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Four  c o re s  and seven c u t t i n g s  samples c o n t a i n i n g  m i g r a t e d  h y d ro c a rb o n  were
s u p p l i e d  f o r  c o r r e l a t i o n  o f  t h e  h y d ro c a rb o n s  fo u nd  i n  w e l l  3 0 /6 - 1 1  w i t h
two o i l  samples f r o m  w e l l  3 0 / 6 - 4 .  C h ro m a to g ra p h ic  s e p a r a t i o n  and GC, GC-MS 

13and 6 C i s o t o p e  a n a l y s e s  were p e r f o rm e d .  The h i g h e s t  abundance o f  h y d r o 
c a rbons  was seen i n  t h r e e  o f  t h e  c o r e s .  The s h a l l o w e s t  c o re s  a r e  t h o u g h t  
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and p o s s i b l y  one o f  t h e  c o re s  show c h a r a c t e r i s t i c s  s i m i l a r  t o  t h e  o i l s .
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1. INTRODUCTION

Four  c o re s  and seven c u t t i n g s  samples f ro m  w e l l  3 0 /6 -1 1  were s u p p l i e d  
f o r  c o r r e l a t i o n  pu rposes t o g e t h e r  w i t h  two o i l  samples f ro m  w e l l  3 0 / 6 - 4 .  
The a im o f  t h e  s t u d y  i s  t o  compare t h e  c h a r a c t e r i s t i c s  o f  t h e  m i g r a i e d  
hy d ro c a rb o n s  i n  t h e  3 0 /6 - 1 1  samples w i t h  t h o s e  o f  t h e  two o i l s .  A l i s t  
o f  t h e  sample codes and dep th  i n t e r v a l s  i s  g i v e n  i n  T a b le  1.

C h ro m a to g ra p h ic  s e p a r a t i o n ,  GC and GC-MS a n a l y s e s  were p e r f o r m e d .  S i x  
o f  t h e  c u t t i n g s  samples a r r i v e d  i n  c a n s ,  and t h e  samples d i d  a l l  c o n t a i n  
w a t e r  w i t h  a r e l a t i v e l y  d a r k  c o l o u r .  Fo r  t h e s e  samples b o th  t h e  w a t e r  
and t h e  c u t t i n g s  were e x t r a c t e d  s e p a r a t e l y  t o  compare amounts and d i s t r i 
b u t i o n  o f  h y d r o c a r b o n s .

Some o f  t h e  samples gave t o o  low  c o n c e n t r a t i o n s  o f  e x t r a c t a b l e  o r g a n i c
m a t t e r  f o r  us t o  be a b l e  t o  p e r f o r m  a l l  t h e  sugges te d  a n a l y s e s .  I t  was 

13d e c id e d  t o  do 6 C i s o t o p e  a n a l y s e s  r a t h e r  than  f u r t h e r  HPLC s e p a r a t i o n  
o f  t h e  a r o m a t i c  h y d ro c a rb o n s  f o r  t h e s e  sam p le s .  Some samples c o n t a i n e d  
even t o o  sm a l l  amounts f o r  t h e  i s o t o p e  a n a l y s i s ,  and o n l y  GC and GC-MS 
r e s u l t s  were o b t a i n e d  f o r  t h e s e  samp les .

13T h i s  f i n a l  r e p o r t  i n c l u d e s  th e  6 C i s o t o p e  a n a l y s e s .

For  a l l  t h e  o t h e r  d a ta  t h a t  was r e p o r t e d  p r e v i o u s l y  we r e f e r  t o  t h e  
p r e l i m i n a r y  r e p o r t  ( 0 5 . 0 1 4 7 / 1 / 8 3 ) .

0 8 7 / p / a h / l
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2.  EXPERIMENTAL

2 .1  E x t r a c t a b l e  O rg a n i c  M a t t e r

The e x t r a c t i o n  o f  t h e  c o re s  was p e r fo rm e d  on t h e  i n n e r  p a r t  o f  t h e  c o r e s ,  
t h u s  o m i t t i n g  c o n t a m i n a t i o n  f r o m  th e  waxed s u r f a c e s .

A p p r o x l m a t e l y  50gm o f  powdered r o c k  was e x t r a c t e d  by a u l t r a s o n l c  probe 
f o r  3 m in u te s  u s l n g  d l c h l o r o m e t h a n e  (DCM) as s o l v e n t .  The DCM used was 
o f  o r g a n i c  ge ochemlca l  grade  and b l a n k  a n a l y s e s  showed t h e  o c c u r r e n c e  
o f  n e g l l g l b l e  amounts o f  c o n t a m l n a t l n g  h y d ro c a rb o n s .

A c t l v a t e d  co p p e r  f l l l l n g s  were used t o  remove any f r e e  s u l p h u r  f r o m  the  
samples.

The c u t t l n g s  samples were e x t r a c t e d  by c a r e f u l  wash lng  w i t h  DCM, I n s t e a d  
o f  u s l n g  t h e  u l t r a s o n l c  p ro be  on c ru she d  samples.  P r i o r  t o  t h e  wash lng  
t h e  c o a l y  p a r t  o f  t h e  c u t t l n g s  was removed by heavy l l q u l d  s e p a r a t i o n .
In  a d d l t l o n  t h e  w a t e r  t h a t  f i l l e d  t h e  cans o f  6 o f  t h e  samples were e x 
t r a c t e d  by s h a k ln g  w i t h  DCM.

A f t e r  e x t r a c t i o n  t h e  s o l v e n t  was removed on a Buchl  R o tava po r  and th e  
amount o f  e x t r a c t a b l e  o r g a n i c  m a t t e r  (EOM) was d e te r m l n e d .

2 . 2  C h ro m a to g ra p h i c  S e p a r a t i o n

The e x t r a c t a b l e  o r g a n i c  m a t t e r  (EOM) was s e p a r a te d  I n t o  s a t u r a t e d  f r a c -  
t l o n ,  a r o m a t i c  f r a c t l o n  and non h y d ro c a rb o n  f r a c t l o n  u s l n g  a MPLC sys tem 
w i t h  hexane as e l u a n t  (Radke e t  a l . ,  A n a l .  Chem.,  1 9 80 ) .  The v a r l o u s  
f r a c t i o n s  were e v a p o r a te d  on a Buch l  R o ta va p o r  and t r a n s f e r r e d  t o  g l  ass 
v l a l s  and d r l e d  In  s t re a m  o f  n i t r o g e n .  The two o l l s  were s e p a ra te d  u s ln g  
th e  same sys te m.

F u r t h e r  s e p a r a t i o n  o f  some o f  t h e  a r o m a t i c  f r a c t i o n s  was pe r fo rm e d  by 
HPLC, I n t o  s u b f r a c t l o n s  a c c o r d l n g  t o  r i n g  s l z e .

