
A O C i  r ; r ;  11 i 1 1 . 1  r  v

C o n f i d e n t i a l

Continental Shelf Institute

Institutt for 
kontinentalsokkelundersøkelse r

R i : i ’ O R T  T I T L E

Source Rock E v a l u a t i o n  o f  Wel l  3 0 / 7 - 6 A .  
S e c t i o n  I I ,

C O N T R A C T O R

Norsk Hydro A /S .

C O N f R A C f O H S  H f: F -:

S . Lei .vestad

a  is :

-Trrrr-rr̂T

o c i e n t i s t  ^  B j o r ø y > T.  R ø n n i n g s l a n d ,  

d . O . V i g r a n .
D A T E .

17/7-78.
P R O J E C T  N O .

0 - 1 5 5 / 1 .
d e p a r t m e n t

E nv i ronm e nta l  S e c t i o n .

N O .  O F  P A G E S N O .  O ' -  E N C L O S U R E  

6

r e s p o n s i b l e  s c i e n t i s t

C a n d . r e a l .  M a l v i n  B jo rø y

SUMMARY

K E Y  W O R D S

Source Rock.



CONTENTS

Page
EXPERIMENTAL I

L i g h t  Hydrocarbons ■ 1
T o t a l  O rganic  Carbon (TOC) 1
E x t r a c t a b l e  O rga nic  M a t t e r  (EOM) 1
Chromato graph ic  S e p a r a t i o n  1
V i t r i n i t e  R e f l e c t a n c e  2
V i s u a l  Kerogen 3

RESULTS AND DISCUSSION 4

L i g h t  Hydrocarbons 4
T o t a l  O rg a n ic  Carbon (TOC) 4
E x t r a c t a b l e  O rg a n ic  M a t t e r  (EOM)
and Ch ro m ato g raph ic  S e p a r a t i o n  5
V i t r i n i t e  R e f l e c t a n c e  6
V i s u a l  E v a l u a t i o n  o f  Kerogen 7

CONCLUSION 9



Summary.

On t h e  b a s is  o f  t h e  l i g h t  h y d roc a rbons ,  t h e  a n a ly s e d  sequence was d i 
v id e d  i n t o  f i v e  zones .  A: 3 7 1 4 -3 7 7 5  m, B: 3 8 0 0 -3 8 2 5  m, C: 3850 
3900 m, D: 3 9 2 5 -4 0 5 0  m and E: 4075 m.

Zone A is  a r i c h  source rock  f o r  o i l  w i t h  an o i lw in d o w  m a t u r i t y .  Zone 
R, which c o n s i s t s  m a i n l y  o f  s a nds tone ,  shows s igns  o f  r e s e r v o i r e d  o i l  
and gas.  Zone C c o n t a i n s  l a r g e  q u a n t i t i e s  o f  coal  and has an o i l w i n d o w  
m a t u r i t y .  Zone f o i s  a g a i n  a zone w i t h  a Targe p r o p o r t i o n  o f  sandstone  
and shows s ign s  o f  r e s e r v o i r e d  o i l  and gas.  Zone E i s  a r i c h  source  
roc k  f o r  gas w i t h  an o i l w i n d o w  m a t u r i t y .
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EXPERIMENTAL '

One m l .  o f  th e  headspace gas f rom each o f  th e  cans was a n a lys 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  hyd roc a rbons .  The r e s u l t s  a r e  shown in  
T a b l e  I . a .  The canned samples were washed w i t h  tem pera te d  w a t e r  on a 
0 , 1 2 5  mm s i e v e  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.

L i g h t  Hydrocarbons

A l i q u o t e s  o f  th e  samples were d r i e d  a t  room t e m p e r a t u r e  a f t e r  washing  
and s i e v i n g .  The c u t t i n g s  w i t h  a g r a i n  s i z e  between 1 and 2 mm were  
used f o r  l i g h t  hydroc arbon  d e t e r m i n a t i o n .  These were  t r e a t e d  w i t h  
6N HC1 in  a c losed  ev ac ua te d  system,  t h e r e a f t e r  f l u s h e d  w i t h  w a t e r  and 
th e  r e l e a s e d  gas a n a ly s e d  g a s c h r o m a t o g r a p h i c a l l y .  The r e s u l t s  a re  

shown in  T a b l e  I . b .

T o t a l  O rga n ic  Carbon (TOC)

A l i q u o t e s  o f  t h e  samples were t r e a t e d  w i t h  hot  5N HC1 t o  remove c a r 
b o n a t e s ,  and th en  a n a ly s e d  on a Leco 12 carbon d e t e r m i n a t o r , to  d e t e r 
mine th e  t o t a l  o r g a n i c  carbon (TOC).  T a b l e  I I .

E x t r a c t a b l e  O rga n ic  M a t t e r  (EOM)

From t h e  TOC r e s u l t s ,  samples were s e l e c t e d  and e x t r a c t e d  w i t h  DCM 
i n  s o x h l e t  a pp a ra tu s  f o r  48 h . ,  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  was d e t e r m i n e d .  T a b l e  I I I .

Ch rom ato graph ic  S e p a r a t i o n

The e x t r a c t s  were s e p a r a t e d  on columns packed w i t h  2 / 3  s i l i c a  and 1 / 3  

a l u m i n a ,  by e l u t i n g  w i t h  hexane,  benzene and m e th a n o l .  T a b l e  I I I .

