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The analysed sequence of t h e  well was divided i n t o  5 zones: 

Zone A (230-890m): The zone c o n s i s t  mainly of sandstone and sandy clay-  
s tone .  I t  i s  immature and has a very poor source po ten t i a l  f o r  o i l  and 
gas. 

Zone B (890-1700m): This zone c o n s i s t s  predominantly of c lays tone ,  I t  
i s  immature w i t h  extremely poor source potent ia l  f o r  o i l  and gas. 

Zone C (1700-2615m): This zone c o n s i s t s  of various types of claystone.  
I t  i s  immature t o  moderate mature and has poor source potent ia l  f o r  o i l  
and gas. , 

Zone D (2690-31551112: This zone i s  charac ter ized  by a grey black c lay-  
s tone.  The zone is immature t o  moderate mature and shows a f a i r  t o  good 
potent ia l  f o r  gas (some samples a f fec ted  by turbo d r i l l i n g ) .  

Zone E (3155-3470m): This zone c o n s i s t s  mainly of claystone.  I t  i s  mode- 
r a t e  mature t o  mature and has a poor po ten t i a l  f o r  o i l  o r  gas (poor t o  
f a i r  po ten t i a l  a t  t h e  base) .  
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EXPERIMENTAL AND DESCRIPTION OF INTERPRETATION LEVELS 

Headspace Gas Analysis 

One ml. of the headspace gas from each of the cans was analysed gas 

chromatographically for  l i gh t  hydrocarbons. The resul ts  are  shown in 

Table la .  The canned samples were washed with temperated water on 4,  

2, 1 and 0.125 mm sieves to  remove d r i l l i ng  mud and thereafter dried 

a t  35'~. 

Occluded Gas 

An aliquot of the 1-2 mm fraction of each sample before drying was 
crushed in water using an a i r t i g h t  ball mi l l ,  and one m1 . of the head- 

space analysed chromatographically. The resul ts  are  shown in Table l b .  

The composite gas data are  also plotted and shown in enclosure 1. 

Total Organic Carbon (TOC) 

Picked cuttings of the various l i thologies in each sample was crushed 

in a centrifugal mill. Aliquots of the samples were then weighed into 

Leco crucibles and treated with hot 2N H C 1  to  remove carbonate and 

washed twice with d i s t i l l e d  water to  remove traces of H C 1 .  The cruci- 

bles were then placed in a vacuum oven a t  5 0 ' ~  and evacuated to  20 

mm Hg fo r  12 hrs. The samples were then analysed on a keco E C 12 

carbon analyser, t o  determine the total  organic carbon (TOC). 

The resul ts  are  shown in table 2 with the l i thological description, 

a1 so in enclosure 2. 

Extractable Organic Matter (EOM) 

From the TOC resul ts  samples were selected for  extraction. Of the 

selected samples, approximately 100 gm of each was extracted in a flow 

through system (Radke e t  a1 ,, 1978, Anal. Chem. 49, 663-665) for  10 

min. using dichloromethane (DCM) as solvent. The DCM used as solvent 

was d i s t i l l e d  in an a l l  glass apparatus to  remove contaminants. 
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Ac t i va ted  copper f i l i n g s  were used t o  remove any f r e e  sulphur  f rom the  

sampl es . 

A f t e r  e x t r a c t i o n ,  the  so lvent  was removed on a  Buchi Rotavapor and 

t r a n s f e r r e d  t o  a  50 m1 f l a s k .  The r e s t  o f  t he  so lvent  was then removed 

and the  amount o f  e x t r a c t a b l e  organic ma t te r  (EOM) determined. 

Chromatographic Separat ion 

The e x t r a c t a b l e  organic mat te r  (EOM) was separated i n t o  sa tura ted  

f r a c t i o n ,  aromatic f r a c t i o n  and non hydrocarbon f r a c t i o n  us ing  a  MPLC 

system w i t h  hexane as e luan t  (Radke e t  a l . ,  Anal. Chem., 1980). The 

var ious  f r a c t i o n s  were evaporated on a  Buchi Rotavapor and t r a n s f e r r e d  

t o  g l a s s v i a l s  and d r i e d  i n  a  stream o f  n i t rogen.  The var ious  r e s u l t s  

a re  g iven i n  'Tables 3-6, and i n  enclosure 3. 

Gas Chromatographic Analyses 

The sa tura ted  and aromatic hydrocarbon f r a c t i o n s  were each d i  l uted 

w i t h  n-hexane and analysed on a  HP 5730 A  gas chromatograph, f i t t e d  

w i t h  a  25 m O V l O l  g lass c a p i l l a r y  column and an automatic i n j e c t i o n  

system. Hydrogen (0.7 ml/min.) was used as c a r r i e r  gas and the  i n j e c -  

t i o n  was performed i n  the  s p l i t  mode (1:20). Rat ios determined from 

the  sa tura ted  hydrocarbon gas chromatograms a re  shown i n  t a b l e  7, and 

i n  enclosure 4. 

V i t r i n i t e  Ref lectance 

V i t r i n i  t e  re f l ec tance  measurements o f  t h e  samples, taken a t  var ious 

i n t e r v a l s ,  were done a t  IKU. The samples were mounted i n  B a k e l i t e  

r e s i n  blocks; care being taken du r ing  the  s e t t i n g  o f  t h e  p l a s t i c  t o  

avo id  temperatures i n  excess o f  1 0 0 ~ ~ .  The samples were then ground, 

i n i t i a l l y  on a  diamond l a p  fo l l owed  by two grades o f  corundum paper. 

A1 l g r i n d i n g  and subsequent p01 i s h i n g  stages i n  t h e  prepara t ion  were 

c a r r i e d  ou t  us ing  isopropy l  a lcohol  as l u b r i c a n t ,  s ince  water leads t o  

the  s w e l l i n g  and d i s i n t e g r a t i o n  o f  t he  c l a y  f r a c t i o n  o f  t he  samples. 

Po l i sh ing  o f  t he  samples was performed on Se lvy t  c l o t h s  us ing  th ree  

grades o f  alumina, 5/20, 3/50 and Gamma, fo l l owed  by c a r e f u l  c lean ing  

o f  t he  surface. 



Reflectance determinations were carried out on a Leitz M.P.V. micro- 
photometer under oi l  immersion, R.I. 1.518 a t  a wavelength of 546 nm. 
The surface of the p01 ished block was searched by the operator fo r  
sui table  areas of v i t r i n i t i c  material in the sediment. The reflectance 
of the organic par t ic le  was determined relat ive to  optical glass 
standards of known ref l ectance . Where possi bl e , a m i  nimum of twenty 
individual par t ic les  of v i t r i n i t e  was measured, although in many cases 
th i s  number could not be achieved. 

The samples were also analysed in U V  l i gh t ,  and the colour of the 
fluorescing material determined. Be1 ow, a scale comparing the v i t -  
r i n i t e  reflectance measurements and the fluorescence measurements i s  
given. 

VITRINITE 
REFLECTANCE 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.10 
R.AVER. 546 NM 1516 

% CARBON 
CONTENT DAF. 5 7 62 7 (i 73 7 6 79 80.5 82.5 84 85.5 

LIPTINITE 
FLUOR N M  725 750 790 820 840 860 890 940 

EXC. 400 nm 
BAR. 530 nm 

colour G G / y  Y YI0 L.0 M.O. D .  0. O'R R 

zone 1 2 3 4 5 6 7 8 9 

NOTE: Lipt ini te  NM = Numerical measurements of overall spore colour 
and not peak f l uorescence wave1 ength. 

Relationship between 1 ip t in i  t e  fluorescence colour, vi t r i n i t e  
reflectance and carbon content i s  variable with deposi tional 
environment and catagenic history. The above i s  only a guide. 
Lipt ini te  will often appear t o  process to  deep orange colour 
and then fade rather than develop or  O/R  red shade. Termination 
of fluorescence i s  also variable. 
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Processing of Samples and Evaluation of Visual Kerogen 

Crushed rock samples were treated w i t h  hydrochloric and hydrofl uoric 
acids to  remove the minerals. A ser ies  of microscopic s l ides  contain 
strew mounts of the residue: 

T-sl ide represents the total  acid i nsol ubl e residue. 
N-sl ide represents a screened residue (15 mesh). 
0-sl ide contains palynodebris remaining a f t e r  f lotat ion (ZnBrq) to  
remove heavy mineral S.  

X-sl ides contain oxidiz,ed residues, (oxidizing may be required to  
remove sapropel which embeds palynomorphs, or where high coalification 
prevents the identification of the various groups). 

T and/or 0 s l ides  are  necessary to  evaluate kerogen composition/- 
palynofacies which i s  c1 osely re1 ated t o  sample l i thology. 

Screened or oxidized residues are  normally required to  concentrate the 
larger fragments, and to  study palynomorphs (p01 l en, spores and dino- 
flagel la tes )  and cut icles  f o r  paleodating and colour evaluation. 

So f a r  visual evaluation of kerogen has been undertaken from residues 
mounted in glycerine j e l ly ,  and studied by Leitz Dialux in normal 
l i gh t  (halogene) using x10 and x63 objectives. By x63 magnification i t  

i s  possible to  distinguish single par t ic les  of diameters about 2 and, 
i f  required, t o  make a more refined classif icat ion of the screened 
residues (piirt icles > l 5  ) .  

The colour evaluation i s  based on colour tones of spores and pollen 
(preferably) w i t h  supporting evidence from col our tones of other types 
of kerogen (woody material , cut icl  es and sapropel ) . These col ours are  
dependant upon the maturity, b u t  are also influenced by the paleo- 
environment ( l  i thology of the rock, oxidation and decay processes). 
The colours and the estimated colour index of an individual sample may 
therefore d i f f e r  from those of the neighbouring samples. The tech- 
niques in visual kerogen studies are  adopted from Staplin (1969) and 
Burgess (1974). 
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I n  i n t e r p r e t a t i o n  o f  t he  m a t u r i t y  f rom t h e  est imated co lou r  i nd i ces  we 

f o l l o w  a  general scheme t h a t  i s  c a l i b r a t e d  aga ins t  v i t r i n i t e  r e f l e c -  

tance va l  ues (R,). 

R o  0.45 0.6 0.9 1.0 1.3 

co l  our  2  - 2  2+ 3- 3  

index 

M a t u r i t y  Moderate Mature ( o i  1  window) Condensate 

i n t e r v a l s  mature window 

Rock-Eval P y r o l y s i s  

100 mg crushed sample was p u t  i n t o  a  p la t inum c r u c i b l e  whose bottom 

and cover a r e  made o f  s i n t e r e d  s t e e l  and analysed on a  Rock-Eval 

pyro lyser .  

P y r o l y s i s  Gas Chromatography (Py-GC) 

Py-GC 

20-30 mg o f  thermoextracted whole rock sample was programmed pyro lysed 

i n  he1 iurn ( 2 6 0 ' ~  t o  520' a t  35'~/min.) i n  a  furnace type pyro lyzer .  The 

o u t l e t  o f  t he  py ro l yze r  was d i r e c t l y  connected t o  a  s p l i t t e r  (30 : l )  and 

a  fused s i l i c a  c a p i l l a r y  column. The p y r o l y s i s  product  was trapped i n  a  

cooled ( l i q .  N i t rogen)  U-shaped sec t i on  a t  t h e  f r o n t  o f  t he  column. 

The o u t l e t  o f  t h e  s p l i t t e r  was d i r e c t l y  connected t o  a  FID de tec to r  and 

the  course o f  t h e  p y r o l y s i s  cou ld  be fo l l owed  by the  de tec to r  response 

o f  t he  bu l k  p y r o l y s i s  product (30 : l )  which was recorded as a  broad peak. 

A t  t he  end o f  t h e  p y r o l y s i s  t h e  p y r o l y s i s  product  was i n j e c t e d  on t o  

the  c a p i l l a r y  column a t  ambient temperature (by removing the  n i t rogen  

bath)  and analysed under the  GC cond i t i ons  g iven below. 

GC-conditions 

Column: 25m O V - l ,  I .D .  0.3 mm, fused s i l i c a  c a p i l l a r y  column. 

C a r r i e r  gas: He1 ium w i t h  i n l e t  pressure 10 p s i .  Flow; ca. 1.5. ml/min. 

Oven programme: 40' - 2 7 0 ' ~  a t  4Oc/min. 



RESULTS AND DISCUSSION 

On t h e  bas is  o f  r e s u l t s  from headspace and occluded gas analyses toge- 

t h e r  w i t h  the  l i t h o l o g i c a l  desc r ip t i on ,  t h e  analysed sequence i s  d i v i -  

ded i n t o  f i v e  broad zones. The boundaries o f  these zones de l i nea te  

e i t h e r  the  sharpest changes i n  percentage l i thology as descr ibed f rom 
I 

t he  washed c u t t i n g s  themselves o r  the  more marked o f  t h e  f l u c t u a t e s  i n  

l i g h t  hydrocarbon composit ion. (Many smal le r  v a r i a t i o n s  e s p e c i a l l y  i n  

t he  l i g h t  hydrocarbon composit ion may be noted as poss ib le  subd iv is ions  

b u t  a re  genera l l y  more minor and.may be due t o  s l i g h t  l i t h o l o g i c a l  v a r i -  

a t i on ) .  

The t rends i n  r e s u l t s  from f u r t h e r  analyses may w e l l  cross these esta-  

b l i s h e d  zones and vary w i t h i n  them. 

The f i v e  zones used here are: 

Zone A: 230- 890n 

Zone B: 890-1700m 

Zone C: 1700-2690m 

Zone D: 2690-3155m 

Zone E: 3155-3470m 

L i g h t  Hydrocarbon Analys is  and L i t h o l o g i c a l  Desc r ip t i on  

Zone A; 230-890m: The zone begins w i t h  a  dominance o f  f i n e  sand t o  

gravel  together  w i t n  a  l a r g e  i n p u t  o f  s h e l l  fragments and i n c l u d i n g  i n  

places fo ramin i fe ra .  The sand element i s  dominant throughout t h e  zone 

and cons i s t s  o f  wh i te  f i n e  t o  coarse subrounded quar tz  fragments w h i l s t  

t he  more gravel  element i s  made up o f  gneisses w i t h  muscovite f e l d s p a r  

e t c .  Towards the  base o f  t he  zone an o l i ve-green t o  grey sandy c laystone 

i s  observed the  amounts o f  which f l u c t u a t e  b u t  never surpass the  sand 

except i n  sample A-4117 which i s  contaminated by cement apparent ly  t o  

t he  de t r iment  o f  the  sand content.  

With the  except ion of the  sample w i t h  the  h igh  cement content  (A-4117, 

680-710m) a l l  o f  the  samples have good t o  r i c h  abundances o f  Cl-C4 

hydrocarbon. The bottom two samples very  g r e a t l y  from the  t rend  (a re  

being very much h igher  and the  o the r  considerably lower) .  Methane i s  by 
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f a r  the most dominant component with only traces of the other Cl-C4 

compounds present (and th i s  i s  mainly ethane) whilst no C5+ compounds 
are recorded. Wetness values are  consequently very low and iC4/nC4 
rat ios  not recorded. The present i s  probably immature biogenic gas. 

