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HYDROCARBON SOURCE CHARACTER OF 
MOBIL*S 33/12-6 WELL, NORWEGIAN NORTH SEA

SUMMARY

F iv e  (5 ) geochem ica l zones a re  re c o g n is e d  w it h in  th e  s e c t io n  
from  1836 m etres to  t o t a l  depth  in  M o b il 's  33/12-6 W e ll .

Zone A  (1836 m etres to  2706* m e tre s ) i s ,  f o r  p r a c t ic a l  p u rp o se s , 
im m ature and has a n e g l ig ib le  h yd roca rb o n  p o t e n t ia l .  The sh a le s  
o f  Zone B (2706* m etres to  3336* m e tre s ) a re  p o t e n t ia l l y  r ic h  
so u rce  ro c k s . B u r ie d  to  be low  3500* m etres and 4300* m etres th e y  
w i l l  g e n e ra te  s ig n i f i c a n t  and m a jo r o i l  r e s p e c t iv e ly .  In  t h is  
s e c t io n  th e y  can y i e l d  m in or h yd roca rb o n  l iq u id s .

Zone C (3336* m etres to  3696* m e tre s ) i s  m ature be low  3500* 
m etres and i s  a f a i r  to  good source  in t e r v a l  f o r  o i l  and gas.
The p o t e n t ia l  o f  Zones D (3696* m etres to  3936* m e tre s ) and E 
(3936* m etres to  t o t a l  d ep th ) i s  l im i t e d  b y t h e i r  h ig h  p ro p o r t io n  
o f  sand: th e  sh a le s  o f  Zone D a re  r i c h  and m ature ; th e  lo w e r
p a r t  o f  Zone E l i e s  w it h in  the  enve lope  o f  peak h yd roca rb o n  
g e n e ra t io n  b u t th e  sh a le s  are  o n ly  p o o r to  f a i r  so u rce s .

T ra c e s  o f  young condensate are  b e lie v e d  to  be p re s e n t in  the  
Zone B sands and a t  th e  to p  o f  th e  Zone D sands and m in or amounts 
o f  waxy o i l  a t  3876-3906 m e tre s . L o c a l so u rces  a re  in vo k e d .
Zone E appears to  be b a rre n .

N J  L B a i le y
GEOCHEM LABORATORIES (UK) LIM ITED



INTRODUCTION

T h is  re p o r t  p re s e n ts  th e  r e s u l t s  o f  a geochem ica l s tu d y  o f  the  
s e c t io n  be low  1836 m etres in  M o b il* s  33/12-6 W e ll ,  d r i l l e d  in  
th e  N orw egian s e c to r  o f  th e  N o rth  Sea.

The s tu d y  was des ign ed  t o :

-  e v a lu a te  th e  source  ro ck s  in  term s o f  r ic h n e s s , typ e  
o f  h yd roca rb o n  p ro d u c t and le v e l  o f  th e rm a l m a tu ra tio n

-  i d e n t i f y  and c h a ra c te r is e  m ig ra te d  l i q u i d  ( o i l ,  condensate) 
h yd roca rb o n s w it h in  th e  s e c t io n .

P re l im in a ry  in t e r p r e t a t io n s  were re p o rte d  to  M o b il Norway as th e  
a n a lyse s  were com ple ted , th e  f i n a l  in t e r p r e t a t io n  b e in g  ready  
w it h in  th re e  (3 ) weeks o f  th e  r e c e ip t  o f  th e  sam ples.

T h is  s tu d y  was a u th o r is e d  b y Mr C W Brown, M o b il E x p lo ra t io n  
Norway In c .

ANALYTICAL

A s e t  o f  one hundred (100) wet sam ples, h eat se a le d  in  p la s t i c  
bags, from  1836 m etres to  t o t a l  depth  in  M o b il* s  33/12-6 was 
re c e iv e d  f o r  a n a ly s is .  F iv e  (5 ) mud samples were in c lu d e d ,  
th e  r e s t  b e in g  t h i r t y -m e t r e  com posite  d it c h  c u t t in g s  sam ples. 
These samples were a ss ign e d  th e  Geochem jo b  number 91 and 
s e q u e n t ia l sample numbers from  - 0 0 1  to  - 1 0 0 .

In  w ashing th e  sam ples, s ig n i f i c a n t  f le c k  was ob served  from  
3306 m etres to  3726 m etres and be low  4116 m e tre s .

Geochem L a b o ra to r ie s  were in s t r u c te d  to  screen  th e  samples 
w ith  th e  l i g h t  h yd roca rb o n  and o rg a n ic  carbon  a n a lyse s  and to  
p e rfo rm  f u r t h e r  a n a lyse s  o n ly  upon s e le c te d  sam ples. As th e  
samples were bagged ra th e r  than canned and some o f  them, 
a lth o u g h  damp, d id  n o t c o n ta in  f r e e  w a te r , o n ly  th e  c u t t in g s  gas 
l i g h t  h yd roca rb o n  a n a ly s is  c o u ld  be run  ( i . e .  n o t a i r  sp a c e ), 
th e re  i s  a danger o f  anom alously lo w  and w et gas v a lu e s .

A  t o t a l  o f  one hundred c u t t in g s  gas a n a ly s e s , one hundred and 
t h i r t y -s e v e n  o rg a n ic  carbon  d e te rm in a t io n s , tw e n ty -n in e  v is u a l  
kerogen  a n a ly s e s , t h i r t y - e i g h t  e x t r a c t io n s  w ith  chrom atography  
and t h i r t y —e ig h t  p a r a f f in —naphthene a n a lyse s  were p e rfo rm e d .

The d a ta  a re  p re s e n te d  in  ta b le s  1 th ro u g h  6 and g r a p h ic a l ly  
in  f ig u r e s  1 th ro u g h  4. A b r ie f  d e s c r ip t io n  o f  th e  a n a lys e s  
i s  in c lu d e d  in  th e  back o f  th e  r e p o r t .



GENERAL INFORMATION
Ten (10) c o p ie s  o f  t h is  re p o r t  have been fo rw a rd e d  to  Mr C W 
Brown, E x p lo r a t io n  Manager, M o b il E x p lo r a t io n  Norway In c .  The  
washed, bagged samples and g la s s  ke rogen  s l id e s  w i l l  a ls o  be 
re tu rn e d  to  M o b il. A  copy o f  th e  data  has been re ta in e d  by  
Geochem f o r  fu tu re  c o n s u lta t io n  w ith  a u th o r is e d  M o b il p e rs o n n e l.

A l l  o f  th e  data  and in t e r p r e t a t io n s  r e la te d  to  t h is  s tu d y  a re  
re ga rd e d  as h ig h ly  c o n f id e n t ia l  and a re  p r o p r ie t a r y  to  M o b il 
E x p lo r a t io n  Norway In c .



RESULTS AND INTERPRETATIONS

T h is  d is c u s s io n  d e a ls  w ith  the  s e c t io n  from  1836 m etres to  
t o t a l  depth  in  M o b i l 's  33/12-6 W e ll .  The param eters re le v a n t  
to  th e  e v a lu a t io n  o f  th e  source  ro ck s  and o f  m ig ra te d  h yd ro 
carbons w i l l  be c o n s id e re d  in d iv id u a l l y  and then  s yn th e s is e d  
in  th e  “C o n c lu s io n s 11 s e c t io n .

ORGANIC GEOCHEMICAL ZONATION

T h is  z o n a t io n  i s  based upon th e  abundance and co m p o s itio n  o f  
th e  l i g h t  h yd roca rb o n s  (C 1 - C 7 ) .  As th e  sam ples were bagged, 
o n ly  th e  c u t t in g s  gas a n a ly s is  c o u ld  be ru n . F iv e  (5 ) Zones 
a re  re c o g n is e d .

Zone A 1836 m etres to  2706* m etres i s  composed o f  sh a le s  
w h ich  a re  g r o s s ly  medium d a rk  g re y  in  c o lo u r .
There  i s  a s ig n i f i c a n t  sandstone developm ent 
between 2646* m etres and 2706* m e tre s . No 
f lu o re s c e n c e  was o b se rved .

The low erm ost sample (2676-2706 m e tre s ) i s  
t r a n s i t io n a l  between Zones A and B. W ith  t h is  
e x c e p tio n  th e  Zone i s  le a n , o n ly  one sample exceed
in g  100 ppm o f  th e  gaseous ( C i—C4 ) h yd ro ca rb o n s , 
w h i ls t  gas w etness (%C2+ *n t o t a l  C 1 -C 4 ) v a r ie s  
from  18.6% up to  41.8%, b e in g  g e n e r a l ly  above 30% 
e xce p t a t  2046-2226* m e tre s . The h e a v ie r  C5 - C 7 
h yd ro ca rb o n s  g e n e r a lly  range from  9 ppm to  60 ppm 
b u t a re  in  excess o f  100 ppm from  2436* m etres to  
2616* m e tre s .

Zone B exten d s from  2706* m etres to  3336* m e tre s . Above 
2946* m e tre s , the  sedim ents c o n s is t  o f  d a rk  g re y  
s h a le s . Below t h is  dep th , th e  samples c o n ta in  
s ig n i f i c a n t  p ro p o r t io n s  o f  sandstone, p a r t i c u la r l y  
above 3124* m etres and be low  3216* m etres (b u t n o t  
in  th e  deepest sam p le ). S l i g h t  g reen  f lu o re s c e n c e  
was o b se rved  in  th e  sands a t  3096-3124 m e tre s , b u t  
n o t e lse w h e re .

T h is  in t e r v a l  i s  r ic h e r  and w e t te r  than  Zone A . The 
C 1 - C 4  gases a re  o v e r 80% w et th ro u g h o u t and, w ith  
one e x c e p t io n , a re  o v e r 85% w e t: th e  v a lu e s  a re
p a r t i c u la r l y  h ig h  (95+%) between 3006* m etres and 
3216* m e tre s .

Based upon gas abundances, th re e  su b -zon es can be 
re c o g n is e d  w it h in  Zone B. Zone B* (2706* m etres  
to  3006- m e tre s ) c o n ta in s , w ith  o n ly  one e x c e p tio n ,  
between 296 ppm and 976 ppm o f  th e  C1 -C 4  gases;
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Zone B2 (30061 m etres to  3246- m e tre s ) i s  s i g n i f 
i c a n t l y  r ic h e r  w ith  from  1204 ppm up to  3822 ppm?
Zone b3 (32461 m etres to  33361 m e tre s ) i s  non - 
u n ifo rm , g e n e r a l ly  re se m b lin g  Zone a lth o u g h  
th e  lo w e s t sample i s  com parable to  Zone B1  in  
r ic h n e s s .

The C5-C7 h yd roca rb o n s g e n e r a l ly  range from  100 
ppm up to  350 ppm and a re  most abundant in  Zone 
B l and n o t in  Zone B2 w h ich  i s  th e  r ic h e s t  and 
w e t te s t .  Isobu tan e  to  norm al butane r a t io s  ten d  
to  be h ig h e r  in  Zone B2 (0 .2 8 -0 .8 7 ) than  in  Zones 
B l (0 .2 4 -0 .6 3 ) and B2 (0 .5 1 -0 .5 5 ).

Zone c l  c o v e rs  th e  in t e r v a l  from  3336^ m etres down to
35161 m etres and c o n s is ts  o f  d a rk  g re y  sh a le s  w ith  
v e ry  m in or re d d is h -b ro w n  sh a le  and sandstone.

I t  i s  le a n e r  and d r ie r  than  Zone B. O n ly  th e  upper
most sample exceeds 1 0 0 0  ppm o f  th e  C1 -C 4  h yd ro 
carbons and these  gases a re  about 50% w et in  the  
to p  h a l f  o f  t h is  in t e r v a l  and o n ly  2 0 % w et in  th e  
lo w e r h a l f .  Iso b u ta n e  to  norm al butane r a t io s  
a ppro xim ate  0 .3 . The h e a v ie r  C5 - C 7 h yd roca rb on s  
are  sp arse  in  th e  d ry  samples b u t reach  2 0 0  ppm 
a t  th e  to p  o f  th e  Zone.

Zone C2 3516± m etres to  36961 m etres i s  l i t h o l o g i c a l l y  
s im i la r  to  Zone c l .

G e o c h e m ic a lly , i t  i s  s l i g h t l y  r ic h e r  and w e t te r .
The C 1 - C 4  gases, w h ich  a re  now 50% w e t, in c re a s e  
a c ro ss  th e  Zone from  800 ppm up to  1700 ppm w h i ls t  
th e  C5 - C 7 h yd roca rb o n s average  a p p ro x im a te ly  600 ppm.

Zone D l i e s  between 36961 m etres and 39361 m e tre s . Sand
stones a re  dom inant th ro u g h o u t, b u t a re  accompanied  
b y s ig n i f i c a n t  p ro p o r t io n s  o f  g re y is h  b la c k  to  da rk  
g re y  s h a le . No f lu o re s c e n c e  was o b se rve d .

The two samples w ith  th e  h ig h e s t  p ro p o r t io n s  o f  
sand c o n ta in  o n ly  100 ppm and 502 ppm o f  th e  C1 -C 4  
ga ses , b u t th e  o th e rs  range from  1143 ppm up to  
5522 ppm. E xce p t in  th e  low erm ost one hundred  
m e tre s , th ese  gases a re  commonly 65% w e t, b u t  
reach  85.8% in  th e  h ig h e s t  sample (3696-3726 m e tre s ) .  
The C5 - C 7 f r a c t io n  v a r ie s  e r r a t i c a l l y  between 93 ppm 
and 315 ppm w h i ls t  th e  iso b u ta n e  to  norm al butane  
r a t io  i s  commonly about 0 .4 .

-2-
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Zone E 3936* m etres to  t o t a l  d ep th , i s  dom inated b y  sands 

down to  4086* m e tre s . Between t h i s  depth  and 4266* 
m e tre s , sandstone i s  commonly s ig n i f i c a n t  b u t th e  
sam ples, p a r t i c u la r l y  be low  4176* m e tre s , c o n s is t  
d o m in a n tly  o f  medium d a rk  g re y  s h a le . Below  
4266* m etres th e  sh a le s  a re  la r g e l y  re d d is h  brown  
in  c o lo u r ;  sands a re  m in or to  4506* m etres b u t  
abundant be low  t h is  d e p th . No f lu o re s c e n c e  was 
o b se rve d .

W ith in  t h is  Zone th e  C i -  C4  h yd ro ca rb o n s  do n o t  
exceed 400 ppm and, be low  4146* m e tre s , a re  
a lw a ys  be low  200 ppm. These gases a re  g e n e r a l ly  
o v e r 50% w e t, b u t th o se  sam ples w ith  le s s  than  100 
ppm o f  th e  C1 -C 4  f r a c t io n  a re  o n ly  25-30% w e t.
These v a r ia t io n s  a re  n o t r e f le c t e d  in  th e  iso b u ta n e  
to  norm al butane r a t i o .  O n ly  one sample c o n ta in s  
more than 200 ppm o f  th e  C5 - C 7 h yd ro ca rb o n s , w h i ls t  
b e low  4266* m e tre s , th e  v a lu e s  a re  a lw a ys  le s s  
than 1 1 0  ppm.

The w e t te s t  and r ic h e s t  samples a re  a t  3966-3996 
m etres and 4086-4116 m e tre s .

In  summary:

-  Zone A  i s  le a n  and m a rg in a l ly  wet
-  Zone B i s  v e ry  w et th ro u g h o u t. Zone B1 , w h ich  c o n s is ts

o f  sh a le s  u n d e r la in  b y sandstone w ith  s h a le , has f a i r  
C 1 -C 4  abundance v a lu e s  w h i ls t  th e  sa n d s to n e -s h a le  sequence 
o f  Zone B-^is p o o r to  f a i r .  Zone B2 , w ith  o n ly  m in or 
sandstone, i s  b o th  th e  r ic h e s t  and th e  w e t te s t .  The p o o r  
to  f a i r  C5 - C 7 abundances a re  b e s t w it h in  Zone B*.

-  th e  sh a le s  o f  Zone C have lo w  iso b u ta n e  to  norm al butane  
r a t io s .  The C 1 -C 4  gases a re  o f  f a i r  abundance, th e  
b e s t v a lu e s  b e in g  in  Zone C2. W ith in  Zone C* th ese  gases
pass from  w et to  m a rg in a l ly  w et w ith  depth  and th e  C5 - C 7
h yd roca rb o n s become sparse  w h i ls t  in  Zone C2 th e  gases and 
th e  C5 - C 7  f r a c t io n  a re  o f  f a i r  abundance.

-  Zone D i s  w et and has f a i r  to  good gas (b u t o n ly  p o o r to  
f a i r  C5 - C 7 ) r ic h n e s s . The b e t te r  samples have th e  lo w e s t  
p ro p o r t io n s  o f  sand, a lth o u g h  sandstones a re  dom inant 
th ro u g h o u t. The sample a t  3696-3726 m etres i s  v e r y  w e t.

-  Zone E i s  f a i r  to  4266* m etres b u t p o o r be low  t h is  depth  
(c o rre s p o n d in g  to  th e  re d d is h -b ro w n  s h a le s ) .  The le a n e r  
samples a re  o n ly  m a rg in a l ly  w e t.