The s a t u r a t e d  f r a c t i o n s  we re  ana lys e d  g a s c h r o m a t o g r a p h i c a l l y  on a
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25 mm g lass  c a p i l l a r y  column,  us ing a Carlo-  Erba FV 2150  Chromato
g r a p h .  The measurements f rom  t h e  gaschromatograms a r e  shown in  T a b le  

V I I .

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

F i v e  s i d e w a l l  cores and s i x  c u t t i n g  samples were 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  measurements a t  G e o c o n s u l t a n t s ,  New c a st le  upon Tyne.
Upon r e c e i p t ,  t h e  samples were soaked i n  warm w a t e r  and s i e v e d  th rough  
72 mesh t o  remove d r i l l i n g  mud. A f t e r  oven d r y i n g  av 4 0 °C ,  th e y  were  
mounted in  B a k e l i t e  r e s i n  b l o c k s ;  c a r e  be ing  t a k e n  d u r i n g  t h e  s e t t i n g  
in  th e  p l a s t i c  to  a v o i d  te m p e r a tu r e s  in  excess o f  100°C .  The samples  
were th en  ground ,  i n i t i a l l y  on a diamond l a p  f o l l o w e d  by two grades  
o f  corundum pa p e r .  A l l  g r i n d i n g  and subsequent  p o l i s h i n g  s ta ges  in  
th e  p r e p a r a t i o n  were c a r r i e d  o u t  us ing is opopy 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  th e  c l a y  f r a c 
t i o n  o f  th e  samples.

P o l i s h i n g  o f  t h e  samples was perform ed on S e l v y t  c l o t h s  us in g  t h r e e  
grades 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  th 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 hoto m ete r  under  o i l  im m ers io n ,  R . I ,  1 . 5 1 6  a t  a w a v e le n g t h  o f  546 nm. 
The f i e l d  measured was v a r i e d  to  s u i t  th 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 ,  bu t  was u s u a l l y  o f  t h e  o r d e r  o f  2 micron d i a m e t e r .

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 searched by t h e  o p e r a t o r  f o r  
s u i t a b l e  a re as  o f  v i t r i n i t i c  m a t e r i a l  in  t h e  s e d im e n t .  The r e f l e c t 
ance o f  th e  o r g a n i c  p a r t i c l e  was d e te rm in e d  r e l a t i v e  t o  o p t i c a l  g la s s  
s ta n d a rd 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  tw e n ty  
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 measu red ,  a l t h o u g h  in  many cases  
t h i s  number cou ld  not  be a c h i e v e d .  The searc h  f o r  v i t r i n i t i c  ma te 
r i a l  was m a i n ta i n e d  f o r  a p p r o x i m a t e l y  45 minutes  on each sample be 
f o r e  t e r m i n a t i o n ,  i f  t h e  o p e r a t o r  c o n s id e r e d  t h a t  no more v i t r i n i t i c  
p a r t i c l e s  were l i k e l y  to  be l o c a t e d .



V i s u a l  Kerogen

Samples f o r  v i s u a l  kerogen were p icked  f rom  th e  s c r e e n i n g  a n a l y s e s .
The samples were c r u s h e d ,  t r e a t e d  w i t h  HC1 and HF t o  remove th e  rock  
m a t r i x ,  c e n t r i f u g e d  and mounted on s l i d e s .

M a t u r i t y  o f  th e  i n d i v i d u a l  samples was d e te rm in e d  by v i s u a l  e s t i m a 
t i o n  o f  t h e  c o l o u r s  o f  p o l l e n ,  s p o r e s ,  c u t i c l e s ,  wood r e m a in s ,  and 
f i n e l y  d i s p e r s e d  o r g a n i c  m a t t e r .

The c o l o u r  tones a r e  g iven  a c co rd in g  t o  Burgess'  index (B u r g e s s ,  J . D . ,  
1974,  G e o l . Soc.  Amer. Spec.  P a pe r ,  1 5 3 ,  1 9 - 3 0 ) .
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L i g h t  Hydrocarbons

From t h e  C-j-C^ hydroc arbon  abundance,  wetness o f  th e  gas and th e  i s o -  
b u t a n e / n  butane ( i C ^ / n C ^ )  r a t i o ,  th e  a n a ly s e d  s e c t i o n  3 7 1 4 -4 0 7 5  can 

be d i v i d e d  i n t o  f i v e  zones :

RESULTS AND DISCUSSION - "

A; 3 7 1 4 -3 7 7 5 m
B: 3 8 0 0 -3 8 2 5 m
C: 3 8 5 0 -3 9 0 0 m
D: 3 9 2 5 -4 0 5 0 m
E: 4075 m

These zones have been found on t h e  b a s i s  o f  th e  headspace a n a lys e s  
plus  th e  absorbed gas in  th e  c u t t i n g s .

A: 3 7 1 4 -3 7 7 5  m: Th is  zone shows a f a i r  p o t e n t i a l  and a d e c r e a s i n g
wetness w i t h  i n c r e a s i n g  de p th .

B: 3 8 0 0 - 3 8 2 5  m: Th is  zone c o n s i s t s  o f  o n l y  two samples .  The head
space shows a h igh abundance o f  l i g h t  h y d r o c a r b o n s , b u t  th e  gas i s  

r a t h e r  d r y .  The zone c o n s i s t s  m a i n l y  o f  sand ,  and t h e  a n a ly s e s  i n d i 
c a t e  accu mula ted gas.

C; 3 8 5 0 -3 9 0 0  m: Th is  zone has aga in  a f a i r  p o t e n t i a l  w i t h  a v e ry
w e t , g a s .  The l i t h o l o g i c a l  a n a l y s i s  shows t h i s  zone to  c o n s i s t  m a in ly
o f  c o a l .