2 . 3  Gas C h ro m a to g ra p h i c  A n a l y s i s

The h y d ro c a rb o n  f r a c t i o n s  were each d l l u t e d  w i t h  n -h exane  and a n a l y s e d  
on a HP 5730A gas c h ro m a to g ra p h ,  f l t t e d  w i t h  a 25m 0V-101 fu s e d  s i l  le a
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c a p i l l a r y  co lumn.  Hydrogen ( 0 . 7 m l / m i n )  was used as c a r r i e r  gas.

The a r o m a t i c  AF2 f r a c t i o n s  ( a r o m a t i c  compounds w i t h  3 r i n g s )  were a l s o  
a n a l y s e d  on a V a r i a n  Model 3700 GC e s p e c i a l l y  d e s ign ed  f o r  s e p a r a t i o n  
o f  a r o m a t i c  componen ts ,  f i t t e d  w i t h  a lOOm g l a s s  c a p i l l a r y  co lumn and a 
b a c k - f l u s h i n g  sys te m. Hydrogen was used as c a r r i e r  gas.

I n j e c t i o n s  on b o th  systems were p e r fo rm e d  i n  t h e  s p l i t  mode ( 1 : 2 0 ) .  The 
t e m p e r a t u r e  program a p p l i e d  was 80°C (2 m in )  t o  260°C a t  4 °C /m in .

The d a ta  p r o c e s s i n g  f o r  a l l  t h e  GC a n a l y s e s  was p e r fo rm ed  on a VG M u l t i -  
chrom System.

2 . 4  Thermal E x t r a c t i o n  GC

20-30mg o f  f i n e  g round who le  r o c k  sample was p la c e d  i n  a b o a t  shaped 
sample p robe  and hea ted  i n  a s t re a m  o f  h e l i u m  a t  300°C f o r  f i v e  m in u t e s .  
The e x t r a c t  was f l u s h e d  d i r e c t l y  i n t o  a c a p i l l a r y  column v i a  a l a b o r a -  
t o r y  b u i l t  i n t e r f a c e / s p l i t t e r .

A 25m 0V-1 fu s e d  s i l i c a  co lumn was f i t t e d  i n  t h e  V a r ia n  3700 gas ch roma
t o g r a p h ,  and a t e m p e r a t u r e  program o f  40°C /m in  t o  270°C/min  a t  4°C /m in  
was employed .  N i t r o g e n  ( 1 . 5 m l / m i n )  was used as c a r r i e r  gas and i n j e c t i o n s  
were p e r fo rm e d  i n  s p l i t  mode ( 1 : 3 0 ) .

2 . 5  GC-MS A n a l y s i s

The GC-MS a n a l y s i s  were p e r fo rm e d  on a VG 70-70H mass s p e c t r o m e t e r  cou -  
p l e d  t o  a V a r i a n  3700 gas ch ro m a to g ra p h .  A 20m 0V-1 f u s e d  s i l i c a  co lumn 
was f i t t e d  i n  t h e  c h rom a tog ra ph  and h e l i u m  was used as c a r r i e r  gas .  I n 
j e c t i o n s  were p e r fo rm e d  i n  s p l i t  mode.

The s a t u r a t e d  h y d ro c a rb o n s  were a n a l y s e d  by M u l t i p l e  Ion  D e t e c t i o n  (MID) 
w i t h  a scan c y c l e  t im e  o f  a p p r o c i m a t e l y  2 seconds .  F u l l  d a ta  c o l l e c t i o n  
was a p p l i e d  f o r  t h e  a r o m a t i c  f r a c t i o n s  w i t h  a scan t im e  o f  2 s e c /d e c a d e .  
Data a c q u i s i t i o n  was done by a VG d a ta  sys te m.

0 8 7 / p / a h / 3



2 .6  I s o t o p e  a n a l y s i s

The i s o t o p e  a n a l y s e s  (6 C) were p e r fo rm e d  a t  t h e  I n s t i t u t e  o f  Energy 
T e chno log y  ( IF E )  a c c o r d i n g  t o  t h e i r  method.

A l l  d a ta  i s  r e p o r t e d  i n  t h e  usual  d e l t a  n o t a t i o n ,  where

^ C / ^ C  sample -  ^ C / ^ C  s t a n d a r d
6 = ...................................................... - .....................  x 1000 (X)

^ C / ^ C  s t a n d a r d

1 1The v a lu e s  a re  r e p o r t e d  a g a i n s t  PDB, and t h e  6 C v a l u e  f o r  t h e  
i n t e r n a t i o n a l  s t a n d a r d  NBS 22 l u b r i c a t i n g  o i l  i s  29 .77  + 0 . 0 6 .

13
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3.  RESULTS AND DISCUSSION

P r i o r  t o  e x t r a c t i o n  and Chemical a n a l y s e s  v a r i o u s  c ( i a r a c t e r i s t i c s  were 
no ted  f o r  t h e  co res  and c u t t i n g s  samples.  Of  t h e  c o re s  two (A -6664 and 
A -6 665)  were fo u nd  t o  g i v e  b r i g h t  y e l l o w - w h i t e  f l u o r e s c e n c e  and b l u e -  
w h i t e  c u t  i n  UV. The s h a l l o w e s t  c o re  (A -6 663 )  showed a v e r y  s l i g h t  d u l l  
o ra nge -b row n  f l u o r e s c e n c e  and no c u t  i n  UV. A d u l l  brown f l u o r e s c e n c e  
w i t h  a b l u e - w h i t e  c u t  i n  UV was seen f o r  t h e  d e epe s t  c o re  ( A - 6 6 6 6 ) .  T h i s  
i n d i c a t e s  t h a t  t h e r e  m i g h t  be d i f f e r e n c e s  between t h e  c o re  sam p les ,  t he  
samples t h a t  showed b r i g h t  f l u o r e s c e n c e  m ig h t  be e x p e c te d  t o  c o n t a i n  
more abundan t  h y d r o c a r b o n s .

A l i t h o l o g i c a l  d e s c r i p t i o n  o f  t h e  c u t t i n g s  samples i s  g i v e n  i n  T a b le  2. 
Among t h e  c u t t i n g s  sa m p le s ,  one (A -6 671 )  gave a v e r y  s t r o n g  sm e l l  o f  
s u l f u r  when t h e  can was opened.