Zone B ;  890-1700m: This zone sees an increase in the amount of clay- 
stone to 50% in the f i r s t  sample though th i s  i s  similar in colour to  
the claystone in the zone above. There i s  also 20% of consolidated 
sandstone together with more minor sand and cement. After th i s  clay- 
stone becomes by f a r  the most dominant i f  not the only lithology 
present. There i s  a change in the claystone to  a more l igh t  brownish 
grey t o  olive grey sandy variety and l igh t  olive brown. The l igh t  
hydrocarbon analyses show a sharp decrease in the total  abundance of 
Cl-C4 compounds to  poor abundances and a t  l eas t  down to 1460m th i s  
i s  t o t a l ly  methane. Down to 1700m the values are  s t i l l  poor (almost 
negl i gi bl e )  b u t  they do contain some C2-C4 compounds (samples A-4145 
and A-4147 even regis ter  small amounts of C S + )  Due to  the small 
amounts involved the wetness values must be treated cautiously b u t  are  
f a r  too high in places. iC4/nC4 rat ios  cannot be calculated as none 
of these compounds i s  detected. 

Zone C ;  1700-2615m: This zone begins w i t h  the input of a subf iss i le  
red-brown, brown claystone not previously seen. This i s  accompanied by 
4% of a dark greyish green, dark grey and dark green claystone which 
increases -in importance with depth down to 2030m. Here l ign i t e  additive 
i s  also present in one sample A-4161 (2030-2060m) and beloM th i s  fo r  
two samples a separate grey sandy claystone i s  seen in more minor amounts 
( t h i s  may be caved). The r e s t  of the zone has varying b u t  minor amounts 
o f  l igni te  additive plus some greyish white sandstone ( u p  t o  35% of the 
sample) towards the base. 

In terms of l i gh t  hydrocarbon abundances the f i r s t  sample in th i s  zone 
would s t i l l  be classif ied as poor although i t  shows an 8 fold increase 
in total  abundances of Cl-C4 compounds over most of the samples in 
zone B.  a 



- 11 - IKU 
The r e s t  o f  t he  samples have f a i r  abundances increas ing  t o  good and r i c h  

a t  t he  base. This  zone sees a  more subs tan t i a l  and cons i s tan t  p roduct ion  

o f  C2-C4 and C5+ compounds. 

Wetness values a re  h igher  and show an increase towards the  base where 

t h e  values a r e  very h igh  C5+ compounds a l though now recorded a re  gene- 

r a l l y  o f  poor abunda'nce a l though samples A-4157 (1910-1940m) and A-4159 

(1970-2000m) have f a i r  quo ta t i on  and .the samples from 2480-2495m and 

be1 ow have good abundances. ' iC4/nC4 val  ues have i r r e g u l a r i t i e s  b u t  

genera l l y  have values o f  0.5 t o  0.8 which would i n d i c a t e  moderately 

mature t o  mature samples o r  h igh  biodegradat ion. 

Zone D; 2690-3155m: This zone i s  p a r t i c u l a r l y  no t i ceab le  f o r  the  change 

i n  l i t h o l o g y  t o  an dark grey t o  b lack,  brownish b lack  s u b f i s s i l e  p a r t l y  

carbonaceous c laystone.  There a re  s t i l l  s i g n i f i c a n t  q u a n t i t i e s  o f  l i g h t  

brownish grey c lays tone b u t  t h i s  i s  never dominant. Some sandstone i s  

a l s o  observed i n  several samples. The p ropo r t i on  o f  t h i s  dark grey t o  

b lack  c lays tone peaks several terms w i t h i n  t h e  zone a t  about 80-90% o f  

the  samples. This  may be an i n d i c a t i o n  o f  r a p i d l y  va ry ing  b u t  r e g u l a r l y  

repeat ing  environments and sediment i n f l u x  o r  i t  may be due t o  d r i l l i n g  

techniques and caving. Varying amounts o f  add i t i ve ,  s t e e l  fragments and 

deformed ma te r ia l  a re  noted and the  samples show c l e a r  s igns o f  t u rbo  

d r i l l i n g  f rom 2870m. 

Some coal (up t o  15%) i s  observed towards t h e  base b u t  i t  i s  n o t  c l e a r  

i f  t h i s  cou ld  be i n - s i t u  o r  a d d i t i v e .  Cement and minor amounts o f  mar1 

a re  a l so  noted. From 3080m some s t a i n i n g  i s  noted on the  fragments. 

This  zone sees a  major increase i n  t h e  abundances o f  l i g h t  hydrocarbons. 

The top  samples (down t o  3005m) have very r i c h  abundances o f  Cl-C4 

compounds (15000~1  gas/kg rock t o  222000~1 gas/kg rock) .  Be1 ow t h i s  

t he re  i s  a  dramatic decrease i n  absolute values b u t  t he  abundances are  

s t i l l  good (2400-5600~1 gas/kg rock) .  These values a re  s t i l l  b e t t e r  

than those f rom zones above. Such a  peaking o f  t o t a l  abundances may be 

due e i t h e r  t o  an dramatic increase i n  t o t a l  organic content,  an improve- 

ment i n  t he  kerogen type o r  an increase i n  m a t u r i t y  ( t o  peak m a t u r i t y ? ) .  

Methane i s  no longer  the  overwhelming dominant component o f  t he  Cl-C4 

compounds and wetness values a r e  very h igh  (28-97% most ly  a t  the  h ighe r  

end) iC4/nC4 values decrease f rom the  zones above (poss ib l y  i n d i c a t i n g  
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decreased b iodegradat ion)  and show a general decrease down the  zone. 

With on ly  a couple o f  except ions CS+ abundances are  a l s o  r i c h  f o r  t h e  

f i r s t  t ime i n  the  we l l  b u t  as w i t h  the  Cl-C4 compounds these tend 

t o  peak and the  decrease towards the  bottom 'of  t he  zone. 

Zone E; 3155-3470111: Apart f rom the  bottom 30m ( f o r  which two samples 

i n d i c a t e  a dominance o f  whi te,  c l e a r  sand w i t h  minor c laystone)  t h e  

whole o f  t h i s  zone i s  almost complete ly  composed o f  dark grey t o  

g rey ish  b lack  c laystone which i s  brownish i n  places. However, t u rbo  

d r i l l i n g  has a f f e c t e d  most samples through may decrease a t  t h e  base. 

The t o t a l  abundances o f  Cl-C4 hydrocarbons remain good (4000-9500ul g/kg 

rock )  and a re  s i m i l a r  t o  those found a t  t he  base o f  zone D. Wh i l s t  

r a t h e r  e r r a t i c ,  t he  p ropo r t i on  o f  C2-C4 compounds i s  again q u i t e  h igh  

g i v i n g  wetness values ranging f rom 16-901. C5+ abundances a l s o  vary  

b u t  a re  f a i r  f o r  most o f  t h e  zone b u t  w i t h  t h e  sec t i on  3320-3395111 being 

genera l l y  poorer. The iC4/nC4 values begin q u i t e  low b u t  t he re  are  

very s i m i l a r  t o  o r  may be s l i g h t l y  h igher  than t h e  values a t  t he  base 

o f  zone D. 
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Tota l  Organic Carbon 

Zone A; 230-890m: Due t o  an i n i t i a l l y  unsu i tab le  l i t h o l o g y  samples a t  

t he  top  o f  t h i s  zone were n o t  analysed f o r  t o t a l  organic carbon. Three 

samples o f  t he  o l i v e  green sandy c laystone were analysed and these have 

increas ing  organ ic  contents w i t h  depth b u t  a l l  o f  t he  values being 

c l a s s i f i e d  as o n l y  f a i r .  

Zone B; 890-1700m: Nine samples f rom t h i s  zone were analysed f o r  t o t a l  

organic carbon (two l i t h o l o g i e s  i n  one o f  t h e  samples). The f i r s t  

sample i s  t h e  same 1 i thology as found above (01 i v e  t o  01 i v e  grey, sandy 

c laystone)  and i t  has a f a i r  b u t  s l i g h t l y  reduced TOC value (0.65%). 

Below t h i s  t h ree  samples ( f rom 1070-1280111) o f  l i g h t  brownish grey t o  

o l i v e  grey c lays tone a re  analysed together  w i t h  a s u b f i s s i l e  brownish 

grey c laystone as a d u p l i c a t e  i n  one sample (A-4132, 1160-1190m). The 

values f o r  these l i t h o l o g i e s  a re  a1 l good (1.10-1.45%). The remaining 

samples i n  t h i s  zone show a c l e a r  decrease i n  t o t a l  o rgan ic  carbon 

contents w i t h  depth from 0.84% t o  0.33% desp i te  the  f a c t  t h a t  a11 o f  

t he  analyses were undertaken on a dark greenish grey, grey, f i s s i l e  t o  

s u b f i s s i l e  c laystone.  These would be c l a s s i f i e d  as on ly  f a i r  organic 

contents. 

Zone C; 1700-2615m: Twenty two samples from t h i s  zone were analysed f o r  

t o t a l  organic carbon. The zone begins w i t h  a s i m i l a r  dark grey, dark 

greenish grey c laystone b u t  t he re  i s  more o f  a b lack  element i n  i t  and 

though on l y  f a i r  the  TOC i s  s l i g h t l y  h igher  than f o r  the  s i m i l a r  l i t h o -  

l ogy  i n  zone B (here i t  i s  0.49%). The nex t  sample (A-4155, 1850-1880111) 

conta ins a l i g h t  greenish grey s u b f i s s i l e  c laystone and a dark grey, 

dark green-grey c laystone as above. These have TOC's o f  0.77 and 1.14 

r e s p e c t i v e l y  which are  somewhat e leva ted f rom values above w i thou t  any 

c l e a r  i n d i c a t i o n  why. From t h i s  p o i n t  (1910m) the  grey t o  dark greenish 

grey c laystone i s  dominant throughout and i s  t he  l i t h o l o g y  analysed. 

The values f o r  t h i s  l i t h o l o g y  a re  f a i r  throughout ranging f rom 0.49% t o  

0.92%. The l a s t  sample 

30% dark brownish grey 

Zone D; 2690-3155m: I n  

brownish b lack  sub f i ss  

i n  t h i s  zone A-4193 (2600-2615m) a l s o  conta ins  

f i s s i l e  c laystone which has a good TOC o f  1.80%. 

t h i s  zone the  dominant dark grey t o  b lack,  

l e  c laystone was main ly  analysed together  w i t h  

more minor l i g h t  brownish grey. Values throughout t h i s  zone are  h igh  

( t o t a l  range 1.42-12.91%) w i t h  the  h ighes t  values being i n  t he  grey- 
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black c l ays tone  p a r t i c u l a r l y  between about  2700111 and 2915m. Below 2915111 

down t o  3020m t h e  va lues  a r e  s t i l l  r i c h  (3.31-4.88%) but  below t h i s  

they drop no t i ceab ly  (though s t i l l  remaining good) t o  va lues  between 

1.43 and 1.96%. 

Some samples wi th in  t h i s  zone a r e  seen t o  be a f f e c t e d  by tu rbo  d r i l l  ing  

w h i l s t  o t h e r s  have varying degrees  of s t a i n i n g  v i s i b l e .  

Zone E;  3155-3470m: This  zone cont inues  with t h e  dark grey t o  grey ish  

black c l ays tone  being almost  exc lus ive .  Total  o rganic  carbon va lues  a r e  
very c o n s i s t e n t  wi th in  t h e  zone and a r e  good ( ranging  from 1.48 t o  

1.87%). 
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Extrac t ion  and Chromatographi c  Separa t ion  

On the b a s i s  of Rock-Eval Py ro lys i s  d a t a  a  t o t a l  of f i f t e e n  samples 

were chosen f o r  e x t r a c t i o n  and chromatographic s epa ra t i on .  Gas chroma- 

tograms of t h e  s a t u r a t e d  f r a c t i o n s  a r e  given a t  t h e  back of  t h i s  

r e p o r t .  

Zone A;  230-890m: No samples from t h i s  zone were e x t r a c t e d .  

Zone B;  890-1700m: Two samples from t h i s  zone were e x t r a c t e d  (A-4129, 

1070-1100m; and A-4141, 1430-1460111). The ana lyses  were done on d i f f e -  

rent l  i t h o l o g i e s  (A-4129 - l  i g h t  brownish grey-01 i v e  grey c l ays tone ,  

TOC 1.19; A-4141 - dark g reen i sh  grey c l a y s t o n e ,  TOC 0.62) and t h e  

samples a r e  s epa ra t ed  by over  300m. 

In terms of  t o t a l  e x t r a c t a b l e  o rgan ic  ma te r i a l  (EOM) A-4129 would be 

c l a s s i f i e d  a s  having a  f a i r  e x t r a c t a b i l  i  t y  whi 1 s t  A-4141 has a  poor 

e x t r a c t a b i l i t y  ( i n  terms of ppm of sediment e x t r a c t e d ) .  When t h e r e  

r e s u l t s  a r e  normalised t o  organic  carbon con ten t  both samples would be 

c l a s s i f i e d  a s  f a i r .  This  i n d i c a t e s  t h a t  w h i l s t  sample A-4141 has a  

lower organic  con ten t  than A-4129 t h e  mater ia l  p r e sen t  i s  more e a s i l y  

e x t r a c t e d .  For the e x t r a c t a b l e  hydrocarbon (EHC) both samples have poor 

t o  f a i r  e x t r a c t a b i l i t i e s  a s  ppm of sediment bu t  when t h i s  i s  normalised 

t o  organic  carbon con ten t  A-4129 would be c l a s s i f i e d  a s  poor w h i l s t  

A-4141 has a  f a i r  e x t r a c t a b i l i t y .  This  i n d i c a t e s  t h a t  A-4141 has a  more 

hydrocarbon r i c h  organic  con ten t  than A-4129. Furthermore i t  can be 

seen t h a t  A-4129 con ta in s  twice  t h e  amount of  non-hydrocarbon t h a t  

A-4141 does.  The high con ten t  of non-hydrocarbons can be an i n d i c a t i o n  

of low ma tu r i t y .  The r a t i o  of  s a t u r a t e s  t o  aromatics  i s  high i n  both 

samples though a s  d i scussed  i t  i s  much h igher  f o r  A-4141. 

The gas chromatograms of t h e  s a t u r a t e d  hydrocarbons a r e  very s i m i l a r  i n  

t h a t  they a r e  both s t r o n g l y  bimodal and a t  t h e  h igher  molecular  weight 

end both have a  maximum a t  nCCg and a  c l e a r  t e r r e s t r i a l  i npu t  with a  

high GP1 ( i d e n t i c a l )  i n d i c a t i n g  immaturity.  

