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Summary 

F i f t y  canned c u t t i n g s  samples 15 from t h e  Shet land 

Group and 26 from t h e  Dunlin Group of NOGS Well:34/10-12 

were used f o r  a comprehensive geochemical source rock s tudy,  

Maturity e s t ima t ions  using V i t r i n i t e  Reflectance measurements, 

Spore Colouration r a t i n g s  and C P I  values from Soluble  Ex t rac t  

S tud ies ,  suggested a l l  t h e  sediments examined t o  be immature 

f o r  any hydrocarbon generat ion.  Maturity e s t ima t ions  w e r e  

complicated by t h e  presence of l i g n i t e ,  which was be l ieved 

t o  be caved from t h e  T e r t i a r y  s e c t i o n  of t h i s  w e l l ,  

The hydrocarbon p o t e n t i a l  of s i l t s t o n e s  and mudstones 

s e l e c t e d  by hand p icking  from t h e  Shet land Group was found 

t o  be poor. S i l t s t o n e s  and mudstones from t h e  Dunlin Group 

were r a t e d ,  a s  having moderate hydrocarbon p o t e n t i a l .  These 

moderate sources were typed a s  being predomiantly gas prone, 

but  with s i g n i f i c a n t  a d d i t i o n a l  p o t e n t i a l  t o  source  l i g h t  

o i l s .  



1, In t roduct ion  

A t o t a l  of f i f t y  canned c u t t i n g s  samples were used 

t o  complete a d e t a i l e d  geochemical study of t h e  Shet land 

and Dunlin Groups of Offshore Norwegian Well: 34/10-12, 

F i f t e e n  samples w e r e  s e l e c t e d  f o r  t h e  coverage of t h e  

Shet land Group (1797 - 2 1 3  m) and twenty-six were s e l e c t e d  

f o r  t h e  coverage of t h e  Dunlin Group (2257 - 2675 m) . Nine 

a d d i t i o n a l  samples w e r e  s e l e c t e d  from t h e  i n t e r v a l s  2013 - 
2257 m and from t h e  base of t h e  Dunlin Group t o  T , D , ,  f o r  

v i t r i n i t e  r e f l e c t a n c e  measurements only. The purpose of 

completing t h e s e  r e f l e c t a n c e  measurements was t o  c o r r e l a t e  

t h e  va lues  s t a t i s t i c a l l y  with those  from t h e  Shet land and 

Dunlin Groups, t o  ob ta in  a depth/trend r e l a t i o n s h i p  from 

which hydrocarbon genera t ion  th resho lds  could be ca lcu la ted .  

Spore Colouration r a t i n g s  from Visual Kerogen d e s c r i p t i o n s  

and Soluble  Ex t rac t  S tud ies  w e r e  used t o  support  t h e  r e f l e c t a n c e  

measurements, i n  a s sess ing  t h e  t r u e  maturation l e v e l s ,  

Pyro lys i s  techniques w e r e  used t o  e s t a b l i s h  t h e  

hydroca'rbon source p o t e n t i a l  a t  a l l  s t r a t i g r a p h i c  l e v e l s  

and t h e  l i k e l y  hydrocarbon products  o r  source type  where 

t h e  p o t e n t i a l s  w e r e  s u f f i c i e n t l y  high. Hydrocarbon typ ing  

using pyro lys i s  was supported by t h e  Visual  Kerogen d e s c r i p t i o n s  

completed a t  t h e  same depth,  To ta l  Organic Carbon measurements 

w e r e  a l s o  completed, t o  provide add i t iona l  information concerning 

t h e  r ichness  of t h e  sediments,  a s  def ined  s o l e l y  by t h e i r  organic  

contents ,  

2. Samples and Techniques 

A l l  t h e  c u t t i n g s  samples w e r e  received i n  t i n  cans which 

were then washed t o  remove a l l  t r a c e s  of d r i l l i n g  mud. A l l  t h e s e  

washed samples were a i r  d r i e d  under c o n t r o l l e d  condi t ions  a t  4o°C 
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The samples were then c a r e f u l l y  hand picked t o  remove 

obvious caved mate r i a l  and concent ra te  a s i n g l e ,  p o t e n t i a l l y  

organic  r i c h  l i tho logy  (e, g, mudstones, s h a l e s  e t c ,  1 of s i m i l a r  

shape, s i z e  and appearance, The genera l  q u a l i t y  of t h e  c u t t i n g s  

suggested t h a t  they contained s i g n i f i c a n t  q u a n t i t i e s  of caved 

mater ia l .  I t  was noted t h a t  t h e  majori ty  of samples contained 

l i g n i t e ,  which was be l ieved t o  be caved from t h e  T e r t i a r y  and 

a s  t h e r e f o r e  avoided f o r  t h e  most p a r t .  This  was p a r t i c u l a r l y  

t r u e  f o r  those samples used f o r  a s sess ing  t h e  hydrocarbon 

p o t e n t i a l  of t h e  s i l t s t o n e s  and mudstones, Walnut s h e l l s  

e r e  a l s o  observed ca 1860 m. 