3 .1  Gross C o m p o s i t i o n

The d i s t r i b u t i o n  o f  t h e  v a r i o u s  c h r o m a t o g r a p h i c  f r a c t i o n s  a re  g i v e n  in  
T a b le  3 . 1 - 3 . 4 .  S

f
h

O i l  Samples

The o i l  samples were seen t o  be v e r y  s i m i l a r ,  c o n t a i n i n g  a p p r o x i m a t e l y  
t w i c e  as much s a t u r a t e d  as a r o m a t i c  h y d ro c a rb o n s  and equa l  amounts o f  
h y d ro c a rb o n s  and n o n -h y d r o c a r b o n s .

Core Samples

The t h r e e  d e e p e s t  c o re s  were fo u n d  t o  c o n t a i n  v e r y  h ig h  amounts o f  e x 
t r a c t a b l e  o r g a n i c  m a t t e r ,  w h i l e  t h e  s h a l l o w e s t  c o re  (A -6 663 )  was p o o r e r  
by a f a c t o r  o f  t e n .  There seem t o  be i n c r e a s e d  amounts o f  s a t u r a t e d  hyd ro  
ca rb ons  r e l a t i v e  t o  a r o m a t i c  compared t o  wha t  was fo u n d  f o r  t h e  o i l s .  
P a r t i c u l a r l y  t h e  r a t i o  f o r  sample A-6664 i s  h i g h  ( 6 . 6 ) .  These i n c r e a s e d  
r a t i o s  m ig h t  i n d i c a t e  e i t h e r  t h a t  t h e  h y d ro c a rb o n s  i n  t h e  co res  a re  f rom  
a d i f f e r e n t  s o u rce  than  t h e  o i l s ,  o r  t h a t  d i f f e r e n t  m i g r a t i o n  pathways 
have caused t h e  v a r i a t i o n .

The amount o f  h y d ro c a rb o n s  r e l a t i v e  t o  n o n -h y d ro c a rb o n s  i s  a l s o  i n c r e a s e d  
i n  t h e  c o r e s .

0 8 7 / p / a h / 5



C u t t i n g s  Samples

The c u t t i n g s  samples a re  seen t o  c o n t a i n  s i g n i f i c a n t l y  l o w e r  amounts o f  
h y d ro c a rb o n s  tha n  t h e  t h r e e  r i c h e s t  c o r e s ,  two o f  t h e  c u t t i n g s  (A -6 668  
and A -6 673 )  b e in g  r i c h e r  than  t h e  r e s t  o f  t h e  c u t t i n g s .  The r a t i o s  b e t -  
ween s a t u r a t e d  and a r o m a t i c  h y d ro c a rb o n s  a r e  reduced compared t o  t h o s e  
f o r  co res  and o i l s .

A p p r o x i m a t e l y  equal  amounts o f  h y d ro c a rb o n s  and n o n -h y d ro c a rb o n s  a re  
seen f o r  most  o f  t h e  samples.

R e s u l t s  f r o m  th e  e x t r a c t i o n  o f  t h e  w a t e r  above th e  c u t t i n g s  a re  p r e -  
s e n ted  i n  T a b le  4 .  Due t o  t h e  v e r y  l ow  h y d ro c a rb o n  c o n c e n t r a t i o n s  th e se  
d a ta  w i l l  n o t  be d i s c u s s e d  i n  any d e t a i l .

0 8 7 / p / a h / 6



3 .2  GC a n a l y s i s  o f  s a t u r a t e d  h y d ro c a rb o n s

Gas chromatograms o f  t h e  s a t u r a t e d  hy d ro c a rb o n s  a re  p r e s e n te d  i n  F i g u r e  
1,  and r a t i o s  c a l c u l a t e d  f ro m  th e  ch romatograms a re  g i v e n  i n  T a b le  5.

O i l  Samples

The two o i l  samples (M-3143 and M-6647)  were seen t o  e x h i b i t  v e r y  s i m i -  
l a r  a l k a n e  p r o f i l e s ,  b o th  b e in g  f r o n t  end b ia s e d  w i t h  maxima a t  n C ^  
and abundan t  n - a l k a n e s  above nC^Q. P r i s t a n e / n C ^  e q u a ls  0 . 5  and 
p r i s t a n e / p h y t a n e  e q u a l s  1 .6  f o r  b o th  sa mp les .  The o i l s  were f o u n d  t o  be 
w e l l  m a tu re  f ro m  a C P I - v a l u e  o f  1 .0  and 0 . 9 ,  f o r  M-3143 and M-6647,  
r e s p e c t i v e l y .

Core samples

Among t h e  f o u r  c o r e  samples t h e r e  seem t o  be two d i f f e r e n t  a l k a n e  p a t -  
t e r n s .  Two o f  t h e  c o re s  (A -6 663  and A -6 666 )  showed d i s t r i b u t i o n s  s i m i l a r  
t o  t h o s e  seen f o r  t h e  o i l  sa m p le s ,  as d i s c u s s e d  above .  The p r i s t a n e / -  
p h y tan e  r a t i o s  a r e  s l i g h t l y  h i g h e r  i n  t h e  c o r e s ,  w h i l e  p r i s t a n e / n C ^ y  
and CPI g i v e  s i m i l a r  v a lu e s  t o  t h o s e  f o r  t h e  o i l s .  From th e  r e l a t i v e  
i n t e n s i t y  o f  t h e  i n t e r n a l  s t a n d a r d  peak (S) t h e  s h a l l o w e s t  sample 
(A -6 6 6 3 )  i s  seen t o  c o n t a i n  l o w e r  amount o f  a l k a n e s  tha n  A -6666 .  T h i s  
i s  i n  good ag reem ent  w i t h  wha t  was fo u nd  f r o m  t h e  e x t r a c t i o n  d a t a .

The o t h e r  two c o re s  (A -6 664  and A -6665 )  e x h i b i t  t o p  end b ia s e d  n - a l k a n e  
d i s t r i b u t i o n s ,  A-6664 b e in g  w e a k ly  b im o d a l .  Maximum i n t e n s i t i e s  a re  
seen a t  a p p r o x i m a t e l y  nC^^,  t h e  weak b i m o d a l i t y  r e p r e s e n t e d  by a s h o u l d e r  
a ro und  n C ^ .  T h i s  k i n d  o f  p r o f i l e  may i n d i c a t e  t h a t  t h e  two samples 
a r e  m i x t u r e  o f  two d i f f e r e n t  t y p e  o f  h y d r o c a r b o n s ,  one b e in g  s i m i l a r  t o  
t h e  o i l s  and t h e  o t h e r  t y p e  c o n s i s t i n g  o f  t h e  h ig h  m o l e c u l a r  w e i g h t  
range  componen ts .  The abundance o f  i s o p r e n o i d s  r e l a t i v e  t o  n - a l k a n e s  i s  
l o w e r  i n  t h e s e  two c o r e s ,  and t h e  m a t u r i t y  o f  t h e  h ig h  m o l e c u l a r  w e i g h t  
compounds seem t o  be s l i g h t l y  l o w e r  f r o m  C P I - v a l u e s  o f  1 . 1 .

