s  both  t h e  s h o t  and 

r e c e i v e r  t ime  t e r m s .  The t ime t erm f o r  t h e  Bardon Shot  

c an no t  be e x p l a i n e d  i n  t h i s  way s i n c e  n e i t h e r  t he  r e c e i v e r  

(A24) Tior t h e  q u a r r y  b l a s t  (A25) have anomalous t ime  t e r m s .

The 0 .030 second t ime t erm a t  A26 c an no t  be e x p l a i n e d  

by s i t e  l o c a t i o n  or  t im i n g  e r r o r s  s i n c e  t h i s  would a f f e c t  

t h e  a p p a r e n t  v e l o c i t y  of  5 . 4  km. s"  ̂ d e t e r m i n e d  from th e  

a r r i v a l  t ime a t  t h e  nea rby  s i t e  A24. The Bardon s h o t p o i n t ,  

which was no t  used as  a r e c o r d i n g  s t a t i o n  f o r  any o t h e r  

s h o t s ,  was l o c a t e d  on t he  e a s t e r n  edge of  t h e  Bardon H i l l  

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

t h e  c e n t r e  of  t h e  e x p o s u r e .  The basement  t o  t h e  e a s t  of  t he  

s h o t p o i n t  ( i . e .  t owa rds  t he  r e c o r d i n g  p r o f i l e )  i s  t h o u g h t  to
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d ip  away s t e e p l y .  Jo ne s  (1927) s t u d i e d  t h e  rocks  o f  Bardon 

H i l l  i n  g r e a t  d e t a i l  and mapped a number of  f a u l t s  t r e n d i n g  

n o r t h w e s t  t o  s o u t h e a s t  a c r o s s  t h e  q u a r r y .  I t  i s  t h e r e f o r e  

p o s s i b l e  t h a t  t h e  a p p a r e n t  0 .030 second  d e l a y  i s  due t o  t h e  

s t r u c t u r e  o f  t h e  basement  imme d ia t e ly  t o  t h e  e a s t  of  t he  

s h o t p o i n t .  Thi s  would no t  a f f e c t  t h e  t r a v e l  t i m e s  t o  s t a t i o n  

A24 which was t o  t h e  wes t  of  t h e  Bardon s h o t p o i n t .

The s t a t i o n s  no t  l o c a t e d  on exposed  basement  r ocks  have 

p o s i t i v e  t ime t e rms  of  up t o  0 . 057 s e conds  ( t a b l e  5 . 5 ) .  In 

p a r t i c u l a r  be tween s t a t i o n s  A21 and A19 t h e  t ime  terms 

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

away from t h e  Ch a rn i a n  I n l i e r  and t owards  t h e  c o n t a c t  w i th  

t h e  M o u n t s o r r e l  g r a n o d i o r i t e .  A s i m i l a r  i n c r e a s e  i n  t ime 

te rms  would be o b se r ve d  i f  t h e r e  was a l a t e r a l  d e c r e a s e  i n  

e i t h e r  t h e  r e f r a c t o r  or  o v e rb u r d e n  v e l o c i t i e s .

5 . 5 . 2  M o u n t s o r r e l  t o  Dalby (A18-A1)

The r educed  t r a v e l  t imes  f o r  t h i s  p a r t  of  t h e  p r o f i l e  

s u g g e s t e d  a r e f r a c t o r  v e l o c i t y  o f  5 .7  + 0.1 km. s  ̂ w i t h  a 

d i s c o n t i n u i t y  between s t a t i o n s  A7 and A8.

For  an i n i t i a l  t ime term s o l u t i o n  a l l  t h e  a r r i v a l s  i n t o  

s t a t i o n s  A1 t o  A16 were u se d .  Th i s  gave a d a t a  s e t  of  57 

o b s e r v a t i o n s  from 7 s h o t p o i n t s .  No a r r i v a l s  from the  

c o n t r o l l e d  s h o t s  were r ec o rd ed  a t  t h e  M o u n t s o r r e l  s h o t p o i n t .

The f i r s t  s o l u t i o n  (number 3,  t a b l e  5 .5)  gave a 

v e l o c i t y  of  5.71 km.s"^ and an F r a t i o  of  1 . 2 .  Al though no 

e v i de n ce  f o r  an i n c r e a s e  in  v e l o c i t y  w i th  dep th  was d e t e c t e d  

from th e  r educed  t r a v e l  t ime s e c t i o n s  a second s o l u t i o n ,  in  

which t h e  a r r i v a l s  from the  more d i s t a n t  Whitwick q u a r r y  

were exc l ude d  from the  d a t a  s e t ,  was t r i e d .  The d a t a  s e t  was
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now r e s t r i c t e d  t o  a r r i v a l s  which o r i g i n a t e d  from s h o t p o i n t s  

w i t h i n  t h e  p a r t  of  t h e  p r o f i l e  be ing  a n a l y s e d .

The s o l u t i o n  v e l o c i t y  f o r  t h i s  d a t a  s e t  (number 4) was 

unchanged a t  5 . 71  km.s  ̂ b u t  t h e  F r a t i o  was r educed  t o  0.6 

( f i g u r e  5 . 9 ,  t a b l e  5 . 5 ) .  The t ime t e rms  f o r  t h e  two 

s o l u t i o n s  compare t o  b e t t e r  t h an  t h e  o b s e r v a t i o n a l  e r r o r s .  

There  i s  a g e n e r a l  e a s t w a r d  i n c r e a s e  i n  t ime t erms  and no 

ev id e nc e  f o r  deep basement  i n  t h e  a r e a  between t h e  two 

i n t r u s i o n s .  The d i s c o n t i n u i t y  be tween A7 and A8 a p p e a r s  as 

an i n c r e a s e  in  t ime t e rms  of  abo u t  0 .030 seconds  from A7 to  

A8.

From A14 t h e r e  i s  a wes tward '  d e c r e a s e  i n  t i m e t e r m s  up 

t o  s t a t i o n  A16, which was l o c a t e d  on t he  M o u n t s o r r e l  g r a n o 

d i o r i t e .  D e s p i t e  be in g  l o c a t e d  on exposed basement  n e i t h e r  

A16tior t he  M o u n t s o r r e l  s h o t p o i n t  (A18) have zero  t ime t e r m s .

The s o l u t i o n  v e l o c i t i e s  o b t a i n e d  a r e  c o n s i s ^ t e n t  wi th  

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

ment  i n  t h i s  a r e a ,  and a r e  s i g n i f i c a n t l y  h i g h e r  t h a n  any 

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

i n f e r r e d  i n t r u s i v e  i gneo us  basement  ( c h a p t e r  1) . The F 

r a t i o s  of  abou t  u n i t y  i n d i c a t e  t h a t  t h e  models  a r e  a c c e p t 

a b l e ,  bu t  no t  n e c e s s a r i l y  un i qu e .

Because  of  t h e  d i s c o n t i n u i t y  in t he  t ime t e rms  between 

A7 and A8 ( c o r r e l a t i n g  w i t h  t he  edge of  t h e  m ag ne t i c  

anomaly)  and t he  u n e x p e c t e d l y  h igh  v e l o c i t y  r e c o r d ed  ove r  

t h e  Mel ton g r a n i t e  t h e  d a t a  s e t  was s u b d i v i d e d  f o r  two 

f u r t h e r  s o l u t i o n s .

S t a t i o n s  A1 t o  A7: The a r r i v a l s  i n t o  s t a t i o n s  A1,A3,A4,  

A5,A7 from a l l  t he  s h o t p o i n t s  were u sed .  The s h o t p o i n t  l i n k s  

were we l l  c o n t r o l l e d ,  bu t  t he  l o s s  of  t he  d a t a  from the
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Reading r e c o r d e r s  l i m i t e d  t h e  r e v e r s e d  c o v e r  on t h e  

r e f r a c t o r  t o  ab o u t  3 k i l o m e t r e s .
_ 1

The s o l u t i o n  (number 5) gave a v e l o c i t y  of  5 . 79  km.s"

bu t  w i t h  a s t a n d a r d  e r r o r  of  0 .06 km.s"^.The h i g h e r  s o l u t i o n

v e l o c i t y ,  compared w i th  s o l u t i o n s  3 and 4,  meant  t h a t  t he  

e x c e s s  t r a v e l  t im e s  were t ak e n  up by t h e  t ime t erms  f o r  t he  

s h o t p o i n t s  01 and 02,  which were i n c r e a s e d  by abo u t  0 .010 

s e c o n d s .

S t a t i o n s  AS t o  A18; The s h o t p o i n t  l i n k s  f o r  t h i s  da t a

s e t  were r e s t r i c t e d  t o  a r r i v a l s  from M o u n t s o r r e l  i n t o  02 and

03.  A l l  t h e  o t h e r  l i n k s  i n v o lv e d  r a y p a t h s  o u t s i d e  t he  p a r t  

of  t h e  p r o f i l e  be ing  a n a l y s e d .  Had t h e s e  l i n k s  been used t he  

s o l u t i o n  t ime t e rms  would have been a f f e c t e d  by t h e  v e l o c i t y  

o f  t h e  r e f r a c t o r  be tween A1 and A7.

The s o l u t i o n  v e l o c i t y  was 5 .62  km. s"  ̂ and t he  F r a t i o  

abou t  0 . 2 .  The t ime t erms  f o r  t h i s  s o l u t i o n  (number 6 t a b l e

5 .5)  a g r e ed  w i t h  t h o s e  f o r  s o l u t i o n s  3 and 4 w i t h i n  t h e  

l i m i t s  of  t h e  o b s e r v a t i o n a l  e r r o r s .  The v a l u e s  a t  s t a t i o n s  

A14 to  A16 and t h e  M o u n t s o r r e l  s h o t p o i n t  were reduced  by up 

t o  0 .020 s e c o n d s ,  g i v i n g  a n e a r  z e ro  t ime t e rm f o r  A16 and 

0.029 s econds  f o r  M o u n t s o r r e l .  However t he  on l y  a r r i v a l  a t  

A16 was from t h e  Dalby s h o t  which had p a s se d  t h rou gh  t he  

r e g i o n  w i th  a p o s s i b l e  h i g h e r  r e f r a c t o r  v e l o c i t y  be tween A1 

and A7.

5 . 5 . 3  C o n c l u s i o n s  f o r  p r o f i l e  A

The F r a t i o s  of  s o l u t i o n s  4, 5 and 6 were a l l  l e s s  t han  

u n i t y ,  t h e r e f o r e  no one s o l u t i o n  can be p r e f e r r e d .  I f  t he  

s t a n d a r d  e r r o r s  a r e  r e l i a b l e  t hen  t h e  s o l u t i o n  v e l o c i t i e s  

f o r  t he  s u b d i v i d e d  d a t a  s e t s  a r e  s i g n i f i c a n t l y  d i f f e r e n t .  I t
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i s  t e m p t in g  t o  say  t h a t  t h e  p o s s i b l e  change i n  r e f r a c t o r  

v e l o c i t y  be tween A7 and A8 r e p r e s e n t s  a t r a n s i t i o n  from 

t y p i c a l  Cha rn i an  basement  t o  a h igh  v e l o c i t y  g r a n i t i c  

b a s e m e n t .

For  t h e  s t a t i o n s  on t h e  Ch a rn i a n  I n l i e r  s o l u t i o n  2 i s  

p r e f e r r e d  beca use  of  t h e  l ower  F r a t i o .  For t h e  main p a r t  of  

p r o f i l e  A t h e r e  i s  no r ea son  no t  t o  use  t h e  g e n e r a l  s o l u t i o n

(4) when c a l c u l a t i n g  d e p t h s .  The p o s s i b i l i t y  of  a h i g h e r  

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

w i t h  t h e  d a t a  from p r o f i l e  B.

5 .6  TIME TERM ANALYSES FOR PROFILE B

5 . 6 . 1  An i n i t i a l  s o l u t i o n

The p o s s i b i l i t y  of  t h e  Quenby t o  Holwel l  r e c i p r o c a l  

t i m e s  be in g  a r r i v a l s  from a d e ep e r  r e f r a c t o r  was d i s c u s s e d  

i n  s e c t i o n  5 . 4 . 4 .  A f i r s t  s o l u t i o n  was t r i e d  u s i n g  t h e s e  

a r r i v a l s ,  i n  o r d e r  to  avo id  u s i n g  a r r i v a l s  from any of  t he  

s h o t p o i n t s  from p r o f i l e  A. Thi s  s o l u t i o n  (number 7,  t a b l e

5.5)  gave a v e l o c i t y  of  5 .74  km.s  ̂ and an F r a t i o  o f  1 . 4 .  

However t h e  t ime t e rms  i n  t h e  c e n t r e  of  t h e  p r o f i l e  were 

0.030 t o  0 . 060  s econds  l a r g e r  t h an  t h e  t h e  s o l u t i o n  t ime 

t er ms  f o r  t h e  e a s t e r n  p a r t  of  p r o f i l e  A. In p a r t i c u l a r  A3, 

which was used i n  bo th  s o l u t i o n s ,  had a much l a r g e r  t ime 

t erm in  t h i s  s o l u t i o n ,  a l t h o u g h  t h e  a r r i v a l s  used i n  t h e  two 

s o l u t i o n s  were from az im u th s  9 0 ' a p a r t .  The i n c r e a s e  i n  t ime 

t e rms  c an no t  be e x p l a i n e d  by a d i f f e r e n c e  i n  t h e  s o l u t i o n  

v e l o c i t i e s .  I f  t h e  Quenby t o  Holwel l  r e c i p r o c a l  t ime s  were 

a r r i v a l s  from a d e e p e r  r e f r a c t o r  t hen  t he  s h o t p o i n t  t ime 

te rms  would be u n d e r e s t i m a t e d  and t he  r e c e i v i n g  s t a t i o n  t ime
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t erms  o v e r e s t i m a t e d .  The compar i son  w i th  p r o f i l e  A s u g g e s t s  

t h a t  t h i s  i s  t h e  c a s e .  The Ho lwe l l  t o  Quenby r e c i p r o c a l  

t i m e s ,  t o g e t h e r  t h e  Quenby a r r i v a l  a t  B51, were t h e r e f o r e  

removed from t h e  d a t a  s e t .

5 . 6 . 2  S o l u t i o n s  u s i n g  t h e  c e n t r a l  s h o t s

In  o r d e r  t o  p r o v i d e  some s h o t p o i n t  l i n k i n g  o b s e r v a t i o n s  

t h e  Dalby and 01 s h o t s  ( s t a t i o n s  A1,A2) were added to t h e  

d a t a  s e t .  Th i s  gave p a i r s  of  r e c i p r o c a l  t imes  between Dalby 

and Ho lwel l /Quenby as w e l l  as  01 t o  Dalby and Quenby 2 (A31) 

t o  01.  In a d d i t i o n  t h e r e  were some a r r i v a l s  i n t o  t h e  c e n t r a l  

p a r t  of  p r o f i l e  from t h e  Dalby s h o t  t o  f i l l  i n  t h e  gaps  due 

t o  t h e  n o n - r e c o r d i n g  o f  t h e  Quenby 1 and Holwel l  s h o t s .

The s o l u t i o n  f o r  t h i s  d a t a  s e t  (number 8) gave a v e l 

o c i t y  o f  5 .69 km.s  ̂ and an F r a t i o  of  1 . 4 .  The t ime terms 

f o r  t h e  s h o t p o i n t s  and s t a t i o n s  t h a t  were common to  t h e  

s o l u t i o n s  f o r  p r o f i l e s  A and B ag re ed  t o  b e t t e r  t h an  t he  

o b s e r v a t i o n a l  e r r o r s .  The F r a t i o  was sma l l  enough to  

i n d i c a t e  a good s o l u t i o n  b u t ,  compared w i th  t he  s o l u t i o n s  

f o r  p r o f i l e  A, i t  i s  h i g h e r  t han  might  have been e x p e c t e d .

I f  t h e r e  i s  a l a t e r a l  change i n  t h e  r e f r a c t o r  v e l o c i t y ,  as 

was s u s p e c t e d  from t h e  r educed  t r a v e l  t ime d a t a ,  t h i s  cou ld  

be a so u r c e  of  v a r i a n c e  i n  t h e  s o l u t i o n .

The t r a v e l  t ime  d a t a  were t h e r e f o r e  s u b d i v i d e d .  The 

l a r g e l y  u n r e v e r s e d  d a t a  t o  t h e  n o r t h  of  B48 wer-s no t  used and 

t h e  p r o f i l e  was s p l i t  be tween s t a t i o n s  B40 and B41.

S t a t i o n s  B30 t o  B40; Only one s h o t p o i n t  (Quenby) was l o c a t e d  

w i t h i n  t h i s  p a r t  of  t h e  p r o f i l e ,  t h e r e f o r e  a r r i v a l s  from the  

Ho lwe l l  and Dalby s h o t s  a l s o  had to  be used .  The two Quenby 

s h o t s  were t r e a t e d  a s  one s i t e .  The s o l u t i o n  v e l o c i t y  f o r
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t h i s  d a t a  s e t  (number 9) was 5.58 km. and t h e  F r a t i o  was 

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

compa rab le  w i th  t h o s e  f o r  s o l u t i o n  8,  bu t  t he  t ime  t erms  f o r  

t h e  Holwel l  and Dalby s h o t p o i n t s  were r educed  beca use  of  t he  

s m a l l e r  s o l u t i o n  v e l o c i t y .

S t a t i o n s  B41 t o  B48; S inc e  t h e  s o l u t i o n  f o r  t h e  s o u t h e r n  

s e c t i o n  of  t h e  p r o f i l e  gave a l ower  v e l o c i t y  t h a n  t he  

g e n e r a l  s o l u t i o n  i t  was t o  be e xp ec t e d  t h a t  t h e  s o l u t i o n  f o r  

t h i s  p a r t  would g i v e  a h i g h e r  v e l o c i t y .  Using t h e  Quenby 2,  

Dalby,  01,  02 and 03 s h o t s  gave a s o l u t i o n  v e l o c i t y  of  6 .04 

km.s"^ (number 10 t a b l e  5 . 5 ) .  A l t e r i n g  t h e  c o m b i n a t i o n  of  

s h o t p o i n t s  used caused  a v a r i a t i o n  of  + 0 .2  km. s"  ̂ i n  t he  

s o l u t i o n  v e l o c i t y ,  a l t h o u g h  none of  t h e  s o l u t i o n s  gave an F 

r a t i o  of  g r e a t e r  t han  u n i t y .

The f a c t  t h a t  h igh  s o l u t i o n  v e l o c i t i e s  were o b t a i n e d  

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

r e f r a c t o r  has  a h igh  v e l o c i t y  a t  i t s  t op  s u r f a c e .  For t h i s  

r e a s o n ,  t o g e t h e r  w i th  t h e  low F r a t i o s  o b t a i n e d  from the  

un i fo rm  v e l o c i t y  mode l s ,  a s o l u t i o n  i n  which t h e  r e f r a c t o r  

v e l o c i t y  i n c r e a s e d  w i th  dep th  was not  c o n s i d e r e d .

5 . 6 . 3  C o n c l u s i o n s  f o r  p r o f i l e  B

As w i t h  p r o f i l e  A t h e r e  i s  some e v id e n ce  f o r  an 

i n c r e a s e  i n  r e f r a c t o r  v e l o c i t y  c o r r e l a t e d  w i th  t h e  m agne t i c  

anomaly ,  and hence  t h e  Mel ton g r a n i t e .  The r e s o l u t i o n  and 

d i s t r i b u t i o n  of  t h e  d a t a  i s  such t h a t  no one model can be 

p r e f e r r e d  w i t h  any s t a t i s t i c a l  j u s t i f i c a t i o n .  The t ime terms 

from the  g e n e r a l  s o l u t i o n  (number 8) w i l l  be used t o  c a l c 

u l a t e  t h e  de p th  models  ( see  b e l o w ) .

The t ime t erms  f o r  s t a t i o n s  B41-B46 ( f i g u r e  5.9)  showed



1 0 3

a s h o r t  w av e l e ng th  v a r i a t i o n  be tween a d j a c e n t  s t a t i o n s  of  up 

t o  0 . 040 s e c o n d s .  Such a s t r u c t u r e  was no t  i n d i c a t e d  on t h e  

NCB r e f l e c t i o n  s e c t i o n s  ( c h a p t e r  4 ) .  There  i s  a c o r r e l a t i o n  

between  s h o t p o i n t  l o c a t i o n s  and t ime terms f o r  t h e s e  s t a t 

i ons  w i t h  t h e  Dalby s h o t  a s s o c i a t e d  w i th  s m a l l  t ime t e r m s ,  

and t h e  Quenby 2 s h o t  w i th  l a r g e r  t ime t e r m s .  This  s u g g e s t s  

t h a t  a r r i v a l s  from th e  Quenby 2 s h o t p o i n t  have  been s lowed 

a n d / o r  a r r i v a l s  from th e  Dalby s h o t p o i n t  have been speeded  

up,  r e l a t i v e  t o  t h e  5.7 km.s^  s o l u t i o n  v e l o c i t y .

5 . 7  THE MELTON MOWBRAY SEISMIC REFLECTION LINE

Dur ing  t h e  c o u r s e  of  t h e  r e f r a c t i o n  e x p e r i m e n t  a 

s e i s m i c  r e f l e c t i o n  p r o f i l e  was r e c o r d ed  i n  c o n j u n c t i o n  w i th  

t he  I n s t i t u t e  o f  G e o l o g i c a l  S c i e n c e s .  The r e f l e c t i o n  

r e c o r d i n g  was i n  two p a r t s :

1.  A two k i l o m e t r e  l ong  p r o f i l e  a long  a n o r t h - s o u t h  

l i n e  abou t  one k i l o m e t r e  t o  t h e  wes t  of  t h e  Dalby s h o t p o i n t .  

The d a t a  w e r e  r e c o r d e d  t o  12 s econds  two way t ime (TWT) on a 

24 ch an ne l  S e r c e l  r e c o r d e r  w i t h  geophone g ro u ps  and s h o t 

p o i n t s  a t  50 met r e  s p a c i n g ,  g i v i n g  a nominal  12 f o l d  c o v e r .

2.  A f i x e d  s p r e a d ,  a l s o  u s i n g  a 50 met r e  group i n t e r 

v a l ,  l a i d  ou t  wes twa rds  from th e  Dalby s h o t p o i n t  t o  r e c o r d  

t h e  Dalby ,  01,  02 and 03 s h o t s .

The p r o f i l e  i s  d e s c r i b e d  i n  Maguire e t . a l .  (1982) and 

t h e  f i n a l  s e c t i o n  i s  shown in  f i g u r e  5 . 1 0 .  From th e  t op  of  

t h e  g r a n i t e  a t  0 . 25  s econds  TWT to abou t  4 . 0  s econds  ( about  

12 k i l o m e t r e s )  t h e r e  a r e  few c o h e r e n t  r e f l e c t i o n s .  The 

r e f l e c t o r s  be tween 0 .5  and 1 .0  seconds  TWT a r e  p r o b a b l y  

m u l t i p l e s .  There  a r e  some i m p e r s i s t e n t  r e f l e c t o r s  a t  t h e
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n o r t h  end o f  t h e  p r o f i l e  a t  abou t  1.8 s econds  TWT. I t  i s  

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

c aus ed  by t o  t h e  g r o u n d r o l l ,  which was ob se rv ed  on t h e  f i e l d  

r e c o r d s  t o  p e r s i s t  t o  a t  l e a s t  3 seconds  TWT. From 4 .0  to

6 .0  s econds  t h e r e  a r e  a number of  l a t e r a l l y  i m p e r s i s t e n t  

r e f l e c t o r s  which may i n d i c a t e  some s t r u c t u r a l  or  c o m p o s i t 

i o n a l  change  a t  t h e  base  of  t h e  g r a n i t e .  The band of  s t r o n g  

r e f l e c t i o n s  s e en  a t  6 . 0  s e conds  TWT (about  18 k i l o m e t r e s )  

may r e p r e s e n t  a l ower  c r u s t a l  layer^ such as was d e t e c t e d  by 

t h e  LISPB e x p e r i m e n t .

The f i r s t  b r e a k s  from some of  t h e  r e p l o t t e d  d i g i t a l  

r e c o r d s  were p i c k e d  t o  d e t e r m i n e  r e f r a c t o r  v e l o c i t i e s  f o r  

t h e  Keuper  and ,  i n  one c a s e ,  t he  basement .  The p i c k i n g  

a c c u r a c y  was one sample  (0 .0025  s e c o n d s ) .  The v e l o c i t i e s  

d e t e r m i n e d  f o r  t h e  Keuper  a r e  as f o l l o w s :  ( t h e  peg number 

r e f e r s  t o  t h e  p o s i t i o n  of  t h e  s h o t p o i n t  on t h e  p r o f i l e ) ,

SHOT AZIMUTH VELOCITY
Dalby wes t  3 .4  + 0.2 km.s"^
Peg 08 s o u t h  3 .2  + 0.2 k m . s “^
Peg 09 s o u t h  3 .2  + 0.2 km.s~^
Peg 19 s o u t h  3 .5  + 0.2 km.s ^

The 03 s h o t  i n t o  t h e  e a s t - w e s t  sp r e ad  was used t o  

de t e rm in e  t h e  ba sement  r e f r a c t o r  v e l o c i t y .  R e c o g n i s a b l e  

f i r s t  b r e a k s  were p i ck e d  f o r  18 of  t h e  24 c h a n n e l s  a t  r anges  

o f  4 .28 t o  5 .43  k i l o m e t r e s  (1 .1  km wes t  of  Dalby t o  0 . 05  km 

e a s t ) .  The a m p l i t u d e  of  t h e  f i r s t  b r ea k s  was sma l l  due t o  

t h e  use  of  i n - l i n e  a r r a y s  of  geophones  (12 a t  4 m e t r e s ) .  The 

r e f r a c t o r  v e l o c i t y ,  as  d e t e r m i n e d  by l i n e a r  r e g r e s s i o n ,  was

6 .00  + 0 .15 km. s " \  The e r r o r  e s t i m a t e  i s  f o r  t h e  w o r s t  p o s s 

i b l e  c a se  of  a s y s t e m a t i c  e r r o r  a l ong  t he  r e c o r d i n g  l i n e .
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The l i n e  was u n r e v e r s e d  and t h e r e f o r e  s u s c e p t i b l e  t o  

r e f r a c t o r  d i p  and t o  l a t e r a l  v a r i a t i o n s  i n  t h e  o ve rb u r de n  

v e l o c i t y .  The t ime  t e rm s o l u t i o n s  i n  t h e  p r e v i o u s  s e c t i o n s ,

and t h e  s t r u c t u r e  map f o r  t h e  basement  r e f l e c t o r  i n  c h a p t e r
0

4,  i n d i c a t e  an e a s t w a r d  d i p  on t he  basement  of  abo u t  1 . The 

s t r u c t u r e  map f o r  t h e  ba se  R h a e t i c  r e f l e c t o r  ( c h a p t e r  4) 

showed t h a t  t h e  J u r a s s i c  t h i c k e n e d  e a s t w a r d s  by about  10-20 

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

The a v a i l a b l e  d a t a  s u g g e s t  t h a t  6 .00  + 0 .15  km.s^ i s  a 

downdip v e l o c i t y ,  bo th  i n  t e rms  of  r e f r a c t o r  d ip  and v a r i 

a t i o n  i n  o v e rb u rd e n  v e l o c i t y ,  and i s  t h e r e f o r e  a minimum 

e s t i m a t e .  Th i s  v e l o c i t y  s u p p o r t s  t h e  t ime term models  i n  

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

h i g h e r  t h a n  t y p i c a l  p-wave v e l o c i t i e s  f o r  t he  s u r r o u n d i n g  

C h a r n i a n  ba sement .

5 .8  TIME TO DEPTH CONVERSION

5 . 8 . 1  Overburden  s t r u c t u r e

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

( c h a p t e r  4) i n d i c a t e d  t h a t  t h e  J u r a s s i c  s e d i m e n t s  t h i c k e n e d  

t o  t h e  n o r t h  and e a s t .  The Coal  Measures  and M i l l s t o n e  G r i t  

t h i n n e d  t o  t h e  s o u t h  a g a i n s t  t h e  basement  h i g h .  By u s i n g  t h e  

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

r e f r a c t i o n  l i n e  ( c h a p t e r  3B) , i t  was p o s s i b l e  t o  c o n s t r u c t  a 

model of  t h e  s e d i me n t  s t r u c t u r e  a l o ng  t h e  two r e f r a c t i o n  

p r o f i l e s  ( f i g u r e s  5 . 1 1 ,  5 . 1 2 ) .  The s e d i m e n ta r y  d i p s  in  t h i s  

a r e a  a r e  low and t he  on ly  r a p i d  l a t e r a l  changes  i n  t h i c k n e s s
r

o c cu r  a t  t h e  two f a u l t s  which cu t  t he  n o r t h e n  p a r t  of
k

p r o f i l e  B ( see  c h a p t e r  4 ) .
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Only t h e  Long Clawson b o r e h o l e  d r i l l e d  t h ro u gh  t h e  

M i l l s t o n e  G r i t  and i n t o  t h e  Lower C a r b o n i f e r o u s  ( g u l f  f a c i e s  

l i m e s t o n e  s h a l e s ) .  E x t r a p o l a t i o n  o f  t h e  03 "basement "  

r e f l e c t o r  ( see  c h a p t e r  4)^ from t h e  n o r t h e r n  l i m i t  of  t h e  

r e f l e c t i o n  l i n e s  t o  t h e  Long Clawson b o r e h o l e ,  s u g g e s t e d  

t h a t  t h i s  r e f l e c t o r  r e p r e s e n t e d  t h e  ba se  of  t h e  M i l l s t o n e  

G r i t .  The ba se  of  t h e  Coal  Measures  cou ld  be e x t r a p o l a t e d  

from t h e  G r e a t  Fr amlands  b o r e h o l e  t o  Long Clawson.  Hence i t  

was p o s s i b l e  t o  p r e d i c t  t h e  C a r b o n i f e r o u s  t h i c k n e s s  a t  

s t a t i o n s  B51 and B53 ( t h e  Holwel l  s h o t p o i n t )  which l a y  t o  

t h e  n o r t h  o f  t h e  r e f l e c t i o n  s u r v e y .

On t h e  s o u t h e r n  p a r t  o f  p r o f i l e  B t h e  T r i a s  was 

e x t r a p o l a t e d  so u th w a rd s  a t  a c o n s t a n t  t h i c k n e s s  o f  225 

m e t r e s .  There  i s  no e v id e n ce  from s o u t h  of  t h e  Widmerpool  

Gu l f  f o r  a g r e a t e r  t h i c k n e s s  of  T r i a s s i c  s e d i m e n t s .  The 

s e d i m e n t s  be tween t h e  T r i a s  and t h e  basement  r e f r a c t o r  were 

a ssumed,  by an a l o gy  w i th  t h e  b o r e h o l e s  a round  L e i c e s t e r ,  t o  

be Lower P a l a e o z o i c  s h a l e s  w i th  a v e l o c i t y  of  3 .5  km.s"% as 

d e t r e m i n e d  by b o r e h o l e  l o g g in g  ( c h a p t e r  1 ) .  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  no t  found i n  b o r e h o l e s  in  t h e  a r e a  be tween t h e  

Widmerpool  Gu l f  and Nor thampton ( c h a p t e r  1 ) .

5 . 8 . 2  V e l o c i t i e s  o f  t h e  s e d i m e n t s

The v e l o c i t i e s  used t o  c a l c u l a t e  t h e  dep th  s e c t i o n s  

were t h e  same as  t h o s e  g i ve n  i n  c h a p t e r  4.  In a d d i t i o n  

v e l o c i t i e s  were r e q u i r e d  f o r  t he  Lower C a r b o n i f e r o u s  and f o r  

t h e  ne a r  s u r f a c e  w e a t h e r e d  l a y e r .

The NCB b o r e h o l e  l ogs  showed v e l o c i t i e s  o f  1 . 8 - 2 . 0  km.s"^ 

f o r  t h e  uppe rmos t  20-100 m e t r e s  o f  most  b o r e h o l e s .  The 

Quenby r e f r a c t i o n  su r v e y  i n d i c a t e d  a "we a th e r e d"  l a y e r  50
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m et r e s  t h i c k  w i t h  a v e l o c i t y  of  1.8 km.s~^. S i m i l a r  sma l l  

s c a l e  r e f r a c t i o n  s u r v e y s  a t  Bardon H i l l  Quarry have shown up 

t o  50 m e t r e s  o f  s e d i m e n t s  w i th  a v e r ag e  v e l o c i t i e s  o f  2.0 

km.s"^ o v e r l y i n g  t h e  Ch a rn i an  ba sement .  The r e f r a c t i o n  l i n e s  

of  Davi es  and Mat thews (1966) d e s c r i b e d  i n  c h a p t e r  1 

i n d i c a t e d  v e l o c i t i e s  of  be tween 1.8 and 2.1 km.s"^ down to  a

4 .0  km.s"^ r e f r a c t o r  a t  a dep th  of  50 t o  65 m e t r e s .

The d e p t h s  t o  basement  were t h e r e f o r e  c a l c u l a t e d  

a ssuming a 50 met re  t h i c k  w ea t he r ed  l a y e r  w i th  a v e l o c i t y  of

2 .0  k m . s ' \  In  a r e a s  where t h e  D r i f t  o v e r l a y  Keuper  a t h i n n e r  

l a y e r  (20-30 m e t r e s )  was assumed t o  a l l ow  f o r  t h e  h i g h e r  

v e l o c i t y  o f  t h e  we a t he r e d  Keuper .

No measurements  of  Lower C a r b o n i f e r o u s  v e l o c i t i e s  a r e  

known from b o r e h o l e s  i n  t h i s  a r e a .  E l - N i k h e l y  (1981) d e r i v e d  

v e l o c i t i e s  o f  3 .8  km. s"  ̂ f o r  t h e  Lower C a r b o n i f e r o u s ,  and 4 .1  

km.s f o r  t h e  s u b - C a r b o n i f e r o u s ,  from s t a c k i n g  v e l o c i t i e s  in  

t h e  NCB Loughborough p r o s p e c t .  In t he  absence  o f  any b e t t e r  

d a t a  a v e l o c i t y  of  4 . 0  km.s'^ was used f o r  t h e  Lower Ca rbon 

i f e r o u s .

The t ime t erms  were c o n v e r t e d  t o  de p th s  by ray t r a c i n g  

t h r ou g h  t h e  s e d i m e n t a r y  l a y e r c a k e  model s .  Given t h a t  t h e  

i n d i v i d u a l  l a y e r s  were u s u a l l y  l e s s  t h an  250 m e t r e s  t h i c k ,  

and t h a t  t h e  NCB v e l o c i t y  l ogs  d id  no t  show any marked 

v e l o c i t y  g r a d i e n t s  w i t h i n  t h e  f o r m a t i o n s ,  i t  was assumed t h a t  

t h e  l a y e r s  were o f  c o n s t a n t  v e l o c i t y .

5 .9  DISCUSSION

5 . 9 . 1  The d e p t h  s e c t i o n s

The de p th  s e c t i o n s  i n  f i g u r e s  5.11 and 5 .12  a g r e e  wi th
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t h e  de p t h  t o  t h e  g r a n i t i c  basement  i n  t h e  Ki rby  Lane 

b o r e h o l e  and compare r e a s o n a b l y  we l l  w i t h  t h e  i n t e r p r e t a t i o n  

o f  t h e  NCB r e f l e c t i o n  l i n e s  ( c h a p t e r  4) •  The r e f r a c t o r  a t  

t h e  e a s t e r n  end o f  p r o f i l e  A, and i n  t h e  c e n t r a l  p a r t  of  

p r o f i l e  B, i s  t h e r e f o r e  i n t e r p r e t e d  as  t h e  t o p  s u r f a c e  of  

t h e  Mel ton  g r a n i t e .

The g r e a t e s t  d i f f e r e n c e s  between t h e  two i n t e r p r e t 

a t i o n s  o c c u r  t o  t h e  n o r t h  of  t he  Kirby Lane b o r e h o l e  where 

t h e  d e p t h s  t o  t h e  r e f r a c t o r  a r e  up t o  100 m e t r e s  l e s s  t han  

t h e  d e p t h s  t o  t h e  03 r e f l e c t o r .  As t h e  r e f l e c t i o n  l i n e s  were 

datumed t o  OD and t h e  t ime t erms  were c a l c u l a t e d  r e l a t i v e  t o  

t h e  s t a t i o n  e l e v a t i o n s  t h e s e  d i f f e r e n c e s  may be due t o  v a r i 

a t i o n s  i n  t h e  ne a r  s u r f a c e  v e l o c i t i e s .  The a r r i v a l s  a t  B48- 

50 were m o s t l y  from upd ip  s h o t p o i n t s ;  t h e s e  a r r i v a l s  w i l l  be 

o f f s e t  downdip by up to  0 . 5  k i l o m e t r e s  and would t h e r e f o r e  

c au se  an u n d e r e s t i m a t e  of  t h e  r e f r a c t o r  d e p t h  r e l a t i v e  to 

t h e  r e f l e c t i o n  i n t e r p r e t a t i o n .  I t  i s  a l s o  p o s s i b l e  t h a t  t he  

f i r s t  a r r i v a l s  a t  B48-50 were head waves from a s i l l  w i t h i n  

t h e  C a r b o n i f e r o u s  and no t  from the  basement .

The r e f r a c t o r  s t r u c t u r e  between B41 and B46 ( f i g u r e  

5 .12)  has  been  smoothed t o  remove t h e  e f f e c t s  of  t h e  

v a r i a t i o n  i n  t ime  t e rms  f o r  s h o t s  a t  d i f f e r e n t  r anges  (see 

a b o v e ) .

The o v e r b u r d e n  s t r u c t u r e  on p r o f i l e  B may a p p ea r  t o  be 

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

base  of  t h e  T r i a s  t o  t h e  n o r t h  of  s t a t i o n  B41 and an 

i n c r e a s e  t o  t h e  s o u t h .  I t  was assumed,  from t h e  r e f l e c t i o n  

i n t e r p r e t a t i o n s ,  t h a t  t h e  C a r b o n i f e r o u s  o n l a pp e d  t h e  

basement  h igh  on t h e  s o u t h e r n  edge of  t he  Widmerpool  G u l f .

As d i s c u s s e d  above t h e r e  i s  no ev ide nce  f o r  a c o n t i n u a t i o n
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of  t h e  C a r b o n i f e r o u s  t o  t h e  s ou t h  o f  t h e  ba sement  h i g h ,  bu t  

t h e r e  i s  some e v i d e n c e  f o r  t h e  p r e s e n c e  o f  Lower P a l a e o z o i c  

s h a l e s .  I f  t h e  Mel ton g r a n i t e  i s  t h e  same age as  t h e  

M o u n t s o r r e l  i n t r u s i o n  i t  would have been i n t r u d e d  i n t o  t h e  

Lower P a l a e o z o i c  s h a l e s ,  and s u b s e q u e n t l y  e ro de d  b e f o r e  

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

The a s s u m p t io n  t h a t  Lower P a l a e o z o i c  s h a l e s  u n d e r l i e  

t h e  T r i a s  on t h e  s o u t h e r n  p a r t  of  p r o f i l e  B w i l l  c a us e  an 

o v e r e s t i m a t e  o f  t h e  de p th  t o  ba sement  o f  up t o  50 m e t r e s  i f  

t h e  s e d i m e n t s  a r e  Coal  Measures  or  M i l l s t o n e  G r i t .

The c a l c u l a t e d  de p th  a t  t h e  Holwe l l  s h o t p o i n t  i s  abou t  

800 m e t r e s  l e s s  t h a n  t h a t  g i v e n  by Whitcombe (1979) f o r  t h e  

Bardon t o  Ho lwe l l  l i n e .  The t ime t e rms  f o r  t h e  s h o t p o i n t  

f rom t h e  two p r o f i l e s  were s i m i l a r  and t h e  d i f f e r e n c e  i n  

d e p th s  i s  due t o  t h e  d i f f e r e n t  v e l o c i t y  f u n c t i o n s  used f o r  

t h e  o v e r l y i n g  s e d i m e n t s .

The s e c t i o n  f o r  p r o f i l e  A shows a wes twa rd  s h a l l o w i n g  

o f  t h e  basement  r e f r a c t o r ,  which a g r e e s  w i t h  t h e  r e f l e c t i o n  

i n t e r p r e t a t i o n s .  The d i s c o n t i n u i t y  be tween A7 and A8 i s  no t  

e x p l a i n e d  by t h e  low v e l o c i t y  s e d i m e n t s  t o  t h e  e a s t  of  A8 

and i s  t h e r e f o r e  i n t e r p r e t e d  as  s t r u c t u r e  on t h e  r e f r a c t o r .

5 . 9 . 2  R e f r a c t o r  v e l o c i t i e s

The v e l o c i t i e s  r e c o r d e d  f o r  t he  basement  r e f r a c t o r  ove r  

t h e  Mel ton  m ag n e t i c  anomaly a r e  s i g n i f i c a n t l y  h i g h e r  t h an  

have p r e v i o u s l y  been ob se rv e d  f o r  presumed i gn eou s  basement  

i n  t h i s  a r e a  (Whitcombe and Magui re  1981a ) .  The v e l o c i t i e s  

f o r  t h e  Mel ton  g r a n i t e  l i e  i n  t h e  r ange  5 . 7 - 6 . 0  ( ?6 .2 )  km.s 

and were d e t e r m i n e d  from t h e  t ime term s o l u t i o n s  of  two 

s e p a r a t e  p r o f i l e s  and from th e  f i r s t  b r e a k s  on t h e  r e f l e c t -
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i m  s p r e a d .  Th i s  h igh  v e l o c i t y  s u g g e s t s  a c o m p o s i t i o n a l  

d i f f e r e n c e  be tween  t he  Mel ton and M o u n t s o r r e l  i n t r u s i o n s  and 

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

the Mel ton g r a n i t e  when i n t e r p r e t i n g  t h e  g r a v i t y  an oma l i e s  

i 1 t h i s  a r e a .

The r e f r a c t o r  v e l o c i t i e s  d e t e r m i n e d  f o r  t h e  non 

magnet ic  basement  ( 5 . 5 5 - 5 . 7  km.s”^) a r e  c o n s i s t e n t  w i th

p r e v i o u s l y  d e t e r m i n e d  v e l o c i t i e s  f o r  t h e  C ha rn i an  I n l i e r  and 

for  presumed P reca mb r i an  basement  ( c h a p t e r  1 ) .

5 .9 .3  M o u n t s o r r e l

A f e a t u r e  o f  a l l  t h e  t ime t erm s o l u t i o n s  f o r  p r o f i l e  A

was t h e  l a r g e  t ime  t erm a s s o c i a t e d  w i t h  t he  M o u n t s o r r e l

sh o t p o i n t  and r e c o r d i n g  s t a t i o n s .  The b e s t  e x p l a n a t i o n  f o r  

t h i s  anomaly i s  t h a t  t h e  M o u n t s o r r e l  g r a n o d i o r i t e  has  a 

lower p-wave v e l o c i t y  t h an  t h e  t ime t e rm s o l u t i o n  v e l o c i t i e s  

of 5.7 km. s~ \  The t ime t erm f o r  A16 was abou t  0 .030 seconds  

sma l l er  t h a n  t h e  v a lu e  f o r  t h e  s h o t p o i n t  (A18) . The two 

s t a t i o n s  were 1.8 k i l o m e t r e s  a p a r t ,  t h e r e f o r e  t h e  d i f f e r e n c e  

in t ime t e rms  cou ld  be e x p l a i n e d  by an a p p a r e n t  v e l o c i t y  of

5.2 km.s"^ a c r o s s  t h e  g r a n o d i o r i t e .  The two r e c o r d i n g  

s t a i i o n s  a t  M o u n t s o r r e l  (A16,A17) were never  o p e r a t i o n a l  a t  

t he  same t ime so t h a t  no a p p a r e n t  v e l o c i t i e s  were r e c o r d e d .

The t ime t erm a t  A16 (0.022 s econds )  cou ld  be a c c o u n t e d  fo r

i f  the  a r r i v a l s  from the  Dalby sh o t  had t r a v e l l e d  abo u t  1 .3  

k i l ) m e t r e s  a t  a v e l o c i t y  of  5 .2  km.s“\  A d i s t a n c e  o f  1 .3  

k i l>me t re s  e a s t  from A16 i s  t h e  Soar  V a l l e y  and t h e  w e s t e r n  

ex t e ns io n  of  t h e  S i l e b y  F a u l t .  Thi s  cou ld  r e p r e s e n t  t he  

eas i e rn  e x t e n t  of  t he  p o s t u l a t e d  low v e l o c i t y  g r a n o d i o r i t e .

The p-wave v e l o c i t i e s  of  s i x  samples  from one p i e c e  of



I l l

M o u n t s o r r e l  p ink  g r a n o d i o r i t e  were measured unde r  a tm os 

p h e r i c  c o n d i t i o n s ,  and gave a v e l o c i t y  of  5 .28 + 0 .16  km.s"^ 

(G.Hickman 1980 p e r s . c o m m . ) .

5 .10  SUMMARY AND CONCLUSIONS

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

i g n eo u s  i n t r u s i o n s  i n  t h i s  a r e a  do no t  a lways  have  l ower  

p-wave v e l o c i t i e s  t h an  t h e  P r eca m br i an  ba sement .  There  i s  

some e v i d e n c e  t o  s u g g e s t  t h a t  t h e  Mel ton g r a n i t e  ha s  a 

h i g h e r  v e l o c i t y  t h a n  t he  s u r r o u n d i n g  ba semen t .  Th i s  co u ld  be 

t a k e n  as  an e x p l a n a t i o n  f o r  t he  a bs enc e  o f  a g r a v i t y  anomaly 

a s s o c i a t e d  w i th  t h e  i n t r u s i o n  (see  c h a p t e r  7 ) .