-  p o t e n t ia l  r e s e r v o i r  l i t h o lo g ie s  a re  deve lo p ed  a t  2646-2706* 
m etres (Zone A ) , b e low  2946* - m etres in  Zone B and p a r t i c u l 
a r l y  a t  2946-3124* m etres and 3216-3336* m e tre s , th ro u g h o u t  
Zone D, above 4266* m etres and be low  4506* m etres in  Zone E . 
F lu o re sc e n c e  ( s l i g h t )  was o n ly  o b se rved  a t  3096-3124 m e tre s .
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B. AMOUNT AND TYPE OF ORGANIC MATTER

The amount o f  o rg a n ic  m a tte r w it h in  a sedim ent i s  measured by  
i t s  o rg a n ic  carbon  c o n te n t . Average  sh a le s  c o n ta in  a p p ro x im a te ly  
1 . 1 % o rg a n ic  carbon  and t h is  i s  th e  s ta n d a rd  to  w h ich  these  
sam ples w i l l  be compared.

O rg a n ic  m a tte r ty p e  e x e r ts  a p ro fo u n d  in f lu e n c e  upon source  r ic h 
ness, response to  th e rm a l m a tu ra tio n  and th e  typ e  ( o i l ,  ga s) o f  
h yd roca rb o n  p ro d u c t . Amorphous o rg a n ic  m a tte r i s  th e  most o i l -  
p ro n e . Herbaceous and stem kerogen  can a ls o  y i e l d  m a jo r o i l  
and gas w h i ls t  wood i s  more g a s -p ro n e . C o a ly  m a te r ia l has a 
s t r i c t l y  l im i t e d  h yd roca rb o n  p o t e n t ia l .

The dom inant medium dark  g re y  sh a le  o f  th e  upperm ost sample and 
th e  m in or sh a le  o f  th e  deepest (2676-2706 m e tre s ) sample o f  
Zone A c o n ta in  1.56% and 2.04% o rg a n ic  carbon  r e s p e c t iv e ly .  W ith  
th ese  e x c e p t io n s , th e  sh a le s  down to  2406* m etres c o n ta in  between  
0.30% and 0 . 8 8% o rg a n ic  ca rb on , b u t g e n e r a l ly  f a l l  be low  0 . 6%.
From 2406* m etres to  th e  bottom  o f  Zone A , v a lu e s  range from  
0.68% up to  0.90%, o n ly  one sample f a l l i n g  be low  th ese  l i m i t s .
Thus Zone A above 2406- m etres i s  p o o r to  f a i r  w h i ls t  th e  r e s t  
o f  th e  in t e r v a l  i s  f a i r  b u t s t i l l  o f  b e lo w -a ve ra g e  r ic h n e s s .

W ith  th e  e x c e p tio n  o f  th e  deepest sample (w h ich  i s  a ls o  
anom alously  r i c h ) ,  th e  o rg a n ic  m a tte r in  th e  Zone A  sh a le s  i s  
d o m in a n tly  woody and c o a ly  in  t y p e , commonly w ith  s ig n i f i c a n t  
herbaceous d e b r is  b u t w ith  n e g l ig ib le  amorphous k e ro ge n .

In  c o n t r a s t ,  Zone B i s  r i c h .  Down to  2976* m e tre s , th e  sh a le s  
n o rm a lly  c o n ta in  between 2.0% and 2.9% o rg a n ic  ca rb o n . Below  
t h i s  d ep th , v a lu e s  range from  2.3% up to  6 . 0% b e in g  a lw a ys  in  
excess o f  th re e  p e rc e n t  above 3186* m e tre s . The m in or c o a ls  
w it h in  t h is  in t e r v a l  a re , n a t u r a l l y , v e r y  r i c h .  The o rg a n ic  
m a tte r i s  a ls o  d i f f e r e n t  in  ty p e : amorphous and herbaceous  
kerogens a re  dom inant w h i ls t  wood i s  g e n e r a l ly  f a i r l y  abundant 
b u t be low  Zone B* may share  th e  dom inant p o s i t io n .  Stem m a te r ia l  
i s  commonly s ig n i f i c a n t .

Thus, Zone B i s  r i c h  in  o rg a n ic  m a tte r w h ich  c o n ta in s  h ig h  
p ro p o r t io n s  o f  amorphous and herbaceous k e ro ge n . Much o f  th e  
amorphous m a te r ia l has deve loped  from  th e  a l t e r a t io n  o f  herbaceous  
d e b r is .

O n ly  one sample from  Zone C-*- f a l l s  o u ts id e  th e  r e l a t i v e l y  narro w  
range o f  1.4% to  1.6% o rg a n ic  ca rb o n . These s h a le s , a lth o u g h  n o t  
as r i c h  as th o se  o f  Zone B, a re  s t i l l  o f  a b o ve -a ve ra g e  r ic h n e s s .  
V a lu e s  a re  g r o s s ly  s im i la r  in  Zone (1.2% to  2.2% o rg a n ic  
ca rb o n ) a lth o u g h  n o t as t ig h t ?  th e y  te n d  to  decrease  w ith  dep th .
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In  Zone C , woody and herbaceous ke ro gen s a re  dom inant b u t whereas  
amorphous and stem m a te r ia ls  a re  abundant in  Zone C*, th e y  ten d  
to  be sparse in  Zone C2 and a re  re p la c e d  b y c o a ly  m a tte r . Thus
Zones C* and C2 a re  n o t as r i c h  as Zone B and c o n ta in  o rg a n ic
m a tte r w ith  a lo w e r h yd roca rb o n  p o t e n t ia l .

The o rg a n ic  m a tte r in  Zone D i s  s im i la r  to  th a t  o f  Zone C*, 
b u t th ro u g h o u t Zone E woody, o r  woody and herbaceous k e ro g e n s , 
a re  dom inant and th e  o th e r  kerogen  typ e s  a re  commonly sparse  
o r  absen t.

In  term s o f  o rg a n ic  m a tte r c o n te n ts , Zone D i s  v e r y  v a r ie d  b u t  
i s  r ic h  (2.2% to  10.7% o rg a n ic  ca rb o n ) th ro u g h o u t. The o rg a n ic  
r ic h n e s s  o f  Zone E v a r ie s  as a fu n c t io n  o f  l i t h o l o g y :  th e  
o l i v e  b la c k  sh a le s  down to  4086* m etres a re  a p p ro x im a te ly  average  
( 1 . 0 - 1 . 3% o rg a n ic  ca rb o n ) w h i ls t  th e  u n d e r ly in g  d a rk  g re y  to  medium 
d a rk  g re y  sh a le s  a re  o f  b e lo w -a ve ra g e  r ic h n e s s  (maximum v a lu e  
1 .1 % ). Most o f  th e  sh a le  be low  4266* m etres i s  d a rk  re d d is h
brown in  c o lo u r  and i s  le a n  (up to  0.4% o rg a n ic  ca rb o n ) b u t th e
d a rk  g re y  sh a le s  w h ich  a ls o  o cc u r g e n e r a l ly  c o n ta in  between
1 .0  and 1.5% o rg a n ic  ca rb o n . A t  le a s t  some o f  these  d a rk  g re y  
sh a le s  a re  caved .

R e la t iv e ly  re d u c in g  c o n d it io n s  a p p a re n t ly  p r e v a i le d  a t  th e  
sed im e n t-se a w a te r in t e r fa c e  d u r in g  Zone B tim e s  and to  a le s s e r  
degre e , in  Zone C* t im e s . Th roughout th e  r e s t  o f  th e  s e c t io n  
and p a r t i c u la r l y  in  th e  p e r io d s  re p re s e n te d  b y th e  Zone A  and 
Zone E sedim ents r e l a t i v e l y  o x id is in g  c o n d it io n s  a re  su ggested . 
In t e r v a ls  in  w h ich  amorphous kerogen  i s  t o t a l l y  dom inant a re  
n o t deve loped  in  t h is  w e l l .

C . LEVEL OF THERMAL MATURATION
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Therm al m a tu ra tio n  in d ic e s  a t th e  to p  o f  th e  s e c t io n  under 
exa m in a tio n  a re  1+ to  2 - .  They pass to  2 - a t  2150* m etres and 
to  2 a t  3500* m e tre s . V a lu e s  o f  2 to  2+ a re  a ch ie ve d  a t  4050* 
m etres and o f  2+ a t  4300* m e tre s . The l a t t e r  t r a n s i t io n  ( to  2+) 
i s  cam ouflaged b y th e  p resen ce  o f  caved m a te r ia l b u t appears to  
be re a s o n a b ly  d e f in i t e .

The sedim ents above 2150* m etres a re  im m ature. Below  t h is  depth  
and down to  3500* m e tre s , th e  herbaceous m a te r ia l o f  Zone A  
and th e  herbaceous and amorphous kerogen  o f  Zones B and C-*- a re  
m a rg in a l ly  m ature , becom ing more m ature w ith  depth  and p a r t i c u l 
a r l y  be low  2600* m e tre s . These f r a c t io n s  o f  th e  t o t a l  o rg a n ic  
m a tte r a re  g e n e ra t in g  m in or h yd roca rb o n  l iq u id s  (h eavy  
condensate o r  lo w  g r a v i t y  o i l )  w it h  g a s .



N

- 6 -

In  Zone A , where th e  o rg a n ic  m a tte r i s  d o m in a n tly  woody and 
c o a ly  t h i s  p o t e n t ia l  i s ,  f o r  p r a c t ic a l  p u rp o se s , n e g l ig ib le .
I t  i s  a ls o  l im i t e d  b y th e  abundance o f  wood in  Zone C*, b u t  
t h i s  i s  n o t t ru e  o f  Zone B.

A lth o u g h  n o t w it h in  th e  enve lope  o f  peak h yd roca rb o n  g e n e ra t io n ,  
Zones , D and E down to  a p p ro x im a te ly  4300* m etres a re  m ature  
and a re  p ro d u c in g  gas and o i l .  The rem ainder o f  Zone E i s  
r e a l is in g  i t s  maximum p o t e n t ia l  f o r  h yd ro ca rb o n s , b u t the  
o rg a n ic  m a tte r w it h in  t h is  in t e r v a l  i s  n o t p a r t i c u la r l y  o i l  p ro n e .

O f f - s t r u c t u r e ,  th e  l a t e r a l  e q u iv a le n ts  o f  th e  Zone B sh a le s  
w h ich  a re  b u r ie d  to  be low  3500- m etres w i l l  be m ature and 
g e n e ra t in g  s ig n i f i c a n t  o i l .  B u r ia l  to  a p p ro x im a te ly  4300* 
m etres w ould  enab le  them to  y i e l d  m a jo r o i l .

A l lo w in g  f o r  th e  p resen ce  o f  n o n -in d ig e n o u s  h yd ro ca rb o n s , th e  
l i g h t  h yd roca rb o n  data  and th e  C 1 5 + p a ra ff in -n a p h th e n e  chrom at
ograms g iv e  q u a l i t a t iv e  c o n f irm a t io n  o f  t h is  m a tu ra tio n  t re n d .

D. HYDROCARBON SOURCE RICHNESS

P re lim in a ry  assessm ents o f  p re s e n t and p o t e n t ia l  h yd roca rb o n  
source  r ic h n e s s  a re  p ro v id e d  by th e  l i g h t  h yd roca rb o n  and 
o rg a n ic  carbon  abundances. In  th e  case o f  th e  fo rm e r, an 
ad ju stm en t must be made to  c o r r e c t  f o r  th e  f a c t  th a t  th e  samples 
were n o t canned.

The l i g h t  h yd ro ca rb o n  data  su gge st th a t  Zone A i s  p o o r whereas  
Zones B and C a re  f a i r  and Zone D i s  f a i r  to  good. Zone E i s  
f a i r  to  4266* m etres b u t p o o r be low  t h i s  d ep th . In  t h is  s tu d y ,  
th ese  r a t in g s  must be t re a te d  w ith  c a u t io n .

O rg a n ic  carbon  abundances su ggest p o o r to  f a i r  and f a i r  r a t in g s  
f o r  Zone A  above and be low  2406* m etres r e s p e c t iv e ly .  Zone B 
i s  r i c h .  Zonés C* and C^ a re  a ls o  good w h i ls t "  th e  sh a le  u n it s  
w it h in  Zone 1) a re  r i c h .  A lth o u g h  th e  a c tu a l volume o f  sh a le  
w i l l ,  to  some degree be l im i t i n g ,  m ig ra t io n  from  source  to  
r e s e r v o ir  w i l l  be e f f i c i e n t .  Zone E i s  f a i r  to  good above 4086* 
m etres b u t then  d e c lin e s  to  f a i r  and, be low  4266* m e tre s , to  p o o r .

D e f in i t i v e  e v a lu a t io n s  in v o lv e  a c o n s id e ra t io n  o f  th e  C 1 5 + h yd ro 
ca rb o n s . However, w i t h in  most o f  t h i s  s e c t io n , n o n -in d ig e n o u s  
h yd roca rb o n s (see S e c tio n  E ) augment and mask th e  in d ig e n o u s  
source  h yd roca rb o n s and r e s u l t  in  anom alously h ig h  r ic h n e s s  
r a t in g s .

A l lo w in g  f o r  t h e i r  p re se n ce , Zone A has a p o o r to  f a i r  o r  f a i r  
source  ro c k  p o t e n t ia l ,  b u t Zone B i s  good and, a t  a h ig h e r  le v e l  
o f  th e rm a l m a tu ra t io n , w ou ld  p ro b a b ly  be v e r y  good. The sh a le s
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o f  Zones and C2 a re  a ss ig n e d  a f a i r  to  good r a t in g .  Even 
w ith  th e  c o n ta m in a tio n , Zone E i s  o n ly  a f a i r  sou rce  in t e r v a l ;  
in  an uncontam inated  s ta te ,  a p o o r to  f a i r  r a t in g  p ro b a b ly  a p p l ie s .

In  a m ature s ta te  Zone A  be low  2406* m e tre s , c o u ld  g e n e ra te  
s ig n i f i c a n t  b u t n o t th e  m a jo r h yd ro ca rb o n  re s e rv e s  re q u ire d  in  
th e  N o rth  Sea. However, Zone B and a ls o  perhaps Zones C* and 
c2 do f u l f i l l  th e  n e ce ssa ry  r ic h n e s s  re q u ire m e n ts . A lth o u g h  
m ig ra t io n  from  source  to  r e s e r v o ir  w i l l  be e f f i c i e n t  w it h in  
Zone D, th e  p o t e n t ia l  o f  th e  in t e r v a l  w i l l  be l im i t e d  b y th e  
abundance o f  s h a le s . However, th e  sh a le s  a re  so r i c h  t h a t ,  
as s ig n i f i c a n t  u n it s  a re  a p p a re n t ly  p re s e n t, th e y  must be 
c o n s id e re d  a v a l id  e x p lo r a t io n  t a r g e t .  S ha les  a re  o f  v a r ia b le  
abundance in  Zone E and fu rth e rm o re  a re  o n ly  p o o r to  f a i r  source  
ro c k s . The in t e r v a l  between 4086* m etres and 4536* m etres i s  
s h a ly  b u t i s  n o t r i c h  enough to  be o f  r e a l  e x p lo r a t io n  s i g n i f i 
cance .

E . NON-INDIGENOUS HYDROCARBONS

P o t e n t ia l  r e s e r v o ir  h o r iz o n s  a re  p ro v id e d  b y th e  sandstones a t  
2646-2706- m etres (Zone A ) ,b e lo w  2946* m etres in  Zone B and 
p a r t i c u la r l y  a t  2946-3124* m etres and 3216-3336* m e tre s , th ro u g h 
o u t Zone D and in  Zone E above 4266* m etres and b e low  4506* 
m e tre s . However,- w ith  th e  e x c e p tio n  o f  th e  sample a t  3096-3124 
m etres (Zone B ) ,  no f lu o re s c e n c e  was o b served  in  any o f  th ese  
u n it s .

The l i g h t  h yd ro ca rb o n  d a ta  do n o t d e f i n i t i v e l y  in d ic a te  m ig ra te d  
h yd ro ca rb o n s  in  Zone A b u t th e  gases a s s o c ia te d  w ith  th e  Zone B 
sands a re  v e r y  w e t. In  Zone D, th e re  appears to  be an ih v e rs e  
r e la t io n s h ip  between th e  sand c o n te n t o f  th e  samples and th e  
l i g h t  h yd roca rb o n  ga ses . The sample from  3696-3726 m etres i s  
how ever, v e r y  w e t. The data  f o r  Zone E a re  n o t in d ic a t iv e  o f  
th e  p re s e n t o f  m ig ra te d  h yd ro c a rb o n s .

F iv e  samples o f  d r i l l i n g  mud were a n a lys e d . They were i n i t i a l l y  
e x tra c te d  (and th e  r e s u l t s  r e f e r  t o )  f o r  th re e  h ou rs  in  o rd e r  
to  e x t r a c t  th e  m a te r ia l w h ich  w ould  most r e a d i ly  in va d e  th e  
fo rm a t io n s . A d d it io n a l  e x t r a c t io n  f o r  a f u r t h e r  s ix te e n  h ou rs  
re s u lte d  in  v e r y  abundant a sp h a lte n e s , su g ge sts  l ig n o s u lp h o n a te .  
The mud from  2100 m etres c o n ta in s  f a i r l y  abundant h yd ro ca rb o n s  
w ith  a p a ra ff in -n a p h th e n e  to  a ro m a tic  r a t io  o f  ju s t  be low  one.
The o th e rs  a re  v e r y  r i c h  (up to  a lm o st 2%  h yd ro ca rb o n s  b y w e ig h t)  
and have h ig h  r a t io s .  A l l  o f  th e  muds a re  c h a ra c te r is e d  b y  
p a ra ff in -n a p h th e n e  chrom atogram s w h ich  a re  t o t a l l y  dom inated by  
th e  f r o n t  ends and in  w h ich  bo th  th e  background en ve lop e  ( la r g e l y  
naphthenes) and th e  norm al p a r a f f in  peaks “d ie "  a t  a p p ro x im a te ly  
nC25. These muds a p p a re n t ly  c o n ta in  lig n o s u lp h o n a te  w h i ls t  
th e  h ig h e r  p a ra ff in -n a p h th e n e  to  a ro m a tic  r a t io s  su gge st th e  
presen ce  o f  g a s - o i l .  C le a r l y ,  p ronounced background humps o r  
naphthenes and norm al p a r a f f in s  in  th e  m id d le  and heavy range  
cannot be e x p la in e d  in  term s o f  mud c o n ta m in a tio n .

