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The a n a l y s e d  se q ue n ce  i n  t h i s  w e l l  (4 2 8 0 -4 8 1 5 m )  was d i v i d e d  i n t o  t h r e e
z o n e s :

A: 4 2 80 -4 395m  i s  composed o f  some sand and c o a l  and a b u n d a n t  c l a y s t o n e s
(b ro w n  g r e y ,  l i g h t  g r e y  and d a r k  g r e y ) .  K e ro ge n s  i n  d a r k  c l a y s t o n e s  
( r i c h  TOC) a r e  m a t u r e  o i l  w i nd o w  and a r e  m ix e d  t y p e  I I / I 1 1 . They have 
a l r e a d y  g e n e r a t e d  h y d r o c a r b o n s  and s t i l l  have  a good p o t e n t i a l  ( r i c h  
in '  c o a l s )  as s o u r c e  r o c k s  f o r  g a s .

B & C: 4 3 9 5 - 4 8 1 5m. Composed m o s t l y  o f  s a n d s t o n e s  and g r e y  c l a y s t o n e s  w i t h  
p o o r  t o  f a i r  TOC and o f  c o n d e n s a t e  w indow  m a t u r i t y .  G e n e r a l l y  p o o r  
s o u r c e  r o c k  p o t e n t i a l ,  e x c e p t  f o r  b r o w n - g r e y  c l a y s t o n e  between  
45 30 -4 595m  and c o a l  be tw een  4420 -4 485m w i t h  a f a i r  t o  good p o t e n t i a l  
as s o u r c e  r o c k s  f o r  g a s .
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EXPERIMENTAL AND DESCRIPTION OF INTERPRETATION LEVELS

Headspace Gas A n a l y s i s

One m l .  o f  t h e  headsp ace  gas f r o m  each o f  t h e  cans was a n a l y s e d  gas 
c h r o m a t o g r a p h i c a l l y  f o r  l i g h t  h y d r o c a r b o n s . The r e s u l t s  a r e  shown i n  
T a b l e  l a .  The canned sa m p le s  were  washed w i t h  t e m p e r a t e d  w a t e r  on 4 ,  
2 ,  1 and 0 . 1 2 5  mm s i e v e s  t o  remove d r i l l i n g  mud and t h e r e a f t e r  d r i e d  
a t  35°C.

T o t a l  O r g a n i c  Carbon (TOC)

P i c k e d  c u t t i n g s  o f  t h e  v a r i o u s  l i t h o l o g i e s  i n  each sa mp le  was c r u s h e d  
i n  a c e n t r i f u g a l  m i l l .  A l i q u o t s  o f  t h e  samp le s  were t h e n  w e ig h e d  i n t o  
Leco c r u c i b l e s  and t r e a t e d  w i t h  h o t  2N HC1 t o  remove c a r b o n a t e  and 
washed t w i c e  w i t h  d i  s t i l  l e d  w a t e r  t o  remove t r a c e s  o f  HC1. The c r u c i 
b l e s  we re  t h e n  p l a c e d  i n  a vacuum oven a t  50°C and e v a c u a t e d  t o  20 
mm Hg f o r  12 h r s .  The samp le s  we re  t h e n  a n a l y s e d  on a Leco E C 12 
c a r b o n  a n a l y s e r ,  t o  d e t e r m i n e  t h e  t o t a l  o r g a n i c  c a r b o n  (TOC).

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)

From t h e  TOC r e s u l t s  sa m p le s  we re  s e l e c t e d  f o r  e x t r a c t i o n .  O f  t h e  
s e l e c t e d  s a m p l e s ,  a p p r o x i m a t e l y  100 gm o f  each was e x t r a c t e d  i n  a f l o w  
t h r o u g h  s y s te m  (Radke e t  a l , ,  1 9 78 ,  A n a l .  Chem. 4 9 ,  6 6 3 - 6 6 5 )  f o r  10 
m i n .  u s i n g  d i 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 as s o l v e n t  
was d i  s t i  11ed i n  an a l l  g l a s s  a p p a r a t u s  t o  remove c o n t a m i n a n t s .

A c t i v a t e d  c o p p e r  f i l l i n g s  we re  used t o  remove any f r e e  s u l p h u r  f r o m  
t h e  s a m p le s .

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 Buch i  R o t a v a p o r  and 
t r a n s f e r r e d  t o  a 50 ml f l a s k .  The r e s t  o f  t h e  s o l v e n t  was t h e n  removed 
and t h 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) d e t e r m i n e d .
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C h r o m a t o g r a 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 t e d  i n t o  s a t u r a t e d  
f r a c t i o n ,  a r o m a t i c  f r a c t i o n  and non h y d r o c a r b o n  f r a c t i o n  u s i n g  a MPLC 
s y s t e m  w i t h  hexane as e l u a n t  (Radke e t  a l . ,  A n a l .  Chem. , 1 9 8 0 ) .  The 
v a r i o u s  f r a c t i o n s  we re  e v a p o r a t e d  on a B u c h i  R o t a v a p o r  and t r a n s f e r r e d  
t o  g l a s s v i a l s  and d r i e d  i n  a s t r e a m  o f  n i t r o g e n .  The v a r i o u s  r e s u l t s  
a r e  g i v e n  i n  T a b l e  I I I - V I .

Gas C h r o m a t o g r a p h i c  A n a l y s e s

The s a t u r a t e d  and a r o m a t i c  h y d r o c a r b o n  f r a c t i o n s  were each d i l u t e d  
w i t h  n -h e x a n e  and a n a l y s e d  on a HP 5730 A gas c h r o m a t o g r a p h , f i t t e d  
w i t h  a 25 m 0V101 g l a s s  c a p i l l a r y  co lumn and an a u t o m a t i c  i n j e c t i o n  
s y s t e m .  H y d rog e n  ( 0 . 7  m l / m i n . )  was used  as c a r r i e r  gas and t h e  i n j e c 
t i o n  was p e r f o r m e d  i n  t h e  s p l i t  mode ( 1 : 2 0 ) .

V i t r i n i t e  R e f l e c t a n c e

S a m p le s ,  t a k e n  a t  v a r i o u s  i n t e r v a l s ,  we re  s e n t  f o r  v i t r i n i t e  r e f l e c 
t a n c e  m e a s u re m e n ts  t o  G e o c o n s u l t a n t s , N e w c a s t l e - u p o n - T y n e .  The sam p le s  
we re  moun ted  i n  B a k e l i t e  r e s i n  b l o c k s ;  c a r e  b e i n g  t a k e n  d u r i n g  t h e  
s e t t i n g  o f  t h e  p l a s t i c  t o  a v o i d  t e m p e r a t u r e s  i n  e x ce ss  o f  100°C.  The 
s a m p le s  we re  t h e n  g r o u n d ,  i n i t i a l  l y  on a d iamond  l a p  f o l l o w e d  by two 
g r a d e s  o f  co ru n d um  p a p e r .  A l l  g r i n d i n g  and s u b s e q u e n t  p o l i s h i n g  s t a g e s  
i n  t h e  p r e p a r a t i o n  we re  c a r r i e d  o u t  u s i n g  i s o p r o p y l  a l c o h o l  as l u b r i -  
c a n t ,  s i n c e  w a t e r  l e a d s  t o  t h e  s w e l l i n g  and d i s i n t e g r a t i o n  o f  t h e  c l a y  
f r a c t i o n  o f  t h e  s a m p le s .

P o l i s h i n g  o f  t h e  sa mp le s  was p e r f o r m e d  on S e l v y t  c l o t h s  u s i n g  t h r e e  
g r a d e s  o f  a l u m i n a ,  5 / 2 0 ,  3 / 5 0  and Gamma, f o l l o w e d  by c a r e f u l  c l e a n i n g  
o f  t h e  s u r f a c e .