D: 3 9 2 5 -4 0 5 0  m: Again  a zone w i t h  v e r y  high  abundance o f  C-j-C^
hydroc arbons  in  th e  headspace.  L i t h o l o g i c a l  a n a l y s i s  shows th e  zone  
t o  c o n s i s t  m a i n l y  o f  sand,  and th e  a n a ly s e s  i n d i c a t e  accumulated  
hydroc a rbons .  There  i s  a drop in  t h e  abundance in  th e  m i d d l e  o f  th e  
zo ne .  However ,  th e  wetness  and iC^ /nC^ r a t i o  a r e  r a t h e r  c o n s t a n t ,  so 
i t  was d e c id e d  not  to  d i v i d e  i t  i n t o  a n o t h e r  zone.

E; 4075  m: Th is  sample gave aga in  a marked drop in  th e  C-j-C^ h y d ro 
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carbon abundance,  and an i n c r e a s e  in  wetness t o g e t h e r  w i t h  de cre ase
in t h e  i C . / n C .  r a t i o .  Th is  s e p a r a t e s  i t  o u t  f rom t h e  o v e r l y i n g  zone.4 4
T h is  zone has a f a i r  p o t e n t i a l .

T o t a l  O rg a n ic  Carbon (TOC)

T o t a l  o r g a n i c  carbon (TOC) was measured on a l l  th e  samples.  Where
s i g n i f i c a n t  amounts o f  d i f f e r e n t  l i t h o l o g i e s  were fo u n d ,  TOC was 
measured on the  d i f f e r e n t  l i t h o l o g i e s .

A: 3 7 1 4 -3 7 7 5  m: M a i n l y  c l a y s t o n e  w i t h  th e  e x c e p t io n  o f  3725 m,
which c o n s i s t s  o f  a p p r o x i m a t e l y  80 % s i l t s t o n e  and 20 % c l a y s t o n e .
The c l a y s t o n e  shows a good t o  r i c h  p o t e n t i a l .

B: 3 8 0 0 -3 8 2 5  m: T h is  zone c o n s i s t s  m a i n l y  o f  sands tone  and s i l t y
s a nds tone .  The sample f rom 3825 m shows a r a t h e r  h igh TOC v a l u e  f o r  
a s i l t y  sands to ne .  Th is  c o u ld  i n d i c a t e  m i g r a t e d  o i l  in  th e  sands to ne .

C: 3 8 5 0 -3 9 0 0  m: In  t h i s  zone t h e  samples c o n t a i n  l a r g e  amounts o f  
c o a l ,  and i t  was d i f f i c u l t  to  s e p a r a t e  a l l  t h e  coa l  p a r t i c l e s .  We
must t h e r e f o r e  a c c e p t  t h a t  th e  r e s u l t s  a r e  h i g h .

D; 3 9 25 -4 0 5 0  m: Again  a zone w i t h  mixed l i t h o l o g i e s ,  m a i n l y  sand
s t o n e ,  b u t  a l s o  some samples w i t h  s i g n i f i c a n t  amounts o f  c l a y s t o n e .
The c l a y s t o n e  shows a good to  r i c h  p o t e n t i a l ,  and t h e  sandstone shows 
a r a . th e r  h igh TOC v a l u e  which could be an i n d i c a t i o n  o f  m i g r a t e d  o i l .

E: 4075  m: T h is  zone c o n s i s t s  o f  o n l y  one sample ,  m a i n l y  c l a y s t o n e
w i t h  a r i c h  p o t e n t i a l .

E x t r a c t a b l e  O rg an ic  M a t t e r  (EOM) and C hrom ato graph ic  S e p a r a t i o n

A: 3 7 1 4 -3 7 7 5  m: Three  samples ,  3 7 14 ,  3750 and 3775 m, were e x t r a c t e d
from t h i s  zon e ,  and a l l  show a high  abundance o f  EOM w i t h  a r i c h  po
t e n t i a l  o f  hydroc a rbon s .  The p e r c e n ta g e  o f  hydroc arbons  i s  so high
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t h a t  i t  i n d i c a t e s  m i g r a t e d  hydrocarbons i n  t h e  c l a y s t o n e .  The gas -  

ohromatograms show a l l  samples to  be f r o n t  b ia s e d  w i t h  an i n d i c a t i o n  
o f  a s t e r a n e  hump i n  t h e  sample f rom 3714 m.

B: 3 8 0 0 -3 8 2 5  m: One sample f r om  t h i s  z o n e ,  3800 m, was e x t r a c t e d .
The sample was m a i n l y  sand ,  b u t  gave a r a t h e r  h igh abundance o f  EOM, 
which i n d i c a t e s  m i g r a t e d  o i l .  The gaschromatogram shows a f r o n t  

b ia s ed  d i s t r i b u t i o n  w i t h  a CPI l e s s  th an  1 . 0 .

C: 3 8 5 0 -3 9 0 0  m: One sample f rom t h i s  zon e ,  3875 m, was e x t r a c t e d .
The sample was m a i n l y  c l a y s t o n e ,  bu t  th e  TOC r e s u l t  i n d i c a t e s  th e  p r o 
b a b i l i t y  o f  c o a l .  The gaschromatogram shows a f r o n t  b ia s ed  d i s t r i 
b u t i o n  and a l a r g e  s t e r a n e  hump. The CPI v a l u e  is  l e s s  th an  1 . 0 .

