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The sequence analysed (230-4042m) was d iv ided  i n t o  8 zones: 

Zone A;  230- 620m: Contains Q u a r t z ,  rock fragments and f o s s i l s  - no 
p o t e n t i a l .  

Zone 6; 620-1040m: Immature. Poss ib ly  con ta in s  migrated hydrocarbons. 
Zone C;  1040-2030111: Immature. F a i r  p o t e n t i a l  a s  a source  f o r  gas.  
Zone D ;  2030-2810111: Moderately mature.  Poor p o t e n t i a l  f o r  gas  only.  
Zone E;  2810-3020m: Moderately mature.  Poor p o t e n t i a l  f o r  gas.  
Zone F; 3020-3790m: Moderately mature/oi l  window. Top s e c t i o n  most 

promi s i n g  source  rock. 
Zone G ;  3790-40GOm: Top o i l  window ma tu r i t y .  F a i r  p o t e n t i a l  f o r  gas.  
Zone H ;  4000-4042m: F a i r  o rgan ic  con ten t .  Red c l ays tone  - ox id i sed?  
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The well ranges from immature a t  t h e  t op  t o  just wi th in  t h e  o i l  window a t  
t h e  base.  
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7 

The s e c t i o n  a t  t h e  t o p  of zone F appears  t o  have t h e  b e s t  source  rock poten- 
t i  a1 (3000-3200m dep th ) .  
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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 
chromatographical ly for  1 ight hydrocarbons. The resul t s  are shown in 

Table la .  The canned samples were washed w i t h  temperated water on 4, 

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

a t  35'~. 

Occluded Gas 

An a1 iquot of the 1-2  mrn fraction of each sample before drying was 

crushed in water using an a i r t i g h t  ball mil l ,  and one ml. of the head- 

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

The composite gas data are  a1 so plotted and shown in enclosure 1. 

Total Organic Carbon ( T O C )  

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

in a centrifugal mill. Aliquots of the samples were then weighed into 
Leco crucibles and treated with hot 2N HC1 to  remove carbonate and 

washed twice with d i s t i l l ed  water to  remove traces of HC1. The cruci- - > 

bles were then placed in a vacuum oven a t  5 0 ' ~  and evacuated t o  20 : 
*---.-1"-,_̂  - 

mm Hg for  12 hrs. The samples were then analysed on a Leco E C 12  

carbon analyser , to  determine the total  organic carbon ( T O C ) .  

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 fo r  extraction. Of the 

selected samples, approximately 100 gm of each was extracted in gf low 
-- /2 

through -sys&xem. (Radke e t  a1 , , 1978, Anal. Chem. 49, 663-665) fo r  10 
..- _ -I- 

min. using dichloromethane ( D C M )  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. Z 

.---.----. 



Activated copper f i l i ngs  were used to  remove any f ree  sulphur from the 

samples. 

After extraction, the solvent was removed on a Buchi Rotavapor and 

transferred to  a 50 ml flask. The r e s t  of the solvent was then removed 

and the amount of extractable organic matter (EOM) determined. 

Chromatographic Separation 

The extractable organic matter (EOFI)  was separated into saturated 

fract ion,  aromatic fraction and non  hydrocarbon fraction using a MPLC 

system with hexane as eluant (Radke e t  a1 . , Anal. Chem., 1980). The 

various fractions were evaporated on a Buchi Rotavapor and transferred 

to  glassvials and dried in a stream of nitrogen. The various resul ts  

are given in Tables 3-6, and in enclosure 3. 

Gas Chromatographic Analyses 

The saturated and aromatic hydrocarbon fractions were each diluted 

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

with a 25 m O V l O l  glass capillary column and an automatic injection 

system. Hydrogen (0.7 ml/min.) was used as car r ie r  gas and the injec- 

tion was performed in the s p l i t  mode (1:20). Ratios determined from 

the saturated hydrocarbon gas chromatograms are shown in table 7 ,  and 

in enclosure 4. 

Vi t r i n i  t e  Ref1 ectance 

Vi t r i n i  t e  reflectance measurements of the samples, taken a t  various 

intervals,  were done a t  IKU. The samples were mounted in Bakelite 

resin blocks; care being taken during the set t ing of the plast ic  to  

avoid temperatures in excess of 1 0 0 ~ ~ .  The samples were then ground, 

i n i t i a l l y  on a diamond lap followed by two grades of corundum paper. 

All grinding and subsequent polishing stages in the preparation were 

carried out using isopropyl alcohol as lubricant,  since water leads to  

the swelling and disintegration of the clay fraction of the samples. 

Polishing of the samples was performed on Selvyt cloths using three 

grades of alumina, 5/20, 3/50 and Gamma, followed by careful cleaning 

of the surface. 



Reflectance determinations were carr ied  out on a Leitz M.P.V. micro- 

photometer under o i l  immersion, R.I. 1.518 a t  a wavelength of 546 nm. 
The surface of the  polished block was searched by the  operator f o r  

su i t ab le  areas  of v i t r i n i t i c  material in the  sediment. The ref lec tance 

of the  organic pa r t i c l e  was determined r e l a t i v e  t o  opt ica l  g lass  

standards of known re f lec ta r~ce .  Where possible,  a minimum of twenty 

individual p a r t i c l e s  of v i t r i n i t e  was measured, although in many cases 

t h i s  number could not be achieved. 

The samples were a l so  analysed in U V  1 i gh t ,  and the colour of the 

f luorescing material determined. Below, a sca le  comparing the v i t -  

r i n i  t e  ref lec tance 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 . A V E R .  546 NM 1516 

% CARBON 
CONTENT DAF. 5 7 6 2 7 0 7 3 7 6 79 80.5 82.5 84 85.5 

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

EXC. 400 nrn 
BAR. 530 nm 

colour G GIy Y YI0 L.0 M.0, D . O .  O / R  R 

zone 1 2 3 4 5 6 7 8 9 

NOTE: Lipt in i  t e  N M  = Numerical measurements of overall  spore colour - 
and not peak fluorescence wavelength. 

Relationship between 1 i p t i n i  t e  fluorescence colour,  vi t r i n i t e  

ref lec tance and carbon content i s  var iable  with depositional 

environment and catagenic h is tory .  The above i s  only a guide. 

L ip t i n i t e  wil l  often appear t o  process t o  deep orange colour 

and then fade ra the r  than develop o r  O / R  red shade. Termination 

of fluorescence i s  a l so  variable.  



Processing of Samples and Evaluation of Visual Kerogen 

Crushed rock samples were treated with hydrochloric and hydrofl uoric 

acids t o  remove the mineral s .  A ser ies  of microscopic s l  ides contain 
strew mounts of the residue: 

T-slide represents the total  acid insoluble residue. 
N-sl ide represents a screened residue (15 IJ mesh). 

0-sl ide contains palynodebris remaining a f t e r  f lotat ion (ZnBr2) to  

remove heavy minerals. 

X-sl ides contain oxidized 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  closely related to  sample lithology. 

Screened or  oxidized residues are normally required to  concentrate the 

larger fragments, and to  study palynomorphs (pollen, spores and dino- 

f l  age1 l a t e s )  and cut icles  fo r  paleodating and col our 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 (par t ic les  >15 IJ) . 

The colour evaluation i s  based on colour tones of spores and pollen 

(preferably) with supporting evidence from colour tones of other types 

of kerogen (woody material , cut icles  and sapropel ) . These col ours are 

dependant upon the maturity, b u t  are a1 so influenced by the paleo- 

environment ( 1  i  tho1 ogy 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 Stapl in (1969) and 
Burgess ( 1974). 