R e f l e c t a n c e  d e t e r m i n a t i o n s  were  c a r r i e d  o u t  on a L e i t z  M .P .V .  m i c r o -  
p h o t o m e t e r  u n d e r  o i l  i m m e r s i o n ,  R . I .  1 .5 1 6  a t  a w a v e l e n g t h  o f  546 nm. 
The f i e l d  m easu re d  was v a r i e d  t o  s u i t  t h e  s i z e  o f  t h e  o r g a n i c  p a r -  
t i c l e ,  b u t  was u s u a l l y  o f  t h e  o r d e r  o f  2 m i c r o n  d i a m e t e r .
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The s u r f a c e  o f  t h e  p o l i s h e d  b l o c k  was s e a r c h e d  by t h e  o p e r a t o r  f o r  

s u i t a b l e  a r e a s  o f  v i t r i n i t i c  m a t e r i a l  i n  t h e  s e d i m e n t .  The r e f l e c t a n c e  
o f  t h e  o r g a n i c  p a r t i c l e  was d e t e r m i n e d  r e l a t i v e  t o  o p t i c a l  g l a s s  
s t a n d a r d s  o f  known r e f l e c t a n c e .  Where p o s s i b l e ,  a minimum o f  t w e n t y  
i n d i v i d u a l  p a r t i c l e s  o f  v i t r i n i t e  was m e a s u re d ,  a l t h o u g h  i n  many ca se s 
t h i s  number  c o u l d  n o t  be a c h i e v e d .

The sam p le s  we re  a l s o  a n a l y s e d  i n  UV l i g h t ,  and t h e  c o l o u r  o f  t h e  
f l u o r e s c i n g  m a t e r i a l  d e t e r m i n e d .  B e lo w ,  a s c a l e  c o m p a r in g  t h e  v i t 
r i n i t e  r e f l e c t a n c e  me a su re m e n ts  and t h e  f l u o r e s c e n c e  measu re ments  a r e  
g i v e n .

V IT R IN IT E  
REFLECTANCE 
R.AVER. 546 nm

0 . 2 0  0 . 3 0  
1516

0 . 4 0 0 . 5 0 0 . 6 0  0 . 7 0 0 . 8 0 0 . 9 0 1 . 0 0 1 . 1 0

% CARBON 
CONTENT DAF. 57 62 70 73 76 79 8 0 . 5 8 2 . 5 84 8 5 . 5

L I P T I N I T E  
FLUOR nm 725 750 790 820 840 860 890 940

EXC. 400 nm 
BAR. 530 nm

c o l o u r  G G/y  Y y / o L.O M .0 . D . 0 . ° / r
R

zone 1 2 3 4 5 6 7 8 9

NOTE: L i p t i n i t e  NM = N u m b e r i c a l  m e asu re m en ts  o f o v e r a l 1 s p o r e c o l o u r
and n o t  peak f l u o r e s c e n c e  w a v e l e n g t h .

R e l a t i o n s h i p  be tw een  1 i p t i n i t e  f l u o r e s c e n c e  c o l o u r ,  v i t r i n i t e  
r e f l e c t a n c e  and c a r b o n  c o n t e n t  i s  v a r i a b l e  w i t h  d e p o s i t i o n a l  
e n v i r o n m e n t  and c a t a g e n i c  h i s t o r y .  The above i s  o n l y  a g u i d e .  
L i p t i n i t e  w i l l  o f t e n  a p p e a r  t o  p r o c e s s  t o  deep o r a n g e  c o l o u r  
and t h e n  f a d e  r a t h e r  t h a n  d e v e l o p  O/R re d  s h a de .  T e r m i n a t i o n  o f  
f l u o r e s c e n c e  i s  a l s o  v a r i a b l e .
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P r o c e s s i n g  o f  Samples  and E v a l u a t i o n  o f  V i s u a l  Kerogen

C rus he d  r o c k  samp les  were t r e a t e d  w i t h  h y d r o c h l o r i c  and h y d r o f l u o r i c  
a c i d s  t o  remove t h e  m i n e r a l s .  A s e r i e s  o f  r n i c r o s c o p i c  s l i d e s  c o n t a i n  
s t r e w  moun ts  o f  t h e  r e s i d u e :

T - s 1 i  de r e p r e s e n t s  t h e  t o t a l  a c i d  i n s o l u b l e  r e s i d u e .
N - s l  i d e  r e p r e s e n t s  a s c r e e n e d  r e s i d u e  ( 1 5 y m e s h ) .
0 - s l i d e  c o n t a i n s  p a l y n o d e b r i s  r e m a i n i n g  a f t e r  f l o t a t i o n  ( Z n B r ^ )  t o  
remove h e av y  m i n e r a l s .
X- s 1 i d e s  c o n t a i n  o x i d i z e d  r e s i d u e s ,  ( o x i d i z i n g  may be r e q u i r e d  t o  
remove s a p r o p e l  w h i c h  embeds p a l y n o m o r p h s , o r  wh e re  h i g h  c o a l i f i c a t i o n  
p r e v e n t s  t h e  i d e n t i f i c a t i o n  o f  t h e  v a r i o u s  g r o u p s ) .

T a n d / o r  0 s l i d e s  a r e  n e c e s s a r y  t o  e v a l u a t e  k e ro g e n  c o m p o s i t i o n / -  
p a l y n o f a c i e s  w h i c h  i s  c l o s e l y  r e l a t e d  t o  samp le  l i t h o l o g y .

S c re e n e d  o r  o x i d i z e d  r e s i d u e s  a r e  no rm a l  l y  r e q u i r e d  t o  c o n c e n t r a t e  t h e  
l a r g e r  f r a g m e n t s ,  and t o  s t u d y  p a l y n o m o r p h s  ( p o l l e n ,  s p o r e s  and d i n o -  
f l a g e l l a t e s )  and c u t i c l e s  f o r  p a l e o d a t i n g  and c o l o u r  e v a l u a t i o n .

So f a r  v i s u a l  e v a l u a t i o n  o f  k e ro g e n  has been u n d e r t a k e n  f r o m  r e s i d u e s  
m oun ted  i n  g l y c e r i n e  j e 1 l y ,  and s t u d i e d  by L e i t z  D i a l u x  i n  no rma l  
l i g h t  ( h a l o g e n e )  u s i n g  x lO  and x63  o b j e c t i v e s .  By x63 m a g n i f i c a t i o n  i t  
i s  p o s s i b l e  t o  d i s t i n g u i s h  s i n g l e  p a r t i c l e s  o f  d i a m e t e r s  a b o u t  2 a n d ,  
i  f  r e q u i r e d ,  t o  make a more r e f i n e d  c l a s s i f i c a t i o n  o f  t h e  s c r e e n e d  

r e s i d u e s  ( p a r t i c l e s  > 1 5 y ) .

The c o l o u r  e v a l u a t i o n  i s  based  on c o l o u r  t o n e s  o f  s p o re s  and p o l l e n  
( p r e f e r a b l y )  w i t h  s u p p o r t i n g  e v i d e n c e  f r o m  c o l o u r  t o n e s  o f  o t h e r  t y p e s  
o f  k e r o g e n  (woody  m a t e r i a l ,  c u t i c l e s  and s a p r o p e l ) .  These c o l o u r s  a r e  
d e p e n d a n t  upon t h e  m a t u r i t y ,  b u t  a r e  a l s o  i n f l u e n c e d  by t h e  p a l e o -  
e n v i r o n m e n t  ( l i t h o l o g y  o f  t h e  r o c k ,  o x i d a t i o n  and decay  p r o c e s s e s ) .  
The c o l o u r s  and t h e  e s t i m a t e d  c o l o u r  i n d e x  o f  an i n d i v i d u a l  samp le  may 
t h e r e f o r e  d i f f e r  f r o m  t h o s e  o f  t h e  n e i g h b o u r i n g  s a m p le s .  The t e c h -  
n i q u e s  i n  v i s u a l  k e ro g e n  s t u d i e s  a r e  a d o p t e d  f r o m  S t a p l i n  ( 1 9 6 9 )  and 

B u rg e s s  ( 1 9 7 4 ) .

037/M/j1h/4
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I n  i n t e r p r e t a t i o n  o f  t h e  m a t u r i t y  f r o m  t h e  e s t i m a t e d  c o l o u r  i n d i c e s  we 
f o l l o w  a g e n e r a l  scheme t h a t  i s  c a l i b r a t e d  a g a i n s t  v i t r i n i t e  r e f l e c 
t a n c e  v a l u e s  (R ) .v o '

Ro________________ 0 A 5 ___________ 0 . 6  0 . 9 ____________ K 0 _______________ 1 . 3
c o l o u r  2 -  2 2 + 3 -  3
i  ndex

M a t u r i t y  M o d e r a t e  M a t u r e  ( o i l  w i n d o w )  Co n d en s a te
i n t e r v a l s  m a t u r e  w indow

R o c k - E v a l  P y r o l y s i s

100 mg c r u s h e d  samp le  was p u t  i n t o  a p l a t i n u m  c r u c i b l e  whose b o t t o m  
and c o v e r  a r e  made o f  s i n t e r e d  s t e e l  and a n a l y s e d  on a R o c k - E v a l  
p y r o l y s e r .