As a r e s u l t  of  t h e  of  a v e l o c i t y  c o n t r a s t  i t  was

not  p o s s i b l e  t o  d e l i n e a t e  t h e  m ar g i n s  of  t h e  Mel ton 

i n t r u s i o n ,  as  had been hoped.

The basement  r e f r a c t o r  t o  t h e  e a s t  of  M o u n t s o r r e l  d i p s  

g e n t l y  t o  t h e  e a s t  t owards  t h e  Ki rby l ane  b o r e h o l e .  There  i s  

no e v i d e n c e  f o r  a d e p r e s s i o n  i n  t h e  basement  s u r f a c e  

c o r r e l a t e d  w i th  t he  m agne t i c  low be tween t h e  M o u n t s o r r e l  and 

Mel ton  i n t r u s i o n s .

The basement  d e p t h s  o b t a i n e d  from t h e  r e f r a c t i o n  

p r o f i l e s  w i l l  be used t o  c o n s t r a i n  t h e  m o d e l l i n g  of  t h e  

a e r o m a g n e t i c  a n o ma l i e s  ( c h a p t e r  8A) .



1 1 2

CHAPTER SIX 

PETERBOROUGH SEISMIC REFRACTION PROFILES

6 .1  INTRODUCTION

The Bouguer  g r a v i t y  map o f  t h e  P e t e r b o r o u g h  a r ea  

( f i g u r e  6 .1 )  shows two n e g a t i v e  an o m a l i e s  t o  t h e  n o r t h  and 

n o r t h e a s t  of  P e t e r b o r o u g h .  There  a r e  a f u r t h e r  two anoma l i e s  

a ro u n d  The Wash. Some or  a l l  of  t h e s e  g r a v i t y  an om a l i e s  have 

been  i n t e r p r e t e d  as  e i t h e r  f a u l t  bounded s e d i m e n t a r y  b a s i n s  

( A l l so p  and J o n e s  1981) o r  g r a n i t i c  i n t r u s i o n s  (Westbrook 

p e r s .  comm.) .  Ch ro s t o n  and So l a  (1982) i n t e r p r e t e d  a s i m i l a r  

g r a v i t y  anomaly i n  n o r t h  Nor f o l k  as  a g r a n i t i c  i n t r u s i o n .

B o r e h o l e s  i n  t h e  v i c i n i t y  of  P e t e r b o r o u g h  show P r e 

cam br i an  and Lower P a l a e o z o i c  r ocks  a t  d e p th s  o f  200 to 500 

m e t r e s  below OD ( c h a p t e r s  1 and 9, app end ix  1 . 1 ) .  In Nor th  

N o r f o l k  p r esumed l a t e  P r e ca m b r i a n  ba semen t ,  as  s een  in  

b o r e h o l e s ,  c o r r e l a t e s  w i th  r e f r a c t o r  v e l o c i t i e s  of  5.7 to

6 .0  km.s~'  (Ch ro s to n  and Sol a  1982) .  Upper P a l a e o z o i c  r ocks  

a r e  o n ly  found i n  b o r e h o l e s  f u r t h e r  s o u t h  a round  Cambridge 

where  t h e y  c o r r e l a t e  w i th  r e f r a c t o r  v e l o c i t i e s  of  3 .5  to 4 .2  

km.sT^ ( B u l l a r d  1946,  Ch ro s to n  and So la  1982) .

The a e r o m a g n e t i c  map of  t h e  a r e a  ( f i g u r e  6 .2)  shows 

t h a t  t h e  g r a v i t y  anomaly t o  t h e  n o r t h  o f  Pe t e r b o r o u g h  

c o r r e l a t e s  w i t h  a n e g a t i v e  m a g ne t i c  anomaly .  There  i s ,  

however ,  a b e l t  o f  p o s i t i v e  a no m a l i e s  to  t h e  s o u th w e s t  of  

t h e  P e t r e b o r o u g h  g r a v i t y  anomaly (see  c h a p t e r  7 ) .  This  i s  a 

s i m i l a r  s i t u a t i o n  t o  t he  Nor fo l k  anomaly i n t e r p r e t e d  as an
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i n t r u s i o n  by Chros ton  and So la  ( 1982) .

The P e t e r b o r o u g h  g r a v i t y  anomaly was chosen  f o r  f u r t h e r  

i n v e s t i g a t i o n  s i n c e  i t  had t h e  most  p ronounced  c l o s u r e  and 

was i n  t h e  most  a c c e s s i b l e  l o c a t i o n .  In o r d e r  to  c o n s t r a i n  

t h e  m o d e l l i n g  of  t h e  g r a v i t y  anomaly a s e i s m i c  r e f r a c t i o n  

e x p e r i m e n t  was u n d e r t a k e n  t o  d e t e r m i n e  t h e  dep th  t o  basement  

a c r o s s  t h e  anomaly.  The a p p ro x i m a t e  l o c a t i o n  of  t h e  s e i s m i c  

l i n e s  i s  shown in  f i g u r e s  6 .1  and 6 . 2 ,  P1-P5 a r e  t he

s h o t p o i n t s  used i n  t h e  e x p e r i m e n t .

6 . 2  THE EXPERIMENT

The ex p e r i m e n t  c o n s i s t e d  of  two r e c o r d i n g  p r o f i l e s ,  

each  w i t h  t h r e e  s h o t p o i n t s  ( f i g u r e  6 . 3 ) .  P r o f i l e  A was 18 

k i l o m e t r e s  long and r an  s o u t h w e s t  t o  n o r t h e a s t  a c r o s s  t he  

n o r t h e r n  t i p  of  t h e  g r a v i t y  anomaly .  At i t s  s o u t h w e s t e r n  end 

( s t a t i o n s  A23,24)  t h e  p r o f i l e  p a s s e d  c l o s e  t o  t he  C l i n t o n

b o r e h o l e  (P r ecambr i an  ba semen t ,  d e n s i t y  2710 kg.m  ̂ a t  350 

m e t r e s  below OD) . Th is  p r o f i l e  was d e s i g n e d  p r i m a r i l y  t o  

l o c a t e  t h e  marg in s  of  t he  p o s t u l a t e d  s e d i m e n t a r y  b a s i n .

P r o f i l e  B was 11 k i l o m e t r e s  long and ran  s o u t h e a s t ,  

from t h e  c e n t r a l  s h o t p o i n t  on p r o f i l e  A, a l o n g  t he  a x i s  of  

t h e  g r a v i t y  anomaly.  Th i s  p r o f i l e  was i n t e n d e d  to  examine 

t h e  t op  s u r f a c e  of  t h e  g r a n i t e  i n t r u s i o n ,  or  t h e  basement  

s u r f a c e ,  i f  e i t h e r  were p r e s e n t  a t  sh a l l o w  ( l e s s  t h an  1 

k i l o m e t r e )  d e p t h .

6 . 2 . 1  S h o t p o i n t s

The e x a c t  l o c a t i o n  o f  t h e  p r o f i l e s  was de t e rm in e d  by 

t h e  a v a i l a b i l i t y  of  s u i t a b l e  s h o t p o i n t s ,  as  a l l  t h e  s h o t s
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were t o  be b o r e h o l e  c h a r g e s .

The Fen l and  d e p o s i t s  and t h e  u n d e r l y i n g  Oxford Clay 

p r o v i d e d  a good medium f o r  au g e r  d r i l l i n g  and gave good 

gr ound  c o u p l i n g .  The on ly  p rob lems  o c c u r r e d  a t  PI where 

sandy d e p o s i t s  p r e v e n t e d  deep h o l e s  from b e in g  d r i l l e d  and a

t o t a l  o f  f i v e  h o l e s  had t o  be u s e d .  Sho t  P3 was d r i l l e d  in  

t h e  L i n c o l n s h i r e  Limes tone  i n  a s m a l l  q u a r r y  a t  H e lp s t o n .  

O r i g i n a l l y  i t  was hoped t o  d r i l l  t h r o u g h  t h e  10 met re  t h i c k  

l i m e s t o n e  i n t o  t h e  u n d e r l y i n g  c l a y s  bu t  t h e  lower  s e c t i o n s  

o f  t h e  h o l e s  cemented up. As a r e s u l t  t h e  s h o t  was f i r e d  in 

f r a c t u r e d  sandy l i m e s t o n e  and was c o n s i d e r a b l y  weaker  t han  

t h e  s h o t s  f i r e d  i n  c l a y .  Thi s  s h o t  was n o t  r e c o r d e d  by t he  

more d i s t a n t  s t a t i o n s .

Where more t h a n  one s h o t h o l e  was r e q u i r e d  t h e  h o l e s  

were spaced  abo u t  f i v e  m e t r e s  a p a r t  in  a l i n e  p e r p e n d i c u l a r  

t o  t h e  r e c o r d i n g  p r o f i l e .  At P3 ( He lp s to n  q u a r r y )  t h i s  was 

no t  p o s s i b l e  and f o u r  h o l e s  i n  a s q u a r e  a r r a y  were used .

The s h o t p o i n t  d a t a  g i v en  i n  t a b l e  6 , 1 .

SHOT SITE NCR E NCR N ELEV CHARGE kg

PI (Al) 527 .90  312.59 1. 50.
P2A (A14) 520.04  307 .67  1. 25.
P3 (A28) 512.54  302 .99  25.  50.

P2B (Bl) 520.08 307 .64  1. 28.
P4 (B9) 523.63  304 .86  1. 15.
P5 (B18) 529.40  302.20 1.  32.

Tabl e  6 . 1  ; S h o t p o i n t  d a t a
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A l l  t h e  s h o t s  were f i r e d  i n  t h e  e a r l y  even ing  (17.00 to

19 .00  BST). There  was c o n s i d e r a b l e  background  n o i s e  a t  t he  

t ime of  some of  t h e  e a r l i e r  s h o t s  bu t  i t  was no t  p o s s i b l e  to  

s h o o t  any l a t e r  as  t he  equ ipment  had t o  be c o l l e c t e d  in  each 

e v e n i n g .

6 . 2 . 2  Reco rd ing  S t a t i o n s

The r e c o r d i n g  s t a t i o n s  were s i t e d  be tween t he  s h o t 

p o i n t s  a t  s p a c i n g s  of  0 .5  t o  1 . 0  k i l o m e t r e s  ( f i g u r e  6 . 3 ) ,  

The r e c o r d i n g  equipment  compr i s ed  e i g h t  MARS s e t s ,  e i g h t  

Reading  s i n g l e  c han ne l  c a s s e t t e  r e c o r d e r s  and t en  Durham 

s i n g l e  c ha nn e l  r e c o r d e r s .  The equ ipment  i s  d e s c r i b e d  i n  

c h a p t e r  2, By u s i n g  l a n d l i n e s  from some o f  t he  MARS 

r e c o r d e r s ,  t o  g i v e  an e x t r a  v e r t i c a l  geophone s t a t i o n ,  i t  

was p o s s i b l e  t o  occupy 28 s t a t i o n s  on p r o f i l e  A, p l u s  

s h o t p o i n t s  P4 and P5 , f o r  t h e  r e c o r d i n g  of  s h o t s  P I ,  P2,  P3 

on t h e  f i r s t  day of  t h e  e x p e r i m e n t .  For p r o f i l e  B, which was 

r e c o r d e d  on a s e p a r a t e  day ,  18 s i t e s  were oc cup i ed  on t he  

p r o f i l e  t o g e t h e r  w i th  10 s i t e s  on p r o f i l e  A, The s i t e s  on 

p r o f i l e  A (A4 t o  A13) were r e o c c u p i e d  to g i v e  a f a n - s h o o t  

a c r o s s  t h e  e a s t e r n  margin  of  t h e  g r a v i t y  anomaly i n  o r d e r  to 

d e l i n e a t e  any l a t e r a l  v e l o c i t y  change w i t h i n  t h e  ba sement ,  

a l t h o u g h  in  t h e  l i g h t  of  t he  Mel ton e xp e r i me n t  such l a t e r a l  

changes  were by no means c e r t a i n .

The d e p t h  t o  basement  a t  s h o t p o i n t s  PI and P3 was 

t h o u g h t ,  from nearby  b o r e h o l e s ,  t o  be l e s s  t h a n  500 m e t r e s ,  

g i v i n g  an ex p ec t e d  c r o s s o v e r  d i s t a n c e  of  l e s s  t han  two 

k i l o m e t r e s ,
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SITE NGR E NGR N ELEV SEISMO. RECORDE
day 1 day 2 1 2

Al 527.90 312.59 1 HS10 WII M D3
A2 527.60 312.36 1 HS10 c
A3 527.11 312.06 1 HS10 c
A4 526.41 311.62 1 Wi l l Wi l l D1 D1
A5 525.65 310.99 1 Wi l l W i l l D1 D1
A6 524.92 310.69 1 Wi l l Wi l l D2 D2
A7 524.25 310.33 3 Wi l l Wi l l D2 D2
A8 523.49 309.74 2 Wi l l Wi l l D2 D2
A9 523.19 309.70 2 W i l l Wi l l D2 D2
A10 522.68 309.24 1 WII WII D3 D3
A l l 522.36 309.08 1 WII D3
A12 521.76 308.72 1 WII HS10 D3 R
A13 521.02 308.24 2 WII WII D3 R
A14 520.06 307 .65 1 HS10 M
A15 519.71 307 .42 2 HS10 c
A16 519.05 306.99 3 HS10 M
A17 518.76 306 .86 3 HS10 c
A18 518.06 306.47 3 HS10 R
A19 517.51 306.21 3 HS10 M
A20 516.94 305.90 4 HS10 R
A21 516.49 305.51 7 HS10 M
A22 515.86 305.04 10 HS10 M
A23 515.37 304 .75 9 HS10 M
A24 515.03 304.44 8 HS10 M
A25 514.01 303.89 8 WII R
A26 513.37 303.53 10 HS10 R
A27 512.73 303.14 20 WII R
A28 512.54 302.99 25 HS10 R

Table  6 . 2a : Reco rd i ng s i t e d a t a f o r  pro f i
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SITE NGR E NGR N ELEV SEISMO. RECORDER

day 1 day 2 1 2

Bl 520.06 307 .65 1 HS10 M (day 1=A14)

B2 520.36 307.46 1 HS10 M

B3 520.88 307.02 1 WII R

B4 521.17 306.79 1 WII D3

B5 521.84 306.25 1 WII D3

B6 522.30 305.87 1 HS10 M

B7 522.59 305.55 1 HS10 M

B8 523.25 305.16 1 HS10 M

B9 523.63 304 .86 1 WII HS10 R M

B10 524.02 304.69 1 HS10 c

B l l 524.64 304.38 1 HS10 M

B12 525.48 303.98 3 HS10 R

B13 526.09 303.71 2 HS10 R

B14 526.98 303.35 1 HS10 c

B15 527.39 303.11 1 HS10 M

B16 527.84 302.96 5 WII R

B17 528.58 302.59 1 WII R

B18 529.40 302.20 1 WII WII R R

W = Wil lmore  mk I I / I I I R = Reading c a s s e t t e r e c o r d e r

M = MARS r e c o r d e r c = c a b l e d  o u t s t a t i o n ( to MARS)

D1,D2,D3 = Durham type  1 , 2 , 3  r e c o r d e r s

Tabl e  6 . 2b  : Record ing  s i t e  d a t a  f o r  p r o f i l e  B
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The l o c a t i o n s  o f  t h e  r e c o r d i n g  s t a t i o n s ,  and t he  

d e t a i l s  of  t h e  equ ipmen t  u se d ,  a r e  g i ven  i n  t a b l e  6 . 2 ,  With 

t h e  e x c e p t i o n  of  t h e  s t a t i o n s  n e a r  He lp s to n  q u a r r y  t he  

s t a t i o n  e l e v a t i o n s  were l e s s  t h an  f i v e  m e t r e s  above OD.

The MARS and Durham r e c o r d e r s  were manned fo r  a l l  t h e  

s h o t s  and t h e r e f o r e  t h e  g a i n  s e t t i n g s  cou ld  be changed 

between  s h o t s .  The Reading  r e c o r d e r s  were u s u a l l y  run i n  

a u t o m a t i c  mode and t h e r e f o r e  t he  g a in  s e t t i n g s  cou ld  no t  be 

changed when two s h o t s  were f i r e d  in  t he  same s h o t  window 

(P1,P2A and P 4 , P 2B ) .

6 .3  THE TRAVEL TIME DATA

D e s p i t e  t h e  v a r i e t y  of  r e c o r d i n g  equipment  used i t  was 

p o s s i b l e  t o  e s t a b l i s h ,  by g r a p h i c a l  c o r r e l a t i o n ,  t h a t  t h e  

same phase  was p i c k e d  on a l l  t h e  r e c o r d s  f o r  each s h o t .  

P a r t i c u l a r  a t t e n t i o n  was p a id  to  t he  p o l a r i t y  o f  t h e  f i r s t  

a r r i v a l  as  a means of  e n s u r i n g  c o n t i n u i t y .

The s i g n a l  t o  n o i s e  r a t i o s  f o r  t he  f i r s t  a r r i v a l s  were 

g e n e r a l l y  be tween  t h r e e  and t en  to  one.  The on ly  poor  

q u a l i t y  d a t a  were from the  Durham type  2 r e c o r d e r s  a t  A6 and 

A9, where t h e  f i r s t  a r r i v a l s  from the  more d i s t a n t  s h o t s  

were ve ry  weak.  Thi s  p rob l em was due to an a p p a r e n t  10 Hz.

high c u t  i n  t h e  r e c o r d e d  s i g n a l s  which was i t s e l f  due t o  t he  

ve r y  low c a r r i e r  f r e q u e n c y  used by t h e s e  r e c o r d e r s  ( see  

c h a p t e r  2) . The MSP t ime  s i g n a l  r e c o r de d  by t h e  Durham type  

3 r e c o r d e r s  a t  A10-13 and B4,5 was put  on to  t h e  t ap e  in  

unmodula t ed  form? t h i s  p roduced  a very  n o i s y  s i g n a l  on 

r e p l a y .  I t  was found t h a t  t h e  most  r e l i a b l e  l o c a t i o n  of  t he  

t im i n g  mark cou ld  be o b t a i n e d  from the  h igh  t o  low
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t r a n s i t i o n  a t  t h e  end o f  t h e  MS F p u l s e .  Thi s  t r a n s i t i o n  

o c c u r s  a t  0 . 100  o r  0 . 200  s e conds  a f t e r  t h e  second  epoch 

dep end in g  on t h e  b i n a r y  code which t he  p u l s e  c a r r i e s .

The f i r s t  a r r i v a l  o n s e t  t im es  were p i cke d  as  d e s c r i b e d  

i n  c h a p t e r  2.  The s h o t  t im e s  were c o r r e c t e d  t o  a s u r f a c e  

datum u s i n g  t h e  upho le  t i m e s  from th e  M S F - t r i g g e re d  a u t o 

m a t i c  b l a s t e r  o r ,  i f  t h e s e  were no t  a v a i l a b l e ,  t h e  ho l e  

d e p th s  and an assumed n e a r  s u r f a c e  v e l o c i t y  of  1 .8  km.s"^ 

d e r i v e d  from t h e  Nimbus r e c o r d i n g s  ( see  b e lo w ) .  F i r s t  

a r r i v a l s  f o r  t h e  weak s h o t  from P3 cou ld  no t  be p i cke d  f o r  

s t a t i o n s  t o  t h e  e a s t  of  A l0 ( e x c e p t  A2) .

I f  r e c o v e r e d  d a t a  d e f i n e d  as  t he  e v e n t s  t h a t  g i v e  a 

p i c k a b l e  f i r s t  a r r i v a l  t i m e ,  t h e  d a t a  r e c o v e r y  was as  

f o l l o w s  :

MARS READING DURHAM TOTAL

No. of  r e c o r d e r s / d a y 8 8 10 26

Max. p o s s i b l e  e v e n t s 66 48 60 174

No. e v e n t s  r e c o v e re d 58 40 33 131

Recove ry 85% 83% 55% 75%

The f i n a l  d a t a s e t  c o n s i s t e d  of 131 e v e n t s from

s h o t p o i n t s  r e c o r d e d  a t  a t o t a l  of  41 s i t e s  (25 on p r o f i l e  A 

and 16 on p r o f i l e  B ) .
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SHOT PI

STN

A28 
A27 
A2fi 
A24 
A23 
A22 
A21 
A20  
A19 
A13 
M l  
A 16 
A15 
A14 
A12 
A l l  
AIM A3 
A3 
A7 
A4 A3 
■A 2 
39 
3 18

1 5 - 0 9 - 3 1  1 9 - 3 6 - 0 0 . 8 6 9

D km

1 8 . 1 1  
1 7 . 8 7  

7 . 1 2  
5 . 2 3  
4 . 78
4 .  21 
3 . 4 3  
2.  84 
2.  19 
1 . 5 9  
0 .  79 
0 . 4 7  
9^^ 
9 . 2 7  
7.  26
5.  56 
6 . 2 0  
5 . 5 3  
5 . 2 5  
4 .  29 
1 . 7 8  
0 . 9 5  
0.  38 
3 . 8 3

1 0 . 5 0

T s e c

3 . 4 6 8  
3 . 4 3 5  
3. 270 
2 . 9 1 5  
2 . 8 6 5  
2.  761 
2 . 6 2 6  
2 . 5 3 4  
2 . 4  31 
2.  332 
2.  185 
2.  135 
2 . 0 0 2  
1 . 9 3 5  
1 . 5 8 8  
1.  488 
1 . 4 1 4  
1 . 2 8 2  
1 . 2 2 3  
1 . 0 5 5  
0 . 5 9 3  
0 .  358
0 . 1 7 6
1.  783
2.  176

SHOT ?2A 1 5 - 0 9 - 3 1

E s e c

0 . 0 1 0  
0 . 0 1 0  
0 . 0 1 5  
0 . 0 1 5  
0 . 0 2 0  
0.  015 
0 . 0 2  0 
0 . 010  
0 . 0 2  0 
0 . 010  
0 . 0 2 0  
0 . 0 1 0  
0 . 010  
0 . 0 1 0  
0 . 0 1 5  
0 . 0 2  0 
0 . 0 1 0  
0 .  015 
0 . 020  
3 . 0 2 0  
0 . 0 1 0  
0 . 0 1 3  
0 . 0 1 0  
0 . 010  
0 . 0 1 0

. 3 - 4 9 - 5 9 . 9 9 4

SHOT P2B 17--0 9 -8 1  19-- 0 5 - 0 5 .  323

STN D km T s e c E s e c

82 0.  33 0.  122 0.  010
83 1 .  01 0.  340 0 .  010
84 1 .  38 0 . 5 4  7 0 . 0 1 5
85 2.  24 0.  700 0 . 0 1 5
87 3.  27 0 . 8 7 0 0 . 0 1 0
88 4 . 0 2 1 . 0 0 1 0.  01 0
89 4 . 51 1.  106 0 . 0 1 0
8 10 4 . 9 2 1 . 1 7 3 0.  010
811 5.  61 1.  288 0 . 0 1 0
81 2 6.  52 1 . 4 6 0 0.  010
814 8 . 1 2 r .  750 0 . 0 1 0
815 8.  60 1 . 3 2  2 0 .  010
816 9.  06 1.  927 0 . 0 1 0
818 1 0 .  79 2 . 2 0 9 0 . 0 1 0
A13 1 . 12 0 . 4 0 2 0 . 0 2 0
A12 2.  00 0 . 6 8 6 0 . 0 1 0
A10 3 . 0  5 0 . 8 6 7 0 . 0 1 0
A9 3.  73 0.  977 0 .  020
A4 7 . 4 8 1 . 6 2 5 0 . 0 5 0

SHOT P4 1 7 - 3 9 - 3 1  1 8 - 4 9 - 4 1 . 9 6 7

STN D km T s e c  E s e c

Bl
B2
83
84

4 . 5 3
4 . 1 3  
3 . 5 0
3 . 1 3

1.  114 
1.  354 
0 . 9 3 5  
0 . 9 4  2

0 .  015 
0 . 0 1 0  
0 . 0 1 0  
0 . 0 1 0

STN D km T s e c E s e c 85 2.  27 0 . 7 1 0 0 . 0 1 0
87 1 .  25 0 . 5 1 4 0 .  010

A23 8 . 3 4 1. 877 3 .  010 88 3 . 4 8 3.  201 3.  010
A 27 8.  60 1 . 8 4 9 3 . 0 1 0 B l l 1 . 1 2 0 . 4  02 0 . 0 1 0
A 2 6 ^ ^ 5 1 . 6 3 5 3 . 0 1 5 812 2.  05 0 . 6 7 4 3.  013
A 24 5.  96 1 . 3 2  5 3 . 0 1 0 814 3 . 6 7 0 . 9 7 2 0 . 0 1 0
A23 5.  51 1 . 2  59 0 . 3 1 0 8 15 4 . 1 5 1.  04 7 0 . 0 1 0
A22 4 . 94 1.  157 3 . 0 1 0 8 16 4 . 62 1 . 150 0 . 0 1 0
A21 4 . 1 6 1 . 022 3.  010 8 17 5 . 4 5 1.  296 3 . 0 1 5
A20 3. 57 0 . 9 2  6 3 . 0 1 0 318 6 .  35 1 . 4 3 1 3 . 0 1 0
A 19 2 . 9 2 3 . 8 2 4 3 . 0 1 0 A13 4.  27 1 . 083 0.  010
A 18 2 . ^ 0 . 7 1 7 0 . 0 1 0 A12 4 . 29 1.  09-7 3 . 0 1 0
A 17 1 . 5 1 3. 575 0 . 0 1 0 A 10 4 . 4 8 1 . 1 4 9 0 . 3 1 0
A 16 1.  20 3 . 5 2 1 3.  310 A9 4 . 8 6 1.  193 0 . 0 1 5
A 12 2.  32 0.  698 0 . 0 1 5 A3 4 ^ ^ 1.  192 0.  01 5
A l l 2 . 7 1 0 . 8 1 6 3 . 0 1 5 A7 5 . 5 1 1 . 2 7 5 3 . 0 2  0
A 10 3 . 0 7 0 . 8 7 8 0 . 0 1 5 A6 5.  97 1.  377 0 . 0 1 5
A 9 3 . 75 0 . 9 8  5 0 . 3 2 0
A 7 4 . 93 1 . 1 9 3 0.  020 SHOT P5 1 7 - 0 9 -3 1  17 - 3 6 - 3 2 . 1 1 3
A 6 5 . 7 4 1 . 3 4 2 0. 020
A3 3 . 3 2 1 . 7 8 3 0 . 0 1 3 STN D km T s e c E s e c
A 2 8 . 9 0 1 . 8 9 5 0 . 0 1 0
39 ^ ^ 6 1 . 1 1 7 0 . 0 1 5 81 1 0 . 8 1 2.  214 0 .  010

82 1 0 . 4 6 2.  135 0 . 0 1 5
8 3 9 . 7 9 2 . 0 2 5 0 .  020

SHOT P 3 15-- 0 9 - 8 1  17 - 3 4 - 5 8 . 0 0 6 84 9 . 4 2 1 . 9 3 7 0 . 0 1 0
87 7 . 5 9 1 . 6 1 7 0 . 0 2 0

STN D <m T s e c E s e c 88 5 . 3 3 1 . 4 9 3 0 . 0 1 5
89 6 . 3 5 1 . 4 1 7 0 . 0 1 5

A 2 7 0.  24 3.  101 0.  003 8 10 5 . 9 3 1.  328 , 0 . 0 1 0
A 25 1.  72 0.  603 3 . 0 0 5 B l l 5.  24 1 . 2 0 8 0 . 0 1 0
A24 2 ^ ^ 0 . 8 0  5 0 . 0 1 0 8 12 4 .  31 1.  080 0 . 0 1 0
A23 3. 33 3.  875 0 . 0 1 0 814 2 .  68 0 . 7 5  3 0 . 0 1 0
A22 3. 93 3 . 9 7 8 3 . 0 1 0 8 1 5 2 .  21 0 . 6 7 6 0 . 0 1 0
A 21 4 . 6 9 1 . 122 0 . 0 1 0 A13 1 0 .  33 2.  142 0.  310
A 20 5.  29 1 . 2 2 9 0 . 0 1 5 A12 1 0 . 0 4 2 . 0 8 6 0 . 0 1 0
A19 5.  92 1 . 3 4 2 0.  010 A10 9 . 7 3 2 . 0 6 0 0 . 0 1 5
A18 6.  53 1 . 4 5 8 0 . 0 1 5 A9 9 . 7 4 2 . 0 3 0 0 . 0 2  0
A17 7.  33 1 . 5 9 2 0 . 0 2  0 A3 9.  58 1 . 9 9 6 0 . 0 1 0
A16 7 . 6 4 1 . 6 4  0 0 . 0 1 0 A6 9.  60 1.  971 0.  015
A15 8 . 4 3 1 . 7 8 9 0 . 0 1 0
A 14 3.  85 1 . 8 6 7 0 . 0 1 0
A12 10 .  86 2 . 2 3 5 0 . 0 1 0
A l l 11 . 56 2.  344 0 . 0 1 5
AlO 1 1 . 9 1 2 . 4 1 6 3 . 0 1 0
A2 1 7 . 7 4 3 . 4 2 2 0.  015

Table  6 .3  : T r ave l  t ime d a t a  f o r  p r o f i l e s  A and B.



1 2 1

6 . 3 . 1  E r r o r s

The maximum o b s e r v a t i o n a l  e r r o r s  a s s o c i a t e d  w i th  t he

t r a v e l  t ime d a t a  ( t a b l e  6 .3 )  r e f l e c t  t h e  c o n f i d e n c e  w i th

which t h e  v a r i o u s  f i r s t  a r r i v a l s  co u l d  be p i c k e d .  Most of  

t h e  e r r o r s  l i e  in  t h e  range  + 0.010 t o  0 . 020 s e co n d s .  Given 

t h e s e  e r r o r s  any d i f f e r e n c e  i n  d e l a y  t ime between two s i t e s  

o f  l e s s  t h an  0.020 s econds  c an no t  be r eg a r d ed  as

s i g n i f i c a n t .  Th i s  g i v e s  a r e s o l u t i o n  l i m i t  on t h e  r e f r a c t o r  

t o p o g r a p h y  o f  ab ou t  70 m e t r e s  f o r  good q u a l i t y  d a t a .  In 

p r a c t i c e  t h e  t e c h n i q u e  of  c o r r e l a t i n g  g r a p h i c a l l y  between 

a r r i v a l s  a t  a d j a c e n t  s i t e s  means t h a t  t h e  r e l a t i v e  d e l a y  

t ime  f o r  a p a i r  of  r e c o r d i n g  s i t e s  i s  g e n e r a l l y  de t e r m i n e d  

t o  b e t t e r  t h a n  0 .020 s e c o n d s .  Thi s  f e a t u r e  i s  e s p e c i a l l y  

u s e f u l  i n  t h e  s t u d y  of  reduced  t r a v e l  t ime g r ap hs  f o r  

i n d i v i d u a l  s h o t s .

An e s t i m a t e  of  t he  r e a l  t r a v e l  t ime e r r o r s  can be

o b t a i n e d  from t h e  r e c i p r o c a l  t imes  between s h o t p o i n t s  ( t a b l e  

6 . 4 ) .  The d i f f e r e n c e s  i n  t r a v e l  t imes  we re ,  in a l l  t h e  

c a s e s ,  l e s s  t h a n  t he  e s t i m a t e d  maximum o b s e r v a t i o n a l  e r r o r s .  

The r e p e a t e d  s h o t s  from P2 i n t o  s t a t i o n s  A9,A10,A12 a l s o

show a c l o s e  ag reemen t  i n  t r a v e l  t i m e s ,  t h e  d i f f e r e n c e s  

b e i n g  l e s s  t h an  0 .010 s e c o n d s .  The r e c o r d e r  a t  A l 2 was a 

Durham type  3 f o r  s h o t  P2A and a Reading c a s s e t t e  f o r  P2B. 

The ag reemen t  i n  t r a v e l  t ime s  fo r  t h i s  s t a t i o n  i n d i c a t e s  

t h a t  t h e  unmodula t ed  MSF s i g n a l  on t he  Durham r e c o r d e r  d id  

n o t  a f f e c t  t he  a c c u r a c y  of  t h e  t r a v e l  t ime p i c k .
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SHOT RECEIVER TIME DIFFERENCE

P3 A14 1.865 0.012
P2A A28 1.877

P2A Al 1.950* 0.015
PI A14 1.935

P2A B9 1.111
P2B B9 1.110 0.004
P4 Bl 1.114

P2B B18 2.211 0.001
P5 Bl 2.212

P4 B18 1.431 0.014
P5 B9 1.417

* : no a r r i v a l ,  t ime de t e r mi ne d  by l i n e a r

RECEIVER P2A TIME P2B TIME DIFFERENCE

A12 0.694 0.686 0.006
A10 0.874 0.867 0.007
A9 0.981 0.977 0.004

Tabl e  6. 4 : Comparison o f  t r a v e l  t im es

6 .4  TIME;DISTANCE GRAPHS

F i g u r e s  6 .4  and 6 .5  a r e  t ime d i s t a n c e  g r a ph s  f o r  p r o f 

i l e s  A and B r e s p e c t i v e l y .  The s t r a i g h t  l i n e s  were f i t t e d  to  

t h e  f i r s t  a r r i v a l  t imes  by l i n e a r  r e g r e s s i o n  and i n d i c a t e  

a p p a r e n t  v e l o c i t i e s  of  5 . 63  t o  5 .82 km.s”  ̂ f o r  p r o f i l e  A and 

5 . 4 3  t o  5 . 64  km.s  ̂ f o r  p r o f i l e  B. Given t he  o b s e r v a t i o n a l  

e r r o r s ,  which a r e  shown by t he  v e r t i c a l  b a r s ,  most  of  t he  

t r a v e l  t ime s  l i e  on t h e  r e g r e s s e d  l i n e  i n d i c a t i n g  t h a t  t h e r e  

i s  no major  s t r u c t u r e  on t h e  r e f r a c t o r .  The i n t e r c e p t  t imes  

a r e  i n  t h e  r ange  0 .28 t o  0 .33 seconds  which s u g g e s t s  a 

s h a l l o w  dep th  t o  t h e  r e f r a c t o r  a l ong  both p r o f i l e s .
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6 .5  REDUCED TRAVEL TIME SECTIONS FOR PROFILE A

As d e s c r i b e d  in  c h a p t e r  2, r educed  t r a v e l  t ime s e c t i o n s  

a r e  u s e f u l  i n  examin ing  t h e  t opo g r aph y  on a r e f r a c t o r  b e f o r e  

t h e  s t r u c t u r e  becomes smeared by t he  a d d i t i o n  of  two or  more 

d e l a y  t ime s u r f a c e s .

6 . 5 . 1  S t a t i o n s  A14 t o  A24

Reduced t r a v e l  t ime p r o f i l e s  were p l o t t e d  f o r  p r o f i l e  A 

( f i g u r e  6 .6)  u s i n g  a r ed u c i n g  v e l o c i t y  of  5 . 75  k m . a s  

i n d i c a t e d  by t h e  l i n e a r  r e g r e s s i o n  of  t h e  t ime : d i s t a n c e  

d a t a .  There  i s  a good v i s u a l  c o r r e l a t i o n  between t h e  r educed  

t r a v e l  t ime s e c t i o n s  f o r  t he  t h r e e  s h o t s  i n t o  t h e  s e c t i o n  

from A14 t o  A24, which s u g g e s t s  t h a t  t he  r e d u c i n g  v e l o c i t y  

i s  a good a p p r o x i m a t i o n  of  t he  r e f r a c t o r  v e l o c i t y .  The 

reduced  t r a v e l  t i m e s  i n c r e a s e  e a s t w a r d s  from A24 t o  A14 

i n d i c a t i n g  t h a t  t h e r e  i s  e i t h e r  an e a s t e r l y  d i p  on t h e  

r e f r a c t o r  or  a s y s t e m a t i c  l a t e r a l  change in t h e  v e l o c i t y  of  

t h e  o v e r l y i n g  s e d i m e n t s .  The s e c t i o n s  f o r  s h o t s  PI and P2A 

i n t o  s t a t i o n s  A16-23 compare c l o s e l y  and t h e r e f o r e  show t h a t  

t h e r e  i s  no t  a d e t e c t a b l e  i n c r e a s e  i n  v e l o c i t y  w i th  de p th  

w i t h i n  t he  r e f r a c t o r .

6 . 5 . 2  S t a t i o n s  A24 t o  A28

The i n t e r v a l  be tween s t a t i o n s  A24 and A28 i s  anoma lous ,  

b u t  u n f o r t u n a t e l y  t h i s  s e c t i o n  i s  no t  r e v e r s e d  by sh o t  P3. 

The r educed  t r a v e l  t ime s e c t i o n s  f o r  s h o t s  PI and P2 have a 

ve r y  s i m i l a r  p a t t e r n .  Both s h o t s  show t h a t  t h e r e  i s  a marked 

l a t e r a l  r e d u c t i o n  i n  e i t h e r  t he  r e f r a c t o r  or  ov e rb u r de n  

ve lo c i t y ^  or  a r a p i d  de ep en ing  of  t he  r e f r a c t o r .  I f  t h e



1  I I r

-  C. 23

A16
An

A'2 Ja'O

-  S H O T  F3
*i !

V. : 16.

1 ' n

VELOCITY 5 .7S  KM.C;'

2 . 3 t : 6.3 6^ 2.
DISTANCE. S. r .  fK.M.'

--

V c L O C l T Y  5 . 7 5  KM.

2. 3 C 3 2.0L6

23

2 3

DISTANCE S.P PI (K.M.)

A2<.
A26 A23A22

' f i - '

A4'

S H O T  01 V E L O C I T Y  5 . 7 5  KM.S:'

" I

"  ( A20 K' .<) A'- A3 A’  , r

A ' 3 A ' 2 - H

" 1  ■" l - H  I - - !
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l a t t e r  i n t e r p r e t a t i o n  were t o  be c o r r e c t  t he  i n c r e a s e  in 

d e p t h  would be ab o u t  200 m e t r e s  i n  t h r e e  k i l o m e t r e s .  This  i s  

i n  d i r e c t  c o n t r a d i c t i o n  t o  t h e  b o r e h o l e  e v id e n ce  which 

i n d i c a t e s  a wes tward s h a l l o w i n g  of  t he  P reca mb r i a n  basement  

f rom C l i n t o n  (350 m e t r e s  below OD) t o  W i t t e r i n g  (230 me t r e s  

below OD) . There  a r e  some v a r i a t i o n s  i n  t h e  n e a r  s u r f a c e  

s t r u c t u r e  a t  t h e  Marholm f a u l t  ( throw abou t  25 m e t r e s )  bu t  

t h e s e  a r e  t oo sm a l l  t o  c ause  t he  0 .5  km.s  ̂ r e d u c t i o n  i n  t h e  

a v e r a g e  s e d i m e n t a r y  v e l o c i t i e s  t h a t  i s  n e c e s s a r y  to  produce  

t h e  o b s e rv e d  0 .050  second  i n c r e a s e  in  t he  r educed  t r a v e l  

t i m e s .  The i n t e r p r e t a t i o n  of  t he  i n c r e a s e  in  r educed  t r a v e l  

t i m e s  as  b e in g  due t o  a l a t e r a l  change in  r e f r a c t o r  v e l o c i t y  

i s  p r e f e r r e d .  Thi s  g i v e s  a v e l o c i t y  of  abou t  5 . 2  km.s~ \  i f  

t h i s  p a r t  of  t h e  r e f r a c t o r  i s  assumed t o  be h o r i z o n t a l .

6 . 5 . 3  S t a t i o n s  A1 t o  A14

Because  o f  t h e  weak s h o t  a t  P3 , and prob l ems  w i th  t he  

r e c o r d i n g  equ ipment  a t  some of  t h e  s i t e s ,  t he  d a t a  in  t h i s  

s e c t i o n  o f  p o o r e r  q u a l i t y  and ha s e v e r a l  ga ps .  The

reduced  t r a v e l  t ime s e c t i o n s  f o r  s h o t s  PI and P2A have a 

s i m i l a r  p a t t e r n ,  w i t h  s m a l l e r  r educed  t r a v e l  t ime s  a t  

s t a t i o n s  A7 t o  A9 t h a n  a t  A10 t o  A12. Thi s  s u g g e s t s  a 

r e d u c t i o n  in t h e  dep th  to t h e  r e f r a c t o r  under  s t a t i o n s  A7 to  

A9. The r e p e a t e d  s h o t s  from P2 ( t a b l e  6 .4)  show t h a t  t h e  

repe.  e r r o r s  f o r  A10 and A12 were s m a l l e r  t h an  t he

e s t i m a t e d  maximum o b s e r v a t i o n a l  e r r o r s  which a r e  p l o t t e d  as 

e r r o r  b a r s .
_ 1

For an a v e ra g e  ov e rb u rd e n  v e l o c i t y  of  3 .0  km.s t h e  

a n g l e  o f  i n c i d e n c e  of  c r i t i c a l l y  r e f r a c t e d  ene rgy  would be 

abou t  30 to  t he  v e r t i c a l ,  g i v i n g  an o f f s e t ,  away from the
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s h o t p o i n t ,  o f  ab ou t  300 m e t r e s  f o r  a r e f r a c t o r  500 m e t r e s  

d eep .  S t a t i o n  A l l  shows an i n c r e a s e d  reduced  t r a v e l  t ime f o r  

s h o t  PI compared w i t h  P2A and P3 . The maximum e r r o r s  a t  t h i s  

s i t e  a r e  t h e  same s i z e  as t h e  r educed  t r a v e l  t ime anomaly.  A 

d e p r e s s i o n  i n  t h e  basement  under  A10 could  cause  t h i s  anom

a l y .  Given an o f f s e t  of  300 m e t r e s ,  t h e  d e p r e s s i o n  would no t  

be s e en  by s h o t s  P2A and P3 i n t o  A10 p ro v i d e d  t h a t  i t  d i d  

no t  e x t e nd  as  f a r  e a s t  as  A l l .  The d i s t a n c e  between A10 and 

A9 i s  a b ou t  eq u a l  t o  t h e  c r i t i c a l  d i s t a n c e ,  t h e r e f o r e  t h e  

d e p r e s s i o n  would have t o  end midway between A10 and A9 in  

o r d e r  no t  t o  be d e t e c t e d  by s h o t  PI i n t o  A10 or  P2A i n t o  A9.

6 . 5 . 4  R e f r a c t o r  t o p o g r a p h y

The g e n e r a l  t r e n d  f o r  p r o f i l e  A, as  shown by t h e  

r educed  t r a v e l  t ime s e c t i o n s ,  i s  f o r  an a p p a r e n t  d ip  from 

s o u t h w e s t  t o  n o r t h e a s t .  The d i p  i s  ve ry  s m a l l ,  b e ing  abo u t

0 .050 s econds  (of t h e  o r d e r  of  150 m e t r e s )  i n  15 k i l o m e t r e s .  

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

l a t e r a l  v a r i a t i o n  i n  ov e rb u r de n  v e l o c i t y  a l on g  t h e  p r o f i l e .

The d i f f e r e n c e  i n  r educed  t r a v e l  t imes  between a d j a c e n t  

s t a t i o n s ,  and t h e r e f o r e  r e f r a c t o r  t o p og r ap h y ,  i s  u s u a l l y  

l e s s  t h a n  t h e  e s t i m a t e d  maximum o b s e r v a t i o n a l  e r r o r s ,  as 

shown by t h e  e r r o r  b a r s  on t h e  r educed  t r a v e l  t ime s e c t i o n s .

6 . 5 . 5  Sh o t s  P2B, P4,  P5

F i g u r e  6 .7  shows t h e  r educed  t r a v e l  t ime s e c t i o n s  f o r  

s h o t  P2B and t h e  f an  s h o o t  from P4 and P5 i n t o  s t a t i o n s  A4 

t o  A13. There  i s  a good v i s u a l  c o r r e l a t i o n  between t he  

s e c t i o n s  f o r  s h o t s  P2A ( f i g u r e  6.6)  and P2B, i n d i c a t i n g  t h a t  

t h e  two s h o t s ,  which were 50 m e t r e s  a p a r t ,  could  be t r e a t e d
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as one s h o t p o i n t  i n  any t ime term s o l u t i o n  f o r  p r o f i l e  A.

Because  of  t h e  o r i e n t a t i o n  of  t h e  two p r o f i l e s ,  t h e  

v a r i a t i o n  i n  s h o t  to  r e c e i v e r  d i s t a n c e s  f o r  P4 and P5 i n t o

s t a t i o n s  A6 t o  A13 i s  much s m a l l e r  t h a n  i s  a p p a r e n t  when t h e  

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

A.

I f  T1 and T2 a r e  t r a v e l  t im es  t o  s t a t i o n s  a t  d i s t a n c e s  

o f  XI and X2 r e s p e c t i v e l y ,  t h e  r educed  t r a v e l  t imes  TRl , TR2

a r e  g i v e n  by:

TRl = T1 -  Xl /Vr  TR2 = T2 -  X2/Vr

The d i f f e r e n c e  i n  r educed  t r a v e l  t im es  At i s  t h e r e f o r e :

At = TR1-TR2 = (T1 -  Xl /Vr)  -  (T2 -  X2/Vr)

= T1 -  T2 + (Xl -X2) /Vr  

I f  XI and X2 a r e  a p p r o x i m a t e l y  e q u a l ,  as  t hey  a r e  in  a 

f a n  s h o o t ,  t h e  r educed  t r a v e l  t ime s e c t i o n s  w i l l  be l a r g e l y  

i n d e p e n d e n t  of  t h e  r e d u c i n g  v e l o c i t y  used (Vr) and shou ld  

show up any l a t e r a l  change in  r e f r a c t o r  v e l o c i t y  a c r o s s  t h e  

f a n .