In in te rpre ta t ion  of the maturity from the estimated colour indices we 

follow a general scheme t h a t  i s  ca l ibra ted against  v i t r i n i t e  ref lec-  

tance values (R,). 

Ro 0.45 0.6 0.9 1.0 1.3 

col our 2 - 2 2 -! 3 - 3 

i ndex 

Maturity Moderate Mature (oi  1 window) Condensate 
interval  s mature window 

Kock-Eva1 Pyrolysis  

100 mg crushed sample was p u t  in to  a platinum crucible  whose bottom 

and cover a r e  made of s in te red  s t e e l  and analysed on a Rock-Eva1 

pyrolyser . 

Py-GC 

20-30 mg of thermoextracted whole rock sample was programmed pyrolysed 

in he1 ium (260 '~  t o  520' a t  35O~/min. ) in a furnace type pyrolyzer. The 

out1 e t  of the  pyrolyzer was d i r e c t l y  connected t o  a spl i  t t e r  (30: 1) and 

a fused s i l i c a  cap i l l a ry  column. The pyrolysis  product was trapped in a 

cooled ( l i q .  Nitrogen) U-shaped section a t  the  f r on t  of the  column. 

The ou t l e t  of the  s p l i t t e r  was d i r e c t l y  connected t o  a FID detector  and 

the  course of the  pyrolysis  could be followed by the detector  response 

of the  bulk pyrolysis  product (30: 1) which was recorded as  a broad peak. 

A t  the  end of the  pyrolysis the  pyrolysis product was in jected on t o  

the  cap i l l a ry  column a t  ambient temperature (by removing the  nitrogen 

bath) and analysed under the  GC conditions given below. 

GC-condi t ions  

Column: 25m O V - 1 ,  I.D. 0.3 mm,  fused s i  

Carr ier  gas: He1 ium with i n l e t  pressure 

Oven programme: 40' - 270 '~  a t  4O~/min. 

l i c a  cap 

10 psi .  

i l l a r y  column. 

Flow; ca. 1.5. ml/min. 



RESULTS AND DISCUSSION 

On the basis of resul ts  from headspace and occluded gas analyses together 

with the l i thological description, the analysed sequence i s  divided into 

eight zones. This i s  done in order t o  f a c i l i t a t e  interpretation and fo r  

easier handling and comparison of resul ts .  There may be fur ther  subdivi- 

sions possible within some zones or a l ternat ively resul ts  from further  

analyses may be seen t o  be similar over zone boundaries and not follow 

the early pattern. 

The eight zones used here are: 

Zone A : 230- 620m 

Zone B : 620-1040m 

Zone C : 1040-2030m 

Zone D : 2030-2810m 

Zone E : 2810-3020m 

Zone F : 3020-3790111 

Zone G : 3790-4000m 

Zone H : 4000-4042m 

Light Hydrocarbon Analysis 

Zone A;  230-620m: This zone begins with a dominance of quartz together 

with varying b u t  minor amounts of chert ,  limestone, rock fragments and 

foss i l s .  The proportion of rock fragments shows a general increase with 

depth within the zone a t  the expense notably of the quartz. The l a s t  

sample in the zone consists almost exclusively of cement. The C1-C4 

hydrocarbons are completely dominated by methane with only four samples 

containing any other compounds (and th i s  i s  confined to  ethane and pro- 

pane). Total abundances of C1-C4 hydrocarbons f l  uctuate within the zone 

from poor (minimum 175ul/kg rock) to  rich (maximum 30030ul/kg rock], 

b u t  the majority are only poor to  f a i r .  Higher values may possibly be 

associated with higher proportions of rock fragments. No C5+ hydrocar- 

bons are detected in any of the samples. Apart from the f i r s t  sample 

the wetness of the zone i s  low or n i l .  The methane i s  probably immature 

biogenic gas. 



Zone B; 620-1040m: T h i s  zone con t inues  w i t h  v a r y i n g  p r o p o r t i o n s  o f  r o c k  

fragments and qua r t z  b u t  i s  d i s t i n g u i s h e d  by most samples c o n t a i n i n g  

va ry i ng  amounts o f  an 01 i ve -g rey  s i l t y  and sandy c l ays tone  (~ax imum 40%). 

Towards t h e  base o f  t h e  zone g l a u c o n i t e  i s  observed i n  cons iderab le  quan- 

t i t i e s .  

Again, th roughout  t h i s  zone t h e  C1-C4 hydrocarbons a r e  comple te ly  domina- 

t e d  by methane which i s  ve ry  abundant a t  t h e  t o p  o f  t h e  zone. There i s  

a sharp break i n  methane abundance t o  poor  l e v e l s  f rom 80011 t o  t h e  base 

o f  t h e  zone. T h i s  can be r e l a t e d  t o  a decreased con ten t  o f  b o t h  c l a y -  

s tone and r o c k  fragments b u t  t h e  r e l a t i o n s h i p s  may be c o i n c i d e n t a l .  

Zone C; 1040-2030m: The zone begins w i t h  samples composed a lmost  comple- 

t e l y  o f  01 i ve-grey micaceous c l  aystone. Th i s  i nc l udes  va r i ous  propor-  

t i o n s  o f  g reen ish  and brownish grey through t o  red-brown c l ays tone  b u t  

i t  i s  t h e  dominant o r  e x c l u s i v e  l i t h o l o g y  th roughout  t h e  zone. A t  1220- 

1250m, 15% o f  a b rown-o l i ve  g rey  s i l t y  sha le  i s  recorded b u t  i t  appears 

t o  have no e f f e c t  on t h e  l i g h t  hydrocarbon abundances. 

Apa r t  f rom one sample ( 1100-1130m) t h e  abundance o f  C1-C4 hydrocarbons 

i s  poor  th roughout  t h e  zone and i s  a lmost  e x c l u s i v e l y  ( b i ogen i c? )  meth- 

ane except  f o r  t h e  l a s t  sample (2000-2030m) which con ta ins  C1-C4 hydro- 

carbons i n  m inor  amounts and has t h e  f i r s t  occurrence o f  C5+ (which 

i s  a l s o  g r e a t e r  than t h e  methane). Wetness i s  o n l y  recorded towards t h e  

base o f  t h e  zone and i s  low. 

Zone D; 2030-2810m: The c l ays tone  con t inues  as t he  dominant l i t h o l o g y  

throughout  t h i s  zone. I t  i s  o l i v e  grey, g reen ish  grey t o  p a l e  brown/red- 

brown. Traces o f  coa l  a re  o c c a s i o n a l l y  assoc ia ted  w i t h  i t .  Towards t h e  

base o f  t h e  zone t h e  c l ays tone  becomes more s i l t y  and a s i l  t s t o n e  i s  

a l s o  recorded (up t o  15%). 

I n  t h i s  zone methane i s  no l o n g e r  as dominant among t h e  l i g h t  hydrocar-  

bons. I n i t i a l l y ,  abundances o f  C1-C4 hydrocarbons a r e  poor  b u t  f r om 

2210m t h i s  inc reases  t o  f a i r  and remains so th roughout  t h e  zone w i t h  t h e  

l a s t  sample hav ing  r i c h  abundances. There i s  a more s i g n i f i c a n t  produc- 

t i o n  o f  C2-C4 and C5+ hydrocarbons i n  t h i s  zone and a general  i nc redse  

i s  seen i n  bo th  abundance o f  C1-C4 hydrocarbons and i n  t h e  wetness 

va lues w i t h  depth.  C5+ compounds show a l e s s  marked i nc rease  w i t h  depth 

f r om poor t o  f a i r  abundances. i C  /nC4 r a t i o s  can be c a l c u l a t e d  i n  t h i s  
4 



zone for  the f i r s t  time in the well. These values are moderate to  high 

which could indicate biodegradation in t h i s  zone. 