037/M/j1h/5
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RESULTS AND DISCUSSION 

L i g h t  H y d r o c a r b o n s

The h e adspace  gas i n  canned  s a m p l e s ,  o v e r  t h e  i n t e r v a l  4 2 8 0 -4 8 1 5  m o f  
t h e  w e l l ,  was a n a l y s e d .  Based on r e s u l t s  f r o m  t h e s e  a n a l y s e s ,  t h e  
se quence  was d i v i d e d  i n t o  t h r e e  z o n e s :

A: 4 2 8 0 -4 3 9 5  m
B: 4 3 9 5 -4 4 8 5  m
C: 4 4 8 5 -4 8 1 5  m

Zone A;  4 2 8 0 -4 3 9 5  m: T h i s  zone i s  f o u n d  t o  c o n s i s t  m a i n l y  o f  c l a y s t o n e  
and s a n d s t o n e .  The w h o le  o f  t h e  zone i s  f o u n d  t o  have a good abundance 

o f  C^-C ^ h y d r o c a r b o n s  w i t h  a lo w  w e t n e s s  o f  t h e  g a s .  The abundance o f  
C^+ h y d r o c a r b o n s  i s  f a i r  f o r  most  o f  t h e  zone i n c r e a s i n g  t o  good 
t o w a r d s  t h e  b a se .

Zone B; 4 3 9 5 -4 4 8 5  m: The abundance  o f  b o t h  C^-C^ and C^+ h y d r o c a r b o n s  
d e c r e a s e s  c o n s i d e r a b l y  i n  t h i s  zone compared t o  t h e  zone a b o v e ,  and 
t h e  w e t n e s s  o f  t h e  gas i n c r e a s e s .  The l i t h o l o g y  c h a n g e s ,  a l m o s t
e n t i r e l y ,  t o  s a n d s t o n e  i n  t h i s  z o n e .

Zone C; 4 4 8 5 -4 8 1 5  m: The l i t h o l o g y  o f  t h e  sa mp les  f r o m  t h i s  zone 
a l t e r n a t e s  f r o m  sa mp le  t o  s a m p le ,  b u t  i s  m a i n l y  g r e y  c l a y s t o n e s  and 
some s a n d s t o n e s .  The w e t n e s s  o f  t h e  gas d e c r e a s e s  s h a r p l y  a t  t h e  t o p  
o f  t h e  zone w h i l e  t h e  a b undanc es  o f  b o t h  C^-C^ and C^+ h y d r o c a r b o n s  
show a s t e a d y  d e c r e a s e  w i t h  i n c r e a s i n g  d e p t h .

T o t a l  O r g a n i c  Ca rbon

W i t h  t h e  e x c e p t i o n  o f  mos t  o f  t h e  s a n d s t o n e  s a m p le s ,  o r g a n i c  c a rb o n  
m e a s u re m e n ts  we re  u n d e r t a k e n  on a l l  l i t h o l o g i e s  w h i c h  c o n s t i t u t e d  10% 
o r  more o f  t h e  s a m p le s .

Zone A : The b r o w n i s h - g r e y  t o  l i g h t  g r e y  and t h e  g r e y - b r o w n  t o  d a r k  
g r e y - b r o w n  c l a y s t o n e  f o u n d  i n  t h e  samp le s  f r o m  t h i s  zone we re  f o u n d  t o  
have r i c h  abun d a nces  o f  o r g a n i c  c a r b o n .
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Zone B : T h i s  zone c o n s i s t s  m a i n l y  o f  s a n d s t o n e  w i t h  a lo w  p e r c e n t a g e  
o f  s i l t s t o n e  i n  some s a m p le s .  The s i l t s t o n e  has good and r i c h  a b u n 
dances o f  o r g a n i c  c a r b o n .  The s a n d s t o n e  f r o m  a c o u p l e  o f  t h e  sa mp le s  
was measu re d  f o r  o r g a n i c  c a rb o n  and f o u n d  t o  have a f a i r  a b un d a nc e .  
The h i g h  TOC v a l u e s  f o r  b o t h  t h e  s i l t s t o n e  and t h e  s a n d s to n e  a r e  
p r o b a b l y  due t o  c o a l  p a r t i c l e s  and s t r i n g e r s  i n  t h e  s a m p le s .

Zone C: The g r e y  c l a y s t o n e  a t  t h e  t o p  o f  t h i s  zone has a f a i r  a b u n 
dance  o f  o r g a n i c  c a r b o n  w h i l e  t h e  brown and r e d - b r o w n  c l a y s t o n e  f r o m  
a p p r o x i m a t e l y  4630 m downwards have a p o o r  a b un d a nc e .  A f e w  c o r e  
sa m p le s  f r o m  4 5 3 4 -4 5 4 0  m we re  a n a l y s e d  and t h e  TOC v a l u e s  o f  t h e s e  
v a r y  f r o m  0 . 6 - 3 . 3 6 %  w i t h  t h e  b r o w n i s h  g r e y ,  waxy c l a y s t o n e  a t  4 5 4 0 . 16m 
s h o w in g  t h e  h i g h e s t  TOC v a l u e .

E x t r a c t i o n  and C h r o m a t o g r a p h i c  S e p a r a t i o n

A t o t a l  o f  f i v e  s a m p le s ,  a l l  f r o m  zone A we re  e x t r a c t e d  and a l l  have a 
r i c h  a b undanc e  o f  e x t r a c t a b l e  h y d r o c a r b o n s . The o r g a n i c  c a r b o n  no rm a -  
l i s e d  r e s u l t s  a r e ,  h o w e v e r ,  somewhat l o w .  T h i s  c o u l d  i n d i c a t e  a lo w  
C i 5+ h y d r o c a r b o n  p r o d u c t i o n  e f f i c i e n c y ,  p e r  u n i t  o f  o r g a n i c  c a r b o n .  
The c o m p o s i t i o n  o f  t h e  h y d r o c a r b o n s  v a r y  somewhat ,  b u t  t h e y  a l l  have a 
much h i g h e r  c o n c e n t r a t i o n  o f  s a t u r a t e d  t h a n  o f  a r o m a t i c  h y d r o c a r b o n s .

The gas c h ro m a to g ra m s  o f  t h e  s a t u r a t e d  h y d r o c a r b o n  f r a c t i o n s  a l l  have 
a f r o n t - e n d  b i a s e d  smooth  n - a l k a n e  d i s t r i b u t i o n  w i t h  a maximum a t  nC^y 
o r  l o w e r .  T h e re  a r e  o n l y  m i n o r  d i f f e r e n c e s  i n  t h e  p r i  s t ane /nC-^y  and 
p r i s t a n e / p h y t a n e  r a t i o s  f o r  t h e  a n a l y s e d  s a m p le s .  A l l  t h e  gas 
c h r o m a t o g ra m s  a r e  t y p i c a l  f o r  w e l l  m a t u r e  h y d r o c a r b o n s . The r e l a t i v e l y  
h i g h  c o n c e n t r a t i o n  o f  h i g h e r  n - a l k a n e s  ( ^ C ^ q ) i n d i c a t e  t h a t  t h e y  have 

p r o b a b a l y  o r i g i n a t e d  f r o m  t e r r e s t r i a l  m a t e r i a l .
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E x a m in a t i o n  i n  R e f l e c t e d  L i g h t

K 9 0 2 0 ,  4 2 65 -4 2 8 0m :  S h a l e  and Coal  , R o = l , 1 4 ( 2 3 )

The sa mp le  shows b i t u m e n  s t a i n i n g .  I t  has p 1 e n t i  f u 1 c o a l  f r a g m e n t s  and 
v i t r i n i t e  w i s p s  and i n e r t i n i t e  p a r t i c l e s  i n  s h a l e .  UV l i g h t  shows d u l l  
r e d  f l u o r e s c e n c e  f r o m  s p o r e s  and a l o w  e x i n i t e  c o n t e n t .