D: 3 9 2 5 -4 0 5 0  m: One sample ,  3975 m, f ro m  t h e  sand in  t h i s  i n t e r v a l
was e c t r a c t e d ,  and th e  r e s u l t s  i n d i c a t e  m i g r a t e d  hydroc a rbons .  The 
gaschromatogram is  f r o n t  b ia s ed  w i t h  a CPI v a l u e  c l o s e  t o  u n i t y .

E: 4075  m: The c l a y s t o n e  f rom th e  one sample i n  t h i s  zone was e x 
t r a c t e d  and showed a h igh abundance o f  EOM. However ,  th e  gaschroma-  
togram i n d i c a t e s  c o n t a m i n a t io n  f rom d i e s e l  i n  t h e  d r i l l i n g  mud.

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

S i x  samples were a n a ly s e d  f o r  v i t r i n i t e  r e f l e c t a n c e .  In t h e  f o l l o w i n g  
we w i l l  d e s c r i b e  t h e  i n d i v i d u a l  samples ,  and ,  t o g e t h e r  w i t h  th e  r e 
f l e c t a n c e  v a l u e s ,  o t h e r  i n f o r m a t i o n  f rom th e  a n a ly s e s  w i l l  be g i v e n .

3714 m: Mixed l i t h o l o g i e s ,  R o = 0 . 3 9 ( 1 3 ) ,  R o = 1 . 4 3 ( 6 ) .  The sample has
a low o r g a n i c  c o n t e n t ,  a p a r t  f rom  some coal  c u t t i n g s .  A l i t t l e  i n t e r 
s t i t i a l  m a t e r i a l  o f  h igh r e f l e c t a n c e  in  l i m e s t o n e ,  o t h e r w i s e  b a r r e n .
UV l i g h t  shows v a r i a b l e  c a r b o n a t e  f l u o r e s c e n c e  and no e x i n i t e .  The 
Ro=0.39 i s  p r o b a b ly  f rom a d r i l l i n g  a d d i t i v e ,  w h i l e  t h e  high Ro=1 .43  
w i l l  be f rom reworked m a t e r i a l .

3775 m: S h a l e ,  s i l t s t o n e ,  p y r i t e  and cement ,  R o = 0 . 9 9 ( 1 5 ) ,  The sample
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has a mod era te  o r g a n i c  c o n t e n t  w i t h  i n e r t i n i t e  as t h e  dominant  mace-  
r a l .  A few v i t r i n i t e  wisps and p a r t i c l e s .  UV l i g h t  shows a few deep 
orange  and o r a n g e / r e d  f l u o r e s c e n c e  f rom spores and a low e x i n i t e  c o n t e n t .

3850 m: S h a l e ,  s i l t s t o n e ,  s a n ds to ne ,  coal  and c a r b a r g i l l i t e ,  Ro=1.00
( 2 2 ) .  The sample has a low o r g a n i c  c o n t e n t  c o n f in e d  to  coal  and s h a l e  
l i t h o l o g i e s .  M a i n l y  i n e r t i n i t e  p a r t i c l e s  and a few v i t r i n i t e  w is p s .
UV l i g h t  shows a few red specks o f  p r o b a b le  h y d r o c a r b o n s ,  and no e x i -  

ni t e .

3900 m: C o a l ,  s i l t s t o n e ,  s h a l e  and l i g n i t e ,  R o = 0 . 9 9 ( 2 5 ) .  The sample
has a v a r i a b l e  o r g a n i c  c o n t e n t  w i t h  l i t h o l o g y .  V i t r i n i t e  i s  p redomi
nant  w i t h  i n e r t i n i t e  as s u b o r d i n a n t .  The coa l  i s  b a r r e n .  UV l i g h t  
shows f l u o r e s c e n c e  f rom hydrocarbons  which d i s s o l v e  i n  t h e  immersion  

oi 1 .

4000 m: C o a l ,  c a r b a r g i l l i t e ,  s h a l e ,  sandstone  and l i g n i t e ,  Ro=1 .03
( 2 5 ) .  The sample has a v a r i a b l e  o r g a n i c  c o n t e n t  w i t h  l i t h o l o g y .
V i t r i n i t e  i s  p re dom inan t  w i t h  i n e r t i n i t e  as s u b o r d i n a t e .  UV l i g h t  
shows f l u o r e s c e n c e  f rom hydroc arbons  p lus  r e s i n  t r a c e s .

4075  m: Mixed l i t h o l o g i e s ,  s h a l e ,  s a n d s to n e ,  coal  and cement ,  Ro=0.43
( 3 ) ,  R o - 1 . 1 9 ( 2 0 ) .  The sample has a mod era te  o r g a n i c  c o n t e n t  w i t h  a 
few p a r t i c l e s  o f  low Ro. Some wisps and p a r t i c l e s  o f  v i t r i n i t e  a r e  
r e c o rd e d  in  th e  s h a l e ,  and t h e s e  appear  r e l i a b l e .  UV l i g h t  shows 
red  f l u o r e s c e n c e  f rom hydroc arbon  t r a c e s .

V i s u a l  E v a l u a t i o n  o f  Kerogen

Samples were t r e a t e d  f o r  v i s u a l  kerogen a n a l y s i s .  In th e  a n a ly s e s  o f  
t h i s  w e l l ,  th e  c o l o u r  in d e x  i s  g iven  f o r  th e  dominant  o r g a n i c  d e b r i s  
u n less  o t h e r w i s e  s t a t e d .  The f o l l o w i n g  i n t e r p r e t a t i o n  has been used 
f o r  th e  q u a l i t a t i v e  c o l o u r  inde x :

Y e l lo w  2+ 3_ ,  3+ Brown ,
<---------1--------- 1--------- 1--------- 1--------- 1-------- 71

Immature M odera te  Mature  Oi lwindow
Ma ture
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In  th e  f o l l o w i n g  i n d i v i d u a l  samples a r e  d is c us se d  s e p a r a t e l y ,  and 
d i f f e r e n t  kerogen components a r e  expressed in  terms o f  p e rc en ta g e s  o f  
t o t a l  kerogen .  These a r e  based on v i s u a l  e s t i m a t e s  and a r e  not  quan
t i t a t i v e  measu rements .