-7-
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The Zone B sands above 3246* m etres c o n ta in  between 796 ppm 
and 3842 ppm o f  th e  C 1 5 + h yd ro c a rb o n s . These h yd roca rb o n s  
c o n s t i tu te  le s s  than  one t h i r d  o f  th e  t o t a l  e x t r a c t  and tend  
to  have r e l a t i v e l y  lo w  p a ra ff in -n a p h th e n e  to  a ro m a tic  r a t io s .
In  v ie w  o f  th e  f a c t  th a t  i t  was n o t p o s s ib le  to  e f f e c t i v e l y  
remove a l l  o f  th e  sh a le  from  the  samples b y hand p ic k in g ,  these  
d a ta  a re  n o t p a r t i c u la r l y  s u g g e s tiv e  o f  n o n -in d ig e n o u s  h yd ro 
ca rb o n s . However, th e  p a ra ff in -n a p h th e n e  chrom atogram s c le a r l y  
in d ic a t e  c o n ta m in a tio n  from  th e  d r i l l i n g  mud in  a d d it io n  to  
th e  s h a le -d e r iv e d  h yd ro c a rb o n s . M ig ra te d  h yd ro ca rb o n s , i f  
p re s e n t , a re  masked, b u t th e  wetness o f  th e  C 1 -C 4  gases su ggests  
th a t  l i q u i d  h yd ro ca rb o n s  c o u ld  have moved in t o  these  sands. In  
t h i s  c o n te x t  i t  m ust be remembered th a t  p o r o s it y -c o n ta in e d  
h yd ro ca rb o n s  w i l l  be r e l a t i v e l y  d e p le te d  due to  th e  f a c t  th a t  
th e  samples were n o t canned. N e v e rth e le s s , i t  i s  p ro b a b le  th a t  
o n ly  t ra c e  amounts a re  in v o lv e d .

C o n ta m in a tio n  con fu se s  th e  is s u e , b u t i t  i s  suggested  th a t  t ra c e  
amounts o f  h yd ro c a rb o n s , "you n g" condensate in  c h a ra c te r  ra th e r  
than  o i l ,  have moved in t o  these  sands. T h is  w ou ld  be c o m p a tib le  
w ith  th e  le v e l  o f  th e rm a l m a tu ra tio n  o f  th e  a d ja c e n t s h a le s .
I t  i s  p ro b a b le  th a t  a lo c a l  source  i s  in v o lv e d  and th a t  th e  
movement c o u ld  be d e s c r ib e d  as a lo c a l  r e d is t r ib u t io n  w h ich  i s  
o f  no econom ic s ig n i f ic a n c e .

H ydroca rbons a re  s i g n i f i c a n t l y  le s s  abundant (182 ppm to  675 ppm) 
in  th e  sands o f  Zone D b u t c o n s t itu te  a much h ig h e r  p ro p o r t io n  
o f  th e  t o t a l  e x t r a c t  and have h ig h e r  p a ra ff in -n a p h th e n e  to  
a ro m a tic  r a t io s .  However, these  h yd ro ca rb o n s  r e f l e c t  e i t h e r  
c o n ta m in a tio n  from  th e  d r i l l i n g  mud o r  th e  p resen ce  o f  s h a le .
Th e re  i s  n o th in g  to  su gge st m ig ra te d  l i q u i d  h yd ro c a rb o n s . T h is  
i s  a ls o  t ru e  o f  th e  gases w ith  th e  e x c e p tio n  o f  th e  sample from  
th e  to p  o f  th e  sand (3696-3726 m e tre s ) w h ich  i s  v e r y  w e t. Thus 
th e  data  su g g e s t th a t  h yd roca rb o n s have moved in t o  th e  to p  o f  
th e  r e s e r v o i r . I t  i s  n o t p o s s ib le  to  be d e f in i t i v e  re g a rd in g  
t h e i r  c h a ra c te r ,  b u t i t  i s  sp e c u la te d  from  th e  l i g h t  h yd ro 
ca rbon  d a ta  th a t  th e y  to o , c o u ld  be w et gas o r  young condensate  
in  ty p e . A g a in , r e l a t i v e l y  m in or amounts appear to  be in v o lv e d .

C o n ta m in a tio n  i s  n o t e v id e n t  in  th e  sample from  3876-3906 m etres  
tow ards th e  base o f  Zone D. N e v e rth e le s s , h yd ro ca rb o n s  c o n s t i t u te  
a lm o st h a l f  o f  th e  t o t a l  e x t r a c t  w h ich  s u g g e s ts , p a r t i c u la r l y  
in  com parison w ith  th e  o th e r  uncontam inated  sam ples, th a t  n o n - 
in d ig e n o u s  h yd ro ca rb o n s  a re  in  f a c t ,  p re s e n t .  H ydrocarbons a re  
n o t abundant (539 ppm) b u t a re  r e l a t i v e l y  m ature and appear to  
r e f l e c t  th e  p resen ce  o f  m in or amounts o f  p a r a f f in ic  o i l  g e n e ra te d  
b y la n d  p la n t  d e r iv e d  o rg a n ic  m a tte r .

Th e re  i s  no ev id e n ce  o f  m ig ra te d  h yd ro ca rb o n s  w it h in  th e  sands 
o f  Zone E , b u t d r i l l i n g  mud c o n ta m in a tio n  i s  p re s e n t .
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I t  must be em phasised th a t  th e  o ccu rre n ce s  d is c u s s e d  above  
sh o u ld  be re ga rd e d  as m in or shows and i t  i s  l i k e l y  th a t  o n ly  
lo c a l  so u rces  a re  in v o lv e d . D e f in i t i v e  in t e r p r e t a t io n s  a re  
d i f f i c u l t  due to  th e  sm a ll amounts in v o lv e d  and th e  p re v a le n c e  
o f  c o n ta m in a tio n .

H ydrocarbons a re  r e l a t i v e l y  abundant in  Zone A b u t c o n s t itu te  
a to o -h ig h  (a t  t h i s  le v e l  o f  m a tu ra tio n ) p ro p o r t io n  o f  th e  t o t a l  
e x t r a c t .  These sa n p le s  were a ls o  con tam inated  d u r in g  d r i l l i n g  
a lth o u g h  th e  background enve lope  o f  th e  p a ra ff in -n a p h th e n e  
chrom atogram  in d ic a te s  a d if fe re n c e  in  th e  o v e r a l l  c h a ra c te r  
o f  th e  a d d it iv e s .

Thus, d u r in g  d r i l l i n g ,  co n ta m in a tio n  was in tro d u c e d  th ro u g h o u t  
th e  33/12-6 s e c t io n .

F . CONCLUSIONS

The deepest sample o f  Zone A resem bles th e  u n d e r ly in g  Zone B 
in  b o th  o rg a n ic  r ic h n e s s  and o rg a n ic  m a tte r  t y p e . W ith  t h i s  
e x c e p tio n , th e  sh a le s  o f  Zone A above 2406* m etres have p o o r  
to  f a i r  o rg a n ic  c o n te n ts .w h i ls t  be low  t h is  d e p th , th e y  a re  o f  
f a i r  r ic h n e s s .  Most o f  th e  o rg a n ic  m a tte r i s  woody and c o a ly  
i n  t y p e , a lth o u g h  s ig n i f i c a n t  herbaceous d e b r is  i s  p re s e n t.

The sed im ents a re  im m ature down to  2150* m e tre s , b u t the  
herbaceous f r a c t io n  in  th e  deeper sam ples i s  m a rg in a l ly  m ature  
and ca p a b le  o f  y ie ld in g  m in or h yd roca rb o n  l iq u id s .  As th e  
herbaceous m a te r ia l  c o n s t itu te s  o n ly  a sm a ll p a r t  o f  th e  t o t a l  
o rg a n ic  m a tte r , th e  p re s e n t h yd roca rb o n  p o t e n t ia l  o f  these  
sedim ents i s  n e g l ig ib le .  In  a m ature s t a t e , th e y  w ou ld  be p oo r  
to  f a i r  o r  f a i r  h yd ro ca rb o n  so u rce s , ca p a b le  o f  g e n e ra t in g  
s ig n i f i c a n t  b u t n o t m a jo r h yd roca rb o n  a c c u m u la tio n s .

Zone B i s  n o t o n ly  o r g a n ic a l ly  r i c h  b u t th e  o rg a n ic  m a tte r  i s  
d o m in a n tly  amorphous and herbaceous, a lth o u g h  wood i s  f a i r l y  
abundant p a r t i c u la r l y  be low  3000* m e tre s . P o t e n t ia l l y ,  the  
Zone B s h a le s  a re  r i c h  source  ro c k s  f o r  o i l  w it h  th e  a b i l i t y  to  

... y i e l d  m a jo r volum es o f  h yd ro ca rb o n s . On s t r u c tu r e  how ever, th e y  
a re  o n ly  m a r g in a l ly  m ature and hence a re  g e n e ra t in g  m in or  
h yd ro ca rb o n  l i q u id s .

B u rie d  to  b e lo w  3500* m etres and p a r t i c u la r l y  to  be low  4300* 
m e tre s , t h e i r  l a t e r a l  o f f - s t r u c t u r e  e q u iv a le n ts  w ou ld  r e a l is e  
t h e i r  p o t e n t ia l  f o r  m a jo r o i l .

R educing c o n d it io n s  a p p a re n t ly  p r e v a i le d  a t  th e  se a w ate r-se d im e n t 
in t e r fa c e  d u r in g  Zone B t im e s .

Zones C*and 'are n o t as r ic h  as Zone B b u t s t i l l  have good  
o rg a n ic  c o n te n ts . T h e ir  o rg a n ic  m a tte r  how ever, tends to  be 
le s s  fa v o u ra b le  f o r  o i l :  woody and herbaceous m a te r ia l i s  the
most abundant w h i ls t  a lth o u g h  amorphous kerogen  i s  f a i r l y  abund
a n t in  Zone C1  i t  i s  sp arse  in  Zone C2 . Th ey a re  b o th  ra te d  as

-9-
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p o t e n t ia l l y  f a i r  to  good source  ro c k s . Zone C* i s  o n ly  m a rg in a l ly  
m ature , b u t Zone i s  m ature , a lth o u g h  n o t v e r y  m atu re . W ith  
fu r t h e r  b u r i a l , b o th  Zones w ould  be o f  in t e r e s t  to  th e  e x p lo r 
a t io n is t .

The source  p o t e n t ia l  o f  Zone D i s  l im i t e d  b y th e  p re d o m in a n tly  
sandy c h a ra c te r  o f  th e  s e c t io n , b u t m ig ra t io n  from  these  
m ature sh a le s  in t o  th e  a d ja c e n t r e s e r v o ir s  w i l l  be e f f i c i e n t .

Below 4300* m e tre s , th e  sh a le s  o f  Zone E l i e  w it h in  th e  enve lope  
o f  peak h yd ro ca rb o n  g e n e ra t io n  where source  ro c k s  r e a l is e  t h e i r  
maximum p o t e n t ia l .  However, th e y  a re  sometimes l im i t e d  in  
volum e, o f  f a i r  d e c re a s in g  to  p o o r r ic h n e s s  and c o n ta in  o rg a n ic  
m a tte r w h ich  i s  d o m in a n tly  woody o r  woody and herbaceous in  
t y p e . The s h a ly  in t e r v a l  between 4086* m etres and 4266* m etres  
p ro b a b ly  has th e  b e s t p o t e n t ia l  b u t even so i s  n o t s u f f i c i e n t l y  
r i c h  to  g e n e ra te  s ig n i f i c a n t  h yd roca rb o n s and i s  o f  no 
e x p lo r a t io n  s ig n if ic a n c e .

D r i l l in g - in t r o d u c e d  co n ta m in a tio n  i s  p re s e n t th ro u g h o u t t h is  
s e c t io n  and c o m p lic a te s  th e  re c o g n it io n  o f  m ig ra te d  l i q u i d  
h yd ro c a rb o n s , p a r t i c u la r l y  as o n ly  t ra c e  amounts a re  in v o lv e d .
No e c o n o m ic a lly  s ig n i f i c a n t  r e s e rv o ire d  h yd roca rb o n s  were  
d e te c te d . However, i t  i s  suggested  t h a t  t ra c e  amounts, o f  
l o c a l l y  sou rced  "vounq 11 condensate a re  p re s e n t w it h in  th e  sands 
o f  Zone B and a t  th e  to p  (3696-3726 m e tre s ) o f  th e  Zone D sands. 
These appear to  be lo c a l  r e d is t r ib u t io n  phenonema and p ro b a b ly  
do n o t in v o lv e  lo n g -ra n g e  m ig ra t io n . M in or amounts o f  p a r a f f in ic  
(w axy) o i l  a re  p re s e n t a t  3876-3906 m etres tow ards th e  base o f  
Zone D. Zone E appears to  be b a rre n .

The sh a le s  o f  Zones B and C a re  p resum ab ly s u f f i c i e n t l y  d e e p ly  
b u r ie d  w it h in  th e  d ra in a g e  area  o f  th e  s t r u c tu r e  to  r e a l is e  
t h e i r  p o t e n t ia l  f o r  m a jo r and v e r y  s ig n i f i c a n t  o i l .  The sands 
o f  Zones B and D a re  in  com m unication w ith  th ese  r i c h  sh a le s  
and y e t  a re  b e lie v e d  to  c o n ta in  o n ly  m in o r lo c a l ly -s o u r c e d ,  
young con densate . T h is  h yd roca rb o n  p ro d u c t i s  c o m p a tib le  
w ith  th e  m a tu ra tio n  s ta te  o f  th e  a d ja c e n t sh a le s  o n -s t r u c t u r e . 
T h e re fo re , th e  la t e r a l  downdip e q u iv a le n ts  o f  th ese  sh a le s  
d id  n o t g e n e ra te  o i l  o r  th e  o i l  was g e n e ra te d  and was n o t a b le  
to  move up in t o  th e  s t ru c tu re  o r  i t  was n o t tra p p e d . The f i r s t  
a lt e r n a t iv e  seems u n l ik e l y  and, as young condensate i s  b e lie v e d  
to  be p re s e n t, so does th e  t h i r d  a l t e r n a t iv e .



TABLE IB
CONCENTRATION (VOL. PPM OF ROCK) OF Ci - C7 HYDROCARBONS IN CUTTINGS GAS

GEOCHEM %
SAMPLE DEPTH C1 C2 c3 iC4 nC4 TO TAL TO TAL G AS TO TAL 1C4

NUMBER Methane Ethane Propane Isobutane Butane C 1 - C4 c2 c4 W ETNESS C5 - C 7 nC4

91-002 1839(Mud) 1 2 . 0 2.5 1.3 0.7 0.9 17.4 5.4 31.0% 2.3 0.78

91-001 1836-866m 35 16.4 3.8 1 . 1 1.7 58 23 39.6% 24 0.65

91-003 1866-896m 51 22 4.7 1.5 2.5 82 31 37.4% 58 0.60

91-004 1896-92 6m 25 7.4 3.1 0.7 0.9 37 1 2 . 1 32.7% 1 2 . 0 0.77

91-005 1926-956m 30 7.9 6.0 2 .2 3.3 49 19.4 39.6% 44 0.67

91-006 1956-986m 26 5.4 5.9 3.1 3.2 44 17.6 40.0% 44 0.97

91-007 1986-2016m 44 7.3 7.6 4.8 3.1 67 23 34.0% 21 1.55

91-008 2016-046m 32 6.9 5.6 2. 8 1 . 8 49 17.1 34.9% 19.1 1.55

91-009 2046-076m 22 3.7 2 . 1 1.3 1 . 2 30 8.3 27.7% 24 1.08

91-010 2076-106m 22 4.9 2.5 0.7 1 . 1 31 9.2 29.7% 18.6 0.64

91-011 2100(Mud) 51 4.6 2.3 1 . 0 1.3 60 9.2 15.3% 1 2 . 0 0.77

91-012 2106-136m 34 4.3 2 . 2 0.6 0.7 42 7.8 18.6% 17.1 0.86

91-013 2136-166m 32 4.7 2. 6 0.7 1.4 41 9.4 22.9% 13.0 0.50

91-014 2166-196m 26 4.8 2 . 1 0.2 0.3 33 7.4 22.4% 9.0 0.67

91-015 2196-226m 20 2 .2 1.5 1 . 0 0.7 25 5.4 2 1 .6% 16.6 1.43

91-016 2226-256m 24 4.6 2.9 1 . 8 1.9 35 1 1 . 2 32.0% 17.1 0.95

91-017 2256-286m 23 6.5 4.6 2.7 2.4 39 16.2 41.5% 15.8 1 . 1 2

91-018 2286-316m 27 5.2 4.6 1 . 0 1.7 39 12.5 32.0% 62 0.59

91-019 2316-346m 30 4.2 2.4 1 . 0 1 . 6 39 9.2 23.6% 29 0.62

91-020 2346-37 6m 23 3.3 2 . 1 1.3 2 . 1 32 8.8 27.5% 34 0.62

91-021 2376-406m 17.6 3.6 2.7 2 .2 2.4 28 10.9 38.9% 24 0.92

91-022 2406-43 6m 31 6.3 2. 8 1 . 1 2.4 44 1 2 . 6 28.6% 53 0.46



TABLE 1B
CONCENTRATION {VOL. PPM OF ROCK) OF C? - C7 HYDROCARBONS IN CUTTINGS GAS

GEOCHEM %
SAMPLE DEPTH C1 C2 c 3 iC4 nC4 TO TAL TO TA L GAS TO TAL iC4
NUMBER Methane Ethane Propane Isobutane Butane Ci - C4 c 2 - c 4 W ETNESS C 5 - C 7 nC4