The c o n c e n t r a t i o n s  o f  a l k a n e s  r e l a t i v e  t o  t h e  amount o f  r o c k  e x t r a c t e d  
i s  q u i t e  s i m i l a r  t o  t h a t  i n  sample A -6666 .
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C u t t i n g s  samples

O n ly  m in o r  d i f f e r e n c e s  were r e v e a le d  In  t h e  GC t r a c e s  o f  t h e  seven c u t 
t i n g s  samples.  Two o f  t h e  s h a l l o w e s t  sam p le s ,  A-6667 and A -6 669 ,  seem 
t o  c o n t a i n  more l i g h t  components  tha n  t h e  r e s t  o f  t h e  c u t t i n g s .  Maximum 
i n t e n s i t i e s  o c c u r  a t  a p p r o x i m a t e l y  n C ^  f o r  a l l  t h e  samp le s ,  b u t  t h e  
two samples m en t io ned  above show a s t e e p e r  dec rease  i n  i n t e n s i t y  w i t h  
i n c r e a s i n g  ca rbon  number.  The o v e r a l l  p r o f i l e s  seem t o  be f a i r l y  s i m i -  
l a r  t o  t h e  o i l s .

The i s o p r e n o i d  r a t i o s  seem t o  be r e l a t i v e l y  c o n s i s t e n t  t h r o u g h o u t  t h e  
w ho le  s u i t e  o f  samp le s ,  t h e  p r i s t a n e / n C ^  v a r y i n g  f ro m  0 . 3  t o  0 . 6  and 
p r i s t a n e / p h y t a n e  f ro m  1 .3  t o  2 . 3 .  S l i g h t l y  l o w e r  m a t u r i t y  was seen f o r  
t h e  h ig h  m o l e c u l a r  w e i g h t  compounds i n  t h e  two s h a l l o w e s t  and t h e  deep-  
e s t  sample .

The w a t e r  above t h e  c u t t i n g s  i n  t h e  cans was e x t r a c t e d  by DCM t o  com- 
pa re  t h e  c o n t e n t  o f  h y d ro c a rb o n s  he re  t o  t h a t  i n  t h e  o t h e r  sa mp les .  In  
an a t t e m p t  t o  r e l a t e  t h e  abundance o f  h y d ro c a rb o n s  t o  t h e  w a t e r  v o l  urne, 
s q u a la n e  (S)  was added t o  t h e  samples p r i o r  t o  e x t r a c t i o n  as an i n t e r -  
na l  s t a n d a r d .  The d a r k  c o l o u r  o f  t h e  w a t e r  was,  howeve r ,  m i s l e a d i n g  and 
t o o  much sq u a la n e  was added. The t o t a l  w e i g h t  o f  t h e  s a t u r a t e d  and a r o -  
m a t i c  h y d ro c a rb o n  f r a c t i o n s  was l e s s  than  2mg f o r  t h e  m a j o r i t y  o f  t h e  
sa mp les .  Of  t h e  two samples a n a l y s e d  f o r  s a t u r a t e d  h y d r o c a r b o n s ,  o n l y  
one gave a ch romatogram w o r t h  p r e s e n t i n g .  The p r o f i l e  i n  t h i s  l o o k s  
q u i t e  s i m i l a r  t o  t h a t  seen i n  t h e  c u t t i n g s  e x t r a c t ,  as wou ld  be e x -  
p e c te d .  The v e r y  low  c o n c e n t r a t i o n  makes t h e  sample v e r y  l i a b l e  t o  con-
t a m i n a t i o n ,  wh ic h  i s  p r o b a b l y  t h e  reason  f o r  t h e  i n t e n s e  p r i s t a n e  peak.

3 .3  GC a n a l y s i s  o f  a r o m a t i c  h y d ro c a rb o n s

3 . 3 . 1  T o t a l  a r o m a t i c  f r a c t i o n s

Gas chroma tograms o f  t h e  t o t a l  a r o m a t i c  f r a c t i o n s  a re  p re s e n te d  i n  F i g -  
u re  2.

The main components  seen t o  be m e t h y l a t e d  n a p h ta le n e  and phena n th rene  
homolo gs ,  t h e  n a p h ta le n e s  b e in g  most  abund an t  i n  t h e  m a j o r i t y  o f  t h e  
sa m p le s .  The f o u r  m e th y l  p h ena n th rene s  (peaks mark D) a re  r e l a t i v e l y
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p o o r l y  r e s o l v e d  i n  t h e s e  ch rom a to g ram s ,  b u t  t h e  r a t i o  o f  t h e  two f i r s t  
e l u t i n g  isomers  t o  t h e  two e l u t i n g  l a s t  i s  t e n t a t i v e l y  a s s ig n e d  f o r  a l l  
samples ( T a b le  6 ) .  Fo r  t h e  samples t h a t  were f u r t h e r  s e p a ra te d  by HPLC 
and the n  a n a l y s e d  by GC more a c c u r a t e  r a t i o s  were c a l c u l a t e d  ( 3 . 3 . 2 ) .

O i l  Samples

The two o i l  samples l o o k  v e r y  s i m i l a r ,  t h e  m e t h y l a t e d  n a p h ta le n e  homo- 
l o g s  p r e d o m in a t i n g  o v e r  t h e  p h e n a n th r e n e s .  The me th y l  ph ena n th rene  
r a t i o  e q u a ls  0 . 7  f o r  b o th  samples.

Core samples

The v a r i a t i o n s  seen f r o m  th e  s a t u r a t e d  GC t r a c e s  o f  t h e  c o r e s ,  do n o t  
seem t o  be so o b v io u s  i n  t h e  a r o m a t i c  t r a c e s .  A t  l e a s t  t h e  t h r e e  deep
e s t  c o re s  show t h e  same g e n e ra l  p a t t e r n  o f  abundan t  n a p h ta le n e s  as d i d  
t h e  o i l s .  Sample A-6663 l o o k  d i f f e r e n t  i n  t h a t  a lm o s t  equal  abundance 
o f  n a p h ta le n e s  and p h ena n th rene s  i s  seen.  T h i s  sample gave a r e l a t i v e l y  
l ow  amount o f  a r o m a t i c  h y d r o c a r b o n s ,  and i s  t h u s  more l i a b l e  t o  v a r i a 
t i o n s  due t o  t h e  w o rk -u p  p r o c e d u r e .  A p a r t  f r o m  sample A-6663 b e in g  some- 
wha t  i n t e r m e d i a t e ,  t h e r e  seem t o  be v a r i a t i o n s  i n  t h e  me th y l  phenan
t h r e n e s  c o n s i s t e n t  w i t h  wha t  was f o u n d  f r o m  t h e  s a t u r a t e d  h y d r o c a r b o n s .  
The d e e p e s t  c o re  (A -6 666 )  gave a r a t i o  s i m i l a r  t o  t h e  o i l s ,  w h i l e  t h e  
two c o re s  w i t h  i n t e r m e d i a t e  d e p th s  had r a t i o s  above 1 . 4 .