K 9 0 2 4 ,  4 3 25 -4 340m :  S h a le  and C o a l ,  R o = l , 1 6 ( 2 2 )

The sa mp le  has p l e n t i f u l  c o a l  c u t t i n g s  and no rma l  l i t h o l o g i e s  w i t h  a 
l o w  c o n t e n t  o f  p h y t o c l a s t s  i n  s h a l e .  UV l i g h t  shows o r a n g e / r e d  f l u o r e 
s ce n ce  f r o m  s p o r e s  and a t r a c e  o n l y  o f  e x i n i t e .

K 9 0 2 6 ,  4355 -4 3 7 0m :  S h a le  and C o a l ,  R o = l , 2 9 ( 2 3 )

The sa mp le  has a m o d e r a t e  o r g a n i c  c o n t e n t  w i t h  b i t u m e n  s t a i n i n g  i n  t h e  
s h a l e .  I t  c o n s i s t s  o f  i n e r t i n i t e  p a r t i c l e s  and v i t r i n i t e  w i s p s  and a 
f e w  l o o s e  c o a l  c u t t i n g s .  UV l i g h t  shows re d  f l u o r e s c e n c e  f r o m  s p o re s  
and a f e w  h y d r o c a r b o n  sp e c k s  and o n l y  a t r a c e  o f  e x i n i t e .

K 9 0 2 8 ,  4 3 8 5 -4 3 9 5m :  S h a l e ,  C a r b o n a t e  and L i g n i t e ,  R o = l , 2 0 ( 2 1 )

The s am p le  has a m o d e r a t e  b i t u m e n  s t a i n i n g  w i t h  a lo w  c o n t e n t  o f  
i n e r t i n i t e  p a r t i c l e s  and v i t r i n i t e  w i s p s .  I t  has a fe w  l o o s e  c o a l  
f r a g m e n t s  o f  s i m i l a r  Ro v a l u e s .  UV l i g h t  shows no f l u o r e s c e n c e  and t h e  
e x i n i t e  c o n t e n t  i s  n i l .

M 2 8 8 ,  4 4 70 -4 4 8 5m :  S h a l e ,  C a r b o n a t e  and L i g n i t e ,  Ro=0 , 3 1 ( 2 3 )

The samp le  has l i g h t  b i t u m e n  s t a i n i n g  and w i p s  w i t h  p l e n t i f u l  l i g n i t e  
c u t t i n g s  -  no rm a l  l i t h o l o g y .  UV l i g h t  shows y e l l o w  f l u o r e s c e n c e  f r o m  
s p o r e s  i n  s h a l e  and l i g n i t e  and a l o w  e x i n i t e  c o n t e n t .
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The samp le  has a f e w  1 i  g n i  t e  c u t t i n g s .  T h e re  a r e  t r a c e s  o f  m a t e r i a l  
w i t h  h i g h  Ro v a l u e s  and i n t e r s t i t i a l  b i t u m e n  w i t h  h i g h  Ro v a l u e s .  UV 
l i g h t  shows a t r a c e  o f  y e l l o w  f l u o r e s c e n c e  f r o m  s p o r e s  i n  l i g n i t e  and 
a t r a c e  o n l y  o f  e x i n i t e .

M 3 9 7 ,  4590 -4 605m :  S a n d s to n e  and s h a l e  t r a c e s ,  R o = 0 ,3 3 ( 1 3 )  1 , 3 5 ( 1 0 )

The sa mp le  c o n s i s t s  o f  b a r r e n  s a n d s t o n e .  I t  has a fe w  l i g n i t e  c u t t i n g s  
w i t h  l o w  Ro v a l u e s .  The s h a l e  c o n t a i n s  o n l y  v e r y  h i g h  Ro v a l u e s ,  w i s p y  
p a r t i c l e s  and p a r t i c l e s  w h i c h  a r e  p o s s i b l y  r e w o r k e d .  UV l i g h t  shows a 
c o u p l e  o f  l o o s e  y e l l o w / o r a n g e  s p o r e s  and a t r a c e  o n l y  o f  e x i n i t e .

M 401 , 4650 -4 665m :  S a n d s t o n e  and S h a l e ,  R o = 0 ,4 1 ( 2 0 )  1 , 8 0 ( 3 )

The sa m p le  has m o d e r a t e  b i t u m e n  s t a i n i n g  i n  s h a l e .  I t  has p l e n t i f u l  
l i g n i t e  c u t t i n g s .  The s h a l e  c o n t a i n s  h i g h  Ro v a l u e s  re w o r k e d  and 
i n e r t i n i t e  p a r t i c l e s .  UV l i g h t  shows y e l l o w  f l u o r e s c e n c e  f r o m  s p o re s  
i n  l i g n i t e  and a t r a c e  o n l y  o f  e x i n i t e .

M 5 6 6 ,  4 7 40 -4 755m :  S h a l e  and S a n d s t o n e ,  R o = 0 , 3 2 ( 2 2 )

The samp le  c o n s i s t s  o f  b a r r e n  s h a l e .  The o r g a n i c  m a t e r i a l  i s  r e s t r i c -  
t e d  t o  p l e n t i f u l  l o o s e  l i g n i t e  c u t t i n g s .  UV l i g h t  shows y e l l o w  f l u o r e 
s c e n c e  f r o m  s p o r e s  and r e s i n  i n  l i g n i t e  and a t r a c e  o n l y  o f  e x i n i t e .

M 5 7 0 ,  4800 -4 8 1 5m :  Red S h a l e  and C a r b o n a t e ,  R o = 0 , 3 5 ( 2 1 )

The sam p le  i s  b a r r e n  a p a r t  f r o m  a f e w  l o o s e  l i g n i t e  c u t t i n g s .  UV l i g h t  
shows no d e f i n i t e  o r g a n i c  f l u o r e s c e n c e  and t h e  e x i n i t e  c o n t e n t  i s  n i l .

M 393 ,  4530-4545m: S a n d s to n e ,  Ro=0 ,3 3 (1 2 )  1 , 3 6 ( 8 )
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I n v e s t i g a t i o n  i n  T r a n s m i t t e d  L i g h t  ( V i s u a l  Kerogen  A n a l y s e s )

T w e l v e  sa mp le s  i n  t h e  i n t e r v a l  f r o m  4265 m t o  4815 m were  i n v e s t i 
g a t e d .

The o r g a n i c  r e s i d u e s  o f  t h i s  i n t e r v a l  a p p a r e n t l y  b e l o n g  t o  two  i n t e r -  
v a l s ,  an u p p e r  one 4 2 65 -4 3 9 5  m w i t h  p o t e n t i a l  m a i n l y  f o r  g a s ,  and a
l o w e r  i n t e r v a l  t h a t  was v e r y  p o o r  i n  o r g a n i c  m a t t e r .  From t h e  c o l o u r s
o f  p o l l e n ,  s p o r e s ,  and c u t i c l e s  t h e  u p p e r  p a r t  seems m a t u r e ,  and i n  
t h e  l o w e r  p a r t  o f  t h e  o i l  w in d o w .

Samples  4265m,  4295m,  4325m,  4355m and 4 3 8 5 - 9 5 m : The r e s i d u e s  c o n t a i n
o r g a n i c  m a t e r i a l  as a g g r e g a t e s  m a i n l y  o f  s a p r o p e l i s e d  t e r r e s t r i a l  
m a t e r i a l  and d o m in a t e d  by woody p a r t i c l e s  ( v i t r i n i t e  t o g e t h e r  w i t h  
i n e r t i n i t e ) .  C u t i c l e s ,  p o l l e n ,  and s p o r e s  we re  r e g u l a r l y  o b s e r v e d .  
T r u e  amo rphous  m a t e r i a l  was e v a l u a t e d  as p r e s e n t ,  a b o u t  20%, b u t  t h e  
d i s t i n c t i o n  f r o m  s a p r o p e l i s e d  m a t e r i a l  i s  a r b i t r a r y .  P y r i t e  i s  p r e s e n t  
and f u n g i  seems t o  have been a c t i v e  i n  most  o f  t h e  sa mp les  e s p e c i a l l y  
i n  t h e  l o w e r  p a r t  o f  t h e  i n t e r v a l .

The c o n t e n t  o f  i n e r t i n i t e  i s  v a r i a b l e  10-25%.

The c o l o u r  i n d e x :  3 - / 3  o r  3.

Samp les  4530m,  4561m,  4631m, 4680m,  4740m,  4773m,  480Q-15m: The 
r e s i d u e s  o f  t h i s  i n t e r v a l  we re  a l l  s m a l l  and we re  r i c h  i n  o r  d o m in a t e d  
by  a c i d  and r e s i s t a n t  m i n e r a l s .