Samples f o r  V i t r i n i t e  Reflectance measurements were 

ground t o  a rock f l o u r ,  mounted i n  an epoxy r e s i n  block, 

t h e  su r face  of which was examined microscopical ly ,  R e f l e c t i v i t y  

values were measured using a r e f l e c t e d  l i g h t  microscope, with 

an o i l  immersion ob jec t ive ,  The r e s u l t s  of t h e s e  measurements 

a r e  shown i n  Table 1. 

I 
Samples f o r  Visual Kerogen desc r ip t ion  were t r e a t e d  with 

mineral  acid.  The remaining d e b r i s  was sedimented onto a 

microscope s l i d e  and examined using a t r ansmi t t ed  l i g h t  

microscope. The r e s u l t s  of t h e  Visual  Kerogen d e s c r i p t i o n s  and 

assessments of Spore Colouration are shown i n  Table 2. The 

range of t h e  Spore Colouration i s  from 1 - 7 and t h e  colour  

taken as represent ing  t h e  onset  of l i q u i d  hydrocarbon generat ion 

is  3/4, 

Samples f o r  To ta l  Organic Carbon measurements w e r e  f i n e l y  

ground and s ieved t o  achieve homogeneity, then  d iges ted  with 

fuming hydrochlor ic  a c i d  t o  remove mineral  carbonate.  The 

decarbonated samples w e r e  then  combusted i n  a Carlo Erba 1106 

Carbon, Hydrogen, Nitrogen ana lyse r  and t h e i r  t o t a l  organic  

carbon content  determined, r e l a t i v e  t o  those  of c a l i b r a t e d  

s tandards ,  The r e s u l t s  of t h e s e  measurements are shown i n  

Table 3 ,  



PALEOCHEM 

SampIes f o r  Screening P y r o l y s i s  w e r e  a l s o  ground 

and s ieved and t h e n  examined us ing  a modified H e w l e t t -  

Packard 5711 Gas Chromatograph, t o  measure t h e i r  u l t i m a t e  

hydrocarbon p o t e n t i a l ,  Samples w e r e  hea ted  t o  an i n i t i a l  

temperature of 250°C, then  ramped t o  5 5 0 ~ ~ .  Two peaks w e r e  

evolved, which a r e  convent ional ly  r e f e r r e d  t o  a s  P1 and P2 

and were r e l a t e d  t o  those  of a c a l i b r a t e d  s t andard ,  The 

r e s u l t s  of s c r e e n i n g  p y r o l y s i s  are shown i n  Table 

Ground samples f o r  Extended P y r o l y s i s  were e x t r a c t e d  

wi th  dichloromethane b e f o r e  be ing  hea ted  t o  5 5 0 ~ ~  and examined 

us ing  a  modified Hewlett-Packard 5880 Gas Chromatograph. The 

hydrocarbons evolved w e r e  s e p a r a t e d  according t o  t h e i r  b o i l i n g  

p o i n t s  on a  non-polar,  fused  s i l i ca  c a p i l l a r y  column. 

Ground samples used f o r  Soluble  Ex t rac t  S t u d i e s  were 

e x t r a c t e d  wi th  geochemical grade dichloromethane, us ing  a 

h igh  v e i o c i t y  l i q u i d  mixer. Excess s o l v e n t  was removed by 

evaporat ion and t h e  remaining e x t r a c t  w a s  s e p a r a t e d  on a c t i v a t e d  

s i l i c a ,  t o  provide  a  s a t u r a t e  a lkane  f r a c t i o n  f o r  gas  chromato- 

graphic  a n a l y s i s ,  The s a t u r a t e  a lkane  f r a c t i o n s  w e r e  examined 

by quar t z  c a p i l l a r y  gas  chromatography us ing  a Car lo  Erba 2151 

gas chromatography wi th  Grob-type s p l i t l e s s  i n j e c t o r  system, 

The r e s u l t s  of t h e s e  measurements a r e  represented  i n  Table 5,  

3.  Resul ts  and Discussion 

(a) Maturi ty  

T5e r e s u l t s  from both V i t r i n i t e  Ref lec tance  measurements 

(Table 1) and Spore Colourat ion r a t i n g s  from Visual  Kerogen 

Descr ip t ions  (Table 2) i n d i c a t e d ,  t h a t  a l l  t h e  sediments examined 

w e r e  i m a t u r e  f o r  any hydrocarbon genera t ion ,  The th resho ld  

va lues  f o r  t h e  o n s e t  of l i q u i d  hydrocarbon genera t ion  used by 