*

3714 m: The sample c o n t a i n s  a p p r o x i m a t e l y  equal amounts o f  amor
phous m a t e r i a l  and wood r e m a in s ,  w i t h  a c o l o u r  in d e x  o f  3--. Th is  
i n d i c a t e s  a ma tu re  source  r o c k  f o r  o i l  and gas .

3750 m: F i n e l y  d i s p e r s e d  amourphous d e b r i s  dominates  c o m p l e t e l y .
Th is  t o g e t h e r  w i t h  a c o l o u r  in de x  o f  3 / 3 +  i n d i c a t e s  a m a t u r e / o i l -  
window source  rock  f o r  o i l .

3775 m: The c o m p o s i t io n  and c o l o u r  index  as t h e  sample above.

3825 m: U n d i f f e r e n t i a t e d  d i s p e r s e d  herbaceous m a t e r i a l  and wood
remains do m in ate  t h i s  sample t o g e t h e r  w i t h  a p p r o x i m a t e l y  20 % h e r 
baceous m a t e r i a l .  The sample shows a c o l o u r  in dex  o f  3+.

3875 m: The c o m pos i t io n  and c o l o u r  i n d e x  as th e  sample above.

3900 m: U n d i f f e r e n t i a t e d  d i s p e r s e d  herbaceous m a t e r i a l  arid wood r e 
mains dom inate  c o m p l e t e l y ,  w i t h  a c o l o u r  i n d e x  o f  4 - .  T h is  i n d i c a t e s  
a sou rc e  rock  f o r  gas w i t h  an o i lw in d o w  m a t u r i t y .

3975 m: U n d i f f e r e n t i a t e d  d is p e r s e d  herbaceous m a t e r i a l  and wood r e 
mains dom in ate  t o g e t h e r  w i t h  a p p r o x i m a t e l y  20  % amorphous m a t e r i a l .
The sample has a c o l o u r  in d e x  o f  4 - .

4025 m: The com p o s i t io n  and c o l o u r  index  as t h e  samples above.

4075  m: U n d i f f e r e n t i a t e d  herbaceous m a t e r i a l  and wood remains domi
na te  w i t h  o n l y  smal l  amounts o f  amorphous m a t e r i a l .  The sample has a 
c o l o u r  i n d e x  o f  4 - .  T h is  i n d i c a t e s  a source  rock  f o r  gas w i t h  an o i l 
window m a t u r i t y .
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.CONCLUSION . ‘

On t h e  b a s is  o f  th e  l i g h t  hydrocarbon d a t a ,  th e  a n a ly s e d  sequence o f  
th e  w e l l  was d i v i d e d  i n t o  f i v e  zones;  A: 3 7 1 4 -3 7 7 5  m, B: 3800 
3825 m, C: 3 8 5 0 -3 9 0 0  m, D: 3 9 2 5 -4 0 5 0  m and E: 4075  m.

In o u r  e v a l u a t i o n  o f  t h e  w e l l  we have based o u r  r i c h n e s s  r a t i n g  on 
t h e  l i g h t  h y d r o c a r b o n ,  t o t a l  o r g a n i c  carbon (TOC) and e x t r a c t e d  o r g a 
n i c  m a t t e r  (EOM) d a t a .  The m a t u r a t i o n  i s  m a i n l y  based on t h e  v i t r i 
n i t e  r e f l e c t a n c e  and v i s u a l  kerogen d a t a .

A: 3 7 1 4 -3 7 7 5  m: This  zone c o n s i s t s  m a i n l y  o f  c l a y s t o n e  and is  r a t e d
as a r i c h  sourc e  r o c k  on t h e  b a s i s  o f  t h e  l i g h t  h y d r o c a r b o n s ,  TOC and
EOM d a t a .  However ,  t h e  r e l a t i v e  high p e r c e n ta g e  o f  hy drocarbons  in 
t h e  EOM i n d i c a t e s  some m i g r a t e d  hy drocarbons .  The v i t r i n i t e  r e f l e c 
ta n c e  measurements i n d i c a t e  an o i lw in d o w  m a t u r i t y .  The v i s u a l  kerogen  
a n a l y s i s  shows a m a r g i n a l l y  lo w e r  m a t u r i t y  and t h a t  t h e  zone is  o i l -  
pron e ,  On th e  b a s is  o f  t h i s  we w i l l  r a t e  i t  as a r i c h  source  rock  f o r  
o i l  w i t h  an o i l w i n d o w  m a t u r i t y .

B: 3 8 0 0 -3 8 2 5  m: T h is  zone c o n s i s t s  m a i n l y  o f  s a n d s to n e ,  and t h e
d i f f e r e n t  a n a l y s e s  i n d i c a t e  r e s e r v o i r e d  o i l  and gas .

C: 3 8 5 0 -3 9 0 0  m: Th is  zone c o n t a in s  l a r g e  q u a n t i t i e s  o f  c o a l .  A ge 
n e r a l  r i c h n e s s  r a t i n g  i s  t h e r e f o r e  not  p e r fo rm ed .  However ,  th e  matu
r i t y  measurements show t h e  zone to  be in  th e  m id d le  o f  th e  o i l 
window.