C u t t i n g s  samples

There  seems t o  be s l i g h t l y  h i g h e r  abundance o f  t h e  m e t h y l a t e d  phenan
t h r e n e s  as compared t o  t h e  n a p h ta le n e s  i n  t h e  c u t t i n g s  samples t h a n  i n  
t h e  o i l s  and c o r e s .  T h i s  i s  t r u e  i n  p a r t i c u l a r  f o r  samples A-6667 and 
A -6672 .  The v a r i a t i o n s  do n o t  seem t o  be s y s t e m a t i c a l l y ,  and may be due 
t o  t h e  w o rk -u p  p ro c e d u re  and t h e  r e l a t i v e l y  l ow  a b s o l u t e  amoun ts.  The 
m e th y l  ph e n a n th re n e  r a t i o  v a r i e s  f r o m  0 . 8  t o  1 . 1 .  T h i s  f i t s  r e a s o n a b l y  
w e l l  i n  w i t h  t h e  r a t i o s  f o r  t h e  o i l s  and two o f  th e  c o r e s ,  and i s  s i g n i -  
f i c a n t l y  l o w e r  t h a n  t h e  two c o re s  a t  i n t e r m e d i a t e  d e p th .
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3 . 3 . 2  AF2 f r a c t i o n s

A f t e r  f u r t h e r  HPLC s e p a r a t i o n  o f  t h e  t o t a l  a r o m a t i c  f r a c t i o n s ,  t h e  sub-  
f r a c t l o n  c o n t a l n l n g  components w i t h  3 a r o m a t i c  r l n g s  (AF2 f r a c t l o n )  
were a n a ly s e d  gas c h r o m a t o g r a p h l c a l l y  w i t h  dual  FID/FPD d e t e c t l o n .  
Chromatograms o f  o i l s ,  c o re s  and one c u t t i n g s  sample a re  p r e s e n te d  In  
F l g u r e  3.

011 Samples

A p a r t  f r o m  m ln o r  changes In  t h e  r e l a t i v e  peak I n t e n s l t l e s  t h e  two o i l s  
l o o k  s i m i l a r ,  b o th  In  t h e  d i s t r i b u t i o n  o f  t h e  t o t a l  AF2 f r a c t i o n s  and 
o f  t h e  s u l f u r  components .  The m e th y lp h e n a n t h r e n e  r a t i o s  were seen t o  be 
n e a r l y  I d e n t l c a l ,  b o th  b e in g  s i m i l a r  t o  wha t  was t e n t a t l v e l y  a s s lg n e d  
p r e v l o u s l y  (T a b le  6 ) .

Core Samples

The c o r e  samples seem t o  be d i f f e r e n t  f r o m  th e  o i l s  based on t h e  d i s 
t r i b u t i o n  In  t h e  AF2 f r a c t i o n s .  T h i s  I s  In  p a r t l c u l a r  t r u e  f o r  t h e  two 
samples o f  I n t e r m e d l a t e  d e p t h s ,  t h e s e  two co res  g i v i n g  h ig h  m e t h y l 
p h e n a n th re n e  r a t i o s  (T a b le  6 ) .  The h ig h  m e th y lp h e n a n t h re n e  r a t i o s  a re  
m a l n l y  caused by t h e  I n c r e a s e d  I n t e n s l t y  o f  t h e  2 - m e t h y l p h e n a n t h r e n e .  
The s h a l l o w e s t  c o r e ,  A -6 6 6 3 ,  g l v e s  an I n t e r m e d l a t e  v a l u e ,  w h l l e  t h e  
d e e p e s t  sample I s  more s i m i l a r  t o  t h e  o i l s .  T h i s  d e e p e s t  c o re  ha s ,  how- 
e v e r ,  l o s t  t h e  low  m o l e c u l a r  w e i g h t  s u l f u r  components ,  maklng l t  d l f f l -  
c u l t  t o  d l r e c t l y  compare t h i s  t o  t h e  o i l s .  The o t h e r  3 co res  seem t o  
g l v e  a d l b e n z o t h l o p h e n e  d i s t r i b u t i o n  d i f f e r e n t  t o  t h e  o i l s ,  e s p e c l a l l y  
t h e  r e a l t l v e  I n t e n s l t y  o f  t h e  f o u r  m e t h y l d l b e n z o t h l o p h e n e s .

C u t t i n g  samples

O n ly  one o f  t h e  c u t t i n g s  samples gave enough e x t r a c t a b l e  m a t e r i a l  t o  be 
a b le  t o  p e r f o r m  t h e  HPLC s e p a r a t i o n .  Sample A-6670 gave d i s t r i b u t i o n s  
f a l r l y  s i m i l a r  t o  t h e  o i l s ,  b o th  o f  t h e  phena n th rene s  and o f  t h e  s u l f u r  
components .
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3 . 4  Thermal  e x t r a c t i o n  GC

Gas chromatograms r e p r e s e n t i n g  t h e r m a l l y  e x t r a c t e d  hy d ro c a rb o n s  a re  
g i v e n  i n  F i g u r e  4.

O i l  Samples

The two samples were seen t o  e x h i b i t  s i m i l a r  n - a l k a n e  p r o f i l e s ,  b o th  
f r o n t  end b ia s e d  w i t h  maximum a t  n C ^  and o n l y  low amounts o f  t h e  com
ponen ts  above T h i s  f r o n t  end b ia s e d  p r o f i l e  was a l s o  seen f r o m
th e  G C - a n a l y s i s  o f  t h e  s a t u r a t e d  h y d ro c a rb o n s  ( F i g u r e  1 ) .

Core Samples

A g a in  t h e  two i n t e r m e d i a t e  c o re s  g i v e  a d i s t r i b u t i o n  d i f f e r e n t  t o  t he  
o t h e r  c o re s  and t o  t h e  o i l s .  The weak b imoda l  p a t t e r n s  w i t h  abundan t  
n - a l k a n e s  above nC^Q, a l s o  seen f r o m  th e  s a t u r a t e d  h y d ro c a rb o n  t r a c e s ,  
make th e s e  two samples d i f f e r e n t  t o  t h e  o i l s .  Sample A -6 666 ,  t h e  deep-  
e s t  c o r e ,  shows a d i s t r i b u t i o n  more s i m i l a r  t o  t h e  o i l s ,  w h i l e  t h e  
s h a l l o w e s t  sample seems t o  c o n t a i n  o n l y  r e l a t i v e l y  l ow  t o t a l  c o n c e n t r a -  
t i o n s .  None o f  t h e  samples c o n t a i n  s i g n i f i c a n t  abundances o f  components  
i n  t h e  C g - C ^  ca rbon  number ra n g e .