Paleo&em a r e  Ro = 0.55% and a  Spore Colour r a t i n g  of 3/4, 

CPI values from Soluble  E x t r a c t  S t u d i e s  (Table 6 )  of ) 1 - 3  a l s o  

supporzed t h e  l e v e l  of inmatur i ty  i n d i c a t e d  from V i t r i n i t e  

Ref lecrance and Spore Colours, NO depth/Reflectance 



r e l a t i o n s h i p  could be e s t a b l i s h e d  due t o  t h e  p e r s i s t e n c e  

of caved l i g n i t e  i n  t h e  samples, S t a t i s t i c a l  c o r r e l a t i o n  

of t h e  r e f l e c t i v i t y  values be l ieved t o  be t h e  least a f f e c t e d  

by t h i s  phenomenon gave no s t a t i s t i c a l l y  r e l i a b l e  c o r r e l a t i o n ,  

Theref o r e  no r e l i a b l e  generat ion thresholds  could be es t ab l i shed .  

(b)  Source P o t e n t i a l  

(i) Hydrocarbon P o t e n t i a l  

Samples having t o t a l  organic  carbon va lues  below 0.5% 

a r e  genera l ly  regarded as containing i n s u f f i c i e n t  organic  

ma te r i a l  t o  be of commercial value (2)- Thus t h i s  value 

i s  used a s  a cut-off p o i n t  i n  t h i s  r e p o r t  and sediments 

with organic  carbon values l e s s  than 0,5% are regarded 

a s  having no s i g n i f i c a n t  source p o t e n t i a l ,  

Source p o t e n t i a l  r a t i n g s  based on conventional geochemical 

d a t a  a r e  given below. 

Poor P o t e n t i a l  

Moderate P o t e n t i a l  

Good P o t e n t i a l  

L e s s  than 0,5% 

0,5% t o  1.5% 

Greater  than  1,5% 

P y r o l y t i c  methods are widely used f o r  e s t ima t ing  t h e  

genera t ing  c a p a b i l i t i e s  of p o t e n t i a l  source rocks ( 3 ) .  

Pyrolys is  techniques have superseded t h e  more t r a d i t i o n a l  

method of a s sess ing  hydrocarbon p o t e n t i a l  us ing  t o t a l  organic  

carbon measurements, because they  provide more meaningful da ta .  

Pyro lys i s  does no t  t a k e  i n t o  account any reworked m a t e r i a l  

and/or i n e r t i n i t e  p resen t  i n  source rocks,  which adds t o  
t h e  organic  carbon va lue ,  but  has very l i m i t e d  o r  no 

hydrocarbon p o t e n t i a l ,  

The f i r s t  peak ( P l )  is o f t e n  considered as represen ta t ive  

of t h e  q u a n t i t y  of f r e e  hydrocarbons t h a t  w e r e  p resen t  i n  t h e  

sediment a t  t h e  t ime of sampling, The second peak (P2) 



is considered t o  be r e p r e s e n t a t i v e  of t h e  q u a n t i t y  of 

hydrocarbons p resen t  i n  t h e  sediment and y e t  t o  be generated.  

The P2 peak is  produced by conversion of t h e  Kerogen i n  t h e  

rock sample by thermal cracking i n  t h e  instrument ,  This i s  

genera l ly  considered t o  be a  reasonable e s t ima te  of t h e  

amount of hydrocarbons, which could t h e o r e t i c a l l y  be generated 

by complete conversion of t h e  Kerogen i n  sediments under 

n a t u r a l  condi t ions  throughout t h e i r  geo log ica l  l i f e t i m e ,  

Both t h e  P1 and P2 y i e l d s  are expressed i n  Kg,/tonne, 

Comparison of pyro lys i s  d a t a  with conventional geochemical 

d a t a  t o  provide a source p o t e n t i a l  r a t i n g  g ives  t h e  P2 hydro- 

carbon p o t e n t i a l  i n  p r a c t i c a l  explora t ion  t e r m s  ( 4 )  : 

Poor 

Moderate 

Good 

0 , 1  t o  1.5 Kg./tonne 

1 - 5  t o  5 - 0  Kg./tonne 

Grea ter  than 5.0 Kg. /tonne 

The t o t a l  organf c  cqrbon contents  (ToC) of mudstone and 

s i l t s t o n e  sediments from t h e  Shet land Group were considered 

t o  range from poor t o  moderate (TOC -= 0,38 - 0.69% w t .  ) , with 

cept ion of a  l i g n i t e  examined a t  2005/20 m (TOC = 57.20%). 