Zone E; 2810-3020m: Zone E continues with total  dominance of the more 

or less  s i l t y  claystone as in the zone above. From 2960m traces of coal 

(5%) and shale (3%) are found. 

Abundances of C1-C4 hydrocarbons f luctuate  wildly within th i s  zone 

b u t  are general 1y higher than in zone D .  The wetness values ( a f t e r  a 

decrease from zone D seen in the f i r s t  sample) show a c lear  increase 

within depth apart from the sample from 2960-2990111 b u t  t h i s  i s  s t i l l  

high. iC4/nC4 rat ios  are  s t i l l  high and increased from zone D and 

may show a trend to  increase with depth indicating s t i l l  possible bio- 

degradation. C5+ abundances are  low throughout the zone. 

Zone F ;  3020-3790m: This zone begins with a dominance of black to  dark 

01 ive-grey shale/claystone, shale and coal. The proportion of th i s  black 

carbonaceous claystone/shale decreases to  25% a t  3460-3490111 where olive 

grey, dark olive grey and grey claystone becomes dominant. (The sequence 
3140-3460m i s  missing). A t  3550-3580111 there i s  a s ignif icant  input of 

quartz again b u t  as th i s  in such abundances here i s  an isolated case i t  

may be caved from the upper zones. From 3580m t o  the base of the zone, 

turbodrilled claystone dominates the samples. 

I t  i s  d i f f i c u l t  t o  follow trends in the l igh t  hydrocarbon abundances 

with such a large section of the zone missing. However, there i s  a gene- 

ral increase in C1-C4 abundances compared to  zone E and a l l  of the 

values are  high. 

Apart from the l a s t  sarnple (3760-3790m) wetness values show a general 

decrease with depth throughout the zone. iC4/nC4 rat ios  are low and 

very consistent which could indicate immaturity and a lack of biodegra- 

dation. C5+ values are increased from zone E and are  f a i r  t o  good throu- 

ghout. 

Zone G ;  3790-4000m: In th i s  zone quartz again dominates the samples b u t  

a t  the top there i s  also dark grey claystone (no signs of turbodril l ing) 

and coal / l igni te  recorded. This generally decreases in the zone and the 

mi nor cl aystone appears turbodri 11 ed ( t h i s  may be caved). 



Light  hydrocarbons a r e  very abundant and a r e  higher  than i n  zone F bu t  
t h e  C1-C4 show a decrease with depth (though s t i l l  remaining h igh) .  
C5+ abundances a r e  gene ra l ly  high. Wetness values f l u c t u a t e  but  f i n i s h  
s l i g h t l y  h igher  a t  t h e  bottom than a t  t h e  top .  iC4/nC4 r a t i o s  remain 
cons tan t .  

Zone H ;  4000-4042m: This zone i s  very narrow and i s  represented  by two 
samples only in  which red-brown and grey c l ays tone  dominates. 

This  zone shows a decrease  i n  C1-C4 hydrocarbons i n  t h e  two samples 
which have f a i r  and good abundances. C5+ abundances a r e  f a i r  and good. 
Wetness i nc reases  with depth whilst t h e  iC4/nC4 r a t i o  is  cons tan t .  



Total Organic Carbon 

Zone A;  230-620m: Due t o  the  l i thology present no samples from t h i s  zone 

were analysed f o r  t o t a l  organic carbon content. 

Zone B ;  620-1040m: Five samples from t h i s  zone were analysed. These were 

a l l  taken from the  olive-grey o r  olive-brown s i l t y  claystone component 

which comprised from 5% to  40% of the samples. The samples a l l  have good 

t o  r ich organic carbon contents and a f t e r  an increase between the  f i r s t  

and second samples there  i s  an overall  decrease with depth. 

Zone C ;  1040-2030m: The zone begins with a r ich  claystone (TOC=2.48%) 

s imi la r  t o  those i n  the  zone above. After t h i s  the  values begin t o  de- 

crease t o  good and then t o  f a i r .  The change from good t o  f a i r  may be 

associated with a change from olive-grey claystones t o  a more brownish 

grey var ie ty .  Below 1500m the  values a r e  only f a i r  and f l uc tua t e  s l i g h t -  

l y  but may show a minor increase w i t h  depth. 

Zone D;  2030-2810m: The l i thology in t h i s  zone i s  f a i r l y  consis tent  

(olive-grey t o  greenish grey, occasionally red-brown claystone) with an 

increase i n  s i l t  content with depth. Within the claystone there  i s  a 

s l i g h t  increase in organic carbon content w i t h  depth though a l l  values 

a r e  only c l a s s i f i e d  as  f a i r .  The s i l t s t o n e  a t  2660-2690m has a poor t o  

f a i r  content. 

Zone E ;  2810-3020m: There i s  an i n i t i a l  decrease in organic carbon con- 

t e n t  on enter ing t h i s  zone but then the  values r i s e  t o  a maximum 1.12% 

a t  2900-2930111. From here the  values decrease again s t e ad i l y  t o  0.65% a t  

the  base. The l i thology i s  o l ive  grey t o  grey throughout and the organic 

contents a r e  f a i r  t o  good. 

Zone F ;  3020-3790111: This zone contains more shal e/bl ack carbonaceous 

claystone l i tho log ies  a t  the top but i s  turbo d r i l l e d  and more var iable  

a t  the  base. The top shale samples have r ich  organic carbon contents 

b u t  the highest  value (37.84% a t  3080-3110m) i s  probably contaminated 

by coal as may be the  o l ive  grey claystone a t  t h i s  depth as  in a TOC of 

4.70% i s  much higher than other  samples of t h i s  l i thology.  A more accept- 

able value f o r  t h i s  1 ithology i s  found in the  sample 3110-3140m (0.55%). 



After  the  gap in  the  sequence t h e  dark grey t o  black c lays tone  i s  present  

f o r  only one sample 3460-3490m and s t i l l  has a r i c h  organic carbon con- 

t e n t .  The 01 ive  grey c lays tone  here again has values s i m i l a r  t o  those 

found above f o r  t h i s  l i t ho logy .  From 3490m t o  3580111 the  o l i v e  grey and 

l i g h t  grey c lays tone  has r i c h  organic carbon contents .  Below t h i s  t h e  

cl  aystone appears turbodri  11 ed and where taken t h e  t o t a l  organic carbon 

values a r e  lower but s t i l l  good o r  f a i r .  

Zone G ;  3790-4000m: In t h i s  zone another  c lays tone  i s  introduced. This  

i s  dark grey and f i s s i l e  and has r i ch  organic carbon contents  (2.18% t o  

3.45% TOC) . 

Zone H ;  4000-4042m: Only one of t h e  two samples in t h i s  zone was analysed 

f o r  t o t a l  organic carbon. This i s  a mixed claystone possibly a f fec ted  

by t u r b o d r i l l i n g  and i t  has only a f a i r  organic carbon content  (0.75%). 



Extraction and Chromatographic Separation 

Zone A;  230-620m: No samples from th i s  zone were extracted. 