D; 3 9 2 5 -4 0 5 0  m: Aga in  a zone w i t h  a l a r g e  p r o p o r t i o n  o f  sandsto ne .
The d i f f e r e n t  a n a l y s e s  i n d i c a t e  r e s e r v o i r e d  o i l  and gas.

E: 4075  m: Th is  zone c o n s i s t s  m a in ly  o f  c l a y s t o n e ,  and t h e  l i g h t
h y d r o c a r b o n s , TOC and EOM i n d i c a t e  th e  zone t o  be a r i c h  source  r o c k .  
The m a t u r i t y  measurements i n d i c a t e  a m a t u r i t y  towards  th e  l o w e r  end 
o f  th e  o i l w i n d o w .  However ,  th e  v i s u a l  kerogen i n d i c a t e s  th e  zone to  
be m a i n l y  ga s p ro n e ,  and we t h e r e f o r e  r a t e  t h i s  zone to  be a r i c h  
source rock  f o r  gas.



Table I.a.

C o n c e n t r a t i o n  (p i  ga s /kg  r o c k )  L i g h t  Hy droc a rbon s , Headspace Gas,

r r r r* ~ n r o  n v o  n1̂11 y " 2 u3 lo4 llu4 ^ • j ^2. 4

3714 580 160 102 30 27 899 319

3725 790 104 80 9 40 1023 233

3750 290 34 22 5 14 365 75

3775 2340 141 100 12 31 2624 284

3800 25240 2230 1210 121 363 29164 3924
3825 36420 5020 3820 214 582 46056 9636
3850 1430 910 892 64 192 3488 2058
3875 520 171 182 25 94 992 472
3900 120 454 174 31 103 882 762
3925 16240 2890 214 41 124 19509 3269
3950 10240 2340 1260 38 89 13967 3727
3975 4020 526 432 41 92 5111 1091
4000 3256 474 316 71 161 4278 1022
4025 9240 1384 952 179 426 12151 2911
4050 11320 2120 1052 53 96 14641 3221
4075 2420 652 412 7 18 3509 1089



Table I.b.

C o n c e n t r a t i o n  (yl ga s /kg  r o c k ) .  L i g h t  Hydrocarbons Absorbed Gas.

Depth (m) r r
“ 2

r
~3

■; r - 4 .̂ 4 r1 r* n
^2"l4

3714 1025 310 220 55 50 1720 635
3725 1255 223 150 17 74 1719 463
3750 261 31 20 3 8 322 61

3775 1347 87 58 7 20 1520 172
3800 516 42 20 2 6 586 69
3825 748 93 75 4 11 933 184
3850 153 89 87 7 20 357 204
3875 64 20 28 3 11 127 63
3900 42 142 82 7 32 270 ro r>o OO

3925 82 14 5 0 . 2 0 . 6 104 20
3950 205 44 29 0 . 7 1 . 5 281 75
3975 79 11 8 0 . 6 1 . 2 99 20/I AAA4UUU 191 28 17 4 8 247 57
4025 185 25 15 3 12 239 55
4050 212 46 22 1 2 283 72
4075 236 64 40 0 . 6 1 . 6 342 106



Table I.e.

C o n c e n t r a t i o n  (u l  gas /kg  rock} . L i g h t  Hy drocarb ons,  Headspace + Absorbed Gas.

n  a  ri^ k  / \ r r r* 4 n r- t1 r> r- V  /-> r» °/10 iC4
U C p i l l  ^ Ml j

" i "3 ^ 4 "^4 ^ r e 4 ^ 2 - e 4 wetness n C 4

3714 1605 470 322 85 77 2619 868 33.1 1.1

3725 2045 1 1 1 230 26 114 2742 696 2 5 . 4 0 . 2 3

3750 551 65 42 8 22 687 136 1 9 .8 0 . 3 6

3775 3687 228 158 19 51 4144 456 1 1 . 0 0 . 3 7
3800 25756 l l l l 1230 123 369 29752 3993 1 3 .4 0 . 3 3
3825 37168 5113 3895 218 593 46989 9820 2 0 . 9 0 . 3 7
3850 1583 999 979 71 212 3845 2262 5 8 . 8 0 . 3 3
3875 584 191 210 28 105 1119 535 4 7 . 8 0 . 2 7
3900 162 596 256 38 135 1052 990 9 4 .1 0 . 2 8
3925 16322 2904 219 41 125 19613 3497 1 7 . 8 0 . 3 3
3950 10445 2388 1289 39 90 14248 3702 2 6 . 7 0 . 4 3
3975 4099 537 440 42 93 5210 1111 2 1 . 3 0 . 4 5
4000 3447 502 333 75 169 4525 1069 2 3 . 6 0 . 4 4
A n n  r ‘tUi. J n  a n r  

J H L ' J 1409 y .0 /
1 nrt
1 6 C 438 1 2390 3966 2 3 . 9 0 . 4 2

4050 11532 2166 1074 54 98 14924 3293 22.1 0 . 5 5
4075 2656 716 452 8 20 3851 1195 3 1 . 0 0 . 4 0
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T a b l e  I I .  - 

L i t h o l o g y  and T o t a l  O r g a n ic  Carbon (TOC) Measurements.

Depth (m) TOC L i t h o l o g y

3714 1 .1 9 80% C l a y s t o n e ,  p a r t l y  s i l t y ,  g r e y ,  l i g h t  g r e y ,  
g r e e n i s h  g r e y ,  brownish g r e y .