The lower molecular  weight end (with maximum a t  nCl6 i n  A-4129 and 

nC17 i n  A-4141) might have been an i n d i c a t i o n  of a  marine i npu t  t o  

t h e  sample g iv ing  a  mixed o r i g i n .  However, i n  t h i s  ca se  i t  js thought 
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to be more likely due to migrated hydrocarbons or drilling mud conta- 

mination (diesel would peak lower though) and to some extent this is 

confirmed by the moderate to high production indices - A-4129 has a 
stronger low molecular weight distribution and a higher production 
index. Microscopical analysis would also indicate that a more terre- 
strial (and higher molecul ar weight) material is the original organic 

input. A high pristane to phytane ratio in this case is probably more 
indicative of organic input (terrestrial) than of maturity. 

The presence of squalane in significant amounts is noted and may 

indicate an anoxic environment of deposition. 

Zone C; 1700-2615m: Five samples from this zone were extracted (A-4155, 
1850-1880m: A-7174, 2300-2330m: A-4183, 2450-2465m: A-4187, 2510-2525m 

and A-4193, 2600-2615n). 

With the exception of A-4193 (2600-2615m) the analyses were performed 

on a variably greenish grey subfissile claystone. In A-4193 the dark 

brownish grey fissile claystone was extracted. This sample also had a 
significantly higher TOC than the rest of the samples (approximately 
1.80, approximately three times those of samples A-4174, A-4183 and 

A-4187) however sample A-4155 also has a larger value than the rest. To 
some extent this is reflected in the extractabilities - A-4193 has by 
far the highest EOM content (it would be classified as a good extract- 
ability). However, A-4155 does not have the second highest value in ppm 

of sediment as might be expected. The next highest extractability is 

for sample A-4187 with a fair extractability. The rest of the samples 
including the A-4155 with significantly higher TOC all have poor extract- 
abilities. When these are normalised to organic carbon the same order 

of extractability is found for the samples with both A-4187 and A-4193 

being possibly classified as having good extractabilities whilst the 

rest are poor. This indicates a better organic material in these two 

lowermost samples than in the rest (irrespective of TOC contents). In 
terms of total extractable hydrocarbons (as ppm of sediment) A-Q193 is 

again much better than the rest (good extractability) whilst A-4155 and 

A-4187 both have fair extractabilities and the rest poor. When normali- 

sed to organic carbon content these figures again indicate a greatly im- 

proved kerogen (in terms of quantity extractable) at the base of this 
zone (good extractabilities for A-4187 and A-4193 and poor to fair for 

the rest). However, the amounts of non-hydrocarbon also increase down 
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t he  zone. Saturates t o  aromatics r a t i o s  vary  g r e a t l y  b u t  a re  h ighes t  i n  

samples A-4187 and A-4155. Hydrocarbons c o n s t i t u t e  h igh  propor t ions  o f  

the  t o t a l  EOM (48 t o  90%). 

The gas chromatograms o f  t h e  sa tura ted  hydrocarbons f o r  t h i s  zone have 

some s i m i l a r i t i e s  w i t h  those f rom zone B ( i . e .  e i t h e r  a  bimodal d i s t r i -  

b u t i o n  o r  a  h igh  medium t o  h igh  molecular  weight  "shoulder".  There i s  

poss ib l y  more dominance o f  t he  medium t o  h igh  molecular  weight  end i n  

samples f rom t h i s  zone. The h igh  molecular  weight  end has a  maximum a t  

nCZ3 o r  nCZ7 together  w i t h  h igh  CPI 's  i n d i c a t i n g  immature t e r r e s t r i a l l y  

dominated samples. Sampl es A-4155 (1850-1880111) and A-4174 (2315-2330111) 

both have h igh  product ion  i nd i ces  which might  i n d i c a t e  t h a t  i n  these 

samples t h e  lower molecular  weight  end cou ld  be due t o  migrated o r  con- 

tami nant hydrocarbons whereas i n  sampl e  A-4193 (2600-2615m) the re  i s  a  

very low product ion  index and, though n o t  high, t he  hydrogen index i s  

improved poss ib l y  i n d i c a t i n g  t h a t  t he re  i s  a  more mixed kerogen i n p u t  

i n  t h i s  sample. 

Sample A-4183 (2450-2465m) though very s i m i l a r  t o  a1 l o f  the  gas 

chromatograms f o r  t h i s  zone poss ib l y  shows a  s t ronger  i n p u t  o f  lower 

molecular weight  ma te r i a l .  There i s  a  moderate product ion  index. 

Sample A-4187 (2510-2525111) has a  very  h igh  squalane content  and possi -  

b l y  more unresolved ma te r ia l  b u t  i s  otherwise very s i m i l a r  t o  the  r e s t  

i n  t h i s  zone. The h igh  product ion index may be connected w i t h  the  

h igher  amount o f  unresolved ma te r ia l .  

Zone D; 2690-3155111: Four samples f rom t h i s  zone were ex t rac ted  (A-5435, 

2765111-2780m: A-5438, 2810-2825m: A-5442, 2870-2885m and A-5453, 3035- 

3050m). The top  th ree  samples a r e  a l l  analysed on the  dark grey t o  

g rey ish  b lack  c laystone element which has the  h ighes t  TOC values 

recorded i n  the  we1 l. The bottom sample (A-5453) has a much lower TOC 

b u t  t h i s  i s  s t i l l  good (1.76%). 

I n  terms o f  ppm o f  sediment ex t rac ted  a l l  o f  t h e  samples have r i c h  

e x t r a c t a b i l i t i e s .  The notab le  p o i n t  o f  t h e  EOM i n  ppm o f  sediment i s  

t h a t  t he  sample w i t h  t h e  lowest  TOC (A-5453: 3035-3050m) has the  

h ighes t  e x t r a c t a b i l i t y  w h i l s t  t he  sample w i t h  the  h ighes t  TOC (A-5438, 

2810-282%) has t h e  lowest  value. Th is  ought t o  g i ve  an i n d i c a t i o n  o f  

t he  q u a l i t y  o f  the  organic ma te r i a l .  However Rock-Eval data would seem 



to  indicate tha t  the sample A-5438 (with highest TOC)  should be the 

bet ter  quality. When th i s  data i s  normalised to  organic carbon content 

sample A-5453 s t i l l  has a rich ex t rac tabi l i ty  whilst the others have 

f a i r  ex t rac tabi l i t ies  except A-5438 organic again which has a poor 

val ue. 

In terms of extractable hydrocarbons, which would be a bet ter  guide to  

organic material quality,  i t  i s  again sample A-5453 which has the 

highest value and a very rich ex t rac tabi l i ty .  However a l l  of the others 

would also be classed as rich extractabil  i t i e s  (though A-5438 i s  again 

the lowest despite indication of a richer kerogen in the Rock-Eval 

data. When normal ised to  organic carbon again only A-5453 has a rich 

ex t rac tabi l i ty  whilst A-5442 i s  good, A-5435 f a i r  and A-5438 i s  poor. 

A-5435 has the highest proportion of saturates relat ive t o  aromatics 

and the highest proportion of i t s  EOM as saturates.  This zone i s  by f a r  

the richest ye t  - especially the bottom two samples. 

The gas chromatograms of the saturated hydrocarbons show a broadly 

similar aspect t o  those from samples above and are  very similar to  each 

other. The general picture i s  a bimodal dis t r ibut ion (with low produc- 

tion indices th i s  would be taken to  indicate dual t e r r e s t r i a l  and marine 

input) with the re la t ive  proportion donated by each area varying s l ight ly.  

Sample A-5435 appears dominantly t e r r e s t r i a l  b u t  i s  d i f f i c u l t  to compare 

and has a large area of unresolved complex material. However a1 kanes as 

low a nCl l  a re  significant.  Pristane i s  the dominant peak with nC15 

the dominant n-alkane a t  the low end and nCZ5 or "27 a t  the high 

molecular weight end. The sample has a high CPI. 

Sample A-5438 i s  a clearer chromatograph and ranges from nCIZ t o  

nCC3. There i s  a bimodal distribution dominated by Pristane followed 

by n C I 5  a t  the low end and by nCC5 a t  the higher end. The sample 

has a high CPI and a high pristane t o  phytane ra t io  - the l a t t e r  

probably being more of an envi ronmental/input indicator. 

Sample A-5442 again has a bimodal nature b u t  appears to  contain more 

material of lower molecular weight (marine input?). Pristane again 

i s  very high and there i s  a high CPI nCC7 i s  dominant a t  the high 

molecular weight end and there i s  a very noticeable squalane input. 
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Sample A-5453 (3035-3050111) d i f f e r s  f rom the  r e s t  o f  t he  samples b u t  has 

most s imi  l a r i  t i e s  w i t h  A-5435 (2765-2780m). I t  i s  compl e t e l y  dominated 

by unresolved ma te r ia l  a t  t h e  h igher  molecular  weight end a l though the  

product ion index i n  t h i s  case i s  n o t  h igh  and i t  i s  the  on l y  sample i n  

which p r i s t a n e  does n o t  dominate the  nC17 It s t i l l  d i sp lays  a  bimodal 

d i s t r i b u t i o n  b u t  t he  h igher  molecular  weight  end i s  d i f f i c u l t  t o  assess. 

The h igh  amount o f  unresolved ma te r ia l  i n  A-5435 and e s p e c i a l l y  i n  

A-5453 cou ld  be due t o  e i t h e r  b iodegradat ion o r  mud add i t i ve .  (Probably 

p ipe  dope). 

Zone E; 3155-3470m: Four samples from zone E were ex t rac ted  (A-5462, 

3170-3185m: A-5468, 3260-3275111: A-5476, 3380-3395m and A-5482, 3455- 

3470111). These were a l l  dark grey t o  g rey i sh  b lack  claystones w i t h  good 

TOC's ( b u t  n o t  as h igh  as zone D) .  The gas chromatograms o f  t he  satura-  

t ed  hydrocarbon f r a c t i o n  f o r  t he  samples i n  t h i s  zone a re  b a s i c a l l y  

very s i m i l a r .  They d i f f e r  o n l y  i n  t h e  amount o f  unresolved ma te r ia l  

(A-5468 and A-5462 being h ighes t ) ,  the  p ropo r t i on  o f  squalane present 

(A-5468 having the  h ighes t  p ropo r t i on )  and i n  t he  f a c t  t h a t  A-5462 has 

a  lower molecular  weight maximum a t  nClg w h i l s t  t he  r e s t  have maximum 

a t  nC17. 

The h igh  amount o f  unresolved ma te r ia l  i n  t he  bottom sample o f  zone D 

and the  t o p  two o f  zone E cou ld  i n d i c a t e  a  s h o r t  ranged environmental 

f a c t o r s  o r  a  s p e c i f i c  a d d i t i v e  over t h a t  depth i n t e r v a l .  

Apar t  from the  f i r s t  sample (A-5462, 3170-3185m) which has a  good 

e x t r a c t a b i l i t y ,  a1 l o f  the  samples have r i c h  e x t r a c t a b i l  i t i e s .  Sample 

A-5468 (3260-3275m) has the  h ighes t  value f o r  EOM i n  t h e  analysed 

samples. When normal ised t o  organic carbon content  both sample A-5468 

and the  bottom sample (A-5482, 3455-3470m) have r i c h  e x t r a c t a b i  l i t i e s  - 
though A-5468 i s  by f a r  t he  h ighes t  w h i l s t  samples A-5462 and A-5476 

have f a i r  and good e x t r a c t a b i l i t i e s  respec t i ve l y .  I n  terms o f  hydrocar- 

bons the  top  two samples have r i c h  e x t r a c t a b i l  i t i e s  (A-5468 i s  again by 

f a r  the h ighes t )  and a l though sample A-5462 has the  lowest  EOM as ppm 
of sediment i t  has t h e  second h ighest  va lue f o r  ex t rac tab le  hydrocarbons 

i n d i c a t i n g  a b e t t e r  q u a l i t y  o rgan ic  ma te r i a l  a t  l e a s t  t h e  A-5476 and 

A-5482 a t  t he  bottom o f  t he  zone. Th is  o rder  o f  e x t r a c t a b i l i t y  i s  

cont inued when t h e  values are  normal ised t o  organic carbon w i t h  A-5468 

having a  r i c h  value A-5462 and A-5476 are  good and A-5482 i s  on l y  f a i r .  
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As a p ropo r t i on  o f  hydrocarbon i n  the  EOM sample A-5462 has by f a r  t he  

h ighes t  values whereas the  sa tura tes  t o  aromatic r a t i o  i s  h ighes t  f o r  

A-5468 and p ropo r t i on  o f  non-hydrocarbons i s  h ighes t  f o r  A-5482. 

Sample A-5476 (3380-3395m) shows a f r o n t  biased d i s t r i b u t i o n  w i t h  a 

shoulder/bimodal i t y  peaking a t  nCZ3 o r  nCZ5. I n  the  lower molecular  

weight end nC17 i s  the  dominant compound and the  dominance o f  p r i s t a n e  

i s  n o t  seen. 

Sample A-5468. The chromatograms show a bimodal d i s t r i b u t i o n  o f  alkanes 

w i t h  maxima a t  nC17 and nC27 i n d i c a t i n g  both t e r r e s t r i a l  and marine 

sources f o r  t he  organic mat ter .  The C P I  i s  f a i r l y  h igh  i n d i c a t i n g  

immatur i ty .  There i s  a prominent squalane peak. There i s  a f a i r  l a r g e  

amount o f  unresolved ma te r ia l ,  t h i s  i s  probably contaminat ion from mud 

add i t i ves .  

Sample A-5462 shows a h igh  C P I  b u t  n o t  such a marked bimodal d i s t r i b u -  

t i o n  as A-5468. The maximum i s  a t  nCC7. This  chromatogram a l s o  shows 

the  prominent squalane peak seen i n  A-5468, b u t  conta ins a smal le r  

amount o f  unresolved ma te r ia l .  

The C P I  i s  moderately h igh  as i s  t he  p r i s t a n e  phytane r a t i o .  

I n  comparison t o  A-5476 sample A-5482 (3455-34790m) shows a greater  

p ropo r t i on  o f  h igher  m01 ecul a r  weight compounds ( t e r r e s t r i a l  i n p u t )  and 

shows a d e f i n i t e  maximum a t  nCZ5 and n o t  a c l e a r  b imoda l i t y .  The 

pr iscanelphytane r a t i o  i s  again h igh  as found h igher  i n  t h e  w e l l .  
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Rock-Eval Pyro l  y s i  S 

Zone A; 230-890m: Two samples from t h i s  zone were pyro lysed on a Rock- 

Eval inst rument .  These were the  bottom two samples i n  t he  zone and were 

o l i v e  grey - green claystones w i t h  f a i r  TOC's. The low TmaX values 

i n d i c a t e  t h a t  t he  samples a re  immature. Hydrogen and oxygen ind i ces  a re  

i n d i c a t i v e  o f  type I V  kerogen ( i n e r t i n i t e  o r  reworked v i t r i n i t e )  low 

hydrogen index and h igh  oxygen index. The petroleum p o t e n t i a l  f o r  both 

samples i s  poor and t h i s  together  w i t h  t h e  samples f rom t h i s  zone have 

no p o t e n t i a l  S source rocks f o r  hydrocarbons ( o i l  or gas). For samples 

o f  t h i s  suggested m a t u r i t y  t he  moderate product ion  i nd i ces  would appear 

t o  be high. Th i s  cou ld  be due t o  migrated hydrocarbons (poss ib l y  t h e  

ma te r ia l  descr ibed as "degraded bitumen" o r  " s l i g h t  bitumen s t a i n i n g "  

i n  t he  r e f l e c t e d  l i g h t  analyses. 