Zone B ;  620-1040m: One sample from th i s  zone was analysed (M-3956, 

620-650m). The grey t o  01 i ve-grey cl aystone with a TOC of 1.65% was ex- 

tracted and has a good extractabil  i t y  of organic material re lat ive to  

rock extracted b u t  only a f a i r  ex t rac tabi l i ty  when th i s  i s  normalized 

to  organic carbon. The same pattern i s  seen for  the extractable hydro- 

carbons fraction. There i s  a higher content of extractable non-hydrocar- 

bons than of extractable hydrocarbons and th i s  i s  often the case with 

immature samples. The ra t io  of saturates to  aromatics i s  high in t h i s  

The gas chromatogram of the saturated hydrocarbons shows a bimodal dis- 

tr ibution dominated by the lower molecular weight end (nc18 i s  the 

dominant component). This part  of the chromatogram shows a smooth dis-  

tr ibution and could be due to  contaminants from the d r i l l i ng  mud (a l -  

though th i s  usual ly peaks a t  lower carbon numbers) or f ree  (migrated?) 

hydrocarbons in the sample. The Rock-Eva1 production index i s  moderate 

to  high and could imply migrated hydrocarbons are present. The higher 

molecular weight end of the chromatogram shows a large envelope of un: 
resolved complex material together with the saturated hydrocarbon input 

from te r re s t r i a l  material. The CPI i s  moderate. The pristanelphytane 

r a t io  i s  similar to  tha t  found in immature samples and the unusual pre- 

sence of squal ane has a1 so often been associated with immature sediments. 

Squalane i s  believed to  be derived from squalene which can be abundant 

in bacteria. The squalene appears to  be bet ter  preserved where anaerobic 

conditions have prevailed and therefore in such environments the possi- 

b i l i t y  of squalene reduction to  squalane i s  greater. The abundance of 

pyrite and amorphous material as seen from transmitted l ight  analyses 

would support such a conclusion of anaerobic conditions . 

Zone C ;  1040-2030m: One sample from th i s  zone was extracted (A-3970, 

1040-1070m). This shows a rich abundance of extractable organic material 

in ppm of rock b u t  t h i s  i s  dramatically reduced to only a f a i r  extract-  

ab i l i t y  when normalised to  organic carbon. This can be due to  low ma- 

tu r i ty  of the sample. There i s  a f a r  ex t rac tabi l i ty  of hydrocarbons b u t  

t h i s  i s  poor when normal i sed to  organic carbon. There i s  a very high 



proport ion of e x t r a c t a b l e  non-hydrocarbons (83%) and t h i s  i s  another  

s ign of an immature sample. 

The gas chromatogram of t h e  sa tu ra t ed  hydrocarbons i s  t o  some ex ten t  s i -  

mi lar  t o  t h e  sample from zone B .  Again the  d i s t r i b u t i o n  i s  bimodal and 

nCl8 i s  dominant a t  t he  lower molecular weight end. There i s  not  t h e  

same prominent envelope of unresolved complex material  in  t h i s  sample. 

However, t h e  unusual presence of squalane in some abundance i s  again 

noted. The CPI i s  h i g h  and ind ica te s  immature samples. The p r i s t a n e  t o  

phytane r a t i o  i s  possibly more a f fec ted  by kerogen type than maturi ty.  

The lower molecular weight d i s t r i b u t i o n  i s  probably influenced by f r e e  

hydrocarbons. The higher molecular weight end s i g n i f i e s  the  input  of 

t e r r e s t r i a l  ma te r i a l .  

Zone D ;  2030-2810m: No samples from t h i s  zone were ex t rac ted .  

Zone E;  2810-3020m: One sample from t h i s  zone was ex t rac ted  (A-4031, 

2870-2900m). The sample has a f a i r  e x t r a c t a b i l i t y  which i s  a l s o  f a i r  

when normalised t o  organic carbon. The e x t r a c t a b i l i t y  of hydrocarbons 

i s  f a i r  f o r  A-4031 and remains f a i r  when normalised t o  organic carbon. 

This could be due t o  t h e  immature na ture  of t h e  sample (non-hydrocarbons 

again c o n s t i t u t e  a moderate t o  high proport ion of t h e  e x t r a c t a b l e  orga- 

n i c  matter  (56%) ind ica t ing  immaturity).  

The gas chromatogram of the  sa tu ra t ed  hydrocarbons shows a small unre- 

solved hump a t  t h e  higher molecular weight end and has ind ica t ions  of a 

t e r r e s t r i a l  input .  However, nCl8 i s  again t h e  dominant component and 

t h e  d i s t r i b u t i o n  i s  s i m i l a r  t o  those of samples above but with a few 

more lower molecular weight compounds. 

Zone F; 3020-3790m: Five samples from t h i s  zone were ex t rac ted  (A-4036, 

3020-3050m; A-4038, 3080-3110m; A-4039, 3110-3140m; A-4041, 3490-352Om; 

and A-4043, 3550-3580m). 

Sample A-4036 has a r i ch  e x t r a c t a b i l i t y  but t h i s  i s  only f a i r  when the  

value i s  normalised t o  organic carbon. In terms of e x t r a c t a b l e  hydrocar- 

bons the  value changes from good t o  f a i r  when normalised t o  organic ca r -  

bon, again an indica t ion  of an irnmaturelmoderately mature sample. The 

gas chromatogram of t h e  sa tu ra t ed  hydrocarbons has a maximum a t  nC15 

and does not  show the  same roundness of d i s t r i b u t i o n  of t h e  lower mole- 



cular weight end that  was found in samples above. This, together with a 
low Rock-Eva1 production index could indicate tha t  the pattern i s  due 

to  a more mixed kerogen nature rather than migrated hydrocarbons/conta- 

mination. The high pristane content could be indicative of t e r r e s t r i a l  

input or less  reducing conditions a t  the time of deposition. 

Sample A-4038 has a rich ex t rac tabi l i ty  b u t  t h i s  i s  dras t ica l ly  reduced 
when normalised to  the organic carbon content as for  immature samples. 

An even greater discrepancy i s  seen between the ex t r ac tab i l i t i e s  of hydro- 

carbons when quoted as ppm of rock and then normalised to  organic carbon. 

The extractable organic material shows an overwhelming dominance of non- 
hydrocarbons (89%) whi 1 s t  saturates greatly dominate over the aromatics 

fraction. The gas chromatogram of the saturated hydrocarbons shows a 

strong dominance of higher molecular weight compounds with a very high 

CPI (maximum a t  nC29) and a few geochemical fos s i l s .  This indicates 

immaturity/moderate maturity. The overall distribution and the pristane 

content indicates t e r r e s t r i a l  (coal?)  conditions. 

Sample A-4039 i s  almost identical t o  sample A-4036 in every respect ex- 
cept that  the CPI i s  s l ight ly  higher and the maximum i s  a t  nC29 and 
the overall picture indicates a more prominent t e r r e s t r i a l  input. 

Sample A-4041 i s  even more similar to  A-4036, the only difference being 

that  nC15 i s  the overall dominant peak here ( in  A-4036 pristane s l ight ly  
exceeded nC15). Also there i s  a s l ight ly  improved extractabi l i ty  of 

hydrocarbons as ppm of rock b u t  t h i s  i s  reduced when normalised to  orga- 

nic carbon. 

Sample A-4043 shows a good ext rac tabi l i ty  of organic material which i s  

reduced to  f a i r  when normal ised t o  organic carbon. This pattern i s  re- 

peated fo r  the extractable hydrocarbons. The gas chromatogram of the 

saturated hydrocarbons shows a smooth dis t r ibut ion of the lower molecu- 

l a r  weight compounds with a maximum a t  nC15 and w i t h  a  shoulder from 
nCZ3. This could indicate a mixed kerogen input b u t  the smoothness 
and distribution of the lower end may ref lec t  migrated hydrocarbons/con- 

tamination from d r i l l  ing mud additives. The presence of f ree  hydrocar- 
bons i s  not conclusively supported from from the Rock-Eva1 production 
index. 