This l i g n i t e  may not  be i n  s i t u ,  but  was t h e  dominant l i t h o l o g y  

i n  t h i s  p a r t i c u l a r  sample, Screening Pyro lys i s  measurements 

downrated t h e  moderate r a t i n g s  from TOC measure n t s  t o  poor 

and r a t e d  a l l  t h e  s i l ts tone/mudstone sediments examined from 

t h e  Shet land Group i n t e r v a l  a s  having poor p o t e n t i a l ,  This  

downgrading i n  hydrocarbon p o t e n t i a l  may be due t o  t h e  presence 

of s i g n i f i c a n t  q u a n t i t i e s  of reworked m a t e r i a l  and i n e r t i n i t e  

i n  t h e s e  sediments. 

It  was noted t h a t  sediments i n  t h e  depth i n t e r v a l  1855 

t o  1945 m had s i g n i f i c a n t  q u a n t i t i e s  of i n  s i tu l  hydrocarbons 

( P I ) ,  i n  r e l a t i o n  t o  t h e  amount of Kerogen breakdown products 

(P2) . It  i s  unfor tunate ,  but  during conventional pyro lys i s  

some of t h e  P 1  can be e l u t e d  with t h e  P2 f r a c t i o n s  ( 5 ) .  It 
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i s  Paleochem p r a c t i s e  t o  e x t r a c t  samples, where t h e  P1 i s  above 

a th resho ld  value of 10% of t h e  P2 va lue  and t o  r epea t  t h e  

measurement of P2 a f t e r  e x t r a c t i o n .  

Fig, lA shows t h e  sample from l930/45, where t h e  

q u a n t i t y  of i n  s i t u  hydrocarbons is  l a r g e  compared wi th  t h e  

Kerogen breakdown products ,  The second t r a c e  (Fig.  l B )  shows 

t h e  pyrogram of t h e  same sample, a f t e r  it had been exhaus t ive ly  

e x t r a c t e d  with dichloromethane, I t  is c l e a r  from Fig, lB t h a t  

t h e  hydrocarbon p o t e n t i a l  has  been reduced s i g n i f i c a n t l y  by 

e x t r a c t i o n  (from P2 = 0.7 t o  P2  = 0.4 Kg./tonne) and t h e  

p o t e n t i a l  measured on t h e  e x t r a c t e d  sample w a s  over op t imis t i c .  

TOC measurements completes on mudstone/sil tstone 

l i t h o l o g i e s  from t h e  Dunlin Group suggested t h e s e  sediments 

t o  have moderate t o  good hydrocarbon p o t e n t i a l  (TOC % w t .  range 

0,89 - 1 - 8 2 ) .  Screening Pyro lys i s  measurements downrated 

t h e s e  hydrocarbon p o t e n t i a l  r a t i n g s  t o  moderate, with P2 values 

ranging from 1 . 4  - 2.9 Kg-/tonne. This ownrating was a l s o  

thought t o  be t h e  e f f e c t  of t h e  presence of reworked m a t e r i a l  

and i n e r t i n i t e  i n  t h e s e  sediments, Two l i g n i t e s  examined 

i n  t h e  Dunlin Group i n t e r v a l  ere r a t e d  as  having 



good hydrocarbon p o t e n t i a l ,  as would be  expected,  However, 

i n  t h e  absence of a w e l l  l og ,  it is  no t  kn 

n o t  t h e s e  l i g n i t e s  w e r e  i n  s i t u ,  

(ii) Hydrocarbon Type 

Hydrocarbon Typing from Visua l  Kerogen Desc r ip t ions  

sugges ted  sediments  from t h e  She t l and  Group t o  be  pre-  

dominantly gas  prone,  w h i l s t  t h o s e  from t h e  Dunlin Group 

w e r e  cons idered  t o  r e p r e s e n t  mixed sou rce  t ypes .  I n  view 

of t h e  poor hydrocarbon p o t e n t i a l  r a t i n g  f o r  t h e  She t l and  