In  t h e  c a s e  of  p r o f i l e  A t he  reduced  t r a v e l  t ime 

s e c t i o n s  have a s i m i l a r  shape  to  t h e  s e c t i o n s  f o r  t he  on

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

showing t h e  r e f r a c t o r  t o p o g r ap h y  unde r  t h e  r e c o r d i n g  

s t a t i o n s  and t h a t  t h e r e  a r e  no l a t e r a l  v e l o c i t y  changes  i n  

t h e  a r e a  covered  by t h e  f an  s h o o t .

One e x c e p t i o n  t o  t h i s  i s  a t  s t a t i o n  A10. Here t h e  

r educed  t r a v e l  t im e s  f o r  P4 and P5 a r e  anoma lous ly  l a r g e .  

The a r r i v a l s  from P4 and P5 w i l l  be t r a v e l l i n g  a lm o s t  

p e r p e n d i c u l a r  to  p r o f i l e  A, t h e  r educed  t r a v e l  t ime anomaly 

i s  t h e r e f o r e  c o n s i s t e n t  w i th  a basement  d e p r e s s i o n ,  o r  a

v e l o c i t y  anomaly im med ia t e ly  above t he  ba semen t ,  under  A10
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t r e n d i n g  p e r p e n d i c u l a r  to  t he  r e c o r d i n g  p r o f i l e  ( see  6 . 5 . 3 ) .

6 . 6  REDUCED TRAVEL TIME SECTIONS FOR PROFILE B

The r e v e r s e d  cover  on t he  r e f r a c t o r  a l ong  t h i s  p r o f i l e  

i s  l e s s  t h a n  e i g h t  k i l o m e t r e s  and t h e r e  a r e  a maximum of  

n i n e  r e c o r d i n g  s t a t i o n s  a t  which t h e  r educed  t r a v e l  t ime 

s e c t i o n s  can be compared.

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

v e l o c i t i e s  on p r o f i l e  B were s l i g h t l y  lower  t han  f o r  p r o f i l e  

A. A c c o r d i n g l y  t h e  reduced  t r a v e l  t ime  s e c t i o n s  i n  f i g u r e  

6 .8  have been c a l c u l a t e d  f o r  a r e d u c i n g  v e l o c i t y  of  5 .6  

k m . s ' l  The r educed  t r a v e l  t ime s e c t i o n s  f o r  t he  t h r e e  s h o t s  

show l i t t l e  s t r u c t u r e  on t he  r e f r a c t o r  and on ly  two sm a l l  

s c a l e  f e a t u r e s  can be c o r r e l a t e d  be tween t h e  s h o t s .

S t a t i o n s  B1 t o  B3 have l a r g e r  reduced  t r a v e l  t imes  t h an  

B4,  t h i s  s u g g e s t s  a deepen ing  of  t he  r e f r a c t o r  by up t o  100

m e t r e s  a t  t h e  n o r t h e r n  end of  p r o f i l e  B. The s e c t i o n  f o r  

s h o t  P5 shows an i n c r e a s e  i n  r educed  t r a v e l  t imes  a t  

s t a t i o n s  B8 and B9, sh o t  P2B shows a s i m i l a r  i n c r e a s e  a t  B9 

and B10. Given an o f f s e t  of  abou t  300 m e t r e s  ( see  a b o v e ) ,  

t h e  reduced  t r a v e l  t imes  a r e  c o n s i s t e n t  w i th  a narrow (500 

me t r e )  d e p r e s s i o n  in  t he  r e f r a c t o r  c e n t r e d  under  s t a t i o n  B9.

A t ime  t erm typ e  s o l u t i o n  would t end  to  smooth ou t  such

sm a l l  s c a l e  v a r i a t i o n s  s i n c e  i t  adds  d e l a y  t ime s u r f a c e s
r

w i t h o u t  making a l l o w a n c e s  f o r  c i t i c a l  ang l e  o f f s e t .

k
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6 .7  TIME TERM SOLUTIONS

6 . 7 . 1  P r o f i l e  A

F i g u r e  6 .9  shows a t ime t e rm s o l u t i o n  f o r  p r o f i l e  A.

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

l o c a t i o n s  t o  g i v e  a t ime s e c t i o n .  Thi s  s o l u t i o n  was o b t a i n e d  

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

t h e  o n - l i n e  s h o t s  P I , P2 A,P 2B , P3 . Thi s  r e p r e s e n t s  a t o t a l  of  

60 o b s e r v a t i o n s  f o r  25 r e c e i v i n g  s t a t i o n s .  As d e s c r i b e d  

abov e ,  t h e  r educed  t r a v e l  t ime s e c t i o n s  f o r  s h o t s  P2A and 

P2B were ve ry  s i m i l a r .  These  s h o t s  were t r e a t e d  as  two 

s e p a r a t e  s h o t p o i n t s  i n  t h e  i n i t i a l  s o l u t i o n  as  a way of  

c h e c k i n g  t h e  s o l u t i o n .

Even w i t h  t h i s  l a r g e  d a t a  s e t  t h e  F r a t i o  o f  t he  

s o l u t i o n  ( t he  r a t i o  of  t h e  s o l u t i o n  v a r i a n c e  t o  t h e  

o b s e r v a t i o n a l  e r r o r  v a r i a n c e )  was 0 . 5 ,  i n d i c a t i n g  t h a t  t he  

s o l u t i o n  was as  good as  t h e  o b s e r v a t i o n a l  e r r o r s  would

a l l o w ,  but  no t  n e c e s s a r i l y  u n i qu e .  The s o l u t i o n  v e l o c i t y  was
-1

5 . 77  km.s and t h e  t ime term f o r  s h o t  P2A was 0 .006 seconds  

l a r g e r  t h an  t h a t  f o r  P2B, t h i s  d i f f e r e n c e  i s  s m a l l e r  t han  

t h e  o b s e r v a t i o n a l  e r r o r s .  The s o l u t i o n  t ime t e rms  a r e  g iven  

i n  t a b l e  6 . 5 .

The t ime  t e rms  show a s t e a d y  i n c r e a s e  from 0.130 

s eco nd s  a t  A24 t o  0 . 180  s econds  a t  A10, The i n t e r v a l  from 

A25 t o  A28 had anoma lous ly  l a r g e  t ime t e rms  a s  a r e s u l t  of  

t h e  p r o b a b l e  change i n  r e f r a c t o r  v e l o c i t y  d i s c u s s e d  above.

A l though  t h e  F r a t i o  was l e s s  t h an  u n i t y  an a t t e m p t  was 

made t o  r e f i n e  t h e  model by removing t he  u n r e v e r s e d  a r r i v a l s  

from e i t h e r  end of  t h e  p r o f i l e  (and hence  t h e  d a t a  from A25 

t o  A28) . The r e s u l t i n g  s o l u t i o n  gave a v e l o c i t y  of  5 .76  km.s .
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None of  t h e  s t a t i o n  t ime t erms  changed by more t h an  0.005 

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

c o n s i d e r e d  a s  good as  can be o b t a i n e d  from a s im p le  

n o n - i t e r a t i v e  t ime  terra s o l u t i o n .

The d a t a  from s h o t s  P4 and PS i n t o  p r o f i l e  A was no t  

used s i n c e  t h e r e  was v e ry  l i t t l e  v a r i a t i o n  i n  s h o t  to  

r e c e i v e r  s e p a r a t i o n  and t h e r e f o r e  t he  d a t a  were no t  s u i t e d  t o  

a t ime  term type  of  a n a l y s i s .

6 . 7 . 2  P r o f i l e  B

A s i m i l a r  p r o c e d u r e  was a do p t e d  f o r  t h e  d a t a  from 

p r o f i l e  B, a d a t a  s e t  co m p r i s i n g  35 t r a v e l  t imes  fo r  16 

r e c e i v i n g  s t a t i o n s  was a s se m b le d .

The t ime t erm s o l u t i o n  f o r  t h i s  d a t a  s e t  i s  a l s o  shown 

i n  f i g u r e  6 . 9 .  The s o l u t i o n  v e l o c i t y  was 5 .65  km. s"  ̂ and t h e  

F r a t i o  0 . 9 8 .  The v a r i a t i o n  i n  t ime te rms  a lo n g  t he  p r o f i l e  

i s  of  t h e  same magn i tude  as t h e  o b s e r v a t i o n a l  e r r o r s .  Once 

a g a i n  n o t h i n g  cou ld  be g a in e d  from a s u b d i v i s i o n  of  t he  d a t a  

s e t .

The t ime t e rms  r e f l e c t  t h e  s l i g h t  v a r i a t i o n s  in  

r e f r a c t o r  t op og r aph y  deduced from th e  r educed  t r a v e l  t ime 

d a t a .  The t ime t erm o b t a i n e d  f o r  s h o t  P2B was 0 .006 s econds  

s m a l l e r  t h an  t h e  v a lu e  o b t a i n e d  f o r  t he  same s h o t p o i n t  in 

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

l e s s  t h an  t h e  o b s e r v a t i o n a l  e r r o r .  The s o l u t i o n  t ime t e rms  

a r e  g i v e n  i n  t a b l e  6 . 5 .
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Al 0.161 A19 0.153 B1 0.156

A2 0.180 A20 0 .143 B2 0.148

A3 0.169 A21 0.136 B3 0.153

A4 0.166 A22 0.134 B4 0.134

A6 0.178 A2 3 0 .135 B5 0.148

A7 0.156 A24 0.125 B7 0.134

A8 0.152 A2 5 0 .142 B8 0.141

A9 0.166 A26 0.148 B9 0.160

A10 0.178 A l l 0 .182 B10 0.142

A l l 0.179 A28 0.168 B l l 0 .139

A12 0.177 B12 0.159

A14 0.168 B14 0.152

A15 0 .160 B15 0.147

A16 0 .150 B16 0 .170

A l l 0.150 B17 0.172

A18 0 .155 B18 0.141

S o l u t i o n v e lo c i t i e s  A: 5 .77  km.s"^ B: 5 .64  km.s ^

Tabl e 6 . 5 : Time t e rm s o l u t i o n s  foi : p r o f i l e s  A and B
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6 . 8  V ELOC ITIES  OF THE OVERLYING SEDIMENTS

I n  o r d e r  t o  c o n v e r t  t h e  d e l a y  t ime  d a t a  i n t o  dep th  

s e c t i o n s  i t  i s  n e c e s s a r y  t o  e s t i m a t e  t h e  v e l o c i t i e s  of  t he  

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

a v a i l a b l e  d a t a .

6 . 8 . 1  Nimbus r e c o r d i n g s

A 12 c han ne l  Nimbus s e i s m o gr ap h  was dep loyed  a t  

s h o t p o i n t  P2A d u r i n g  t h e  r e c o r d i n g  of  p r o f i l e  A and a t  P4 

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

v e l o c i t i e s  were r e c o r de d  w i th  a 35 met r e  geophone s p a c i n g .  

The f i r s t  a r r i v a l  d a t a  i s  shown in  t h e  t i m e - d i s t a n c e  g r aphs  

i n  f i g u r e  6 . 1 0 .

A s im p le  h o r i z o n t a l  l a y e r  i n t e r p r e t a t i o n  of  t h i s  d a t a  

g i v e s  t he  f o l l o w i n g  s t r u c t u r e s :

Shot  P2A l a y e r  1: v e l o c i t y  1.8 km.s  ̂ t h i c k n e s s  21 m.

l a y e r  2: v e l o c i t y  3 .2  km.s 

Sho t  P4 l a y e r  1: v e l o c i t y  1.8 km.s"^ t h i c k n e s s  34 m.

l a y e r  2: v e l o c i t y  3 .2  km.s~^

Both s h o t p o i n t s  were d r i l l e d  i n  Oxford Clay and t h i s  

would a pp ea r  t o  be t h e  low v e l o c i t y  l a y e r  1.  The h igh  

v e l o c i t y  f o r  l a y e r  2 i s  u n l i k e l y  t o  be due t o  d i p  on t he  

r e f r a c t o r  s i n c e  t he  two l i n e s  had d i f f e r e n t  o r i e n t a t i o n s  and 

y e t  t h e  s e d i m e n t s  i n  t h i s  a r e a  have un i fo rm  sh a l l ow  d i p s  

( 0 . 5  to  1 . 0  ) t o  t he  e a s t .

S h o t p o i n t  P4 was l o c a t e d  l e s s  t h a n  two k i l o m e t r e s  from 

t h e  Thorney b o r e h o l e  which p roved  2 m e t r e s  o f  D r i f t  and 45 

m e t r e s  o f  Oxford Clay u n d e r l a i n  by 17 m e t r e s  o f  Middle
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J u r a s s i c  (Cornb rash ,  G re a t  O o l i t e ,  Upper E s t u a r i n e s ) .

The 3 .2  km.s”  ̂ r e f r a c t o r  i s  most  l i k e l y  t o  be a t h i n  

u n i t ,  such as  a we l l  l i t h i f i e d  l i m e s t o n e ,  w i t h i n  t h e  Middle  

J u r a s s i c .  Such a l a y e r  would e f f e c t i v e l y  h i d e  any u n d e r l y i n g  

u n i t s  of  l ower  v e l o c i t y .

6 . 8 . 2  D i r e c t  a r r i v a l  d a t a

The t ime  d i s t a n c e  g r a p h s  f o r  p r o f i l e s  A and B show 

c r o s s o v e r  d i s t a n c e s  o f  l e s s  t h a n  two k i l o m e t r e s .  With a 

s t a t i o n  s p a c i n g  o f  0 .5  t o  1 . 0  k i l o m e t r e s  on ly  one or  two 

d i r e c t  a r r i v a l s  w i l l  have been r e c o r d e d  a t  each s h o t p o i n t .  

I t  was no t  p o s s i b l e  t o  move t h e  r e c o r d i n g  s i t e s  be tween t h e  

s h o t s  i n  o r d e r  t o  r e c o r d  e x t r a  d i r e c t  a r r i v a l  d a t a .  However,  

t h e  t ime t e rms  f o r  t he  s h o t p o i n t s  a l l  l i e  i n  t h e  range 0 .140  

t o  0 . 170  s e c o n d s ,  i t  i s  t h e r e f o r e  p o s s i b l e  t o  combine a l l  

t h e  Nimbus and d i r e c t  a r r i v a l  d a t a ,  t o g e t h e r  w i t h  t he  s h o r t  

r ange  r e f r a c t i o n s ,  on one t i m e - d i s t a n c e  g raph  ( f i g u r e  6 .11)

T h i s  g r aph  r e v e a l s  t h a t  a l l  t h e  " d i r e c t "  a r r i v a l s  a r e  

coming from a l a y e r  w i t h  a v e l o c i t y  of  abo u t  3.1 k m . s ' \  A 

second s e t  o f  a r r i v a l s ,  t h o s e  from t h e  basement  r e f r a c t o r ,  

a r e  s een  a t  d i s t a n c e s  of  as l i t t l e  as 1 .2  k i l o m e t r e s ,  wi th  

a t  l e a s t  f o u r  such a r r i v a l s  be tween 1 .2  and 2 .0  k i l o m e t r e s .  

E x t r a p o l a t i o n  of  t h e  3 .1  km.s"^ l i n e  s u g g e s t s  a c r o s s o v e r  

d i s t a n c e  of  abou t  2 .0  k i l o m e t r e s .  C l e a r l y  3 .1  km.s~^ i s  no t  

t h e  t r u e  av e r ag e  v e l o c i t y  of  t he  s e d i m e n t s  above t h e  b a s e 

ment r e f r a c t o r  and u n i t s  o f  a l ower  v e l o c i t y  a r e  be ing  

h i d d e n  by t h e  h igh  v e l o c i t y  a r r i v a l s .

6 . 8 . 3  Bo r eho l e  v e l o c i t y  measu remen ts

The Thorney b o r e h o l e  i n d i c a t e d  t h a t  t h e  h igh  v e l o c i t y
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was p r o b a b l y  due t o  a r e f r a c t o r  w i t h i n  t h e  Middle J u r a s s i c  

s e d i m e n t s .  Son i c  l og s  a r e  a v a i l a b l e  f o r  some of  t h e  more 

r e c e n t  b o r e h o l e s  i n  t h e  a r e a  and t h e s e  have been a n a l y s e d  t o  

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

v e l o c i t i e s  were o b t a i n e d  by b l o c k i n g  t h e  l og s  i n t o  r e p r e s 

e n t a t i v e  i n t e r v a l s  and t h e n  c o n v e r t i n g  t h e  i n t e r v a l  t r a n s i t  

t i m e s  i n t o  v e l o c i t i e s .

Tab l e  6 .6  i s  a c o m p i l a t i o n  o f  t h e  v e l o c i t i e s  o b t a i n e d .  

The b o r e h o l e  l o c a t i o n s  and o t h e r  d e t a i l s  can be found in  

a p p e n d i x  1 . 1 .

WISBECH WIGGENHALL SPALDING HUNTINGDON

OXFORD CLAY 2.03

M JURASSIC 3.6 1 . 6 - 3 . 8

LIAS SHALE 2 . 0 - 2 . 0 5 2 .04 2 . 0 —2.2 1 . 9 - 2 . 1

LIAS LIMESTONE 2 . 5 - 3 . 4 3 . 4 - 4 . 0 2 . 5 - 3 . 8 3 . 0 - 3 . 8

AVERAGE JURASSIC 2.07 2 .21 2.16

KEUPER 3 . 3 - 3 . 6 2 .9 3.2

BUNTER 3.4

ORDOVICIAN 3 . 8 - 4 . 2

PRECAMBRIAN 5 . 8 5 - 6 . 1

Tabl e  6 . 6  : I n t e r v a l  v e l o c i t i e s  measured  from s o n i c  l o g s

The l og f o r  t h e  Wigg enh a l l  b o r e h o l e  shows a t en  met re  

t h i c k  i n t e r v a l ,  w i th  a v e l o c i t y  o f  3 .6  km.s , be tween t he  

Ke l l aways  and t h e  Upper L i a s .  There  a r e  abou t  20 m e t r e s  of  

Middle  J u r a s s i c  in t he  Hunt ingdon  (Mi l l  Lane) b o r e h o l e ,  t h e

v e l o c i t i e s  va ry  c o n s i d e r a b l y  bu t  t h e  h i g h e s t  v a l u e s ,  about
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3.8 k m . s \  oc cu r  i n  t h e  Corn b r a s h  and G r e a t  O o l i t e .

I n  a d d i t i o n  t o  t h e  Middle  J u r a s s i c  t h e r e  a r e  t h i n ,  h igh  

v e l o c i t y ,  l i m e s t o n e s  i n  t h e  L i a s  s h a l e s  i n  a l l  t h e  

b o r e h o l e s .  The h i g h e s t  o f  t h e s e  l i m e s t o n e s ,  s t r a t i g r a p h i -  

c a l l y ,  i s  a t  t h e  ba se  o f  t h e  Upper L i a s .  The i n t e r v a l  

v e l o c i t i e s  measured  f o r  t h e  L i a s  a r e  abou t  0 .4  km. s ’  ̂ lower  

t h a n  v e l o c i t i e s  measured  a t  s i m i l a r  d e p th s  in  t he  Mel ton 

a r e a .

6 . 8 . 4  R e f r a c t i o n  from t h i n  l a y e r s

The b o r e h o l e  l og s  c o n f i r m  t h a t  v e l o c i t i e s  in  ex ce s s  of

3 .0  km.s  ̂ can o c cu r  i n  l i m e s t o n e  beds  i n  t h e  Middle 

J u r a s s i c .  O ' B r i e n  (1967) s u g g e s t s  t h a t  t he  a t t e n u a t i o n  of  

ene r gy  r e f r a c t e d  a lo ng  a t h i n  bed w i l l  be " s e v e r a l  db pe r  

w a v e l e n g t h " ,  where t h i n  means l e s s  t h an  h a l f  a w a v e l e n g th .  

T h i s  c o n t r a s t s  w i th  " s e v e r a l  t e n ÿ t h s  of  a db p e r  wa ve l en g th "  

f o r  t y p i c a l  t h i c k  po rou s  f o r m a t i o n s .

The Nimbus d a t a  were r e c o r d e d  w i t h  14Hz. HSJ geophones  

a t  r anges  of  up t o  385 m e t r e s .  The o t h e r  d i r e c t  a r r i v a l  d a t a  

was r ec o rd ed  w i t h  2Hz. HS10 geophones  a t  r anges  of  0 .25 t o

1 .0  k i l o m e t r e s .  Because  o f  t h e  c l o s e  p r o x i m i t y  t o  t he  s h o t  

most  of  t h e  r e c o r d s  were o v e r l o a d e d  and only  f i r s t  b reak  

t im es  cou ld  be o b t a i n e d .  From th e  few comple t e  se i smograms 

t h e  f r e q u e n c y  of  t h e  f i r s t  a r r i v a l s  was measured a t  abou t  25 

Hz. f o r  t h e  Nimbus d a t a  and 10 t o  20 Hz. f o r  t h e  o t h e r  

a r r i v a l s .  For a v e l o c i t y  of  3 . 2  km. s~\  f r e q u e n c i e s  of  10,  20 

and 25 Hz. a r e  e q u i v a l e n t  t o  w a v e l e n g th s  of  320,  160 and 

128 m e t r e s  r e s p e c t i v e l y .

The Nimbus r e c o r d s  f o r  t he  fo u r  most  d i s t a n t  geophones  

a t  s h o t  P2A were no t  o v e r l o a d e d  and t he  same g a i n  s e t t i n g
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was used on a l l  f ou r  c h a n n e l s .  The a m p l i t u d e  o f  t h e  f i r s t  

c y c l e  d e c r e a s e d  r a p i d l y  a c r o s s  t he  fo u r  t r a c e s ,  a d i s t a n c e  

o f  105 m e t r e s .  The dynamic r ange  o f  t he  r e c o r d e r  was no t

known e x a c t l y  bu t  can be assumed to  be 40+10 db.  The peak t o  

peak  a m p l i t u d e s  o f  t h e  fou r  t r a c e s  were measured  from the  

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

g e o m e t r i c a l  s p r e a d i n g  (A = A^ / r ,  where A i s  t h e  a m p l i t u d e

and r t h e  d i s t a n c e  from the  s o u r c e ) .  The a m p l i t u d e s  of  t h e  

fo u r  t r a c e s  t h e n  showed an a t t e n u a t i o n  o f  2 . 7 + 0 .5  db/100 

m e t r e s  o r  2 . 8 5 - 4 . 1 5  db per  wav e l eng th  of  a 25 Hz. p u l s e .

The a t t e n u a t i o n  e v i d e nc e  i n d i c a t e s  t h a t  t h e  3 .2  km.s"^

r e f r a c t o r  was a t h i n  l a y e r  w i t h i n  t he  Middle  J u r a s s i c  

s e d i m e n t s .

6 . 8 . 5  P r e v i o u s  s u r v e y s

B u l l a r d  e t . a l .  (1946) t a b u l a t e  t he  r e s u l t s  o f  28 

s e i s m i c  r e f r a c t i o n  su r v e y s  in  e a s t e r n  Eng land .  The 

v e l o c i t i e s  o f  t h e  r e f r a c t o r s  above t he  ba sement  were 

c a l c u l a t e d  and a s s i g n e d  to  v a r i o u s  f o r m a t i o n s  by compar i son  

w i t h  o u t c r o p  and b o r e h o l e  d a t a .  The mean v e l o c i t i e s  and 

s t a n d a r d  d e v i a t i o n s  f o r  t he  J u r a s s i c ,  w i t h  t h e  number of  

o b s e r v a t i o n s  in  b r a c k e t s ,  a r e  as f o l l o w s :

Oxford Clay (8) 1.75 km. s sd 0 .22

G r e a t O o l i t e (12) 3.42 km.s ^ sd 0 .36

Upper L ia s (4) 2 .16 km. s"^ sd 0 .27

Lower L ia s (9) 2 .45 km. s"^ sd 0 .18
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6 ,9  TIME TO DEPTH CONVERSION

6 . 9 . 1  S t r u c t u r e  o f  t h e  s u p r a - b a s e m e n t  s e d i m e n t s

A s t r u c t u r e  c o n t o u r  map on t h e  ba se  J u r a s s i c  was 

p r e p a r e d  i n  c o n n e c t i o n  w i t h  t h e  i n t e r p r e t a t i o n  o f  t he  

g r a v i t y  d a t a  ( c h a p t e r  8B ) . Th i s  map was used to p r e d i c t  t he  

t h i c k n e s s  of  t h e  J u r a s s i c  s e d i m e n t s  a l ong  t h e  two s e i s m ic  

p r o f i l e s .  An a v e r ag e  v e l o c i t y  of  2 . 3  + 0 .2  km.s"^ was used 

f o r  t h e  J u r a s s i c  s e d i m e n t s ,  t h i s  i s  s l i g h t l y  h i g h e r  t han  was 

i n d i c a t e d  by t h e  b o r e h o l e  l o g s ,  b u t  lower  t han  t y p i c a l  L ia s  

v e l o c i t i e s  from th e  Mel ton  a r e a  where t he  b o r e h o l e  v e l o c i t y  

d a t a  wen? b e t t e r  t h a n  i t  i s  i n  t h i s  a r e a .  The v e l o c i t y  of  t he  

u n d e r l y i n g  s e d i m e n t s  was t a k e n  as  3 .2  + 0 .2  km. s ' \  t h i s  

r e p r e s e n t s  an a v e r a g e  o f  t h e  a v a i l a b l e  d a t a  f o r  t he  

P e r m o - T r i a s s i c .  The r e f r a c t o r  v e l o c i t y  was t ake n  t o  be t he  

t ime t erm s o l u t i o n  v e l o c i t y  f o r  t h e  p r o f i l e  (5 .77 km.s"^ f o r  

A and 5 .65  km.s '^ f o r  B).

The a s s u m p t io n s  made ab o u t  t h e  t h i c k n e s s  of  l a y e r  1 

mean t h a t  a l l  t h e  v a r i a t i o n s  in  s t a t i o n  t ime t e rms  a r e  

t r a n s l a t e d  i n t o  v a r i a t i o n s  i n  t h e  t h i c k n e s s  of  t h e  l ower ,  

h i g h e r  v e l o c i t y ,  l a y e r .  Th i s  i s  r e a s o n a b l e  s i n c e  t h e  Permo- 

T r i a s  was d e p o s i t e d  on an e r o s i o n  s u r f a c e  and i s  known from 

t h e  b o r e h o l e s  t o  va ry  i n  t h i c k n e s s .  The b o r e h o l e  l ogs  d id  

no t  i n d i c a t e  any v e r t i c a l  v e l o c i t y  g r a d i e n t s  w i t h i n  t he  

s e d i m e n t s .

6 . 9 . 2  D i s c u s s i o n  o f  t h e  d e p t h  s e c t i o n s

The dep th  s e c t i o n s  a r e  shown in  f i g u r e  6 . 1 2 .  The 

c a l c u l a t e d  d e p t h s  t o  t he  basement  r e f r a c t o r  a t  s t a t i o n s  A23 

and A24 a r e  l e s s  t h a n  t h e  de p th  to  basement  in  t h e  nearby
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C l i n t o n  b o r e h o l e  by 5 and 40 m e t r e s  r e s p e c t i v e l y .

There  i s  no r e c o g n i s a b l e  l a t e r a l  change in r e f r a c t o r  

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

P r eca mb r i a n  ba sement  s een  in t he  C l i n t o n  b o r e h o l e  forms t h e  

r e f r a c t o r  a long  bo th  s e i s m i c  l i n e s .  The v e l o c i t y  o f  t h e  

basement  r e f r a c t o r  ( 5 . 6 5 - 5 . 7 7  km.s"^) i s  e q u i v a l e n t  t o

v e l o c i t i e s  r e p o r t e d  by Ch ros ton  and Sol a  (1982) f o r  presumed 

P r eca m br i an  ba sement  in  Nor th  N o r f o l k .

The t ime term s o l u t i o n  v e l o c i t i e s  f o r  p r o f i l e s  A and B 

g i v e  v e l o c i t i e s  t h a t  a r e  d i f f e r e n t  by 0 .12  km. s" \ ,  t h e  

s t a n d a r d  e r r o r  e s t i m a t e s  on t he  s o l u t i o n  v e l o c i t i e s  f o r  

p r o f i l e s  A and B a r e  0 . 014 and 0 .029  km.s  ̂ r e s p e c t i v e l y .  

P r o f i l e  A has  a g e n e r a l  d ip  of  1 to  2*’ t owards  s h o t p o i n t  P I .  

The s o l u t i o n  v e l o c i t y  ( v ' )  i s  r e l a t e d  to t he  t r u e  v e l o c i t y  

( V ) by :

V' = v / c o s  a where a i s  t he  d i p .

T h e r e f o r e  a d i p  o f  2° would a l t e r  " v ' "  by l e s s  t h an  0.004 

km.s \  The a v e r a g e  s h o t  t o  r e c e i v e r  d i s t a n c e s  on p r o f i l e  A

a r e  l a r g e r  t h an  t h o s e  on p r o f i l e  B. I f  t h e r e  were a s l i g h t  

i n c r e a s e  in v e l o c i t y  w i th  dep th  in t he  r e f r a c t o r  t hen  t he  

s o l u t i o n  to  p r o f i l e  A would g i v e  a h i g h e r  v e l o c i t y .  Such an 

i n c r e a s e  in v e l o c i t y  was no t  i n d i c a t e d  by t h e  r educed  t r a v e l  

t i m e s  f o r  s h o t s  PI and P2A i n t o  s t a t i o n s  A16 to 24 (see  

s e c t i o n  6 . 5 ) .

I f  t h e  s t a n d a r d  e r r o r  e s t i m a t e s  a r e  a c c e p t e d  as  

m e a n i n g f u l ,  and t he  v a r i a t i o n  in  v e l o c i t i e s  i s  n o t  t he  

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

v e l o c i t i e s ,  t h e n  t h e r e  i s  an a z i m u t h a l  v a r i a t i o n  in t he  

r e f r a c t o r  v e l o c i t y .  Such an a n i s o t r o p y  cou ld  be cause d  by 

f r a c t u r e  o r i e n t a t i o n  o r  s t r u c t u r a l  g r a i n .
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The low r e f r a c t o r  v e l o c i t y  ( abou t  5 . 2  km.s~^) d e t e c t e d  

t o  t h e  wes t  o f  s t a t i o n  A24 o c c u r s  t o  t he  s o u t h w e s t  of  t he  

100 nT m agne t i c  h igh  t h a t  i s  s i t u a t e d  ove r  t h e  C l i n t o n  

b o r e h o l e  ( f i g u r e  6 . 2 ) .  I t  seems u n l i k e l y  t h a t  low v e l o c i t y  

i n t r u s i v e  basement  would oc cu r  on t h e  edge o f  t h e  m agne t i c  

anomaly t h a t  r uns  s o u t h  from C l i n t o n  t o  s o u t h e a s t  of  

P e t e r b o r o u g h .  The low v e l o c i t y  c ou ld  be due t o  f r a c t u r i n g  of  

t h e  ba semen t ,  t h e  s u r f a c e  e x p r e s s i o n  of  which i s  t he

Tinwel l -Marho lm f a u l t .  Th i s  s t r u c t u r e  can be t r a c e d  f o r  20

k i l o m e t r e s  from P e t e r b o r o u g h  t o  S t a m fo rd ,  bu t  s i n c e  t h e  low

v e l o c i t y  zone i s  1 t o  2 k i l o m e t r e s  wide a f r a c t u r e  zone does  

n o t  seem l i k e l y .

The s i m p l e s t  e x p l a n a t i o n  f o r  t h e  low a p p a r e n t  v e l o c i t y  

i s  f o r  a c o m p o s i t i o n a l  change  w i t h i n  t h e  P re cam br i an  

ba sement .  B u l l a r d  e t . a l .  (1946) r e p o r t  a r e f r a c t o r  v e l o c i t y  

o f  5 .17 + 0 .15  km.s"^ f o r  t h e  P re cam br i an  basement  c l o s e  to 

t he  C r e a t  Oxendon b o r e h o l e .  The P re cam br i an  v o l c a n i c  

a g g l o m er a t e  i n  t h e  Upwood b o r e h o l e  had a v e l o c i t y  of  4 . 57  

km.s"^ ( B u l l e r w e l l  1967) .  The a v a i l a b l e  e v id e n ce  s u g g e s t s  

t h a t  a v e l o c i t y  o f  o v e r  5 .0  km.s  ̂ i s  too h igh  t o  be 

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

The d e p th s  t o  t h e  r e f r a c t o r  a l on g  t he  two p r o f i l e s  a r e ,

i n  g e n e r a l ,  d e e p e r  t h a n  was p r e d i c t e d  by c o r r e l a t i n g  be tween 

t h e  v a r i o u s  b o r e h o l e s .  I t  mus t ,  however ,  be remembered t h a t  

no t  a l l  t h e  b o r e h o l e s  p e n e t r a t e  P r e cam br i an  basement .  

S p a l d i n g ,  and p o s s i b l y  Wisbech ,  bo t tom in  Cambrian g u a r t z -

i t e s ,  w h i l s t  b o r e h o l e s  t o  t h e  s o u t h  of  Pe t e r b o r o u g h  p rove  

Devonian or  O r d o v i c i a n  r o ck s  w i t h  on ly  Upwood r e a c h i n g  t h e  

P r e cam br i an .  The Wyboston b o r e h o l e ,  l o c a t e d  50 k i l o m e t r e s  

sou t h  of  P e t e r b o r o u g h ,  p roved  110 me t r e s  o f  Old Red
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Sands to ne  and Devonian o v e r l y i n g  Cambr ian.  Al though t h e  p r e -  

Pe rmian  basement  s u r f a c e  i n  t h i s  a r e a  i s  g e n t l y  u n d u l a t i n g  

and l i e s  a t  sh a l l o w  de p th  t h e r e  i s  a c o n s i d e r a b l e  v a r i a t i o n  

i n  l i t h o l o g y  and age of  t h e  basement  r oc k s .

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

p r e - P e r m i a n  u n c o n f o r m i t y  s u r f a c e  bu t  t h e  P r e cam br i an  b a s e 

ment .  At C l i n t o n  t h e  two s u r f a c e s  a r e  t h e  same and t h e  dep th  

c a l c u l a t e d  from t h e  s e i s m i c  d a t a  a g r e e s  w i th  t h e  b o r e h o l e  

d e p t h .  I n  o t h e r  a r e a s ,  such  a s  s o u t h  o f  t h e  S p a l d i n g  

b o r e h o l e ,  t h e  c a l c u l a t e d  d e p t h  t o  t h e  r e f r a c t o r  would be 

e x p ec t e d  t o  be g r e a t e r  t h a n  t h e  b o r e h o l e  d e p t h ,  t h u s  g i v i n g

an e s t i m a t e  o f  t h e  t h i c k n e s s  of  t h e  P a l a e o z o i c .

The e v id e n c e  from t h e  b o r e h o l e s  i s  t h a t  t h e  P e r m o - T r i a s  

i s  be tween 30 and 100 m e t r e s  t h i c k  i n  t h i s  a r e a  w h i l s t  t h e  

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

t h e  s e i s m i c  l i n e s  i s  20 t o  200 m e t r e s .  The r e f r a c t o r  may 

t h e r e f o r e  be o v e r l a i n ,  i n  p l a c e s ,  by up t o  100 m e t r e s  of

P a l a e o z o i c  s e d i m e n t s .  The a s su m p t io n  of  a v e l o c i t y  o f  3 .2
- 1km.s f o r  t h e  i n t e r v a l  from t h e  ba se  J u r a s s i c  t o  t h e  b a s e 

ment r e f r a c t o r  w i l l  be a r e a s o n a b l e  a p p r o x i m a t i o n  i f  t h e  

P a l a e o z o i c  s e d i m e n t s  a r e  Old Red Sa n s to ne  c o n g l o m e r a t e s  ( t he  

most  l i k e l y  i n t e r p r e t a t i o n ) .  The d e p t h s  t o  basement  w i l l  be 

u n d e r e s t i m a t e d  by up t o  40 m e t r e s  i f  t h e  r ock s  a r e  Lower 

P a l a e o z o i c  mudstones  and q u a r t z i t e s ,  which have v e l o c i t i e s  

o f  3 . 4  t o  4 . 0  k m . s " \  E r r o r s  o f  + 0 .2  km.s"^ i n  t he  assumed 

v e l o c i t i e s  f o r  t h e  J u r a s s i c  and Pe rm o- Tr i a s  would c au se  a 

maximum e r r o r  o f  + 40 m e t r e s  i n  t h e  c a l c u l a t e d  dep th  t o  

ba sement .  The e r r o r s  due t o  u n c e r t a i n t y  in  t h e  f i r s t  a r r i v a l  

t r a v e l  t im es  w i l l  be a bo u t  30 t o  60 me t r e s  f o r  e r r o r s  of

+ 0.010 t o  0 .020  s e co nd s .
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6 .1 0  SUMMARY AND CONCLUSIONS

The two s e i s m i c  p r o f i l e s  p roved  a r e f r a c t o r  of  v e l o c i t y  

5 . 6 5  t o  5 . 7 5  km.s"^ a t  d e p t h s  o f  350 t o  500 m e t r e s  bo th  

a c r o s s  and a lo n g  t h e  a x i s  o f  t h e  Pe t e rb o r o u g h  g r a v i t y  

anomaly .  By compar i son  w i t h  t h e  C l i n t o n  b o r e h o l e ,  and w i t h  

basement  r e f r a c t o r  v e l o c i t i e s  i n  n o r t h  Nor fo lk  (Chros ton  and 

So l a  1982) and i n  L e i c e s t e r s h i r e  ( c h a p t e r  1 ) ,  t he  r e f r a c t o r  

i s  i n t e r p r e t e d  as P r e ca m br i a n  ba sement .

No l a t e r a l  changes  i n  t h e  r e f r a c t o r  v e l o c i t y  were 

d e t e c t e d  ove r  t h e  g r a v i t y  anomaly .  An a p p a r e n t  r e f r a c t o r  

v e l o c i t y  o f  5 . 2  km. s"  ̂ was d e t e c t e d  t o  t h e  s o u t h w e s t  o f  t he  

C l i n t o n  b o r e h o l e .  Th i s  may r e p r e s e n t  a c o m p o s i t i o n a l  change  

w i t h i n  t h e  P r eca m br i an  ba semen t .

A s h o r t  wa v e l e n g th  s t r u c t u r e  w i th  an a m p l i t u d e  of  abou t  

100 m e t ^ r e s  was d e t e c t e d  a lo ng  bo th  p r o f i l e s .  This  p r o b a b l y  

r e p r e s e n t s  a co m b i n a t i o n  of  r e f r a c t o r  t opo g r aph y  and 

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

s e d i m e n t s .

The r e s u l t s  of  t h e  s e i s m i c  e x p e r i m e n t s  c l e a r l y  p r e c l u d e  

t h e  P a l a e o z o i c  s e d i m e n t a r y  b a s i n  model f o r  t h e  g r a v i t y  

anomaly ( u n l e s s  t h e  b a s i n  was f i l l e d  w i th  a h igh  v e l o c i t y  

s ed imen t  t h a t  was l e s s  dense  t h a n  t h e  s u r r o u n d i n g  P r e 

cam br i an  rocks  bu t  had a s i m i l a r  v e l o c i t y ) .

The g r a n i t e  model  i s  c l e a r l y  f av o u r e d  and w i l l  be 

a n a l y s e d  f u r t h e r  i n  c h a p t e r  SB.
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CHAPTER SEVEN 

POTENTIAL FIELD INTERPRETATION

7.1 INTRODUCTION

Thi s  c h a p t e r  i s  i n  t h r e e  p a r t s :

1.  A r e v i e w ,  t o g e t h e r  w i th  some new m ea su r em en t s ,  

o f  t h e  d e n s i t i e s  and m agn e t i c  p r o p e r t i e s  o f  t h e  ba sement  

r ocks  found in t he  Eas t  Mi d l ands .

2.  A d e s c r i p t i o n  of  t h e  t h e o r y  o f  t h e  m o d e l l i n g  

t e c h n i q u e s  used t o  i n t e r p r e t  t he  Eas t  Midl ands  g r a v i t y  and 

magne t i c  d a t a .

3. A d i s c u s s i o n  o f  t h e  g r a v i t y  and m ag ne t i c  

anomaly maps f o r  t he  E as t  Mi d l ands ,  i n c l u d i n g  some s i m p le  

m o d e l l i n g .

In t he  c o n t e x t  o f  t h i s  and t he  f o l l o w i n g  two c h a p t e r s ,  

"basement"  i s  t a k e n  t o  mean t he  p r e - C a r b o n i f e r o u s  s u r f a c e  

proved  in b o r e h o l e s .  T h e r e f o r e  i t  co mp r i s e s  Lower P a l a e o z o i c  

and P reca mb r i an  rock s  t o g e t h e r  w i th  i gneous  i n t r u s i o n s  and 

some Devonian s e d i m e n t s .  Thi s  basement  does  no t  a lways  

c o r r e sp o n d  w i t h  t h e  P reca mb r i a n  m e t a s e d i m e n t s  and t h e  

i gneous  i n t r u s i o n s  which formed t he  s e i s m i c  ba sement  

d e t e c t e d  by t h e  Mel ton and P e t e r bo r o ug h  r e f r a c t i o n  l i n e s .

A second t e r m ,  " P r o t e r o z o i c  basement"  i s  used in t he  

same c o n t e x t  a s  p r e - C h a r n i a n  basement  o r  s u b - C h a r n i a n  

r e f r a c t o r ,  was used when d i s c u s s i n g  t he  s e i s m i c  r e f r a c t i o n  

e x p e r i m e n t s .

As w i l l  be shown be low ,  on ly  t he  P recambr i an  and Caled-
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o n i a n  i gneo us  i n t r u s i o n s ,  and p o s s i b l y  t h e  P r o t e r o z o i c  

ba semen t ,  have s i g n i f i c a n t  m agne t i c  s u s c e p t i b i l i t i e s .  These 

can  be c o n s i d e r e d  as  r e p r e s e n t i n g  magn e t i c  basement .

7 . 2  ROCK DENSITIES

Maroof (1973) made a l a r g e  number of  d e n s i t y  mea su re 

ment s  on s amples  from t h e  C h a rn i a n  I n l i e r  and M o u n t s o r r e l ,  

a s  w e l l  as  some measurements  on c u t t i n g s  from deep b o r e 

h o l e s .  The mean v a l u e s  o b t a i n e d  from t h e s e  measurements  a r e  

g i v e n  i n  t a b l e  7 . 1 .  Also i n c l u d e d  i n  t h e  t a b l e  a r e  some 

measurements  made on b o r e h o l e  samples  by B u l l e r w e l l  (1967) 

and some measurements  made on samples  from t h e  Malvern  H i l l s  

(Brooks 1968) .

7 . 2 . 1  New measurement s

S a t u r a t e d  d e n s i t i e s  have been measured on a s e l e c t i o n  

o f  "basement"  r ock s  from b o r e h o l e s  and o u t c r o p  i n  t h e  Eas t  

Mid l an ds .  In  o r d e r  t o  show the  range  of  d e n s i t i e s  o b t a i n e d  

f o r  each s u i t e  of  r ocks  a l l  t h e  measurements  made a r e  g iven  

i n  t a b l e  7 . 1  The r e s t r i c t e d  s ampl ing  f o r  each g roup  of  

samp le s  does no t  p e rm i t  a mea n ing fu l  s t a t i s t i c a l  a n a l y s i s  to  

be made.

The s a m p le s ,  which weighed 0 .05 to  0 .4  kg,  were d r i e d  

i n  an oven and t h e n  pu t  i n  a vacuum f l a s k  f o r  s e v e r a l  da ys .  

The samples  were t hen  immersed in  w a t e r  and l e f t  t o  s a t u r a t e  

un de r  a t m o s p h e r i c  p r e s s u r e  f o r  s e v e r a l  days .  The s a t u r a t e d  

s amp le s  were weighed i n  a i r  and i n  w a t e r  u s i n g  a beam 

b a l e n c e  ( r e a d i n g  a c c u r a c y  > 0.1 g ram) .  The sample  d e n s i t i e s  

a r e  g iven  by:
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s a t u r a t e d  d e n s i t y  = ~ ” Wg )

d ry  d e n s i t y  = Çd = W3 /  (Ŵ -  W2 )

p o r o s i t y  = ^  = (Çs-Ç’d) • 1 0 0 %

where ;  = s a t u r a t e d  w e i gh t  i n  a i r

W2 = s a t u r a t e d  we igh t  i n  w a t e r

W3 = d ry  w e i gh t  i n  a i r  

The d ry  d e n s i t i e s  measured a r e  no t  i n c l u d e d  i n  t a b l e  

7 . 1 .  Of t h e  s amples  measured on ly  t h e  H a r t s h i l l  Q u a r t z i t e  

(3.7%) and t h e  w e a t h e r e d  Ki rby Lane g r a n i t e  (5.5%) had 

p o r o s i t i e s  o f  ove r  2%. P o r o s i t i e s  o f  l e s s  t h an  2% a r e  

r e a s o n a b l e  f o r  un w e a t he r e d ,  f i n e  g r a i n e d ,  m e t a s e d i m e n t s ,  and 

f o r  i gn eou s  r o c k s .  Had i t  been p o s s i b l e  t o  s a t u r a t e  t he  

r ocks  under  r e a l i s t i c  c o n f i n i n g  p r e s s u r e s  t h e  measured  

p o r o s i t i e s  might  have been h i g h e r ,  due to  t h e  s a t u r a t i o n  of  

m i c r o f r a c t u r e s .  In  t h e  c a se  of  t h e  Kirby Lane g r a n i t e  t h e  

p o r o s i t y  was due t o  t h e  p r e s e n c e  o f  c h l o r i t e  and k a o l i n i t e .  