C u t t i n g  Samples

The c u t t i n g s  samples were fo u nd  t o  g i v e  some v a r i a t i o n s  i n  t h e  d i s t r i 
b u t i o n ,  p r o b a b l y  m a i n l y  due t o  d i f f e r e n c e s  i n  th e  amount o f  h y d r o 
ca rbon s  i n  t h e  samp le s .  A l l  samples seem t o  be more o r  l e s s  s i m i l a r  i n  
t h e  c o n t e n t  o f  h y d ro c a rb o n s  w i t h  l e s s  tha n  t e n  C-a toms.  The amount o f  
h i g h e r  m o l e c u l a r  w e i g h t  components  v a r i e s ,  b u t  t h e  o v e r a l l  p r o f i l e  
seems t o  be v e r y  s i m i l a r  f o r  a l l  t h e  samples.

3 . 5  GC-MS a n a l y s i s  o f  s a t u r a t e d  h y d ro c a rb o n s

Mass chroma tograms  r e p r e s e n t i n g  t e r p a n e s  (m/e 191) and s t e r a n e s  (m/e 
217)  a r e  g i v e n  i n  F i g u r e  5 ,  and m o l e c u l a r  r a t i o s  c a l c u l a t e d  f r o m  peak 
i n t e n s i t i e s  a re  r e p o r t e d  i n  T a b le  7.
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O i l  Samples

The two o i l  samples c o n t a i n  t h e  u b i q u i t o u s  1 7 a (H ) ,2 1 e ( H ) -h o p a n e s  as th e  
m a jo r  components i n  t h e  m/e 191 mass ch romatograms.  In  a d d i t i o n  t o  th e  
commonly f o u nd  hopane members, t h e  b i s n o rh o p a n e  (Z )  i s  seen i n  s i g n i f i -  
c a n t  amount.  T h i s  compound has been seen i n  samples f ro m  c e r t a i n  h o r i -  
zons i n  t h e  N o r th  Sea, b u t  i t  i s  n o t  known i f  t h i s  i s  a t r u e  m a rk e r  o f  
t h e  d e p o s i t i o n a l  e n v i r o n m e n t s ,  o r  i f  t h e  compound m ig h t  be " p i c k e d  up" 
d u r i n g  m i g r a t i o n  p ro c e s s e s .  Two o t h e r  u n i d e n t i f i e d  components (X and Y) 
and a c e r t a i n  amount o f  t r i c y c l i c  t e r p a n e s  ( * )  a re  a l s o  d e t e c t e d  i n  
bo th  samples.

The s t e r a n e  d i s t r i b u t i o n  i s  a l s o  seen t o  be n e a r l y  i d e n t i c a l  f o r  t h e  
two o i l s ,  t h e  i s o m e r i s a t i o n  r a t i o s  (%20S and i n  T a b le  7)  i m p l y i n g  
w e l l  m a tu re  h y d r o c a r b o n s .

Core Samples

There  seems t o  be c o n s i d e r a b l y  l o w e r  amount o f  t e r p a n e s  r e l a t i v e  t o  
n - a l k a n e s  i n  t h e  c o re s  tha n  i n  t h e  o i l s .  T h i s  i s  i n  p a r t i c u l a r  t r u e  f o r  
t h e  two c o re s  o f  i n t e r m e d i a t e  d e p t h ,  w h i l e  t h e  s h a l l o w e s t  c o re  c o n t a i n s  
g e n e r a l l y  low  abundance o f  h y d r o c a r b o n s .  The o v e r a l l  d i s t r i b u t i o n  o f  
t e r p a n e s  was seen t o  be q u i t e  s i m i l a r  f o r  a l l  t h e  c o r e s ,  t h e  u n i d e n t i 
f i e d  component Y b e in g  o f  r e l a t i v e l y  h ig h  i n t e n s i t y .  The b i s n o rh o p a n e  
(Z )  was n o t  d e t e c t e d  i n  any o f  t h e  c o r e s ,  and o n l y  t h e  d e e p e s t  sample 
c o n t a i n e d  t r i c y c l i c  t e r p a n e s  ( * ) .

In  t h e  s t e r a n e  mass ch roma tograms  (m/e 217)  l e s s  v a r i a t i o n s  were seen ,  
t h e  r e a r r a n g e d  s t e r a n e s  b e in g  v e r y  abundan t  i n  a l l  t h e  c o r e s .  T h i s  was 
a l s o  t h e  case f o r  t h e  o i l s ,  mak ing  i t  d i f f i c u l t  t o  draw c o n c l u s i o n s  
based on th e  s t e r a n e s .  The somewhat d i f f e r e n t  p a t t e r n  i n  A-6663 i s  p r o -  
b a b l y  due t o  t h e  low  t o t a l  c o n c e n t r a t i o n  i n  t h i s  sample .

C u t t i n g s  Samples

The c u t t i n g s  samples were fo u nd  t o  be more s i m i l a r  t o  t h e  o i l s  than  t h e  
c o r e s ,  based on t h e  t e r p a n e  ch ro ma to g ra ms.  T h i s  c o n c l u s i o n  i s  drawn on 
t h e  b a s i s  o f  t h e  amount o f  t r i c y c l i c  t e r p a n e s  i n  t h e  c u t t i n g s  samples 
and th e  v a r y i n g  i n t e n s i t i e s  o f  u n i d e n t i f i e d  components X and Y. The 
b i s n o rh o p a n e  (Z)  was t e n t a t i v e l y  d e t e c t e d  i n  some o f  t h e  sam p le s ,  b u t
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-  15  - H tU
t h e  c o n c e n t r a t i o n  was seen t o  be s i g n i f i c a n t l y  l o w e r  than  i n  th e  o i l s .  
These d i f f e r e n c e s  a re  e i t h e r  due t o  two d i f f e r e n t  s o u rce  r o c k s  h a v in g  
produced  th e  hy d ro c a rb o n s  i n  t h e  o i l s  and t h e  c u t t i n g s ,  o r  d i f f e r e n t  
m i g r a t i o n  pathways have caused t h e  d i s s i m i l a r i t i e s .

On ly  m in o r  v a r i a t i o n s  were seen i n  t h e  s t e r a n e  t r a c e s  (m/e 2 1 7 ) .