Group from Screen ing  P y r o l y s i s  measurements, no Extended 

P y r o l y s i s  measurements w e r e  completed i n  t h i s  i n t e r v a l ,  

w i th  t h e  except ion  of  t h e  walnut  s h e l l s  found i n  abundance 

a t  1855/70 m and l i g n i t e  found i n  abundance a t  2005/20 m, 

The walnut s h e l l s  w e r e  found t o  be  more gas  t han  o i l  

prone,  b u t  less gas  prone t h a n  t h e  l i g n i t e  examined, 

So lub le  E x t r a c t  S t u d i e s  w e r e  cons idered  t o  be  u n r e l i a b l e  

f o r  hydrocarbon t y p i n g  i n  t h i s  i n s t a n c e ,  due t o  t h e  presen  



of hydrocarbon contamination present  i n  t h e  sediments 

a v a i l a b l e  f o r  examination, This  as evidenced by t h e  

q u a n t i t i e s  of i n  s i t u  hydrocarbons demonstrated from 

Screening Pyrolys is  s t u d i e s ,  I t  was not  poss ib le  t o  

e s t a b l i s h  from t h e  n-alkane d i s t r i b u t i o n s  of t h e  sediment 

e x t r a c t s  from e i t h e r  t h e  Shet land o r  Dunlin Groups t h e  

o r i g i n  of these  i n  s i t u  hydrocarbons- It is suggested 

t h a t  they comprise a s i g n i f i c a n t  propor t ion  of d i e s e l  

f u e l  from t h e  d r i l l i n g  process .  The n-alkane d i s t r i b u t i o n s  

The chromatogram from 2535 - 50 m shows a predominance 

of n-alkanes e l u t i n g  around n-CI7, i n  c o n t r a s t  t o  t h e  



chromatogram from 2580 - 95 m, h ich  peaks a t  n-C27. 

I t  is  suggested t h i s  is due t o  a g r e a t e r  propor t ion  of 

d i e s e l  f u e l  p resen t  i n  t h e  e t r a c t  from 2535 - 50 m than 

t h e  e x t r a c t  from 2580 - 95 m, Further  evidence f o r  t h i s  

suggest ion i s  given by t h e  s i g n i f i c a n t  decrease i n  t h e  

pr is tane/phytane r a t i o  of t h e  2535 - 50 m e x t r a c t ,  r e l a t i v e  

t o  t h e  pr is tane/phytane r a t i o  of t h e  2580 - 95 m e x t r a c t .  

Visual Kerogen Descript ions of sediments from t h e  

Dunlin Group c las sed  them a s  being predominantly gas  prone, 

though t h e r e  was evidence of some amorphous Kerogen and 

hence an i n d i c a t i o n  of subordinate  o i l  proness ,  i n  t h e  

s e c t i o n  between 2500 and 2700 m. This  view was supported 

by Extended Pyro lys i s  Data, which showed a s i g n i f i c a n t  

decrease i n  t h e  q u a n t i t y  of gases  p l u s  gaso l ine  range 

hydrocarbons e l u t e d  from Kerogens i n  t h e  s e c t i o n  2500 

t o  2700 m, r e l a t i v e  t o  t h e  hydrocarbons e l u t e d  from Kerogens 

above t h e s e  depths.  

A s i g n i f i c a n t  f e a t u r e  of t h e  Extended Pyrolys is  Data 

i s  t h e  s i g n i f i c a n t l y  l a r g e  q u a n t i t y  of kerosene and d i e s e l  

range hydrocarbons, which evolve from t h e s e  Dunlin Kerogens, 
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This suggests  t h a t  t h e  l i q u i d  hydrocarbons generated from 

t h e s e  Kerogens would be l i g h t  i n  cha rac te r ,  

I 



Conclusions 

1) A l l  t h e  sediments examined from both t h e  Shet land 

and Dunlin Groups w e r e  immature f o r  any hydrocarbon 

p o t e n t i a l ,  

2 Hydrocarbon P o t e n t i a l  r a t i n g s  completed on sediments 

from t h e  Shet land Group ind ica ted  them t o  have only 

poor p o t e n t i a l  f o r  genera t ing  hydrocarbons, i f  mature, 

Sediments f r  t h e  Dunlin Group were r a t e d ,  a s  having 

moderate p o t e n t i a l  t o  genera te  hydrocarbons, 

3 ) Hydrocarbon Typing completed i n  d e t a i l  on sediments 

from t h e  Dunlin Group suggested them t o  be predominantly 

gas  prone, but  t o  have s i g n i f i c a n t  p o t e n t i a l  i n  add i t ion  

t o  source l i g h t  o i l s ,  


