I f  t h e  s amp le s  were no t  f u l l y  s a t u r a t e d  t h e  d e n s i t y  

measu rement s  w i l l  be u n d e r - e s t i m a t e d .

7 . 2 . 2  D e n s i t y  ; rock t yp e

The d e n s i t y  measurements  from t a b l e  7 . 1  a r e  g rouped by 

age  a n d / o r  rock t yp e  i n  f i g u r e  7 . 1 .  C l e a r l y  t h e r e  i s  a con

s i d e r a b l e  r ange  of  d e n s i t i e s  a s s o c i a t e d  w i th  each g r o u p i n g .  

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

o f  t h e  rock u n i t s  found i n  t he  a r e a .

The South  L e i c e s t e r s h i r e  and M o u n t s o r r e l  i n t r u s i o n s  a r e  

l e s s  dense  t h a n  t h e  P re cam br i an  p y r o c l a s t i c s  and me ta 

s e d i m e n t s ,  bu t  t h e  Warboys d i o r i t e  i s  s i g n i f i c a n t l y  more 

de n se .  The sample  of  Mel ton g r a n i t e  i s  ex c luded  s i n c e  i t  was 

w e a t h e r e d .  The samples  from th e  South  Charnwood D i o r i t e s
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C h a r n i a n  Blackbrook  S e r i e s (13) 2630 + 30 1

" Beacon H i l l  Beds (1 0 ) 2700 4- 2 0 1

" S l a t e  Agglomera te ( 8 ) 2790 + 2 0 1

" S w i t h l a n d  S l a t e ( 7) 2780 + 2 0 1

S pr ox t on  bh.  p h y l l i t i c  s h a l e ( 8 ) 2840 + 90 1

Upwood bh.  t u f f a c e o u s  a g g lo m e r a t e 2680 2

C l i n t o n  bh.  t u f f  BDB 4342 (359.3) 2704 + 1 0 3
" " " BDB 434 3 (360.2) 2703 + 1 0 3
" n n BDB 4 3 4 4 (363.3) 2775 + 1 0 3
" ” ” BDB 4345 (375.8) 2688 + 1 0 3
" n n BDB 4346 (376.4) 2670 + 1 0 3

W i t t e r i n g  bh.  t u f f  BZ 461 (232.1) 2795 + 1 0 3
H o l l o w e l l  bh.  a g g lo m e r a t e (175.0) 2714 + 1 0 3

n n n n 2696 + 1 0 3
n n n n 2697 + 1 0 3

PRECAMBRIAN IGNEOUS INTRUSIONS

M a l v e r i a n  g r a n i t i c  r ock s 2630 + 2 0 4
M a l v e r i a n  b a s i c - u l t r a b a s i c  r ocks 2680--3070 * 4
M a r k f i e l d  d i o r i t e (39) 2800 + 1 0 1

Groby d i o r i t e (34) 2720 + 1 0 1

Whitwick p o r p h y r o i d ( 4) 2700 + 80 1

Bardon H i l l  p o r p h y r o i d (29) 2840 -f 1 0 1

CAMBRIAN -  ORDOVICIAN SEDIMENTS

Nuneaton  H a r t s h i l l  Q u a r t z i t e 2610 + 1 0 3
Merry Lees S t o c k i n g f o r d  Sha l e ( 7) 2750 + 2 0 1

Deanshange r  bh.  Tremadoc ian  s h a l e 2520 2

G r e a t  Paxton  bh.  O r d o v i c i a n  mudstone 2550 2

Eyham bh.  s i l t y  mudstone ( 1 1 ) 2750 + 1 0 1

GH 3 bh.  s i l t s t o n e  BDA 3917 (152.4) 2684 + 1 0 3
" " BDA 3918 (153.3) 2693 + 1 0 3
" " BDA 3919 (153.9) 2682 + 1 0 3

Tho rp e - b y - W a te r  bh.  BDF 2812 (331.3) 2788 + 1 0 3
n n •• n BDF 2813 (332.3) 2774 + 1 0 3
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Tho rp e -b y - Wa te r  bh.  BDF 2819 (335.4)
" BDF 2823a (338.5)n n

CALEDONIAN IGNEOUS INTRUSIONS

M o u n t s o r r e l  g r a n o d i o r i t e (60)

Enderby m i c r o t o n a l i t e
n n

Ki r by  Lane bh.  b i o t i t e  g r a n i t e

Wa rboys bh. d i o r i t e BX 7294 (156.8)
n n M BX 7313a (167.2)
n n It BX 7313b (167.2)
n It II BX 7364 (187.3)
n n n BX 7375 (192.8)
n II n BX 7377 (193.1)

2790 + 10 3
2770 + 10 3

2660 + 10 1
2687 + 10 3
2638 + 10 3
2669 + 10 3
2652 + 10 3
2679 + 10 3
2674 + 10 3
2559 + 10 3
2564 + 10 3
2839 + 10 3
2813 + 20 3
2781 + 20 3
2866 + 10 3
2725 + 10 3
2813 + 10 3
2820 2

DEVONIAN SEDIMENTS

El l i n gh am  bh.  m u d s t o n e - s l a t e 2630 + 30 5
Lakenhea th  bh.  s i l t s t o n e 2620 + 40 5

Four  Ashes bh.  s h a l e 2670 + 33 5
L i t t l e  C h i sw e l l  bh.  mudstone 2610 + 20 5

So urce s Maroof 1973.  Number of  samples  used i n  b r a c k e t s .  
B u l l e r w e l l  1967.
New measu rement .  For b o r e h o l e  s amples  t h e  f i g u r e  
i n  b r a c k e t s  i s  t h e  dep th  i n  m e t r e s  below OD and 
t h e  i d ' s a r e  t h e  IGS sample  numbers .
Brooks  1968.  * = d e n s i t i e s  > 3000 kg .m^very r a r e ,  
Ch ro s to n  and So la  1982.

Tab l e  7 . 1  ; D e n s i t i e s  o f  basement  r o cks  i n  t h e  E as t  Mid l ands  
and a d j a c e n t  a r e a s .
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show t h a t  a c o n s i d e r a b l e  v a r i a t i o n  i n  d e n s i t y  i s  p o s s i b l e  

w i t h i n  a s i n g l e  i n t r u s i o n ,  w i t h  v a l u e s  o f  2720 kg.m"^ from 

Groby and 2800 kg.nf^ from M a r k f i e l d .

The Lower P a l a e o z o i c  muds tones  and s h a l e s  from the  

G r e a t  Paxton  and Deanshange r  b o r e h o l e s  have lower  d e n s i t i e s  

t h a n  any o t h e r  basement  r o ck s  i n  t h e  a r e a .  The p y r i t i s e d  

s i l t s t o n e s  from th e  Th o rp e - by -W a te r  b o r e h o l e  and t h e  S t o c k 

i n g f o r d  S h a l e s  from t h e  Merry Lees d r i f t  a r e  more dense  t h an  

s e v e r a l  of  t h e  P r eca mb r i a n  s a m p le s .  In  t h e  c o n t e x t  of  t he  

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

t o  c l a s s  t h e  Lower P a l a e o z o i c  s e d i m e n t s  as  basement .

7 . 2 . 3  D e n s i t y  : p-wave v e l o c i t y

Some of  t h e  samples  on which d e n s i t i e s  have been meas

u r ed  come from l o c a l i t i e s  where  t h e  basement  v e l o c i t y  has  

been measured  by s e i s m i c  r e f r a c t i o n  or  b o r e h o l e  l o g g i n g .  

These  d a t a  a r e  shown in  f i g u r e  7 . 2 ,  p a r t  of  t he  cu rve  of  

Nafe  and Drake (1963) i s  i n c l u d e d  f o r  r e f e r e n c e .

These  d a t a  sh ou ld  be t r e a t e d  w i t h  some c a u t i o n ,  

e s p e c i a l l y  when compar ing t h e  d i f f e r e n t  measuremen ts .  The 

Deanshange r  and Grea t  Pax ton  mudstone  v e l o c i t i e s  were d e t e r 

mined from b o r e h o l e  l o g s .  The o t h e r  v e l o c i t y  d a t a  come from 

s e i s m i c  r e f r a c t i o n  s u r v e y s  and r e p r e s e n t s  a bulk v e l o c i t y  

f o r  t h e  f o r m a t i o n .  The Nafe  and Drake measurements  were on 

l a b o r a t o r y  spec im ens .  The p o i n t s  p l o t t e d  i n  f i g u r e  7 .2  a r e  

from s e v e r a l  d i f f e r e n t  l i t h o l o g i e s ;  t he  i gneous  ro ck s  

( M o u n t s o r r e l ,  South L e i c e s t e r s h i r e  and Warboys) and t h e  f i n e  

g r a i n e d  P r eca m br i an  metamorphi c  r ock s  (Maplewel l  and 

B l ackb rook  S e r i e s  and G l i n t o n  b o r e h o l e )  do show a p o s i t i v e  

c o r r e l a t i o n  be tween v e l o c i t y  and d e n s i t y .  The s c a t t e r  of
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MS

SL

4.5

GP

2550 2600 2650 2700 2750 2600

DENSITY kg.m'

B
D
G

GP
M

MS
SL

W
U

Blackbrook S e r i e s  
Deanshanger  b o r e h o l e  
G l i n t o n  bo re h o l e  
Gre a t  Paxton bo r eh o l e  
Maplewel l  S e r i e s  
M o u n t so r r e l  g r a n o d i o r i t e  
South L e i c e s t e r s h i r e  D i o r i t e s  
Warboys bo re h o l e  
Upwood b o r eho l e

F i g u r e  7 .2  : The r e l a t i o n  between d e n s i t y  and p-wave v e l o c i t y
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p o i n t s  shows t h a t  t h e  i gneous  rock s  c an n o t  be d i s t i n g u i s h e d  

f rom t h e  P re ca m b r i a n  basement  r ocks  even i f  bo th  p-wave 

v e l o c i t y  and d e n s i t y  a r e  known.

The i n t e r p r e t a t i o n  o f  t h e  Mel ton r e f r a c t i o n  p r o f i l e s  

( c h a p t e r  5) i n d i c a t e d  a v e l o c i t y  of  5 .8  t o  6 . 0  km.s  ̂ f o r  t he  

Me l ton  g r a n i t e .  Th is  s u g g e s t s  a d e n s i t y  a t  l e a s t  as  h igh  as 

t h o s e  of  t h e  P r eca m br i an  t u f f s  i n  t h e  G l i n t o n  b o r e h o l e  and 

t h e  Maplewe l l  S e r i e s  (Beacon H i l l  Beds) of  t h e  C h a r n i a n .

The h igh  d e n s i t y  f o r  t h e  Th o r pe -by -Wate r  s i l t s t o n e ,  

which  may have been due t o  d i s s e m i n a t e d  p y r i t e ,  s u g g e s t s  a 

h igh  p-wave v e l o c i t y .  However t h e  s e i s m i c  r e f r a c t i o n  s u r v e y s  

o f  B u l l a r d  e t . a l .  ( 1946 ) ,  l o c a t e d  5 t o  10 k i l o m e t r e s  from 

t h e  b o r e h o l e ,  i n d i c a t e d  a 5 . 43  t o  5 .69 km.s"^ r e f r a c t o r  abou t  

100 m e t r e s  d e e p e r  t h a n  t h e  t op  o f  t h e  s i l t s t o n e .  This  

s u g g e s t s  t h a t  e i t h e r  t he  s i l t s t o n e  has  a h igh  v e l o c i t y  but  

t h i n s  l a t e r a l l y  and was no t  d e t e c t e d ,  or  t h a t  t h e  h igh  

d e n s i t y  does  no t  c o r r e l a t e  w i t h  a h igh  p-wave v e l o c i t y .  The 

r e f r a c t o r  cou ld  have been t h e  s i l t s t o n e ,  a change i n  depth

of  100 m e t r e s  ove r  a few k i l o m e t r e s  seems r e a s o n a b l e ,  bu t  

would be a t y p i c a l  f o r  t h i s  a r e a  ( see  c h a p t e r  9 ) .

7 . 2 . 4  D e n s i t i e s  o f  t h e  s u p r a - b a s e m e n t  s e d i m e n t s

No new d i r e c t  d e n s i t y  measurement s  have been made on 

t h e s e  rock s  i n  t h e  c o u r s e  of  t h e  p r e s e n t  s t u d y .  Maroof 

(1973) measured c h ip  samples  from the  Sp ro x t on  b o r e h o l e  and 

q u o t e s  d e n s i t i e s  of  2490 + 15 kg.m"^ f o r  t h e  L i a s  and 2400 +

9 kg.m"^ f o r  t h e  T r i a s .

Brooks (1966) a n a l y s e d  56 samples  of  Keuper  Marl  from 

The Midlands*  t h e s e  gave a mean d e n s i t y  of  2450 + 20 k g . m' \  

Compensated f o r m a t i o n  d e n s i t y  l ogs  a r e  a v a i l a b l e  f o r



1 4 8

t h e  Hunt ingdon and Wisbech b o r e h o l e s .  These l og s  were 

b l o ck ed  t o  o b t a i n  a v e r a g e  d e n s i t i e s  f o r  t h e  v a r i o u s  

f o r m a t i o n s  :

WISBECH Middle  L i a s  s h a l e  2100-2200 kg.m"^

B a s a l  L i a s  2310 "

T r i a s  s a n d s t o n e  2420 " (gf 16-20%)

HUNTINGDON Middle  J u r a s s i c  2050 kg.m"^

L i a s  2050-2200 "

Keuper  2200 "

7 .3  MAGNETIC PROPERTIES

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

i n  SI u n i t s ,  t h e  f o l l o w i n g  r e l a t i o n s h i p s  a r e  used :

S u s c e p t i b i l i t y :  k (SI) = k ' (cgs)  . 4 tt ( d i m e n s i o n l e s s )

M a g n e t i s a t i o n :  M (SI) A.m"^= M (cgs)  . 10

Magnet i c  d i p o l e  moment: md (SI) A.m^ = md (cgs)  x 10^
- 7

P e r m e a b i l i t y  o f  f r e e  s pa ce :  \j^q = 4 t t  . 10 

Magnet i c  i n t e n s i t y  ( remanence)  = M (cgs)  . 4-rr . 10^ nT

The d e t a i l s  of  t h e  c o n v e r s i o n  of  e l e c t r o m a g n e t i c  u n i t s  t o  SI 

a r e  g i v en  by R e i l l y  ( 1972) .

7 . 3 . 1  Magnet i c  s u s c e p t i b i l i t y  and remanence

Maroof  (1973) measured  t h e  m ag ne t i c  s u s c e p t i b i l i t i e s  of  

s ample s  from t h e  i g neo us  i n t r u s i o n s  of  M o u n t s o r r e l  and 

Charnwood F o r e s t .  These measurements  i n d i c a t e d  a c o n s i d 

e r a b l e  v a r i a t i o n  i n  s u s c e p t i b i l i t y  w i t h i n  each rock t y pe :
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Sample mean k (SI)

M o u n t s o r r e l  g r a n o d i o r i t e  0 , 0264

M a r k f i e l d  d i o r i t e  0 . 0787

Groby d i o r i t e  0 .0045

Bardon H i l l  p o r p h y r o i d  0 .0009

95% c o n f i d e n c e  l i m i t  

0 . 0117 

0.0321 

0 .0045

0.0004

One new measurement  ha s  been made on a sample  (IGS BX 

7313) from t h e  Warboys d i o r i t e ,  which gave a v a lu e  of  0 .028 

+ 0 .01  (SI) . A s i n g l e  measurement  such as  t h i s  can only 

s e r v e  as  an i n d i c a t i o n  t h a t  t h e  s u s c e p t i b i l i t i e s  of  t he  

d i o r i t e  a r e  t h e  same magni tude  as  t h o s e  of  t h e  M oun t so r r e l  

g r a n o d i o r i t e .

Brooks (1968) made s u s c e p t i b i l i t y  and remanence

measurement s  f o r  t he  P r e c a m b r i a n  rock s  of  t he  Malvern H i l l s .

The remanence i n t e n s i t i e s  below have been c o n v e r t e d  from emu

t o  SI as d e s c r i b e d  above:

k (SI) Remanence nT

Warren House l a v a s  0 . 0 0 3 - 0 . 0 1 0  300-1000

M a l v e r n i a n  0 . 0 0 2 - 0 . 0 0 4  200-380

For  f i e l d  s t r e n g t h s  of  abou t  50000 nT t h e s e  measurements  

i n d i c a t e  a K o e n i g s b e r g e r  r a t i o  (Q) of  abou t  one .

Recen t  measurements  by Duff  (1980) on t h e  South  L e i c e s 

t e r s h i r e ,  South  Charnwood and M o u n t s o r r e l  i n t r u s i o n s  y i e l d e d  

NRM i n t e n s i t i e s  of  10  ̂ t o  1 A.m"^ ( 1 . 2 5 - 1 2 5 0 .  n T ) . P i p e r

(1979) g i v e s  v a l u e s  of  0 .4  t o  150 nT f o r  t h e  l a t e  P r o t e r 

o z o i c  r ock s  o f  t h e  Midland c r a t o n  (NB the  v a l u e s  were quo t ed  

i n  A.m^.kg^ and have been c o n v e r t e d  assuming a d e n s i t y  of  

3 000 . kg . m ^).

S ix  s amples  from t h r e e  i n t r u s i o n s  have been measured in
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a s p i n n e r  magne tomete r  t o  d e t e r m i n e  t h e  i n t e n s i t y  of  t he  

remanence .  As t h e  s amples  came from b o r e h o l e  c o r e s  i t  i s  

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

t o  have been v e r t i c a l .  The remanence i n  a l l  t h e  samp le s  was 

weak,  and t h e  v a l u e s  o f  Q v e ry  low ( see  below) as  was t o  be 

e x p e c t e d  f o r  such c o a r s e  g r a i n e d  a c i d i c  r o c k s .  The i n i t i a l  

mea surements  were s u f f i c i e n t  t o  show the  weakness  of  t he  

remanent  m a g n e t i z a t i o n  and t h e r e f o r e  t h e  samples  were not  

d e m a g ne t i z e d .

M a g n e t i z a t i o n  nT I Q

M o u n t s o r r e l 302 86 + 20° 0 .3

It 82 67 + 20* 0.1

Warboys BX 7377 A 94 65 + 20° 0.1
I t  I t  n g 120 69 + 20° 0.1

Ki r by  Lane 71380 1.9 - 0 .002

" 71383 4.6 _ 0 .005

D e c l i n a t i o n  and i n c l i n a t i o n  measurements  f o r  basement  

r ock s  from t he  Midl ands  c r a t o n  a r e  g iv en  by Brooks (1963) 

and P i p e r  (1979) ;

D I

La t e P r o t e r o z o i c  basement : Rushton s c h i s t 274* 51*

Church S t r e t t o n 282 51

M a l v e r n i a n 127 77

Lat e P recam br i an : West  U r i c o n i a n 136 25

E a s t  U r i c o n i a n 078 17

Warren House 233 77

* c o r r e c t e d  f o r  t h e  d i p  of  t h e  o v e r l y i n g  Cambrian s e d i m e n t s .
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Duff  (1980) measured  s amples  from 11 s i t e s  i n  t he  

L e i c e s t e r s h i r e  i n t r u s i o n s .  The mean NRM d i r e c t i o n  b e f o r e  

d e m a g n e t i z a t i o n  was D=24, 1=62 which i s  no t  s i g n i f i c a n t l y

d i f f e r e n t  from t h e  p r e s e n t  p o s i t i o n  a t  t h e  95% c o n f i d e n c e  

l i m i t .  Of t h e  11 s i t e s  sampled on ly  t h r e e  (Enderby,  Mark

f i e l d  and Br a dg a t e  q u a r r i e s )  gave s t a b l e ,  s c a t t e r  f r e e ,  NRM

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

t h e s e  s i t e s  was 141E 63N (D=18, 1=48) which i s  t y p i c a l  of

l a t e  P r eca m br i an  and e a r l y  Cambr ian p o l e  p o s i t i o n s .  I f  t h e  

U-Pb d a t e  of  452 m .y r .  f o r  t h e  South  L e i c e s t e r s h i r e  d i o r i t e s  

( c h a p t e r  1) i s  a c c u r a t e ,  t h e n  t h e  d e t e r m i n a t i o n  of  an e a r l y  

Cambr ian p o l e  p o s i t i o n  f o r  t h e  Enderby d i o r i t e  i s  anomalous .  

The o l d e r .  La t e  P r o t e r o z o i c ,  r ock s  from t h e  Midl ands  c r a t o n  

g i v e  p o l e  p o s i t i o n s  o f  235-285E 13-37N (Br iden  and Duff 

1981) .

The a v a i l a b l e  d a t a  do n o t  i n d i c a t e  any s i g n i f i c a n t  

remanence  i n t e n s i t i e s  f o r  t h e  Mid l ands  g r a n i t i c  r o c k s .  

However t he  l a t e  P r e ca m b r i a n  po l e  p o s i t i o n s  a r e  such t h a t  

t h e  t h e  magne t i c  a no m a l i e s  would be a f f e c t e d  by any bo d i e s  

w i t h  a s i g n i f i c a n t  component  of  r emanent  m a g n e t i z a t i o n .
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7 .4  POTENTIAL FIELD MODELLING

The two and t h r e e  d i m e n s i o n a l  g r a v i t y  and magne t i c  

models  in  t h i s  and t he  f o l l o w i n g  c h a p t e r  have been p r epa red  

u s i n g  p r e - e x i s t i n g  computer  p rog rams .  The t he o r y  of  the  

t e c h n i q u e s  i s  we l l  documented and i s  summarized below.

7 . 4 . 1  Two-dimensional  g r a v i t y  mo de l l i n g

This  method i s  d e s c r i b e d  by Talwani  e t . a l .  (1959) .  I t  

i s  based on t he  a p p r o x i m a t io n  of  a 2 - d i m e ns io na l  body by an 

n - s i d e d  polygon.  The g r a v i t y  e f f e c t  of t h i s  po lygona l  body 

a t  any p o i n t  o u t s i d e  t h e  body i s  t hen  g i ven  by a l i n e  

i n t e g r a l  around t he  p e r i m e t e r  of t he  body.

Q(x,z)

6 9 ( 0 )  = 2 . G . f t an   ̂ . dz (7. 1)

The i th s i d e  of  t he  polygon i s  g iven  by:

X = a ^. Z + b [

where : a  ̂ = (x-^^-x , ) /  (z^, , -z  J  , b[ = (x |.z j - x * . ^  z. ) /  (z - z   ̂) 

I n t e g r a t i n g  (7.1)  g i v e s  a n um er i ca l  s o l u t i o n  for  i = l , n .  

For t he  n t h .  s i d e  (x^^^,z^.^) = (x ^ /Z ^ ) .  A complete  p r o f i l e

can be c a l c u l a t e d  by moving t h e  p o s i t i o n  of  0 h o r i z o n t a l l y
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by some s u i t a b l e  va lue  A x. The v a l u e s  of z in the  summation 

w i l l  be unchanged w h i l s t  t he  x  ̂ v a lu e s  w i l l  be i ncr emented  

by A X.

7 . 4 . 2  Two-dimensional  magne t i c  m o de l l i n g

Talwani  and H e i r t z l e r  (1964) p u b l i s h e d  a F o r t r a n  IV 

computer  program fo r  t he  c a l c u l a t i o n  of t he  h o r i z o n t a l ,  

v e r t i c a l  and t o t a l  i n t e n s i t y  anoma l i e s  caused  by a 2- 

d i m e n s i o n a l ,  po lygona l  body.

0 X
__________ V ->_______________________________________________________ _

f '"\  \
\ \
\ \

\

Q

oo

The h o r i z o n t a l  (H) and v e r t i c a l  (V) f i e l d  s t r e n g t h s  a t  

t h e  o r i g i n  (0) due to  t h e  s e m i - i n f i n i t e  two-d imens iona l  

p r i sm  KLMN can be de t e rmined  by f i r s t  c a l c u l a t i n g  the  e f f e c t  

o f  t he  p r i sm e lement  ABCD which ex t ends  to + oo in t he  y 

d i r e c t i o n .  I n t e g r a t i n g  w i th  r e s p e c t  to x g i v e s  e x p r e s s i o n s  

f o r  H and V fo r  t he  s e m i - i n f i n i t e  h o r i z o n t a l  lamina ABEF. 

These e x p r e s s i o n s  can t hen  be i n t e g r a t e d  wi th  r e s p e c t  to z, 

t a k i n g  i n t o  accoun t  t he  o r i e n t a t i o n  of  t he  s i d e  KN, to  g ive  

t h e  va lu e s  of H and V due to KLMN. This  i s  r ep e a t e d  fo r  each 

s i d e  of the  polygon and t he  s u c c e s s i v e  v a lu e s  of H and V
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summed. The p o s i t i o n  of  0 i s  t h e n  moved and t h e  p r o c e s s  

r e p e a t e d .

7 . 4 . 3  T h r e e - d i m e n s i o n a l  i t e r a t i v e  g r a v i t y  i n v e r s i o n

A program based  on t h e  method of  C o r d e l l  and Henderson 

(1968) was used t o  i n t e r p r e t  t h e  P e t e r b o r o u g h  g r a v i t y  

anomaly ( c h a p t e r  SB).

Th is  method s i m u l a t e s  t h e  g e o l o g i c a l  model by means of  

a r e c t a n g u l a r  a r r a y  of  v e r t i c a l  s q u a r e  p r i s m s ,  each p r i sm  

b e in g  c e n t r e d  on a known d a t a  p o i n t .  Thi s  r e q u i r e s  t h e  

o b s e rv e d  d a t a  t o  be on a s q u a r e  g r i d .  The v e r t i c a l  

d i me ns io ns  of  t h e  p r i sm  a r e  c a l c u l a t e d  w i th  r e s p e c t  t o  a 

p r e d e f i n e d  r e f e r e n c e  p l a n e  a t  t h e  t o p ,  bo t tom o r  c e n t r e  of  

t h e  model .  A f i r s t  e s t i m a t e  of  t h e  p r i sm  l e n g t h s  i s  o b t a i n e d  

f rom a Bouguer  s l a b  a p p r o x i m a t i o n .  S u c c e s s i v e  i t e r a t i o n s  a r e  

pe r fo rm ed  by compar ing  t h e  o b se r v e d  and c a l c u l a t e d  g r a v i t y  

a t  each g r i d  node and a d j u s t i n g  t h a t  p r i sm  a c c o r d i n g l y .  One 

o f  t h e  l i m i t a t i o n s  o f  t h i s  method i s  t h a t  t h e  d e n s i t y  

c o n t r a s t  has  t o  be c o n s t a n t  f o r  t h e  e n t i r e  body.

The g r a v i t a t i o n a l  a t t r a c t i o n  of  each p r i sm  a t  each g r i d  

node i s  c a l c u l a t e d  i n  two s t a g e s .

1.  For t h e  p r i sm  a t  t h e  g r i d  node:

Ag = 2.TT.G.Ç [ t  -  ( (d+t )^  + w^/ t t )"^+ (d  ̂ + w ^/t t  /^  ]

where d = dep th  t o  t h e  t op  of  t h e  p r i s m ,  t  = p r i sm t h i c k n e s s  

and w = g r i d  s p a c i n g  ( l e n g t h  of  p r i sm  s i d e s ) .

2 .  For  a l l  o t h e r  p r i sm s :

A g = G.Ç.W^ [(  + d^)'^ -  ( + (d+t)^
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t h i s  i s  t h e  fo rmu la  f o r  a v e r t i c a l  l i n e  e l e m e n t ,  where 

R = t h e  d i s t a n c e  from t h e  p r i sm  c e n t r e  t o  t h e  g r i d  node.

The a t t r a c t i o n  due t o  a l l  t h e  p r i sms  can t h en  be summed 

a t  each g r i d  node and t h e  t h i c k n e s s e s  a d j u s t e d :

^ n + 1  “  • ( 9 o b s  / ^ c o l c  )

I n p r a c t i c e  i t  was found t h a t  r a p i d  o s c i l l a t i o n s  o c c u r r e d  in 

t h e  v a l u e s  of  " t " .  T h e r e f o r e  t h e  a d j u s t m e n t  o f  " t "  was 

p r o g r e s s i v e l y  damped w i t h  t h e  amount of  change be in g  l i m i t e d  

t o  50% of  t h e  v a l u e  o f  " t "  f o r  t h e  f i r s t  5 i t e r a t i o n s ,  10% 

f o r  t h e  nex t  3 and 5% t h e r e a f t e r .

The c a l c u l a t e d  anomaly w i l l  be due on ly  to  mass b e n e a th  

t h e  g r i d  nodes ,  i . e .  w i t h i n  t h e  a r e a  of  t h e  model .  I f  t he  

ob se rv ed  d a t a  does  no t  c o m p l e t e l y  cover  t he  UJ^thi s  can

c r e a t e  an edge e f f e c t  i n  which t h e  p r i sms  around  t h e  model 

become too l a r g e  i n  an a t t e m p t  t o  compensa te  f o r  t h e  

m a t e r i a l  o u t s i d e  t h e  model .  I f  t h e  r e g i o n a l  f i e l d  i s  no t  

removed t h e  model w i l l  a l s o  i n c l u d e  a h o r i z o n t a l  s l a b  t o  

accommodate t h i s  component .

An a t t e m p t  was made t o  r educe  t h e  edge e f f e c t s  by c a l c 

u l a t i n g  t h e  g r a v i t a t i o n a l  a t t r a c t i o n ,  a t  each g r i d  node ,  of  

12 r i g h t  r e c t a n g u l a r  p r i s m s  a r r a y e d  a round t h e  edge o f  t he  

model .  The c a l c u l a t i o n  used  t h e  fo rmula  of  Nagy (1966) . The 

e x t e r n a l  p r i sms  were o f  p r e s e t  t h i c k n e s s  and had s i d e s  equ a l  

t o  h a l f  t he  l e n g t h  of  t he  e q u i v a l e n t  s i d e  o f  t h e  i n p u t  d a t a  

a r r a y .  The c om p u t a t i o n  o f  t h e  g r a v i t y  anomaly of  t h e s e  

p r i sm s  was found t o  t a k e  a b ou t  t h e  same t ime as  one i t e r 

a t i o n  of  a 30 X 30 g r i d  of  d a t a  p o i n t s .  The c o m p u t a t i o n a l l y
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f a s t e r  l i n e  e lement  a p p ro x i m a t i o n  cou ld  not  be used because  

o f  t he  s i z e  of  t he  e x t e r n a l  p r i s m s .  B e t t e r  d e f i n i t i o n  would 

be o b t a i n e d  i f  more p r i sms  were used but  t h i s  would i n c r e a s e  

t h e  compu ta t i on  t ime s t i l l  f u r t h e r .  Using t h e s e  p r i sms  

he lpe d  to  i s o l a t e  t he  anomaly be ing  model led  a t  t he  expense  

of  a s l i g h t  d i s t o r t i o n  in  t h e  obse rved  d a t a  (see c h a p t e r  

8 8 ) .

7 . 4 . 4  T h r e e -d i m e n s io n a l  g r a v i t y  mode l l i ng

Th is  method,  a f t e r  Talwani  and Ewing (1960) i s  a 

f orward  mode l l i ng  t e c h n i q u e  as opposed to t he  i n v e r s i o n  of 

obse rved  d a t a  in  t h e  i t e r a t i v e  method.  The method i s  a 

development  of  t he  t w o - d i m e ns i on a l  method d e s c r i b e d  above 

and i s  based on an e x p r e s s i o n  fo r  t he  g r a v i t a t i o n a l  

a t t r a c t i o n ,  a t  an e x t e r n a l  p o i n t ,  of  a h o r i z o n t a l  lamina 

d e f i n e d  by an i r r e g u l a r  po lygon .  H o r i z o n t a l  l aminae  a re  

p r e f e r r e d  s i n c e  any t h r e e - d i m e n s i o n a l  body can be d e f i n e d  by 

a number of  s u r f a c e  c o n t o u r s  which can then  be r e p l a c e d  by 

l aminae  r e p r e s e n t e d  by n - s i d e d  polygons .

t o p

^ b o t t o m

The g r a v i t a t i o n a l  a t t r a c t i o n  a t  a s u r f a c e  p o i n t  P due 

to  a po lygona l  lamina of i n f i n i t e s i m a l  t h i c k n e s s  dz w i l l  be:

A g = V.dz

where V i s  t he  anomaly pe r  u n i t  t h i c k n e s s  of the  po lygon .
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t h i s  can be d e t e r m i n e d  from t h e  e v a l u a t i o n  of  two l i n e  

i n t e g r a l s  a round t h e  po l ygo n .  The t o t a l  anomaly At P due t o  

t h e  body w i l l  be:

^.Ztop

A g -  v . d z  
J

^  b o t t o m

Thi s  can be s o l v e d  g r a p h i c a l l y  by p l o t t i n g  V:z and dr awing  a 

smooth c u r v e .  The a r e a  be tween t h i s  curve  and t h e  z a x i s  

w i l l  g i v e  Ag. In p r a c t i c e  t h e  p rob l em i s  so l v e d  by n um e r i c a l  

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

t h r e e  p o i n t s .  The a c c u r a c y  i s  t h e r e f o r e  dependen t  on t he  

a c c u r a c y  w i th  which t h e  body i s  d e f i n e d  by t h e  c o n t o u r s .

7 . 4 . 5  T h r e e - d i m e n s i o n a l  m ag n e t i c  m o d e l l i n g

A program to  c a l c u l a t e  t h e  magne t i c  an om a l i e s  of  t h r e e -  

d i m e n s i o n a l  p o l y g o n a l  b o d i e s ,  a f t e r  B a r n e t t  (1976) was used 

i n  t h e  i n t e r p r e t a t i o n  of  t h e  a e r o m a g n e t i c  d a t a .  Th is  program 

was de ve loped  by Dr. W.H. Owens of  Birmingham U n i v e r s i t y .  A 

number of  b o d i e s  o f  d i f f e r i n g  bu t  c o n s t a n t  m agne t i c  s u s c e p t 

i b i l i t y  cou ld  be mode l l ed  and t h e  anomaly due to  each body 

summed. Each body i s  d e f i n e d  by a number o f  p o l y g o n a l  

s e c t i o n s  ( t e m p l a t e s )  wh ich ,  i n  t h e  s i m p l e s t  c a s e ,  would be 

v e r t i c a l  and c o p l a n a r .  The p o l y g o n a l  body i s  t h en  

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

form t r i a n g u l a r  f a c e t s .  To p r e s e r v e  t he  t r i a n g u l a r  f a c e t i n g  

i t  would be n e c e s s a r y  t o  s p e c i f y  a p i c e s  a t  e i t h e r  end of  t h e  

body.  This  i s  c i r c u m v e n t e d  by u s i n g  t he  e x p r e s s i o n s  of  Okabe 

(1979) f o r  t h e  m ag ne t i c  a t t r a c t i o n  of  a p o l y g o n a l  f a c e t .  The 

program t h e r e f o r e  used t h e  f i r s t  and l a s t  t e m p l a t e s  to  

d e f i n e  t he  ends of  t h e  body.
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7 . 5  GRAVITY AND MAGNETIC ANOMALIES IN THE EAST MIDLANDS

7 . 5 . 1  Magnet i c  a n o m a l i e s

F i g u r e  7 .3  i s  a r e d u c t i o n  of  t h e  IGS 1:250000 a e r o 

m ag ne t i c  map o f  t h e  E a s t  Mid l ands ;  t h e  a r e a  d e s c r i b e d  h e r e  

l i e s  t o  t h e  e a s t  of  t h e  T h r i n g s t o n  F a u l t  (TF) .

S e v e r a l  o f  t h e  m ag n e t i c  a no m a l i e s  can be c o r r e l a t e d  

w i t h  t h e  s u r f a c e  or  b o r e h o l e  g e o l o g y ;  t h e  l a t e  P r eca mb r i a n  

South  Charnwood D i o r i t e s  (E) and t h e  Ca l e d on i a n  i n t r u s i o n s  

o f  M o u n t s o r r e l  (B),  Mel ton  Mowbray (C) , and South  L e i c e s 

t e r s h i r e  (D) a r e  a l l  r e c o g n i s a b l e .  The M o u n t s o r r e l  and 

Mel ton i n t r u s i o n s  l i e  i n  a b e l t  of  100 t o  250 nT p o s i t i v e  

a n o m a l i e s  which i s  t r u n c a t e d ,  t o  t h e  wes t  of  anomaly A, 

a l o ng  t h e  l i n e  o f  t h e  T h r i n g s t o n  F a u l t .  To t h e  e a s t  of  

anomaly C t h e  b e l t  swings  s o u t h e a s t w a r d s  t o  form a 35 k i l o m 

e t r e  r i d g e  o f  p o s i t i v e  an o m a l i e s  ( G - H - I - J ) . A l o n g e r  

w a v e l e n g t h ,  l ower  a m p l i t u d e ,  anomaly (K) l i e s  t o  t he  s o u t h  

o f  t he  Mel ton i n t r u s i o n .  I f  a l l  t h e s e  an om a l i e s  a r e  g rouped  

t o g e t h e r  t h ey  form an a r e a  of  abou t  2500 km̂  of  p o s i t i v e ,  

mos t l y  s h o r t  w a v e l e n g t h ,  a n o m a l i e s .  The Warboys d i o r i t e  (F) 

i s  l o c a t e d  t o  t h e  s o u t h e a s t  o f  t h i s  a r e a .  Simple  dep th  

e s t i m a t e s  u s i n g  t h e  t e c h n i q u e s  of  S t e e n l a n d  (1951) s u g g e s t  

t h a t  t h e  t op  s u r f a c e s  of  t h e  s o u r c e s  of  t h e s e  a no m a l i e s  a r e  

a t  d e p th s  of  one t o  t h r e e  k i l o m e t r e s .

The b e l t  o f  an o m a l i e s  A-C, G-I  l i e s  a l o n g  t he  n o r t h e r n  

margin  of  t h e  r e g i o n  of  s h a l l o w  P recambr ian -Lower  P a l a e o z o i c  

ba semen t ,  as  p roved  by b o r e h o l e s  ( see  c h a p t e r  9 ) ,  and can be 

t h o u g h t  of  as  r e p r e s e n t i n g  a h in ge  l i n e  be tween t h e  Mid l ands  

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

n o r t h .
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To t h e  s o u t h  of  t h e  p o s i t i v e  ano ma l i e s  t h e r e  i s  a l ong 

w a v e l e n g t h ,  e a s t - w e s t  t r e n d i n g ,  n e g a t i v e  anomaly (L ) . The 

de p t h  t o  m a g n e t i c  basement  he r e  i s  p r o b a b l y  g r e a t e r  t h an  s i x  

k i l o m e t r e s .

7 . 5 . 2  G r a v i t y  a n o m a l i e s

The g r a v i t y  map ( f i g u r e  7 .4 )  a l s o  shows t he  l o c a t i o n s  

o f ,  and d e p t h s  t o  t h e  p r e - C a r b o n i f e r o u s  basement  i n ,  t he  

b o r e h o l e s  i n  t h e  a r e a .  The m agne t i c  a no ma l i e s  A-J a r e  marked 

on t h e  g r a v i t y  map f o r  r e f e r e n c e .  There  i s  l i t t l e  v i s i b l e  

c o r r e l a t i o n  be tween t h e  g r a v i t y  a n o m a l i e s  and s ed im en t  

t h i c k n e s s e s ,  t h e  n e g a t i v e  anomaly P i s  due t o  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  o f  t he  Widmerpool  G u l f .  Low Q i s  t h e  

P e t e r b o r o u g h  g r a v i t y  anomaly ( c h a p t e r s  6 and 8B) ; low R i s  

l o c a t e d  over  t h e  s h a l l o w e s t  P r eca mb r i a n  basement  i n  t h e  a r e a  

( e x c l u d i n g  Charnwood F o r e s t ) .

The p o s i t i v e  anomaly S i s  due t o  t h e  s o u t h e r n  end of  a 

ba sement  r i d g e  t h a t  c o n n e c t s  t h e  D e r b y sh i r e  Dome to  t he  

Ch a rn i a n  I n l i e r  ( t he  Derby-Melbourne  causewa y) .  Thi s  

p o s i t i v e  anomaly e x t e n d s  e a s t w a r d s  to  t h e  s ou t h  of  t he  

M o u n t s o r r e l  and Mel ton i n t r u s i o n s ,  and t h en  swings  s o u t h e a s t  

(anomaly T) , p a r a l l e l  t o ,  bu t  some 10 k i l o m e t r e s  s o u t h  o f ,  

t h e  m agne t i c  r i d g e  ( an oma l i e s  G - H - I - J ) . These r i d g e s  

t h e r e f o r e  f o l l o w  a n o r t h w e s t  t o  s o u t h e a s t  "Charno id"  t r e n d .

At  t he  e a s t e r n  end o f  t h e  g r a v i t y  r i d g e  i s  a sma l l  

p o s i t i v e  anomaly (F) l o c a t e d  ove r  t he  Warboys d i o r i t e  

i n t r u s i o n .  The d e n s i t y  d a t a  i n  t a b l e  7 .1  shows t h a t  t h i s  

i n t r u s i o n  has  a h i g h e r  d e n s i t y  t h an  t he  P reca mb r i an  agglom

e r a t e s  i n  t he  nea rby  Upwood b o r e h o l e .

A second p o s i t i v e  r i d g e  (V) w i th  a s i m i l a r  t r e n d  to  T
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l i e s  t o  t h e  s o u t h w e s t  of  t h e  low R. At t he  n o r t h w e s t  end of  

t h i s  r i d g e  i s  t h e  Nuneaton  I n l i e r  (W)• Low R b r oad en s  ou t  to  

t h e  s ou t h  t o  form a l a r g e  n e g a t i v e  anomaly which c o v e r s  much 

o f  t h e  London P l a t f o r m .

Al though t h e  M o u n t s o r r e l  i n t r u s i o n  has  a lower  d e n s i t y  

t h a n  t h e  s u r r o u n d i n g  P re ca m b r i a n  basement  t h e r e  i s  no 

d i s c e r n a b l e  a s s o c i a t e d  n e g a t i v e  g r a v i t y  anomaly.  Thi s  

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

Ho lwe l l  s e i s m i c  l i n e  (Whitcombe and Maguire  1981a) i n d i c a t e d  

a l a r g 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  w i t h i n  t h e  i n t r u s i o n ,  

t h i s  would be c o n s i s t e n t  w i t h  t h e  d e n s i t y  of  t h e  g r a n i t e  

i n c r e a s i n g  more r a p i d l y  w i th  dep th  t h an  t h e  d e n s i t y  of  t he  

s u r r o u n d i n g  ba s eme n t .  The d e n s i t y  of  t h e  Mel ton g r a n i t e  was 

d i c u s s e d  above i n  r e l a t i o n  t o  t h e  h igh  p-wave v e l o c i t y  

ob se r v e d  ove r  t h e  i n t r u s i o n .  The v e l o c i t y  d a t a  s u g g e s t  t h a t  

t h e  g r a n i t e  does  no t  have a n e g a t i v e  d e n s i t y  c o n t r a s t  w i th  

t h e  P re cam br i an  ba semen t .  In t h e  ca s e  of  both  t h e  Mount

s o r r e l  and Mel ton i n t r u s i o n s  t h e  n e g a t i v e  anomaly of  t he  

Widmerpool  Gul f  may be masking any sma l l  ano ma l i e s  due to  

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

g r a v i t y  p r o f i l e  i n  p r o g r e s s  a t  L e i c e s t e r  shou ld  p r o v i d e  

enough c o n t r o l  t o  a c c u r a t e l y  remove t h e  e f f e c t s  of  t he  

s e d i m e n t s  and d e t e c t  any r e s i d u a l  anomaly due t o  t he  

n o r t h e r n  e x t e n s i o n  o f  t he  M o u n t so r r e l  i n t r u s i o n .

In  g e n e r a l  i t  a p p e a r s  t h a t  t h e  ob se rv ed  g r a v i t y  

a n om a l i e s  c an no t  be e x p l a i n e d  by v a r i a t i o n s  in  t h e  dep th  to  

ba semen t .  A wide range  of  d e n s i t i e s  have been measured f o r  

t h e  P recambr i an-Lower  P a l a e o z o i c  r ocks  and i t  i s  p o s s i b l e  

t h a t  t h e s e  v a r i a t i o n s  might  a cco un t  f o r  some of  t he  obse rv ed  

a n o m a l i e s .  Imfo rma t ion  on t h e  t h i c k n e s s  of  t he  Lower
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P a l a e o z o i c  i s  s c a r c e  bu t  what  t h e r e  i s  s u g g e s t s  a t h i n  

v e n e e r  of  muds tones  o v e r l y i n g  t he  P re ca m b r i a n .  T h e r e f o r e  t he  

l a r g e r  g r a v i t y  a n o m a l i e s  a r e  l i k e l y  to  be due t o  s t r u c t u r e s  

w i t h i n  t h e  P r e c a m b r i a n  ba sement .  One such anomaly i s  i n v e s t 

i g a t e d  below.