Zone B; 890-1700m: E igh t  samples from t h i s  zone were analysed ( two f rom 

samples A-4132, 1160-1190m). Most o f  t h e  Tmax values are  s l i g h t l y  

h igher  than the  samples i n  zone A b u t  a re  s t i l l  w e l l  w i t h i n  the  range 

o f  values normal ly  taken t o  i n d i c a t e  immature samples. The Tmax value 

f o r  sample A-4147 (1610-1640m) i s  excessively  low (320) and t h e  para- 

meter was probably recorded on b i  tumens/asphal tenes. Apart  f rom the  

uppermost sample which has a very h igh  oxygen index both hydrogen and 

oxygen ind i ces  a re  low f o r  t h e  whole zone. These values i n d i c a t e  the  

presence o f  a dominant ly type I V  kerogen (poss ib l y  w i t h  some type 111 

accounting f o r  lower oxygen ind i ces? )  Safilpl es w i t h i n  a smal l subsect ion 

o f  t h e  zone (1100-1190m) have no t i ceab ly  h ighe r  petroleum p o t e n t i a l s  

than the  r e s t  o f  t he  zone (though a l l  o f  the  values would be classed as 

poor) and these correspond n i c e l y  w i t h  t h e  s l i g h t l y  h igher  hydrogen 

ind ices .  TOC values and a d i f f e r e n t  l i t h o l o g y  (a l i g h t  brownish grey t o  

01 i v e  grey c lays tone as opposed t o  the  01 i v e  grey and green grey c lay-  

stones i n  t h e  r e s t  o f  the  zone). A t  t he  t o p  o f  the  zone the  product ion  

i nd i ces  are  low t o  moderate and may be o n l y  a l i t t l e  above what might  

be expected f o r  t h i s  ma tu r i t y .  However t h e  bottom three samples have 

values which poss ib l y  i n d i c a t e  f r e e  (migrated?)  hydrocarbons. The 

bottom sample has the  h ighes t  p roduct ion  index and t h i s  corresponds 

w i t h  and may be a reason f o r  t h e  abnormally low Tmax found f o r  t h a t  

sample (A-4147). 



- 22 - 
- IKU 

As noted above a l l  o f  t he  petroleum p o t e n t i a l s  f o r  t h i s  zone a re  poor 

and i n  combination w i t h  the  kerogen type i n d i c a t e d  t o  be present  t h i s  

zone would n o t  be expected t o  have any source rock p o t e n t i a l  f o r  o i l  o r  

gas. 

Zone C; 1700-2615m: Twenty f o u r  samples f rom t h i s  zone were analysed 

( i n c l u d i n g  some dupl i ca tes  on a second l i tho logy  w i t h i n  some samples) . 
There i s  a s h i f t  towards h igher  Tmax values (general range 420-434) 

b u t  these would s t i l l  on l y  i n d i c a t e  immature t o  poss ib l y  moderately 

mature samples. There i s  a s l i g h t  increase w i t h  depth t o  the  Tmax 

values. Again some o f  the  samples have very low Tmax values (<400) 

and some o f  these a re  noted as con ta in ing  "some concentrat ions o f  

bitumen". I t  i s  poss ib le  t h a t  t he  Tmax parameter has been recorded 

f rom the  bitumen/asphaltene component r a t h e r  than the  kerogen. 

Petroleum p o t e n t i a l s  f o r  t h i s  zone a re  very poor ( w i t h  the  except ion o f  

t he  dark brown grey c laystone o f  A-4193 which has a f a i r  p o t e n t i a l )  and 

i n  combination w i t h  proposed kerogen types would i n d i c a t e  t h a t  t he  zone 

has no source rock p o t e n t i a l  f o r  s i g n i f i c a n t  q u a n t i t i e s  o f  o i l  o r  gas. 

Zone D; 2690-3155m: Fourteen samples from t h i s  zone were analysed. 

Tmax values i n d i c a t e  immature t o  moderately mature samples (424-431). 

Wh i l s t  t he  value f o r  t he  grey brown c laystone i n  A-5442 (2870-2885m) i s  

probably recorded on b i  tumenlasphal tenes. There i s  considerable improve- 

ment i n  some o f  t he  hydrogen ind i ces  i n  t h i s  zone e s p e c i a l l y  between 

A-5435 (2765-2780m) and A-5442 (2870-2885111) where f o u r  ou t  o f  f i v e  

values f o r  hydrogen and oxygen ind i ces  would imp ly  the  presence o f  a 

more type 111 kerogen. The r e s t  o f  t h e  zone (except perhaps A-5453 

(3035-3050m)) would appear t o  con ta in  type I V  ( o r  perhaps mixed type 

I I I / I V )  kerogen. Product ion i nd i ces  throughout t h i  S zone a re  lower than 

anywhere h igher  i n  t he  we l l  and a re  more what one would expect i f  the  

samples are  o n l y  moderately mature and do n o t  conta in  migrated hydro- 

carbons. With t h e  except ion o f  t he  bottom two samples w i t h i n  t h i s  zone 

(A-5453: 3070-3085m and A-5459: 3125-3140111) which both have poor pe t ro -  

leum p o t e n t i a l s  t he  petroleum p o t e n t i a l s  f o r  t h i s  zone a re  most ly  

improved on those f o r  zones above except f o r  t he  l a s t  sample i n  zone C. 

Most o f  t he  values would be c l a s s i f i e d  as on l y  f a i r  b u t  those samples 

w i t h  the  h ighes t  hydrogen ind i ces  (A-5435 : 2765-2780111, and A-5438: 
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2810-2825m) together  w i t h  A-5442 (2870-2885111) - the  dark green - grey 

element - have good t o  r i c h  p o t e n t i a l s .  This  zone cou ld  poss ib l y  be 

c l a s s i f i e d  on the  bas is  o f  Rock-Eval data as having a f a i r  t o  good 
, 

p o t e n t i a l  probably f o r  gas (due t o  the  kerogen type)  b u t  w i t h  a r i c h e r  

zone w i t h i n  it. The tu rbo  d r i l l i n g  observed i n  the  l i t h o l o g i c a l  descr ip -  

t i o n  may have a f f e c t e d  the  samples such t h a t  they appear poorer than 

they might  otherwise have been. 

Zone E; 3155-3470m: Twelve samples f rom t h i s  zone were analysed. The 

Tmax values a r e  i n  general s l i g h t l y  h igher  than values f o r  zone E b u t  

a re  s t i l l  i n d i c a t i v e  o f  on l y  moderately mature samples. The analyses 

were done on the  dark grey t o  g rey i sh  b lack  c laystone element s i m i l a r  

t o  t h a t  found above. The TOC values f o r  a l l  o f  these samples a re  good 

b u t  the  low hydrogen index and genera l l y  low oxygen index are  i nd i ca -  

t i v e  o f  a contaminat ion o f  the  some poor kerogen type ( e s s e n t i a l l y  on 

type I V  i n e r t i n i t e / r e w o r k e d  v i t r i n i t e  mix w i t h  a t  bes t  a l i t t l e  type 

I 1 1  i npu t ) .  The petroleum p o t e n t i a l s  f l u c t u a t e  b u t  would be c l a s s i f i e d  

as poor f o r  a l l  o f  the  samples except t he  bottom one (A-5482, 3455-3470m) 

which has a poor t o  f a i r  p o t e n t i a l  - i t  a l s o  has the  h ighes t  hydrogen 

index though s t i l l  on l y  o f  type I I I / I V  kerogen. The kerogen type present  

throughout when combined w i t h  t h e  suggested petroleum p o t e n t i a l  s would 

i n d i c a t e  t h a t  t h e  zone has no o r  o n l y  very poor p o t e n t i a l s  as a source 

rock f o r  gas. The product ion  i nd i ces  a re  genera l l y  o f  t h e  same low t o  

moderate values seen i n  zone D and would be expected f o r  samples o f  

t h i s  m a t u r i t y  al though the  poor kerogen present  might  n o t  be expected 

t o  have generated any S1. Two except ions t o  the  low product ion  i nd i ces  

are  samples A-5477 (3395-3410m) and A-5479 (3410-3425m). Both o f  these 

samples have lower Tmax values than t h e  r e s t  of t he  zone (402 and 352 

respec t i ve l y )  and have very h igh  oxygen ind i ces  together  w i t h  low S2 

peaks. Th is  might  i n d i c a t e  t h a t  t he  Tmax has been recorded on bitumens 

o r  asphaltenes which cou ld  have con t r i bu ted  t o  the  S1 i n  otherwise 

very poor sampl es. 



Pyro l ys i  S-Gas Chromatography ( Py-GC L 

15 ex t rac ted  whole rock  samples were analysed by Py-GC. The ins t rumenta l  

cond i t ions  a re  described i n  t he  experimental sect ion.  Based on r e t e n t i o n  

and mass spectrometr ic  data from o ther  kerogens the  peaks i n  t he  pyro- 

grams are  t e n t a t i v e l y  i d e n t i f i e d ;  t h e  numbered peaks a re  n-a lkeneln-a l -  

kane doublets o f  t h e  corresponding carbon number. The n-alkenes have 

the  sho r te r  r e t e n t i o n  t ime. T=toluene; X=(m+p)-xylenes, N=naphthalene; 

C1N=2- and l -methyl  naphthalenes; C2N=C2-alkyl naphthalenes (dimethyl 

and e t h y l  naphthalenes) ; Pr=pr is tenes.  

A-4129 (1100rn), A-4141 (1460111)~ A-4155 (1880m), A-4174 (2330m), A-4183 

(2465m) and A-4187 (2525m) 

The pyrograms o f  these s i x  samples a re  o v e r a l l  very s i m i l a r  showing a 

s h o r t  range a1 i p h a t i c  homology ranging. f rom C8 t o  ca. C15. The abundance 

of aromatic compounds are  high. The pyrograms show type III/IV o r  IV 

kerogen f i n g e r p r i n t s .  Type IV kerogen i s  used t o  descr ibe t h e  i n e r t i n i t e  

group o f  macerals o r  reworked ma te r ia l  w i t h  a poor p o t e n t i a l  f o r  hydro- 

carbons (main ly  gas). 

A-4193 (2615m) and A-5435 (2780111) 

The pyrograms show an n-a1 keneln-alkane homology ranging f r o n  C8 t o  ca. 

C 3 0  The abundance o f  naphthalenes i n  t he  CI1 t o  C14 reg ion  i s  h igh  i n -  

d i c a t i n g  an i n p u t  o f  ma te r i a l  der ived f r o n  h igher  p lan ts .  The pyrograms 

show type I11 kerogen f i n g e r p r i n t s .  

A-5438 (2825m) 

The low i n t e n s i t y  o f  the  peaks i n  t h e  pyrogram i s  caused by low concen- 

t r a t i o n  o r  inst rument  s e n s i t i v i t y .  General ly  the  pyrogram i s  s i m i l a r  t o  

A-4193 and A-5435, i .e .  a type I11 kerogen f i n g e r p r i n t .  

A-5442 (2885m), A-5453 (3050m), A-5462 (3185m), A-5468 (3275m), A-5476 

(3395m) and A-5482 (3470111) 

The pyrograms o f  these s i x  samples a re  very s i m i l a r  t o  A-4193. However, 

the  abundance o f  naphthalenes i s  s l i g h t l y  h ighe r  than i n  A-4193. The 

pyrograms o f  these s i x  samples show a type 111 kerogen f i n g e r p r i n t .  



Examination in Reflected Light 

Thirty-five samples were chosen fo r  analysis in reflected l ight .  The 

samples were chosen on the basis of assuring a relat ively even coverage 

of the analysed sequence b u t  also using data from TOC and Rock-Eval to  

attempt to  choose those samples with a good organic content and those 

thought to  have a most l ikely vi t r i n i t e  (type 111) nature. Unfortunate- 

ly from the outset despite some good to rich TOC values the kerogen 

typing from Rock-Eval Hydrogen and Oxygen Indices did not look promis- 

ing. Almost a l l  of the data indicated kerogen type IV ( i n e r t i n i t e  

andlor reworked vi t r i n i  t e )  t o  be the dominant contributor throughout 

the well. This i s  in very good agreement with the reflected l ight  ana- 

lyses which in terms of v i t r i n i t e  reflectance are  poor throughout due 

to  a paucity of primary v i t r i n i t e  and a overwhelming dominance of 

iner t in i  telreworked material together with ( in  some cases) surprisingly 

l i t t l e  vis ible  organic matter. 

Fluorescence colours in t h i s  we1 1 are  very useful and would confirm 

suspicions tha t  a t  the top of the well the samples are  immature b u t  re- 

sul t s  include reworked material whilst a t  the bottom of the we1 l the 

values may be s l ight ly  low due to  caving which in a relat ively mono- 

tonous sequence such as th i s  i s  very d i f f i c u l t  t o  decipher. The ana- 

lysed samples are  described be1 ow and resul t s  tabu1 ated elsewhere. 

Sample A-4120, 770-800m: Sandstone and cl aystone, Ro = 0.40(5) 

The sandstone i s  barren and the claystone has only a low organic con- 

tent .  The bitumen i s  degraded and there i s  very l i t t l e  v i t r i n i t e  

(everything located i s  measured). There i s  a t race of green 

fluorescence from spores. 

Sample A-4123, 860-890m: Sandstone and cl aystone, Ro = 0.41 (5)  

The sample i s  dominantly sandstone b u t  the claystone was used fo r  the 

analysis. The sample i s  poor and very sof t .  The organic material i s  

dominantly bitumen wisps with s l igh t  staining. A trace of green fluore- 

scence i s  observed from spores. 

Sample A-4129, 1070-1100m: Cl aystone, Ro = O.38(3) 

There i s  a very low organic content composed of bitumen with occasional 

inertinitelreworked v i t r i n i t e  fragments and three possible primary 
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v i t r i n i t e  p a r t i c l e s .  The sample i s  very  poor f o r  t h i s  type o f  ana lys is .  

Green f luorescence i s  seen f rom spores. 

Sample A-4135, 1250-1280111: Claystone (sandy), Ro = 0.38(1) 

There i s  a very low organic content.  This  i s  dominant ly bitumen wisps 

(though few) together  w i t h  rounded i n e r t i n i  t e  and reworked v i  t r i n i  t e  

fragments. Most o f  t he  bitumen i s  gnarled. The sample i s  very poor f o r  

t h i s  type o f  ana lys is .  Green f luorescence i s  seen from spores. 