Zone G ;  3790-4000m: Three samples from t h i s  zone were extracted (A-4051, 

3790-3820m; A-4052, 3820-3850 and A-4057, 3970-4000m). 

There i s  an increase in ex t rac tab le  organic material with depth in t h i s  

zone with A-4051 having a good/rich e x t r a c t a b i l i t y  and the  other two 

having increasingly r ich values. The same pattern i s  seen when the  values 

a r e  normalised t o  organic carbon although the  value f o r  A-4052 i s  reduced 

s l i gh t l y .  In terms of ex t rac tab le  hydrocarbons both A-4051 and A-4052 

have good e x t r a c t a b i l i t i e s  whi ls t  A-4057 i s  r ich.  In terms of the values 

when normalised t o  organic carbon the  f i r s t  two samples have f a i r  ex t rac t -  

a b i l i t i e s  and the  l a t t e r  good. 

The gas chromatograms of the  sa tura ted hydrocarbons a r e  s imi la r  f o r  a l l  

of the samples. These show a dominance of lower molecular weight com- 

pounds with a maximum a t  nCI5. Rock-Eva1 production indices do not indi-  

ca te  excessive f r e e  hydrocarbons and t h i s  i s  therefore possibly par t  of 

the  or ig inal  kerogen ( t he  samples here a r e  s l i g h t l y  more mature though 

only bordering on the  o i l  window and t h i s  may be expected). There i s  a 

shoulder of higher molecular weight compounds with a maximum a t  nCZ5 

i n  a l l  cases. The isoprenoid r a t i o s  a r e  s imi la r  f o r  a l l  of the samples 

and indicate  a t e r r e s t r i a l  input.  

Zone H ;  4000-4042111: No samples from t h i s  zone were extracted.  



Rock-Eva1 P y r o l y s i s  

Zone A; 230-620m: No samples f r om t h i s  zone were analysed. 

Zone B; 620-1040m: F i v e  samples f rom t h i s  zone were py ro l ysed  on a Rock- 

Eva1 ins t rument .  A l l  o f  t h e  samples were o l i v e  grey o r  brown c lays tones  

and a1 1 had good t o  r i c h  TOC's. A1 1 o f  t h e  samples have low Tmax va lues 

i n d i c a t i n g  immatur i t y .  Sample A-3962 (800-830m) has a very  1 ow T i a x  

(371) which i s  p robab ly  caused by bi tumens/asphaltenes. A p a r t  f rom t h e  

uppermost sample (A-3956, 620-650m) which shows some p e c u l i a r i t i e s  i n  

o t h e r  analyses and here has hydrogen and oxygen i n d i c e s  i n d i c a t i v e  o f  

t ype  I V  kerogen, t h e  samples appear t o  c o n t a i n  t ype  I 1 1  o r  mixed I I I / I V  

kerogen. Moderate ly  h i g h  p roduc t i on  i n d i c e s  i n d i c a t e  t h e  p o s s i b i l i t y  o f  

m ig ra ted  hydrocarbons p resen t  i n  t h e  samples - e s p e c i a l l y  t h e  t o p  t h ree .  

The pet ro leum p o t e n t i a l  as expressed by S1+S2 i s  v a r i a b l e  be ing  o n l y  

poor i n  t h e  uppermost sample b u t  f a i r  t o  good i n  t h e  r e s t .  Th i s  c o u l d  

be as a consequence o f  t h e  S1 peak i n d i c a t i n g  migrated/contaminant  

hydrocarbons e s p e c i a l l y  a t  t h i s  m a t u r i t y .  The p o t e n t i a l  would be f o r  

gas o n l y  due t o  t h e  kerogen t ype  i n d i c a t e d  here. 

Zone C; 1040-2030m: Seven samples f r om t h i s  zone were analysed. Again, 

low Tmax va lues  would i n d i c a t e  immature samples a l though A-3980 (1340- 

1370m) and A-3993 (1730-1760111) have such low values t h a t  t h e  parameter 

has p robab ly  been assessed on asphal tenes ( a n a l y s i s  i n  r e f l e c t e d  l i g h t  

i n d i c a t e s  t h e  dominance o f  b i tumens) .  The kerogen t ype  as de f i ned  by 

hydrogen and oxygen i n d i c e s  i s  somewhat v a r i a b l e .  The t o p  t h r e e  samples 

( f r om 1040 t o  1190m) i n d i c a t e  kerogen t ype  I 1 1  w h i l s t  t h e  two samples 

between 1220m and 1370111 have va lues more i n  t he  range o f  t ype  I V .  The 

sample a t  1430-1460m (A-3983) i n d i c a t e s  a t ype  I 1 1  o r  mixed I I I / I V  kero-  

gen and t h e  bot tom sample (A-3993, 1730-1760111) i s  aga in  more o f  a t ype  

I V .  P roduc t ion  i n d i c e s  a r e  moderate t o  h i g h  and a t  t h i s  m a t u r i t y  c o u l d  

i n d i c a t e  t h e  presence o f  m ig ra ted  hydrocarbons. Petroleum p o t e n t i a l s  

a l s o  vary  cons ide rab l y  and r e f l e c t  t h e  o rgan i c  type.  Tak ing accepted 

l e v e l s  f o r  poor, f a i r ,  good and r i c h  p o t e n t i a l s ,  t h e  t ype  I 1 1  kerogens 

de f i ned  here a l l  have f a i r  t o  good p o t e n t i a l s  w h i l s t  t h e  more t ype  I V  

kerogens show poor p o t e n t i a l s .  In a l l  cases t h i s  would be f o r  gas. 



Zone 0; 2030-2810n: Three samples from t h i s  zone were analysed. The Tmax 

data f o r  a l l  of the samples i s  poor indicat ing t h a t  the parameter was 

possibly taken from bi tumen/asphal tenes . Hydrogen and oxygen indices 

would imply a more type IV, i n e r t i n i t i c ,  kerogen or  reworked type 111 

v i t r i n i t e .  Production indices a r e  again qu i te  high f o r  the  supposed ma- 

t u r i t y  a t  t h i s  level and migrated/contaminant hydrocarbons must be sus- 

pected. Petroleum potential  s a r e  poor throughout the zone and the poten- 

t i a l  would be f o r  gas only. 

Zone E;  2810-3020m: Two samples from t h i s  zone were analysed by Rock- 

Eva1 pyrolysis .  Tmax values a r e  higher than f o r  any samples above b u t  

would s t i l l  indicate  t h a t  the  samples a r e  immature t o  moderately mature. 

The upper sample (A-4031, 2870-2900m) contains kerogen type I11 accord- 

ing t o  hydrogen and oxygen indices whi ls t  the lower sample (A-4033, 2930- 

2960m) contains kerogen type IV. Production indices a r e  lower than f b r  

the  samples in the  zone above b u t  a r e  s t i l l  not as low as  might be expec- 

ted f o r  clean samples a t  t h i s  maturity. The petroleum potential  i s  f a i r  

f o r  A-4031 but poor f o r  A-4033. This would be f o r  gas only due t o  the 

kerogen type. 