7 . 5 . 3  Simple  t w o - d i m e n s i o n a l  m o d e l l i n g

The Cha rno id  t r e n d  of  t h e  p o s i t i v e  g r a v i t y  r i d g e  T and 

t h e  t h i n  p o s t - C a r b o n i f e r o u s  s e d im e n t  cove r  ( f i g u r e  7 .4)  

s u g g e s t  t h a t  t h e  anomaly may be due t o  an i n t r a - b a s e m e n t  

s t r u c t u r e .  The two p o s s i b l e  s o u r c e s  of  such a s t r u c t u r e  a r e  

a h o r s t  of  P r o t e r o z o i c  basement  r o c k s ,  p o s s i b l y  an a lo go u s  t o  

t h e  rock s  exposed  i n  t h e  wes t  of  t h e  Midl ands  c r a t o n ;  o r  a 

l i n e a r  i g neo us  i n t r u s i o n .  E i t h e r  model might  a l s o  e x p l a i n  

t h e  r i d g e  of  m ag ne t i c  a n o m a l i e s .

A d e n s i t y  c o n t r a s t  o f  130 kg.m was used f o r  t h e  two-

d i m e n s i o n a l  model .  Th i s  i m p l i e s  a d e n s i t y  of  ab ou t  2880 kg.m 

f o r  t h e  anomalous  body,  g i v e n  a Cha r n i a n  t y pe  basement  

d e n s i t y  o f  ab o u t  2750 kg .m^.  The M a r k f i e l d  D i o r i t e s ,  which 

i n t r u d e  t h e  C h a rn i a n  , have  a d e n s i t y  of  2800 kg.m"^ and a 

m ag ne t i c  s u s c e p t i b i l i t y  o f  0 .08 ( S I ) ,  a l t h o u g h  o t h e r  l a t e

P r eca m br i an  i n t r u s i o n s  i n  t h e  a r e a  a r e  n e i t h e r  as dense  i\or 

as  m ag n e t i c .  The on ly  c l u e  t o  t h e  d e n s i t y  of  t h e  P r o t e r o z o i c  

ba sement  i s  t h e  6 .4  km. s ’  ̂ r e f r a c t o r  v e l o c i t y  d e t e r m i n e d  f o r  

t h e  deep r e f r a c t o r  b e n e a t h  Charnwood F o r e s t ,  and f o r  t he  

LISPB " a , "  r e f r a c t o r  ( see  c h a p t e r  1 ) .

The l i n e  of  t h e  p r o f i l e  chosen  f o r  g r a v i t y  m o d e l l i n g  i s  

shown in  f i g u r e s  7 . 3  and 7 . 4 .  The model f o r  t h e  o b se rv ed  

d a t a  i s  shown in  f i g u r e  7 . 5 ,  a r e a s o n a b l e  f i t  has  been 

o b t a i n e d  w i t h  a s i m p le  (8 s i d e d )  body,  t he  c a l c u l a t e d  p o i n t s

- 3
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a r e  a t  i n t e r v a l s  o f  2 ,5  k i l o m e t r e s .

I n  o r d e r  t o  model t h e  edges  o f  t he  p r o f i l e  i t  was 

n e c e s s a r y  t o  assume a r e g i o n a l  g r a d i e n t ,  of  ab ou t  0 .7  gu/km,  

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

t h a t  t h e  t h i c k n e s s  of  t h e  su p r a - b a s e m e n t  s e d i m e n t s  i n c r e a s e s  

t o  t h e  n o r t h e a s t .  The g r a v i t y  e f f e c t  of  t h e s e  s e d i m e n t s  has  

n o t  been removed s e p a r a t e l y ,  i f  i t  were t h e  r e g i o n a l  

g r a d i e n t  would be i n c r e a s e d  by up t o  0 .5  gu/km. The r e q u i r e d  

r e g i o n a l  c an n o t  t h e r e f o r e  be e x p l a i n e d  by s ed i men t  t h i c k 

n e s s e s  and i s  most  l i k e l y  to  be due to  t he  non two-dimen

s i o n a l  n a t u r e  of  t h e  a no m a l i e s  t o  t he  n o r t h e a s t  of  t he  

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

P e t e r b o r o u g h  g r a v i t y  anomaly (Q) . The m i s f i t  o f  t h e  

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

e s p e c i a l l y  on t h e  n o r t h e a s t  s i d e .  The d e n s i t i e s  i n  t a b l e  7 .1  

show a v a r i a t i o n  i n  d e n s i t y  w i t h i n  t he  P recambr i an -Lower  

P a l a e o z o i c  ba sement ,  t h i s  cou ld  a l s o  a cco un t  f o r  a r e g i o n a l  

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

v a r i a t i o n s  i n  basement  d e n s i t y .

For  t h e  chosen  d e n s i t y  c o n t r a s t  i t  was n e c e s s a r y  t o  use 

a model w i th  n e a r  v e r i c a l  s i d e s  i n  o r d e r  to f i t  t h e  s t e e p  

s l o p e s  o f  t h e  o b se r v ed  p r o f i l e .  Thi s  i n d i c a t e s  t h a t  t he  

dep th  t o  t h e  t op  of  t h e  model (two k i l o m e t r e s )  can be 

c o n s i d e r e d  a maximum v a l u e .

T h i s  s i m p le  model s u g g e s t s  t h a t  i t  i s  p o s s i b l e  t o  

e x p l a i n  t h e  g r a v i t y  r i d g e  by a 4 k i l o m e t r e  h o r s t  s t r u c t u r e  

w i t h i n  t h e  ba semen t .  The s i z e  of  t h i s  s t r u c t u r e  cou ld  be 

r educed  t o  a t h i c k n e s s  of  ab o u t  two k i l o m e t r e s  i f  a d e n s i t y  

o f  3000 kg.m"^were u se d ,  such  a d e n s i t y  can be c o n s i d e r e d  as  

an upper  l i m i t  f o r  s h a l l o w  P r o t e r o z o i c  basement .
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The o b s e r v e d  t o t a l  f i e l d  m agne t i c  anomaly a lo n g  t h e  

p r o f i l e  i s  a l s o  shown in  f i g u r e  7 , 5 .  Two p o s s i b l e  a n o m a l i e s  

have been c a l c u l a t e d  f o r  t h e  body mode l l ed  from th e  g r a v i t y  

d a t a .  I n  t h e  f i r s t  model  (open c i r c l e s )  t h e  m a g n e t i z a t i o n  

was assumed t o  be i nduced  w i th  a s u s c e p t i b i l i t y  of  0 . 03  

( S I ) . Th is  i s  a h i g h e r  v a lu e  t h an  t h o s e  g i ve n  above ,  bu t  was 

n e c e s s a r y  t o  s a t i s f y  t h e  a m p l i t u d e  of  t h e  o bs e r ved  anomaly;  

t h i s  s u g g e s t s  t h a t  t h e  magn e t i c  body might  have a g r e a t e r  

t h i c k n e s s  t h a n  t h e  4 k i l o m e t r e s  of  t h e  g r a v i t y  model .  The

main prob l em w i t h  t h e  c a l c u l a t e d  m agne t i c  p r o f i l e  i s  t h a t  

t h e  peak i s  s h i f t e d  s l i g h t l y  t o  t h e  s o u t h w e s t  of  t h e  c e n t r e  

o f  t h e  body whe reas  t h e  peak of  t he  ob se rv ed  anomaly i s  10 

k i l o m e t r e s  t o  t h e  n o r t h e a s t  of  t h e  g r a v i t y  anomaly.  C l e a r l y  

i f  t he  g r a v i t y  and m ag ne t i c  a no m a l i e s  a r e  due t o  t h e  same 

s o u r c e  body t h e  m a g n e t i z a t i o n  must  be do m ina n t l y  i nduced  

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

I n  p r a c t i c e  any c a l c u l a t e d  anomaly would be t h e  r e s 

u l t a n t  o f  t h e  remanent  and i nduced  m a g n e t i z a t i o n s .  In  o r d e r  

t o  i n v e s t i g a t e  t h e  maximum p o s s i b l e  s h i f t  of  t he  anomaly ,  i n  

t h e  p l a ne  o f  t h e  p r o f i l e ,  t h e  magne t i c  anomaly was r e c a l c 

u l a t e d  f o r  an a p p a r e n t  remanent  m a g n e t i z a t i o n  o f  1000 .0  nT 

w i t h  D = 220° and I = 40 and no i nduced  component ,  t h i s  i s  

no t  n e c e s s a r i l y  t h e  o r i e n t a t i o n  of  t h e  a c t u a l  remanence .

The c a l c u l a t e d  anomaly ( s o l i d  c i r c l e s )  i s  d i s p l a c e d  

t ow ards  t h e  ob se r v e d  anomaly bu t  s t i l l  l i e s  t o  t h e  s o u t h w e s t  

o f  i t .  At i n c l i n a t i o n s  of  l e s s  t h an  40° t h e  d i s p l a c e m e n t  i s  

s l i g h t l y  g r e a t e r  bu t  t h e  n e g a t i v e  l obe  on t h e  s o u t h w e s t  s i d e  

o f  t h e  peak becomes u n r e a s o n a b l y  l a r g e .  I t  t h e r e f o r e  seems 

u n l i k e l y  t h a t  t h e  g r a v i t y  and magne t i c  an o ma l i e s  a r e  due t o  

t h e  same s o u r c e  body.  Th is  does  not  mean t h a t  t h e  two
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a n om a l i e s  a r e  u n r e l a t e d ,  t h e i r  s i m i l a r  t r e n d  s u g g e s t s  t h a t  

t h e y  may w e l l  be r e l a t e d .  I t  i s  p o s s i b l e  t h a t  a non

m a g n e t i c ,  h igh  d e n s i t y ^  i n t r a - b a s e m e n t  h o r s t  s t r u c t u r e  i s  

f l a n k e d ,  on one s i d e ,  by a r i d g e  o f  s t r o n g l y  magne t i c  

i n t r u s i o n s  which have l i t t l e  o r  no d e n s i t y  c o n t r a s t  w i th  t h e  

P r e ca m b r i a n  ba semen t .  The magne t i c  r i d g e  i s  composed of  of  

number o f  s e p a r a t e  pe aks  (eg.  G , H , I , J ) ,  t h e s e  might  be 

e x p l a i n e d  i n  t e rms  of  a number of  c u p o l a s  e x t e n d i n g  upwards 

f rom a p l u t o n i c  body.  The magne t i c  a no m a l i e s  a r e

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

7 . 5 . 4  Magne t i c  a n o m a l i e s  G H I J

These f o u r  a no m a l i e s  a r e  t h e  most  p r om ine n t  h i g h s  i n  

t h e  b e l t  of  magn e t i c  an o ma l i e s  t h a t  r uns  from e a s t  o f  Mel ton 

Mowbray t o  P e t e r b o r o u g h .  The i n d i v i d u a l  a n om a l i e s  have a

s i m i l a r  a r e a l  e x t e n t  t o  t h e  anomaly due t o  t h e  South  L e i c e s 

t e r s h i r e  D i o r i t e s  (D) bu t  a r e  of  a l a r g e r  a m p l i t u d e .  As

d e s c r i b e d  above t h e  i n d i v i d u a l  an om a l i e s  l i e  w i t h i n  a 

l a r g e r ,  r i d g e  l i k e ,  p o s i t i v e  anomaly ( f i g u r e  7 .6 )  .

The t h r e e - d i m e n s i o n a l  m od e l l i n g  program ( see  7 . 4 . 5 )  was 

used  t o  c a l c u l a t e  t h e  a n o m a l i e s  due t o  a g roup  of  s im p le

p r i s m a t i c  b o d i e s .  The o b j e c t  was t o  o b t a i n  a r e a s o n a b l e

r e p r e s e n t a t i o n  o f  each of  t he  o b se rv ed  peaks  and t h en  t o  s ee

i f  t h e s e  a n o m a l i e s  would c o a l e s c e  t o  form th e  background  

r i d g e .

The p r i sm s  were d e f i n e d  by h o r i z o n t a l  p o l y g o n a l

c o n t o u r s  w i t h  f o u r  o r  f i v e  s i d e s ,  an e x t r a  c o n t o u r  was 

somet imes  added t o  t h e  t op  of  t h e  body t o  c r e a t e  a s h a r p e r

apex .  The s i d e s  of  t h e  p r i sms  were s u b - v e r t i c a l  and ou tward

s l o p i n g .  A ba se  l e v e l  of  8 k i l o m e t r e s  was u se d ,  w i th  t he
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d e p t h s  t o  t h e  t o p s  of  t h e  p r i sms  and t h e  s u s c e p t i b i l i t y  

c o n t r a s t  be in g  a d j u s t e d  t o  c o n t r o l  t h e  shape  and a m p l i t u d e  

o f  t h e  a n o m a l i e s .  Deeper  base  l e v e l s  were found t o  g i v e  t oo

b r oad  an anomaly ,  even when lower  s u s c e p t i b i l i t y  c o n t r a s t s  

were  u sed .

By u s i n g  f i v e  such  p r i sms  t o  model t h e  most  p rominen t  

p e a k s  a r e a s o n a b l e  r e p r e s e n t a t i o n  o f  t h e  obse rv ed  a no ma l i e s  

was o b t a i n e d  ( f i g u r e  7 .7)  . The c o n t o u r  map i s  f o r  t h e  t o t a l

f i e l d  anomaly in  nT a t  a datum o f  0 .5  k i l o m e t r e s  above OD

( th e  f l i g h t  l i n e  e l e v a t i o n ) ;  i n  t h i s  and t h e  f o l l o w i n g

f i g u r e s  t h e  mapped a r e a  i s  t h e  same as i n  f i g u r e  7 .6  and t h e  

upp e r  map shows t h e  h o r i z o n t a l  t e m p l a t e s  used t o  d e f i n e  t h e  

model  and t h e i r  d e p t h s  i n  k i l o m e t r e s  below OD. The anomaly 

was c a l c u l a t e d ,  and t h e  d a t a  c o n t o u r e d ,  on a 1 k i l o m e t r e  

s q u a r e  g r i d  which measured  46 by 31 k i l o m e t r e s .

The c a l c u l a t e d  an om a l i e s  i n  f i g u r e  7 .7  have merged t o  

some e x t e n t ,  and t h e  c o n t o u r s  on t h e  n o r t h  s i d e  of  t he

anomaly f i t  t h e  o b se r v e d  d a t a  w e l l .  On t h e  sou th  s i d e  t he  

anomaly f a l l s  o f f  t oo  s h a r p l y .  Thi s  model s u g g e s t s  t h a t  t h e  

p r i s m  model i s  a good f i r s t  a p p r o x i m a t i o n  of  t h e  ob se r ved

anomaly bu t  t h a t  e x t r a  m agne t i c  m a t e r i a l  i s  r e q u i r e d  to

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

t o p s  of  t he  p r i sm s  a r e  a t  d e p th s  of  one t o  two k i l o m e t r e s ,

which  i s  s i m i l a r  t o  t h e  d e p t h s  t o  t he  i n t r u s i o n s  t o  t he  

w e s t .

The nex t  s t a g e  of  t h e  m od e l l i n g  was t o  j o i n  t h e  p r i sms  

t o g e t h e r  w i th  an u n d e r l y i n g  s l a b .  In t h e  example shown in  

f i g u r e  7 .8  t h e  ba se  of  t h e  s l a b  was a t  7 . 0  k i l o m e t r e s  and 

t h e  t o p  a t  4 .0  k i l o m e t r e s .  The shapes  of  t he  p r i sms  were no t  

a l t e r e d  and t h e r e f o r e  t h ey  p r o t r u d e d  from th e  s l a b  by two t o
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t h r e e  k i l o m e t r e s .  The c o r r e l a t i o n  w i th  t h e  o b se r v ed  d a t a  i s  

much improved,  t h e  50 nT c o n t o u r  f i t s  t h e  d a t a  w e l l .  The 

p o s i t i o n  o f  t h e  0 nT c o n t o u r  on t h e  c a l c u l a t e d  anomaly i s  

l a r g e l y  a f u n c t i o n  o f  t h e  c o n t o u r i n g ,  t h e  10 nT c o n t o u r  i s  

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

o f  t h e  anomaly .

With t h e  base  of  t he  s l a b  a t  g r e a t e r  d e p t h s  t h e  anomaly 

became t oo  b road  t o  f i t  t h e  o b se r v e d  d a t a .  The dep th  t o  t h e  

t op  of  t h e  s l a b  was no t  w e l l  c o n s t r a i n e d  s i n c e  i t  was 

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

and t h e  s l a b .

The body on t h e  e a s t  of  t h e  model (J) was no t  a t t a c h e d  

t o  t h e  r e s t  o f  t h e  model .  The a m p l i t u d e  o f  t h e  anomaly f o r  

t h i s  body i s  100 t o  150 nT l ower  t h an  t h e  o t h e r s  and i t  i s  

no t  co n n ec t e d  t o  t h e  o t h e r  an o m a l i e s  by t h e  50 nT c o n t o u r .  

For  c o n s i s t e n c y  t h e  ba se  of  t h i s  body was ke p t  a t  t h e  same 

de p th  as  t h e  r e s t  of  t h e  model ,  t h e r e f o r e  a l ower  s u s c e p t 

i b i l i t y  c o n t r a s t  had t o  be u se d .  I t  i s  p o s s i b l e  t h a t  t h i s  

body had a s m a l l e r  dep th  e x t e n t  t h a n  t h e  o t h e r s  and a 

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

The t w o - d i m e n s i o n a l  models  s u g g e s t e d  t h a t  t h e  g r a v i t y  

and m agne t i c  a n o m a l i e s  were no t  due to  t h e  same so u rc e  body.  

The g r a d i e n t s  on t h e  marg in s  o f  t h e  ob se rv ed  anomaly a r e  

a l s o  c o n s i s t e n t  w i th  t h e  magnet i sm be in g  i n d uc e d .

I t  i s  p o s s i b l e  t o  t e s t  t h e  e f f e c t  of  remanent  magnet i sm 

on t h e  model t o  s ee  i f  t h e  c a l c u l a t e d  an o ma l i e s  can be moved 

s u f f i c i e n t l y  f a r  t o  t h e  n o r t h  or  n o r t h e a s t  ( about  10

k i l o m e t r e s )  f o r  t h e  s o u r c e  b o d i e s  t o  l i e  on t h e  g r a v i t y  

r i d g e .  For t h i s  pu r po se  t h e  m a g n e t i z a t i o n  was assumed to be 

t o t a l l y  remanent  w i t h  an i n t e n s i t y  of  1000.0  nT and a
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d e c l i n a t i o n  o f  240° .

The example shown in  f i g u r e  7 .9  i s  f o r  t h e  same model 

a s  i n  f i g u r e  7 . 8 .  An i n c l i n a t i o n  o f  40 was u sed .  The 

a n o m a l i e s  a r e  s h i f t e d  by c o n s i d e r a b l y  l e s s  t h a n  10 k i l o 

m e t r e s  and a r e  d i s t o r t e d  when compared w i t h  t h e  ob se rved  

a n o m a l i e s .  A common s o u r c e  body f o r  t h e  g r a v i t y  and magne t i c  

a n o m a l i e s  t h e r e f o r e  seems im p ro b a b l e .

The model b o d i e s  used i n  t h e s e  examples  s u g g e s t  a 

d e g r e e  of  r e f i n e m e n t  t h a t  i s  p r o b a b l y  no t  j u s t i f i e d .  The 

e x a c t  d e p th s  t o  t h e  uppe r  s u r f a c e s  and t h e  f i n e  d e t a i l  of  

t h e  t e m p l a t e  o u t l i n e s  w i l l  no t  have a s i g n i f i c a n t  e f f e c t  on 

t h e  c a l c u l a t e d  anomaly s i n c e  t h e  anomaly was c a l c u l a t e d  on a 

one k i l o m e t r e  g r i d  a t  a h e i g h t  o f  1 .5  t o  2 . 5  k i l o m e t r e s  

above  t h e  b o d i e s .

7 . 6  SUMMARY AND CONCLUSIONS

The 3 - d i m e n s i o n a l  m o d e l l i n g  s u g g e s t s  t h a t  magne t i c  

a n o m a l i e s  can be i n t e r p r e t a t e d  as  a r i d g e  of

m agn e t i c  m a t e r i a l  w i th  p r i s m a t i c  c up o l a s  p r o t r u d i n g  from i t s  

u p pe r  s u r f a c e .  The s t e e p  g r a d i e n t s  on t he  f l a n k s  of  t he  

r i d g e  r e q u i r e  a s h a l l o w  body t o  be u se d ,  a l t h o u g h  t h e  base  

d e p t h s  w i l l  no t  n e c e s s a r i l y  d e f i n e  t h e  base  of  t h e  body bu t  

t h e  lower  l i m i t  of  t h e  s u s c e p t i b i l i t y  c o n t r a s t .  The dep th  

e x t e n t  of  t h e  model i s  s i m i l a r  t o  t h a t  o f  t h e  

t w o - d i m e n s i o n a l  g r a v i t y  model f o r  anomaly T.

On t h e  b a s i s  of  t h i s  m o d e l l i n g  i t  i s  u n l i k e l y  t h a t  t he  

l i n e a r  g r a v i t y  and m agne t i c  an o m a l i e s  ( r i d g e  T and G , H , I , J )  

have  a common s o u r c e .  F u r t he r m o r e  t h e  p o s i t i o n s  of  t he  

i n d i v i d u a l  p r i sms  used t o  c o n s t r u c t  t he  magne t i c  model do
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n o t  c o r r e l a t e  w i t h  any minor  a no ma l i e s  on t he  f l a n k s  of  t he  

g r a v i t y  r i d g e .

I n s p e c t i o n  o f  t he  g r a v i t y  and magne t i c  maps f o r  t he  

Eas t  Mid l ands  s u g g e s t s  t h a t  t he  a no m a l i e s  a r e  d o m in a n t l y  

i n t r a - b a s e m e n t  in  o r i g i n .  The t a b u l a t e d  d e n s i t y  measurement s  

show a c o n s i d e r a b l e  v a r i a t i o n  in d e n s i t y  f o r  t he  basement  

r o c k s .  Th i s  v a r i a t i o n  i s  n o t ,  however ,  s y s t e m a t i c  w i th  

l i t h o l o g y  o r  g e o l o g i c  age .  The most  s t r i k i n g  p o t e n t i a l  f i e l d  

a n o m a l i e s  a r e  t he  p o s i t i v e  magne t i c  an om a l i e s  a s s o c i a t e d  

w i t h  C a l e d o n i a n  i gneous  i n t r u s i o n s .  These a no m a l i e s  i n c l u d e  

t he  p roven  i n t r u s i o n s  o f  M o u n t s o r r e l ,  t h e  South L e i c e s t e r 

s h i r e  D i o r i t e s  and Warboys,  and t he  p r o b a b l e  r i d g e  o f  

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

a n o m a l i e s  s u g g e s t  a h igh  l e v e l  of  emplacement  w i t h i n  t he  

upper  c r u s t .

With t h e  e x c e p t i o n  of  t he  Warboys d i o r i t e ,  which has  a 

sma l l  p o s i t i v e  g r a v i t y  anomaly ,  t h e  i n t r u s i o n s  i n f e r r e d  from 

m a g n e t i c  an o m a l i e s  do not  have a s s o c i a t e d  g r a v i t y  a n o m a l i e s .  

T h i s  may be due to  t he  l a r g e  v a r i a t i o n  in d e n s i t i e s  f o r  

t h e s e  rocks  and f o r  t he  s u r r o u n d i n g  ba sement .  In t he  c a se  of  

t h e  i n t r u s i o n s  which appea r  to have a lower  d e n s i t y  t h a n  t he  

s u r r o u n d i n g  ba sem en t ,  such a s  M o u n t s o r r e l ,  t h e  d e n s i t y  

c o n t r a s t  may be n u l l i f i e d  by a more r a p i d  i n c r e a s e  in 

d e n s i t y  w i th  d e p th  in t he  i n t r u s i o n  t han  in t he  ba sem en t .
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CHAPTER EIGHT

A. MELTON-MOUNTSORREL MAGNETIC MODELLING 

8A.1 INTRODUCTION

Due to t he  ab sence  o f  a l a t e r a l  v e l o c i t y  c o n t r a s t  w i th

th e  s u r r o u n d i n g  b a se m en t ,  t h e  Mel ton 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  ( c h a p t e r  5) f a i l e d  to  r e s o l v e  t he  marg in s  o f  t h e

Mel ton g r a n i t e .  The d e p t h s  t o  t he  t op  o f  t h e  i n t r u s i o n  were

w e l l  d e f i n e d  by t h e  r e f r a c t i o n  p r o f i l e s  and t he  NCB

r e f l e c t i o n  s u r v e y  ( c h a p t e r  4) . P r o f i l e  A o f  t he  r e f r a c t i o n
*

ex p e r i m e n t  a l s o  proved c o n t i n u o u s  sh a l l o w  (<0.3 km;) b a se 

ment  be tween M o u n t s o r r e l  and t he  Ki rby  Lane b o r e h o l e .

The Mel ton deep  r e f l e c t i o n  l i n e  ( c h a p t e r  5) i n d i c a t e d  a 

p o s s i b l e  base  to t he  g r a n i t i c  i n t r u s i o n  a t  abou t  12 k i l o 

m e t r e s .  E l - N i k h e l y  (1980) showed,  from NCB s e i s m i c  

r e f l e c t i o n  d a t a ,  t h a t  t he  ba sement  d e p t h s  over  t he  n o r t h e r n  

M o u n t so r r e l  m agne t i c  anomaly were about  1 .5  k i l o m e t r e s .

The magne t i c  p r o p e r t i e s  o f  t he  M oun t s o r r e l  rocks  have

been d e s c r i b e d  in c h a p t e r  7.  There  i s  no e v id e n ce  f o r  any

s i g n i f i c a n t  remanent  m a g n e t i z a t i o n  in t h e s e  r o c k s .

The ammount o f  c o n t r o l  d a t a  a v a i l a b l e  w a r r a n t e d  more 

d e t a i l e d  m o de l l i n g  t h an  was a t t e m p t e d  f o r  t he  r i d g e  o f

an o m a l i e s  t o  t he  e a s t  o f  Mel ton ( c h a p t e r  7 ) .  The aim was to 

d e v e l o p  some t h r e e - d i m e n s i o n a l  models  which gave an a c c e p t 

a b l e  f i t  to t he  o b se r v ed  an o m a l i e s  and t hen  to t e s t  t he  

c o m p a t i b i l i t y  o f  t h e s e  models  w i th  t he  s e i s m i c  i n t e r p r e t 

a t i o n .  In p a r t i c u l a r  i t  was hoped to d e t e r m i n e  i f  t h e
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m ar g i n s  o f  t h e  Mel ton i n t r u s i o n  c o r r e l a t e d  w i t h  t h e  s l i g h t  

i n c r e a s e  in t ime  term s o l u t i o n  v e l o c i t i e s  o b t a i n e d  f o r  

s t a t i o n s  t o  t h e  n o r t h  o f  B40 and e a s t  o f  A8 ( see  c h a p t e r  5 ) .  

The o r i g i n a l  f l i g h t  l i n e  d a t a  we r^used ,  i n  p r e f e r e n c e  to  t he  

IGS 1:250000 map, i n  o r d e r  to  check t he  s h o r t  wav e l e ng t h  

components  o f  t h e  a n o m a l i e s .

8A.1.1 F l i g h t  l i n e  d a t a

The su rv e y  was c a r r i e d  ou t  in  1955 w i t h  e a s t - w e s t  l i n e s  

two k i l o m e t r e s  a p a r t  and n o r t h - s o u t h  t i e  l i n e s  a t  10 

k i l o m e t r e s ,  t h e  mean t e r r a i n  c l e a r a n c e  was ab ou t  500 m e t r e s .

The magne tome te r  p r o f i l e s  c o v e r i n g  t he  Mel ton  and 

M o u n t s o r r e l  a r e a s  were d i g i t i z e d  on a t a b l e  d i g i t i z e r  and 

t hen  c o n v e r t e d  i n t o  x , y , z  c o o r d i n a t e s  by t y i n g  t he  f i d u c i a l  

marks on t he  p r o f i l e s  t o  t he  e q u i v a l e n t  p o i n t s  on a 

d i g i t i z e d  f l i g h t  l i n e  basemap ( o r i g i n a l  s c a l e  1 : 2 5 3 4 4 0 ) .  The 

d i g i t i z e d  basemap i s  shown in f i g u r e  8 . 1 ,  t h e  sma l l  d o t s  

show th e  l o c a t i o n s  o f  t h e  p o s i t i o n  f i x e s .  The r e s u l t i n g  d a t a  

s e t  was g r i d d e d  onto  a 1 k i l o m e t r e  squ a r e  g r i d  ( s ee  appendix  

2) and c o n t o u r e d .  The o n l y  r e g i o n a l  removed from the  d a t a  

was a l i n e a r  t r e n d  drawn on t he  p r o f i l e s  a t  t he  t ime o f  t he  

s u r v e y .  When t he  d a t a  were p l o t t e d  t he  c o n t o u r  v a l u e s  were 

abou t  75 nT l a r g e r  t han  t he  e q u i v a l e n t  c o n t o u r s  on t he  IGS 

1:250000 map. T h e r e f o r e  75 nT was removed from a l l  t he  d a t a  

b e f o r e  p l o t t i n g  t he  c o n t o u r  map i n  f i g u r e  8 . 2 .  Compar ison 

w i t h  f i g u r e  5 . 2 ,  which was based  on t he  IGS map, shows t h a t  

t he  two maps a r e  v e r y  s i m i l a r ,  e x c e p t  f o r  t he  peak o f  t h e  

n o r t h  M ou n t so r r e l  anomaly which i s  200 nT on t he  f l i g h t  l i n e  

d a t a  and 250 nT on t he  IGS map. This  s i m i l a r i t y  i n d i c a t e s

t h a t  t he  IGS map would have been an a c c e p t a b l e  so u r c e  o f  t he
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o b se r v ed  d a t a  f o r  s i m p l e  compa r i son  w i t h  t h e  c a l c u l a t e d  

a n o m a l i e s .

The a c c u r a c y  o f  t h e  d i g i t i z e d  magne tomete r  v a l u e s ,  a s  

shown by t h e  l i n e  t i e s ,  was a few nT. The p o s i t i o n i n g  was 

p r o b a b l y  a c c u r a t e  to b e t t e r  t h an  0 .5  k i l o m e t r e s .  S ince  t he  

d a t a  was g r i d d e d  onto a one k i l o m e t r e  g r i d  t h i s  i s  n o t  a 

s e r i o u s  i n a c c u r a c y .

8A.2 THREE-DIMENSIONAL MODELLING

In o r d e r  to avo id  t he  p rob l ems  o f  d e f i n i n g  p l a n a r  

s e c t i o n s  i n  3 - d i m e n s i o n a l  space  o n l y  h o r i z o n t a l  t e m p l a t e s  

were  u se d ,  c o n s e q u e n t l y  a l l  t h e  models  a r e  f l a t  t o p p e d .  The 

s e i s m i c  i n t e r p r e t a t i o n s  i n d i c a t e d  a f l a t  t op  s u r f a c e  f o r  t he  

Mel ton  i n t r u s i o n ,  and t he  deep  r e f l e c t i o n  p r o f i l e  i n d i c a t e d  

h o r i z o n t a l  l a y e r i n g  w i t h i n  a n d / o r  b e n e a th  t he  i n t r u s i o n .  The 

m o d e l l i n g  program r e q u i r e d  t h a t  a l l  t he  t e m p l a t e s  have  t he  

same number o f  v e r t i c e s ,  a s  a r e s u l t  some o f  t h e  t e m p l a t e s  

have  more v e r t i c e s  t h an  a r e  a c t u a l l y  needed to d e f i n e  t h e i r  

sh a p e s  and may appea r  o v e r c o m p l i c a t e d .  The f l a n k s  o f  a l l  t h e  

b o d i e s  were outward  s l o p i n g  and near  v e r t i c a l .  Three b o d i e s  

were d e f i n e d :  1) t he  Mel ton g r a n i t e ,  2) t he  exposed a r e a  o f  

t h e  M oun t so r r e l  g r a n o d i o r i t e ,  3) t he  presumed n o r t h e r n  

e x t e n s i o n  to t he  M o u n t so r r e l  i n t r u s i o n .  The number o f  v e r t 

i c e s  on t he  t e m p l a t e s  was g r a d u a l l y  i n c r e a s e d ,  and t e m p l a t e s  

added a t  d i f f e r e n t  l e v e l s ,  a s  t h e  model was r e f i n e d .  The 

a n om a l i e s  f o r  t he  model b o d i e s  were c a l c u l a t e d  on a one 

k i l o m e t r e  sq ua re  g r i d  a t  a r e f e r e n c e  datum of  0 .5  k i l o m e t r e s  

above  OD. At each s t a g e  a c o n t o u r  map o f  t he  c a l c u l a t e d  

anomaly was produced and compared v i s u a l l y  w i th  t he  o bs e r ve d
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a n o m a l i e s .  The g r i d d e d  d a t a  from the  f l i g h t  l i n e s  was used 

t o  p l o t  c o n t o u r  maps f o r  compa r i son  w i t h  t h e  m od e l s ,  and to 

p r oduce  maps o f  t h e  r e s i d u a l s  f o r  some o f  t h e  b e t t e r  mode l s .

The M o u n t so r r e l  anomaly merges  t o  t he  west  w i t h  a n o t h e r  

anomaly  (A in  f i g u r e  7 . 3 ) ,  t h e  s o u r c e s  o f  t h e s e  two 

a n o m a l i e s  may be c o nn ec t e d  a t  d e p t h .  The s e p a r a t i o n  o f  t h e  

Mel ton  and M o u n t s o r r e l  a n o m a l i e s  i s  more c l e a r l y  d e f i n e d ,  

and does  n o t  s u g g e s t  a c o n n e c t i o n  be tween t he  two so u r c e  

b o d i e s .  The e x c e p t i o n  to t h i s  i s  t h e  s o u t h e r n  m a r g i n ,  j u s t  

s o u t h  o f  t h e  r e f r a c t i o n  p r o f i l e ,  where t he  two a no m a l i e s  a r e  

j o i n e d  a t  t he  40 nT c o n t o u r .

8A.2 .1  An i n i t i a l  model

I n i t i a l l y  t h e  ba se  o f  t he  model was f i x e d  a t  12 k i l o 

m e t r e s ,  a s  s u g g e s t e d  by t h e  Mel ton deep  r e f l e c t i o n  p r o f i l e ,  

and t he  s u s c e p t i b i l i t y  o f  each  o f  t h e  t h r e e  b o d i e s  was 

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

a n o m a l i e s .  Using t h i s  method t he  s u s c e p t i b i l i t y  c o n t r a s t s  

r e q u i r e d  were 0 .02  o r  l e s s ,  which was c o m p a t i b l e  w i th  t h e  

p r o p e r t i e s  g i v e n  in c h a p t e r  7.  The shape o f  t h e  Mel ton 

anomaly was l a r g e l y  c o n t r o l l e d  by t he  s h a l l o w  t e m p l a t e s  and 

was n o t  ve ry  s u s c e p t i b l e  to changes  i n  t he  ba se  d e p t h .

The M o un t s o r r e l  anomaly proved  d i f f i c u l t  t o  model u s ing  

such  a l a r g e  base  d e p t h .  This  was be cause  t he  t op  s u r f a c e  

was c o n s t r a i n e d  to  a minimum de p th  o f  1 .5  k i l o m e t r e s  bu t  t he  

peak o f  t h e  anomaly was 200 nT (250 nT on t he  IGS map) which 

was s i m i l a r  to t he  anomaly f o r  t he  s h a l l o w e r  Mel ton 

i n t r u s i o n .  T h e r e f o r e  i t  was n e c e s s a r y  to  use a h i g h e r  s u s 

c e p t i b i l i t y  c o n t r a s t  f o r  t he  n o r t h  M o u n t so r r e l  i n t r u s i o n  

t han  f o r  Me l ton .  When a 12 k i l o m e t r e  base  was u se d ,  t h e
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M o u n t s o r r e l  anomaly ,  a s  d e f i n e d  by t h e  50 nT c o n t o u r ,  was 

t oo  b road  ( f i g u r e  8 . 3 ) .  In s u b s e q u e n t  models  t h e  base  de p th  

was r educed  to 7 k i l o m e t r e s .  Th i s  can be c o n s i d e r e d  as  t h e  

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

Apa r t  from the  i n d i c a t i o n  t h a t  t he  ba se  d e p th  was t o o  

l a r g e ,  t h i s  model p r o v i d ed  a r e a s o n a b l e  ag reemen t  w i t h  t h e  

o b se r v e d  d a t a ,  s u g g e s t i n g  t h a t  t he  b a s i c  shape  o f  t h e  models  

was c o r r e c t .  Having r educed t he  base  d e p th  to  7 k i l o m e t r e s  

t h i s  model was r e f i n e d ,  i n i t i a l l y  u s i ng  t he  same t h r e e  

b o d i e s  (Me l ton ,  M ou n t so r r e l  and t he  n o r t h e r n  e x t e n s i o n  o f  

M o u n t s o r r e l ) ,  a s  d e s c r i b e d  be low.

8A.2 .2  A model w i t h  a 7 k i l o m e t r e  ba se

The f i n a l  v e r s i o n  o f  t h e  t h r e e  body model i s  shown in 

f i g u r e  8 .4  and t he  c a l c u l a t e d  anomaly in  f i g u r e  8 . 5 .  This  

model was used to t e s t  t he  r e l a t i o n  be tween t he  m agne t i c  and 

s e i s m i c  i n t e r p r e t a t i o n s ,  and to de v e l o p  more complex models  

in  an a t t e m p t  to  r e f i n e  c e r t a i n  a s p e c t s  o f  t he  m o d e l l i n g .  

The c h o i c e  o f  d e p t h s  f o r  t he  upper  t e m p l a t e s  was c o n t r o l l e d  

i n i t i a l l y  by t h e  s e i s m i c  d a t a .  The i n t e r m e d i a t e  t e m p l a t e s  

were added in an a t t e m p t  to v a r y  t he  s l o pe  o f  t h e  t op  and 

s i d e s  o f  t h e  model body,  in r e s p o n se  to v a r i a t i o n s  in  t he  

o b se r ve d  anomaly.  The c h o i c e  o f  d e p t h s  f o r  t h e s e  t e m p l a t e s  

was somewhat a r b i t a r y  and i t  i s  l i k e l y  t h a t  a number o f  

e q u a l l y  v a l i d  models  e x i s t .  However,  f o r  a g i v en  ba se  de p th  

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

w i l l  no t  v a r y  by v e r y  much i n  t he  d i f f e r e n t  mod e l s .  The 

g r e a t e s t  a s s u m p t io n  t h a t  has  t o  be made i s  t h a t  t he  

* m a g n e t i z a t i o n  i s  homogenous,  t h i s  i s  most  u n l i k e l y  t o  be t he  

c a s e .  Even w i t h i n  t he  smal l  Mo u n t so r r e l  i n t r u s i o n  t h e r e  i s



o
o

o O o o o
o o o o o
o LO o in o
NO CM CM »— *—
NO ro ro m NI

Ln'4 O o O O o
O o O O o
O LÔ O ro o
ro CM CM -s— -—
ro NO K) rvo NO

o
o
o
00

o00
o  o

O
o

N-<}
CD Ocal

. en CN ^\* ta û? IV.\ co ta ro
l \  «  (O ca

OO

ro

r-H

oo
o

LONO

O
d

o
o LO

LO

ID O

O
o 00

LO
en(NJ

CM O
^  d

o
o
oo LO-j-



S)

œ

o
ir> o
^ O

LD

~CÛ

LD

LO

CD CD CD

00

Q)U3en
•rHM-l
C

0T3Oe
0x:

4-»

u
oU-l

0
EO
c0
T3
0

4-)
0

nH3
U

r H
0U

un

00

0L,
3en

• H
Ch

<53 C3 
X ^ 
CD 0 0

X X
Œ  CE

ru
CD

ru
CD

ru
CD

ru
CO CD CD CD CD CD

(3
CD



1 7 4

an o u t c r o p  o f  gabbro  on t he  margin  o f  t h e  g r a n o d i o r i t e .

The model f o r  t he  M o u n t s o r r e l  g r a n o d i o r i t e  i n c l u d e s  a 

t e m p l a t e  a t  0 . 05  k i l o m e t r e s  above OD to  r e p r e s e n t  t he  

exposed  r oc k .  The s u s c e p t i b i l i t y  c o n t r a s t  used f o r  t h i s  body 

( 0 .0 1 2  SI)  was lower  t han  t he  measured  v a l u e s  t a b u l a t e d  in 

c h a p t e r  7.

A h i gh  s u s c e p t i b i l i t y  c o n t r a s t  o f  0 .025 was r e q u i r e d  

f o r  t he  n o r t h e r n  M o un t so r r e l  anomaly .  Th i s  was b e ca us e  t he  

peak o f  t h e  anomaly had to be 200+ nT bu t  t he  t op  s u r f a c e  o f  

t h e  i n t r u s i o n  was c o n s t r a i n e d  to a minimum de p th  o f  1 .5  

k i l o m e t r e s .  However,  once  t h i s  h ig h  s u s c e p t i b i l i t y  was u se d ,

t h e  anomaly was r e l a t i v e l y  s i m p le  to  model because  o f  t he  

smooth,  e v e n l y  s p a c e d ,  c o n t o u r s  on t he  ob se rv ed  d a t a .

The two M o u n t s o r r e l  models  were j o i n e d  t o g e t h e r  to  t he  

n o r t h  o f  t h e  exposed g r a n o d i o r i t e .  The d o u b l i n g  of  t h e  s u s c -
(X

e p t i b i l i t y  c o n t r a s t ,  and t he  3 k i l o m e t r e  i n c r e s e  i n  d e p t h ,
A

a t  t h i s  j u n c t i o n  a r e  c l e a r l y  an o v e r - s i m p l i f i c a t i o n .  The 

d e p t h  t o  t he  model a long  t he  Bardon to Holwel l  s e i s m i c  l i n e  

i s  abou t  3 k i l o m e t r e s ,  t h i s  i s  a t  l e a s t  dou b l e  t he  d e p t h  to  

t h e  low v e l o c i t y  r e f r a c t o r  in t he  s e i s m i c  i n t e r p r e t a t i o n  

(Whitcombe and Magui re  1981a and c h a p t e r  1 ) .  Th i s  d i f f e r e n c e  

i n d i c a t e s  t h a t  t he  h igh  s u s c e p t i b i l i t y  need no t  be ex t ended  

a s  f a r  sou th  a s  t h e  p o s i t i o n  o f  t he  s e i s m i c  l i n e  and t h a t  i t  

co u ld  be r e p l a c e d  by a body,  a t  sh a l l o w  d e p t h ,  w i t h  a lower  

s u s c e p t i b i l i t y  c o n t r a s t .  As a r e f i n e m e n t  t he  M o u n t so r r e l  

model  was s u b s e q u e n t l y  d i v i d e d  i n t o  t h r e e  p a r t s  ( see  b e l o w ) .

D e sp i t e  t he  w e a l t h  o f  c o n t r o l  on t he  d e p th  t o  t he  upper  

s u r f a c e  o f  t h e  i n t r u s i o n ,  t h e  Mel ton anomaly proved  more 

d i f f i c u l t  to model .  Thi s  was due to the s h o r t  w a ve l en g th  

v a r i a t i o n s  i n  t he  anomaly which cou ld  no t  be a d e q u a t e l y
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mo de l l ed  us ing  a s i n g l e  body.  In p a r t i c u l a r  t he  two peaks o f  

t h e  anomaly had to be merged t o g e t h e r .  As w i t h  t he  

M o u n t s o r r e l  mo de l s ,  t h i s  body was s u b s e q u e n t l y  s p l i t  i n t o  

two b o d i e s .

With t h e  ba se  a t  7 k i l o m e t r e s  and t he  uppermos t  temp

l a t e s  a t  0 .3  t o  0 . 4  k i l o m e t r e s  a s u s c e p t i b i l i t y  c o n t r a s t  o f  

0 . 015  was neede d .  The model shows t h a t  t he  Mel ton anomaly 

can be mode l l ed  by a body w i th  a sh a l l o w  t o p  s u r f a c e ,  a s  

d e f i n e d  by t he  s e i s m i c  i n t e r p r e t a t i o n s .

8A.2.3 F u r t h e r  r e f i n e m e n t s  t o  t h e  model

Having deve loped  a b a s i c  mode l ,  which f i t t e d  t he  o b s e r 

ved d a t a  a c c e p t a b l y  w e l l ,  two a s p e c t s  o f  t h e  model were 

chosen  f o r  f u r t h e r  r e f i n e m e n t .  These a l t e r a t i o n s  a l s o  i n d i 

c a t e  t he  t ype  o f  changes  t h a t  have to be made in o r d e r  to 

p roduce  a s i g n i f i c a n t  v a r i a t i o n  in t he  c a l c u l a t e d  anomaly,  

and t he  changes  t h a t  can be made w i t h o u t  s i g n i f i c a n t l y  

a f f e c t i n g  t he  c a l c u l a t e d  anomaly.

M o u n t s o r r e l  anomaly:  t he  n o r t h e r n  e x t e n s i o n  o f  t h e  Mount

s o r r e l  model was s p l i t  i n t o  two p a r t s .  The d e p th  t o  the  t op  

s u r f a c e  o f  t h e  s o u t h e r n  p a r t  was a d j u s t e d  to a g r e e  more 

c l o s e l y  w i th  t h e  Holwel l  to  Bardon s e i s m i c  l i n e  (Whitcombe 

and Magui re  1981a) .  The s u s c e p t i b i l i t y  c o n t r a s t  f o r  t h i s  

body was reduced  to compensa te  f o r  t he  reduced  de p th  t o  the  

t o p  s u r f a c e .  There  i s  s t i l l  a l a r g e  change  in s u s c e p t i b i l i t y  

c o n t r a s t  a t  t he  j u n c t i o n  o f  t h e  n o r t h e r n  and c e n t r a l  b o d i e s .