0 . 6 8 20% S i l t s t o n e ,  c l a y e y ,  o c c a s i o n a l l y  sandy,  l i g h t  
g r e y  t o  c l e a r .

3725 0 . 7 6 80% S i l t s t o n e ,  c l a y e y ,  o c c a s i o n a l l y  sandy ( v e r y  
f i n e  t o  f i n e ) ,  l i g h t  g r e y .

1 . 7 2 20 %

Obs.

C l a y s t o n e ,  g r e y .  

P y r i t e .

3750 2 . 1 4 100% C la y s to n e  t o  s i l t y  C l a y s t o n e ,  g r e y ,  brown
is h  g r e y ,  l i g h t  g r e y .

3775 2 . 0 7 100%

Sm.am.

C l a y s t o n e  to  s i l t y  C l a y s t o n e ,  brownish  
g r e y ,  g re y .

P y r i t e .

3800 0 . 4 4 95%

5%

Q ua r tz  Sand, v e r y  f i n e  t o  c o a r s e ,  subangu-  
l a r  to  subrounded,  c l e a r .

C la y s t o n e .

3825 1.51 95%

5%

S i l t y  Sandstone,  v e r y  f i n e ,  brownish g re y  
to  c l e a r .

C l a y s t o n e ,  g r e y .

3850 65% C o a l .

6 . 7 5 35% S i l t y  C l a y s t o n e ,  l i g h t  brown,  f rom bore  mud.

3875 1 4 .7 5 50%

25%

25%

S i l t y  C l a y s t o n e ,  l i g h t  brown,  f rom bore  mud. 

C o a l .

Sand (1 5 % ) ,  f i n e  t o  c o a r s e ,  c l e a r ;  and s i l t y  
Sandstone (1 0 % ) ,  v e r y  f i n e ,  brownish g re y  
t o  c l e a r .
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Table I I  - p.2.

Depth (m) TOC L i t h o l o g y

3900 80% C o a l .

6 . 6 7 20% S i l t y  C l a y s t o n e ,  l i g h t  brown,  f rom bore  mud.

3925 0 . 7 5 95%

5%

Obs.

Sandstone (6 5 % ) ,  v e r y  f i n e  t o  f i n e ,  l i g h t  
grey  t o  c l e a r ,  b r ow n is h ;  and Sand (3 0 % ) ,  
medium to c o a r s e ,  c l e a r .

C l a y s t o n e ,  g r e y .

P y r i t e .

3950 0 . 4 2 65% Sandstone,  v e r y  f i n e  to  f i n e ,  brownish  
l i g h t  grey  t o  c l e a r ,  some medium, c l e a r  
Sand g r a i n s .

1 . 5 6 35%

Sm.am,

Obs.

C l a y s t o n e ,  g r e y .  

C o a l .

P y r i t e .

3975 0 . 4 5 91% Sandstone,  v e r y  f i n e  to  f i n e ,  brownish  
1 i ght  grey  t o  c l  e a r .

3 . 3 3 7% 

2% 

Obs.

C l a y s t o n e ,  g r e y .  

C o a l .

P y r i t e .

4000 70% C o a l .

0 . 5 5 30% Sandstone,  v e r y  f i n e  to  f i n e ,  brownish  
l i g h t  grey  to  c l e a r .

4025 1 . 0 3 97%

3%

Sm.am.

Obs.

Sa nd /Sandsto ne ,  v e r y  f i n e  to  c o a r s e ,  angu
l a r  to  s u b a n g u la r ,  c l e a r ,  p a r t l y  b row n is h .

C l a y s t o n e ,  g r e y .

C o a l .

P y r i t e .
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Table I I  - p.3.

Depth (m) TOC L i t h o l o g y

4050 0 . 4 9 100% Sand,  v e r y  f i n e  to  c o a r s e ,  v e r y  a n g u l a r  to
s u b a n g u la r ,  c l e a r  to  brow n is h .

4075 4 . 7 3 80% C l a y s t o n e ,  g r e y .  1

20% S i l t y  C l a y s t o n e ,  l i g h t  brown,  f rom  bore  mud.

Sm. am. Q ua r tz  Sand; C o a l .

Obs. P y r i t e .

The l i t h o l o g i c a l  d e s c r i p t i o n  i s  done on t h e  f r a c t i o n  between  
0 . 1 2 5  and 2 . 0  mm.

A b b r e v i a t i o n s  used in  th e  t a b l e :  Sm.am.: Small  amounts.
Obs. :  Observed.

4
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T a b le  I I I  -

Weight (mg) o f  EOM and chrom a to grap h ic  f r a c t i o n s .

Depth
(m)

Rock 
e x t r a c 
te d  (g )

EOM S a t Aro Hydro
carbons

HC

Non
Hydro
c a r b .

TOC

3714 10 0 .7 185.1 78.1 4 9 . 0 127.1 4 1 . 9 1 . 1 9
3750 9 9 . 9 7 3 1 5 . 6 1 2 0 .7 9 9 . 5 2 2 0 . 2 8 7 . 6 2 . 1 4
3775 10 0 . 3 2 8 6 . 6 1 0 1 .7 8 5 . 4 187.1 8 1 , 3 2 . 0 7
3800 45 .6 1 2 4 . 9 6 . 5 8 . 2 1 4 .7 8 . 2 0 . 4 4
3875 1 0 0 .4 9 8 2 . 5 4 0 0 . 7 2 8 4 . 8 6 8 5 . 5 2 4 3 . 9 1 4 .4 6
3975 1 0 0 .2 2 0 3 . 7 3 7 . 3 6 8 . 9 1 0 6 . 2 8 6 .1 3 . 3 3
4075 5 4 .2 4 1 7 0 .1 4 6 . 6 5 5 .7 1 0 2 . 3 6 3 . 2 4 . 7 3

T a b l e  IV

C o n c e n t r a t i o n  o f  EOM and chrom ato grap h ic  f r a c t i o n s  (W e ig h t  ppm o f  r o c k ) .