Sample A-4143, 1490-1520m: C l  aystone, Ro = O.32(1) 

The sample conta ins on l y  a t r a c e  o f  i n e r t i n i t e l r e w o r k e d  v i t r i n i t e  p lus  

a l i t t l e  bitumen and bitumen wisps. Only one measurable fragment was 

l oca ted  ( t h i s  may be bitumen). The sample i s  t e r r i b l e  f o r  t h i s  type o f  

ana lys is .  Green f luorescence i s  seen from u n i d e n t i f i e d  fragments. 

Sample A-4153, 1790-1820m: Claystone, No Determinat ion Poss ib le  

There i s  a very low organic content  (a lmost  n i l  ).  This  i s  composed o f  a 

t r a c e  o f  bitumen s t a i n i n g  i n  some c l a s t s  together  w i t h  very occasional 

i n e r t i n i  te l reworked v i  t r i n i  t e  fragments which a re  general l y  smal l and 

poor. Green f luorescence i s  observed f rom spores and minera ls .  

Sample A-4157, 1910-1940m: Claystone, Ro = 0.44(1) and 0.59(2) 

There i s  a low organic content  and t h i s  i s  very dominant ly i n e r t i n i t e  

and reworked v i t r i n i t e  as small rounded fragments. There a re  occasional 

concentrat ions o f  bitumen and bitumen s ta in ing .  Only th ree  poss ib le  

pr imary v i  t r i n i  t e  fragments were observed and the  h igher  "popu la t ion"  

i s  most probably reworked. The sample i s  t e r r i b l e  and t h e  values are 

n o t  re1 i a b l  e. Green and greenlye1 low f l  uorescence i S observed from 

spores. 

Sample A-6679, 1951111 (swc) : Claystone, Ro = 0.36(11) 

The sample has a low t o  moderate organic content.  This  inc ludes a mode- 

r a t e  amount o f  bitumen together  w i t h  dominant ly reworked v i t r i n i t e  and 

i n e r t i n i t e .  The proposed pr imary v i t r i n i t e  i s  c lean b u t  o f  low r e f l e c -  

tance. Greenlye1 l ow and ye1 l owlorange f luorescence i S seen from spores. 
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Sample A-6681, 2014m (swc) : Claystone, No Determination Possible 

There i s  a very low organic content. Only very small rounded ine r t in i t e  

fragments plus a few of high reflectance reworked v i t r i n i t e  were obser- 

ved. Possible greenlyellow spore fluorescence i s  observed. 

Sample A-4161, 2030-2060111: Cl aystone, Ro = 0.39(3) and 0.54(1) 

The organic content i s  almost completely very small i ne r t in i t e  and re- 

worked v i t r i n i t e  fragments with occasional bitumen. Some pyrite i s  a l -  

tered. The sample i s  poor. Only green fluorescence from forams i s  re- 

cognisable. 

Sample A-6682, 2081111 (swc): Claystone (calcareous), Ro = 0.33(1) and 

0.59(3) 

There i s  a very low organic content and th i s  i s  very dominantly iner- 

t i n i t e  with some reworked v i t r i n i t e  material. Again the sample i s  poor 

and the values may be unreliable and meaningless. A t race of yellow/- 

orange spores are  observed in u l t r a  violet  l igh t .  

Sample A-4164, 2120-2150m: Cl aystone, Ro = 0. M ( l )  and 0.61(1) 

The sample has a very low organic content. This i s  only ine r t in i t e  and 

reworked v i t r i n i t e  in any s ignif icant  amounts. Two very different  frag- 

ments were measurable. The sample might well be of "no determination 

possible" as i t  i s  of l i t t l e  use fo r  th i s  type of analysis. Green mine- 

ral fluorescence and greenlyellow spore fluorescence are observed. 

Sample A-4170, 2255-2270m: Cl aystone, Ro = 0.49(3) 

There i s  a very low organic content. This i s  almost completely reworked 

v i t r i n i t e  and iner t in i te .  There i s  a trace of poor bitumen wisps. Three 

possible primary v i t r in i  t e  fragments of poor qual i t y  are recorded. 

These may divide as 0.41(1) and 0.53(2) b u t  on so l i t t l e  information 

th i s  i s  not clear.  There i s  a trace of yellow and yellow/orange spore 

f l  uorescence. 

Sample A-6683, 2158m (swc) : Cl aystone, Ro = 0.54(1) 

There i s  a very low organic content. This i s  dominantly ine r t in i t e  and 

reworked vi t r i n i  te .  One possible primary vi t r i n i  t e  fragment i s  located. 

The sample i S t e r r ib le .  Greenlyel l ow and ye1 l owlorange spore f l uores- 

cence i s  observed. 



Sample A-6684, 2234111 (swc): Claystone, Ro = 0.39(2) and 0.57(4) 

The sample i s  poor. I t  has a low organic content which consists domi- 

nantly of reworked vi t r i n i t e  and ine r t in i t e .  A1 l possible primary 

v i t r i n i t e  located i s  recorded. A mixture of fluorescence colours i s  

seen including greenlyellow, yellowlorange and l ight  orange - the l a t -  

t e r  two being thought more representative. 

Sampl e A-6686, 2367m (swc) : Cl aystone, No Determination Possible 

There i s  a very low organic content. This i s  almost completely iner- 

t i n i  t e  with a low amount of small reworked v i t r i n i t e  fragments. A trace 

of good spore fluorescence in seen from yellow to  yellow orange spores. 

Sample A-4178, 2375-2390m: Claystone, Ro = 0.53(5) 

There i s  a low to moderate organic content. This i s  almost to ta l ly  

ine r t in i t e  and reworked v i t r i n i t e .  There are  a few dubious fragments 

recorded b u t  t h i s  i s  d i f f i c u l t  as they tend to  be pit ted and not c lear .  

Green fluorescence i s  seen from spores - caved? 

Sampl e A-4185, 2480-2495m: Cl ays tone, Ro = 0.53(3) 

This sample i s  very similar to  the one above and could indicate caving 

or a very monotonous sequence. I t  i s  very dominated by rounded iner- 

t i n i t e  fragments and rewored v i t r i n i t e  b u t  most possible organic 

material i s  not confidently identifiable.  Reworked material has a re- 

flectance of >0.9% and only a few fragments of lower than th i s  are  

recorded. A trace of greenlyel low and ye1 l owlorange spore f l  uorescence 

i s  observed. 

Sample A-6688, 2484m (swc) : Claystone (sandy), Ro = 0.54(7) 

There i s  a low organic content which i s  dominantly poor, small, rounded 

ine r t in i t e  fragments. There are  only a few poor v i t r i n i t e  fragments. 

Greenlye1 low fluorescence i s  observed from spores and a trace of a1 gae. 

Sample A-4189, 2540-2555m: Clays tone, sandstone, l igni te ,  Ro = 0.53 (6)  

The sandstone i s  vir tual ly  barren. The l ign i t e  i s  additive ( 0.25% Ro). 

The cldystone has a low to moderate organic content b u t  t h i s  i s  domi- 

nantly reworked v i t r i n i t e  and inertirl i te.  The sample i s  poor. Light 

orange to  mid orange spore fluorescence i s  observed. 
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Sample A-6689, 2553~1, (swc) : Cl aystone, No Determination Possible 

There i s  a low to  moderate organic content b u t  t h i s  i s  almost complete- 

ly  ine r t in i t e  with some possible reworked v i t r i n i t e  b u t  nothing recog- 

nisable as primary material. No fluorescence i s  observed. 

Sample A-6690, 2584m (swc) Claystone, Ro = 0.59(5) 

There i s  a low organic content. This i s  dominantly ine r t in i t e  and re- 

worked material. There i s  only a trace of possible primary v i t r in i t e .  

There are traces of oxidation. The values have a poor dis t r ibut ion.  

Yellow/orange to  l i gh t  orange (spore?) fluorescence i s  observed. 

Sample A-4193, 2600-2615m: Cl aystone, Ro = 0.55(6) 

There i s  a moderate organic content. The material i s  very variable. 

Some c las t s  have a moderately rich bitumen content whilst others are  

rich in ine r t in i t e  or reworked v i t r in i t e .  There i s  a low v i t r i n i t e  con- 

tent.  Ye1 l ow/orange to  l ight orange (spore?) fluorescence i s  observed. 

Sample A-5430, 2690-2705m: Mixed claystones, Ro = 0.58(17) 

The sample has a rich organic content. This i s  s t i l l  dominantly iner- 

t i n i t e  and reworked v i t r i n i t e  b u t  there i s  a moderate bitumen staining 

in places and a moderate v i t r i n i t e  content. Some high concentrations of 

pyrite are  observed. Light orange algae and spore fluorescence i s  ob- 

served. 

Sampl e A-5432, 2720-2735m: Cl aystone, Ro = 0.57 (8) 

The sample has a high content of ine r t in i t e  with subordinate reworked 

v i t r in i t e .  These are  of poor to  f a i r  preservation. There i s  a low con- 

ten t  of primary v i t r in i t e .  Some pyrite oxidation i s  observed. Light 

orange to  mid orange fluorescence i s  observed from spores. 

Sample A-5435, 2765-2780m: Cl aystone, Ro = 0.56(4) and 0.73(2) 

The sample i s  rich in organic material b u t  t h i s  i s  very dominantly 

ine r t in i t e  together with some reworked v i t r in i t e .  I t  i s  d i f f i c u l t  to  

assess bitumen staining because there has also been some pyrite break- 

down. There i s  very l i t t l e  possible primary v i t r in i t e .  I t  i s  a bad sam- 

ple. There may be one population b u t  there are  not enough values to  de- 

cide. Dull mid orange fluorescence i s  observed from spores. 
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Sample A-5438, 2810-2825m: Mixed Claystone, Coal and Drill ing Mud, Ro = 

0.54(22) 

The sample i s  rich. There are  two claystones. One i s  very rich in large 

organic fragments, mainly v i t r in i t e .  The coal i s  of approximately the 

same reflectance and i s  therefore possibly in-situ.  This i s  a good sam- 

ple b u t  the val ue seems low (caved?). Mid orange f l  uorescence i s  ob- 

served from spores/resi n p1 us some green f l  uorescence from caved mate- 

r i a l  . 

Sample A-5440, 2840-2855m: Mixed claystones, Ro = 0.55(20) 

There i s  a variable organic content. The dominant claystone i s  rich b u t  

contains mainly ine r t in i t e  and reworked v i t r i n i t e .  The minority clay- 

stone i s  rich in v i t r i n i t e  and spores(?) and has cleaner v i t r in i t e .  

F1 uorescence i S seen from one deep orange (hydrocarbon?) speck. 

Sampl e A-5447, 2945-2960m: Mixed cl ays tones, Ro = 0.51 ( 13) 

The sample has a moderate to  high organic content. The material i s  

clean b u t  very dominantly iner t in i  t e  plus reworked vi t r i n i  te .  The pos- 

s i  ble primary vi t r i n i  t e  i s  moderately clean but dominantly particul a te .  

The value may be low. There i s  l igh t  orange fluorescence from possible 

spores and green mineral fluorescence. 

Sample A-5453, 3035-3050m: Claystone p1 us many additives,  Ro = 0.60(13) 

There i s  a moderate to  good organic content in the claystone. This i s  

dominantly ine r t in i t e  b u t  there i s  some reworked and primary v i t r in i t e .  

Some bitumen i s  observed and i s  variably degraded/stained. The d i s t r i -  

bution i s  bimodal and the value may be low. F1 uorescence i s  observed 

from l ight orange to  mid orange spores and a trace of green dinofl age1 - 
l ates . 

Sample A-5459, 3125-3140111: Claystone, Ro = 0.54(3) and 0. 7 2 ( l O )  

The sample has a moderate organic content. Again th i s  appears to  be 

dominantly ine r t in i t e  together with some reworked v i t r in i t e .  The 

v i t r i n i t e  measured as possible primary v i t r i n i t e  i s  rather varied. A 

mixture of f l  uorescence colours are observed including ye1 l ow/orange, 

l igh t  orange and mid orange. 
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Sample A-5464, 3200-3215m: S i l  t s t o n e / t u r b o d r i  l l e d  l i tho logy  p1 us c lay -  

stone and l i g n i t e ,  Ro = 0.58(3) and 0.82(1) 

The l i t h o l  ogy apparent ly  a f f e c t e d  by t u r b o d r i  l l i n g  appears barren. The 

c laystone has a  moderate organic content  b u t  t h i s  i s  dominant ly i n e r -  

t i n i t e  s i m i l a r  t o  above (caved?). The sample i s  poor. Only ye l low/ -  

orange f luorescence i s  observed and i t  i s  be1 ieved t o  be f rom caved 

mater i  a1 . 

Sample A-5473, 3335-3350m: T u r b o d r i l l e d  l i t h o l o g y  p lus  c laystone,  Ro = 

0.62(10) 

The t u r b o d r i l l e d  l i t h o l o g y  i s  as above. The c laystone has a  moderate 

organ ic  content  which i s  dominant ly i n e r t i n i t e  and reworked v i t r i n i t e  

b u t  i t  a l so  inc ludes  some bitumen and s l i g h t  s t a i n i n g  together  w i t h  a  

t r a c e  o f  v i t r i n i t e .  There i s  a  t r a c e  o f  mid orange t o  deep orange spore 

f l  uorescence. 

Sampl e  A-5479, 3410-3425m: Turbodr i  l l ed l i t h o l  ogy p1 us c l  aystone, Ro = 

0.64(5) and 0.85(1) 

The c laystone has a  moderate organic content  b u t  t h i s  i s  dominant ly 

i n e r t i n i t e  w i t h  o n l y  a  t r a c e  o f  bitumen and v i t r i n i t e .  Mid orange t o  

deep orange f luorescence i s  observed f rom spores. 

Sample A-5282, 3455-3470m: Mixed c l  aystone, sandstone, coal  , Ro = 

0.63(18) 

The sandstone i s  barren b u t  t he  c laystone has a  moderate organic con- 

t en t .  There i s  a  good m ix tu re  o f  phy toc las ts .  This  inc ludes some good 

c lean v i t r i n i t e .  R e l a t i v e l y  speaking the re  i s  a  good sample b u t  may be 

low. There i s  a  t r a c e  o f  mid orange f luorescence from algae. 



Analysis in Transmitted Light 

The acid insoluble organic matter of 34110-17 was investigated on the 

basis of 30 samples. The sample material represents selected l itholo- 

gies from ditch cuttings between 7701-11 and 3470m. 

Material from te r re s t r i a l  , mostly woody, sources dominates. A t  2600m 

and below cut ic les ,  pollen and spores seem more important. However, the 

strong degradation of the material, prevents confident dis t inct ions of 

thei r re1 a t ive  proportions. 

The occurrences of grey amorphous material and of granulate grey aggre- 

gates a t  3200/15m, 3260175m and 3335/50m, to  lesser  degree a t  3380/95m, 

caused some problems fo r  interpretations.  We connect the preservation 

features of these samples with the d r i l l i ng  process, suggesting tha t  

turbo d r i l l i ng  and heating of the rocks caused a partial  break down 

(cracking) of the organic material. 

The deposits were evaluated as immature (TA1 1/1+) a t  1780/1820m and 

above, as a t  the top of the o i l  window (TA1 2-12) from 1910/40 and down 

the h01 e. (3455170m). 