91-023 2436-466m 29 5.8 2. 8 1.7 2.4 42 12.7 30.2% 125 0.71

91-024 2466-496m 22 5.1 3.4 4.4 2.9 38 15.8 41.6% 224 1.52

91-025 2496-526m 59 7.3 6.7 5.1 7.5 86 27 31.3% 122 0.68

91-026 2526-556m 40 6.7 7.0 6.4 6.0 66 26 39.5% 130 1.07

91-027 2556-586m 42 7.4 5.0 3.8 4.2 62 20 32.9% 113 0.90

91-028 2586-616m 44 7.0 4.3 2.0 3.6 61 16.9 27.8% 119 0.55

91-029 2616—631m 94 7.6 8.4 5.0 6.6 1 2 1 27 22.5% 64 0.81

91-030 2631 (Mud) 46 6.3 1 . 8 0.6 1 . 1 56 9.8 17.5% 30 0.54

91-031 2631-646m 36 6.4 4.6 2 . 2 3.2 52 16.4 31.5% 44 0.69

91-032 2646—676m 32 6.0 5.3 5.1 6.6 55 23 41.8% 116 0.77

91-033 2676-706m 37 6.6 15.5 14.1 19.9 93 56 60.3% 274 0.71

91-034 2706-736m 36 26 150 47 75 334 298 89.2% 346 0.63

91-035 2736-766m 55 64 294 64 1 22 599 544 90.8% 352 0.52

91-036 2766-796m 53 93 361 82 137 726 673 92.7% 478 0.60

91-037 2796-826m 67 48 256 61 104 536 469 87.5% 285 0.59

91-038 2826-856m 49 88 330 62 102 631 582 92.2% 225 0.61

91-039 2856-886m 67 114 481 92 152 906 839 92.6% 321 0.60

91-040 2886-916m 55 158 503 71 113 900 845 93.9% 216 0.63

91-041 2916-946m 101 206 935 115 185 1542 1441 93.4% 277 0.62

91-042 2946-976m 64 182 575 “49 106 976 912 93.4% 136 0.46

91-043 2976-3006m 38 29 153 15 61 296 258 87.2% 57 0.24

91-044 3006-036m 52 528 1276 74 261 1770 1718 97.1% 179 0.28



TABLE 1B
CONCENTRATION (VOL. PPM OF ROCK) OF Cl - C7 HYDROCARBONS IN CUTTINGS GAS

GEOCHEM

SAMPLE DEPTH C l c2 c3 1C4 nC4 TO TAL TO TA L

%
G AS TO TAL 1C4

NUMBER Methane Ethane Propane Isobutane Butane Cl * C4 c2' C4 W ETNESS C5 - C 7 nC4

91-045 3036-066m 56 580 1173 67 170 2046 1990 97.3% 108 0.39

91-046 3066-096m 71 1340 1547 85 156 3199 3128 97.8% 122 0.54

91-047 3096-124m 55 525 834 56 94 1564 1509 96.5% 93 0.59

91-048 3126-156m 52 426 606 51 69 1204 1152 95,7% 101 0.74

91-049 3156-186m 49 348 702 73 93 1265 1216 96.1% 132 0.78

91-050 3186-216m 180 1602 1366 120 137 3405 3225 94. 7% 167 0.87

91-051 3216-246m 270 1772 1473 132 175 3822 3552 92.9% 252 0.75

91-052 3246-276m 71 43 171 26 51 362 291 80.4% 128 0.51

91-053 3276-306m 64 86 201 26 50 427 363 85.0% 116 0.52

91-054 3306-336m 315 941 1245 116 209 2826 2511 8 8.8% 310 0.55

91-055 3336-366m 510 2 1 1 251 25 64 1061 551 51.9% 118 0.39

91-056 3366-396m 473 133 200 17.8 71 895 422 47.1% 200 0.25

91-057 3396-426m 236 40 132 16.6 57 482 246 50.9% 139 0.29

91-058 3426-456m 391 33 16.5 2.0 6.4 449 58 12.9% 7.4 0.31

91-059 3456-486m 493 42 34 4.3, 14.7 588 95 16.1% 22 0.29

91-060 3486—516m 595 91 85 8.5 30 809 214 26.4% 142 0.28

91-061 3516-546m 397 167 256 31 74 925 528 57.1% 734 0.42

91-062 3546-576m 350 124 154 19.3 57 704 354 50.3% 657 0.34

91-063 3576—606m 707 335 468 49 136 1695 989 58.3% 677 0.36

91-064 3606-636m 595 163 168 17.5 74 1020 425 41.7% 417 0.24

91-065 3636-666m 869 258 405 49 177 1758 889 50.6% 720 0.28

91-066 3666—696m 174 39 80 13.9 47 354 180 50.8% 171 0.29



TABLE 1B
CONCENTRATION (VOL. PPM OF ROCK) OF Cl • C7 HYDROCARBONS IN CUTTINGS GAS

GEOCHEM %
SAMPLE DEPTH C i C2 c 3 iC4 nC4 TO TAL TO TAL GAS TO TAL iC4
NUMBER Methane Ethane Propane Isobutane Butane Cl - C4 C2  -C 4 W ETNESS C5 '  c 7 nC4

91-067 3696-726m 316 707 954 82 173 2232 1916 85.8% 307 0.47

91-068 3726-756m 174 92 169 20 47 502 328 65.3% 174 0.42

91-069 3756-786m 3020 1313 967 58 164 5522 2502 45.3% 192 0.35
91-070 3786-816m 711 509 644 53 138 2055 1344 65.4% 234 0.38
91-071 3816-846m 1068 897 819 58 170 3012 1944 64.5% 183 0.34
91-072 3832m(Mud) 33 13-4 28 8 . 1 17.3 100 67 66.8% 379 0.47

91-073 3846-876m 96 23 22 8.4 17.8 167 71 42.6% 93 0.47

91-074 3876-906m 2381 1359 659 41 95 4535 2154 47.5% 105 0.43
91-075 3906-936m 484 256 284 38 81 1143 659 57.6% 315 0.47

91-076 3936-966m 133 62 135 17.1 49 387 254 65.6% 123 0.43
91-077 3966-996m 62 50 151 17.1 39 319 257 80.6% 152 0.44

91-078 3996-026m 108 27 46 1 1 . 2 25 217 109 50.3% 85 0.45

91-079 4026-056m 93 39 87 11.7 29 260 167 64.1% 78 0.40

91-080 4056-086m 55 25 96 1 0 . 8 30 217 162 74.6% 86 0.36

91-081 4086-116m 68 79 183 19.8 46 396 328 82.8% 192 0.43

91-082 4116-146m 96 46 103 14.3 32 291 195 67.0% 161 0.45
91-085 4143m(Mud) 135 38 41 13.3 24 251 116 46.3% 296 0.55

91-083 4146-176m 69 51 34 6.6 14.3 175 106 60.5% 109 0.46

91-084 4176-206m 56 14.8 33 6.5 14.8 125 69 55.3% 104 0.44

91-086 4206-236m 41 8.7 4.7 2 . 1 3.6 60 19.1 31.8% 52 0.58

91-087 4236-266m 44 15.1 46 1 0 . 1 24 139 95 68.5% 188 0.42

91-088 4266-296m 46 7.4 4 .6 1 . 2 4.3 63 17.5 27.8% 18.4 0.28

91-089 4296-326m 54 18.2 50 8 . 2 19.0 149 95 64.0% 82.0 0.43



TABLE 1B
CONCENTRATION (VOL. PPM OF ROCK) OF C*| - C7 HYDROCARBONS IN CUTTINGS GAS

GEOCHEM %
SAMPLE DEPTH C1 c2 c3 1C4 nC4 TO TAL TO TA L GAS TO TAL 1C4
NUMBER Methane Ethane Propane Isobutane Butane Ci - C4 C2 - C4 W ETNESS C5  - C7 nC4

91-090 4326—356m 34 14.1 35 6.5 13.1 103 69 66.7% 58 0.49

91-091 4356-386m 46 1 0 . 2 7.9 1.5 6.7 72 26 36.5% 16.8 0.22
91-092 4386-416m 33 18.2 66 11.7 28 157 124 78.9% 109 0.42

91-093 4416-446m 44 16.4 46 6.5 16.0 129 85 65.8% 62 0.41

91-094 4446-476m 53 16.4 45 8 . 1 19.0 141 88 62.8% 106 0.43

91-095 4476-506m 53 24 63 11.7 28 180 127 70.4% 106 0.42

91-096 4506-536m 36 14.6 25 3.6 8.5 88 52 58.7% 31 0.42

91-097 4536-566m 68 20 50 9.2 21 168 100 59.6% 86 0.44

91-098 4566-596m 27 5.6 2.5 0.6 1.4 37 1 0 . 1 27.3% 18.4 0.43

91-099 4596-T.D. 44 1 0 . 8 22 5.5 11.9 94 50 53.4% 83 0.46

91-100 4600 (Mud) 85 10.5 10.4 2.6 3.7 1 1 2 27 24.3% 19.1 0.70



' lAbLfc2
ORGANIC CARBON RESULTS AND GROSS LITHOLOGIC DESCRIPTIONS

GEOCHEM \ G S A TO TA L ORGANIC

SAMPLE DEPTH GROSS LITHOLOGIC DESCRIPTION Colour CARBON

NUMBER Code (% of Rock)

"tv91-002 1839m
91-001 1836-66m

Mud Sample 
A 75% Shale, fissile to blocky N4

very slightly calcareous, 
medium dark grey 

B 24% Shale, fissile to blocky, N7 
slightly calcareous, minor 
cavings, light grey 
Minor quartz grains, sub
rounded, minor lost circulation 
material

1.56

0.76

91-004 1896—26m

91-005 1926-56m

99%

99%

N3

N8

91-003 1866-96m A 99% Shale, fissile to blocky
non calcareous, olive grey 
Minor shale, greyish black 
Minor quartz, fine grained, 
subrounded and clear to frosty
Shale, fissile to blocky, 
non calcareous, dark grey 
Minor sandstone and caved 
shale, very light grey
Shale, thinly fissile to 
blocky, non calcareous, 
medium dark grey to 
dark greenish grey 
Minor sandstone, non 
calcareous, fine grained, 
very light grey

Shale, thinly fissile to 
blocky, non calcareous, 
dark greenish grey 
Minor quartz grains, fine 
grained, subrounded and 
clear to frosty

91—007 1986—2016m 99% Shale, thinly fissile to
blocky, non calcareous, 
medium dark grey to 
dark greenish grey 
Minor quartz grains, fine 
grained, subrounded and 
clear to frosty 
Minor limestone

5Y4/1 0.50

0.40

N4-5GY4/1 0.46

N8

91-006 1956-86m 99% 5GY4/1 0.44

N4-5GY4/1 0.46



TABLE 2
ORGANIC CARBON RESULTS AND GROSS LITHOLOGIC DESCRIPTIONS

GEOCHEM G S A T O T A L ORGANIC

SAMPLE DEPTH GROSS LITHOLOGIC DESCRIPTION Colour CARBON

NUMBER Code (% of Rock)

91-008 20l6-46m A 98% Shale, fissile, non 5Y4/1 0.38,0.40
calcareous, olive grey 

2% Shale, fissile to blocky, 5YR4/1 
non calcareous, minor 
caving, brownish grey 
Minor quartz grains, fine 
grained, subrounded 
Minor limestone

91-009 2046-76m A 98% Shale, fissile to blocky N5 0.50
very slightly calcareous, 
medium grey 

B 1% Shale, fissile, non N3
calcareous, dark grey 
Minor shale, fissile, non 5YR4/1
calcareous, brownish grey

91-010 2076-106m A 75% Shale, fissile to blocky, N3 0.30,0.33
non calcareous, minor 
caving, dark grey 

B 22% Shale, fissile to blocky, N6 0.34
calcareous, medium light 
grey

3% Lime stone-chalky, very lightN8 
grey
Minor fine quartz grains

91-011 2100m Mud Sample
91-012 2106-136m A 99% Shale, finely fissile, N5 0.32

calcareous, minor cavings, 
medium grey
Minor shale, brownish grey 5YR4/1

91-013 2136-166m A 80% Shale, finely fissile, non N3 0.44
calcareous, minor caving 
dark grey

B 19% Shale, fissile, calcareous N5 0.64
minor cavings, medium grey 
Minor fine quartz grains, 
subrounded

91-014 2166-196m A 99% Shale, thinly fissile, 5Y4/1 0.58
calcareous, olive grey 
Minor fine quartz grains, 
subrounded 
Minor limestone



TABLE 2
ORGANIC CARBON RESULTS AND GROSS LITHOLOGIC DESCRIPTIONS

GEOCHEM G S A TO TAL ORGANIC

SAMPLE DEPTH GROSS LITHOLOGIC DESCRIPTION Colour CARBON

NUMBER Code (% of Rock)

91-015 2196-226m A 99% Shale, fissile to blocky, 5Y4/1 0.64
calcareous, olive grey 
Minor fine quartz grains, 
subroundéd

91-016 2226-256m A 99% Shale, thinly fissile, 5Y4/1 0.68
calcareous, minor cavings, 
olive grey
Minor fine quartz grains, 
subrounded, clear to opaque

91-017 2256-286m A 99% Shale, thinly fissile, N5 0.82
slightly calcareous, minor
cavings, medium grey
Minor shale, brownish grey 5YR4/1
Minor fine quartz grains,
subrounded

91-018 2286-316m A 95% Shale, thinly fissile, N5 0.46
calcareous, minor cavings, 
medium grey 

5% Shale, fissile, non 5YR3/4
calcareous, moderate brown 
Minor limestone

91-019 2316-346m A 95% Shale, fissile, non N4 0.88
calcareous, minor cavings, 
medium dark grey 

4% Shale, thinly fissile, 5YR3/4
calcareous, moderate brown 
Minor quartz grains, fine 
grained, subrounded

91-020 2346-376m A 95% Shale, thinly fissile, non N4 0.30
calcareous, medium dark 
grey

4% Shale, thinly fissile, 5YR3/4
non calcareous, moderate 
brown
Minor quartz grains, fine 
grained, sub-rounded

91-021 2376-406m A 98% Shale, fissile, non N4 0.52
calcareous, minor cavings, 
medium dark grey 

1% Shale, thinly fissile, 5YR3/4
calcareous, moderate brown 
Minor lost circulation 
material



TABLE 2
ORGANIC CARBON RESULTS AND GROSS LITHOLOGIC DESCRIPTIONS

GEOCHEM G S A T O TA L ORGANIC

SAMPLE DEPTH GROSS LITHOLOGIC DESCRIPTION Colour CARBON

NUMBER Code {% of Rock)

91-022 2406-436m A 98% Shale, fissile, non N2 0.68,0.70
calcareous, minor cavings, 
greyish black 

1% Shale, moderate brown 5YR3/4
Minor fine quartz grains, 
subrounded

91-023 2436-466m A 95% Shale, fissile, non N4 0.74
calcareous, minor cavings, 
medium dark grey 

4% Shale, fissile to blocky, 5YR4/1 
slightly calcareous, brownish 
grey
Minor sandstone 
Minor limestone

91-024 2466-496m A 95% Shale, finely fissile, N4 0.68
non calcareous, medium dark 
grey

— 4% Shale, fissile to blocky, 5YR4/1
slightly calcareous, brownish 
greyMinor sandstone and minor 
limestone

91-025 2496-526m A 95% Shale, thinly fissile, non N4 0,68
calcareous, minor cavings, 
medium dark grey 

4% Shale, fissile, non 5YR3/4
calcareous, moderate brown 
Minor limestone and minor 
sandstone

91-026 2526-556m A 96% Shale, fissile, non N4 0.86
calcareous, minor cavings, 
medium dark grey 

3% Shale, fissile, calcareous 5YR3/4 
moderate brown 
Minor limestone and minor 
sandstone

91-027 2556-586m A 95% Shale, fissile to blocky, N4 0.90
non calcareous, minor 
cavings, medium dark grey 

4% Shale, fissile to blocky, 10YR5/4 
slightly calcareous, moderate 
yellowish brown
Minor shale, moderate brown 5YR3/4 
Minor sandstone



TABLE 2
ORGANIC CARBON RESULTS AND GROSS LITHOLOGIC DESCRIPTIONS

GEOCHÉM G S A TO TAL ORGANIC

SAMPLE DEPTH GROSS LITHOLOGIC DESCRIPTION Colour CARBON

NUMBER Code (% of Rock)

91-028 2586-616m A 92% Shale, fissile, non N4 0.80
calcareous, medium dark grey

5% Shale, fissile to blocky, 10YR4/2 
non calcareous, dark yellowish 
brown

3% Lost circulation material
Minor shale, moderate 5YR3/4
brown
Minor sandstone

91-029 2616-631m A 95% Shale, fissile, non N4 0.82,0.82
calcareous, medium dark 
grey

3% Shale, blocky, non 10YR4/2
calcareous, dark yellowish 
brown

2% Lost circulation material
Minor shale, moderate brown 5YR3/4

91-030 2631m Mud Sample

91-031 2631-646m A 99% Shale, fissile, slightly N4 0.48
calcareous, medium dark grey 
Minor shale, dark yellowish 10R4/2 
brown