A more r e a l i s t i c  model would p r o b a b l y  have  a c o r e  o f  h igh  

s u s c e p t i b i l i t y  c o n t r a s t  a t  d e p th  w i t h i n  t he  n o r t h e r n  body.

The c a l c u l a t e d  anomaly ( f i g u r e  8 .7 )  i s  v e ry  s i m i l a r  to 

t h a t  in f i g u r e  8 .5  and d e m o n s t r a t e s  t he  a m b i g u i t y  in  t h i s
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t ype  o f  m o d e l l i n g .

Mel ton  anomaly:  t he  a l t e r a t i o n s  made to t h i s  model were l e s s  

s u c c e s s f u l .  The model was s p l i t  i n t o  two p a r t s  so t h a t  t he  

two s e p a r a t e  peaks  on t he  ob se rv ed  anomaly could  be r e p r e s 

e n t e d  by two h igh  p o i n t s  on t he  model b o d i e s ,  a f e a t u r e  t h a t  

c o u ld  no t  be c r e a t e d  w i th  a s i n g l e  model .  Because t he  t op  

s u r f a c e  o f  t h e  body was a l r e a d y  a t  i t s  minimum dep th  i t  was 

n e c e s s a r y  t o  c r e a t e  a d e p r e s s i o n  on t he  t op  o f  t h e  model in 

o r d e r  to  d e f i n e  t he  two h i g h s .  Such a d e p r e s^ on  was no t  

i n d i c a t e d  in t he  s e i s m i c  i n t e r p r e t a t i o n s  and must  be t h ou g h t  

o f  a s  a v a r i a t i o n  in t he  d e p th  t o  t he  magne t i c  m a t e r i a l ,  and 

n o t  to t he  s u r f a c e  o f  t h e  i n t r u s i o n .  The two p a r t s  o f  t he  

body were g i ve n  t he  same s u s c e p t i b i l i t y  c o n t r a s t .  The c a l c 

u l a t e d  anomaly in  f i g u r e  8 .7  shows t h e  deve lopment  o f  two 

s e p a r a t e  p e a k s ,  a l t h o u g h  t h e y  a r e  l e s s  pronounced t han  on 

t he  obse rve d  anomaly.  The l a r g e r  peak of  t he  Mel ton anomaly 

c o u ld  a l s o  be e x p l a i n e d  by a l o c a l i s e d  v a r i a t i o n  in s u s c e p t 

i b i l i t y  c o n t r a s t .  The o bs e r ved  anomaly in f i g u r e  8 .2  shows 

t h a t  t h i s  peak e x t e n d s  f u r t h e r  to t he  sou th  t han  can be 

mode l l ed  w i t h o u t  d i s t o r t i n g  t he  c o n t o u r s  on the  s o u t h e r n  

mar g in  o f  t he  body.

As no t ed  in c h a p t e r  4,  i t  i s  common to f i n d  10 t o  20 

m e t r e s  o f  d o l e r i t e  s i l l s  w i t h i n  t he  Coal Measures  of  t he  

Nor th  Eas t  L e i c e s t e r s h i r e  C o a l f i e l d .  These s i l l s  would be 

u n l i k e l y  t o  a f f e c t  t he  a e r o m a g n e t i c  anomaly.  However,  i f  a 

g r e a t e r  t h i c k n e s s ,  such  a s  i s  obse rv ed  in the  As fordby  b o r e 

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

cou ld  be t he  s o u r c e  o f  s h o r t  wav e l e ng th  a n o m a l i e s .

The Mel ton and M o u n t so r r e l  i n t r u s i o n s  have no t  been 

j o i n e d  a t  de p th  in  t h e s e  mode l s .  I t  would be p o s s i b l e  to
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c o n n e c t  t he  two b o d i e s  a t  d e p t h  w i t h o u t  a f f e c t i n g  t he  

c a l c u l a t e d  anomaly ,  b u t  such a c o n n e c t i o n  would no t  be 

s i g n i f i c a n t .

F i g u r e  8 .8  shows t h e  o b se r v e d  p r o f i l e  a long  f l i g h t  l i n e  

T51,  p r o j e c t e d  onto an e a s t - w e s t  l i n e  a t  NCR 314.3  N. The 

da shed  l i n e  shows t h e  anomaly a lo ng  t h i s  l i n e  f o r  t he  body 

i n  f i g u r e  8 . 6 ,  c a l c u l a t e d  a t  i n t e r v a l s  o f  0 . 2  k i l o m e t r e s .  I t  

i s  n o t  p o s s i b l e  to  model a l l  t h e  s h o r t  wa v e l e n g th  f e a t u r e s  

o f  t h e  ob se rv ed  anomaly u s i n g  t he  3 - d i m e n s i o n a l  method .  

However,  t h e  c a l c u l a t e d  anomaly f i t s  t h e  main f e a t u r e s  of  

t h e  obse rv ed  p r o f i l e  a c c e p t a b l y  w e l l .  Some o f  t he  

d i f f e r e n c e s  a r i s e  from the  f a c t  t h a t  t he  c a l c u l a t e d  

a n o m a l i e s  were compared w i t h  c o n t o u r  maps o f  t h e  d i g i t i z e d  

d a t a  and no t  w i t h  t he  o r i g i n a l  p r o f i l e s .  The agreement  i s  

b e s t  on t he  w e s t e r n  margin  o f  t h e  Mel ton i n t r u s i o n ,  and 

s u p p o r t s  t h e  c o r r e l a t i o n  o f  t h e  m ag ne t i c  and s e i s m ic  

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

8A.2.4  Comparing t h e  s e i s m i c  and m ag ne t i c  i n t e r p r e t a t i o n s

In  t he  3-body model in f i g u r e  8 .4  t h e  n o r t h e r n  margin 

o f  t h e  body d ipped  away more s t e e p l y  t h an  was i n d i c a t e d  by 

t h e  s e i s m ic  i n t e r p r e t a t i o n s .  In t he  5 -body model in f i g u r e

8 . 6  t he  de p t h  t o  t he  t h i r d  t e m p l a t e  has  been changed so t h a t  

t h e  two i n t e r p r e t a t i o n s  a g r e e  more c l o s e l y .  I t  was subsequ 

e n t l y  found t h a t  a l t e r i n g  t he  d e p t h  t o  t h i s  t e m p l a t e  from 

1 .0  t o  0 . 7  k i l o m e t r e s  had no s i g n i f i c a n t  e f f e c t  on t he  c a l c -  

u a l t e d  anomaly f o r  t he  3-body mode l .

The maps o f  t he  models  i n  f i g u r e s  8 . 4  and 8 .6  a l s o  show 

t h e  p o s i t i o n s  o f  t he  s e i s m i c  r e f r a c t i o n  s t a t i o n s .  F i gu re  8 . 9  

shows c r o s s  s e c t i o n s  a long  bo th  s e i s m i c  p r o f i l e s  to compare
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t h e  s e i s m i c  and magn e t i c  i n t e r p r e t a t i o n s .  The w e s t e r n  edge 

o f  t h e  Mel ton i n t r u s i o n  o c c u r s  a t  s t a t i o n  A10 w h e r e a s ,  in 

t h e  s e i s m i c  i n t e r p r e t a t i o n ,  a p o s s i b l e  change  in  r e f r a c t o r  

v e l o c i t y  was d e t e c t e d  between A7 and AS. However t he  c r o s s  

s e c t i o n  shows t h e  t op  s u r f a c e  o f  t he  magne t i c  models  d i p p in g  

away,  b e n e a t h  t he  r e f r a c t o r ,  from AS we s t w a rd s .  S i m i l a r l y  

t h e  i n t e r v a l  between B40 and B41 ( the  p o s i t i o n  o f  t h e  o t h e r  

p o s s i b l e  v e l o c i t y  change)  a g r e e s  l e s s  c l o s e l y  w i th  t he  b r eak  

i n  s l o p e  on t he  t op  s u r f a c e  o f  t h e  model ,  which was t o  t he  

n o r t h  o f  B41.

The anomaly was c a l c u l a t e d  f o r  a model in which t he  0 .3  

k i l o m e t r e  t e m p l a t e  ( e q i v a l e n t  t o  t he  basement  r e f r a c t o r )  

e x t ended  west  to  s t a t i o n  A10. Th is  model d id  no t  g i v e  as 

good a f i t  to  t he  o b se r v e d  d a t a  and was r e j e c t e d .  The 

u n c e r t a i n t y  in  t he  magn e t i c  models  i s  such t h a t  t he  a p p a r e n t  

c o r r e l a t i o n  w i th  t he  s e i s m i c  i n t e r p r e t a t i o n  c an n o t  be t aken  

as  c o n c l u s i v e  p r o o f  t h a t  t he  ma rg in s  o f  t h e  Mel ton i n t r u s i o n  

were  l o c a t e d  between s t a t i o n s  A7 and A8 but  t he  a v a i l a b l e  

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

The p o s s i b i l i t y  o f  a de ep e r  r e f r a c t o r  b e n e a t h  p r o f i l e  

B, a s  deduced from the  r educed  t r a v e l  t ime s e c t i o n s ,  was 

d i s c u s s e d  in c h a p t e r  5 ( 5 . 4 . 4 ) .  The magne t i c  models  i n d i c a t e  

a n o r t h e r n  margin to t he  Mel ton i n t r u s i o n  about  2 k i l o m e t r e s  

s o u t h  o f  t he  Holwel l  s h o t p o i n t  (B53) .  Thi s  would appea r  to 

p r e c l u d e  t he  p o s s i b i l i t y  o f  a f i r s t  a r r i v a l ,  a t  B53, from a 

s u b - C h a r n i a n  r e f r a c t o r .

The w e s t e r n  margin o f  t he  Moun t so r r e l  e x t e n s i o n  c r o s s e s  

t h e  Bardon to Holwel l  s e i s m i c  l i n e  (Whitcombe 1979,  Whi t -  

combe and Maguire 1981a) be tween s t a t i o n s  15 and 16,  a s  

opposed to between 17 and 18 as  deduced from the  s e i s m i c
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d a t a  ( see  f i g u r e  1 . 5 ) .  I f  t h e  low r e f r a c t o r  v e l o c i t y  on t he

Bardon to Holwel l  l i n e  i s  t a k e n  t o  i n d i c a t e  t h a t  t he  g r a n i t e

i s  exposed a t  t he  ba semen t  s u r f a c e ,  a t  a de p t h  o f  1 .0  t o  1 . 5  

k i l o m e t r e s ,  and t h e  Loughborough p r o s p e c t  s e i s m i c  d a t a  

i n d i c a t e s  a ba sement  d e p t h  o f  a t  l e a s t  1 .5  k i l o m e t r e s ^  i t  

f o l l o w s  t h a t  t h e r e  i s  a majo r  d o w n f a u l t i n g  of  t he  basement  

to  t he  n o r t h  o f  M o u n t so r r e l  and t he  n o r t h e a s t  o f  Charnwood 

F o r e s t .  The "CHARM” r e f l e c t i o n  p r o f i l e  shou ld  d e f i n e  t h i s  

f a u l t i n g  more a c c u r a t e l y .

8A.3 SUMMARY

The t h r e e - d i m e n s i o n a l  m o d e l l i n g  shows t h a t  t he  Mel ton 

and M ou n t s o r r e l  i n t r u s i o n s  can be f i t t e d  by models  wi th  a 

s u s c e p t i b i l i t y  c o n t r a s t  o f  0.01 t o  0 .025  ( S I ) ,  e x t e n d in g  to 

d e p t h s  o f  abou t  seven  k i l o m e t r e s .  Th i s  a g r e e s  w i th  t he

models  in  c h a p t e r  7 f o r  t he  r i d g e  o f  i n t r u s i o n s  to  t he  e a s t

o f  Me l ton .  The mode l l ed  p o s i t i o n  o f  t he  w e s t e r n  margin of  

t h e  Mel ton i n t r u s i o n  a g r e e s  w i th  t he  l o c a t i o n  o f  t h e  change 

in t ime  term s o l u t i o n  v e l o c i t i e s .  The mode l l ed  p o s i t i o n  o f  

t he  s o u t h e r n  margin  o f  t h e  i n t r u s i o n  i s  to  t he  n o r t h  o f  

s t a t i o n  B41, whe reas  t h e  change  in s o l u t i o n  v e l o c i t y  was to  

t h e  s o u th  o f  B41.
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B. PETERBOROUGH GRAVITY MODEL 

8B.1 INTRODUCTION

The P e t e r b o ro u g h  s e i s m i c  p r o f i l e s  ( c h a p t e r  6) were 

d e s i g n e d  to  d e t e r m i n e  t he  d e p t h  t o  ba sement  ove r  t he  P e t e r 

borough g r a v i t y  anomaly .  The e x p e r i m e n t  proved p r o b a b l e  

P r eca mb r i a n  basement  a t  s h a l l o w  d e p t h  a long  t he  a x i s  o f  t he  

anoma ly ,  and t h e r e f o r e  i n d i c a t e d  t h a t  t he  anomaly was i n t r a 

ba semen t  i n  o r i g i n .  Using t h e  s e i s m i c  and b o r e h o l e  c o n t r o l  

on t he  d e p t h  t o  t he  basement  s u r f a c e ,  t h e  g r a v i t y  d a t a  w^rç 

mode l l ed  to i n v e s t i g a t e  t he  shape  o f  t h e  anomalous body,  

which  was presumed to  be a low d e n s i t y  i n t r u s i o n .

8B .1 .1  G r a v i t y  d a t a

A t o t a l  o f  692 g r a v i t y  s t a t i o n s  f o r  t he  30 x 30 k i l o 

m e t r e  a r e a  e a s t  and n o r t h  o f  NCR 510.0  290 .0  were used in

th e  i n t e r p r e t a t i o n .  The d a t a ,  i n  t he  form of  Bouguer g r a v i t y  

v a l u e s  and 10 met re  N a t i o n a l  Gr id  c o o r d i n a t e s  were s u p p l i e d  

by Durham U n i v e r s i t y .  Th is  d a t a  s e t  r e p r e s e n t e d  a l l  t h e  IGS 

g r a v i t y  s t a t i o n s  i n  t he  a r e a ,  t o g e t h e r  w i th  some a d d i t i o n a l  

Durham s t a t i o n s .  The s t a t i o n  d i s t r i b u t i o n  was f a i r l y  even 

a c r o s s  t h e  a r e a  and t he  d a t a  were g r i d d e d  (append ix  2) onto a 

one  k i l o m e t r e  sq u a r e  g r i d  and c o n t o u r e d  ( f i g u r e  8 . 1 0 ) .

8B.1 .2  C o n s t r a i n t s  on t h e  model

The s e i s m ic  l i n e s  d id  no t  i n d i c a t e  a l a t e r a l  v e l o c i t y  

d e c r e a s e  over  t he  g r a v i t y  anoma ly .  This  can be i n t e r p r e t e d  

in  two ways:  1) t he  i n t r u s i o n  was not  exposed a t  t he
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basement  s u r f a c e ;  o r  2) t h e  i n t r u s i o n  was exposed a t  t he  

ba sement  s u r f a c e  b u t  had a s i m i l a r  p-w ave v e l o c i t y  t o  t he  

s u r r o u n d i n g  ba s eme n t ,  t h e  Warboys and Mel ton i n t r u s i o n s  

would f i t  t h i s  model .  The l a t t e r  a s s um p t io n  would imply t h a t  

t h e r e  was a n e g l i g i b l e  d e n s i t y  c o n t r a s t  be tween t he  basement  

and t he  i n t r u s i o n  which c o n f l i c t s  w i th  t h e  obse rv ed  g r a v i t y  

d a t a .  T h e r e f o r e  i t  can be assumed t h a t  t he  i n t r u s i o n  i s  no t  

exposed  a t  t he  basement  s u r f a c e .

The d e n s i t y  o f  t h e  C l i n t o n  b o r e h o l e  samples  was about  

2710 + 20 kg.m~^ , samples  o f  P r ecam br i an  basement  from o t h e r  

l o c a t i o n s  ( see  c h a p t e r  7 . 2 )  i n d i c a t e d  a c o n s i d e r a b l e
n - 3v a r i a t i o n  in d e s i t i e s .  A d e n s i t y  o f  2720 kg.m~ was t ak e n  as 

a r e a s o n a b l e  a p p r o x i m a t i o n  f o r  t he  nea r  s u r f a c e  basement  

r ock s  f o r  t he  pu rpose  o f  s t r i p p i n g  o f f  t h e  o v e r l y i n g  

sed i m e n t s .

The d e n s i t y  o f  t h e  i n t r u s i o n  can o n l y  be gues sed  a t ;  by 

a n a l o g y  w i th  t he  L e i c e s t e r s h i r e  i n t r u s i o n s  2650 kg.m"^ i s  a 

r e a s o n a b l e  v a l u e .  I t  s hou ld  be n o t e d ,  however ,  t h a t  t he  

L e i c e s t e r s h i r e  i n t r u s i o n s  have  s t r o n g  p o s i t i v e  magne t i c  

an o ma l i e s  and t he  P e t e rb o r o u g h  g r a v i t y  anomaly c o r r e l a t e s  

w i th  a magne t i c  low,  t h i s  i n d i c a t e s  t h a t  t h e r e  may be 

p e t r o l o g i c a l  d i f f e r e n c e s  be tween t he  two t y p e s  o f  i n t r u s i o n  

and hence  p o s s i b l e  d i f f e r e n c e s  i n  d e n s i t y .  S ince  t he  

i n t r u s i o n  has  a c o n s i d e r a b l e  d e p th  e x t e n t  a d e n s i t y  o f  2750 

kg.m"^was assumed f o r  t he  s u r r o u n d i n g  basement  r o c k s ,  g i v i n g  

a d e n s i t y  c o n t r a s t  o f  100 kg.m  ̂ . A d e n s i t y  o f  2720 kg.m"^ 

was assumed f o r  t he  rock s  a t  t he  basement  s u r f a c e ,  when 

s t r i p p i n g  t he  s e d i m e n t s ,  t h e r e f o r e  u s ing  a d e n s i t y  o f  2750 

kg.m"^ i m p l i e s  a d e n s i t y  g r a d i e n t  w i th  d e p th  in  t he  t op  

k i l o m e t r e  of  t h e  ba semen t .  The d e n s i t y  c o n t r a s t  may d e c r e a s e
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w i t h  d e p t h ,  due t o  g r e a t e r  comp ac t i o n  w i t h i n  t he  i n t r u s i o n ,  

b u t  t h i s  c a n n o t  be a l l owe d  f o r  in a s i m p le  i t e r a t i v e  model .

SB.2 MODELLING

SB.2 .1  The s e d i m e n t a r y  c o v e r

The e x t e n s i v e  b o r e h o l e  i n f o r m a t i o n  in t h i s  a r e a  shows 

t h a t  t he  p r e - C a r b o n i f e r o u s  u n c o n f o r m i t y  i s  a smooth s u r f a c e  

which d i p s  n o r t h w a r d s  ( c h a p t e r s  1 and 9 ) .  Typ i ca l  d e p t h s  a r e  

150 t o  200 m e t r e s  below OD in t he  Hunt ingdon  a r e a  and 400 t o  

600 m e t r e s  be low OD to  t h e  n o r t h  o f  t h e  g r a v i t y  anomaly.

There  i s  a c o n s i d e r a b l e  v a r i a t i o n  in  t he  l i t h o l o g y  and 

g e o l o g i c  age ,  and hence  d e n s i t y ,  i n  t he  rocks  b e n e a th  t h e  

u n c o n fo r m i ty  bu t  l i t t l e  i s  known abou t  t h e  d e t a i l e d  

s t r u c t u r e  o r  t h i c k n e s s  o f  t h e  P a l a e o z o i c  and P recambr ian  

r o c k s .  In t he  a r e a  s u r r o u n d i n g  t he  Pe t e r b o r o u g h  anomaly t h e  

b o r e h o l e s  p rove  m a i n l y  P re cam br i an  t u f f s  w i th  some Cambrian 

q u a r t z i  t e s ,

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

a t h r e e - d i m e n s i o n a l  mode l ,  d e f i n e d  by a s e t  o f  s t r u c t u r e  

c o n t o u r s  on t he  basement  s u r f a c e ,  u s i n g  t he  method of  

Talwani  and Ewing (1960 ) .  The c o n to u r e d  s u r f a c e  ( f i g u r e  

8 .11)  r e p r e s e n t s  t h e  e s t i m a t e d  d e p t h s  below datum of  t h e  

P r ecambr ian  ba sem en t .  The s t r u c t u r e  a long  t he  s e i s m i c  l i n e s  

ha s  been smoothed ou t  t o  remove l o c a l i s e d  v a r i a t i o n s  in  t he  

d e p th  t o  t he  r e f r a c t o r .

I n i t i a l l y  an e x t r a  model was used to  c a l c u l a t e  t he  

e f f e c t  o f  t h e  Middle  J u r a s s i c  s e d i m e n t s .  These have a lower  

d e n s i t y  t h an  t he  u n d e r l y i n g  L i a s  and Keuper and t h i c k e n  in 

t he  same d i r e c t i o n  as  t h e  o t h e r  s e d i m e n t s .  C a l c u l a t i n g  t he
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g r a v i t y  e f f e c t  of  t h i s  l a y e r  s e p a r a t e l y  from the  u n d e r l y i n g  

L ia s  and T r i a s  c aused  a d i f f e r e n c e  of  l e s s  t h an  5 g u . in t he  

r e s i d u a l  g r a v i t y .  T h e r e f o r e  a l l  t h e  s e d i m e n t s  were t r e a t e d  

as  one body.

A d e n s i t y  of  2450 kg.m"^ would be a c c e p t a b l e  f o r  t h e  

L i a s  and Keuper Marl  ( c h a p t e r  7 ) ,  t h i s  was r educed  to  2400 

kg.m"^ when c a l c u l a t i n g  t he  e f f e c t  of  a l l  t h e  s ed im en t s  in 

o r d e r  t o  a l l o w  f o r  t h e  lower  d e n s i t y  Middle  J u r a s s i c  and any 

T r i a s s i c  (and p o s s i b l y  ORS) s a n d s t o n e s .  Th is  gave a d e n s i t y  

c o n t r a s t  of  320 kg.m"^ between t h e  s e d i m e n t s  and t he  n e a r 

s u r f a c e  basement  r o c k s .

F i g u r e s  8 . 12  and 8 .13  show, r e s p e c t i v e l y ,  t he  computed 

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

a f t e r  t h e  removal  of  t he  s e d i m e n t a r y  e f f e c t .

8 B .2 .2  Anomaly s e p a r a t i o n

The dominant  t r e n d  of  t he  P e t e r b o r o u g h  g r a v i t y  anomaly 

i s  e a s t - w e s t ,  t h e r e  i s  an e x t e n s i o n  t o  t he  n o r t h w e s t  and a 

c o n n e c t i o n  w i t h  a second n e g a t i v e  anomaly to  t h e  n o r t h e a s t .

In o r d e r  to  p roduce  a s imp le  i t e r a t i v e  g r a v i t y  model f o r  t he  

P e t e r b o r o u g h  anomaly i t  was assumed t h a t ,  o t h e r  t han  t h e  

e f f e c t  of  t h e  s u p r a - b a s e m e n t  s e d i m e n t s  which had been 

c o r r e c t e d  f o r  ( f i g u r e  8 . 1 2 ) ,  t h e r e  was no r e g i o n a l  g r a v i t y  

g r a d i e n t  over  t he  mapped a r e a .  Th i s  a s s u m p t io n  i s  c o n s i s t e n t  

w i t h  t he  work of  Maroof (1973) who f i l t e r e d ,  and f i t t e d  

po ly n o mi a l  s u r f a c e s  t o ,  t he  g r a v i t y  a n o m a l i e s  of  Sou the rn  

B r i t a i n .  This  a n a l y s i s  showed t h a t  t h e  r e g i o n a l  g r a v i t y  in 

t h e  P e t e r b o r o u g h  a r e a  has  a g e n t l e  g r a d i e n t  t o  t he  n o r t h  or 

n o r t h e a s t .

I f  a l a r g e r  a r e a  of g r a v i t y  da t a  were t o  be used fo r
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F i g u r e  8 . 1 2  : The c a l c u l a t e d  e f f e c t  o f  t h e  s e d i m e n t s .
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F i g u r e  8 . 1 3  : The a n oma l y  c o r r e c t e d  f o r  t h e  e f f e c t  o f  t h e  s e d i m e n t s
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t h e  m o d e l l i n g  i t  would be p o s s i b l e  t o  s e p a r a t e  ou t  t he  
P e t e r b o r o u g h  anomaly by some form of  e m p i r i c a l  g r i d d i n g .

For  an i t e r a t i v e  model c o n f i n e d  t o  a sma l l  a r e a  of  d a t a  
t h e  c r i t e r i o n  f o r  an a c c e p t a b l e  model i s  t h a t  t he  r e s i d u a l  
g r a v i t y  f o r  t h e  model i s  no t  c o r r e l a t e d  w i th  t he  shape  of  
t h e  c a u s a l  body.  From f i g u r e  8 .13  i t  can be seen  t h a t  t he  30 
g . u .  c o n t o u r  on t h e  s o u t h  s i d e  of  t h e  anomaly f o l l o w s  t h e  
e a s t - w e s t  t r e n d  o f  t he  anomaly ,  wherea s  t he  40 gu.  c o n to u r  
doe s  n o t .  The s i t u a t i o n  i s  more complex on t h e  n o r t h  s i d e  of 
t h e  anomaly due t o  a l a r g e  (100 gu . )  p o s i t i v e  anomaly t o  t he  
n o r t h  o f  t h e  mapped a r e a  and a s m a l l e r  p o s i t i v e  anomaly 
w i t h i n  t h e  a r e a .  However,  t h e  30 t o  40 gu.  c o n t o u r s  a r e  t he  
h i g h e s t  t h a t  a r e  c l o s e l y  a s s o c i a t e d  w i th  t he  o u t l i n e  o f  t he  
n e g a t i v e  anomaly .  The c o m p l e x i t y  of  t he  o t h e r  an om a l i e s  
s u r r o u n d i n g  t h e  P e t e r b o r o u g h  anomaly i s  shown on t h e  Bouguer 
anomaly  map ( i n  m i l l i g a l s )  i n  f i g u r e  7 . 4 .  Th i s  c o m p l e x i t y  
makes i t  d i f f i c u l t  t o  s e p a r a t e  t he  P e t e r b o r o u g h  n e g a t i v e  
anomaly from t h e  s u r r o u n d i n g  a n o m a l i e s .

8 8 . 2 . 3  I t e r a t i v e  m o de l l i n g
The g r a v i t y  d a t a  shown in  f i g u r e  8 .13  were used as  t he  

s t a r t i n g  p o i n t  f o r  t he  m o d e l l i n g .  The 1,0 k i l o m e t r e  g r i d  was 
r e s amp led  t o  g ive  a d a t a  a r r a y  of  15 by 15 s t a t i o n s  a t  2 .0  
k i l o m e t r e  i n t e r v a l s .  Reducing t he  ammount o f  d a t a  in t h i s  
way r educed  t he  co m p u ta t i on  t ime  f o r  t he  models  by an o r d e r  
of  m a g n i t u d e .

As can be s een  in f i g u r e  8 .13  t he  anomaly to  be 
mode l l ed  i s  no t  c l o s e d ,  bu t  opens  out  to t he  e a s t  and w e s t .  
I t  was found t h a t  edge e f f e c t s  in t h e  m o de l l i n g  r e s u l t e d  in  
a r i d g e  of  e x c e s s  m a t e r i a l  on t h e  e a s t e r n  and w e s t e r n  
m ar g in s  of  t h e  model body.  To s u p p r e s s  t h i s  f e a t u r e  t he  
g r a v i t y  e f f e c t  o f  12 e x t e r n a l  v e r t i c a l  s q u a r e  p r i s m s ,  each 
w i t h  t h e  same d e n s i t y  c o n t r a s t  as  t h e  model ,  was s u b t r a c t e d  
from t h e  g r a v i t y  d a t a  b e f o r e  i n p u t  to  t h e  m o d e l l i n g  program.  
The t h i c k n e s s  of  t h e  p r i s ms  was i n c r e a s e d ,  where n e c e s s a r y ,  
t o  minimize  t h e  r i d g e s  on t h e  edge of  t he  c a l c u l a t e d  model .  
The model was n o t ,  however ,  r e s t r i c t e d  to  w i t h i n  t h e  a r e a  of  
t h e  g r a v i t y  d a t a ;  t h e  aim was t o  l e t  t he  body ex t end  
smooth ly  t o  t he  edges  of  t he  mapped a r e a .

The d e p t h s  t o  t he  t o p s  of  t he  p r i sms  a r e  shown in
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f i g u r e  8 . 1 4 .  The b a s e s  w e r e  f i x e d  a t  t h e  same d e p t h  a s  t h e  

b a s e  d e p t h  o f  t h e  m o d e l ,  w h i c h  was 7 . 0  k i l o m e t r e s  i n  t h e  

f i n a l  v e r s i o n .

1 5. km

15. k m —*

F i g u r e  8 . 1 4  : The d e p t h s  ( i n  km.)  t o  t h e  t o p s  o f  t h e
e x t e r n a l  p r i s m s .  The s h a d e d  a r e a  c o n t a i n s  t h e  m o d e l l e d  d a t a .

The c a l c u l a t e d  g r a v i t y  a n om a l y  f o r  t h e  e x t e r n a l  p r i s m s
i s  shown i n  f i g u r e  8 . 1 5  and t h e  a n o ma l y  a f t e r  r e mova l  o f  t h e

e f f e c t  o f  t h e  p r i s m s  i n  f i g u r e  8 . 1 6 .

The l a t e r a l  e x t e n t  o f  t h e  mode l  was a l l o w e d  t o  i n c r e a s e  

u n t i l  t h e  t h e  c a l c u l a t e d  a n om a l y  was s u f f i c i e n t l y  l a r g e  t o  
a c c o u n t  f or  t h e  30 g u .  c o n t o u r  i n  f i g u r e  8 . 1 3  ^ e q u i v a l e n t  t o  

t h e  40 g u .  c o n t o u r  i n  f i g u r e  8 . 1 6 ) ,  and t h e r e f o r e  l e a v e  no 
r e s i d u a l s  c o r r e l a t e d  w i t h  t h e  e d g e  o f  t h e  m o d e l .

I n i t i a l l y  a 1 0 . 0  k i l o m e t r e  b a s e  d e p t h  was used  f o r  t h e  
m o d e l .  The c a l c u l a t e d  a n o m a l y  f i t t e d  t h e  c e n t r a l  p a r t  o f  t h e  

n e g a t i v e  a no ma l y  but  was t o o  l a r g e ,  in  a n e g a t i v e  s e n s e ,  on 

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

A b a s e  d e pt h  o f  7 . 0  k i l o m e t r e s  was s u b s e q u e n t l y  c h o s e n ;  t h i s  

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

100 kg.m  ̂ i f  t h e  t o p  o f  t h e  model  was n o t  t o  p r o t r u d e  t h r o 
ugh t h e  b a s e me n t  s u r f a c e  d e f i n e d  by t h e  s e i s m i c  e x p e r i m e n t .

The c a l c u l a t e d  a n om a l y  i s  shown in f i g u r e  8 . 1 7  and t h e
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F i g u r e  8 . 1 5 C a l c u l a t e d  g r a v i t y  e f f e c t  f o r  t h e  12 e x t e r n a l  
p r i s m s ,  c o n t o u r  i n t e r v a l  5 g . u .
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r e s i d u a l s  f o r  t h e  model in  f i g u r e  8 .1 8 .  S i m i l a r  r e s i d u a l  
maps were o b t a i n e d  f o r  d e n s i t y  c o n t r a s t s  of up to  130 kg.m"^ 
and base  d e p t h s  a s  s h a l l o w  as 5 . 0  k i l o m e t r e s .  There  i s  s t i l l  
a m i s f i t ,  a s  shown by t h e  10 gu.  c o n to u r  in  f i g u r e  8 . 1 8 .  
T h i s  m i s f i t  c an n o t  be removed u s i n g  s imp le  i t e r a t i v e  models  
w i t h  a s i n g l e  d e n s i t y  c o n t r a s t .  I f  t he  anomaly i s  due to  a 
g r a n i t i c  i n t r u s i o n  a d e c r e a s e  i n  d e n s i t y  c o n t r a s t  wi th  dep th  
migh t  be e x p e c t e d .  Such a v a r i a t i o n  would h e l p  to  r educe  t h e  
w a v e l e n g th  of  t h e  c a l c u l a t e d  anomaly and hence  t he  
r e s i d u a l s .

F i g u r e  8 .19  shows t h e  mode l l ed  body as a co n to u r  map of 
t h e  de p th  t o  i t s  t o p  s u r f a c e ,  and as  an i s o m e t r i c  p r o j 
e c t i o n .  The use  o f  t h e  e x t e r n a l  p r i sm s  has  s u p p r e s s e d ,  bu t  
no t  removed,  t h e  edge e f f e c t s .  The c a u s a l  body c l e a r l y  
e x t e n d s  t o  t h e  e a s t  and t h e  low g r a v i t y  v a l u e s  on t he  
w e s t e r n  edge of  t h e  mapped a r e a  have caused  an e x t e n s i o n  of  
t h e  model t o  t h e  w e s t .  I t  i s  p o s s i b l e ,  however ,  t h a t  t h e  low 
Bouguer  g r a v i t y  i n  t h e  e a s t  i s  due t o  a d e c r e a s e  in  t he  
d e n s i t y  of  t h e  P re ca m b r i a n  basement  r ocks  and no t  t o  a 
wes tward  e x t e n s i o n  of  t h e  body.  The s e i s m i c  r e f r a c t i o n  
e x p e r i m e n t  i n d i c a t e d  a low r e f r a c t o r  v e l o c i t y  in  t h e  
v i c i n i t y  of  s h o t p o i n t  P3 ( see  f i g u r e  8 . 1 6 ) .

88 .3  SUMMARY

The i t e r a t i v e  model of  a low d e n s i t y ,  i n t r a - b a s e m e n t ,  
i n t r u s i o n  i s  a c c e p t a b l e  bu t  by no means p e r f e c t .  The s t e e p  
g r a d i e n t s  on t h e  f l a n k s  of  t he  obse rv ed  anomaly r e q u i r e  t h a t  
t h e  t op  of  t he  model i s  a t  s h a l l o w  depth  (<1.0 km.) f o r  t he  
b e s t  f i t .  The f i t  of  t h e  model t o  t he  obse rv ed  anomaly i s  
w o r s t  on t h e  f l a n k s  of  t h e  anomaly .  A l l s o p  and Jones  (1981) 
no t e d  t h a t  a s e d i m e n t a r y  b a s i n  model ,  w i th  inward s l o p i n g  
s i d e s ,  gave a b e t t e r  f i t  on t h e  f l a n k s  of  t he  anomaly t han  
an i n t r u s i o n  w i th  ou twa rd  s l o p i n g  s i d e s .  However t he  s e i s m i c  
d a t a  app ea r  t o  p r e c l u d e  t h e  s e d i m e n t a r y  b a s i n  model .  The 
i n t r u s i o n  model co u ld  be improved i f  a l a r g e r  a r ea  of  d a t a  
were t o  be used and ,  p o s s i b l y ,  i f  t he  d e n s i t y  c o n t r a s t  was 
a l l ow ed  t o  d e c r e a s e  w i th  d e p t h .
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CHAPTER NINE

THE DEEP GEOLOGY OF THE EAST MIDLANDS

9.1 SUMMARY

9 . 1 . 1  S e i s m i c  e x p e r i m e n t s

The sma l l  r e f r a c t i o n  su r v e y  ove r  t he  South L e i c e s t e r 

s h i r e  D i o r i t e  i n t r u s i o n  ( c h a p t e r  3) i n d i c a t e d  a v e l o c i t y  o f  

a b o u t  5 . 0  km.s  ̂ f o r  a r e f r a c t o r  c o n s i d e r e d  to  be t he  t op  of  

t h e  i n t r u s i o n .  Thi s  was co mpa rab l e  w i th  p r e v i o u s  e x p e r i m e n t s  

i n  L e i c e s t e r s h i r e  which had a l s o  i n d i c a t e d  a s i g n i f i c a n t ^  

l ower  v e l o c i t y  f o r  t he  C a l e do n i a n  i gneous  i n t r u s i o n s  t han  

f o r  Cha rn i an  type  basement  ( v e l o c i t y  5 . 5 - 5 . 7  km.s“^).

The Mel ton e x p e r i m e n t ,  however ,  i n d i c a t e d  a r e f r a c t o r  

v e l o c i t y  o f  g r e a t e r  t han  5 . 7  km.s~\  a t  d e p t h s  e q u i v a l e n t  to 

t h e  d e p t h  t o  g r a n i t i c  ba sement  in  t he  Ki rby  Lane b o r e h o l e ,  

o v e r  t he  Mel ton g r a n i t i c  i n t r u s i o n .  Time term s o l u t i o n s  fo r  

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

v e l o c i t y  over  t he  Mel ton g r a n i t e ,  compared w i th  v e l o c i t i e s  

f o r  t h e  s u r r o u n d i n g  Cha rn i an  t ype  ba sem en t .  These v e l o c i t y  

d e t e r m i n a t i o n s  were s u p p o r t e d  by an a p p a r e n t  v e l o c i t y  o f  

ove r  6 . 0  km.s”  ̂ measured from the  f i r s t  a r r i v a l s  on a 1.1 

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

Anomalous ly  l a r g e  d e l a y  t i m e s  were found to be a s s o c 

i a t e d  w i t h  t he  s t a t i o n s  on t he  M o u n t so r r e l  g r a n o d i o r i t e . 

T h i s  was t a k e n  to i n d i c a t e  t h a t  t he  Mo u n t so r r e l  i n t r u s i o n  

ha s  a l ower  v e l o c i t y  t h an  t he  t ime term s o l u t i o n  v e l o c i t i e s  

o f  ab o u t  5 . 7  k m . s ~ \  The d e l a y  t ime  anomaly su g g e s t e d  â
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v e l o c i t y  o f  5 .2  km. s~ \  which would be c o m p a t i b l e  w i th  t he  

r e s u l t s  o f  a p r e v i o u s  r e f r a c t i o n  p r o f i l e  to  t he  n o r t h  o f  

M o u n t s o r r e l .

The v e l o c i t i e s  d e t e r m i n e d  f o r  t he  basement  r e f r a c t o r  to 

t h e  s ou t h  o f  t h e  Mel ton i n t r u s i o n ,  and on t he  Pe t e r b o r o u g h  

e x p e r i m e n t ,  were in t he  r an ge  5 .5 5  t o  5 .75  km. s“\  Such 

v e l o c i t i e s  a r e  c o n s i s t e n t  w i t h  p r e v i o u s l y  de t e r mi ne d  v e l o c 

i t i e s  f o r  exposed Cha rn i an  b a s e m e n t .  An a p p a r e n t  v e l o c i t y  of  

a b o u t  5 . 2  km.s"^ was d e t e c t e d  to  t h e  s o u th w e s t  o f  t h e  C l i n t o n  

b o r e h o l e  on p r o f i l e  A o f  t h e  P e t e r b o r o u g h  e x p e r i m e n t .  This  

was i n t e r p r e t e d  a s  a l o c a l i s e d  v e l o c i t y  change w i t h i n  t he  

P r eca m b r i a n  ba semen t .

With t h e  e x c e p t i o n  o f  t h e  marg in  o f  t he  Widmerpool  

G u l f ,  n e i t h e r  t he  Mel ton o r  P e t e r b o r o u g h  e x p e r i m e n t s  

d e t e c t e d  any s i g n i f i c a n t  s t r u c t u r e  on t he  basement  

r e f r a c t o r ,  which was t y p i c a l l y  l e s s  t h an  0 .5  k i l o m e t r e s  

d e e p .

A s h o r t  wav e l eng th  s t r u c t u r e ,  w i t h  an a m p l i t u de  o f  50 

t o  100 m e t r e s ,  was d e t e c t e d  a long  t he  s e i s m i c  l i n e s .  Thi s  

co u ld  have been due to  t o po g r ap hy  on t he  basement  r e f r a c t o r ,  

o r  t o  v a r i a t i o n  in t he  v e l o c i t y  s t r u c t u r e  of  t he  r e f r a c t o r  

o r  t h e  o v e r l y i n g  s e d i m e n t s .

9 . 1 . 2  P o t e n t i a l  f i e l d  d a t a

The main p o t e n t i a l  f i e l d  a n om a l i e s  i n  t h i s  a r e a  a r e  

i n t e r p r e t e d  as  be ing  i n t r a - b a s e m e n t  in  o r i g i n .  Models o f  

some of  t h e  magne t i c  a n o m a l i e s ,  and of  t he  Pe t e r b o ro u g h  

g r a v i t y  anomaly,  show i n t r u s i o n s  emplaced w i t h i n  t he  t op  10 

k i l o m e t r e s  o f  t h e  c r u s t ,  w i t h  t h e i r  t op  s u r f a c e s  l e s s  t han  

two k i l o m e t r e s  below t h e  s u f a c e .
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Models o f  t h e  Mel ton m ag ne t i c  anomaly a r e  c om p a t i b l e  

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

and show t h a t  t he  i n t r u s i o n  can be mode l l ed  by a body w i th  a 

f l a t  t o p  s u r f a c e  a t  0 .3  t o  0 . 4  k i l o m e t r e s  d e p t h .

The b e l t  o f  magn e t i c  a n o m a l i e s  t o  t h e  e a s t  o f  Mel ton 

can be i n t e r p r e t e d  as  a r i d g e  o f  i gneous  i n t r u s i o n s  fou r  

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

upper  s u r f a c e  to d e p t h s  o f  one o r  two k i l o m e t r e s .  These 

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

anoma ly ,  which i s  i n t e r p r e t e d  a s  a h o r s t  s t r u c t u r e  o f  p r e -  

C ha rn i an  m a t e r i a l ,  p o s s i b l y  e q u i v a l e n t  t o  t he  LISPB "a^ " 

r e f r a c t o r .  Both a n o m a l i e s  have  a Charnoid  t r e n d .

9.2 PRE-CARBONIFEROUS PALAEOGEOLOGICAL MAPS

F i g u r e s  9 . 1 ,  9 .2  and 9 .3  show, r e p e c t i v e l y ;  t h e  l o c a t 

i o n s  o f  b o r e h o l e s  and s e i s m i c  r e f r a c t i o n  l i n e s ;  a c o n to u r  

map o f  t h e  d e p t h  t o  t he  p r e - C a r b o n i f e r o u s  ba semen t ;  a 

p a l a e o g e o l o g i c a l  map o f  t h e  p r e - C a r b o n i f e r o u s  basement  

s u r f a c e .  F i g u r e  9 . 3  i s  an a t t e m p t  to  update  t he  maps of  

W i l l s  (1973,  1978) f o r  t he  Eas t  Midl ands  a r e a ,  i n c o r p o r a t i n g  

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

The p r e - C a r b o n i f e r o u s  s u r f a c e  has  been c h o se n ,  i n  

p r e f e r e n c e  to t he  more u s u a l  p r e - P e r m i a n  u n c o n f o r m i ty ,  in 

o r d e r  to e xc l ude  t he  t h i c k  C a r b o n i f e r o u s  d e p o s i t s  which 

o c c u r  in t he  c o a l f i e l d  a r e a s  a round  L e i c e s t e r .  S ince  Carbon

i f e r o u s  d e p o s i t s  a r e  s c a r c e  to t he  sou th  and e a s t  o f  

L e i c e s t e r  t he  mapped s u r f a c e  i s  g e n e r a l l y  e q u i v a l e n t  to  the  

p r e - P e r m i a n  u n c o n f o r m i ty  i n  t h i s  a r e a .  In f a c t  the  Permian
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i s  a l s o  a b s e n t  and i t  i s  u s u a l l y  t h e  Keuper o r  Bunt er  which 

l i e s  on t he  P a l a e o z o i c  b a se m e n t .

The p o s t - C a l e d o n i a n  Old Red Sand s to ne  has  been i n c l u d e d  

on t h e  map s i n c e  i t  o c c u p i e s  a l a r g e  p o r t i o n  in t he  s o u t h 

e a s t  o f  t h e  mapped a r e a ,  where  l i t t l e  i s  known about  t he  

d e ep e r  ba semen t .  The e v i d e n c e  from the  Wyboston b o r e h o l e  i s  

t h a t  t he  ORS i s  t h i n  and o v e r l i e s  Lower P a l a e o z o i c  mud

s t o n e s .  Red c o n g l o m e r a t e s  o c c u r i n g  be n ea th  t h e  Lower Carbon

i f e r o u s  i n  t he  Dukes Wood b o r e h o l e  have been exc luded  a long 

w i t h  t he  C a r b o n i f e r o u s .

The b o u n d a r i e s  t o  t he  d i f f e r e n t  u n i t s  i n  f i g u r e  9 . 3  a r e  

h i g h l y  s p e c u l a t i v e ,  t h e r e  be in g  no a p p a r e n t  c o n n e c t i o n  b e t 

ween ba sement  l i t h o l o g y  and p o t e n t i a l  f i e l d  a n o m a l i e s .  The 

e x c e p t i o n  to t h i s  a r e  t he  o u t l i n e s  o f  t he  i gneous  i n t r u s i o n s  

which a r e  based  on t he  m a gn e t i c  a n o ma l i e s  ( c h a p t e r s  7 and 

8A) and on t he  P e t e r b o r o u g h  g r a v i t y  anomaly ( c h a p t e r  8B) .