Zone F; 3020-3790m: Eight samples from t h i s  zone were analysed. Apart 

from sample A-4038 (3090-3110m) the  Tmax values show a steady increase 

and indicate  moderately mature samples bordering on the  o i l  window matur- 

i t y .  Hydrogen and oxygen indices in general indicate  type I11 kerogen 

with the exceptions of A-4036 and A-4039 which possibly include some 

mixed type I I / I I I  and A-4040 and A-4044 which indicate  type IV kerogen 

( i n e r t i n i  t e  o r  reworked vi t r i n i  t e )  . Production indices a r e  generally 

low (apar t  from in the samples containing type IV kerogen) and a r e  more 

in l i n e  with the  expected values f o r  the  maturity. Petroleum potential  

again accurately r e f l e c t s  the  kerogen types with A-4020 and A-4044 ( type 

IV) having poor potent ia ls  whi 1 s t  A-4043 (3550-3580m) has a f a i r  poten- 

t i a l  and the  r e s t  have good po ten t ia l s .  The potential  in most cases 

would be mainly f o r  gas with possibly o i l  in the mixed type I I / I I I  

samples. 

Sample A-4038 (3080-3110m) i s  anomal ous in t h i s  sequence and a1 though 

i t  i s  defined as  a black claystone the gas chromatographic analys is  and 

microscopic evidence indicate  the  presence of low rank coal o r  1 i gn i t e  

( t h i s  i s  very low rank and nay be add i t ive ) .  Such material in  the sample 



would account f o r  t h e  h i g h  TOC value, t h e  ve ry  h i g h  S2 and consequent ly  

h i g h  pet ro leum p o t e n t i a l .  

Zone G; 3790-4000m: Four samples f r om t h i s  zone were analysed. These 

samples a r e  ve ry  s i m i l a r  i n  every  respec t  ( l i t h o l o g y ,  TOC values and 

Rock-Eva1 da ta ) .  Tmax va lues a r e  i n d i c a t i v e  o f  samples on t h e  boundary 

o f  o r  j u s t  w i t h i n  t h e  o i l  window. Produc t ion  i n d i c e s  a r e  l ow  and i n  accor-  

dance w i t h  t h e  m a t u r i t y .  They do n o t  i n d i c a t e  t h e  presence o f  m ig ra ted  

hydrocarbons. Hydrogen and oxygen i n d i c e s  i n d i c a t e  t ype  111 kerogens. 

The pet ro leum p o t e n t i a l s  a l l  f a l l  w i t h i n  t h e  " f a i r "  range b u t  t h e  poten- 

t i a l  as a consequence o f  t h e  kerogen t ype  would be f o r  gas. 

Zone H; 4000-4042m: No samples f rom t h i s  zone were analysed. 



Analyses in Transmitted Light 

The acid insoluble sedimentary matter of 34110-16 was investigated on 

the basis of 26 samples. The samples are  picked li thologies from ditch 

cuttings between 650m and 3970m. 

True amorphous material was evaluated as f a i r l y  abundant in the upper 

part of the well (down t o  2900m). Terrestrial  material, mostly from 

woody sources, dominates from 3020m down the hole ( t o  3970m). Cuticles 

are  very abundant a t  the 3020150n and 3110140m levels.  

The material was evaluated as immature, a t  1730160rn and above (TAI 

I l l + ) .  A generally higher maturity, was recorded from 2720/50m and 

below (TAI 2-12 to  2 )  and corresponds with a maturity a t  the t o p  of the 

oi l  window. The most interesting section as a possible source rock 

seems to be located a t  about 3020m to  3140m in samples rich in cut i -  

cl es.  

Description of samples 

620/50m and 650180m: Small residues which a f t e r  screening consisted of 

aggregates of combined inorganiclorganic sources. The relat ive propor- 

t ions are rather uncertain as dis t inct ion of true amorphous material i s  

d i f f i cu l t .  

Colour index: I l l + .  

1040l70m: Strongly pyri t ic  residue consisting of dominantly sapropel i sed 

woody material. Distinction of true amorphous material i s  d i f f i c u l t  b u t  

i t  was evaluated as f a i r l y  important. Well preserved cysts are abundant 

b u t  enclosed and obscured by amorphous material. 

Colour index: 1/1+. 

1100130m: Very pyri t ic  residue containing larger aggregates b u t  of the 

same composition as above. Most palynomorphs are obscured and stained. 

Vitr ini te  i s  pale. The amorphous material i s  d i f f i c u l t  to  estimate. 

Very 1 i t t l e  i ne r t in i t e  i s  seen. 

Colour index: l+. 



li60190m: Composition as f o r  the  residue above but the re  a r e  more f irm 

aggregates. Pal ynomorphs include we1 1 preserved cysts  and pol 1 en which 

have colours influenced by natural s t a in ing .  

Colour index: 1/1+, l+. 

1220150m: Py r i t i c  residue with l a rger  but l e s s  dense aggregates of 

sapropelised t e r r e s t r i a l  material embedding palynomorphs and pale woody 

fragments. Palynomorphs appear immature but a r e  possibly stained.  

Preservation i s  good. 

Col our index: 1+/2-. 

1340170m: Fine amorphous material (about 30%) as clouds embedding a 

dominant element of woody pa r t i c l e s  and we1 1 preserved cysts .  Cuticles 

and pollen a r e  subordinate. 

Colour index: 2-. 

1430160m: Aggregates of strongly sapropelised t e r r e s t r i a l  material w i t h  

a high pyr i t e  content. Palynomorphs a r e  generally obscured b u t  a r e  well 

preserved and appear stained.  Clean woody material i s  subordinate and 

pale. 

Col our index: 1+/2-. 

1730160m: Clouds of amorphous material (about 50%) as  in 1340170m but 

cys t s  seem r e l a t i ve ly  l e s s  abundant. Woody pa r t i c l e s  a r e  second domi- 

nant. 

Colour index: I l l + ,  2-. 

2420/50m: Amorphous material in aggregates dominates. The material i s  

now grey a s  opposed t o  brown above. This embeds pyr i t e  and dark, 

reworked woody fragments with l i g h t e r  v i t r i n i t e .  Cysts and pollen 

appear fewer than above b u t  a r e  variably stained possibly resul t ing in 

a higher colour index. 

Colour index: 2-12. 

2720/50m: Woody and reworked woody material ( i n e r t i n i  t e )  dominate and 

a r e  embedded by grey amorphous material . 
Col our index: 2-12, 2 (col our tone i s  control 1 ed by the  1 i tho1 ogy and 

the  corresponding index somewhat high as  an indicator  of maturation). 



2780/2810m: Dominantly reworked woody material p1 us primary vi t r i n i  t e  

in a f ine grained brown-grey amorphous mass. Some vi t r i r i i te  appears 

etched and as with the sample above the colour index may be affected by 

1 i thology. Palynomorphs are  subordinate. 
Colour index: 2-12, 

2930/60ni: Dominantly t e r r e s t r i a l  material in strongly sapropel ised 

aggregates (brown-grey). Most of th i s  appears to  be reworked material 

or ine r t in i t e .  Possible v i t r i n i t e  fragments appear rich brown. 

Colour index: 2- ,  2-12. 

3020/50rn, 3110/40m: The f a i r l y  coarse sapropelised residues contain 

dominantly t e r r e s t r i a l  material . Cuticles dominate (3110/40m) or  equal 

the woody material. The structures are bet ter  preserved than above. 

Palynomorphs, dominantly pollen, are f a i r l y  well preserved. Tasmanitids 

are  present. 

Colour index: 2-12,  2 ,  I l l + .  

3080/3100m: Almost exclusively woody material (vi t r i n i  t e ,  rich brown) 

with a few possible cut ic les  and some spores. 

Colour index: 1+/2-,  2- ,  2-12. 

3460190m (olive-grey claystone): Small residue dominated by mostly 

structured woody material. About 25% amorphous material. Palynomorphs 

include mainly dinoflagel 1 a te  cysts. 

~ o l o u k  index: 2-12, 2. 