91-032 2646-676m A 98% Sandstone, fine grained, no
fluorescence

- B 2% Shale, fissile, slightly N4 0.86
calcareous, medium dark grey 
Minor shale, greyish red 10R4/2

91-033 2676-706m A 95% Sandstone, fine grained,
no fluorescence 

B 4% Shale, fissile, non N4 2.04
calcareous, medium dark grey 
Minor shale 5YR2/1

91-034 2706-736m A 98% Shale, fissile, non 5YR2/1 2.38
calcareous, minor cavings, 
brownish black 

B 2% Shale, fissile, non N4
calcareous, minor cavings, 
medium dark grey 
Minor sandstone, fine grained 
Minor limestone
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GEOCHEM G S A TO TA L ORGANIC

„ SAM PLE DEPTH GROSS LITHOLOGIC DESCRIPTION Colour CARBON

NUMBER Code (% of Rock)

91-035 2736-766m A 98% Shale, fissile non N3
calcareous, dark grey 

1% Shale, fissile, non 5YR4/1
calcareous,
Minor sandstone, fine grained

91-036 2766-796m A 98% Shale, fissile, non N3
calcareous, some minor 
cavings, dark grey 

B 1% Shale, fissile, non 5YR4/1
calcareous, brownish grey 
Minor sandstone, fine grained 
Minor limestone

2.87,2.90

2.80

91-037 2796-826m

91-038 2826-856m A

91-039 2856-886m

91-040 2886-916m

91-041 2916-946m

A 98% Shale, as 91-036A 
B 1% Shale, fissile, non

calcareous, dusky yellowish 
brown

C 1% Shale, fissile, calcareous 
medium grey

98% Shale, as 91-Q36A 
1% Shale, as 91-037A

Minor shale, medium grey
A 99% Shale, as 91-036A 
B Minor shale, as 91-037B 
C Minor shale, as 91-037C

Minor quartz grains, fine 
grained, subrounded 
Minor limestone

A 99% Shale, as 91-036A 
B Minor shale, blocky,

calcareous, dark yellowish 
brown

C Minor shale, as 91-037C
Minor limestone 
Minor quartz grains, fine 
grained, subrounded

A 99% Shale, as 91-036A 
B Minor shale, fissile to

blocky, non calcareous, 
brownish grey 

C Minor shale, fissile, non
calcareous, dark greenish 
grey
Minor quartz grains, fine 
grained, subrounded

N3
10YR2/2

N5

m
10YR2/2
N5
N3

2.64

2 .00

2.30

N3
10YR4/2

1.56

N3
5YR4/1

5GY4/1

2.06
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ORGANIC CARBON RESULTS AND GROSS LITHOLOGIC DESCRIPTIONS

GEOCHEM G S A T O TA L ORGANIC

SAM PLE d e p t h GRO SS LITHOLOGIC DESCRIPTION Colour CARBON

NUMBER Code (% of Rock)

91-042 2946-976m A 68%  Shale# fissile# non N3 2.68
calcareous, dark grey 

B 32% Quartz grains# fine grained N8 
subrounded, no fluorescence, 
very light grey
Minor shale# fissile# non 10R4/6 

* calcareous, moderate reddish
L A  brown
^ Minor mineralisation
91-043 2976-006m A 90% Sandstone quartz grains# N8

fine grained# subrounded# 
clear to opaque# no 
fluorescence# very light 
grey

B 10% Shale# fissile to blocky N4 5.18
non calcareous# medium dark 
grey
Minor shale# dark greenish 5G4/1
grey

91-044 3006-36m A 75% Sandstone quartz grains, N8
fine grained, subrounded, 
clear to opaque, no 
fluorescence# very light 
grey

B 10% Coal, vitreous# minor NI 48.03
cavings, black

 —  C 10% Shale, fissile# non N3 3.89
calcareous, dark grey 
Minor shale, fissile, non 5GY4/1-N4
calcareous# dark greenish 
grey to medium dark grey

91-045 3036-66m A 75% Shale# fissile# non N3 3.82
calcareous, dark grey 

B 15% Shale# fissile# non 5YR4/1 3.98
calcareous# brownish grey 

C 10% Sandstone# quartz grains# N8 
fine grained# subrounded, 
clear to opaque# no 
fluorescence, very light 
grey
Minor mineralization
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SAMPLE
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G S A 

Colour 
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91-046 3066-96m A 60% Sandstone quartz grains, N8
fine grained, subrounded.
clear to opaque, no
fluorescence, very light grey

B 38% Shale, fissile; non N3 6.00
calcareous, dark grey

C 2% Coal, vitreous,argillaceous 8.34

91-047 3096-124m A 50% Sandstone quartz grains, N8
fine grained, subrounded, 
clear to opaque, very slight 
green fluorescence, very light
grey

B 44% Shale, fissile, non N4 3.12,3.10
calcareous, medium dark grey 

C 1% Coal, vitreous, black N1
Minor mineralisation

91-»048 3126-156m A 80% Shale, fissile, non N2-N3 3.16
calcareous, greyish black 
to dark grey 

B 20% Sandstone, as 91-046A but N8 
no fluorescence
Minor shale, fissile, 5G4/1
non calcareous, dark greenish 
grey
Minor shale, fissile, non 10R4/6 
calcareous, moderate reddish 
brown

91-049 3156-186m A 86%  Shale, fissile, non N3-N4
calcareous, minor cavings, 
dark grey to medium dark grey 

12% Sandstone, as 91-046A but N8 
no fluorescence 

2% Coal, vitreous
91te*650 3186-216m A 90% Shale, fissile, non N^-N3 2.60

calcareous, medium dark 
grey to dark grey 

9% Sandstone, as 91-046A
   7^ 1*. 1% Carbonaceous shale, fissile N2
* r non calcareous, greyish black

Minor mineralisation
91-051 3216-246m A 60% Sandstone, as 91-046A N8

B 39% Shale, fissile, non N3
calcareous, dark grey

3.92,3.90



TABLE 2
ORGANIC CARBON RESULTS AND GROSS LITHOLOGIC DESCRIPTIONS

GEOCHEM G S A TO TAL ORGANIC

SAMPLE DEPTH GROSS LITHOLOGIC DESCRIPTION Colour CARBON

NUMBER Code (% of Rock)

91-051 3216-246m Minor shale, fissile, non 10R4/6
calcareous, moderate reddish

— Minor coal, vitreous, black Nl

91-052 3246-276m A 60% Sandstone, quartz grains, N8
fine grained, subrounded, 
clear to opaque, no 
fluorescence, very light 
grey

B 39% Shale, fissile, non N4 2.34
calcareous, medium dark 
grey
Minor shale, fissile, non 10R4/6 
calcareous, moderate reddish 
brown

91-053 3276-306m A 45% Sandstone quartz grains, N8
as 91-052A

B 51% Shale, fissile, non N3 2.94
calcareous, dark grey

C 4% Shale, fissile, non 10R4/2
calcareous, greyish red 

— 3 ^ ^  Minor lost circulation
material
Minor coal, vitreous and 
minor cavings

91-054 3306-336m A 96% Shale, fissile,non N3 3.54
calcareous, dark grey 

4% Shale, fissile to blocky, 5YR4/1 
non calcareous, brownish 
grey
Minor shale, fissile, non 10R4/6
calcareous, moderate reddish 
brown
Minor lost circulation 
material
Minor quartz, fine grained, 
subrounded

91-055 3336-366m A 98% Shale, fissile to blocky, N2 2.12
non calcareous, greyish 
black

2% Shale, fissile, non N4
calcareous, minor cavings, 
medium dark grey 
Minor sandstone
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GEOCHEM G S A TO TAL ORGANIC

SAMPLE DEPTH GROSS LITHOLOGIC DESCRIPTION Colour CARBON

NUMBER Code (% of Rock)

91-056 3366-396m A 99% Shale, fissile to blocky, N2-N4 1.44,1.48
non calcareous, minor 
cavings, greyish black to 
medium dark grey
Minor shale, fissile, non 10R4/6 
calcareous, moderate reddish 
brown
Minor sandstone

91-057 3396-426m A 96% Shale, thinly fissile, non N2 1.64
calcareous, greyish black 

4% Sandstone, quartz grains, N8 
^  fine grained, subrounded

clear to opaque, very 
■ light grey 
Minor shale, fissile, non 10R4/6
calcareous, moderate 
reddish brown

91-058 3426-456m A 99% Shale, finely fissile,non N3 1.62
calcareous, dark grey 
Minor shale, fissile, non 10R4/6
calcareous, moderate reddish 
brown
Minor sandstone, fine grained 
slightly calcareous

91-059_345,6-486m A 99% Shale, as 91-058A some N3 1.48
minor cavings
Minor shale, as 91-058 10R4/6
Minor sandstone, as 91-058

91-060 3486-516m A 99% Shale, thinly fissile, N3 1.52
non calcareous, dark grey 
Minor sandstone, fine 
grained, slightly 
calcareous

91-061 3516-546m A 98% Shale, finely fissile, N3-N4 2.06,2.06
non calcareous, minor 
cavings, dark grey to medium

Kll dark grey/ ->o/ PV-.1- -Gi -I shale * finely fissile, non N5
calcareous, medium grey 

^  Minor sandstone
Minor limestone
Minor lost circulation
material
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SAMPLE DEPTH GROSS LITHOLOGIC DESCRIPTION Colour CARBON
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91-062 3546-576m A

91-063 3576

99% Shale, thinly fissile, 
non calcareous, minor 
cavings, dark grey to 
medium dark grey 
Minor shale, fissile, 
non calcareous, moderate 
reddish brown

-606m A 99% Shale, as 91-062A
Minor Shale, as 91-062 
Minor limestone

91-064 3606- 

91-065 .3636-

■636m A 

•666m A

91-066 3666- 

91-067 3696-

■696m A 

•726m A

W u91-068 3726-

99% Shale, as 91-062A
Minor shale, as 91-062

99% Shale, as 91-062A
Minor shale, as 91-062 
Minor shale, fissile, 
slightly calcareous, medium 
grey
Minor quartz grain, fine 
grained

99% Shale, as 91-062A
Minor shale, as 91-062

N3-N4

10R4/6

N3-N4
10R4/6

N3-N4
10R4/6

N3-N4
10R4/6
N5

2.20

N3-N4
10R4/6

B

■756m A

B

91-069 '3756-786m A

B

65% Sandstone, quartz grains, N8 
slightly calcareous, sub 
rounded, clear to opaque, 
no fluorescence, very light 
grey

35% Shale, thinly fissile, 5YR4/1
non calcareous, brownish grey

90% Sandstone, fine grained, N8
very slightly calcareous, 
no fluorescence, very light 
grey

10% Shale, thinly fissile, non N2 
calcareous, greyish black

80% Sandstone, fine grained, N8
non calcareous, no 
fluorescence, very light grey

20% Shale, thinly fissile, non N2
calcareous, greyish black

1.66

1.18

1.38

2.00,1.99

2.66,2.68

2.26

10.69
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SAMPLE DEPTH GROSS LITHOLOGIC DESCRIPTION Colour CARBON

NUMBER Code (% of Rock)

91-070 3786-816m A 85% Sandstone, fine grained N8
non calcareous, no 
fluorescence, very light 
grey

B 15% Shale, thinly fissile, N2 3.30
non calcareous, greyish 

- black
91—071 3816—846m A 80% Sandstone, fine grained, N8

non calcareous, no 
fluorescence, very light 
grey

B 20% §hale, thinly fissile, N3 4.88
non calcareous, dark grey

91-073 3846-876m A 95% Sandstone, fine grained, N8
non calcareous, no 
fluorescence, very light 
grey

B 5% Shale, thinly fissile, N3 2.17
non calcareous, dark grey

91-074 3876-906m A 65% Sandstone, fine grained, N8
non calcareous, no 
fluorescence, very light 
grey

B 35% Shale, thinly fissile, 5YR2/1 8.33,8.33
non calcareous, brownish 
black

91-075 3906-936m A 80% Shale, thinly fissile, N2 2.21
non calcareous, greyish black

B 20% Sandstone, fine grained, N8 
non calcareous, no 
fluorescence, very light 
grey

91-076 3936-966m A 80% Sandstone, fine grained, N8
non calcareous, no 
fluorescence, very light 
grey

B 20% Shale, thinly fissile, 5YR2/1 1.06
non calcareous, brownish 
black

91-077 ^966-999m A 80% Sandstone, subangular, fine N8
grained, non calcareous, 
no fluorescence, very light 
grey

B 20% Shale, thinly fissile, non 5YR2/1 1.13
calcareous, brownish black 
Minor lost circulation material
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91-078 3996-026m A 95% Sandstone, subangular, N8
fine grained, non calcareous,
no fluorescence, very light

t grey
B 5% Shale, thinly fissile. 5YR2/1 2.89,2.

Cfr- non calcareous, brownish
black
Minor lost circulation 
material and caved material

91-079 4026-056m A 80% Shale, thinly fissile, 5YR4/1
non calcareous, brownish grey

B 20% Sandstone, subangular, fine N8 
grained,non calcareous, no 
fluorescence, very light 
grey
Minor lost circulation material 
and minor shale, medium 5B5/1
bluish grey

91-080 4056-086m A 90% Sandstone, subangular, N8
N fine grained, non calcareous

no fluorescence, very light 
grey

B 10% Shale, thinly fissile, non N3 
calcareous, dark grey 
Minor lost circulation 
material

91-081 4086-116m A 60% Shale, thinly fissile, 5YR2/1
v non calcareous, brownish

black
B 40% Sandstone, subangular, fine N8 

grained, non calcareous, 
no fluorescence, very light 
grey
Minor lost circulation 
material

0.62

0.68

1.38

91-082v4il6-146m A 70% Shale, fissile to blocky N4 0.60,0.62
non calcareous, minor 
cavings, medium dark grey 

B 28% Sandstone, quartz grains N8 
fine grained, non calcareous 
subrounded, clear to opaque, 
very light grey
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91-085 4143m Mud Sanqple
91-083 4146-176m A 70% Shale, fissile to blocky, N3 0.84,0.82

non calcareous, dark grey 
29% Sandstone, quartz grains N8

fine grained, non calcareous 
subrounded, clear to opaque, 
very light grey
Minor shale, fissile, 5GY4/1
non calcareous, dark greenish 
grey
Minor shale, fissile, non N3
calcareous, dark grey

91-084 4176-206m A 78% Shale, fissile, to blocky N2 0.32,0.32
slightly calcareous, greyish 
black

°B 20% Shale, fissile, non 10R3/2 0.08
calcareous, dusky red 

2% Sandstone, quartz grains N8
fine grained, non calcareous, 
subrounded, clear to opaque, 
very light grey,

91-086 4206-236m A 70% Shale, fissile, non N3 0.64,0.64
calcareous, dark grey 

15% Shale, fissile, slightly 5YR4/1 0.14
calcareous, brownish grey 

5% Shale, fissile, non 5GY4/1
calcareous, dark greenish 
grey

10% Sandstone, quartz grains, 
subrounded, very slightly 
calcareous, clear to opaque

91-087 4236-266m A 70% Shale, fissile, non N4 1.06
calcareous, medium dark grey 

B 28% Shale, fissile, non 5YR4/1
calcareous, brownish grey 

1% Sandstone, as 91-086 
Minor limestone

91-088 4266-296m A 70% Shale, fissile, non 10R3/4 0.14
calcareous, dark reddish brown 

B 29% Shale, fissile, non N3 2.32
calcareous, dark grey 
Minor sandstone, as 91-086 
Minor lost circulation 
material
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91-089 4296-326m A 69% Shale, fissile, slightly 10R3/4 0.04
calcareous, dark reddish 
brown

3% Shale, fissile, non 5G4/1
calcareous, dark greenish grey 
Minor limestone

91-090 4326-356m A 98% Shale, fissile, very 10R3/4 0.26
slightly calcareous, dark 
reddish brown 

2% Shale fissile, non 5GY4/1
calcareous, dark greenish 
grey
Minor sandstone,quartz N8
grains, fine grained, non 
calcareous, subrounded, clear 
to opaque, very light grey

91—091 4356-386m A 50% Shale, fissile, non 10R3/4 0.20
calcareous, dark reddish 
brown

B 47% Shale, fissile, non N3 1.20
calcareous, dark grey 

2% Sandstone, as 91-090 N8
91-092 4386-416m A 83% Shale, fissile to blocky 10R3/4 0.42,0.42

very slight calcareous, 
minor cavings 

5% Sandstone, as 91-091 N8
B 12% Shale, fissile, non N4+5G4/1

calcareous, medium dark grey 
and olive grey 
Minor limestone

91-093 4416-446m A 80% Shale, fissile to blocky 10R3/4 0.10
non calcareous, dark reddish 
brown .