In f i g u r e  9 . 3  t h e  a n n o t a t i o n s  have been super imposed  

where t h e r e  i s  some g e o p h y s i c a l  e v i d e n ce  f o r  t he  p r e s e n c e  of  

P r eca m br i an  b a se m e n t ,  o r  i gn eou s  i n t r u s i o n s ,  b e n e a t h  t he  

P a l a e o z o i c  ba semen t .

The P r e ca m b r i a n  ha s  been mapped a s  one u n i t .  A l l  t he  

d i f f e r e n t  l i t h o l o g i e s  found in b o r e h o l e s  can be d e s c r i b e d  as  

"Ch a rn i an "  in t he  l o o s e s t  s ense  o f  t he  word,  i n  t h a t  t h e y  

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

P r ecam br i an  a g e .  For example Le Bas ( p e r s .  comm.) has  

d e s c r i b e d  t he  m a t e r i a l  from the  r e c e n t  H o l lo we l l  b o r e h o l e  as 

a r h y o l i t i c - d a c i t i c  a g g l o m e r a t e  i n d i c a t i v e  o f  a n e a r by
lA.

v o l c a n i c  s o u r c e .  There  i s  no d i r e c t  é c r i v a i en t  to t h i s  rock 

in  t he  Cha rn ian  I n l i e r ,  bu t  d a c i t e s  s i m i l a r  to the  f r ag m en t s
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i n  t he  H o l l o w e l l  a g g l o m e ra t e  a r e  found in  some o f  t h e  

Cha rn i an  p o r p h y r o i d s .  The c o a r s e  g r a i n e d  a gg l om era t e  in t he  

Upwood b o r e h o l e  s u g g e s t s  a n o t h e r  v o l c a n i c  c e n t r e .

The Lower P a l a e o z o i c ;  t h e r e  i s  a d i s t i n c t  d i v i s i o n  in t he  

l i t h o l o g y  o f  t h e  Lower P a l a e o z o i c  r ocks  found in t he  mapped 

a r e a .  To t he  west  and s o u t h  o f  L e i c e s t e r  t he  Lower P a l a e o 

z o i c  co m pr i s e s  s h a l e s  and s i l t s t o n e s ,  o f  p r o b a b l e  Cambrian 

a ge ,  an a lo go us  t o  t he  S t o c k i n g f o r d  S h a l e s .  O r do v i c i a n  s h a l e s  

a r e  found in t he  s o u t h e a s t  o f  t h e  a r e a .  In t he  n o r t h  o f  t he  

mapped a r e a ,  from Eakr ing  to The Wash, t h e  Lower P a l a e o z o i c  

c o m p r i s e s  f i n e  g r a i n e d ,  p a l e  g r e y  o r  w h i t e ,  q u a r t z i t e s .  Thi s  

u n i t  i s  on ly  found in f i v e  b o r e h o l e s  ( i n c l u d i n g  Wisbech) bu t  

c an  be t e n t a t i v e l y  c o r r e l a t e d  w i th  t h e  Lower Cambrian 

H a r t s h i l l  Q u a r t z i t e  o f  Nunea ton .  The o c c u r r e n c e  o f  t he  

q u a r t z i t e  in t he  Wisbech b o r e h o l e  must  be r e g a r d e d  as  

dub i ous  s i n c e  o n l y  two m e t r e s  were d r i l l e d  and no co re  was 

r e c o v e r e d .  The d e p th  to t he  q u a r t z i t e  i s  a l s o  s h a l l o w e r  t han  

i n  su r r o u n d i n g  b o r e h o l e s .

Igneous  i n t r u s i o n s :  t he  p roven  and p o s s i b l e  i n t r u s i o n s  a r e

shown in f i g u r e  9 . 3 .  The p roven  i n t r u s i o n s  a r e  a l l  

a s s o c i a t e d  w i th  p o s i t i v e  a e r o m a g n e t i c  a n o m a l i e s ,  a s  i s  t he  

r i d g e  o f  p o s s i b l e  i n t r u s i o n s  t o  t he  e a s t  o f  MeLton Mowbray. 

The p o s s i b l e  P e t e r b o r o u g h  i n t r u s i o n  r e p r e s e n t s  a second 

g r oup  o f  i n t r u s i o n s  w i t h  n e g a t i v e  g r a v i t y  a n o m a l i e s  and no 

p o s i t i v e  m agne t i c  anomaly .  The n e g a t i v e  g r a v i t y  anomaly to  

t he  n o r t h e a s t  o f  t h e  P e t e r b o r o u g h  anomaly i s  t e n t a t i v e l y  

i n c l u d e d  in t h i s  g r o u p ,  a l t h o u g h  i t  has  no t  been 

i n v e s t i g a t e d  h e r e .  The two g r a v i t y  a n o m a l i e s  around t he  Wash
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a r e  n o t  i n c l u d e d  s i n c e  i t  i s  b e l i e v e d  t h a t  t he  IGS have  some 

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

i n  t h i s  a r e a .
T

There  a r e  two o t h e r  o c c u r e n c e s  o f  g r a n i t i c  r ocks  i n  t he
K

a r e a  which may be r e l e v a n t .  The T r i a s  p e b b l e  beds  i n  t he  

Wiggenha l l  b o r e h o l e  c o n t a i n e d  f r ag m e n t s  o f  " p i nk  g r a n i t e " .  

P e b b l e s  o f  " g r a n i t e "  were found in t he  Middle L i a s  a t  t he  

bo t tom o f  t h e  B l e t c h l e y  b o r e h o l e ,  t o  t he  s o u t h  o f  N o r th 

ampton.  Th i s  b o r e h o l e  was l o c a t e d  over  a p o s i t i v e  

a e r o m a g n e t i c  anomaly.
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Key t o  f i g u r e s  9 . 1 ,  9 . 2 ,  9 . 3 .

F i g u r e  9 .1  : L o ca t i o n  map.

•  : b o r e h o l e  t o  p r e - C a r b o n i f e r o u s  basement  

o : o t h e r  b o r e h o l e s

o u t c r o p  o f  p r e - C a r b o n i f e r o u s  rocks  

--------------  o r  0  : 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

F i g u r e  9 .2  : S t r u c t u r e  c o n t o u r  map on t he  p r e - C a r b o n i f e r o u s .

: b o r e h o l e s  t o  p r e - C a r b o n i f e r o u s  ba sement  

w i t h  d i p  o f  beds  i f  known

^ - L .  : normal  f a u l t s

 : r e v e r s e d  f a u l t s

- 0  0 -: a n t i c l i n a l  axes

( 1 .5 )  : d e p th  t o  "Cha rn i an"  basement  r e f r a c t o r  (km.)

^  : s t r u c t u r e  c o n t o u r s  i n  km. below OD

F i g u r e  9 . 3  : P r e - C a r b o n i f e r o u s  p a l a e o g e o l o g i c a l  map

O

b o r e h o l e  to  p r e - C a r b o n i f e r o u s  basement  

ou t c  rop

c o n j e c t u r e d  boundary  

P recambr i an

Cambrian a r g i l l a c e o u s  rocks  and q u a r t z i t e s  

Or d o v i c i a n  a r g i l l a c e o u s  rocks  

Devonian-ORS, p r e d o m i n a n t l y  c o n g l o m e r a t e s  

exposed or  d r i l l e d  i gneous  i n t r u s i o n s  

unproven i gneous  i n t r u s i o n s  (magne t i c)  

unproven i gneous  i n t r u s i o n s  ( g r a v i t y )
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9 . 3  D IS C U S S IO N

The maps d i s c u s s e d  in t he  p r e v i o u s  s e c t i o n  show th e  

d i s t r i b u t i o n  and t ype  o f  t h e  i n t e r p r e t e d  i n t r u s i o n s  in  t he  

Eas t  Mid l ands .  The r i d g e  o f  s h a l l o w  P recambr ian  basement  can 

be t r a c e d  from Charnwood F o r e s t  to  N o r f o l k .  The i n t r u s i o n s  

l i e  on o r  to  t he  s ou th  o f  t h i s  r i d g e .  No ev ide nce  has  been 

found f o r  a c r o s s - c u t t i n g  Ca l ed on i an  a u l a c o g e n ,  a s  p roposed  

by Evans (1979 ) .  The O r d o v i c i a n  mudstones  l o c a t e d  in t he  

s o u t h e a s t  o f  t h e  mapped a r e a  may r e p r e s e n t  t he  n o r t h e r n  

e x t e n s i o n  o f  t h e  t h i c k  a c c u m u l a t i o n  o f  f o l d ed  Lower 

P a l a e o z o i c  s e d i m e n t s  found t o  t he  n o r t h  and s o u t h  o f  The 

Thames,  and g e n e r a l l y  i n t e r p r e t e d  as  a westward e x t e n s i o n  o f  

t h e  Braban t  M a s s i f .

9 . 3 . 1  La t e  P r e ca m b r i a n  basement

The v a r i a t i o n s  i n  d e n s i t y  o f  t h e  l a t e  P recambr i an  

basement  r o c k s ,  a s  t a b u l a t e d  in t a b l e  7 . 1 ,  r e f l e c t  t he  

o b s e r v a b l e  v a r i a t i o n s  i n  l i t h o l o g y .  However t he  p-wave 

v e l o c i t i e s  from the  Mel ton and P e t e r b o r o u g h  e x p e r i m e n t s ,  a s  

we l l  as  t h o s e  from p r e v i o u s  e x p e r i m e n t s ,  show t h a t  on a 

b r o a d e r  s c a l e  t he  l a t e  P recambr i an  basement  a c r o s s  t h e  whole 

o f  t h e  Eas t  Midl ands  i n  c h a r a c t e r i z e d  by p-wave v e l o c i t i e s  

o f  5 .55  t o  5 . 75  km.s“\  Surveys  i n  N or fo lk  (Chros ton  and Sol a  

1982) i n d i c a t e  s l i g h t l y  h i g h e r  v e l o c i t i e s  (up t o  6 . 0  km.s"^) . 

I n s u f f i c i e n t  work ha s  been done on t he  p e t r o l o g y  o f  t h e  

ba sement  r ocks  t o  say  i f  t h i s  i n c r e a s e  c o r r e l a t e s  w i th  

e i t h e r  an i n c r e a s e  in met amorphi c  g r ad e  o r  a c o m p o s i t i o n a l  

change .  Lower v e l o c i t i e s  have  been not ed  f o r  t he  Upwood 

b o r e h o l e  a g g l o m e r a t e ,  c l o s e  to t he  Gre a t  Oxendon b o r e h o l e .
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and p o s s i b l y  on p r o f i l e  A of  t h e  P e t e r b o r o u g h  e x p e r i m e n t .

Measured d e n s i t i e s  f o r  t he  l a t e  P r ecam br i an  basement  

r ocks  r ange  from 2700 t o  2800 kg .m~ ,̂ no samples  o f  t h e  l a t e  

P r e cam br i an  ba sement  i n  t h i s  a r e a  a r e  known to  have s i g n i f 

i c a n t  m ag ne t i c  s u s c e t i b i l i t i e s  o r  r emanence .

9 . 3 . 2  I g n eo us  i n t r u s i o n s

Two g roups  o f  i gneous  i n t r u s i o n s  can be i d e n t i f i e d :

1) i n t r u s i o n s  w i th  a h igh  m agne t i c  s u s c e p t i b i l i t y  c o n t r a s t  

b u t  no d e n s i t y  c o n t r a s t  r e l a t i v e  t o  t he  s u r r o u n d i n g  

ba semen t  ;

2) i n t r u s i o n s  w i t h  n e g l i g i b l e  m ag n e t i c  s u s c e p t i b i l i t i e s  and 

n e g a t i v e  d e n s i t y  c o n t r a s t s .  Mode l l i ng  s u g g e s t s  t h a t  bo th  

t y p e s  a r e  emplaced w i t h i n  one to  two k i l o m e t r e s  o f  t h e  

s u r f a c e  and ex t end  to d e p t h s  o f  s even  to  t en  k i l o m e t r e s .  

S ince  t he  s u r r o u n d i n g  P r eca m br i an  ba sement  shows l i t t l e  

v a r i a t i o n  in p h y s i c a l  p r o p e r t i e s  a c r o s s  t he  a r e a  t he  two 

g r oups  must  r e p r e s e n t  two d i f f e r e n t  t y p e s  o f  i n t r u s i o n s .

The magne t i c  s u s c e p t i b i l i t i e s  o f  t h e  f i r s t  g roup  a r e  in 

t h e  r ange  0 .01  t o  0 .025  ( S I ) ,  assuming a no n -m agn e t i c  s u r r 

ounding  ba semen t ,  t h i s  t o g e t h e r  w i th  t he  l a c k  o f  p o s i t i v e  

d e n s i t y  c o n t r a s t s  s u g g e s t s  an a c i d  to i n t e r m e d i a t e  compos

i t i o n .  These i n t r u s i o n s  can be r e f e r r e d  to a s  " M o u n t so r r e l  

t y p e " .  P-wave v e l o c i t i e s  a p pea r  to r ange  from 5 .0  t o  6 . 0  

km. s " \  S ince  h igh  v e l o c i t y  g r a d i e n t s  have  been no t ed  f o r  t he  

l ower  v e l o c i t y  r e f r a c t o r s  no d i v i s i o n  in c o m p o s i t i o n  i s  

s u g g e s t e d  by t h e  r ange  in v e l o c i t i e s .  The lower  v e l o c i t i e s  

have  on ly  been obse rv ed  a t  r a n ge s  o f  a few k i l o m e t r e s .

No examples  of  t he  second g roup  o f  i n t r u s i o n s  a r e  found 

a t  o u t c r o p ,  o r  in b o r e h o l e s ,  in  t he  Eas t  Mid l ands .  The low
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d e n s i t y  and s u s c e p t i b i l i t y  s u g g e s t  t h a t  t h e s e  i n t r u s i o n s  can 

be  ex pe c t e d  t o  have a more ac id  c o m p o s i t i o n  t han  t he  

M o u n t s o r r e l  t y p e ;  t h i s  g roup  can be t ermed " P e t e r b o r o u g h  

t y p e " .  Two o f  t h e s e  i n t r u s i o n s  a r e  shown in f i g u r e  9 . 3 .  I f  

t h e  Nor f o l k  i n t r u s i o n  o f  Ch ros ton  and So la  (1982) i s  added 

to  t h e s e  t h e r e  i s  a g e o g r a p h i c a l  d i v i s i o n  be tween t he  

M o un t s o r r e l  t ype  to t he  s o u t h w e s t ,  and t he  Pe t e r b o r o u g h  t ype  

t o  t he  n o r t h e a s t .

The b e l t  o f  Mo un t so r r e l  type  i n t r u s i o n s  t o  t he  e a s t  o f  

Me l ton  Mowbray h a s  a n o r t h w e s t  t o  s o u t h e a s t  "Cha rnoid"  t r e n d  

and i s  a s s o c i a t e d  w i th  a p o s i t i v e  g r a v i t y  anomaly .  Thi s  

g r a v i t y  anomaly i s  i n t e r p r e t e d  as  an i n t r a - b a s e m e n t  h o r s t  

s t r u c t u r e  which s u g g e s t s  t h a t  t he  i n t r u s i o n s  may be 

f o l l o w i n g  a Cha rnoid  l i n e  o f  weaknes s .  The p o s s i b i l i t y  

c a n n o t  be r u l e d  out  t h a t  some o f  t h e  Mo u n t so r r e l  type  

i n t r u s i o n s  a r e  P r e ca m b r i a n .  The l a t e  P r ecam br i an  d i o r i t e s  o f  

Charnwood F o r e s t  have s i m i l a r  p h y s i c a l  p r o p e r t i e s  t o  t h i s  

g r o u p .  However,  t h e r e  i s  no g e o l o g i c a l  r e a so n  why bo th  

g r oup s  o f  i n t r u s i o n s  c a n n o t  be C a l e d o n i a n .

9 . 3 . 3  Olde r  basement

The p o s i t i v e  g r a v i t y  anomaly t h a t  r un s  s o u t h e a s t ,  from 

e a s t  o f  Mel ton Mowbray t o  sou th  o f  P e t e r b o r o u g h ,  i s  i n t e r 

p r e t e d  as  an i n t r a - b a s e m e n t  f e a t u r e .  No e q u i v a l e n t  s t r u c t u r e  

i s  d e t e c t a b l e  a t  t he  ba sement  s u r f a c e  ( f i g u r e  9 .2 )  a l t h o u g h  

t h e  Lower P a l a e o z o i c  has  a Ca l edon i an  d e f o r m a t i o n .  Th is  

i n d i c a t e s  a p r e - C a l e d o n i a n  o r i g i n  f o r  t he  i n t r a - b a s e m e n t  

s t r u c t u r e ,  a s  does  t he  Charnoid  t r e n d .  The h igh  d e n s i t y  t h a t  

must  be assumed f o r  t h i s  f e a t u r e  can be c o r r e l a t e d  w i th  t he  

6 . 4  km.s  ̂ r e f r a c t o r  v e l o c i t y  d e t e c t e d  a t  be tween two and
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f o u r  k i l o m e t r e s  b e n e a t h  t h e  Cha rn i an  I n l i e r  and ,  by i n f e r 

e n c e ,  t he  LISPB " a , "  r e f r a c t o r .  The g r a v i t y  r i d g e  b r o a d e n s  

o u t  t o  t he  wes t  and c o n n e c t s  w i t h  t h e  Cha rn i an  I n l i e r .  I t  

a l s o  p a s s e s  t o  t h e  s o u t h  o f  t h e  Mel ton i n t r u s i o n ,  where  a 

h igh  v e l o c i t y  r e f r a c t o r  may have  been d e t e c t e d  a t  t h e  

s o u t h e r n  end of  p r o f i l e  B o f  t h e  Mel ton e x p e r i m e n t .  The 

ab sence  o f  a magne t i c  anomaly a s s o c i a t e d  w i th  t h i s  f e a t u r e  

i n d i c a t e s  t h a t  t he  d e ep e r  P r eca mb r i an  basement  a l s o  ha s  a 

n e g l i g i b l e  magne t i c  s u s c e p t i b i l i t y .

I t  i s  t h e r e f o r e  p o s s i b l e  t o  deduce  fou r  t y p e s  o f  

i g neous  or  P r ecam br i an  basement  i n  t h i s  a r e a ,  o f  t h e s e  on ly  

two a r e  found a t  o u t c r o p  o r  in  b o r e h o l e s .

1) M o u n t so r r e l  t ype  i n t r u s i o n s ,  s i m i l a r  d e n s i t y  t o  non-  

i gneous  ba sem en t ,  h i g h  m ag ne t i c  s u s c e p t i b i l i t y ,  p-wave 

v e l o c i t i e s  r ange  from 5 .0  t o  6 . 0  km.s"^ .

2) P e t e r b o r o u g h  t ype  i n t r u s i o n s ,  low d e n s i t y ,  n e g l i g i b l e  

magn e t i c  s u s c e p t i b i l i t i e s  r e l a t i v e  to no n - i gn eou s  ba se m e n t .

3) Cha rn i an  t ype  ba se m e n t ,  non m a g n e t i c ,  d e n s i t y  2700 to  

2800 kg.m"^, v e l o c i t y  5 .55  t o  ? 6 .0  km.s \

4) P r e - C h a r n i a n  b a se m e n t ,  h ig h  d e n s i t y ,  non m a g n e t i c ,  

v e l o c i t y  ? 6 . 4  k m . s " \  minimum dep th  abou t  two k i l o m e t r e s ,  

p o s s i b l y  e q u i v a l e n t  t o  t he  LISPB " a , "  l a y e r .
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9 . 4  RECOMMENDATIONS FOR FUTURE WORK

Se i smic  r e f r a c t i o n  s u r v e y s ,  o f  t h e  t ype  d e s c r i b e d  in 

p r e v i o u s  c h a p t e r s ,  have  been c a r r i e d  ou t  by L e i c e s t e r  

U n i v e r s i t y  i n  t h i s  a r e a  f o r  t he  p a s t  10 y e a r s ,  and by o t h e r  

wo rk e r s  f o r  c o n s i d e r a b l y  l o n g e r .  These s u r v e y s  have 

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

e v i d e n c e  in i n d i c a t i n g  a r i d g e  o f  l a t e  P r ecam br i an  and 

g r a n i t i c  ba sement  e x t e n d i n g  e a s t w a r d s ,  a t  s h a l l o w  d e p t h ,  

from Charnwood F o r e s t  t o  N o r f o l k .  "Cha rn i an"  t ype  ba sement  

ha s  a l s o  been  d e t e c t e d ,  a t  d e p t h s  o f  one to two k i l o m e t r e s ,  

b e n e a t h  t h e  Upper P a l a e o z o i c  b a s i n s  t o  t he  n o r t h  and 

s o u t h w e s t  o f  Charnwood F o r e s t .

The f a c t  t h a t  t h i s  ba sement  i s  p r e s e n t  a t  s h a l l o w  

d e p t h s  makes i t  a good t a r g e t  f o r  r e l a t i v e l y  s h o r t  (10 t o  30 

k i l o m e t r e )  r e f r a c t i o n  p r o f i l e s .  Such p r o f i l e s  c o n t i n u e  to  

p rove  u s e f u l  in  t he  i n t e r p r e t a t i o n  o f  t h e  p o t e n t i a l  f i e l d  

d a t a  from t h i s  a r e a ,  which i n  t u r n  c o n t i n u e s  t o  su pp ly  

i n c r e a s i n g  e v i d e n c e  f o r  a major  (? Ca ledon i an )  i gneous  

p r o v i n c e .  The r e s o l u t i o n  o f  such  su rv ey s  i s  l i m i t e d  by t h e  

p i c k i n g  a c c u r a c y  o f  f i r s t  a r r i v a l  t r a v e l  t i m e s ,  s ay  0 .010 

s e co n d s  f o r  good q u a l i t y  d a t a .  R e s o l u t i o n  i s  a l s o  poor  in 

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

Away from t h e  Ch a rn i a n  I n l i e r ,  where r e f r a c t i o n  and 

t e l e s e i s m i c  s t u d i e s  have  y i e l d e d  some i n f o r m a t i o n ,  v e ry  

l i t t l e  i s  known abo u t  t h e  su b - C h a r n i an  ba semen t .  A d e ep e r  

r e f r a c t o r  ha s  been  d e t e c t e d  by some o f  t h e  s e i s m i c  p r o f i l e s  

a round  t he  C ha rn i an  I n l i e r ,  bu t  t h i s  r e f r a c t o r  has  never  

been r e s o l v e d  in  t e rms  o f  v e l o c i t y  o r  d e p t h .  The s i m p le
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g r a v i t y  i n t e r p r e t a t i o n  d e s c r i b e d  in c h a p t e r  7 a l s o  s u g g e s t s  

s u b - C h a r n i a n  ba semen t  a t  a d e p th  o f  a few k i l o m e t r e s .

A s t u d y  o f  t h e  d e e p e r  s t r u c t u r e  o f  t h e  P r eca m br i an  

ba sement  would be most  u s e f u l  in t he  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  Mid l ands  c r a t o n ,  and would p r o v i d e  g r e a t e r  

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

o f  t h i s  p r o j e c t  i t  was i n t e n d e d  to r e c o r d  a 60 k i l o m e t r e  

r e f r a c t i o n  p r o f i l e  r u nn in g  s o u t h e a s t  from Charnwood F o r e s t  

t o wards  P e t e r b o r o u g h .  The P recambr i an  ba sement  a l ong  t h i s  

p r o f i l e  i s  a t  s h a l l o w  d e p t h  ( f i g u r e s  9 . 2 ,  9 .3 )  and no s h o r t  

wa v e l e ng th  s t r u c t u r e s  a r e  i n d i c a t e d  on t he  p o t e n t i a l  f i e l d  

maps .  Thi s  p r o f i l e  co u ld  t h e r e f o r e  p r o v i d e  a s i m p le  v e l o c i t y  

s t r u c t u r e  f o r  t he  Cha rn i an  and su b - C h a r n i a n  ba s em en t .

A s econd  p o s s i b i l i t y ,  would be to r o t a t e  t h e  p r o f i l e  

t h r o u g h  90 t o  run s o u t h w e s t  t o  n o r t h e a s t ,  a c r o s s  t h e  s t r i k e  

o f  t h e  g r a v i t y  and m ag ne t i c  r i d g e s  d i s c u s s e d  in c h a p t e r  7.  

Because o f  t h e  e x p e c t e d  l a t e r a l  v a r i a t i o n  in ba sement  

s t r u c t u r e ,  t h i s  p r o f i l e  would be h a r d e r  to  i n t e r p r e t  bu t  

p o t e n t i a l l y  much more i n f o r m a t i v e .  A deep r e f l e c t i o n  p r o f i l e  

would be t h e  b e s t  o p t i o n  f o r  t h i s  p r o f i l e ,  bu t  i n  o r d e r  to 

have good v e l o c i t y  c o n t r o l  i t  would be n e c e s s a r y  t o  have 

some s h o t s  a t  l ong  o f f s e t s ,  o r  e l s e  to r e c o rd  a r e f r a c t i o n  

p r o f i l e  a l ong  t h e  same l i n e .

I f  any f u r t h e r  s h o r t  r e f r a c t i o n  p r o f i l e s  a r e  t o  be 

r ec o rd ed  t h e  b e s t  t a r g e t  would be t he  o t h e r  n e g a t i v e  g r a v i t y  

a n o m a l i e s  be tween  P e t e r b o r o u g h  and The Wash. Thi s  co u ld  be 

backed up by f u r t h e 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 

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

i n t r u s i o n  c o u ld  be i n v e s t i g a t e d  over  a wider  a r e a .

A few new p h y s i c a l  p r o p e r t y  measurements  have been made
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a s  p a r t  o f  t h i s  work.  There  i s ,  however ,  a need f o r  a 

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

s u i t e s  from the  basemen t  r o c k s .  The Mel ton r e f r a c t i o n  su r v e y  

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

be assumed to have low p-wave v e l o c i t i e s  r e l a t i v e  to t he  

P recambr i an  b a s em en t .  I f  f u r t h e r  r e f r a c t i o n  l i n e s  a r e  to be 

c a r r i e d  ou t  i n  t h i s  a r e a ,  w i t h  a view to  d e l i n e a t i n g  o t h e r  

i n t r u s i o n s ,  g r e a t e r  a t t e n t i o n  should  be pa id  to  r e c o r d i n g  

s -wave a r r i v a l s  i n  o r d e r  to use p / s  v e l o c i t y  r a t i o s  a s  a 

means o f  d e t e c t i n g  l a t e r a l  v a r i a t i o n s  i n  t h e  ba sement  

r e f r a c t o r .  Th i s  would r e q u i r e  l a b o r a t o r y  measu remen ts  o f  p 

and s-wave v e l o c i t i e s ,  i n c l u d i n g  t he  e f f e c t s  o f  p r e s s u r e ,  

f o r  s amples  o f  b o th  t h e  g r a n i t i c  and P reca mb r i an  b a s em en t .  

The samples  o f  t h e  Mel ton  g r a n i t e  from the  Ki rby  Lane 

b o r e h o l e  a r e  t oo  w e a t he r e d  to y i e l d  m ean ing fu l  v e l o c i t i e s  in  

t h e  l a b o r a t o r y .  V e l o c i t y  measu rement s  on s amp le s  o f  

M o u n t so r r e l  g r a n o d i o r i t e  would be u s e f u l  in t h e  l i g h t  o f  t h e  

c o n f l i c t i n g  r e s u l t s  o f  t h e  Mel ton and Bardon to Holwel l  

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

t h e  M o un t s o r r e l  g r a n o d i o r i t e  in t he  s o l u t i o n s  t o  p r o f i l e  A 

o f  t he  Mel ton e x p e r i m e n t .

Work on t he  d e t a i l e d  p e t r o l o g y  o f  b o r e h o l e  samp le s  o f

t h e  P recambr ian  basemen t  i s  now in p r o g r e s s  a t  L e i c e s t e r .

R e c e n t l y  t h e  s h a l l o w  wa te r  f a c i e s  o f  t he  Lower P a l a e o z o i c

s e d i m e n t s  has  been q u e s t i o n e d  by Evans (1979) , who s u g g e s t e d

an "E as t  Midl ands  Au lacogen" ;  and Le Bas ( 1 9 8 2 ) ,  who
f

su g g e s t e d  a s e r i e s  o f  Lower P a l a e o z o i c  i s l a n d  a r c s .  Ther^fore 

i t  would seem s e n s i b l e  to  s t u d y  bo th  t he  Lower P a l a e o z o i c  

s e d i m e n t s ,  and t h e  C a l e d o n i a n  i n t r u s i o n s ,  in d e t a i l ,  t o  see  

i f  t h i s  problem can be r e s o l v e d .
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APPENDIX ONE

BOREHOLE DATA

T hi s  append ix  i s  i n  two p a r t s ;

1 . 1  Bo r e h o l e s  t h a t  r e a ch  p r e - C a r b o n i f e r o u s  ba semen t .

1 . 2  Bo r e h o l e s  t h a t  bot tom in  C a r b o n i f e r o u s  o r  younger  

f o r m a t i o n s .

The d e t a i l s  a r e  as  co mp le t e  as  p o s s i b l e ,  more d e t a i l e d  

d e s c r i p t i o n s  o f  t h e  f o r m a t i o n s  and of  t h e  su p r a - b a s e m e n t  

s t r a t i g r a p h y  w i l l  be found i n  t h e  quot ed  r e f e r e n c e s .  Where 

no r e f e r e n c e  i s  g i v e n  t h e  d e t a i l s  were o b t a i n e d  from 

b o r e h o l e  l o g s  o r  by p e r s o n a l  communica t i on  from t h e  IGS Deep 

Geology U n i t .

The d e p t h s  and l o c a t i o n s  a r e  g i v e n  t o  as  many 

s i g n i f i c a n t  f i g u r e s  a s  p o s s i b l e .  The f o r m a t i o n  names a r e  as  

g i v e n  in t he  s o u r c e  and have no t  been changed t o  conform to 

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

The format  o f  t h e  d a t a  i s  a s  f o l l o w s ;

BOREHOLE NAME (DATE) NGR E NGR N ELEVATION (m AOD)

REFERENCES ( i f  a v a i l a b l e )

FORMATION NAME DEPTH TO BASE (from s u r f a c e  datum)



APPENDI X 1 . 1

2 1 2

AETOM r L \ M V I L L E  (MCB 1 9 7 7 )

T R I A S
CAMRRIAM

i r , 7  
t o  TD

4 / ! 5 . 9 1 3  2 9 3 .  121  90

S t o c k  i n n I o i d  S h a l e s .

BARRON' S  PARK (IP.BO) < 51  . 2 30< . 5 P C . I C

;;ai  r i s e r .  1 ? 3 <  R i c h a r d s o n  1 9 3 1  Lg B a s  IRGB

KBUPER 
?  IGNEOUS

35
5 0 . 1 2  TD " S y e n i t e  o f  G h a r n v / o c d  F o r e s t  t y p e " .

BELTON (NW L e i c s .  W a t e r  1 9 7 1 ) 4 4 4 . 3 7 3 1 9 . 5 7 7 1 .  G3

ALLUVIUM 
REUPER MARL 
KEUPER SANDSTONE  
PRECAMBRIAN

3.
5 3 .  P 
7 4 . 3 7
8 1 . 3 0  TD G r e y i s h - i e d - p u r p i e  t u f f .  D i p  1 5 ,  c l e a v e d  t h r o u g h o u t

POSWORTU WHARF ( 1 8 8 0 - 2 )

R i c h a r d s o n  1 9 3 1

BOULDER CLAY 
REUPER MARL 
L KEUPER SANDSTONE  
PUNTER PEBBLE BEDS  
? T R I A S  BRECCIA  
CAMBRIAN  
? CAMBRIAN

4 3 9 .  2 3 0 3 .  3 0 1 . 4 4

8 . 2 
1 1 5 . 4
1 7 1 . 0  
2 2 5 . 8
2 2 9 . 0  
4 0 5 . 4  
4 1 5 . 7  TD

‘■ ' i d d l e  o r  U p p e r  S t o c k i n g  f o r d  S h a l e s .  
Q u a r t z  b r e c c i a ,  ? U a r t s h i l l  Q u a r t z i t e ,

PUR'-NAU 4 7 / 2 9  1 - A

TOP PERMIAN 
TOP .NAMUR I AN 
TOP ORDOVICIAN  
TD

1 3 2 8 . 9
1 5 0 3 . 9  
1 5 7 5 . 5  
1 7 9 0 . 7

5 3 .  1 5 0 8  N 0 1 . 5 1 0 8  E 2 * . 7

LI a n v i  r n/ .Ar e n i g .

COUNTESTHORPE ( 1 8 9 2 )  

F o x - S t r a n g w a y s  1 9 0 3  

D R I F T
O’ R I A S  MARL 
MICROTON,ALITE

4 5 5 .  7

R i c h a r d s o n  1 9 3 1

2 5 .  5 
1 9 2 . 9  
19  4 . 4  TD

2 9 5 . 5  8 5

Le R a s  1 9 5 3 , 1 9 7 2

COWPASTURE ( 1 8 7 8 )

R i c h a r d s o n  1 9 3 1

BOULDER CLAY 
T R I A S
? T R I A S  BRECCIA  
CAMBRIAN

4 4 1 . 3  3 0 3 . 8  1 1 5

1 2 .
1 0 3 .  3 
1 1 5 .  3
1 5 5 . 5  TD F i n e  g r e y  s l a t e ,  ? S t o c k  i  n g  f o  r d S h a l e :

C O X ’ S '-.'ALK (NCR)

NAMUR IAN 
D I N A N T IAN  
PRE CAMBRIAN

4 8 4 . 1 1 5  3 3 8 . 0 7 7  5 5 . 0 0  (KB)

4 9 9 . 7 0
5 5 5 .  2 0  Li  n e s t o n e .
8 0 0 . 5 0  TD S i m i l a r  t o  C h a r n i a n  M a p l e w e l i  S e r i e s .
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CROWN HI LLS  ( L E I CE S T E R )  ( 1 8 7 9 - 8 0 )  4 5 2 . 4 3 0 3 . 7 9 2

F o x - S t r a n g w a y s  1 9 0 3 R i c h a r d s o n 1 9 3 1  Le  B a s  1 9 5 8

L L I AS
RHAETIC
KEUPER MARL
KEUPER SANDSTONE
TRFMAnOCIAN

5 0 .
9 5 .
2 2  3 .  
2 5 5
3 0 5  TO F o s s i 1 i  F e r o n s  S t o c k i n g f o r d  S h a l e s .

DACLIVCTOM (N'CB 1 9 7 7 ) 4 3 9 .  84  0 2 9 9 .  1 0 0  9 0

T R I A S
STOCKIN’GEORD SHALES

31 4  
t o  TO

DUKE' S  WOOD 14 5 4 5 8 .  0 7 5  3 5 9 .  4 5 0  1 0 4  . 24

L e e s  a n d  T a i t t  1 9 4 5

CARRONIFEROUS  
? ORS
? CAMBRIAN'
? CAMBRIAN

1 9 1 7 . 8 2  
2 1 9 4 . 5 4  
2 2 5 7 .  14  
2 2 7 8 . 7  TD

P i n k - r e d  c o n g l .
B r e c c i a t e d  p h y l l i t i c  m u d s t o n e ,  d i p  5 0 .  
G r e y  f i n e  g r a i n e d  q u a r t z i t e ,  d i p  5 0 .

FOSTON 1 4 8 4 . 3 9 4  3 4 1 . 4 7 0  2 8 . 3 5

Lee^s a n d  T a i t t  1^4 5 K e n t  1 9 5 3

PERMIAN 
D I N A N T I AN  
?  PRE CAMBRIAN

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

S 2 D2 L i m e s t o n e .
S i m i l a r  t o  C h a r n i a n  B r a n d  S e r i e s ,  h i g h l y  
c o n t o r t e d  p u r p l i s h  a n d  g r e e n  p h y l l i t i c  s h a l e s .

GAYTOM N' HANTS ( 1 9 8 4 ) 4 7 5 .  2 5 5 .  8 5 . 9

W o o d w a r d  a n d  T h o m p s o n 1 9 0 9

RECENT 
M L I AS
L L I AS  1 7 7 . 0 9
RHAETIC
T R I A S
L CARBONIFEROUS  
ORS

2 .  54  
3 3 .  0 2

1 8 8 . 0 5
2 1 3 . 0 5
2 7 8 . 9 7
3 0 2 . 9 7  TD

CLINTON (BP 1 9 5 1 ) 5 1 5 .  0 0  3 0 5 .  2 8  9 . 5

I GS 7 3 / 1 2

RECENT 
!' J U R A S S I C  
M J U R A S S I C  
U L I AS  
M+L LI AS  
RHAETIC  
N'EUPER
PRE CAMBRIAN

1 .  5 
1 0 .  5 
5 1 . 8  
1 0 3 .  5
3 0 3 . 9
3 2 4 . 9  
3 5 8 .  1
38  7 . 4  TD M a s s i v e  r h y o l i t i c  c r y s t a l  t u f f .

HOLLOWELL (NCR 1 9 9 2 ) 4 5 8 . 3  2 7 1 . 8  1 5 5 .

T R I A S
PRECAMBRIAN

3 4 0 .
t o  TD V o l c a n i c l a s t i c  b r e c c i a ,  d a c i t e  f r a g m e n t s .



2 1 4

IIUMSTA^JTOM 1 ( 1 9 7 0 )

CHALK 2 1 . 9
J U R A S S I C  5 3 0 , 7
TRI A S  0 3 5 . 5
? PRE CAMRRIAN P A l . 3  TD

5 4 9 . 2 3 3 4 2 . 7 0 1 0 . 7

GREAT OXENRON ( 1 9 3 4 )

S un m .  P r o g .  G e o l  S u r v .  1 9 3 4

U4M L I A S  
L L I AS  
REAETIC  
KF'JPER
PPE CAMBRIAN

4 7 3 . 4 2 0 3 , 1 1 4 . 0 5

3 1 . 7  
2 0 A . 54  
2 1 2 . 1 4  
2 3 1 . 4 5
24 4 . 8 9  TD Q u a r t z  f e i s i t e .

CFEAT PAXTON ( 1 9 4 5 )

ICS A n n .  R p t  1 9 4 4

PLEI STOCENE  
O F O R D  CLAY 
KILLAWAYS  
M J U R A S S I C  
U L I A S  
(•■)+L L I AS  

Or OOVI CI AN

5 2 0 . 8 0

; t  u b b l e  f  i  e i f i  1 9 4 7

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

2 4 3 . 8 9 2 3 .  01

L l a n v i r n  n u d s t o n e ,  d i p  4 0 - 7 5  t o  s o u t h  e a s t .

KI NGS HI LL S P I N N E Y  ( 1 3 8 0 - 5 ? )  

R i c h a r d s o n  1 9 3 1

BOULDER CLAY S SAND:  
’•'LUPER MARL 
x rUPER SANDSTONE  
BUNTFR CONGE.  & SAM’ 
CAMBRIAN

3 8 .  4
1 1 3 . 4
7 1 1 . 5  
2 4 9 .  3 
3 2 1 .  3

4 3 8 .  2 3 0 1 .  7 ; i . 4

S t o c k i n g f o r r i  S h a l e s .

KIRBY LANE (NCB 1 9 7 5 )

J s n e s  1 9 8 1

LIAS 4 7 .
R I A ETI C 8 7 .
KUJPER 2 4 7 .
P INTER 2 8 8 .
L COAL MEASURES 3 8 1 . 5
MILLSTONE GRIT 4 0 2 .
" I R A NI TE" 4 1 3 . 9 4

4 7 3 . 2 3 9 3 1 7 . 5 0 9 7 1 . 4

KIIGFITON F I ELD S  ( LE I C E S T E R )  ( 1 8 9 2 )  4 5 9 . 3  

P j X - S t r a n g w a y s  1 9 0  3 Le B a s  1 9 4 8

«SUPER
S I L U R I A N / C AMB RI A !

3 0 2 .  0 4 5 . 5 3

1 8 9 . 5 8
2 5 1 . 4 4  TD B l u e  a n d  b l a c k  s h a l e s ,  h i g h l y  i n c l i n e d .

r S I CE S T E R  FOREST EAST ( I C S  1 9 7 8 )  4 5 2 .  4 4

IG5 7 9 / 1 2

I LEISTOCENE  
T i l A S S I C  
I R I A S S I C
CAMBRI AN/ ORDOVI CIAN

3 0 2 .  ,9 3 1 0 4 . 3

2 .  81
1 1 9 . 5 1  M u d s t o n e / s i l t s t o n e .
1 5 4 . 8 4  S a n d s t o n e / n u d s t o n e .
1 7 9 . 0 0  TD P r o b a b l y  T r e n a d o c i a n ,  d a r k  g r e y  m u d s t o n e ,  d i p  c .  4 0 ,

c l e a v a g e  c .  5 0  i n  o p p o s i t e  d i r e c t i o n  t o  b e d d i n g .
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LEXtlAM ( 1 9 7 2 )  

CHALK
M J U R A S S I C  
L I A S
PRE CAMBRIAN

1 9 4 .  4 
3 1 4 .  1 
4 0 9 . 4  
4 3 7 . 4

5 8 5 .  0 3 1 8 .  C 7 9 .  7

LIMDRIDGE 1 ( 1 8 7 5 )

Le B a s  19(48

U EEUPER SANDSTONE 
(?ED m a r l  & GYPSUM 
L KEUPER SANDSTONE 
?  PRE CAMBRIAN

4 . 7  
2 0 . 1 
8 2 .  3
1 1 7 . 0  TD

4 4 7 .  2 3 0 d .

’ S l a t e y  r o c k s "  ? C h a r n i a n ,  d i p  7 0 .

LODGE FARM ( L E I CE S T E R )  ( 1 3 7 8 )  

R i c h a r d s o n  1 9 3 1  Le B a s  1 9 4 8

KEUPER MARL 
L KEUPER SANDSTONE 
S I L U R I A N / C A M B R I A N

4 4 0 . 8 3 0 4  . 2 4 4 . 0

1 9 0 . 4 5  
2 2 5 . 1 9
2 4 9 . 4 2  TD S h a l e s ,  s l a t o y  l o w e r  d o w n ,  h i g h l y  i n c l i n e d

MERRY LEES DRI FTS  1 , 2

B u t t e r l y  a n d  M i t c h e l l  1 9 4 4

NEW RED SANDSTONE 3 4 . 1 4
TREMADOCIAN

4 4 4 . 3 0 5 .  9 1 0 9 . 7  ( e n t r  a n c e )

B . O . D .  C .  3 7 7  ni. s l o p e  d i s t a n c e  3 . W .  o f  e n t r a n c e .  
H i g h l y  i n c l i n e d  w e a t h e r e d  s l a t e s  a t  t o p  t h e n  
d a r k  g r e y  h a r d  s h a l e s ,  T r e n a d o c  f a u n a .

MI LL LANE (HUNTINGDON) ( 1 9 4 4 )

I GS A n n .  R p t  1 9 4 5

NO SAMPLES 5 0 .  29
CORNBRASn 5 1 .  9
BLISWORTH CLAY 5 2 .  2
GT OOLITE 5 8 .  2 5
U & L ESTUARINE 4 7 .  8 9
U L I A S 8 0 .  5
(M) s  L L I AS 1 5 1 .  5

KEUPER MARL 1 7 2 . 4
- ORDOVICIAN 2 3 5 .  9

5 2  3 . 4 9 1 2 7 1 . 4  3 0 1 3 .  53

M u d s t o n e  d i p  3 0 ,  p e n d a n t  g r a p t o l i t e s  w i t h  
r a r e r  t r i l o h i t e s .

HOCTON 1

L e e s  a n d  T a i t  1"4 4

M J U R A S S I C  
L I A S  
RHAETIC  
NAMUR IAN 
D I N A N T IAN 
CAMBRIAN

5 0 5 . ] O' 3 4 / . 4 4 1 2 8 . 0 /

3 4 . 4 4
2 7 8 . 8 9
2 8 8 . 9 5
9 1 4 . 4 0
1 1 7 3 . 7 9  L i m e s t o n e  C l ,  ? S 2 .
1 1 8 1 . 7  TD B a n d e d  l i g h t  g r e y  f i n e  g r a i n e d  g u a r  t z i  t e s ,

1 i t h o l o g i c a l l y  s i m i l a r  t o  N u n e a t o n  g u a r t z i  t e s ,

NORTH CREAKE ( 1 9 4 5 )

K e n t  1 5 4  7

CRETACEOUS
J U R A S S I C
T R I A S
PRC CAMBRIAN

i 8 5 . 7 3 3 7 . 2 1 . 4 4

2 1 2 . 2 4  
54 5 .  5 9  
74 2 .  19
3 0  2 . 2 4  TD D a r k  g r e e n i s h  g r e y  t u f f  o f  C h a r n i a n  t y p e



216

ORTON ( 1 8 3 4 )  4 7 9 .  3 2 7 9 . ' "  1 " 4 . 7

H a r r i s o n  1 8 8 5  S u n n . P r o g .  G e o l  S u r v .  1 9 3 4  E v a n s  1 9 5 4

U L I A S  1 4 . 5 3
M L I AS  4 1 . 1 5
L L I AS  2 0 3 . 9 0
RHAETIC 2 0 9 . 7
KEUPER 2 1 8 . 1
PRE CAMBRIAN 2 4 0 . 5  TD Q u a r t z  p o r p h y r i t e  o r  q u a r t z  f e i s i t e ,  c l e a v a g e  7 0 .