The odd p a t t e r n  seen f o r  sample A-6669 i s  p r o b a b l y  due t o  l o w  o v e r a l l  
c o n c e n t r a t i o n  r a t h e r  t ha n  s i g n i f i c a n t l y  d i f f e r e n t  t y p e  o f  hy d ro c a rb o n s  
i n  t h i s  sample.

3 .6  GC-MS a n a l y s i s  o f  a r o m a t i c  h y d ro c a rb o n s

Mass ch romatograms o f  t h e  a r o m a t i c  h y d ro c a rb o n s  a re  p re s e n te d  i n  F i g u r e
6.  The t o t a l  i o n  chromatograms a re  s i m i l a r  t o  t h e  GC t r a c e s  o f  t h e  
t o t a l  a r o m a t i c  f r a c t i o n s  ( F i g u r e  2) and a re  t h e r e f o r e  n o t  p r e s e n t e d .

O i l  samples

A l l  t h e  p re s e n te d  mass ch romatograms show t h e  two o i l  samples t o  be 
v e r y  s i m i l a r .

Core samples

As was seen f ro m  p r e v i o u s l y  d i s c u s s e d  d a ta  v a r i a t i o n s  o c c u r  among t h e  
f o u r  c o r e s .  Two io n s  r e p r e s e n t i n g  monoa roma t i c  components ,  m/e 92 and 
106 show homologous s e r i e s  as seen f o r  t h e  o i l s .  However ,  some e a r l y  
e l u t i n g  peaks ( * )  a re  more p r o m in e n t  i n  t h e  co res  tha n  i n  t h e  o i l s .  
T h i s  i s  t r u e  i n  p a r t i c u l a r  f o r  A -6664 and A -6 665 ,  w h i l e  t h e  o t h e r  two 
c o r e s  a r e  somewhat i n t e r m e d i a t e .

The n a p h t a l e n e  homologs a r e  seen i n  s i m i l a r  d i s t r i b u t i o n  as i n  t h e  o i l s .

I t  i s  n o t  known w h e th e r  t h e  e x t r a  peak i n  t h e  m/e 166 mass chromatograms 
i s  a s i g n i f i c a n t  d i f f e r e n c e ,  b u t  t h i s  peak i s  seen i n  t h e  t h r e e  s h a l l o w -  
e s t  c o r e s .  The peak i s  n o t  d e t e c t e d  i n  t h e  d e epe s t  c o re  sample ( A - 6 6 6 6 ) ,  
mak ing t h i s  c o re  most  s i m i l a r  t o  t h e  o i l s .

The io n  r e p r e s e n t i n g  m e th y l  p h e n a n th r e n e s ,  m/e 192,  g i v e s  d i f f e r e n t  mass 
p r o f i l e s  f o r  t h e  f o u r  c o r e s .  As seen f r o m  th e  GC t r a c e s  d i s c u s s e d  p r e -
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v i o u s l y ,  t h e  two c o re s  o f  I n t e r m e d l a t e  d e p t h ,  A -6664 and A -6 665 ,  c o n t a i n  
h i g h e r  c o n c e n t r a t i o n s  o f  t h e  l a s t  e l u t i n g  i s o m e r s ,  r e s u l t i n g  i n  me th y l  
p h ena n th rene  r a t i o s  o f  1 .4  and more.  These twp co res  were t h u s  seen t o  
be d i f f e r e n t  t o  t h e  o t h e r  two c o re s  and t h e  o i , l s .

O n ly  m in o r  v a r i a t i o n s  were seen i n  t h e  n a p h ta l e n e  and d i b e n z o t h i o p h e n e  
mass ch romatogra ms.

M h i l e  t h e  mono- and t r i a r o m a t i c  s t e r a n e s ,  m/e 253 and 231,  r e s p e c t i v e l y ,  
gave d i s t i n c t  p r o f i l e s  f o r  t h e  o i l s ,  t h e  components c o u ld  h a r d l y  be de-  
t e c t e d  i n  any o f  t h e  c o r e s .  T h i s  m ig h t  i n d i c a t e  e i t h e r  t h a t  t h e  co res  
c o n t a i n  a d i f f e r e n t  t y p e  o f  p e t r o l e u m  h y d r o c a r b o n s ,  o r  t h a t  t h e  h y d r o 
ca rb ons  have m i g r a t e d  f u r t h e r  f r o m  th e  s o u rce  t o  t h e  r e s e r v o i r  i n  th e  
3 0 /6 - 1 1  c o r e s ,  and t h a t  t h e  heavy components  have been l o s t  by t h i s  
p ro c e s s .

C u t t i n g s  samples

The m a j o r i t y  o f  t h e  p r e s e n te d  mass chroma tograms  does n o t  r e v e a l  much 
d i f f e r e n c e  i n  t h e  c u t t i n g s  samp le s .  They were! seen t o  be f a i r l y  s i m i l a r

i
t o  t h e  o i l s .  Th ree  o f  t h e  samples c o n t a i n e d  t;he e x t r a  peak i n  t h e  m/e 
166 mass ch roma to g ra ms.  The a r o m a t i c  s t e r a n e s , w e r e  more p r o m in e n t  t ha n  
i n  t h e  c o r e s ,  b u t  n o t  as much as i n  t h e  o i l s . !  T h i s  c o u ld  a g a in  be e x -  
p l a i n e d  by d i f f e r e n t  m i g r a t i o n  pa thw a ys ,  and l o s s  o f  heavy hy d ro c a rb o n s  
i n  t h i s  way.

13 !3 .7  6 C i s o t o p e  a n a l y s i s

I s o t o p e  a n a l y s e s  have been p e r fo rm e d  on e x t r a c t s  f r o m  co re s  and c u t t i n g s  
and on t h e  o i l s .  Va lues  f o r  s a t u r a t e d  and a r o m a t i c  h y d ro c a rb o n s  and f o r  
n o n -h y d ro c a rb o n s  a re  g i v e n  i n  T a b le  8 .  The r e s u l t s  f o r  t h e  two h y d r o -  
ca rbon  f r a c t i o n s  a r e  p r e s e n te d  g r a p h i c a l l y  i n  F i g u r e  7.