The o r g a n i c  r e m a i n s  we re  p a r t l y  o b s e r v e d  as a g g r e g a t e s  o f  comb in ed  
o r g a n i c / i n o r g a n i c  c o m p o s i t i o n  and e v a l u a t e d  as d e r i v e d  f r o m  c a r b o n a t i c  
l i t h o l o g i e s .  A p a r t  f r o m  t h e  4680 m l e v e l  t h e  o r g a n i c  m a t e r i a l  was 
d o m i n a n t l y  d e r i v e d  f r o m  woody m a t t e r .  I n e r t i n i t e  was d o m in a n t  i n  t h e  

l o w e r  p a r t  o f  t h e  i n t e r v a l .

C o l o u r  i n d e x :  P a l y n o m o rp h s  o r  c u t i c l e s  o f  v a l u e  f o r  a c o l o u r  e s t i m a t e  
we re  n o t  r e c o r d e d  i n  t h i s  i n t e r v a l .
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R o c k - E v a l  P y r o l y s i s

Zone A : A t o t a l  o f  s i x  sa mp les  f r o m  t h i s  zone we re  p y r o l y s e d  on a
R o c k - E v a l  i n s t r u m e n t .  They a r e  a l l  f o u n d  t o  have h i g h  T v a l u e sJ max
i n d i c a t i n g  a m a t u r i t y  i n  t h e  l o w e r  p a r t  o f  t h e  o i l  w ind o w .  A l l  t h e
sa m p le s  e x c e p t  t h e  g r e y  c l a y s t o n e  f r o m  4395 m have l o w  oxygen  i n d i c e s
and l o w  t o  m o d e r a t e  h y d r o g e n  i n d i c e s .  The samp les  w i t h  h y d ro g e n
i n d i c e s  o f  1 2 0 -1 5 0  and T v a l u e s  f r o m  4 4 7 - 4 6 2  p r o b a b l y  c o n s i s t  o f  amax r  J
m i x t u r e  o f  k e ro g e n  t y p e  I I  and I I I  w h i l e  t h e  r e s t  o f  t h e  samp les  
c o n t a i n  k e ro g e n  t y p e  I I I .  The m o d e r a t e  p r o d u c t i o n  i n d e x  v a l u e s  i n d i 
c a t e  t h a t  t h e  sa m p le s  do n o t  c o n t a i n  any m i g r a t e d  h y d r o c a r b o n s . The 
a n a l y s e d  sa m p le s  have a f a i r  t o  good p e t r o l e u m  p o t e n t i a l .

Zone B : None o f  t h e  samp le s  f r o m  t h i s  zone  were  p y r o l y s e d .

Zone C : A t o t a l  o f  s i x  s a m p le s ,  t h r e e  c u t t i n g  sa mp les  and t h r e e  c o r e
sam p le s  we re  p y r o l y s e d .  The S£ peaks  a r e  s m a l l  and b ro a d  on some o f
t h e  s a m p le s  and T i s  t h e r e f o r e  d i f f i c u l t  t o  d e t e r m i n e .  The w h o le  ^ max
zone h a s ,  h o w e v e r ,  some T v v a l u e s  w h i c h  i n d i c a t e s  t h a t  t h e  w h o le  o fmax
t h e  zone has a c o n d e n s a t e  w in d o w  m a t u r i t y .  The h y d ro g e n  i n d i c e s  a r e  
l o w  f o r  a l l  t h e  a n a l y s e d  sam p le s  w h i c h  i n d i c a t e s  t h a t  o n l y  k e ro g e n  
t y p e  I I I  i s  p r e s e n t .  The h y d r o c a r b o n  p o t e n t i a l  i s  p o o r  f o r  t h e  w h o le  

o f  t h e  zo n e .
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Zone A ( 4 2 8 0 - 4 3 9 5 m ) : B r o w n i s h - g r e y  t o  l i g h t  g r e y ,  and d a r k - g r e y  
c l a y s t o n e s  i n  t h i s  s e c t i o n  have an o i l  w indow m a t u r i t y  a p p r o a c h i n g  
c o n d e n s a t e  w in dow m a t u r i t y  ( %Ro>l% < 1 . 3 % ) .  The k e ro g e n s  i n  t h e s e  
c l a y s t o n e s  a r e  p r e d o m i n a n t l y  m ixe d  t y p e  I I / I I I  f r o m  R o c k - E v a l  a n a l y -  
s i s .  V i s u a l  k e ro g e n  a n a l y s i s  i n d i c a t e s  t h a t  t h e  o r g a n i c  m a t e r i a l  i n  
t h e  c l a y s t o n e s  i s  m o s t l y  s a p r o p e l i s e d  t e r r e s t r i a l  m a t t e r  and m a i n l y  o f  
woody o r i g i n  ( v i t r i n i t e  and i n e r t i n i t e )  a l t h o u g h  t h e r e  i s  some c u t i c l e  
and s p o r e  m a t e r i a l .  I t  i s  e v i d e n t  f r o m  R o c k - E v a l  a n l y s i s  t h a t  s i g n i -  
f i c a n t  h y d r o c a r b o n s  have a l r e a d y  been g e n e r a t e d  ( h i g h  S l )  f r o m  t h e s e  
c o a l y  c l a y s t o n e s ,  and t h a t  t h e y  have a f a i r  t o  good p o t e n t i a l  as 
s o u r c e  r o c k s  f o r  gas ( i n c l u d i n g  c o a l s ) .

Zones B and C ( 4 3 9 5 - 4 8 1 5 m ) : These two  zones  a r e  composed m o s t l y  o f  
s a n d s t o n e s  and TOC-poo r  c l a y s t o n e s  ( g r e y ,  g r e y - g r e e n  and r e d - b r o w r i )  
w i t h  t y p e  I I I  o r  IV k e r o g e n s .  The zones  w h i c h  a r e  c o n d e n s a t e  w indow 
m a t u r e  ( m a i n l y  deduced  f r o m  e x t r a p o l a t i o n  o f  t h e  v i t r i n i t e  r e f l e c t a n c e  
c u r v e )  have a p o o r  s o u r c e  p o t e n t i a l ,  e x c e p t  f o r  a c o a l  f r o m  4420 -4485m 
w i t h  a r i c h ?  p o t e n t i a l  as a s o u r c e  r o c k  f o r  gas and a b r o w n - g r e y  waxy 
c l a y s t o n e s  be tween  4530 -4545m w i t h  a f a i r  t o  good p o t e n t i a l  as a 

s o u r c e  r o c k  f o r  g as .

CONSLUSIONS

037/M/jlh/12



IKU
T A B L E  I  a .

CONCENTRATION (u l Gas /  ka Rock) OF Cl -  C7 HYDROCARBONS IN HEADSPACE.

I
I
I
T

IKU
No.

DEPTH Cl 
( m)

C2 C3 iC4 nC4 C5+
SUM
C1-C4

SUM
C2-C4

WET-
NESS
(*/.)

iC4

nC4
i
I
I
I
I
T

K9020 4280 162824 14069 3384 458 560 1194 181295 18471 10. 19 .82

K9021 4295 173914 13393 2547 296 388 949 190538 16624 8. 72 .76
1
I
I
I
I
I
r

K9022 4310 118424 11708 3898 610 899 1456 135539 17115 12.63 .68

K9023 4325 149291 15291 4943 940 1272 2918 171737 22446 13.07 .74

K9024 4340 5650 529 172 48 56 361 6455 805 12.47 .86
i
I
I
I
I
I
T

K9025 4355 49910 6509 3041 454 995 2196 60909 10999 18.06 .46

K9026 4370 71373 8398 4112 669 1196 2226 86248 14875 17.25 .56

K9027 4385 125028 19159 10639 1602 3527 6888 159955 34927 21.84 .45
J.
I
I
I
I
I

K9028 4395 12723 5012 2889 476 1209 13603 22309 9586 42.97 .39

M284 4425 1405 555 613 156 256 885 2985 1580 52.93 .61

M286 4455 870 549 501 107 167 601 2194 1324 60.35 .64
I
I
I
I
T

M288 4485 892 403 351 131 875 557 2652 1760 66.37 . 15

M391 4515 2231 309 208 68 1 1 0 852 2926 695 23.75 .62
i
I
T

M393 4545 4360 478 71 1 0 16 99 4935 575 11 .65 .63
I
I
T

M395 4575 7821 1259 153 18 19 172 9270 1449 15. 63 .95
1
I
T

M397 4605 4649 520 74 11 12 129 5266 617 11. 72 .92
1
I
I
I

M399 4635 964 120 21 4 63 28 1172 208 17.75 .06

M401 4665 448 84 y 3 3 267 547 99 18. 10 1. 00
I
I
T

M403 4695 1107 45 CT 232 1157 50 4. 32
1
I
I
I
T

M405 4725 250 11 200 261 11 4.2.? - *

M566 4755 2555 50 159 2605 50 1.92
A
I
I
I
I

M568 4 7 8 5 431 7 162 438 7 1.60

M570 4 8 1 5 69 116 2 129 187 118 63. 10



IK U
l O LITHOLOGY AND TOTAL ORGANIC

CARBON MEASUREMENTS
TAB LE NO.: I I
W ELL NO.: 3° / 7 ' 8 11

Sample Depth TO C Lithology

K 9020 4 2 6 5 - 2 , 5 7 60% C l a y s t o n e ,  b r o w n i s h  g r e y  t o  l i g h t  g r e y ,