ROTHERWOOD ( 1 9 7 7 )

I CS  7 8 / 2 1

NAMUR IAN  
0 1  N A N T I AM

U CAMBRIAN

4 3 4 . 5 8 0 3 1 5 . 5 8 7 1 0 9 .

5 1 . 4 9
1 7 3 . 9 0  4 n .  o £  g r e y  s s t .  S c o n g l .  w i t h  C a m b r i a n  p e b b l e s

a t  b a s e .
1 9 9 . 0 0  TD P r e  T r e n a d o c i a n  m u d s t o n e  ( l o w  g r a d e  s l a t e )  

b e d d i n g  d i p s  5 0 - 7 0 ,  c l e a v a g e  p e r p e n d i c u l a r  
t o  b e d d i n g .

SAPCOTE FREEHOLT ( 1 8 7 1 )  

H a r r i s o n  1 8 8 4  Le  b a s  1 9 5 8

4 4  5 .  3 2 9 4 . 3 9 8 .

T R I A S
PALAEOZOIC

1 5 4 . 5
5 0 4 . 5  TD ( D e p t h s  n a y  h e  w r o n g )  P r o b a b l y  S t o c k i n g f o r d  S h a l e s .

SOHAM ( 1 9 5 8 )

S u n n .  P r o g .  G e o l  S u r v .  1 9 5 5

5 5 9 . 2 8  2 7 4 . 4 3

S t u b b l e f i e l d  1 9 5 7

5 .  2

OXFORD CLAY 7 5 .  0
U ESTUARINE 9 9 .  5
L L I AS 1 3 2 . 9
NEW RED SANDSTONE 1 5 2 . 8
DEVONIAN 24 2 . 2

SOUTH CREAKE ( 1 9 5 9 )

CHALK 1 5 0 . 5
KIMMERIDGE CLAY 2 7 2 . 3
L I A S 54 5 .  5
P ERMO- TRI AS 7 3 9 .  1
?PRE CA.MPRIAN 7 7 2 . 4

5 8 5 . 7 5 3 3 4  . 4 1 . 8

SPALDI NG ( T e x a c o  1 9 7 1 )  

PLEI STOCENE
OXFORD CLAY & KELLAWAYS
U ESTUARIMES
L I N C S .  LIMESTONE
U L I A S
M ( L)  L I AS
RHAETIC
KEUPER
PERMO- TRI AS
? CAMBRIAN

1 3 . 1 1
9 4 . 1 3
1 1 5 . 1 3  
1 3 1 . 5 7  
1 7 8 . 5 1  
2 8 2 . 2 2  
3 3 5 . 8 8  
4 5 2 . 9 3  
4 9 2 . 3 9

5 2 4 . 3 4 4 3 1 4 . 7 8 1 1 .  9 7

B a s a l  c o n g l o m e r a t e ,
5 0 0 .  1 8  TD W h i t e  t o  l i g h t  g r e y  v e r y  h a r d  q u a r  t z i  t e ,
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s  PRO XT ON ( 1 9 4  5)  

F a l c o n  a n d  K e n t  1 9 5 0  

T R I A S
COAL MEASURES  
MILLSTONE GRI T  
? PRE CAMBRIAN

4 8 4 . 5 1 3 ? 3 . 91 1 3 0 . 5 4

5 2 8 . 2 2  
7 0 0 . 4 3  
7 1 4 . 1 5
9 1 3 . 0 5  TD M e t a n o r p h o s e d  t u f f s ,  m u d s t o n e s  a n d  

p h y l l i t i c  s h a l e s .

STIX-.VOULD

BOULDER CLAY 
U J U R A S S I C  
M J U R A S S I C  
L I A S  
RHAETIC

NAMURI AN 
D I N A N T IAN  
? CAMBRIAN

5 1 8 .  04  5 3 5 5 . 3 0 !

3 . 3 4
1 4 2 . 9 5
1 9 4 . 7 7
4 3 7 . 3 9  
4 4 5 .  5 2

1 3 8 5 . 3 4  
1 4 4 1 . 7 0
1 4 5 / . 2  TD G r e y / v / h i t e  f e l d s p a t h !  c  s a n d s t o n e ,

STOCKS HOUSE ( DESFORD)  ( 1 9 0 4 )  4 4 5 . 7  3 0 2 . 2  C . 12 2

R i c h a r d s o n  1 9 3 1  Le B a s  1 9 5 8

D R I F T  1 2 . 1 9
KEUPER ?
COAL MEASURES 14 0 . 2
MI LLSTONE GRI T 14 3 . 9
CARBONI FEROUS LIMESTONE 1 5 2 . 4
QUARTZ D I O RI T E  1 5 3 . 7  TD S a n e  p e t r o l o g y  a s  B a r r o w  H i l l  E a r l  S h i l t o n ,

TATTENHOE ( 1 9 7 0 )

I CS  A n n .  R p t .  1 9 7 9

PLEI STOCENE & RECENT
J U R A S S I C
TREMADOCIAN

4 8 2 . 8 9 2 3 4 . 3 7 , 1 0 2 . 4

3 9 . 0
1 4 2 . 8  M i n i n u n  d e p t h .
2 1 3 . 4  TD

THORPE BY WATER ( 1 9 7 2 - 3 )

IGS A n n .  R p t .  1 9 7 2  I GS 7 4 / 7

U L I AS  
M L I AS  
L L I AS  
RHAETIC  
KEUPER MARL 
? L PALAEOZOIC

4 8 8 . 5 7 2 * 5 . 4  8 5 3 . 0

3 .  5 5  
3 0 .  10  
2 2 1 .  4 5 
23^^
2 7 8 . 4 9
3 5 9 . 7 5  TD S t r o n g l y  c l e a v e d  s i l t s t o n e .

TOWCESTER 2 ( 1 9 5 4 )  4 7 1 . 7 9  2 4 1 . 9 7

S u n n .  P r o g .  G e o l  S u r v .  1 9 5 4  I GS A n n .  R p t .  1 9 5 5

1 2 5 .  8 3

KEUPER
TREMADOCIAN

2 7 0 .  2
2 9 9 . 4  TD M u d s t o n e ,  d i p  5 0  m a x .

TO'-'CESTER i n  ( DEANSHANCER)  ( 1 9 5 4  ) 4 7 5 .  5 2  2 3 9 .  8 0

G u n n .  P r o g .  G e o l  S u r v .  1 9 5 4  I GS A n n .  R p t .  1 9 5 5

1 9 . 5 9

L L I AS  
KEUPER  
TREMADOCIAN

1 1 5 . 7 5  
1 9 1 . 5 4
2 5 9 . 0 3  TD S h a l e s  a n d  s i l t s t o n e s .



218

rWYCROGS ( I G S  1 9 7 8 )

I GS 7 9 / 1 2

PLEI STOCENE
T R I A S S I C
PERMIAN
IGNEOUS ? S I L L  
? CAMBRIAN

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

1 7 . 4 0  
4 8 4 . 2 0  
5 C 3 . 30  
5 0 5 . 9 5
5 0 8 . 9 0  TD I n t e r b e d d e d  d a r k  p u r p l e  s i l t y  n u d s t o n e

a n d  p a l e  g r e e n i s h  g r e y  s i l t s t c n e ,  d i p  3:

UPtNOOD ( 1 9 5 5 )

I GS A n n .  R p t .  1 9 5 5  

D RI F T
OXFORD CLAY 
KELLAWAYS
BLISWORTU LIMESTONE 
U & L ES TUARI NES  
U L I AS  
M & L L I AS  
KEUPER MARL 
? PRE CAMBRIAN

5 2 4 . 3 3 2 8 3 . 0 4 5 .  2 5

I GS  7 3 / 1 2

1 . 22 
2 7 . 7 9  
3 3 .  2 7  
3 9 .  3 0  
5 1 . 5 9
7 5 . 0 5  
1 7 7 . 0 2
1 9 0 . 5  
2 1 3 . 9  TD V o l c a n i c  a g g l o m e r a t e  a n d  t u f f ,

WARBOYS ( 1 9 5 5 )

I GS A n n .  R p t .  1 9 5 5

5 2 9 . 0 3 2 7 8 .  3 9 2 1 . 1 8

Le  P a s  1 9 7 2

D R I FT 1 .  3
OXFORD CLAY 5 4 . 4 1
KELLAWAYS 7 0 .  3 3
iNREAT OOLITE 7 5 .  18
U & L  ESTUARINE 8 7 .  1 5
U L I AS 9 5 .  11
M & L LI AS 1 7 0 . 4  5
D I O R I T E 2 1 7 . 1 7 TD P r e s u m e d  C a l e d o n i a n ,  K- Ar 3 0 5  + -  1 0  M . Y r .

•■•IGGENtlALL ( T e x a c o  1 9 7 1 ) 5 5 9 .  4 1  3 1 5 .  3 7  3 .  84  (GL 2 . 4 4 )

D R I FT 1 3 . 1 1
K I M ' I D G E  & AMRTUILL CLAY 1 2 5 . 2 7
OXFORD CLAY 1 7 7 . 3 9
KELLAWAYS 1 9 8 . 9 8
M J U R A S S I C 1 9 8 . 1 2
L I A S 34 4 . 4  2
T R I A S S I C 4 3 4 .  54 S a n d s t o n e ,  c l a y  a n d  p e b b l e  b e d s .

F r a g m e n t s  o f  b a s e m e n t  a n d  p i n k  g r a n i t e  .
? P R E  CAMBRIAN 5 5 1 . 7 5 TD S l a t e  o r  m e t a - t u f f .

WISBECH ( T e x a c o  1 9 7 1 ) 5 4 0 .  5 5 0  3 0 8 .  4 2 5  2 .  7 2  (GL 1 . 1 8 )

D R I FT 1 5 . 7 5
U J U R A S S I C 1 1 4 . 9 1

J U R A S S I C 1 2 0 . 7 0
U L I AS 1 5 9 . 1 1
M L I AS 3 0 2 . 9 7
L L I AS 3 0 5 . 0 2
RHAETI C 3 0 7 . 2 4
T R I A S S I C 3 2 1 . 8 7
? BASEMENT 3 2 3 . 7 0 TD G r e y ,  v e r y  h a r d  q u a r t z i t e .

WI TTERI NG ( G a s  C o u n c i l  1 9 5 5 ) 5 0 4 . 9 2 0  3 0 1 . 3 4  5 5 2 . 9 1

I NF ERI OR  OOLITE 3 .  5 5
U L I AS 5 8 .  2 2
M & L LI AS 2 5 3 . 9 5
RHAETI C 2 7 8 . 2 8
KEUPER 2 9 4 . 7 4
? PRE CAMBRIAN 3 0 9 . 3 7 TD G r e y ,  f i n e  g r a i n e d  t u f f .
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WYROSTON ( 1 9 5  5)

S u n n .  P r o g .  G e o l  S u r v . 1 9 5 5

D RI F T 5 .  1
DXFORD CLAY 1 9 .  5
KELLAWAYS 2 5 .  0 7
CORNBRASH 2 7 . 4
GREAT OOLITE 3 2 .  0
Ü ES TUA R I N ES 4 2 .  2
IJ L I A S 5 3 . 5
L L I AS 1 1 0 .  5
(J ORS 1 8 1 . 1
U DEVONIAN 2 2 4 .  3
CAMBRIAN 2 3 5 .  5

5 1 5 .  1 2 5 7 .  5 1 5 . 5

FD D i p s  u p  t o  4 0 .

GAS COUNCI L HUNTINGDON S E R I E S  ( 1 9 5 4 )

G H 1 5 1 7 .  07(1 2 7 5 .  2 1 0  2 5 . 0

OXFORD CLAY 3 5 . 9
KELLAWAYS 4 0 .  8
CORNBRASH 4 3 . 0
PLISV. ’ORTH CLAY 4 3 . 9
BLI SWORTU LIMESTONE 4 9 . 7
U & L ESTUARINE 5 1 . 9
U L I AS 8 5 .  3
M L I AS 9 5 .  9
L L I AS 1 8 1 . 7
RHAETI C 1 8 4 .  1
KEUPER MARL 1 8 9 . 5
KEUPER SANDSTONE 1 9 8 . 7
? ORS 2 5 1 . 5  TD

G n 2 5 1 8 . 0 9 0 2 7 3 . 2 9 0  2 5 . 8

OXFORD CLAY 3 9 .  3
KELLAWAYS 4 3 . 9
CORNBRASH 4 5 . 4
BLI SWORTU LIMESTONE 5 3 .  3
U & L  ESTUARI NE 6 1 . 0
U L I AS 8 ^ ^
M L I AS 9 2 . 1
L L I AS 1 5 9 . 8
RHAETI C 1 7 5 .  0
KEUPER 1 8 4 . 1
? PALAEOZOIC 1 9 9 .  5

G H 3 5 1 8 . 9 3 0 2 5 " . < 5 0  2 3 . 8

OXFORD CLAY 3 9 .  3
KELLAWAYS 4 3 . 0
CORNBRASH 4 4 . 8
BLISWORTU LIMESTONE 5 5 .  5
U fi L ESTUARINE 5 0 . 7
U L I AS 7 7 .  1
M L I AS 84 . 7
L L I AS 151 . 2
PALAEOZOIC 18  3 . 8  TD D a r k  g r e y s i  1 t s t o n e .
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c  !1 4 5 1 8 . 9 0 0  2 5 9 . 2 2 0  1 9 . 5

OXFORD CLAY 3 5 .  7
KELLAWAYS 3 9 .  5
CORNBRASH / I .  5
BLISWORTU CLAY 4 3 .  U
BLISWORTU LIMESTONE 5 9 . 9
N & L  ESTUARINE 5 5 .  B
U L I AS r, 7.  7
M L I AS 7 3 . 8
L L I AS 1 2 4 . 4
? RUAETIC 1 2 5 .  n
DEVONIAN 1 5 5 . 5 TD

G U 5 5 2 0 . 9 0 0  2 5 3 . Ü9 0  2 3 . 0

OXFORD CLAY 4 3 .  5
KELLAWAYS 4 7 .  5
CORNBRASH 4 9 .  1
BLISWORTU CLAY 5 0 . 5
RLISWORTII LIMESTONE 5 9 . 7
U & L ESTUARINE 5 5 .  8
U L I AS 7 5 .  8
M L I AS 8 ^ ^
L L I AS 1 3 5 .  2
ORDOVI CI AN 1 8 1 . 4 TD G r e y  s i l t y  n u d s t o n e ,  d i p  4 5 - 5 0 .

C H 5 5 1 3 . 9 0 0  2 7 9 . 8 5 0  3 0 . 2

OXFORD CLAY 6 0 . 4
KELLAWAYS 54 . 5
CORNBRASH 5 5 . 8
BLISWORTU CLAY 5 8 .  5
BLISWORTU LIMESTONE 7 7 . 4
U £ L ESTUARINE 84 . 4
U L I A S 1 1 7 . 7
M L I AS 1 3 2 . 9
r. L I AS 2 3 4  . 4
RUAETI C 2 3 9 .  5
KEUPER + ? ORS 2 8 4  . 7 TD

G 1! 8 5 0 9 . 3 0 0  2 8 4 . 6 1 0  5 4 . 9

BOULDER CLAY 4 .  3
OXFORD CLAY 4 3 . 9
KELLAWAYS 4 9 . 1
CORNBRASH 5 0 . 9
BLISWORTU CLAY 5 2 . 7
BLISWORTU LIMESTONE 5 9 .  1
U & L  ESTUARINE 7 0 .  7
U L I AS 1 1 8 .  5

L I AS 1 3 7 . 8
L L I AS 2 5 9 . 7 '
RUAETI C 2 7 5 .  5
KEUPER + ? ORS 2 7 5 . 5 TD

G U ID 5 0  5 . 9 7  0 2 8 7 . 4  0 0  3 5 . 5

CORNBRASH 1 . 8
BLISWORTU CLAY 4 . 9
BLISWORTU LIMESTONE 1 1 . 0
U fi L ESTUARINE 2 ^ ^
U L I A S 7 7 .  7
M L I AS 1 0 0 .  0
L L I AS 2 4 4  . 4
RUAETI C 2 5 0 . 0
KEUPER MARL 2 5 5 .  2
KEUPER SANDSTONE 2 7 5 .  5
P A L A E O Z O I C / P R E  CAMBRIAN 2 8 8 . 0 TD
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n H 13 SOC.GSn 2 7 5 . 7 7 0  7%.0
BOULDRR CLAY 2 .  4
OXFORD CLAY 1 9 . 8
KELLAWAYS 2 4 .  1
RLISWORTH CLAY 2 ^ ^
DLISWORTH l i m e s t o n e 3 0 .  1
U & L  ESTUARINE 4 4 . 2
U L I AS 9 4 . 8
M LI AS 1 1 1 .  3
L LI AS 2 3 2 .  0
RHAETIC 2 3 8 . 0
XEUPER MARL + ? ORS 2 6 5 .  2 TD

CAS COUNCIL STANFORD S E R I E S  1 9 5 4 - 5

G S t  2 5 0 6 . 7 4  0 2 9 6 . 7 3 0 1 9 .  5

U L I AS 4 3 . 9
M L I AS 7 3 .  1
L L I AS 2 3 2 . 0
RHAETIC 2 4 4  . 1
KEUPER MARL 2 4 7 .  5
KEUPER SANDSTONE 2 5 3 .  0
P A LA EOZOI C / P R E CAWPRIAN 2 6 8 . 8 TD

G S t  3 5 0 7 . 1 2 0 2 9 9 . 2 2 0 2 1 . 9

LI NC S  LIMESTONE 0 .  S
L ESTUARINE 6 . 7
U L I AS 5 3 . 9
N LI AS 8 3 .  5
L L I AS 2 5 2 .  1
RHAETIC 2 6 4  . 0
KEUPER MARL 2 7 3 . 7
KEUPER SANDSTONE 2 8 7 . 7
P A LACOZOI C/ PRE CAMSRIAN 2 8 9 . 6 TD

G S t  10 5 0 6 . 5 8 0 3 0 0 . 9 6 0 2 4 . 4

HEAD 1 . 8
U L I AS 3 4 .  1
M L I AS 6 3 .  1
L L I AS 2 3 2 . 3
RHAETIC 24 3 . 2
KEUPER MAEL 2 5 2 . 4
KEUPER SANDSTONE 2 7 6 .  1
P A LA EOZOI C / P R E CAMBRIAN 2 7 9 .  2 TD
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APPENDIX 1.2

3 I L L E S D 0 N 4 7 0 . 8 3 0 2 .  2 c .  1 5 0

R i c h a r d s o n  1 9 2 5

D R I FT  
L LI AR  
( L)  RHAETIC  

KEUPER MARL

5 .  3 
2 1 5 .  7 
2 1 8 .  2 
2 9 5 . 4  TD

BINGHAM 1 4 7 2 . 5 2 3 3 9 . 3 5 2 5 .  59

NAMUR IAN  
D I N A N T I A N

8 7 3 . 8 5  
1 3 1 4 . 7  TD

BLETC.HLEY ( 1 8 3 7 ) 4 8 5 . 0 4 2 3 3 . 7 7 2 4 . 1

J u k e s - B r o w n  1 8 8 9

OXFORD CLAY 
E S TUARI NE S C R I E S  
M L I AS

4 5 .  1 
5 8 .  5
1 2 5 . 0  TD G r a n i t i c p e b b l e s  a t b a s e .

HANGIMGHILL FARM ( 1 9 7 C ) 4 3 1  . 34 5 3 1 5 . 7 1 8 1 2 7 . 1 4

I GS  A n n .  R p t  1 9 7 0

U COAL MEASURES  
M COAL MEASURES

1 5 .  34 
1 5 5 . 7 5  TD

HATHERN 1 ( 1 9 7 0 ) 4 5 1 . 5 8 3 2 4 . 1 5 / " . 0 2

KEUPER MARL 
COAL MEASURES  
MI LLSTONE GRI T  
CARBONI FEROUS L I ^E R T

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

ONE 5 3 1 . 5  t D

HOTON MILLS ( 1 9 7 4 ) 4 5 5 .  7 5 3 2 1 . 8 2 7 0 . 1 0

J o n e s  1 9 3 1

T R I A S
MI LLSTONE GRI T

1 9 8 .
2 5 0 . 4  TD

KETTERING ROAD KINGS THORPE 4 7 7 . 2 5 2 .  5 84 . 7 3

W o o d w a r d  a n d  T h o m p s o n  1 9 0 9

NORTHAMPTON SAND
U L I AS
M L I AS
L L I AS
RHAETIC
T R I A S
L CARBONIFEROUS

5 .  5 
5 2 .  1 
8 2 .  5 
2 2 4 . 9  
2 3 ^ 2  
2 4  5 .  5 
2 5 9 . 4  TD

LONG CLAWSON ( 1 9 4 3 ) 5 4 .  2

L e e s  S T a i t t  1 9 4 5

T R I A S S I C  4 1 7 . 5
? PERMIAN 4 2 5 . 7
COAL MEASURES 0 5 4 . 4
MI LLSTONE GRI T 1 3 3 2 . 0
CARBONI FEROUS LIMESTONE 1 4 3 4 . 1  TD
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MELBOURNE A ( I C S  1 9 G 6 )

I CS  A n n .  R p t  1 9 6 6

PERMO- TRI AS  
L COAL MEASURES  
MI LLSTONE GRI T

4 3 8 .  2

4 . 9
7 .  0
1 0 1 . 0 6  TO

3 2  3 .  74 8 9 .  1 5

MELBOURNE B ( I C S  1 9 6 6 ) 4 3 8 .  21 32  3 .  74 8 9 .  3

I GS A n n .  R p t  1 9 6 6

MILLSTONE GRI T  
CARBONI FEROUS LIMESTONE

14 0 . 6  
1 6 9 . 2 5  TD

PARSONS DROVE 5 3 7 . 9 3 3 1 0 . 5 2 1 .  8 5

I GS 8 0 / 1 1

D R I F T
U J U R A S S I C
OXFORD CLAY & KELLAWAYS 
GT OOLITE £, U ES TUARI NE  
LI NCOLNS HI RE LIMESTONE  
U L I AS

1 7 . 8
2 ^ ^
9 ^ ^ 2  
1 0 7 . 7 5
1 3 3 . 1 0
1 4 9 . 1 1  TD

R ATC LI FFE COLLEGE ' 6 2 . 3 5 3 1 5 . 0 5 9 5 .

R i c h a r d s o n  1 * 2 6

D R I F T
KEUPER

2 7 .  0 
7 3 . 0  TD

SOUTtiCREY 5 6 9 .  3 2 9 6 . 5 3 .  0

S u n n .  P r o g .  G e o l  S u r v .  1 9 2 2

CHALK
KI Mv ERIOGE CLAY 
OXFORD CLAY 
L L I AS

1 2 .  2 
6 9 .  5 
1 4 6 .  0 
2 0 / 1 . 2  TD

Tl iORNEY ( 1 9 0 8 ) 5 2 5 .  3 3 0 5 .  6 C.  2 . 0

k.'hi t a k e r  1 9 2 2

D R I F T
OXFORD CLAY 
GT OOLITE  
U ESTUARINE  
I NF E R I OR  OOLITE

1 .  60  
4 6 .  71
6 0 .  0 
6 6 . 0  3 
8 2 .  2 4  TD

WES TFI ELD LANE (NCB) 4 9 1 . 9 9 0 3 4 1 . 7 2 1 ?

NAMURIAN
DI N A NTI A N  LIMESTONE

54  3 .  0 0  
6 7 9 . 6 0  TD

WIDMERPOOL ( 1 9 4  5) 4 6 3 . 6 5 7 3 2 9 . 5 0 3 8 1 . 0 0

F a l c o n  a n d  K e n t  1 9 6 C

KEUPER MARL 
B (PITER
COAL MEASURES  
MI LLSTONE GRIT  
CARBONI FEROUS LIMESTONE

24 6 .  04  
3 1 0 . 8  
5 9 2 . 5  
1 3 2 5 . 8 8  
1 8 9 1 . 0  TD L o w e r  C a r b o n i f e r o u s L i m e s t o n e  S h a l e s .
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2 1 2  MELTON S P I NN E Y  ( 1 9 7 6 )  4 7 6 . 7 5 4  3 2 2 . 5 6 6  1 2 3 . 5 0

BOULDER CLAY 5 5 .
L L I A S  2 7 4 . 5
RHAETIC 2 7 7 . 5
KEUPER MARL 4 2 6 .
KEUPER SAT.'DSTONE 4 6 5 .
BUNTER 5 2 7 . 9
COAL MEASURES 6 1 9 . 4  5 TD

2 1 3  SCALFORD STATI ON 4 7 5 . 4 8 1  3 2 3 . 8 7 5  1 2 7 . 1 8

M & L L I AS  2 6 7 . 5
RHAETIC 2 7 6 . 2
" S U P ER  MARL 4 4 6 . 3
KEUPER s a n d s t o n e  4 9 7 .
BUNTER 5 3 0 . 7
COAL MEASURES 7 9 6 . 2 3  TD

2 1 4  WYCOMR 4 7 7 . 7 3 0  3 2 4 . 3 0 4  1 3 1 .

T R I A S S I C  5 5 8 .
COAL MEASURES 7 0 9 . 7  5 TD

2 1 5  BROUGHTON LODGE ( 1 9 7 4 )  4 7 0 . 3 2 3  3 2 5 . 3 0 2  6 8 . 4 6

L I A S  1 3 0 . 5
RHAETIC 1 4 3 . 2
KEUPER MARL 3 1 3 . 0
KEUPER SANDSTONE 3 5 4 . 3
BUNTER 4 2 2 . 3
COAL MEASURES 6 9 1 . 8 9  TD

2 1 6  LONG CLAWSON WI NDMI LL ( 1 9 7 4 )  4 7 2 . 7 2 1  3 2 7 . 0 5 5  7 1 . 9 5

L I AS  1 4 1 .
RHAETIC 1 4 3 .
KEUPER MARL 3 1 5 .
KEUPER SANDSTONE 3 6 6 . 6
BUNTER 4 3 2 .
COAL MEASURES 6 1 0 . 0 5  TD

2 1 7  WELBY CHURCH 4 7 2 . 2 6 0  3 2 0 . 8 3 6  1 0 8 . 0 3

RHAETIC 1 8 0 . 7 2
BUNTER 4 0 0 . 0  3
PERMIAN 4 1 3 . 2 7
COAL MEASURES t o  TD
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2 0 5  A S F OR CHY F ARM ( 1 9 7 6 )  4 7 1 . 7 5  3 2 0 . 2 1  1 0 7 . 1 9

RHAETIC 1 7 9 . 0
KEUPER 3 7 1 . 5
PUNTER 4 1 3 .
COAL MEASURES c . 6 2 0 .
MILLSTOME GRI T 6 5 0 . 3 0  TO

2 0 6  GLEBE FARM ( 1 9 ^ 6 ) 4 7 * . 8 5 0  3 2 1 . 4 0 0  1 3 2 . 6

BOULDER CLAY 4 0 .
L L I AS  1 9 5 . 7
RHAETI C 2 0 1 . 7
KEUPER MARL 3 6 5 .
KEUPER SANDSTONE 4 1 2 .
BUNTER 4 4 4 . 0 3
COAL MEASURES 6 5 0 . CO TD

2 0 7  GREAT PRAMLANDS ( 1 9 7 6 )  4 7 4 . 5 7 2  3 2 2 . 2 0 9  1 3 1 . 7 1

BOULDER CLAY 4 0 . C
L L I A S  2 7 2 . 3
RHAETIC 2 7 5 .
KEUPER MARL 4 3 5 .
KEUPER SANDSTONE 4 3 0 .
BUNTER 5 1 9 . 9 9
COAL m e a s u r e s  74 3 .
MI LLSTONE GRI T 8 9 3 . 5 6  TD

2 0 3  HOLWELL MOUTH 4 7 2 . 6 8 9  3 2 4 . 1 4 5  c . 1 5 0 .

T R I A S  5 1 6 . 5
COAL MEASURES 6 7 9 . 3 9  TD

2 0 9  STONEPTT S P I NN E Y  ( 1 9 7 6 )  4 7 * . 3 7 4  3 2 3 . 5 2 6  1 6 3 . 0 9

BOULDER CLAY 5 .
M L I A S  2 0 .
L L I AS  24 2 .
RHAETIC 2 5 3 .
KEUPER MARL 4 2 3 .
KEUPER SANDSTONE 4 7 1 . 5
BUNTER 5 0 2 .
COAL MEASURES 6 5 4 . 5 2  TD

2 1 0  WARTNABY ( 1 9 7 6 ) 4 7 1 . 4  7 6 3 2 2 . 4 3 0 1 4 2 .  3

BOULDER CLAY
L L I A S
RHAETIC
KEUPER MARL
KEUPER SANDSTONE
BUMTPR
COAL m e a s u r e s

2 0 .
2 4 2 .
24 5 .  
3 6 0 .
4 0 1 .
4 3 8 .
64  2 .  8 3

A p p r o x  5 0

TD

n . l o s t b y  f a u l t i n g

2 1 1  WELBY ( 1 9 7 5 ) 4 7 3 .  34 4 3 2 0 . 7 4 1 1 1 5 . 5 3

L L I AS
RHAETIC
T R I A S S I C

1 9 0 .
2 1 4 .
4 3 3 . 1 5

COAL MEASURES 5 9 1 . 0 0  TD
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G S t  15

D R I F T 3 . 7
M LI AS 2 7 . 4
L L I AS 2 1 5 .  5
RHAETIC 2 2 7 . 1
KEUPER MARL 2 4 6 .  3

G S t  16

U L I AS 5 9 . 4
•/' LI AS 9 0 . 8
L L I AS 2 7 0 .  1
RHAETIC 2 8 2 . 9
KEUPER MARL 2 9 0 .  5

4 0 0 . 0 3 0  3 0 3 . 6 3 0  2 0 . C

5 0 6 . 3 0 0  3 0 3 . 2 0 0  3 0 . 4

NATI ONAL COAL BOARD NORTH EAST L E I CE S T E R S H I RE  PROSPECT

2 0 0  cni MSTON ( 197G)  4 6 0 . 5 2 2  3 2 0 . 8 9 5  9 6 . 1 5

L L I AS  1 3 8 . 0
RHAETI C 1 4 4 . 5
KEUPER MARL 3 1 8 . 8
KEUPER SANDSTONE 3 5 6 . 0
BUNTER 4 0 1 . 5
COAL MEASURES 5 9 2 . 9 0  TD

2 0 1  GREEN HI LL ( 1 9 7 5 )  4 6 9 . 3 2 3  3 2 3 . 0 5 6  1 4 9 . 6

BOULDER CLAY 3 0 . 0
T. L I A S  24 7 . 4
RHAETIC 2 5 2 . 0
KEUPER MARL 4 1 0 . 6
KEUPER SANDSTONE 4 5 3 . 5
BUNTER 5 0 7 . 6 5
COAL MEASURES 6 9 7 . 5 9  TD

2 0 2  HATTON LODGE ( 1 9 7 6 )  4 6 9 . 3 2 8  3 2 4 . 5 9 7  3 0 . 5 7

L L I AS  1 8 1 . 5
RHAETIC 1 8 4 . 8
KEUPER MARL 3 3 0 .
KEUPER SANDSTONE 3 7 7 . 5
BUNTER 4 3 1 . 2 5
COAL MEASURES 5 4 8 . 0 3  TD

2 0 3  PERKI NS LANE ( 1 9 7 6 )  4 6 8 . 0 8 0  3 2 2 . 4  3 8  1 5 5 . 2 7

BOULDER CLAY 3 . 0
M L I AS  1 5 . 0
L L I AS  2 5 1 . 0
RHAETIC 2 5 6 . 5
" EUPER MARL 3 7 4 . 5
KEUPER SANDSTONE 4 2 0 . 0
BUNTER 4 5 2 . 8
COAL MEASURES 6 2 2 . 4  6 TD

2 0 4  An KETTLEBY ( 1 9 7 6 )  4 7 2 . 6 2 8  3 2 2 . 6 2 3  1 3 1 . 7 1

BOULDER CLAY 4 0 . 0
L L I AS  2 6 2 . 5
RHAETIC 2 6 6 . 4
KEUPER MARL 4 2 8 . 0
KEUPER SANDSTONE 4 7 5 . 5
BUNTER 5 0 7 . 3 7
COAL MEASURES 6 7 2 . 0 1  TD
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G il 14 5 0 1 . 4 7 0 2 7 8 . CCO 6 6 . 1

BOULDCU CLAY 
OXFORD CLAY 
KELLAWAYS  
CORNBRASH 
RLISWORTH CLAY 
BLISWORTU LIMESTONE  
U & L  ESTUARI NE  
NORTHAMPTON SAND 
U L I AS  
M LI AS  
L L I AS  
RHAETIC  
KEUPER MARL

1 . 3
7 . 0  
1 2 .  5
1 4 . 0
1 6 . 3  
2 2 .  9
3 1 . 4  
3 2 . 9  
8 6 .  9 
1 0 5 .  5 
2 3 5 .  0 
2 4 1 . 7  
2 7 4 . 3  TD

CAS COUNCI L S t .  NEOTS S E R I E S  1 9 6 4 - 5

G Ne  1 4 9 6 . 6 3 0 2 7 0 . 0 0 0 4 7 .  G

L I A S  1 7 5 . 3
KEUPER 1 9 5 . 1
CARBONI FEROUS LIMESTONE 2 0 0 . 0  TD

G Ne  2 4 9 9 . 5 0 0 2 7 2 . 3 3 0 4 4 . 8

RHAETIC  
KEUPER MARL

1 0 7 .  5 
1 9 3 . 6  TD

CAS COUNCI L STAMFORD S E R I E S  1 9 6 4 - 5

S t  1 5*/.7- 2 9 3 . 0 1 0 1 9 .  5

DRI F T
NORTHAMPTON SAND
U L I A S
M L I AS
L LI AS
RHAETIC
KEUPER

5 . 3  
7 . 9  
<4 . 9
9 2 . 3  
2 4 7 .  5 
2 6 4  . 0  
2 9 2 .  0

G S t  4 5 0 1 . 6 1 0 2 9 ” . 7 8 0 !. 1

LI NC OLN S HI R E LIMESTONE 6 . 1  
L ES TUARI NE 1 1 . 9
NORTHAMPTON SAND 1 5 . 3
U L I AS  7 6 . 3
M L I AS  1 0 7 . 9
L L I AS  2 7 0 . 9
RHAETI C 2 3 2 . 9

St  3 4 9 9 . 2 0 0 3 0 1 . 7 6 0 63.  1

LI NC OLN S HI R E LIMESTONE 3 . 3  
L E S TUARI NE 4 . 6
NORTHAMPTON SAND 8 . 5
U L I AS  5 2 .  1
M L I AS  0 5 . 3
L L I AS  2 7 0 . 1
RHAETIC 2 7 * . 2
KEUPER 2 9 0 . 5  TD
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WYSALL 2 4 6 0 . 7 7  5 3 2 7 . 7 5 7 6 .  8

KEUPER 3 1 0 .
COAL MEASURES 4 6 7 .  9
MI LLSTONE GRI T 5 0 2 . 3  TD

GAS COUNCIL HUNTINGDON S E R I E S  ( 1 9 6 4 )

C H 7 5 1 1 . 5 4  0 2 8 3 . 0 7 0 4 3 .  0

OXFORD CLAY 2 9 .  3
KELLAWAYS 3 4 .  4
CORNERASH 3 5 . 7
nLIS' ,VORTH CLAY 3 7 .  2
BLISWORTU l i m e s t o n e 4 3 . 6
U & L  ESTUARINE 5 4 .  3
? NORTHAMPTON SAND 5 7 .  3
U L I A S 9 7 . 0
M L I AS 1 1 5 .  8
L L I AS 2 2 8 .  6
P HAETI C 2 3 7 .  4
KEUPER 2 6 7 . 3  TD

G H 9 5 0 8 . 4  2 0 2 8 5 . 5 0 0 6 9 . 8

BOULDER CLAY 6 .  1
OXFORD CLAY 5 2 .  1
KELLAWAYS 5 7 .  0
CORNBRASH 5 8 .  0
BLISWORTU CLAY 6 0 . 7
BLISWORTU LIMESTONE 6 7 .  1
U & L  ESTUARI NE 7 8 .  3
U L I AS 1 2 4 . 4
M L I A S 14 3 .  3
L L I AS 2 6 6 .  1
RHAETIC 2 7 1 .  6
KEUPER 2 9 1 . I TD

G II 11 5 0 4 . 4  60 2 8  5 .  74  0 3 6 .  0

CORNBRASH 0 . 9
BLISWORTU CLAY 3 . 7
BLISWORTU LIMESTONE 9 . 4
U & L  ESTUARI NE 2 7 .  1
U L I AS 7 9 .  6
M L I AS 1 0 3 . 0
L L I AS 2 4 4  . 4
RHAETIC 2 6 5 .  2
KEUPER 2 7 4 . 3  TD

G H 12 5 0 4 . 9 8 0 2 * 0 . 1 7 0 4 5 .  7

BOULDER CLAY 1 . 2
OXFORD CLAY 3 6 .  6
KELLAWAYS 4 2 . 4
CORNBRASH 4 4 . 2
BLISWORTU CLAY 4 6 .  6
BLISWORTU LIMESTONE 5 2 . 7
U & L ESTUARINE 6 0 . 7
U L I AS 1 1 1 . 9
M LI AS 1 2 9 . 8
L L I AS 2 5 5 .  1
RHAETIC 2 6 2 .  1
KEUPER 2 6 9 . 4  TD
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APPENDIX TWO

GRIDDING AND CONTOURING ROUTINES

The way i n  which i r r e g u l a r l y  spaced  d a t a  i s  co n to u r e d  

can a f f e c t  t h e  d a t a  and hence  any models  f i t t e d  t o  t he  d a t a .  

The g r a v i t y  and m ag ne t i c  d a t a  used f o r  t he  m o d e l l i n g  in 

c h a p t e r  8 were  from th e  GINOSURF g r a p h i c s  l i b r a r y  and a r e  

d e s c r i b e d  b r i e f l y  h e r e .

GINOSURF i s  an append ix  t o  t he  GINO-F g r a p h i c a l  sys tem 

and c o n t a i n s  a number o f  f u n c t i o n s  t o  g r i d  and t he  c o n to u r  

i r r e g u l a r l y  spaced  d a t a .

Gr id d i ng

The g r i d d i n g  i s  done by means o f  t h e  RANGRD r o u t i n e .  

The z v a lu e  o f  each  node on an x-y  g r i d  i s  d e t e r m i n e d  from a 

l e a s t  s q u a r e s  f i t  o f  a p a r a b o l i c  s u r f a c e  t o  t he  we igh ted  

d a t a  p o i n t s .  The w e i g h t i n g  (W) i s  g i v en  by;

W = (S-D)^/D where  S i s  t h e  r a d i u s  o f  t h e  c i r c u l a r  

s e a r c h  a r e a  and D i s  t h e  d i s t a n c e  to  t he  d a t a  p o i n t .

A minimum o f  f o u r  p o i n t s  a r e  r e q u i r e d  f o r  a s o l u t i o n  bu t  in  

p r a c t i c e  t he  v a l u e  o f  S i s  i n c r e a s e d  u n t i l  s i x  p o i n t s  a r e

found .  The v a l u e  o f  S i s  d e t e rm i n e d  by t h e  a l g o r i t h m  such 

t h a t  t h e r e  i s  an a v e r a g e  o f  24 p o i n t s  in  any c i r c u l a r  s e a r c h  

a r e a .  24 i s  t h e  p r e f e r r e d  v a l u e  s i n c e  a t  t h e  c o r n e r s  o f  t he  

g r i d  t he  q u a r t e r  c i r c l e  s e a r c h  a r e a  shou ld  s t i l l  c o n t a i n  6 

p o i n t s ,  t h i s  a v o i d s  t h e  need f o r  f r e q u e n t  ch anges  o f  S. 

I n c r e a s i n g  t he  number o f  p o i n t s  w i t h i n  t h e  s e a r c h  a r e a  

i n c r e a s e s  t he  d e g re e  o f  sm oo t h in g .
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Con t ou r ing

Co n t ou r s  a r e  drawn t h r o u g h  t h e  g r i d d e d  d a t a  by t he  

r o u t i n e  DRACON. The p o i n t  a t  which t h e  c o n t o u r  e n t e r s  each 

g r i d  r e c t a n g l e  i s  d e t e r m i n e d  by l i n e a r  i n t e r p o l a t i o n  a long 

t he  s i d e  o f  t h e  r e c t a n g l e .  The c o n t o u r  i s  t hen  t r a c e d  

t h ro ug h  t h e  r e c t a n g l e  by i n t e r p o l a t i o n  on t he  d i a g o n a l s  and 

t h e n  ou t  t h ro ug h  a n o t h e r  s i d e .  I t  i s  t h e r e f o r e  i m p o r t a n t  

t h a t  t he  g r i d  mesh i s  s u f f i c i e n t l y  sm a l l  f o r  l i n e a r  

i n t e r p o l a t i o n  t o  be v a l i d  and ,  i n  g e n e r a l ,  f i n e  enough t h a t  

a c o n to u r  w i l l  no t  c r o s s  a mesh l i n e  more t han  once between 

a d j a c e n t  g r i d  p o i n t s .  C l e a r l y  t h e  g r i d  must  be s m a l l e r  t han  

t h e  d i m e n s i o n s  o f  t h e  s m a l l e s t  anomaly t h a t  i s  t o  be 

p r e s e r v e d  in t he  c o n t o u r i n g .

F u l l  d e t a i l s  o f  t h e s e  r o u t i n e s  can be found in t he  

GINOSURF u s e r  manua l .  U n i v e r s i t y  o f  S a l f o r d  Computer C e n t r e .
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APPENDIX THREE 

EAST MIDLANDS XRF ANALYSES

Table  A2.1 c o n t a i n s  s i x  a n a l y s e s  made on t he  L e i c e s t e r  

XRF s p e c t r o m e t e r  o f  s amp le s  o f  g r a n i t i c  r ocks  from the  Eas t  

M i d l a n d s •

The a n a l y s e s  a r e  n o t  d i r e c t l y  r e l e v a n t  t o  t he  work 

d e s c r i b e d  in  t h i s  t h e s i s  and a r e  on ly  i n c l u d e d  he r e  f o r  t he  

r e f e r e n c e  o f  any f u t u r e  worke r s  on t h e  g e o c h e m i s t r y  o f  

t h e s e  r o c k s .

The s amp le s  were a l l  p e l l e t s ;  t h e  a n a l y s e s  were made 

on 27-11-81  (major  e l e m e n t s ) , 05-12-81  ( t r a c e  e l e m e n t s  

Nb-Zn) and 04 -10 -82  ( t r a c e  e l e m e n t s  C r - B a ) .

The Warboys sample  was from near  t h e  t op  o f  t he  

i n t r u s i o n  and t h e r e f o r e  one o f  t h e  l e a s t  a l t e r e d  (Le Bas 

1972 ) .

FegOg i s  t o t a l .

P e l l e t  Sample l o c a t i o n

L825 Buddon Wood Qua r ry ,  M o u n t s o r r e l .

L826 Buddon Wood Qua r ry ,  M o u n t s o r r e l .

L827 Ki rby  Lane b o r e h o l e ,  ( L e i c e s t e r  sample  no.  71583 ) .

L828 C r o f t  Quar ry  ( t o n a l i t é ) .

L829 Enderby Quar ry  ( m i c r o t o n a l i t e ) .

L830 Warboys b o r e h o l e ,  173 m below OD, (IGS BX 7294 ) .
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wt% L825 L826 L827 L828 L829 L830

S iOj 69 .3 69 .5 67 .9 62 .6 59 .2 50.8

T i 0 2 0 .46 0 .44 0.50 0 .57 0.64 0 . 8 6

A1 2 O3 14.5 13.9 15 .4 16 .2 15 .4 13 .5
FejOg 2.64 2 .52 3.46 4 .24 5 .29 9 .76
MnO 0.058 0 .059 0 .019 0.076 0.084 0 .136
MgO 1.7 1 . 8 1 .4 3 .1 4 .8 9 .4
CaO 2 . 8 8 1 .80 1 .06 3.73 4.14 8.97
Na 2 O 4.01 3 .49 3.01 4.28 3 .29 1 .83
K2 O 3.297 3 .833 5.075 2.186 2 .539 1 .219

P 2 O5 0.124 0 . 1 1 1 0 . 1 1 1 0.196 0 . 2 0 2 0.181

TOTALS 98.97 97 .45 97.94 97.18 95.58 96 . 6 1

PPM
Nb 9 .6 9 .2 9 .2 8 . 8 7 .9 9 .0
Zr 168. 136. 134. 166. 158. 105.
Y 29.6 25 .0 24 .5 2 2 . 0 17 .6 19 .7
Sr 272. 192. 136. 540. 472. 214.
U 3. 3. 2 . 3. 3. 3.
Rb 120.5 120 .5 165 .5 62.0 43 .7 25 .3
Th 13. 13. 1 2 . 6 . 7. 4.
Pb 18. 13. 1 2 . 6 . 7. 4.
Gs 16.3 15.1 14.6 17.7 17.0 17 .8
Zn 42. 34. 24. 67. 63. 83.
Cr 1 0 . 1 0 . 18. 1 1 . 28. 215.
V 48. 48. 46. 78. 1 1 2 . 270.
La 33. 30. 26. 26. 2 1 . 13.
Ce 64. 61. 50. 58. 47. 31.
Nd 27. 24. 2 1 . 26. 23. 16.
Ba 593. 645. 754. 483. 476. 246.

Tab l e  A2 .1 : XRF a n a l y s e s