The v a r i a t i o n s  i n  t h e  s a t u r a t e d  and a r o m a t i c  h y d ro c a rb o n  f r a c t i o n s  seem 
t o  be more c o n s i s t e n t  t ha n  th o s e  seen i n  t h e  n o n - h y d r o c a r b o n s .  T h i s  
m ig h t  be due t o  t h e  s e p a r a t i o n  p r o c e d u r e ,  where t h e  n o n -h y d ro c a rb o n s  
can be d i f f i c u l t  t o  r e c o v e r ,  p o s s i b l y  c r e a t i n g  f u r t h e r  f r a c t i o n a t i o n  o f  
t h e  p o l a r  componen ts .
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Mhen d i s c u s s i n g  th e  d a ta  one s h o u ld  b e a r  i n  mlnd t h a t  th e  DCM-washing 
o f  t h e  c u t t i n g s  samples may have e x t r a c t e d  some o f  t h e  i n d ig e n o u s  mate 
r i a l  f r o m  th e  c u t t i n g s .  T h i s  may g i v e  r e s u l t s  f o r  t h e  c u t t i n g s  t h a t  
r e p r e s e n t  m i x t u r e s  o f  i n d i g e n o u s  and m i g r a t e d  h y d ro c a rb o n s .

O i l  samples 

13The 6 C v a lu e s  f o r  t h e  two o i l s  g i v e  s l i g h t l y  more p o s i t i v e  v a lu e s  
f o r  t h e  de e p e s t  o i l  samp le s .  T h i s  c o u ld  i m p l y  t h a t  t h e  o i l s  have been 
g e n e ra te d  a t  s l i g h t l y  d i f f e r e n t  m a t u r i t y  s ta g e s  o f  t h e  so u rce  r o c k ,  and 
the n  m i g r a t e d  i n t o  th e  r e s e r v o i r s  a t  d i f f e r e n t  t i m e s .  The d i f f e r e n c e s  
a r e ,  how eve r ,  o n l y  m i n o r ,  i n d i c a t i n g  t h a t  t h e  same s o u rce  r o c k  has gen
e r a t e d  t h e  two o i l s .

Core samples

As can be seen f r o m  F i g u r e  7 and T a b le  8 t h e  t h r e e  s h a l l o w e s t  co re
13samples were fo u nd  t o  g i v e  s i g n i f i c a n t l y  h i g h e r  6 C v a lu e s  than  t h e  

two o i l s .  T h i s  i s  t r u e  f o r  a l l  t h r e e  c h ro m a t o g r a p h i c  f r a c t i o n s  and i n -  
d i c a t e s  a d i f f e r e n t  s o u rc e  f o r  t h e  h y d ro c a rb o n s  i n  t h e s e  co re s  as com- 
pa red  t o  t h e  o i l s .  The d e e p e s t  c o re  showed v a lu e s  i n t e r m e d i a t e  between 
t h e  o i l s  and t h e  o t h e r  c o r e s ,  p o s s i b l y  i m p l y i n g  mixed  i n p u t s  i n  t h i s  
ca se .

C u t t i n g s  samples

13M l t h  sm a l l  v a r i a t i o n s  a l l  t h e  c u t t i n g s  samples were seen t o  g i v e  6 C 
v a l u e s  i n t e r m e d i a t e  between t h e  co res  and t h e  c u t t i n g s .  The d a ta  i n d i -  
c a t e  t h a t  t h e  h y d ro c a rb o n s  i n  t h e  c u t t i n g s  a re  more s i m i l a r  t o  t h e  o i l s  
t ha n  t h e  h y d ro c a rb o n s  i n  a t  l e a s t  t h r e e  o f  t h e  c o r e s .
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4 .  CONCLUSION

The two o i l s  f r o m  3 0 / 6 - 4  were seen t o  be s i m i l a r  by a l l  t h e  ana
l y s e s  p e r f o rm e d .

The t h r e e  d e e p e s t  co res  f ro m  3 0 /6 - 1 1  c o n t a i n  h ig h  c o n c e n t r a t i o n  
o f  m ig r a t e d  h y d r o c a r b o n s .  These h y d r o c a r b o n s ,  e s p e c i a l l y  i n  t h e  
r i c h e s t  c o r e s ,  a r e  seen t o  b e ^ d i f f e r a a t  tp^ t h o s e  j n j t h e  o i l s .  
Mixed i n p u t  can n o t  be e x c l u d e d .

The o v e r a l l  abundance o f  h y d ro c a rb o n s  i n  t h e  c u t t i n g s  f ro m  
3 0 /6 - 1 1  was g e n e ra l  l y  c o n s i d e r a b l y  l o w e r  than  i n  t h e  c o r e s .  The 
hy d ro a rb o n  d i s t r i b u t i o n  i n  t h e  c u t t i n g s  was f o u n d  t o  be more s im 
i l a r  t o  t h a t  i n  t h e  o i l s .
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T a b le  1 : Sample codes and de p th  i n t e r v a l s .

IKU no.  Core no.  Depth Wel l  Comments

Oi 1 s

Cores
A-6663 2 3 4 5 2 . 4 - . 7m 3 0 /6 - 1 1  Waxed sample
A-6664 3 3 4 6 5 . 2 - . 5m
A-6665 J  4 3 4 6 9 . 5 - . 8m
A-6666 7 3 7 5 6 .0 - . 4 m  " "

C u t t i n g s
A-6667 3260-65m 3 0 /6 - 1 1  P l a s t i c  bag
A-6668  3340-45m " Can
A-6669  ̂ j '3540-50m
A-6670  3560-65m
A-6671 3615-20m
A-6672  3630-40m
A-6673 3750-55-1
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13T a b le  8 5 C i s o t o p e  v a lu e s

IKU no Depth (m) SAT ARO NSO

O i l s
M-3143 2 6 3 0 .5 - 3 8  - 2 9 . 2  - 2 8 . 1  - 2 7 . 8
M-6647 2655-65 - 2 9 . 0  - 2 7 . 8  - 2 7 . 0

Cores
A-6663 3 4 5 2 . 4 - . 7  - 2 7 . 6  - 2 5 . 3
A - 6 6 6 4 .  3 4 6 5 . 2 - . 5  - 2 7 . 7  - 2 6 . 1  - 2 5 . 9
A-6665 3 4 6 9 . 5 - . 8  - 2 7 . 3  - 2 6 . 1  - 2 5 . 9
A-6666 3 7 5 6 .0 - . 4 - 2 8 . 0  - 2 7 . 3  - 2 7 . 2  ^

C u t t i n g s
A-6667 3260-65 - 2 8 . 0  - 2 5 . 8
A-6668 3340-45 - 2 8 . 9  - 2 7 . 7  - 2 6 . 6
A-6669  35 40-5 0  - 2 8 . 6  - 2 7 . 2  - 2 4 . 8
A-6670  3560-65 - 2 8 . 2  - 2 7 . 3  - 2 6 . 8
A-6671 3615-2 0  - 2 7 . 1  - 2 6 . 6
A-6672 3630-40 - 2 7 . 8  - 2 7 . 9
A-6673 3750-55 - 2 8 . 6  - 2 6 . 6  - 2 5 . 5
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Figure 7 . 6  ̂3  c  isotope data