3460/90m (dark grey claystone): The residue resembles the one above b u t  

i s  coarser and somewhat larger. Aggregates of amorphous material embed 

a major component of v i t r i n i t e  particles.  Semifusinite/fusinite make u p  

the bulk of the coarse material. Pollen and spores are  well or f a i r l y  

we1 1 preserved. 

Colour index: 2- /2 ,  2.  

349013520m: Woody material (mainly reworked or iner t in i  t e )  embedded in 

amorphous material. Pyri t ic  residue. Moderate v i t r i n i t e  and spore con- 

tent .  

Colour index: 2-12, 2. 



3550180m: Sapropelised, strongly biodegraded material, dominantly wood. 

The relat ive proportion of semifusinite/fusinite i s  increased in compari- 

son with 3460190m. 

Colour index: 2-12, 2. 

358013610m: Sapropel ised t e r r e s t r i a l  material (brown-grey) embedding 

structured woody fragments dominantly ine r t in i t e  and/or reworked v i t r i -  

ni te .  Palynomorphs are d i f f i c u l t  t o  assess. 

Colour index: 2. 

3790/3820m: The sapropelised residue as above consists of a major woody 

element. The amount of cut ic les  seems relat ively increased b u t  i s  

subordinate as above. Pollen and spores are  f a i r l y  well to  well preser- 

ved. 

Colour index: 2-12, 2. 

3820150m: As above with cleaner palynomorphs b u t  dominated by woody 

material. 

Colour index: 2-12> 2. 

3940/70m: Close resemblance with the composition 3790138201~1 above, b u t  

pol 1 en and spores are generally less  we1 1 preserved. 

Colour index: 2-12, 2. 

397014000rn: Dominantly woody material in loose sapropel aggregates. As 

above palynomorph preservation poor to  f a i r .  

Colour index: 2 .  



Examination in Reflected Light 

Twenty three samples were chosen from well 34/10-16 for  examination in 

reflected 1 ight.  These range from l O O O m  to  4000m. A t  the top of th i s  

section the samples are dominated by bitumen. Between 1300m and 2400m 

the samples chosen contain only reworked vi t r i n i t e  and/or iner t ini  te .  

Below t h i s ,  the amount of clean, measurable v i t r i n i t e  appears to  

increase b u t  only becomes "adequate" a t  about 3500m. This agrees well 

with transmitted l igh t  descriptions. The analysed samples are described 

be1 ow. 

Sampl e A-3970, 1040-1070m: C1 aystone, Ro = O.36(8) 

There i s  a very low organic content. This i s  very dominantly bitumen 

with only a trace of v i t r i n i t e  and iner t in i te .  Reworked material has a 

reflectance of approximately 0.7%. There i s ' a l s o  some very low rank 

l ign i t e  present (Ro = 0.2-0.25%) b u t  t h i s  i s  probably additive. Green 

fluorescence i s  observed from spores, resin and dinoflagellate cysts. 

Sample A-3972, 1100-1130m: Claystone, Ro = 0.35(9) 

The sample has a very low organic content. This i s  very dominantly 

bitumen with variable bitumen staining. There i s  a trace of v i t r i n i t e  

and ine r t in i t e  i s  very rare. Green fluorescence i s  seen from spores, 

resin and dinoflagellate cysts. 

Sample A-3974, 1160-1190m: Claystone, Ro = 0.50(1) 

The sample i s  practically barren. Only one v i t r i n i t e  phytoclast was ob- 

served and i t  i s  most probably reworked. There i s  some brown staining, 

possibly organic. The sample has an immature appearance. Green fluor- 

escence i s  seen from dinoflagellate cysts together with green and 

green/ yellow fluorescence from spores. 

Sample A-3976, 1220-1250m: Claystone, Ro = 0.41(3) 

There i s  a very low organic content. This i s  dominantly bitumen blobs 

and bitumen wisps with some staining. Only 3 possible primary v i t r i n i t e  

fragments were observed and there i s  only a trace of iner t in i te .  Green 

fluorescence i s  observed from spores, resin and dinoflagellate cysts.  
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Sample A-3980, 1340-1370m: Cl aystone and sandstone, No Determination 

Possible 

The sample i s  v i r tua l ly  barren. There are a few bitumen fragments with 

some possible bitumen staining. The sample appears immature. No f l  uor- 

escence i s  observed. 

Sample A-3983, 1430-1460m: Claystone and sandstone, No Determination 

Possible 

There i s  a very low organic content. This consists of a trace of 

ine r t in i t e  together with occasional degraded bitumen wisps and possible 

bitumen staining. No v i t r i n i t e  was located. The sample appears similar 

to  A-3980. Fl uorescence i s  seen from greenlyel low (spore?) fragments. 

Sample A-3993, 

This sample i s  

bitumen recogn 

di nof 1 age1 1 a t e  

1730-1760111: Claystone, No Determination Poss 

very similar t o  the l a s t  two. There i s  only 

ible  

a trace of 

i sed. Fl uorescence i s  seen from greenlyel 1 ow spores and 

cysts. 

Sample A-4016, 2420-2450m: Cl aystone, Ro = 0.24(2) and 0.64(2) 

The sample i s  poor. I t  i s  dominated by bitumen and reworked v i t r i n i t e l  

i ne r t in i t e  b u t  the organic content in general i s  very low. The resu l t  

i s  almost meaningless on so few part ic les  and the lowest i s  probably on 

bitumen whilst the highest i s  from reworked. No fluorescence i s  obser- 

ved. 

Sample A-4026, 2720-2750m: Cl aystone and s i  1 tstone, No Determination 

Possible 

The sample has a low organic content which i s  exclusively small, 

gnarled ine r t in i t e  Sragments. No true v i t r i n i t e  i s  considered present. 

Fluorescence i s  seen from yellowlorange unidentified fragments. 

Sampl e A-4028, 2780-2810m: Si 1 ty c1 aystone, Ro = 0.54(3) 

The overall organic content i s  low b u t  i t  i s  very localised and concen- 

t ra ted.  I t  i s  dominantly ine r t in i t e  and reworked material with only a 

trace of v i t r i n i t e  and bitumen. Yellowlorange and l igh t  orange fluor- 

escence i s  observed. 

Sample A-4031, 2870-2900m: S i l t y  claystone, No Determination Possible 

The sample has a moderate organic content b u t  t h i s  i s  exclusively re- 

worked v i t r i n i t e  and iner t in i te .  Yellowlorange fluorescence i s  obser- 

ved. 

084/d/9 



Sample A-4033, 2930-2960m: Cl aystone, Ro = 0.53(7) 

There i s  a low to moderate organic content b u t  t h i s  i s  very dominantly 

ine r t in i t e  and reworked v i t r i n i t e .  However, there are a few good v i t r i -  

n i te  par t ic les .  Yellowlorange t o  l igh t  orange fluorescence i s  observed 

together with one possible green hydrocarbon speck. 

Sample A-4036, 3020-3050m: Cl aystone, Ro = 0.38(3) 

The sample i s  very bitumen rich and the value i s  most probably from 

some of t h i s  or v i t r i n i t e  affected by bitumen staining. Iner t in i te  i s  

also abundant. There i s  some evidence of s l igh t  oxidation. Fluorescence 

i s  observed from green/yellow and yellowlorange fragments. 

Sample A-4038, 3080-3110m: Lignite and mixed claystones, Ro = 0.32(3), 

0.54(3) and 0.75(2) 

The ~ l~ays tones  have very different  organic contents. Some are very rich 

b u t  contain only large masses of swirled, very low rank, bitumen. An- 

other claystone i s  cleaner and contains small bitumen wisps and variable 

staining. The third claystone contains reworked v i t r i n i t e  and ine r t in i t e  

with very l i t t l e  primary v i t r in i t e .  The values are consequently few and 

varied. Greenlyellow fluorescence i s  observed from spores and resin. 