Depth (m) EOM Sat Aro T o t a l
h y droc a rb .

Non
h y d r o c a r b .

3714 1838 776 486 1262 416
3750 3157 1207 995 2202 876
3775 2857 1014 1851 1865 811
3800 546 143 180 323 180
3875 9786 3991 2837 6828 2429
3975 2033 372 688 1060 859
4075 3136 859 1027 1886 1165
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T a b l e  V

C o n c e n t r a t i o n  o f  EOM and chrom a to grap h ic  f r a c t i o n s  (mg/gTOC).

Depth (m) EOM Sat Aro Tota l .
h y d r o c a r b .

Non
h y d r o c a r b .

3714 1 5 4 . 4 6 6 5 . 1 7 4 0 . 8 9 1 0 6 .0 6 3 4 . 9 7  .
3750 1 4 7 . 5 2 5 6 .4 2 46 .51 1 0 2 .9 3 4 0 . 9 5
3775 1 3 8 . 0 4 ' 4 8 . 9 8 4 1 . 1 3 9 0 . 1 2 3 9 .1 6
3800 1 2 4 . 0 8 3 2 . 3 9 4 0 . 8 6 7 3 .2 5 4 0 . 8 6
3875 6 7 . 6 8 2 7 .6 2 1 9 .6 2 4 7 . 2 2 1 6 .8 0
3975 4 5 1 . 7 7 8 2 . 7 3 152.81 2 3 5 . 5 3 1 9 0 .9 2
4075 6 6 . 3 0 1 8 . 1 6 21 .71 3 9 . 8 7 2 4 . 6 3

T a b l e  V I

Compos i t ion in  % o f t h e  o r g a n i c  m a t e r i a l  e x t r a c t e d  f rom  th e  ro c k .

Depth (m ) Sat Aro HC Sat Non HC HC
EOM EOFf EUM Aro EOM Non HC

3714 4 2 . 1 9 2 6 . 4 7 6 8 .6 7 1 5 9 . 3 9 2 2 .6 4 3 0 3 . 3 4
3750 3 8 .2 4 3 1 . 5 3 69 .7 7 121.31 2 7 .7 6 2 5 1 . 3 7
3775 3 5 . 4 8 2 9 . 8 0 6 5 . 2 8 1 1 9 .0 9 2 8 .3 7 2 3 0 . 1 4
3800 2 6 .1 0 3 2 . 9 3 5 9 .0 4 7 9 .2 7 3 2 .9 3 1 7 9 .2 7
3875 4 0 . 7 8 2 8 . 9 9 69 .7 7 1 4 0 .7 0 2 4 .8 2 2 8 1 . 0 6
3975 18.31 3 3 . 8 2 5 2 .1 4 5 4 .1 4 4 2 . 2 7 1 2 3 . 3 4
4075 2 7 . 4 0 3 2 . 7 5 6 0 .1 4 8 3 . 6 6 3 7 .1 5 1 6 1 .8 7
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Table VII -

T a b u l a t i o n  o f  d a ta s  f rom t h e  gaschromatograms.

Depth (m) P r i s t a n e /n C - jy P r i  s t a n e / f f y y t a n e ■ CPI

3714 0 . 3 4 1 . 0 5 0.91

3750 0 .31 1 .4 7 1 .0 2

3775 0.31 1 . 5 0 0 . 8 8

3800 0.31 1 .4 2 0 . 9 0

3875 0 . 3 2 1 .3 2 0 . 8 4

3975 0 . 2 7 1 .8 6 1 . 0 4

4075 0 . 3 4 1 . 2 0 0 . 9 8



Table V I I I

V i t r i n i t e  R e f l e c t a n c e  and V is u a l  Kerogen E s t i m a t i o n .

Depth (in) V i t r i n i t e  R e f l e c t a n c e Col our  
index

Type o f
o r g a n i c  m a t t e r

3714 0 . 3 9 ( 1 3 )  1 . 4 3 ( 6 ) 3 - Am/W

3750 3 / 3 + Am

3775 0 . 9 9 ( 1 5 ) 3 / 3 + Am

3825 3+ H/W

3850 1 . 0 0 ( 2 2 )
3875 3+ H/W
3900 0 . 9 9 ( 2 5 ) 4 - H/W

3975 4 - H/W/Am

4000 1 . 0 3 ( 2 5 )
4025 4 - H/W/Am
4075 0 . 4 3 ( 3 )  1 . 1 9 ( 2 0 ) 4 - H/W
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Presentation of Analytical Data

1,1 0,2 0,3 0,4 0,6 0,8 1,0 2 4 6 8 10

• Claystone

*• Sandstone 

□ Siltstone

ZONE

A

B

C

D



C 15+  H YD RO CARBO N S
Presentation af Analytical Data
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C15+ SA T U R A T E D  H YD RO CAR BO N S

DEPTH CPI
PRISTANE ^PR ISTANE 

nC 17

3700 '

3800

3900

4000 '

4100 -

1 2 3- i___ L_
Mature Non Mature

a: nC ?7 

b: Pristane 

c: Phytane

4075



M ATU RAT IO N
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