4280 some d a r k ,  o c c a s i o n a l l y  c o a l y ,  some
d e f o r m e d / w a x y

0 , 1 9 25% S a n d s t o n e ,  f i n e - m e d i u m ,  some c o a r s e ,
w h i t e

15% C o a l , b l a c k

K 9021 4 2 8 0 - 1 , 5 6 40% C l a y s t o n e ,  as above

4295 20% Coal  t o  c a r b o n a c e o u s  C l a y s t o n e ,  b l a c k
t o  d a r k  g r e y

40% S a n d s t o n e ,  as above

K 9022 4 2 9 5 - 3 , 0 3 50% C l a y s t o n e ,  b r o w n i s h  g r e y  t o  l i g h t  g r e y ,

4310 some d a r k
35% S a n d / S a n d s t o n e , f i n e  t o  c o a r s e ,  w h i t e

15% Coal  t o  c a r b o n a c e o u s  C l a y s t o n e ,  b l a c k

t o  d a r k  g r e y

K 9023 4 3 1 0 - 2 , 2 3 65% C l a y s t o n e ,  b r o w n i s h  g r e y ,  g r a d i n g  t o

4325 l i g h t  and d a r k ,  w a x y / d e f o r m e d ,
o c c a s i o n a l l y  c o a l y ,  g r a d i n g  t o  v e r y
s i l t y ,  l a m i n a t e d

10% C l a y s t o n e ,  d a r k  b r o w n - g r e y

O-SOC\J Coal  t o  c a rb o n a c e o u s  C l a y s t o n e ,  b l a c k
t o  d a r k  g r e y

5% S a n d / S a n d s t o n e

K 9024 4 3 2 5 - 3 , 6 6 60% C l a y s t o n e ,  as a b o v e ,  some S i l t s t o n e -

4340 1ami nae
20% Coal  t o  c a r b o n a c e o u s  C l a y s t o n e ,  b l a c k

•>
\$

1

20% S a n d s t o n e ,  f i n e

0 3 8 / B / j l h / l



IKU____________________________________
WSl LITHOLOGY AND TOTAL ORGANIC T A B L E  MO.: I I

■ 3 J  CARBON MEASUREMENTS w e l l n o .: 3 ° / 7 - *  11

Sample D epth TOC Lithology

K 9025 4 3 4 0 - 1 , 3 9 70% C l a y s t o n e ,  s i l  t y ,  g r e y - b r o w n  t o  d a r k
4355 ' and l i g h t  g r e y ,  o c c a s i o n a l l y  some c a l -

c a r e o u s ,  l a r g e l y  d e f o r m e d / w a x y
20% C o a l / c a r b o n a c e o u s  C l a y s t o n e ,  m a i n 

l y  b l a c k
10% S a n d s to n e

K 9026 4 3 5 5 - 5 , 7 6 80% C l a y s t o n e ,  g r e y - b r o w n  t o  d a r k  g r e y -
4370 b r o w n ,  some l i g h t  g r e y ,  w a x y / d e f o r m e d ,

c o a l y ,  some v e r y  s i l  t y
10% S a n d s t o n e ,  f i n e ,  w h i t e ,  some medium

Sand
10% Coal  t o  c a r b o n a c e o u s  C l a y s t o n e ,  b l a c k

K 9027 4 3 7 0 - 2 , 2 9 63% C l a y s t o n e / S i 1t s t o n e , d a r k  g r e y  t o
4385 b l a c k ,  p a r t l y  c o a l y  o r  c a r b o n a c e o u s

( s t r i  n g e r s )
0 , 5 0 20% C l a y s t o n e / S i 1t s t o n e ,  g r e y  t o  l i g h t

g r e y  ( b r o w n i s h )
10% S a n d / S a n d s t o n e

7% C o a l , s h i n y , b l a c k

K 9028 4 3 8 5 - 5 , 8 6 43% Si 1 t s t o n e / C l a y s t o n e , ( b r o w n i s h )  d a r k
4395 g r e y ,  g r a d i n g  t o  b l a c k ,  as above

1 ,0 7 10% Si 1 t s t o n e / C l a y s t o n e , g r e y  t o  l i g h t  g r e y
p a r t l y  b r o w n i s h

7% C o a l , b l a c k ,  s h i n y
0 , 5 1 20% S a n d s t o n e ,  l i g h t  g r e y / w h i t e ,  s i l  t y ,

v e r y  f i n e - f i n e ,  p a r t l y  m i c a c e o u s ,
some m e d iu m - c o a r s e  Sand

\

>I
i

20% Mud,  y e l l o w i s h  l i g h t  g r e y ,  l o o s e

0 3 8 / B / j l h / 2



IK U

< 0

LITHOLOGY AND TOTAL ORGANIC
CARBON MEASUREMENTS

TABLE NO.: 11
W ELL NO.: 3° / 7 ' 8 11

Sam ple Depth T O C L ith o lo gy

M 284 4 4 1 0 -
4425

0 , 5 4

M 286 4 4 4 0 -
4445

0 , 5 6

M 288 4 4 7 0 -

4485
0 , 9 0

M 391

M 393

4500-
4515

4530-
4545 1 , 3 8

100%

Sm.am,

100%

Sm.am,

10%

40%

40%
10%

Sm.am. 

100%

85%
15%

Sm.am.

S a n d s t o n e ,  f i n e ,  o c c a s i o n a l l y  m i c a c e -  
o u s ,  w h i t e  t o  l i g h t  g r e y ,  s c a t t e r e d  
C o a l - g r a i n s  and P y r i t e ,  o b s .  C h l o r i t e ,  
p a r t l y  some c a l c a r e o u s  
S i l t s t o n e / C l a y s t o n e ,  b r o w n i s h  d a r k  
g r e y ;  Sand ,  m e d i u m / c o a r s e ;  P y r i t e ;  
a d d i t i v e s  and cement

S a n d s t o n e ,  as a b o v e ,  some d a r k  b ro w n 
i s h  m i c a c e o u s  S i  11 - 1 a m i n a e , C o a l -  
p a r t i c l e s  a b u n d a n t  
Coal  g r a i n s ;  a d d i t i v e s

S i l t s t o n e ,  s a n d y ,  g r e y ,  s l i g h t l y  
g l a u c o n i t i c ,  l a m i n a t e d ,  o b s .  C h l o r i t e  
Mud c a k e ,  s l i g h t l y  b r o w n i s h  l i g h t  
g r e y / w h i t e ,  l o o s e  
Coal
S a n d s t o n e ,  v e r y  f i n e - f i n e ,  w h i t e  t o  
l i g h t  b r o w n i s h  g r e y ,  m i c a c e o u s ,  
l a m i n a t e d ,  s l i g h t l y  g l a u c o n i t i c  
C a l c i t e ,  w h i t e