17% Shale, fissile to blocky, N3
non calcareous, dark grey 

2% Sandstone, as 91-090 N8
91-094 4446-476m A 87% Shale, fissile, non 10R3/4 0.28

calcareous, minor cavings, 
dark reddish brown 

1% Sandstone, as 91-090 N8
11% Shale, fissile, non N4

calcareous, medium dark grey 
Minor limestone, minor lost 
circulation material
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91-095 4476-506m A 50% Shale, fissile, non 10R3/4 0.12
calcareous, dark reddish 
brown

B 49% Shale, fissile, non 5GY4/1
calcareous, dark greenish 
grey

1% Sandstone, quartz grains, N8 
fine grained, non calcareous, 
subrounded, clear to opaque, 
very light grey

91-096 4506-536m A 64% Shale, fissile to blocky 10R3/4
slightly calcareous, dark 
reddish brown

15% Sandstone, as 91-095 N8
20% Shale, fissile, non N3 1.46,1.46

calcareous, dark grey 
Minor limestone
Minor shale, greenish grey 5G6/1

91-097 4536-566m A 60% Sandstone, as 91-095 pink N8
staining

B 36% Shale, fissile to blocky 5G2/1 1.48
non calcareous, greenish black 

2% Shale, fissile, non 10R3/4
calcareous, dark reddish 
brown

1% Lost circulation material 
Minor limestone

91-098 4566-596m A 75% Sandstone, as 91-095 N8
B 12% Shale, fissile to blocky, 10R3/4 0.24

non calcareous, dark reddish 
brown

12% Shale, fissile, non 5G2/1
calcareous, greenish black 
Minor lost circulation 
material 
Minor limestone

91-099 4596-T.D. A 95% Sandstone, as 91-095 N8
3% Shale, fissile to blocky 10R3/4

slightly calcareous, dark 
reddish brown 

1% Shale, fissile, non N3
calcareous, dark grey
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GEOCHEM
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O RGANIC M ATTER DESCRIPTION THERM AL

MATURATION
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PARTICLE
SIZE

P R E SE R V 
ATION

91-003 1866-96m W-C;-;H Mineral matter 1 + to 2-
91-010 2076-106m C-W;H;- Mineral matter. Some reworked 

material 1 + to 2-

91-018 2286-316m C-W;H;- Some H at 1+ to 2- 2-
91-025 2496-526m C-W; - T H 2-
91-033 2676—706m A m ;-;H-W 2- to 2
91-035 2736-766m Am-H* ;W-St- * passing to Am 2- to 2
91-037 2796-826m Am-H*; W ; - * passing to Am 2- to 2
91-039 2856-886m Am-H*TW-S;- * passing to Am 2- to 2

91-041 2916-946m H*-Am;W-S;- * passing to Am 2- to 2

91-045 3036-066m H*-W;Am;S * passing to Am. Fresher H also 
present 2- to 2

91-047 3096-124m Am-H-C-W; S; - Some H at 2- 2- to 2

91-053 3276-306m Am-H-W; S t - Almost 2 2- to 2

91-055 3336-366m W:H*-AmTS * passing to Am 2- to 2

91-060 3486-516m H-W:Am*-S-C;- Abundant H at 2-. *developing 
from H 2- to 2

91-061 3516-546m W-HTC-S;Am* * developing from H 2
91-066 3666-696m c -w -h t - ts Am starting to develop from H 2

91-075 3906-936m W-H;C-Am*;S * developing from H. Almost 2 
to 2+ but fresher H also 
present 2

91-079 4026-056m W;C-H;S almost 2 to 2+. Abundant 
caved H present 2

Algal, Amorphous, Coaly, Herbaceous, Stem, Woody.
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91-081 4086-116m W-H;S-Am*; — * developing from H 2 to 2+
91-084A 4176-206m W-H;-;S 2 to 2+
91-084B 4176-206m W-Hj- j- organic matter sparse. 

Some H at 2+ 2 to 2+
91-087A 4236-266m W-H;-;- Some H at 2+ but fresher H 

also present 2 to 2+
91-087B 4236-266m W;C-H;- Fresher H also present 2 to 2+
91-090A 4326-356m W;C;H organic matter sparse 2+
91-092A 4386-416m W-C; H ; - organic matter sparse 2+
91-092B 4386-416m W-H; - ; S Some H at 2 to 2+ 2+

91-095A 4476-506m W-H;C-S;- Caved material present 2+
91-095B 4476-506m H-W; S ;Am Abundant cavings 2+ (?)
91-097B 4536—566m W;H-S;Am Dominantly caved 2+

Algal, Amorphous, Coaly, Herbaceous, Stem, Woody.



TABLE 4A
WEIGHT (GRAMMES) OF C15+. EXTRACTS AND CHROMATOGRAPHIC FRACTIONS

TO TA L

EXTR ACT

OBTAINED

TO TAL EX TR ACT nC5  SO LUBLE FRACTION
CjcUCncM

SAMPLE

NUMBER
IN TERVA L ROCK

EX TR ACTED

Preciptd.

Asphaltenes

nC5
soluble

Paraffin — 

Naphthenes Aromat ics

Eluted

NSO's

Non-eluted

NSO's Sulphur

91-003 1866-096m 78.6933 0.0406 0.0172 0.0234 0.0151 0.0040 0.0043 - -
91-012 2106-136m 59.2459 0.0228 0 . 0 11 0 0.0118 0.0057 0.0023 0.0038 - -

91-018 2286-316m 85.7571 0.0519 0.0196 0.0323 0.0158 0.0099 0.0066 \ -

91-025 2496-526m 81.8840 0.0467 0.0134 0.0333 0.0164 0.0084 0.0083 - -
91-032 2646-676m 15.0862 0.0170 0.0066 0.0104 0.0051 0.0023 0.0030 - -

91-035 2736-766m 72.9395 0.0703 0.0350 0.0353 0.0125 0.0171 0.0057 - -
91-037 2796-826m 58.0622 0.0931 0.0573 0.0358 0.0143 0.0128 0.0088 - -

91-041 2916-946m 43.1932 0.0397 0.0264 0.0133 0.0055 0.0042 0.0034 - -

91-043 2976-006m 22.4799 0.0683 0.0376 0.0307 0.0062 0.0117 ‘0.0128 - -
91-046 3066-096m 3.9932 0.0509 0.0272 0.0237 0.0085 0.0068 0.0085 - -

91-047 3096-124m 12.0406 0.0852 0.0407 0.0445 0.0098 0.0168 0.0178 - -

91-051 3216-246m 30.7834 0.1647 0.0862 0.0785 0.0194 0.0300 0.0291 - -

91-052 3246-276m 25.1775 0.0195 0.0133 0.0062 0.0020 0.0017 0.0023 0.0002 -

91-055 3336-366m 72.3980 0.0636 0.0326 0.0310 0.0221 0.0022 0.0067 - -

91-060 3486-516m 91.1002 0.0639 0.0262 0.0377 0.0178 0.0092 0.0107 - -

91-066 3666-696m 57.8564 0.0419 0.0207 0.0212 0.0092 0.0057 0.0063 - -

91-068 3726— 756m 86.1501 0.0403 0.0190 0.0213 0.0099 0.0091 0.0023 - -

91-069 3756-786m 96.8263 0.1603 0.0836 0.0767 0.0480 0.0170 0 . 0 1 1 2 - -

91-071 3816-846m 75.9442 0.0640 0.0286 0.0354 0.0193 0.0049 0 . 0 1 1 2 - -

91-073 3846-876m 104.9189 0.0409 0.0180 0.0229 0 . 0 1 1 1 0.0080 0.0034 0.0004 -

91-074 3876-906m 87.1344 0.0991 0.0451 0.0540 0.0226 0.0243 0.0071 - -

91-076 3936-966m 67.6635 0.0387 0.0331 0.0056 0.0027 0.0014 0.0015 — —



TABLE4A
WEIGHT (GRAMMES) OF Ci&* EXTRACTS AND CHROMATOGRAPHIC FRACTIONS

GEOCHEM

SAMPLE

NUMBER

IN TERVA L ROCK

EXTRACTED

TO TAL

EX TR A CT

OBTAINED

TO TA L EX TR A CT nC5 SO LUBLE FRACTION

Preciptd.

Asphaltenes

nCs

soluble

Paraffin — 

Naphthenes Aromatics

Eluted

NSO's

Non-eluted

NSO's Sulphur

91-077 3966-996m 81.1875 0.0222 0.0159 0.0063 0.0022 0.0016 0.0025
91-078 3996-026m 82.9096 0.0302 0.0181 0 . 0 1 2 1 0.0068 0.0023 0.0030 - —

91-080 4056-086m 120.0099 0.0249 0.0166 0.0083 0.0040 0.0035 0.0008 - —

91-081 4086-116m 85.5537 0.0344 0.0202 0.0142 0.0058 0.0049 0.0029 0.0006 -

91-084 4176—206m 76.7714 0.0264 0.0137 0.0127 0.0082 0.0016 0.0033 - —

91-087 4236-266m 61.8891 0.0304 0.0151 0.0153 0.0086 0.0034 0.0033 - —

91-090 4326-356m 72.4768 0.0231 0.0116 0.0115 0.0048 0.0036 0.0027 0.0004 —

91-092 4386-416m 62.0851 0.0347 0.0202 0.0145 0.0056 0.0056 0.0032 - —

91-095 4476-506m 61.8937 0.0385 0.0222 0.0163 0.0080 0.0054 0.0029 —

91-097 4536-566m 10.9730 0.0116 0.0065 0.0051 0.0022 0.0016 0.0013 - —

91-099 4596-T.D. 77.8426 0.0324 0.0178 0.0146 0.0071 0.0032 0.0038 — —

Mud Samoles

91-011 2100m 85.3639 0.0774 0.0265 0.0509 0.0176 0.0182 0.0151 - -

91-030 2631m 109.4443 0.8913 0.0568 0.8345 0.6753 0.1115 0.0478 - -

91-072 3832m 118.9786 0.5190 0.0401 0.4789 0.3886 0.0463 0.0439 - -

91-085 4143m . 78.4297 1.9190 0.1239 1.7951 1.3846 0.1088 0.3016 - -

91-100 4600m 55.5081 0.2806 0.0362 0.2444 0.1764 0.0570 0 . 0 1 1 2 — —



TABLE 4B
CONCENTRATION (PPM) OF EXTRACTED C15+. MATERIAL IN ROCK

GEOCHEM
HYDROCARBONS NON HYDROCARBONS

SAMPLE

NUMBER

IN TERVAL ■ TO TA L  

EX TR ACT
Paraffin — 

Naphthenes Aromatics TO TAL

Preciptd.

Asphaltenes

Eluted

NSO's

Non-e luted 

NSO's Sulphur TO TA L

91-003 1866-096m 515 192 51 243 219 54 - - 273
91-012 2106-136m 385 96 39 135 186 64 - - 250
91-018 2286-316m 606 184 116 300 229 77 - - 306
91-025 2496-526m 570 201 103 304 163 103 - - 266
91-032 2646-676m 1127 338 152 490 437 199 - - 636
91-035 2736-766m 480 172 234 406 480 78 - - 558
91^037 2796-826m 1603 246 220 466 986 152 - - 1138
91-041 2916-946m 533 127 97 224 611 79 - - 690
91-043 2976-006m 3038 276 520 796 1673 568 - - 2241
91-046 3066-096m 12747 2128 1714 3842 6812 2128 - - 8940
91-047 3096-124m 7076 816 1399 2215 3380 1477 - - 4857
91-051 3216-246m 5350 630 975 1605 2800 946 - - 3746.
91-052 3246-276m 775 79 68 147 529 91 8 - 628
91-055 3336-366m 878 305 31 336 450 93 - - 543
91-060 3486—516m 701 196 101 297 287 117 - - 404
91-066 3666-696m 724 159 99 258 358 108 - - 466
91-068 3726-756m 468 116 106 222 2 2 1 26 - - 247

91-069 3756-786m 1656 499 176 675 863 116 - - 979
91-071 3816-846m 842 254 65 319 377 147 - - 524

91-073 3846-876m 390 106 76 182 172 32 4 - 208

91-074 3876-906m 1137 260 279 539 517 81 - - 593i
91-076 3936-966m 572 39 21 60 489 22 - - 5JA



TABLE 4B
CONCENTRATION (PPM) OF EXTRACTED C15+ MATERIAL IN ROCK

GEOCHEM

SAMPLE

NUMBER

IN TER V A L TO TAL

EX TR A CT

HYDROCARBONS NON HYDROCARBONS

Paraffin — 

Naphthenes Aromatics TO TAL

Preciptd.

Asphaltenes

Eluted

NSO's

Non-el u ted 

NSO’s Sulphur t o t a l

91-077 3966-996m 274 27 20 47 196 31 - - 227

91-078 3996-026m 364 82 28 1 1 0 219 36 - - 255

91-080 4056-086m 207 33 29 62 138 7 - - 145

91-081 4086-116m 402 68 57 125 236 34 7 - 277

91-084 4176-206m 344 107 21 128 179 43 - - 222

91-087 4236— 266m 491 140 55 195 244 53 - - 297

91-090 4326-356m 319 66 50 116 160 37 6 - 203

91-092 4386-416m 559 91 91 182 325 52 - - 377

91-095 4476-506m 622 129 88 217 359 47 - - 406

91-097 4536—566m 1056 200 146 346 592 118 - - 710

91-099 4596-T.D. 416 91 41 132 229 49 — — 278

Mud Samples

91-011 2100m 907 206 212 418 311 177 - - 488

91-030 2631m 8144 6170 1019 7189 519 437 - - 956

91-072 3832m 4362 3266 389 3655 337 369 - . - 706

91-085 4143m 24468 17654 1387 19041 1580 3846 - - 5426

91-100 4600m 5055 2177 1027 4204 652 201 — — 853



TABLE 4C
COMPOSITION (NORMALISED %) OF C15+ MATERIAL EXTRACTED FROM ROCK

GEOCHEM
HYDROCARBONS NON HYDROCARBONS

SAMPLE IN TERVA L HC
NUMBER Paraffin — P -  N Preciptd. Eluted Non eluted ASPH

NON HCNaphthenes Aromatics AROM Asphaltenes NSO's NSO's Sulphur NSO

91-003 1866-096m 37.21 9.88 3.76 42.44 10.47 - - 4.06 0.89

91-012 2106-136m 24.94 10.13 2.46 48.31 16.62 - - 2.91 0.54

91-018 2286-316m 30.36 19.14 1.59 37.79 12.71 - - 2.97 0.98

91-025 2496-526m 35.26 18.07 1.95 28.60 18.07 - - 1.58
1 " 1 f

0.7791-032 2646-676m 30.02 13.50 2 . 22 38.81 17.67 - - 2.20
91-035 2736-766m 17.84 24.27 0.74 49.79 8.09 - - 6.15 0.73
91-037 2796-826m 15.33 13.72 1 . 1 2 61.47 9.48 - - 6.49 0.41
91-041 2916-946m 13.89 10.61 1.31 66.85 8.64 - - 7.73 0.32

91-043 2976-006m 9.09 17.12 0.53 55.08 18.70 - - 2.95 0.36

91-046 3066-096m 16.65 13.41 1.24 53.29 16.65 - - 3.20 0.43

91-047 3096-124m 11.54 19.78 0.58 47.79 20.89 - - 2.29 0.47

91-051 3216-246m 11.77 18.22 0.65 52.33 17.68 - - 2.96 0.43

91-052 3246-276m 10.19 8.77 1.16 68.26 11.74 1.03 - 5.81 0.23

91-055 3336-366m 34.69 3.53 9.84 51.19 10.58 - - 4.84 0.62

91-060 3486-516m 27.96 14.41 1.94 40.94 16.69 - - 2.45 0.74

91-066 3666-696m 21.96 13.67 1.61 49.45 14.92 - - 3.31 0.55

91-068 3726-756m 24.73 22.60 1.09 47.12 5.54 - - 8.50 0.90

91-069 3756-786m 30.17 10.64 2.83 52.18 7.01 - - 7.44 0.69

91-071 3816-846m 30.13 7.71 3.91 44.72 17.44 - - 2.56 0.61

91-073 3846-876m 27.18 19.49 1.39 44.10 8 . 2 1 1.03 - 5.38 0.88
91-074 3876-906m 22.87 24.54 0.93 45.47 7.12 - - 6.38 0.90

91-076 3936-966m 6.83 3.68 1 . 8 6 85.64 3.85 - - 22.23 0 . 1 2



I

TABLE 4C
COMPOSITION (NORMALISED %) OF C15+ MATERIAL EXTRACTED FROM ROCK

GEOCHEM
HYDROCARBONS NON HYDROCARBONS

SAMPLE

NUMBER
IN TERVA L

Paraffin — 

Naphthenes Aromatics

P -  N 

AROM

Preciptd. 