From the analyses in transmitted l igh t  the most interesting part in t h i s  

well seems to  be from 2600m and below, particularly from 3035/50m appa- 

rently being deposited under stronger marine influence. 

Description of samples 

770/800m and 860190m: Strongly pyr i t ic  residues of degraded f inely di s- 

seminated material partly as aggregates. (Woody material seems dominant). 

Well preserved structured fragments of land plants (cut ic les  and semi- 

fusini t e )  . Palynomorphs are stained. 

Colour index: 1/1+. 

1070/1100m and 1250/80m: Strongly pyri t ic  residues , partly as aggre- 

gates, consisting of true amorphous and f inely disseminated mostly woody 

material. Relatively a reduction of cut ic les  and spores and increase of 

dinofl age1 l a tes  (a rich and we1 l preserved assemblage). Palynomophs are  

stained as above. 

Colour index: 1/1+. 
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1490/1520m: Pyri t ic  residue of rounded aggregates a1 so encl osing some 

acid res i s tan t  minerals. Woody material dominates. Palynomorphs are 

well preserved and include pollen, as dominants, and f a i r l y  common 

spores. 

Colour index: 1/1+ or l+. 

1780/1820m: Irregular loose aggregates of amorphous and sapropelised 

material, mostly wood and degraded cut icles .  Pollen, spores, f a i r l y  

large cut icular  fragments and cysts are  embedded in the aggregates. 

Colour index: I l l + ,  l+. 

1910140m: Sparse residues of l i gh t  coloured sapropelised woody material 

and grey amorphous aggregates. Some semifusinite - fus in i te  and ine r t i -  

ni te .  Well preserved cysts. 

Colour index: 2-12, 2. 

2030/60m, 2120/50m, 2255/70m, 2375/90m, 2480195m: Sparse pyri t ic  resi-  

dues. Woody material dominates and seems etched with dull colours. Some 

black coaly material. Pollen and cysts are  we1 l preserved. Cysts dominate 

palynomorphs. Grey amorphous material i s  subordinate. 

Colour index: I l l + ,  2-/2, 2. 

2540155m: The residue i s  a mixture of grey granulate aggregates and of 

l igh t  coloured sapropelised material mostly of woody origin.  True sapro- 

pel seems subordinate. Fairly we1 l preserved cysts. 

Colour index: 2-12, 2. 

2600115, 6990/76705m, 2870185m: Fairly rich residues mostly of strongly 

degraded woody material, that  tend t o  form aggregates. Woody and cut i -  

cular debris may be d i f f i c u l t  t o  distinguish from true amorphous material 

due to  the i r  dissolved structures.  Relative proportions drawn in the 

maturation diagram should be regarded as tentative.  This poor preserva- 

t ion of the palynomorphs group i s  seen, especially in the pollen and 

spores. 

Colour index: 2-/2. 

2720/35m, 2765/80m, 2810125m: The above residues are distinguished by 

the i r  content of denser aggregates of mostly woody material. They pollen 



and spores  a r e  b e t t e r  p reserved ,  and t h e  woody mater ia l  r e t a i n  more of 

t h e  o r i g i n a l  s t r u c t u r e s .  

Colour index: 2-12 t o  2. 

2840/55m, 2 ' :  This  r e s idue  i s  d i s t i n g u i s h e d  by t h e  l a r g e r  propor t ion  of 

good s e m i f u s i n i t e  - f u s i n i t e  p a r t i c l e s  and by the l a r g e r  propor t ion  of  

po l len  g r a i n s  i n  r e l a t i o n  t o  o t h e r  palynomorphs. Spores and pol len  wa l l s  

a r e  e tched  and bleached. 

Colour index: 2-12 t o  2. 

2870185m: Composition a s  above of  mainly woody mater ia l  t h e  on ly  f ea -  

ture s e p a r a t i n g  i s  t h e  s t r o n g e r  biodegradat ion.  

Colour index: 2-12 t o  2. 

2945160m: S t rong  degrada t ion  o therwise  a s  f o r  2870185m. Etched and blea-  

ched palynomorphs, p01 l en g r a i n s  dominated. 
Colour index: 2-12 t o  2. 

30051201~1: Woody mater ia l  dominates a s  f o r  t h e  e n t i r e  i n t e r v a l  bu t  i n  

this r e s idue  i s  represen ted  by f a i r l y  coa r se  fragments o f  v i t r i n i t e ,  

semifus in i  t e ,  f u s i n i  t e  and i n e r t i n i  te. Palynomorphs a s  above 2945160m 

a r e  e tched  and bleached. 

Colour index: 2-12 t o  2. 

3035/50m, 3125/40m: The r e s idues  c o n s i s t  of s t r o n g l y  s ap rope l i s ed  woody 

mater ia l  a s  above. Aggregates of  mater ia l  embed b e t t e r  preserved p a r t i -  

c l e s  of wood, c u t i c l e s ,  po l l en ,  spo re s  and d i n o f l a g e l l a t e  c y s t s .  Nanno 

c e r a t o p s i s  i s  very abundant. Botryococcus is presen t .  

Colour index: 2-12 t o  2. 

3200/15rn, 3260/75m, 3335/50m, 3380195m: The r e s idues  probably a r e  a f f e c -  

t ed  by t h e  high temperatures  dur ing  t h e  d r i l l i n g  process .  Sample mater ia l  

seems o r i g i n a l l y  t o  have been r e l a t e d  with t h a t  of 30351501~1 and 3125/40m, 

bu t  has been transformed i n t o  g rey i sh  g r a n u l a t e  aggrega tes .  The o r i g i n a l  

wall mater ia l  i s  broken down t o  very t h i n  f i l m s .  I n t e r p r e t a t i o n  of changes 

has been based on t h e  lowest  r e s idue  which s t i l l  con ta in s  Nannoceratopses 

and o t h e r  palynornorphs. Rare Botryococcus. 

Colour index: 2-12 t o  2. 
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3410/25m, 3455170~1: Variably degraded material .  Residues sapropelised 

woody material and cu t ic les  (20-30%), a1 so large  we1 l preserved par t i -  

cl es of semi fus in i  t e  and cu t i c l e s .  ~alynomorphs a re  f a i r l y  we1 l preser- 

ved and l i g h t  coloured. Some Botryococcus. 
Colour index: 2-/2 t o  2. 



CONCLUSIONS 

The m a t u r i t y  o f  t h e  analysed sequence f rom t h e  w e l l  34/10-17 i s  based 

ma in l y  as v i  tri n i  t e  r e f l ec tance ,  spore f luo rescence  spore c o l  o r a t i o n  

and t h e  TmX f rom Rock-Eval p y r o l y s i s .  The r i chness  o f  t h e  samples i s  

based on TOC and Rock-Eval p y r o l y s i  S w i t h  a d d i t i o n a l  i n f o r m a t i o n  be ing  

supp l i ed  f r om t h e  abundance o f  l i g h t  hydrocarbons. Source rock  q u a l i t y  

i s  based m a i n l y  on p y r o l y s i s ,  b o t h  Rock-Eval and p y r o l y s i s  gc and v i s u a l  

kerogen examinat ion. 

Zone A (230-890m): T h i s  zone c o n s i s t s  predominant ly  o f  sandstone and 

sandy c lays tone .  The c l ays tone  appear ing towards t h e  base o f  t h e  zone 

b u t  never forms t h e  dominant l i t h o l o g y .  TOC analyses were n o t  c a r r i e d  

o u t  on t h e  sands and g rave l s  a t  t h e  t o p  o f  t h i s  zone. The samples o f  

t h e  lower  o l i v e  green c l ays tone  showed i n c r e a s i n g  TOC w i t h  depth - b u t  

t h i s  i s  o n l y  r a t e d  as f a i r .  The c l ays tone  i n  t h i s  zone con ta ins  t ype  I V  

kerogen. V i sua l  kerogen a n a l y s i s  i n d i c a t e s  a l a r g e  p r o p o r t i o n  o f  t e r r e -  

s t r i a l  m a t e r i a l .  The zone i s  immature w i t h  v e r y  poor p o t e n t i a l  f o r  hydro- 

carbons ( o i l  and gas).  

Zone B (890-1700m): Th i s  zone con ta ins  a g r e a t e r  p r o p o r t i o n  o f  c l ays tone  

than  t h e  o v e r l y i n g  one. The c l ays tone  i n  t h e  upper p a r t  o f  t h e  zone has 

a f a i r  TOC con ten t .  Below t h i s ,  a p a r t  f rom sample A-4132 (1160-1190m) 

which has a good TOC r a t i n g ,  t h e  c lays tones  show f a i r  b u t  decreas ing 

TOC values. Rock-Eval p y r o l y s i s  i n d i c a t e s  a t ype  I V  kerogen w i t h  some 

t ype  I 1 1  m a t e r i a l  t o  account f o r  t h e  low oxygen index.  V isua l  kerogen 

analyses bear  t h i s  o u t  showing t h a t  woody m a t e r i a l  i s  p resen t  ano domi- 

na tes  i n  some samples. The zone i s  immature w i t h  ex t reme ly  poor source 

p o t e n t i a l  f o r  o i l  o r  gas. 

Zone C (1700-2615m): The t o p  o f  t h e  zone i s  cha rac te r i zed  by a red-brown 

c lays tone .  A da rke r  c l ays tone  i s  a l s o  p resen t  and i n c r e a s i n g  i n  propor-  

t i o n  t o  t h e  t o t a l  l i t h o l o g y  w i t h  depth. TOC values f o r  t h e  dark  c l a y -  

s tone a re  f a i r  t o  good th roughout  t h e  zone. A dark  brownish grey c l a y -  

s tone which appears a t  t h e  base o f  t h e  zone shows a good TOC (1.8%). 

The Rock-Eval p y r o l y s i s  r e s u l t s  i n d i c a t e  t y p e  I V  and t ype  I I I / I V  kero-  

gen. Th i s  i s  a l s o  e v i d e n t  f rom t h e  v i s u a l  kerogen analyses which i n d i -  

c a t e  ma in l y  t e r r e s t r i a l  m a t e r i a l .  The zone i s  immature t o  moderate ma- 

t u r e  and has poor source rock  p o t e n t i a l  f o r  o i l  o r  gas. 
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Zone D (2690-3155ml: The dominant l i t h o l o g y  i n  t h i s  zone i s  dark grey/- 

b lack  c laystone.  Varying amounts o f  sandstone are  present  w i t h i n  t h i s  

zone. Some coal  i s  observed near the base b u t  t h i s  may be an add i t i ve .  

TOC values a r e  good t o  r i c h  throughout t he  zone. The r i c h e s t  values a r e  

i n  t h e  b lack  c laystone between 2700m and 2915m. Most o f  the  zone conta ins  

type I V  o r  type I I I / I V  kerogen b u t  t he re  i s  zone between 2765-2885m where 

a  more hydrogen r i c h  type I 1 1  kerogen i s  present.  This  zone i s  immature 

t o  moderate mature w i t h  a  f a i r  t o  good p o t e n t i a l  f o r  gas. Some o f  t he  

samples i n  t h i s  zone appear t o  have been a f f e c t e d  by tu rbo  d r i l l i n g .  

Zone E  (3155-3470m) : The dominant l i tho logy  i n  t h i s  zone i s  a  grey b lack  

c laystone.  TOC values a re  c o n s i s t e n t l y  good throughout t he  zone. Rock- 

Eval r e s u l t s  i n d i c a t e  a  type I V  kerogen w i th ,  poss ib ly ,  some type I11 

inpu t .  Visual kerogen ana lys i s  i nd i ca tes  the  presence o f  abundant t e r -  

r e s t r i a l  ma te r i a l  and a l so  i n d i c a t e s  t h a t  h igh  temperatures du r ing  turbo-  

d r i l l  i n g  have a f f e c t e d  the  residues i n  t h i s  zone ( e s p e c i a l l y  samples a t  

3200/25m, 3260/75m, 3335/50m and 3380/95m) .Thi S zone i S moderately ma- 

t u r e  t o  mature and has a  poor p o t e n t i a l  f o r  o i l  o r  gas ( a t  t he  base the  

p o t e n t i a l  i s  poor t o  f a i r ) .  
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TABLE NO,: 2 

TOC 
I 

Lithology 

90% 

10% 

95% 

5% 

90% 

10% 

%.am. 

95% 

5% 

85 % 

5% 

10% 

Sm. am. 

55% 

35% 

10% 

Fine sand t o  gravel, subrounded and 
rounded, some subangular and angular. 
The sand' consists mainly of quartz, 
while the coarser parts are  composed of 
gneisses with quartz, muscovite, 
feldspar,  ch lor i te ,  e t c ,  and sedimen- 
tary rocks such as glauconi t i c  clayey 
sandstones, chert ,  s ide r i t e ,  claystones 
Shel 1 

Fine 
Shel 1 

Fine 

fragments 

sand t o  gravel', as above 
fragments 

sand to gravel as above b u t  with 
a decrease in grain s i ze  
Shell fragments and foraminifera 
Pyrite;  Mica, ?additive 

Fine sand to gravel consisting mainly 
of quartz and gneiss fragments 
Shel 1 fragments 

Fine sand t o  gravel, as above 
Claystone, grey - olive grey, 
occasionally s l ight ly  s i l t y ,  sandy, mic- 
romicaceous, very s l ight ly  calcareous 
Shel 1 fragments 
Pyrite 

Cement 
Claystone, olive grey - green, sandy, 
very f ine ,  subangular 
Rock fragments and quartz 



Sample TOC Lithology 

55% 

25% 

15% 

5 % 

Sm.am. 

20% 

30% 

30% 

5 % 
10% 

Sm. am. 

15% 

10% 

50% 

20% 

5 % 

Sm. am. 

Sand, quartz, c lear ,  white, f ine  - 
coarse, mainly subrounded - rounded 

Claystone, olive grey - green, sandy, 
micaceous, calcareous, occasionally pyri 
t i c  
Shell fragments and foraminifera 
Rock fragments 
Pyrite 

Cement 
Sand, quartz, coarse - very coarse, 
subrounded, some stained, green by 
Glauconite, minor amounts of f ine  sub- 
angular quartz 
Claystone, olive green, as above 
Shell fragments, rounded 
Glauconite 
Glauconitic Sandstone, (brownish), 
olive grey, clayey, pyr i t ic  i n  parts 

Cement 
Sand, quartz, coarse, very coarse, 
subrounded 
Claystone, olive - olive grey, sandy, 
micaceous, calcareous, occasional ly  
s l  ightly glauconi t i c  
Sandstone, glauconitic, brownish grey, 
argillaceous, pyr i t ic ,  calcareous - 
s l  ightly calcareous 
Glauconi t e  
She1 1 fragments 



Sample Depth 
(m) 

-- 

Lithology 

95% 

5% 

Sm. am. 

65% 

25% 

10% 

Sm. am. 

20% 

80% 

Sm. am. 

95% 

5% 

Sm. am. 