Sand ,  medium t o  c o a r s e ,  a n g u l a r ,  w h i t e

S a n d / S a n d s t o n e ,  as above 
C l a y s t o n e ,  b r o w n - g r e y  t o  d a r k  b r o w n -  
g r e y  ( g r a d i n g  t o  b l a c k ,  c a r b o n a c e o u s ) , 

g r e y
C o a l ;  Mud c a k e ,  l i g h t  y e l l o w - g r e y

0 3 8 / B / j  1h /3



IKU
LITHOLOGY AND TOTAL ORGANIC TABLE NO.: H

CARBON MEASUREMENTS well rø..- 30/7-8 11

Sam ple D e p th T O C Lifhology

M 395 4 5 6 0 -

5^l
o

LO S a n d / S a n d s t o n e , m e d iu m - v e r y  c o a r s e ,

4575 w h i t e
0 , 7 8 45% C l a y s t o n e ,  d a r k  b r o w n i s h  g r e y  t o

b r o w n i s h  g r e y

M 397 4 5 9 0 - 85% Sand ,  medium t o  c o a r s e
4605 0 , 7 5 15% C l a y s t o n e ,  l i g h t  b r o w n - g r e y  t o  d a r k

b r o w n - g r e y ,  o c c a s i o n a l l y  c o a l y
Sm.am. C o a l ; P y r i t e

M 399 4 6 2 0 - 0 , 3 8 90% C l a y s t o n e ,  s i l t y ,  g r e y  t o  l i g h t  g r e y ,

4635 p a r t l y  b r o w n i s h ,  d e fo r m e d  i n t e r n a l
s u r f a c e s

10% S a n d / S a n d s t o n e

M 401 4 6 5 0 - 0 , 2 9 75% C l a y s t o n e ,  as a b o v e ,  g re e n  and d a r k

4665 o b s e r v e d
20% S a n d / S a n d s t o n e ,  medium t o  v e r y  c o a r s e

5% Coal

M 403 4 6 8 0 - 0 , 3 0 80% C l a y s t o n e ,  g r e y  t o  l i g h t  g r e y ,  p a r t l y

4695 b r o w n i s h ,  d e fo r m e d  i n t e r n a l  s u r f a c e s ,
some d a r k

20% S a n d / S a n d s t o n e ,  w h i t e  -  l i g h t  g r e y ,
o b s .  g r e e n ,  f i n e  t o  v e r y  c o a r s e

M 405 4 7 1 0 - 0 , 3 2 50% C l a y s t o n e ,  g r e y - g r e e n ,  g r e y ,  r e d -

4725 brown
c

i

OLO S a n d / S a n d s t o n e ,  m e d iu m - c o a r s e

0 3 8 / B / j 1h /4



IKU
LITHOLOGY AND TOTAL ORGANIC
CARBONMEASUREMENTS

TABLE fSIO.: I I
WELL  NO.: 3 0 / 7 - 8  11

Sample Depth TO C Lithology

M 566 4 7 4 0 - 0 , 2 9 60% C l a y s t o n e ,  g r e y / l i g h t  g r e y ,  g r a d i n g

4755 t o  g re e n  and r e d - b r o w n
40% S a n d / S a n d s t o n e , f i n e  t o  c o a r s e ,  p a r t -

l y  c a l c a r e o u s
Sm.am. P y r i  t e

M 568 4 7 7 0 - 0 , 1 4 20% C l a y s t o n e ,  r e d - b r o w n ,  o c c a s i o n a l l y
4785 c a l c a r e o u s

0 , 2 6 15% C l a y s t o n e ,  g r e y  t o  g r e y - g r e e n
0 , 1 1 65% S a n d s t o n e ,  w h i t e  and r e d - b r o w n ,

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

Sm.am. C a l c i t e ,  w h i t e ;  L i m e s t o n e ,  l i g h t  g r e y

M 570 4 8 0 0 - 0 , 2 3 80% C l a y s t o n e / S i l t s t o n e ,  r e d - b r o w n

4815 0 , 1 9 15% C l a y s t o n e ,  g r e y - g r e e n
5% S a n d s to n e

S

..........

Sm.am. Coal

0 3 8 / B / j  1h /5



WEIGHT OF EOM AND CHROMATOGRAPHIC FRACTIONS

T  A B L  E  : I I I

1
I IKU—No
T

DEPTH
Rock 
Ext r . EOM Sat. A r o . HC

N o n 
HC

I
TOC I

TI
I
I

( m) < 9 > (mg ) ( mg ) ( mg ) (mg ) (mg > (7. > I 
I

| ---------------------------

I
I K-9020 4280 29. 1 70. 5 28.3 7. 1 35. 4 35. 1

I
3 .9  I

T
1

I K—9022 4310 2 2 .  6 144.3 1 9 . 6 7.  0 2 6 .  6 1 17. 7 4 .0  I
TI

I K—9024 4340 13 .  2 46. 7 9 .  6 2 .  1 11.7 3 5 .  0 2 . 9  I
TI

I K—9026 4370 23. 7 40. 5 15. 1 4 .9 2 0 .  0 20. 5 2 . 8  I
T

i

I K—9028 4395 2 . 9 35. 7 4. 7 1. 1 cr o 2 9 .  9 5.1 I



CONCENTRATION OF EOM AND CHROMATOGRAPHIC FRACTIONS

( W e i s h t  pprri o f  r o c k )

T A B L  E  : I V

I \ N o n I
I IKIJ-No
I
I
I ------------------------------------

DEPTH 

( m )

EOM S a t . A r  o . HC HC I 
I 
I

---------------------- j

I
I K—9020 42S0 2423 973 244 1216

I
1206 I

T
X

I K-9022 4310 6388 868 310 1178
1

5210 I
TJ.

I K-9024 4340 3525 725 158 883 2642 I
T

1

I K-9026 4370 1706 636 206 842 864 I
TI

I K -902-3 4395 12439 1638 383 202 1

1

10418 I



T A B L  E : V

GONGENTRAT I ON OF EOM AND CHROMATOGRAPHIC FRAGTIONS

(msi/9 TOC)

I
I IKU-No
I
I
I =========

DEPTH 

(m)

EOM S a t. A r  o . HC
Non I 
HC I 

I 
I

I
I K—9020 4280 61. 5 24. 7 6. 2 30. 9

I
30. 6 I

X
I K-9022
T

4310 161.7 22. 0 7 .8 29 .8
i

131.9 I
T1

I K-9024 4340 122. 4 25.2 5 .5 30. 7 91 .7  I
TI

I K—9026 4370 61 .4 22. 9 7 .4 30. 3
1

31.1 I
TI

I K—9028 4395 243. 9 32. 1 7 .5 39. 6
1

204.3  I



COMPOSITION IN  7. OF THE MATERIAL EXTRACTED FROM THE ROCK

T  A B L  E : V I

I Sa t Ar o HC Sa t Non HC HC I
I IKU-No DEPTH ------- -------- ------- ------- ---------------- ----------------I
I EOM EOM EOM A ro EOM Non HC I
I
I =========

<m) I

I
I K-9020 4280 40. 1 10.1 50. 2 398. 6 49. 8

I
100.9 I

Ti
1 K-9022 4310 13. 6 4 .9 18.4 280. 0 81.6 22.6  I

T1
I K—9024
T

4340 20. 6 4 .5 25. 1 4 5 7 .  1 74 . 9 3 3 . 4  I
II

I K—9 0 2 6 4 3 7 0 3 7 . 3 12. 1 4 9 .  4 3 0 8 .  2 5 0 .  6 9 7 . 6  I
T1

I  K - 9 0 2 8 4 3 9 5 13 . 2 3 .  1 16 . 2 4 2 7 .  3 8 3 .  8
1

1 9 .4  I



T A B I  E V I  J

TABULAT ION OF DATAS FROM THE GASCHROMATOGRAMS

I DEPTH FRISTANE FRISTANE I
I IKU No.
I
I ----------------------------

( m ) n-C17 PHYTANE
CPI I 

I
-----------------------------j

I
I K9020 4280 . 5 1 . 7

I
1.0  I

1

I K9022
T

4310 czr 1.5
1

1.0 I
T1

I K9024 4340 . 4 1.7 1.0 I
I

I K9026 4370 . 4 1. 7
i

1.0 I
1

I K902S 
I

4395 .4 1 . 3
i

1.0 I 
I



IKU
VITRINITE REFLECTANCE 
MEASUREMENTS

TABLE NO.: VIII

WELL NO. 3 0 / 7 .