Asphal tenet

Eluted

NSO's

Non eluted 

NSO's Sulphur

ASPH

NSO

HC 

NON HC

91-077 3966-996m 9.85 7.30 1.35 71.53 11.31 _ _ 6.32 0 . 2 1
91-078 3996-026m 22.47 7.67 2.93 60.00 9.86 - - 6.08 0.43
91-080 4056-086m 15.94 14.01 1.14 66.67 3.38 - - 19.71 0.43

91-081 4086-116m 16.92 14.18 1.19 58.71 8.46 1.74 - 6.94 0.45

91-084 4176-206m 30.57 6.00 5.10 51.14 12.29 - - 4.16 0.58

91-087 4236-266m 28.46 11.18 2.55 49.59 10* 77 - - 4.60 0.66
91-090 4326-356m 20.69 15.67 1.32 50.16 11.60 1 . 8 8 - 4.32 0.57

91-092 4386-416m 16.28 16.28 1 .0 0 58.14 9.30 - - 6.25 0.48

91-095 4476-506m 20.71 14.13 1.47 57.62 7.54 - - 7.64 0.53

91-097 4536-566m 18.94 13.83 1.37 56.06 11.17 - - 5.02 0.49

91-099 4596-T.D. 22.20 10.00 2 . 2 2 55.85 11.95 - - 4.67 0.47

.4ud Samples 
91-011 2100m 22.73 23.40 0.97 34.34 19.54 1.76 0.86
91-030 2631m 75.75 12.51 6.05 6.37 5.37 - - 1.19 7.52

91-072 3832m 74.89 8.92 8.40 7.73 8.46 - - 0.91 5.18

91-085 4143m 72.15 5.67 12.73 6.46 15.72 - - 0.41 3.51

91-100 4600m 62.82 20.31 3.09 12.89 3.97 — — 3.24 4.93



TABLE 5
SIGNIFICANT RATIOS {%) OF C1&+ FRACTIONS AND ORGANIC CARBON

GEOCHEM

SAMPLE DEPTH ORGANIC HYDROCARBONS HYDROCARBONS TO TAL EXTR ACT

NUMBER CARBON TO TAL EX T R A C T O RGANIC CARBON ORGANIC CARBON

91-003 1866-896m 0.70 47.18 3.47 7.36

91-012 2106-136m 0.58 35.06 2.33 6.64

91-018 2286—316m 0.84 49.50 3.57 7.21

91-025 2496-526m 1 . 0 2 53.33 2.98 5.59
91-032 2646-676m 0® 91 43.48 5.38 12.38

91-035 2736-766m 1.92 42.12 2 . 1 1 5.02
91-037 2796-826m 2.36 29.07 1.07 8.35
91-041 2916—946m 2.56 24.37 0.88 3.59

91-043 2976-3006m 2.56 26.20 3.10 11.87
91-046 3066-3096m 16.76 30.14 2.29 7.61
91-047 3096-124m 7.14 31.30 3.10 9.91
91-051 3216-246m 6.08 30.00 2.64 8.80
91-052 3246-276m 1.33 18.97 1 . 1 1 5.83
91-055 3336-366m 1.52 38.27 2 . 2 1 5.78
91-060 3486-516m 1 . 2 0 42.37 2.48 5.84
91-066 3666—696m 1.16 35.64 2 . 2 2 6.24
91-068 3726-756m 0.56 47.44 3.96 8.36
91-069 3756-786m 3.10 40.76 2.18 5.34
91-071 3816-846m 1.14 37.89 2.80 7.39
91-073 3846-876m 0.70 46.67 2.60 5.57

91-074 3876-906m 2.68 47.41 2 . 0 1 4.24



TABLE 5
SIGNIFICANT RATIOS (%) OF C15+ FRACTIONS AND ORGANIC CARBON

GEOCHEM

SAMPLE

NUMBER

DEPTH ORGANIC

CARBON

HYDROCARBONS 

TO TAL EX TR A CT

HYDROCARBONS 

O RGANIC CARBON

TO TAL EX TR ACT  

ORGANIC CARBON

91—076 3936-966m 0.43 10.49 1.40 13.30

91-077 3966—996m 0.70 17.15 0.67 3.91

91-078 3996-026m 1 . 1 0 30.22 1 . 00 3.31

91-080 4056-086m 0.30 29.95 2.07 6.90

91-081 4086-116m 0.60 31.09 2.08 6.70

91-084 4176-206m 0.56 37.21 2.29 6.14

91-087 4236-266m 0.56 39.71 3.48 8.77

91-090 4326—356m 0.58 36.36 2.00 5.50

91-092 4386-416m 0.32 32.59 5.69 17.47

91-095 4476-506m 0.48 34.89 4.52 12.96

91-097 4536—566m 0.56 32.77 6.18 18.86

91-099 4596-T.D. 

Mud Samples

0.79 31.73 1.67 5.27

91-011 2100m - 46.13 -

91-030 2631m - 88.26 - -

91-072 3832m - 83.81 - -

91-085 4143m - 77.82 - -

91-100 4600m — 83.13 -



TABLE 6
COMPOSITION {NORMALISED %} OF C15+ PARAFFIN -  NAPHTHENE HYDROCARBONS

GEOCHEM SAM PLE  
NUMBER 91-003 91-012 91-018 91-025 91-032
DEPTH 1866-96m 2106—136m 2286—316m 2496-526m 2646-676m

SAMPLE TYPE 6>tZ2, A£<fY

nC1 5 15.9 19.7 17.8 15.3 12.7

nC16 16.3 21.3 17.9 17.0 18.8

nC17 16.0 18.6 16.1 17.0 18.9

nC18 13.3 12.5 13.7 13.7 13.9

nC19 9.4 6.5 8. 8 9.8 8.4

oCMOc 8 . 1 5.4 7.6 8 . 2 7.2

nC21 6.5 3.8 5.3 6.3 5.3

nC 22 5.3 3.9 4.4 4.7 4.9

nC2 3 3.6 2.6 2.9 3.0 3.6

nC24 1 . 8 1.5 1.5 1 . 6 1.9

nC2 5 1 . 1 1 . 2 1 . 1 0.9 1.4

nC26 0.6 0.4 0.5 0.5 0.6

nC27 1 . 0 0.6 0.6 0.6 0.6

nC28 0 . 1 0.3 0.2 0.3 0.2

nC29 0 . 1 0.4 0.6 0.3 0.2

nC30 0 . 1 0.4 0.2 0.5 0.2

nC31 0 . 1 0.3 0 . 1 0.2 0.3

nC32 0 . 1 0 . 1 0 . 1 0.2 0.3
nC3 3 0 . 1 0 . 1 0 . 1 0 . 1 0 .2
nC34 0 . 1 0 . 1 0 . 1 0 . 1 0 .2
nC3 5 0 . 1 0 . 1 0 . 1 0 . 1 0 .2

PARAFFIN 15.8 13.3 18.5 14.7 1 2 . 2
ISOPRENOID 2.3 1.7 2.5 1.9 1 . 8
NAPHTHENE 81.9 85.0 79.0 83.4 86.0

CPI INDEX A 1.17 1.04 1 . 1 1 1 . 1 2 1.09
CPI INDEX B 1.72 1.52 1.70 1 . 0 1 1.39

PRISTANE/PH YTANE 0.73 0.95 0.77 0.88 1.09
PRISTANE/nC17 0.38 0.33 0.36 0.35 0.39



TABLE 6
COMPOSITION (NORMALISED %) OF C15+ PARAFFIN -  NAPHTHENE HYDROCARBONS

GEOCHEM SAMPLE 
NUMBER 91-035 91-037 91-041 91-043 91-046
DEPTH 2736-766m 2796-826m 2916—946m 2976-006m 3066-96m

SAMPLE TYP E / o ,  fs y

nC1 5 1.4 0.9 1 2 . 0 23.5 26.0

nC16 3.7 6.3 14.1 20.8 23.9

nC17 6.5 13.3 1 2 . 0 16.8 19.2

nC18 6.6 1 1 . 8 10.4 9.2 9.7

nC19 7.1 8.3 7.5 3.8 4.2

nC2 Q 6.3 7.4 6.0 3.0 2.7

nC21 5.6 6.7 4.8 2.7 1.9
nC 22 5.4 6.9 4.5 2.7 2. 0
nC2 3 7.5 6.4 5.1 3.0 2 .2

nC24 4.7 5.0 3.6 1.9 1.3
nC25 8.3 5.2 4.5 2.7 1 . 8
nC26 4.7 3.6 2.9 1 . 6 1 . 0
nC27 7.8 4.4 4.2 2 . 2 1 . 1

nC28 4.2 2.7 1 . 8 1 . 1 0.7
nC2 g 6.6 3.9 3.0 2 . 2 0.8

nC30 2.4 2 . 1 1 . 0 0.5 0.3

nC31 4.4 2 . 1 1.4 1 . 1 0.5

nC32 1.7 i.O 0.4 0.3 0.2

nC3 3 2 . 8 1.3 0.7 0.5 0.2

nC34 0.8 0.4 0 . 1 0.2 0.2

nC3 5 1 . 6 0.2 0 . 1 0.2 0.2

PARAFFIN 16.7 16.5 19.4 15.3 19.4
ISOPRENOID 2 . 2 1.9 3.6 2 . 1 3.7
NAPHTHENE 81.1 81.6 76.9 82.6 76.9

CPI INDEX A 1.46 1 . 1 2 1.27 1.30 1 . 2 0
CPI INDEX B 1.89 1.41 1.78 1.97 1.59

PRISTANE/PH YTANE 1.64 1.14 2.06 2.92 2.65
PRISTANE/nC1? 1.25 0.47 1.05 0.61 0.71



TABLE 6
COMPOSITION (NORMALISED %) OF C1&f PARAFFIN -  NAPHTHENE HYDROCARBONS

GEOCHEM SAMPLE  
NUMBER 91-047 91-051 91-052 91-055 91-060
DEPTH 3096-124m 3216-246m 3246—276m 3336—366m 3486-516m

SAM PLE TYPE tv. 5 V ' 0.9 //, Lf27

nC1 5 16.9 19.5 23.5 6.3 5.7

nC16 14.6 16.8 23.1 14.0 14.4

nC1 7 11.9 14.1 19.5 15.5 17.1

nC18 7.3 9.2 10.9 12.7 14.2

nC19 4.2 5.8 4.8 8 . 8 10.3
nC2o 3.5 4.6 3.4 7.2 8. 8
nC21 4.2 3.7 2.6 5.6 5.9
n C22 4.2 3.3 2.4 5.0 5.1

nC2 3 6.2 3.4 1 . 8 5.2 4.3

nC24 4.0 2.4 1.4 3.7 2.9

nC2 5 6.5 3.5 1 . 6 4.2 2 . 8
nC26 3.5 2.4 . 1 . 0 2.4 1.7

nC27 5.0 3.1 1 . 2 3.1 2.0
nC28 1.5 1 . 6 0.4 1 . 2 0.9

nC29 3.3 2 . 8 0.9 2 . 1 1.4

nC30 0.6 0.9 0.4 0.9 0.6
nC31 1.3 1.4 0.6 0.9 0.6
nC32 0.2 0.4 0.2 0.3 0.3
nC3 3 0.6 0.,5 0.2 0.5 0.3
nC34 0.2 0 . 1 0.2 0 . 1 0 .2
nC35 0.2 0 . 1 0.2 0 . 1 0 .2