Claystone, l i g h t  brownish grey - o l i v e  

grey, s l  i g h t l y  micromicaceous, p a r t l y  

sandy, p a r t l y  g l a u c o n i t i c  ( s l i g h t l y ) ,  

abundant sponge sp i cu les  

Sand, quartz,  coarse, very coarse 

granules, medium, f i n e ,  most ly  sub- 

rounded 

Claystone, brown - dark brown, 

sandy, micaceous, sponge sp icu les ;  

~ l a u c o n i  t e  

Claystone, l i g h t  o l i v e  brown, 

occas iona l l y  s l i g h t l y  sandy, micro-  

micaceous, non-calcareous 

Claystone, brownish grey, 

micromicaceous, p a r t l y  s u b f i s s i l e ,  non 

calcareous 

Sand, quar tz ,  f i n e  - medium 

subr,ounded, rounded 

P y r i t e  

Claystone, l i g h t  o l i v e  brown, as 

above, occas iona l ly  w i t h  s l i ckens ides  

Claystone, brownish grey, as above, 

non calcareous 

Sand, as above 

Claystone, dark greenish grey, grey, 

micromicaceous, non-calcareous, occasio- 

na l  l y  s l  i g h t l y  p y r i t i c ,  p a r t l y  s u b f i s s i l  

Claystone, l i g h t  o l i v e  brown, as above 

Sand, as above 



Sample 

- 

Lithology 

95% 

3 % 

2 % 

Sm.am. 

97% 

2% 
1 % 

Sm.am. 

100% 

Sm. am. 

100% 

Sm.am. 

Claystone, dark greenish grey, a s  

above 

Sand, quartz,  c l e a r ,  medium - coarse, 

f i ne ,  rounded 

Claystone, l i g h t  o l ive  brown 

Glauconite; Claystone, green - dark 

green 

Claystone, dark greenish grey - 
brownish grey, as  above, but becoming 

par t ly  waxy 

Cl aystone , 1 i ght brown 

Sand, a s  above 

Claystone, dark green; ?S ider i t e ,  

s i d e r i t i c  Claystone, brown, hard 

Claystone, dark grey - dark greenish 

grey, occasionally brownish grey, some 

waxy, f i s s i l e  - s u b f i s s i l e ,  ( a s  1490- 

l52Om) 

Sand; Claystone, l i g h t  brown; S ider i t e  

Claystone, dark grey - greenish grey, 

s l i g h t l y  micromicaceous, non calcareous; 

f i s s i l e  - sub f i s s i l e  

Claystone, l i g h t  brownish white, 

s l  ight ly  calcareous 



TABLE NO.: 2 
WELL NO.: 34110-17 

Sample Depth 
(d 

1670-1700 

A l l  1 - h l K  

TOC Lithology 

claystone, dark grey - greenish grey, 
as above 
Sand/Sandstone, quartz, c lear ,  
medium, coarse, subangular - sub- 
rounded, occas ionall y cemented by 
Pyrite; Sideri te ,  brown 

Claystone, dark greyish green, dark 
grey, dark green, s l  ightly micromi- 
caceous, some waxy i n  par t s  subf iss i le  
- f i s s i l e  
Claystone, red-brown, brown, s l ight ly  
micrornicaceous, calcareous, subf iss i le  
Claystone, bluish, tuffaceous; Sideri te  

Claystone, dark grey, dark greenish 
grey, grey, greyish black, occasional ly 
mottled and tuffaceous 
Claystone, red-brown, non to  s l ight ly  
calcareous, otherwise as above 

Claystone, l i gh t  greenish grey, 
s l  ightly micaceous, non calcareous, sub- 
f i s s i l e  
Claystone, dark grey, dark green - 
grey, as above 
Claystone, red-brown, as above 



TOC 

(5% 

85% 

Sm.am. 

95% 

3% 

2 % 

Sm.am. 

80% 

20% 

Sm. am. 

80% 

15% 

5 % 

Sm.am. 

Cement 

Claystone, grey - dark greenish grey, 

grey, greenish grey, occas iona l l y  t u f f a -  

ceous 

Sandstone, very f i n e  - f i n e ,  

subangular, a rg i l l aceous ,  micaceous; 

Coal, l i g n i t e ,  ?add i t i ve ;  Sand, quar tz ,  

medium subrounded 

Claystone, dark greenish grey, grey, 

occas iona l l y  dark greenish brown, micro- 

micaceous, tu f faceous i n  p a r t s  

Sandstone/Sand, medium, f i n e ,  

subrounded, subangular 

Coal 

She1 1 fragments 

some s t a i n i n g  on fragments 

Claystone, dark greenish grey, 

m i  cromi caceous , f i ss i 1 e, very contami - 
nated 

Coal / L i g n i  te,  ? a d d i t i v e  

Limestone, l i g h t  brown; Sand, quar tz ,  

medium, subrounded; Sandstone,  fine,^ 

a r g i  11 aceous 

Claystone, dark greenish grey - 
greenish grey, s u b f i s s i l e ,  as above 

Claystone, grey, sandy, s i l t y ,  very 

f i n e ,  g l  auconi t i c  i n  pa r t s ,  calcareous, 

occas iona l ly  marly,  micaceous 

Limestone, l i g h t  brownish wh i te  

as above 



nQA / I  l s h  17 

- 

TOC Lithology 

60% 

38% 

2 % 

Sm. am. 

Trace 

100% 

100% 

Sm.am. 

100% 

90% 

10% 

Sm. am. 

Claystone, greenish grey, as above, 

occas iona l l y  calcareous 

Claystone, grey, s l i g h t l y  greenish, 

sandy, occas iona l l y  g l a u c o n i t i c ,  very 

calcareous - calcareous, as above 

L i g n i t e ,  ? a d d i t i v e  

Limestone, l i g h t  brown 

Sand, quar tz ,  medium subrounded 

contaminated fragments 

Claystone, grey, s l i g h t l y  greenish 

grey, sandy i n  pa r t s ,  calcareous, micro-  

m i  caceous 

Abundant Coal /L igni  t e  as above, some 

contaminat ion 

Claystone, grey, calcareous, as above 

as above, some s t a i n i n g  

Claystone, grey, as above 

C l  aystone, dark greenish grey, 

s l i g h t l y  rnicromicaceous, f i s s i l e ,  non 

calcareous 

L ign i te /Coa l ,  ? a d d i t i v e  

Sandstone, very f i n e ,  a rg i l laceous;  

S i d e r i  t i c  C l  aystone, brown ; Claystone, 

red-brown, Abundant s t a i n i n g  



TABLE NO.: 2 
WELL NO.: 34110-17 

Sample Lithology 

95% Claystone, greenish grey, 

micromicaceous, non - very s l  i g h t l y  

calcareous, f i s s i l e  

3% S i d e r i t i c  Claystone, brown - l i g h t  

brown, hard 

2% Coa l / l  i g n i t e ,  as above 

Sm.am. Claystone, red-brown; P y r i t e ,  some 

s t a i n i n g  

99% Claystone, grey, as above 

1% S i d e r i t i c  Claystone, l i g h t  brown - as 

above 

Sm.am. Coal /L igni te;  Claystone, red-brown, 

some s t a i n i n g  

96% Claystone, grey, greenish grey, as 

above 

4% Coal /L igni  t e  

Srn.am. S i d e r i t i c  Claystone, l i g h t  brown - 
browq, abundant s t a i n i n g  

97% Claystone, grey - greenish grey, as 

above 

3% Coa l /L ign i te  

Sm.am. S i d e r i t i c  Claystone, as above, 

Marl/Limestone, l i g h t  brown; Sand- 

stone, g rey ish  whi te,  g l a u c o n i t i c  

100% Claystone, grey, as above 

Sm.am. S i d e r i t i c  Claystone; Claystone, 

red-brown; Coa l /L ign i te  

Only s l i g h t l y  s ta ined  



TABLE NO.: 2 
WELL NO.: 34/10-17 

TOC 

-- 

Lithology 

93% 
5% 

1% 
1 % 

Sm.am. 

93% 

7 % 

Sm. am. 
Trace 

65% 
35% 
Sm.am. 

80% 

10% 

10% 
Sm. am. 

Claystone, grey as above 
Sandstone, white, very fine - silty, 
argillaceous, subangular, glauconitic, 
occasional ly mi caceous and carbona- 
ceous 
Sideritic Claystone, 1 ight brown 
Coal/Lignite 
Claystone, red-brown; Pyrite, some 
staining 

Claystone, grey, as above, 
occasional ly sandy, getting occasional l j  

1 ami nated 
Sandstone, greyish white 
Sideritic Claystone, Coal/Lignite ' 

Sand, quartz, medium, well rounded 
Some staining 

Claystone, grey, as above 
Sandstone, greyish white, as above 
as above, Claystone, red-brown 
Some staining 

Claystone, grey (slightly greenish), 
silty and sandy in parts, very fine, 
micromicaceous 
Sandstone, greyish white, very fine, 
si 1 ty, argi 1 laceous, glauconi tic, occa- 
sional ly slightly pyritic, calcareous 
Ligni te/Coal , ?additive 
As above 
Very abundant stai lli ng 



Sample Oepth 
(m) 

TOC Lithology 

85% 

14% 

1 % 

Sm.am. 

61% 

30% 

3% 

5% 

1% 

Sm.am. 

60% 

20% 

20% 

Sm. am. 

Claystone, grey, as above 

Sandstone, g rey i sh  whi te,  as above 

S i d e r i t i c  Claystone, l i g h t  brown 

As above 

Some s t a i n i n g  

Claystone, grey, as above 

Claystone, dark brownish grey, 

micromi caceous, f i s s i  1 e, occasional l y  

some waxy 

Sandstone, g rey i sh  white, as. above 

Marl  , 1 i g h t  brown 

S i d e r i t i c  Claystone, 1 i g h t  brown 

Claystone, red-brown; Coa l /L ign i te  

( a d d i t i v e )  

Some s t a i n i n g  

Claystone, dark grey - black,  

brownish b lack,  rnicromicaceous - mica- 

ceous , carbonaceous, p a r t l y  coaly, p y r i -  

t i c  i n  par ts ,  s u b f i s s i l e  

Claystone, grey, l i g h t  brownish grey - 
white, occasional l y  mar ly  

Sand, quartz,  f i n e  - coarse, 

subangul a r  - subrounded 

coal ,  mica, claystone, brownish b lack,  

deformed fragments 

Abundant s t e e l  fragments, Some 

s t a i n i n g  of c u t t i n g s  



Sample Depth 
(d TOC 

3.73 

5.12 

5.30 

5.30 

4.69 

75% 

15% 

10% 

Sm.am. 

85% 

15% 

Sm. am. 

50% 

45% 

5% 

55% 

35% 

5% 

5% 

Sm.am. 

Claystone, dark grey - black, as 

above 

C l  aystone, dark brownish b lack,  o f t e n  

as rounded fragments, s o f t  

Claystone, grey, 1 i g h t  brownish grey 

Coal ; Sand 

Abundant s t e e l  fragments 

Claystone, dark g rey i sh  black, 

micrornicaceous, micaceous, carbona- 

ceous, as above 

Claystone, grey, l i g h t  brownish grey, 

non calcareous - mar ly  

Sand; Claystone, brownish b lack;  

Claystone, red-brown, Nut s h e l l s ,  abun- 

dant  s t e e l  fragments 

Claystone, dark grey - grey ish  b lack  

as above, occas iona l ly  s i l t y  

Claystone, brownish 'black, deformed 

fragments 

Cement 

Claystone, dark grey - g rey i sh  b lack  

as above 

C l  aystone (undercl  ay)  , grey ish  brown 

- brown, waxy, carbonaceous 

Coal, associated w i t h  the  underclay 

Cement 

Sand 

Abundant s tee l  fragments 



Depth 
(m) 

TOC 

Claystone, dark grey - g rey i sh  b lack,  

as above 

C1 aystone, pa1 e brownish grey, waxy 

Claystone, brownish b lack  

Sand, f i n e  - medium, subangular - f 

subrounded 

Coal; Cement; Nut s h e l l s  

Abundant s tee l  fragments 

Claystone, dark grey - g rey i sh  b lack,  

as above 

Claystone, brownish black, rounded 

fragments 

Add i t i ve ,  g rey ish  white, wh i te  

L i g h t  brownish, occas iona l ly  calcareous 

Claystone, dark grey - g rey i sh  b lack,  

rnicromicaceous - micaceous, carbona- 

ceous, p y r i t i c ,  s u b f i s s i l e ,  as above 

Claystone, pa le  brown - pa le  g rey i sh  

brown, waxy, occasional l y  carbonaceous 

Coal 

Cement 

Sand; P y r i t e ;  Pipe dope; Mica 

Abundant s tee l  fragments 

non 1 1  1-1.. 1 1  9 



WELL NO.: 34/1O-17 

Sample TOC 

11.26 

Lithology 

65% 

25% 

5 % 

5 % 

Sm.am. 

65% 

25% 

6 % 

4% 

Sm. am. 

90% 

5 % 

5 % 

Sm. am. 

Claystone, dark grey - black,  as 

above 

Claystone, brown - pa le  brown, 

brown-grey , waxy, carbonaceous 

Sand, quar tz ,  f i n e ,  medium, coarse, 

subangul ar ,  angular,  subrounded 

Coa 1 

Abundant s tee l  fragments 

Nut s h e l l ;  Mica; Pipe dope 

Claystone, dark grey - black, as 

above 

C l  aystone, pa le  brown - brown-grey, 

waxy, as above 

Coal 

Cement 

as above, Sand 

Abundant s tee l  fragments 

C l  aystone, dark g rey i sh  b lack,  

micromicaceous, micaceous, s i  1 t y  , car-  

bonaceous, p y r i t i c ,  s u b f i s s i l e  

Claystone, l i g h t  brown, grey, greenish 

grey, waxy 
Cernen t 

Coal ; Steel  fragments; Mica; some 

contaminat ion 

S t a i n i n g  on fragments 



WELL NOe: 34/1O-17 

Sample Lithology 

85% Cl aystone, dark grey - greyish .black, 

as above 

10% Claystone, grey - dark grey, waxy 

5% Cement 

Abundant steel fragments 

Sm.am. Coal; Sand; Mica; Pipe dope 

35% Claystone, dark grey - greyish black 

as above 

50% Claystone, greyish brown, brown, 

grey, dark grey, waxy 

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

cal careous 

5% Cement 

Sm. am. As above 

Abundant s teel  fragments, 

The li thologies are becoming altered by 

turbodri 11 ing 

40% Claystone, dark grey - greyish black, 

as above 

20% Cl aystone, brown, brown-grey , waxy 

3% Sandstone, very f ine ,  angular 

22% Turbodrill -affected 1 i thologies 

5% Cement 
Sm.am. Sand; Coal ; Mica; s teel  fragments 

20% Claystone, dark grey - greyish black, 

as above 

25% Claystone, brown, grey, waxy 

55% Turbodri 11 -affected 1 i tho1 ogies 

Sm. am. Sand/Sandstone; Si 1 ty 

Cl aystone/Si 1 tstone , grey; Cement; 

Pyrite; Steel fragments 



I Litholoay and TABLE NO.: 2 

[ Total Organid Carbon measuremants WELL -..-A NO.: 3a10-17 

Sampla 

- 

TOC Lithology 

25% 

15% 

60% 

Sm.am. 