Sample Depth Vitrinite reflectance Fluorescence in UV light Exinite content

K9020 4 2 6 5 -
4280

1 , 1 4 ( 2 3 ) D u l l  re d Low

K9024 4 3 2 5 -
4340

1 , 1 6 ( 2 2 ) O range /R ed T r a c e

K9026 4 3 5 5 -
4370

1 , 2 9 ( 2 3 ) Red T r a c e

K9028 4 3 8 5 -
4395

1 , 2 0 ( 2 1 ) No f l u o r e s c e n c e -

M 288 4 4 7 0 -
4485

0 , 3 1 ( 2 3 ) Y e l l o w Low

M393 4 5 3 0 -
4545

0 , 3 3 ( 1 2 )  1 , 3 6 ( 8 ) Y e l l o w T r a c e

M397 4 5 9 0 -
4605

0 , 3 3 ( 1 3 )  1 , 3 5 ( 1 0 ) Y e l 1ow/O ra nge T r a c e

M401 4 6 5 0 -
4665

0 , 4 1 ( 2 0 )  1 , 8 0 ( 3 ) Y e l 1ow T r a c e

M566 4 7 4 0 -
4755

0 , 3 2 ( 2 2 ) Y e l 1ow T r a c e

M570

•<

4 8 0 0 -
4815

0 , 3 5 ( 2 1 ) No f l u o r e s c e n c e

0 3 8 / C / j l h / l



IKU
VISUAL KEROGEN ANALYSIS

T A B L E  N O .: IX
W E L L : 3 0 / 7 -

Sample Depth Com position of residue
Particle

size
Preservation-

palynom orphs
Therm al m aturation  

index Remarks

K 9020 4 2 6 5 -
4280

W ,C u t , P , S , W R ! / A m F-M-L f a i r  t o  p o o r 3 - / 3 S a p r o p e l i s e d  m a t e r i a l .  Smal l  
s p h e r i c a l  b o d i e s ,  f u n g a l  
h y p ha e .  A g g r e g a t e s  w i t h  
f l a k y  g r a n u l a t e  s t r u c t u r e .  
Some p y r i t e .

K 9022 4 2 9 5 -
4310

W ,C u t , P , S , W R ! / A m F-M-L f a i r  t o  p o o r 3 / 3 - As a b o v e .  I n c r e a s e  i n  
i n e r t i n i t e .

K 9024 4 3 2 5 -
4340

W ,W R ! , C u t , P , S , A m F-M-L f a i r  t o  p o o r 3 - / 3 I n c r e a s e  i n  i n e r t i n i t e .

K 9026 4 3 5 5 -
4370

W ,P , S , C u t , W R ! / A m F-M-L f  a i  r 3 - / 3 As a b o v e ,  b u t  d e c r e a s e  i n  
i n e r t i n i t e .  A g g r e g a t e s  o f  a 
more homogenous g r a n u l a t e  
s t r u c t u r e .

A B B R E V A T 1 0 N S

A m  A m o rph o u s  C y Cysts, algae W  W o o d y  m ateria l F F ine
He Herbaceous P Pollen grains C Coal M  M ed iu m
C u t Cuticles S Spores R! R ew o rked  L Large

0 3 8 / A / j 1 h / l



IKU
VISUAL KEROGEN ANALYSIS

T A B L E  N O .: IX
W E L L : 30/7-8

Sample Depth Com position of residue
Particle

size
Preservation-

palynom orphs
Therm al m aturation  

index Remarks

K 9028 4 3 8 5 -
4395

Cut  ,W,W R! ,P ,S /A m F-M-L f a i  r 3 / 3 - L a r g e r  f r a g m e n t s ,  more p y r -  
i t e  f r a m b o i d s .  V e ry  r i c h  i n  
hyphae  o f  f u n g i .

M 393 4 5 3 0 -
4545

W ,C u t , W R ! , P , S / A m F-M-L f a i r  t o  p o o r 3 / 3 - P a r t l y  as a b o v e ,  p a r t l y  i r i -  
f l u e n c e d  by c a r b o n a t e ,  r i c h  
i n  p y r i t e .

4561swc W, Cu t ,W R ! /A m 

*

F-M D i s p e r s e  r e s i d u e  b u t  s m a l l  
a g g r e g a t e s  p r e s e n t .  R i c h  i n  
s e m i f u s i n i t e .  ( T e r t i a r y / -  
C r e t a c e o u s  c o n t . ) .

•k
4631swc Am/WR! F A c i d  r e s i s t a n t  m i n e r a l s  

d o m in a t e  i n  an e x t r e m e l y  
s m a l l  r e s i d u e .

A B B R E V A T IO N S

A m  A m o rp h o u s  C y Cysts, algae W  W o o d y  m ateria l F Fine
He Herbaceous P Pollen grains C Coal M  M ed ium
C u t Cuticles S Spores R ! R ew o rked  L Large

038/A/j1h/2



IKU
VISUAL KEROGEN ANALYSIS

T A B L E  N O .: IX
W E L L : 30/7-8

Sample Depth Com position o f residue
Particle

size
Preservation-

palynom orphs
Therm al m aturation  

index Remarks

4680swc *Am/W,WR! F-M
•k

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

M 566 4 7 4 0 -
4755

4773swc

WR!,W/  

*

F-M-?L p o o r V e ry  s m a l l  r e s i d u e .  I n e r t i n -  
i t e  and v i t r i n i t e / c o a l y  
f r a g m e n t s  d o m i n a t e .

■k
E x t r e m e l y  s m a l l  r e s i d u e ,  

a l m o s t  b a r r e n .

M 570 4 8 0 0 -
4815

*WR ! ,W/ F-M
★

S ma l l  r e s i d u e .  M i n e r a l s  
d o m i n a t e .  I n e r t i n i t e  and 
t r a c e s  o f  a d h e r i n g  mud 
a d d i t i v e s .  E t c h e d  m a t e r i a l  
( c a r b o n a t e ? ) .

A B B R E V A T IO N S

A m  A m o rp h o u s  C y Cysts, algae W  W o o d y  m ateria l F F ine
He Herbaceous P Pollen grains C Coal M  M ed ium
C u t Cuticles S Spores R! R ew o rked  L Large

038/A/j1h/3



T A B L E  X a 

R O CK E V A L  P Y R O L Y S E S  ( C u t t i n g s )

I m• HYDR. OXYGEN OIL O F P R O D . TEMP.I
I IKU D E P T H : S l 82 S3 T O C INDEX INDEX GAS INDEX max I
I No. CONTENT Sl I

TI
I 
1 =

(m)
m
m S1+S2 S1+S2

1
(C) I

=-------------1
I
I
T

K9020 4280 : 1 . 3 7 2. 89 .45 2.57 112 18 4.26 . 32
I

452 I
T1

I
T

K9022 4310 : 2 . 0 7 4 .53 .  38 3. 05 149 12 6. 60 .31 451 I
T1

I K9024 4340 : 1.84 3. 78 .  33 3 . 66 103 9 5.62 .  33
X

447 I
I C l  s t I
I K9026 4370 : 1.35 3 .  93 « y6 5.76 69 6 5 . 33 .25 462 I
I C 1 s  t h n — s y I
I K9028 4395 : .46 .64 .  62 1 .  07 60 58 1. 10 .42 452 I
I C1 s  t 9 Y I
I K9028 4395 ! Z .  62 7. 14 .  31 5. 86 122 5 9.76 .27 448 I
I C l  s t d k  s y I
I
T

M393 4545 :  . 17 .  36 .37 1.38 26 27 . 53 . 32 485 I
TX

I M395 4575 :  . 05 .  06 .27 . 72 f ; 38 . 11 .45
X

402 I
Ti

I M397 4605 .16 .  12 .37 . 75 16 49 . 28 .57
1

482 I
T1

I -
J-

I



iKU
T A B L E  X b 

R OCK  E V A L  P Y R G L Y S E S  ( C o r e s )

I IKU 
I No.

DEPTH 

(m)

Sl 82 83 TOC

(7.)

HYDR.
INDEX

OXYGEN
INDEX

OIL OF
UA8
CONTENT

S1+S2

FROD.
INDEX
Sl

S1 +82

TEMP.I 
max I 

I 
I

<C) I

I «299 4534.06 ■ .24 .67 . 07 1 . 03 65 7 .91 .26
I

474 I
T

I «302 4539.6 . 17 .56 . 21 1.75 32 12 . 73 . 23 498 I
r

I «303 4540.46 m . 38 1.65 •  jL . Å 3. 36 49 7 2.03 . 19
1

473 I 
I 
I