PARAFFIN 19.1 16.7 18.4 17.9 18.6 ,
ISOPRENOID 3.6 2 .6 1 . 8 2.9 3.1
NAPHTHENE 77.3 80.7 79.8 79.2 78.3

CPI INDEX A 1.55 1.25 1.13 1.23 1 . 1 2
CPI INDEX B 2.23 1.76 1.71 1.71 1.53

PRISTANE/PH YTANE 1.61 2.31 1.78 1.43 1.25
PRISTANE/nC17 0.98 0.78 0.33 0.61 0.55



TABLE 6
COMPOSITION (NORMALISED %) OF C1&+. PARAFFIN -  NAPHTHENE HYDROCARBONS

GEOCHEM SAMPLE 
NUMBER 91-066 91-068 91-069 91-071 91-073
DEPTH 3666—696m 3726-756m 3756-786m 3816-846m 3846—876m

SAMPLE TYPE re.o?  7- /p -.rP a /P. c / i

nC1 5 1 2 , 1 16.9 12.7 5.8 5.7

nC16 13.6 17.0 1 1 . 1 15.4 14.4

nC17 13.1 15.0 1 0 . 1 18.2 16.6

nC18 1 0 . 8 9.8 8.0 12.4 1 2 . 1

nC19 8 . 2 6.0 6.6 7.4 7.8

nC2o 6.8 5.1 6.3 6.0 6 . 1

nC21 5.8 4.4 6.5 5.1 5.6

nC22 5.3 4.2 6.4 5.3 5.3

nC2 3 5.0 4.0 6.5 5.0 4.9
nC24 3.5 3.0 5.2 3.7 3.5

nC2 5 3.7 3.6 5.8 3.9 3.6
h c26 2.5 2 .2 3.9 2.5 2.3

nC27 2.7 2.7 3.3 2.6 3.1

nC28 1.4 1 . 2 2 . 1 1 . 8 1.7

nC29 2 . 2 2 . 1 2 . 1 1 . 8 2.5

nC30 0.9 0.8 1 . 1 0.8 1 . 6

nC31 1 , 1 1 . 0 1 . 1 1 . 0 1.3

nC32 0.3 0.5 0.4 0.4 0.8

nC3 3 0.8 0.4 0.4 0.4 0.8

nC34 0.3 0 . 1 0 . 1 0 . 1 0 . 1

nC35 0.2 0 . 1 0 . 1 0 . 1 0 . 1

PARAFFIN 19.3 15.6 2 2.8 17.3 17.6
ISOPRENOID 2.5 1 . 8 2.6 2.3 2.5
NAPHTHENE 78.2 82.6 74.6 80.4 79.9

CPI INDEX A 1.15 1 . 2 0 1.14 1 . 1 0 1.17
CPI INDEX B 1.54 1 . 6 6 1.32 1.38 1.40

PRISTANE/PH YTANE 1.28 1.62 3.88 1.58 1.92
PRISTAN E/nC 17 0.56 0.46 0.90 0.45 0.57



TABLE 6
COMPOSITION (NORMALISED %) OF C15+ PARAFFIN -  NAPHTHENE HYDROCARBONS

GEOCHEM SAM PLE  
NUMBER 91-074 91-076 91-077 91-078 91-080
DEPTH 3876-906m 3936-966m 3966-996m 3996-026m 4056—056m

SAMPLE TYPE tZfSG '7?o 7

nC1 5 3.5 1 0 . 2 3.1 13.8 11.9

nC16 9.2 17.2 4.8 17.4 17.2

nC1 7 1 0 . 6 17.1 3.7 17.9 18.0

nC18 9.7 11.7 1.9 1 2 . 6 1 2 . 8

nC19 8.4 7.5 1.4 8.6 8.5

nC20 7.8 6.0 2. 0 6.5 6.7

nC21 7.4 4.7 3.5 4.6 5.1
nC22 7.5 4.2 4.9 3.7 4.2

nC2 3 7.0 4.1 6.5 2.9 3.6

nC24 5.8 2.9 7.2 1 . 8 2.3

nC2 5 5.7 3.4 9.5 2.0 2.6

nC26 4.1 2.3 7.5 1.3 1.3

nC27 3.9 2.5 10.9 1 . 8 2.0

nC28 2.3 1.5 6.2 0.8 0.7

nC29 2.6 1 . 8 8.3 1 . 8 1.4

nC30 1.5 0.8 4.2 0.3 0.5

nC31 1.3 0.9 5.4 0,8 0.6

nC32 0.7 0.3 2.6 0.2 0 . 1

nC3 3 0.4 0.6 3.7 0.5 0.3

nC34 0.4 0 . 1 1 . 1 0 . 1 0 . 1

nC35 0.2 0.2 1.5 0.3 0.2

PARAFFIN 32.8 20.3 20.0 18.9 17.5
ISOPRENOID 3.3 2.4 0.3 1.5 2.7
NAPHTHENE 63.9 77.3 79.7 79.6 79.8

CPt INDEX A 1.09 1.15 1.30 1.17 1.24
CPI INDEX B 1.28 1.46 1.51 1.99 1.96

PRISTANE/PH YTANE 2.49 1.40 1.40 1.35 1.58
PRISTAN E/nC1? 0.68 0.41 0 . 2 1 0.42 0.53



TABLE 6
COMPOSITION (NORMALISED %) OF^C1&+ PARAFFIN -  NAPHTHENE HYDROCARBONS

GEOCHEM SAM PLE  
NUMBER 91-081 91-084 91-087 91-090 91-092
DEPTH 4086-116m 4176-206m 4236-266m 4326—356m 4386-416m

SAMPLE TYPE

nC1 5 8.5 18.8 2.9 12.4 0.9

nC16 14.4 19.0 12.5 18.0 7.7

nC1 7 16.3 14.9 16.5 17.7 14.9

nC18 11.9 10.5 14.1 14.0 15.0

nC19 9.9 6.3 9.8 8.9 11.4

nC20 7.7 5.5 8.0 6.8 9.6

nC21 5.0 4.4 6.4 5.0 7.5

nC22 4.1 4.4 5.8 4.0 6.7

nC2 3 4.2 4.1 5.2 3.5 5.7

nC24 2. 8 2 .6 3.8 2 . 2 4.0

nC2 5 3.3 2.6 3.6 2.0 3.9

nC26 2 . 1 1.5 1.9 1 . 2 2.4

nC27 2.6 1.5 2.5 1.4 2. 8

00CN
oc 1.5 0.7 1.3 0.7 1.5

nC29 1.9 1 . 1 2.0 0.9 2 . 1

nC30 0.9 0.6 1 . 2 0.3 0.9

nC31 1 . 1 0.6 0.9 0.5 1 . 1

nC32 0.4 0.4 0.6 0 . 1 0.5

nC3 3 0.8 0.4 0.6 0.2 0.6

nC34 0.2 0.2 0 . 1 0 . 1 0 . 1

nC3 5 0.3 0.2 0 . 1 0 . 1 0.2

PARAFFIN 2 1 . 6 13.5 14.0 26.3 24.1
ISOPRENOID 3.7 1.7 2.4 4.1 4.1
NAPHTHENE 74.7 84.8 83.6 69.6 71.8

CPI INDEX A 1.17 1.14 1.15 1.16 1 . 1 2

CPI INDEX B 1.52 1.44 1.45 1.59 1.50

PRISTANE/PH YTANE 1 . 2 0 1.19 1 . 0 0 1.31 0.96
PRISTANE/nC17 0.58 0.46 0.51 0.50 0.56



TABLE 6
COMPOSITION (NORMALISED %) OF C15+ PARAFFIN -  NAPHTHENE HYDROCARBONS

GEOCHEM SAMPLE 
NUMBER 91-095 91-097 91-099 91-011 91-030 91-072
DEPTH 4476-506m 4536-536m 4596-T.D. 2100m 263;lm 3832m

SAMPLE TYPE / m z _ n s j- f Mud Mud Mud

nC15 1.7 6.8 6.8 19.0 23.5 23.0

nC16 7.8 16.9 18.7 18.1 21.5 2 1 . 6

nC17 1 2 . 9 2 1 . 0 20.2 16.6 16.3 17.3

nC18 1 2 . 2 16.0 16.7 13.5 13.1 13.4

nC19 9.0 9.8 1 1 . 2 9.0 9.1 8.9

nC20 7.8 7.5 8 . 1  ' 6.8 6.6 6.3

nC21 6.3 5.5 5.3 4.7 4.4 4.0
nC22 6.0 4.6 4.0 3.7 2.9 2.7

nC23 6.3 3.4 2.9 2.7 1 . 6 1 . 6
nC24 5.7 2 . 1 1.5 1 . 8 6.3 0.8

nC25 5.6 1 . 6 1.3 1 . 2 0.3 0.3
nC2g 4.4 1 . 0 0.7 0.7 0 . 1 0 . 1

nC27 4.2 1 . 0 0.7 1 . 6 - -

nC28 2.5 0.5 0.4 0.5 - -

nC29 2.6 0.8 0.6 0 . 1 - -

nC30 1.4 0.5 0. 2 0 . 1 - -

nC31 1.5 0.4 0 .2 - - -

nC32 0.8 0.3 0 .2 - - -

nC33 0.7 0.3 - - - -

nC34 0.3 0 . 1 - - - -

nC35 0.4 0 . 1 - - - -

PARAFFIN 23.9 2 1 . 2 30.6 22.4 26.5 26.9
ISOPRENOID 2 .8 3.5 6 . 1 3 .5 3.9 4.3
NAPHTHENE 73.3 75.3 63.3 74.1 69.6 68.8

CPI INDEX A 

CPI INDEX B

PRISTANE/PHYTANE

PRISTANE/nC17

1.09
1.26

1 .0 0

0.45

1.08
1.29

1 .1 1

0.42

1.09
1.39

1.27
0.55

1.15

1.09
0.49

1.18
0.50

1.25
0.52



TABLE 6
COMPOSITION (NORMALISED %) OF C1&f PARAFFIN -  NAPHTHENE HYDROCARBONS

GEOCHEM SAMPLE  
NUMBER 91-085 91-100
DEPTH 4143m 4600m

SAMPLE TYPE Mud Mud

nC1 5 23.2 26.8

nC16 21.4 24.0

nC17 17.5 17.0

nC18 13.2 12.7

nC19 8.7 7.8

nC2 o 6.5 5.0
nC21 4.0 2.9

n022 2.7 1.9

nC2 3 1 . 6 1 . 1

nC24 0.8 0.5

nC2 5 0.3 0 . 1

nC26 0 . 1 0 . 1

r-CM
Oc - -

nC2 g - -

nC2 9 - -

nC30 - -

nC31 - -

nC32 - -

nC3 3 - -

nC34 - -

nC3 5 - -

PA RA FFIN 26.5 22.3
ISOPRENOID 4.2 3.5
NAPHTHENE 69.3 74.2

CPI INDEX A - -

CPI INDEX B — —

PRISTANE/PH YTANE 1.26 1.34
PRtSTANE/nC1 7 0.52 0.52
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FIGURE 2

C,s* HYDROCARBONS -  RICHNESS

PRESENTATION OF ANALYTICAL DATA
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FIGURE 3 a

C l5* PARAFFIN -  NAPHTHENE HYDROCARBONS

PRESENTATION OF ANALYTICAL DATA

a = pristane
b = phytane

carbon numbers of normal
paraffins indicated (19 = nC-|g)



FIGURE 3 b

C IS* PARAFFIN -  NAPHTHENE HYDROCARBONS

PRESENTATION OF ANALYTICAL DATA

a = pristane
b = phytane

carbon numbers of normal
paraffins indicated (19 = nCig)



FIGURE 3c

C|5, PARAFFIN -  NAPHTHENE HYDROCARBONS

PRESENTATION OF ANALYTICAL DATA

a = pristane
b = phytane

carbon numbers of normal
paraffins indicated (19 = nĈ g)



FIGURE 3d

C ,5 * PARAFFIN -  NAPHTHENE HYDROCARBONS

PRESENTATION OF ANALYTICAL DATA

a = pristane 
b = phytane

carbon numbers of normal 
paraffins indicated (19 = nC‘|g)
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BRIEF DESCRIPTION OF THE ANALYSES PERFORMED BY GEOCHEM

11 Screen Analyses" are described in sections A and C, "Sample 
Preparation" in section B and "Follow-up Analyses" in sections 
C through G. The analyses can be run on either core or cuttings 
material with the proviso that samples must be canned for the 

- C7 analysis and should be canned (or sealed wet in a 
plastic bag) for the G4 - C7 analysis. The other analyses can 
also be used on outcrop samples.

A) Ci -  C7 LIGHT HYDROCARBON ANALYSIS

The abundance and composition of the Ci - C7 hydrocarbons in 
sediments reflects their source type, source quality, thermal 
maturity and the possible presence of migrated hydrocarbons.
As this analysis not only provides a lot of information but 
is also economical, it is excellent for screening samples to 
decide which of them merit further analysis.

During the time which elapses between the collection of the 
sample at the wellsite and its analysis in the laboratory, a 
fraction of the total gas passes from the rock to the air space 
at the top of the can. For this reason, both the air space and 
the cuttings are analysed.

The analysis involves the gas chromatographic separation of the 
individual Ci - C4 gaseous hydrocarbons (methane, ethane, propane, 
isobutane and normal butane) and a partial resolution of the 
C5 - C7 gasoline-range hydrocarbons (for their complete resolu
tion see Section D). The p.p.m. abundance of the five gases 
and of the total C5 - C7 hydrocarbons are calculated from their 
electronically integrated peak areas (not from peak height) 
by comparison with a standard.

In the report, the following data are tabulated: the abundance 
and composition of the air space gas, of the cuttings gas and of 
the combined air space and cuttings gases. The combined results 
are also presented graphically.

B) SAMPLE WASHING AND HAND PICKING

All of the analyses described in subsequent sections are run on 
washed and hand picked samples.

Cuttings are washed to remove the drilling mud, care being taken 
not to remove soft clays and fine sand during the washing 
procedure. Using the Ci - C7 hydrocarbon data profile of the well, 
or the organic carbon profile (if this analysis is used for 
screening), electric logs (if supplied) and the appearance of the



c u tt in g s  under the b in o c u la r  m icroscope, sam ples are  s e le c te d  
to  re p re se n t the l i t h o l o g i c a l  and geochem ical zones p e n e tra te d  
by the w e ll .  These samples are  then c a r e f u l l y  hand p ick e d  and 
the l it h o lo g y  o f the uncaved m a te ria l i s  d e sc rib e d . I t  i s  
th ese  samples which are  subm itted fo r  fu r th e r  a n a ly s is .

The rem aining samples (a ls o  washed) are  d rie d  and packaged in  
la b e lle d  p l a s t i c  bags f o r  retu rn  to  the c l i e n t .  Any hand p ick ed  
sample rem aining a f t e r  a n a ly s is  i s  a ls o  retu rn ed  to g e th e r w ith  
the e x tr a c te d  rock m a te r ia l.

Our re p o rts  norm ally in co rp o ra te  a g ro ss  l i t h o l o g i c a l  d e s c r ip tio n  
o f a l l  the samples which have been an a lyse d  and l i t h o  p ercen tag e  
lo g s  are  fe a tu re d  on a l l  o f the f ig u r e s .  As screen  a n a ly s e s  are  
recommended a t  narrow in t e r v a l s ,  a com plete l i t h o l o g i c a l  p r o f i l e  
i s  o b tain ed .

C) ORGANIC CARBON ANALYSIS

The o rg an ic  carbon co n ten t o f a rock i s  a measure o f i t s  t o t a l  
o rg an ic  r ic h n e s s . Combined w ith  the v is u a l  kerogen, Ci -  C 7 ,
C4 -  C7 and C 15+ a n a ly s e s , the o rg a n ic  carbon co n ten t i s  used to  
e v a lu a te  the hydrocarbon source q u a lit y  o f the sedim ent. Not 
o n ly i s  t h is  a n a ly s is  an in t e g r a l  p a r t  o f a t o t a l  e v a lu a tio n , 
but i t  can a ls o  be used as an econom ical screen  a n a ly s is  fo r  
dry sam ples (when the Ci -  C7 a n a ly s is  cannot be u se d ).

Hand p ick e d  samples are  d rie d , crushed and then a c id is e d  to  
remove the in o rg a n ic  calciu m  and magnesium ca rb o n a te s. The 
a c tu a l a n a ly s is  in v o lv e s  combustion in  a Leco carbon a n a ly s e r .  
B la n k s, stan d ard  and d u p lic a te s  are  run r o u tin e ly  fo r  purposes 
o f q u a lit y  c o n tro l a t  no e x tr a  c o s t  to  the c l i e n t .

The data are  ta b u la te d  and p resen ted  d ia g r a m a tic a lly  in  our 
r e p o rts  in  a manner which f a c i l i t a t e s  comparison w ith  the g ro ss  
l it h o lo g y  (see s e c tio n  B ) o f the sam ples.

D) DETAILED Cd -  C7 HYDROCARBON ANALYSIS

The abundance and com position o f the C4 -  C7 g a s o lin e -ra n g e  
hydrocarbons in  sedim ents r e f l e c t s  t h e ir  source q u a li t y ,  l e v e l  
o f  therm al m aturation  and o rg an ic  f a c i e s .  In a d d itio n , the data  
a ls o  r e v e a l the presen ce o f m igrated hydrocarbons and can be 
used fo r  crude o il -p a r e n t  source rock c o r r e la t io n  s tu d ie s .

T h is pow erful a n a ly s is ,  perform ed upon hand p ick e d  l i t h o l o g i e s ,  
i s  employed as a fo llo w -u p  to  confirm  the p o t e n t ia l  o f sam ples 
which have been s e le c te d  u sin g the i n i t i a l  screen  a n a ly s is .  I t  
i s  used in  co n ju n ctio n  w ith  the o rg an ic  carbon, v is u a l  kerogen  
and C 15+  a n a ly s e s .



The in d iv id u a l normal p a r a f f in s ,  i s o p a r a f f i n s ,  naphthenes and 
aro m atics w ith  between fo u r and seven carbon atoms in  the  
m olecule (but a ls o  in c lu d in g  to lu en e) are  r e s o lv e d  gas chrom ato- 
g r a p h ic a lly  and t h e ir  peak a re a s e l e c t r o n i c a l l y  in te g r a te d .

T ab u latio n  o f the com position and p .p .m . abundance o f the t o t a l  
g a s o lin e -ra n g e  f r a c t io n  i s  ach ieved  by comparison w ith  a stan d ard . 
In the r e p o r t, the data are  a lso  p re sen te d  g r a p h ic a lly .

E) 5+ EXTRACTION, DEASPHALTENING AND CHROMATOGRAPHIC SEPARATION

S e c tio n s  “A" and "D" d e a lt  w ith  a n a ly s e s  c o v e rin g  the l i g h t  
end o f  the hydrocarbon spectrum . T h is s e c tio n  i s  concerned w ith  
the s o lv e n t e x t r a c t a b le  o rg an ic  m a te ria l in  the rock w ith  more than 
fo u rtee n  carbon atoms in  the m olecule ( i e .  the heavy end). The 
amount and com position o f t h i s  f r a c t io n  in d ic a t e s  source q u a li t y ,  
source typ e , the l e v e l  o f therm al m aturation  and the p o s s ib le  
p resen ce  o f  m igrated  hydrocarbons. The in d iv id u a l p a r t s  in to  
which the t o t a l  f r a c t io n  i s  s p l i t ,  can be subm itted f o r  fu r th e r  
a n a ly se s  (carbon is o to p e s , gas chrom atography, h igh  mass 
sp ectro sco p y) which are  p r im a r ily  design ed  to  c o r r e la t e  crude  
o i l s  to  t h e ir  p aren t source rocks (but a ls o  see s e c tio n  " F " ) .

These r e s u lt s  are  in te g r a te d  w ith  those d e rive d  from the v is u a l  
kerogen, o rg a n ic  carbon and C4 -  C7 a n a ly s e s .

The tech n iq u es in v o lv e d  in  t h is  a n a ly s is  have been d esign ed to  
g iv e  v e ry  re p ro d u cib le  r e s u l t s .  Hand p ick e d  samples are  ground 
and then s o lv e n t e x tr a c te d  in  a so x h le t apparatus w ith  benzene- 
methanol (the so lv e n t system  can be adapted to  c l i e n t 's  s p e c i f i 
c a t io n s ) .  The t o t a l  e x t r a c t  o b tain ed  i s  then se p arate d  by column 
chromatography in to  the fo llo w in g  f r a c t io n s :  p a ra ffin -n a p h th e n e  
hydrocarbons, arom atic hydrocarbons, e lu te d  NSO's (n itr o g e n -, 
su lp h u r-, and oxygen- co n ta in in g  n o n -hydrocarbon s), n o n -elu ted  
NSO 's and p r e c ip it a t e d  asp h a lte n e s. Note th a t the non-hydrocarbons 
are s p l i t  in to  th re e  f r a c t io n s  in s te a d  o f  b ein g rep o rte d  as a 
g ro ss  v a lu e .

For convenience and thoroughness, th ese d ata are  rep o rte d  in  
th re e  fo rm ats: the w eig h ts o f the f r a c t io n s ,  t h e ir  p .p .m . 
abundance and the p e rce n tag e  com position o f  the t o t a l  e x t r a c t .
The data are  a ls o  p re sen te d  d ia g r a m a tic a lly .

Upon com pletion o f the stu d y, the e x t r a c t s  and e x tr a c te d  rock  
a re  both retu rn ed  to  the c l i e n t .

F) GC ANALYSIS OF Ct PARAFFIN-NAPHTHENE HYDROCARBONS

The m o lecu lar com position o f the heavy C 15+  p a r a f f in —naphthene 
hydrocarbons r e f l e c t s  source q u a li t y ,  source ty p e , the degree  
o f therm al m aturation  and the presen ce o f  m igrated  h ydrocarbon s.



-  i v  -

T h is a n a ly s is  p ro v id e s  a u s e fu l c r o s s - c o r r e la t io n  w ith  the  
v is u a l  kerogen, C 15+  chromatography and l i g h t  hydrocarbon  
(C i -  C 7, C4 -  C7) a n a ly s e s .

The p a ra ffin -n a p h th e n e  hydrocarbons o b tain ed  by column chromato
graphy are  in tro d u ced  in to  the gas chromatograph u sin g  a s o lid  
rod in je c t io n  system  to  ensure th a t  a l l  o f the sam ple, in c lu d in g  
the h e a v ie s t  ends, i s  a n a lyse d . E x c e lle n t  r e s o lu tio n  o f  the  
in d iv id u a l normal p a r a f f in s  and o f the s i g n i f i c a n t  iso p re n o id s  
and o th er is o p a r a ff in s  i s  ach ieved .

The normal p a r a f f in  carbon p re fe re n c e  in d ic e s  ( C .P .I . )  are  
c a lc u la t e d  u sin g  the fo llo w in g  form ulae:

C-P.IA = C21 + C23 + C25 + C27 
c20 + c22 + c24 + c26

C21 + C23 + C25 + C27 
c22 + c24 + c26 + c28

C .P .I , = c25 + c27 + C29 + C31
'24 + C26 + C28 + c 30+ C

C25 + C27 + C29 + C31
'26 28 '30 + C32

The chromatograms are  reproduced in  the re p o rt f o r  use as v is u a l  
f in g e r p r in t s  and in  a d d itio n , the fo llo w in g  data are  ta b u la te d : 
n orm alised normal p a r a f f in  d is t r ib u t io n s ; p ro p o rtio n s o f p a r a f f in s ,  
iso p re n o id s and naphthenes in  the t o t a l  p a ra ffin -n a p h th e n e  f r a c t io n ;  
C .P .lA  and C .P .I B ; p r is t a n e  to  phytane r a t i o .

G) VISUAL KEROGEN ANALYSIS

Kerogen i s  the in s o lu b le  o rg a n ic  m atter in  ro ck s. V is u a l  
exam ination o f the kerogen g iv e s  a d ir e c t  measure o f  the l e v e l  
o f therm al m atu ration  and o rg a n ic  f a c i e s  and in d ic a t e s  the source  
q u a lit y  o f  the sedim ent. Source q u a lit y  i s  confirm ed u sin g  the  
a n a ly s e s  d isc u sse d  above.

The typ e  o f  hydrocarbon ( o i l  o r g as) gen erated  by a source rock  
i s  a fu n c tio n  o f  the ty p e s o f  o rg an ic  m atter p re se n t in  the  
sediment and i t s  l e v e l  o f therm al m atu ratio n . Both o f  th ese  
param eters are  measured d i r e c t l y  by t h i s  method.

Kerogen i s  se p a ra te d  from the in o rg a n ic  rock  m a trix  by methods 
which a v o id  o x id a tio n  o f  the o rg a n ic  m a tte r. I t  i s  then mounted 
on a g l a s s  s l id e  and examined under a h igh  power m icroscope.

T h is  exam ination g iv e s  the fo llo w in g  d a ta : the ty p e s (amorphous,
a l g a l , herbaceous e t c . )  and p ro p o rtio n s o f  the o rg a n ic  m atter  
p r e s e n t, the co lo u r and hence l e v e l  o f  therm al m atu ration  o f the  
o rg a n ic  m atter and the s t a t e  o f p r e s e r v a tio n  o f  the o rg a n ic  m atte r.

Our re p o rts  in clu d e  co lo u r tra n s p a re n c ie s  o f the kerogen. Upon 
com pletion o f  the stu d y, the g l a s s  s l i d e s  are  sen t to  the c l i e n t .