40% 

5 % 

5% 

45% 

5% 

%.am. 

85% 

10% 

5% 

Sm. am. 

Claystone, dark grey - g rey i sh  b lack,  

occasional l y  s i  1 ty, as above 

Claystone, grey, brown-grey, waxy 

Turbodr i  11 -a f fec ted  1 i tho1 ogies, g rey is l  

wh i te  

As above, Pipe dope 

Claystone, dark g rey i sh  b1 ack, 1 ess 

micaceous than above, carbonaceous, 

p y r i t i c ,  s .ub f i ss i l e  

C l  aystone, brown-grey , waxy 

Claystone, l i g h t  brown, calcareous 

T u r b o d r i l l - a f f e c t e d  l i t h o l o g i e s ,  g rey is t  

wh i te  

Cement 

Sand, medium, f i n e ,  coarse 

Abundant s tee l  fragments 

Claystone, dark grey ish  b lack  

above 

Claystone, brown, brown-grey, 

Cement 

Claystone, greenish grey; Coa 

Sand; Claystone, red-brown; P 

Steel  fragments 

as 

waxy 

; Mica; 

pe dope; 



Sample TOC Lithology 

85% 

5 % 

3 % 

2% 

5% 

Sm. am. 

60% 

25% 

5% 

10% 

Sm. am. 

Claystone, dark greyish black, s i l t y ,  

occasionally s l i g h t l y  sandy, micromica- 

ceous, micaceous, carbonaceous, subfis-  

s i l e ,  a s  above 

Sandstone, f i ne ,  subangul a r ,  

argi l laceous  and carbonaceous in par t s ,  

very s l  ight ly  glauconi t i c  

Sand, medium, subangular, 

subrounded, some rounded 

Cl aystone, greenish grey 

Kaol in? , mud addi t ive  

Cement; Pyri te;  Coal ; Steel fragments; 

Mica; Pipe dope 

Some s ta ining on cut t ings  

Claystone, dark greyish black, as  

above 

Sandstone, f i n e ,  subangular, s l i g h t l y  

glauconi t ic ,  micaceous, occasionally 

s l  igh t ly  ca1 careous, p y r i t i c  in par ts  

Sand, medium, coarse, f i n e ,  

subangular - subrounded 

Kaol i n  

Claystone, greenish grey, otherwise as  

above 

non 11 I -L I T C  



Lithology and TABLE NO.: 2 I 
IW [ Total Oiianic Carbon measurements WELL NO.: 34110-17 

TOC Lithology 

Claystone, dark greyish black, as  

above 

Sandstone, Sand, white as  above 

Kaol in 

Claystone, brownish grey, occasiona 

waxy 

Coal 

As above 

Some s ta in ing  of fragments 

Cement 
Claystone, dark greyish black, as  

above 

Sandstonelsand; Coal; Pyr i te  

Cement 

Cl aystone, grey, non micaceous , 
dis in tegra tes  in 10% HC1 

Coal 

Claystone, dark greyish black, 

micaceous, carbonaceous, pipe dope 

Cement 

Claystone, dark grey, micromicaceous, 

s l i g h t l y  carbonaceous in par t s ,  f i s s i l e  

Claystone, grey 

Coa 1 

N u t  s he l l s  

Cement 

Claystone, dark grey, as above 
Coa 1 

Sandstonelsand; Steel fragments 

Abundant s ta ining on fragments 



TABLE NO.: 2 
WELL NO.: 34/1O-17 

-- 

Sample TOC 

--- 

Lithology 

15% Cement 

80% Claystone, dark  grey, as above 

5% Mar l ,  l i g h t  brown, o c c a s i o n a l l y  s l i g h t l y  

carbonaceous 

Abundant Coal; S tee l  f ragments 

Sm.am. Sand; P y r i t e  

10% Cement 

70% Claystone, dark  grey, as above 

10% ~ a r l  / ~ l  aysetone, 1 i g h t  brown 

5% Coal 

Sm. am. C l  aystone, red-brown; Sand; P y r i t e  

Abundant s t e e l  f ragments and LCM 

Some s t a i n i n g  on fragments 

10% . Cement 

80% Claystone, dark  grey, as above 

5% Mar l  , 1 i g h t  brown-grey, ca lcareous 

5% Coal 

Sm.am. Sand; P y r i t e ;  S tee l  f ragments 

Some s t a i n i n g  

5% Cement 

95% Claystone, dark  g rey  - g rey i sh  b lack,  

micrornicaceous, some carbonaceous, 

f i s s i l e  - s u b f i s s i l e  

Sm.am. As above, Coal 

100% Claystone, dark  g rey  - g r e y i s h  b lack ,  

as above 

Sm.am. As above, Cement 

Some s t a i n i n g  on fragments 

n n n  11  I - L  11n  



Sample Lithology 

70% 

28% 

2% 

Sm. am. 

100% 

Sm.am. 

100% 

Sm. am. 

100% 

Sm. am. 

96% 

4 % 

Sm.am. 

95% 

5% 

Sm.am. 

100% 

Sm.am. 

C l  aystone, dark grey - g rey i sh ,  black, 

as above 

T u r b o d r i l l - a f f e c t e d  l i t h o l o g i e s ,  grey 

Sandstone, f i n e ,  angular - subangular 

As above 

Some s t a i n i n g  

Claystone, dark grey - g rey i sh  black, 

a f f e c t e d  by t u r b o d r i l l i n g  

Sandstone; Cement 

Some s t a i n i n g  on fragments 

Claystone as above 

As above 

Claystone, as above 

As above 

Abundant s t a i n i n g  

Claystone, as above 

Goal 

As above 

Claystone, as above 

Coal 

As above 

Claystone, as above 

As above p l u s  Coal 



WELL NO.: 34/10-17 

Sample TOC Lithology 

100% Claystone, as above 

Sm.am. As above 

100% Claystone, dark grey, some brownish, 

o therw ise  as above 

Sm.am. Coal; Cement 

100% Claystone, dark grey, as above 

Sm.am. As above 

95% Claystone, dark grey (brownish),  as 

above 

5% Cement 

Sm.am. Coal 

100% Claystone, dark grey, as above 

Sm.am. Coal; Cement; Sand 

97% Claystone, dark grey - g rey i sh  b lack  

3% Coal 

Sm.am. Cement; Sand 

Some s t a i n i n g  

100% Claystone, dark grey - g rey i sh  b lack,  

as above 

Sm.am. Coal; Cement 

100% Claystone, dark grey 

Sm.am. As above 



WELL NO.: 34/1O-1 

TOC Lithology. 

Claystone, dark grey - g rey i sh  black, 

s l i g h t l y  l e s s  a f f e c t e d  by t u r b o d r i l l i n g  

than t h e  samples above 

Claystone, dark grey - g rey i sh  b lack,  

as above 

Claystone, dark grey - g rey i sh  b lack,  

as above 

Claystone, brown, micromicaceous, 

f i s s i l e  

Claystone, dark grey - g rey i sh  b lack,  

as above 

Claystone, brown, as above 

P y r i t e  

Claystone, dark grey - brownish grey, 

p a r t i a l l y  a f fec ted  by t u r b o d r i l l i n g  

As above 

Sand, white, c l ea r ,  medium f i n e ,  

coarse, subangul a r  - angular 

Claystone, brownish grey - dark grey, 

rnicromicaceous , subf i s s i  1 e 

Sand, as above 

C l  aystone, as above, occasional l y  waxy 

Coal 
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TABLE NO.: 9 

IKU Visual Keroien Analysis WELL NO.: 34110-17 

Sample Depth 
(m) 

Am Amorphous 
He Herbacesus 
Cut Cuticles 

Composition of residue Particle 
size 

F-M 

F-lvl 

Preservation 
palynomorphs 

good 

good 

Thermal maturation 
index 

Remarks 

As above py r i t i c  aggregates 

but a f a r  s tronger influx of 

we1 1 preserved di  nof l age1 1 a t e s  

and reduction of cu t i c les .  The 
amorphous material seems more 

l i g h t  coloured. Traces of fung 

and faunal a c t i v i t y .  

As above 

Cy Cysts, algae 
P Pollen grains 
S Spores 

W Woody material 
C Coal 
R! Reworked 

F Fine 
M Medium 
L Large 



TABLE NO.: 9 

IKU . Visual Keroaen Analysis WELL NO.: 34110-17 

Sample Depth 
tm) 

Am Amorphous 
He Herbaceous 
Cut Cuticles 

Composition of residue 

W ,  P ,  S, WR!/Am, Cy 

W, C u t ,  P ,  S, WR!/Am, Cy 

Particle 
size 

F-M 

F-M-L 

Cy Cysts, algae 
P Pollen grains 
S Spores 

Preservation 
palynomorphs 

good 

good 

Thermal maturation 
index 

W Woody material 
C Coal 
R! Reworked 

Remarks 
- 

Pyri t ic  residue as above 

stronger tendency for  rounded 

aggregates of true sapropel 

and sapropelised material and 
with some acid resis tant  mine- 

r a l s  l e f t .  Bisaccate pollen 

dominates palynomorphs. Spores 

are  f a i r l y  common. 

Pyri t ic  irregular 1 oose 

aggregates of amorphous and 

sapropel i sed nlateri a1 embedd- 

ing pollen spores biodegraded 
thin cut ic les  and dinoflagel- 

l a t e  cysts. Increase of semi- 

fus in i te  and iner t in i te .  

F Fine 
M Medium 
L Large 



Sample 

I K I  

ABBREVATIONS 

TABLE NO.: 9 

Visual Keropen Analysis WELL NO.: 34/10-17 

Am Amorphous 
Me Herbaceous 
Cut Cuticles 

Composition of residue 

*W, WR!, P/Am, 

*My WR! 

*W, WR! 

Particle 
size 

F-M 

F-M 

F-M 

F-M 

Preservation 
paiynomorphs 

good t o  f a i r  

good 

f a i r  

f a i r  

Thermal maturation 
index 

Remarks 
-- 

*Sparse residue. L i g h t  coloured 

sapropel i sed  woody mater ia l ,  

grey amorphous aggregates some 

semi fus in i te ,  i n e r t i n i t e .  

*Sparse residue. Etched woody 

fragments and grey amorphous 

mater ia l .  

"Resembles 2030-2060m above. 

*Resembles 2030-2060m above. 

Loose aggregates o f  grey amor- 

phous mate r ia l  embed etched 

woody small p a r t i c l e s ,  cysts.  

Abundant p y r i t e .  

Cy Cysts, algae 
P Pollen grains 
S Spores 

W Woody material 
C Coal 
R! Reworked 

F Fine 
M Medium 
L Large 



TABLE 10.: 

IKU , Visual Kenien Analysis 
WELL NO.: 34110-17 

Sample 

ABBREVATIONS 

Am Amorphous 
He Herbaceous 
Cut Cuticles 

Composition of residue Particle 
size 

F-M 

F-M 

F-M 

Preservation 
~alvnomorohs 

f a i r  - good 

good t o  f a i r  

f a i r  

Thermal maturation 
index 

Remarks 

*As 

*As 

dom 

above. 

above, d i n o f l a g e l l a t e s  

i n a t e  palynoniorphs. 

M ix tu re  o f  grey amorphous 

aggregates and l i g h t  coloured 

amorphous mater ia l .  B e t t e r  

preserved woody ma te r ia l  (Re- 

worked coa ly  fragments) seems 

i ridi  genous . 

Cy Cysts, algae 
P Pollen grains 
S Spores 

W Woody material F Fine 
C Coal 
R! Reworked 

M Medium 
L Large 
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TABLE NO.: 9 

IKU . Visual Keropen Analysis WELL NO.: 34110-17 

Sample 

ABBREVATIONS 

Am Amorphous 
He Herbaceous 
Cut Cuticles 

Composition of residue 

W ,  WR!, P ,  S, C u t I A m ,  Cy 

W ,  WR!, C u t ,  P ,  SIAm, Cy 

W ,  C u t ,  kR!, P ,  S/Am, Cy 

Particle 
size 

F-M-L 

F-M-L 

F-M-L 

Preservation 

f a i r  

f a i r  

f a i r  - good 

Thermal maturation 
index 

Remarks 

Small aggregates of amorphous 

and strongly sapropel i sed wood 

embedding woody par t i c les .  

Cuticles,  pollen, spores and 

Nannoceratopses and other dino- 

f 1 age1 1 a tes  . We1 1 preserved 
I 

semifusinite.  Botryococcus. CD 
0 

I 

The sample looks normal compa- 

red w i t h  the interval  above. 

Strongly degraded remains , 
very 1 ight  col oured cu t i c l e s ,  

pol 1 en, spores - Botryococcus . 

C y Cysts, algae 
P Pollen grains 
S Spares 

W Woody material 
C Coal 
R! Reworked 

F Fine 
M Medium 
L Large 



TABLE NO.: 9 

IKU , Visual Karoien Analysis 
WELL NO.: 34/10-17 

Sample 

Am Amorphous 
He Herbaceous 
Cut Cuticles 

Composition of residue 

W ,  Cut, WR! , P, S/Am, Cy 

Am and W I W  

Am and W / W  

Particle 
size 

F-M-L 

F-M 

F-M 

good - f a i r  

Thermal maturation 
index 

Remarks 

As above b u t  r e l a t i v e  increase 

i n  l a r g e  s e m i f u s i n i t e / f u s i n i t e  

p a r t i c l e s .  i n  c u t i c l e s  and 

spores. 

P y r i t i c  res idue o f  dense grey , 
amorphous aggregates. Resin A a 

and good v i t r i r ~ i t e  fragments I 

as i f  der ived f rom a d i f f e r e n t  

l i t h o l o g y .  

P y r i t i c  residue. Grey amorphous 

o f t e n  rounded aggregates and 

dark woody fragments are  mixed 

w i t h  ma te r i a l  w i t h  1 i g h t  c o l  ou- 

red  we1 1 preserved p o l l e n  and 

spores. Rare Botryococcus. 

Cy Cysts,algae 
P Pollen grains 
S Spores 

W Woody material F Fine 
C Coal 
R! Reworked 

M Medium 
L Large 
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- 95 - IKU 

S a t u r a t e d  Hydrocarbon Gas Chromatograms 

a = nCI7 
b = p r i s t a n e  
c = phytane 

Squalane occurs  between nCC6 and nCZ7 
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RAW DRTR PLOT-CHANNEL G Box 1 o f  1 

A n a l y s i s  :0099A548251 Sample # :  1 I n j e c t  i o n  # :  1 
Sample Name :A-548Z,S,34/10-17,Al3 Maximum s i g n a l  ( % ) :  19 .29 
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P y r o l y s i s  Gas Chromatography 

T - Toluene 

X - Xylene 

N - Napthalene 

CIN - Methyl naphthalene 

The numbers a re  the  carbon number o f  t h e  n-alkanes 














