Sample A-4039, 3110-3140111: Lignite (additive?) Ro = 0.24(10) 

This i s  very low rank with good cell  structures.  I t  i s  most probably 

additive. Greenlyellow fluorescence i s  observed from spores and resin. 

Sampl e A-4040, 3460-3490m: Coal s and cal careous cl aystones , Ro = 0.57 (8)  

The sample contains xwo coals. One i s  a very low rank l ign i t e  as above 

and i s  assumed to  be additive. The second coal though minor has a good 

mixed maceral content and may be in-s i tu .  This i s  recorded. Green and 

greenlyel 1 ow f l  uorescence i s  observed from spores and resin. 

Sample A-4041, 3490-3520m: Claystone, Ro = 0.56(8) 

The sample has a very variable organic content. Some c l a s t s  have quite 

rich organic contents b u t  contain very dominantly reworked v i t r i n i t e  

and iner t ini  te .  Others are very pyri t ic  and contain almost exclusively 

bitumen and bitumen staining - these may be caved. Yellow/orange and 

l igh t  orange fluorescence i s  observed. 



Sample A-4043, 3550-3580m: Cl aystone, Ro = O.6O(ZO) 

The sample i s  very variable b u t  has a good mixture of organic material. 

There i s  heavy bitumen staining in places. This i s  a good sample i f  in 

s i tu .  Light orange and mid orange fluorescence i s  observed. 

Sampl e A-4044, 3580-3610m: Cl aystone, Ro = O.61(3) 

The sample contains two li thologies.  One i s  very pyri t ic  and barren of 

organic material whilst the second contains almost to t a l ly  iner t in i te .  

Only three possible primary vi t r i n i t e  fragments were located and these 

are  very variable. Light orange to  mid orange fluorescence i s  observed. 

Sample A-4051, 3790-3820m: Si 1 ty claystone, Ro = 0.67(14) 

Some areas have a high concentration of bitumen blobs and heavy bitumen 

staining. There i s  a moderate v i t r i n i t e  content b u t  most i s  reworked. 

Iner t ini  t e  appears very ragged. Light orange and mid orange f l  uorescence 

i s  observed. The l a t t e r  i s  most dominant. 

Sample A-4052, 3820-3850m: Cl aystone, Ro = 0.66 (19) 

There i s  a moderate organic content. This i s  dominantly reworked v i t r i -  
n i te  and ine r t in i t e .  There i s  some good primary v i t r i n i t e  b u t  in 

general i t  i s  very variable. There i s  bitumen staining in places. Mid 

orange fluorescence i s  dominant b u t  some l ight  orange i s  also observed. 

Sampl e A-4056, 3940-3970m: Cl aystone, Ro = O.64(20) 

The sample i s  very rich. I t  contains dominantly ine r t in i t e  b u t  there i s  

a lso a moderate to  high bitumen content and heavy bitumen staining in 

places. There i s  a low t o  moderate content of clean v i t r i n i t e ,  most of 

which occurs as particles b u t  there are  a few good wisps. There i s  a 

wide, s l ight ly  bimodal, distribution to  the values. Mid orange fluor- 

escence i s  observed. 

Sample A-4057, 3970-4000m: Ro = 0.69(25) 

There i s  a moderate to  rich phytoclast content. This i s  dominantly 

ine r t in i t e  and reworked v i t r i n i t e .  There i s  a moderate content of 

primary v i t r i n i t e  b u t  t h i s  i s  very variable resulting in a bimodal 

distribution of values (peaks approximately 0.60 and 0.80%). Bitumen 

and bitumen staining are  locally abundant. Mid orange fluorescence i s  

observed. 



Pyrolysis-Gas Chromatography (Py-GC) 

11 extracted whole rock samples were analysed by Py-GC. The instrumental 

conditions are described in the experimental section. ~ a s e d  on retention 

and mass spectrometric data from other kerogens the peaks in the pyro- 

grams are tentat ively identified; the numbered peaks are n-alkene/n-al- 

kane doublets of the corresponding carbon number. The n-a1 kenes have 

the shorter retention time. T=tol uene; X=(m+p)-xyl enes; P=phenol ; C1N=2- 

and 1-methyl naphthal enes ; C2N=C2-a1 kyl naphthal enes (dinethyl and 

ethyl naphthalenes) ; Pr=pristenes. 

A-3956 (650m): The pyrogram shows a short  a l iphat ic  homology ranging 

from C8 t o  ca C 1 7  The abundance of unidentified peaks (presumably 

aromatics) are  high. I t  i s  d i f f i c u l t  t o  interpret  the pyrogram, however, 

i t  i s  similar to  pyrograms of some t e r r e s t r i a l  derived type I11 and re- 

worked kerogens. 

A-3970 (1070m): The pyrogram shows a short  a l iphat ic  homology ranging 

from C8 to  ca. CZ0.  I t  a lso shows some similar i ty  t o  the pyrogram 

of A-3956 and i s  d i f f i c u l t  t o  interpret .  However, the pyrogram i s  simi- 

l a r  t o  pyrograms of immature type I11 kerogens. 

A-4031 (2900m) : The pyrogram of th i s  sample i s  overall very similar to  

A-3970, i . e .  a type I11 kerogen fingerprint.  

A-4036 (3050m): The pyrogram shows an n-a1 kene/n-a1 kane homology rang- 

ing from C 8  to  ca. C30. Generally the pyrogram shows a type I1 kerogen 

fingerprint.  However, the abundance of a1 kyl naphthalenes in the C12 

indicating an input of material derived 

pyrogram shows a mixed type I I / I I I  kerogen 

to C14 region i s  quite high 

from higher plants,  i .e .  the 

fingerprint.  

A-4038 (3110m): The pyrogram shows an n-alkene/n-alkane homology rang- 

ing from C8 t o  ca. C3p with a high abundance in the C p l  to C32 region 

indicating an input of 1 ipid rich material with a high carbon number 

(cu t ic les ,  resins e t c . ) .  The abundance of phenol i s  high indicating in- 

p u t  of material from higher plants. Generally the pyrogram shows a type 

I11 kerogen fingerprint.  



A-4939 (3140m) and A-4041 (35ZOm): The pyrogram of these two samples 

are  very similar to  A-4036, i .e .  the pyrograms show a mixed type I I / I I I  

kerogen fingerprint.  

A-4043 (3580m), A-4051 (3820m), A-4052 (3850m) and A-4057 (4000m): The 

pyrograms of these four samples are very similar to  A-4036. However, 

the abundance of a1 kyl naphthalenes are s l ight ly  higher than in A-4036 

indicating a higher input of keroyen type I11 type material (higher plant 

material) in these four samples. The pyrograms show mixed type I I I / I I  

kerogen fingerprints.  
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CONCLUSIONS 

Zone A; 230-620m: This zone c o n s i s t s  of qua r t z ,  rock fragments and fos-  

s i l s .  No f u r t h e r  analyses were performed a s  these  l i t h o l o g i e s  in t h e  

zone a r e  not  bel ieved t o  have any po ten t i a l  f o r  hydrocarbons. 

Zone B; 620-1040m: The zone conta ins  va r i ab le  amounts of qua r t z ,  c lay-  

s tone  and rock fragments. The c lays tone  i s  l i g h t  o l i v e  grey and i s  v a r i -  

ably s i l t y ,  sandy and calcareous.  Some of t h i s  l i t ho logy  was chosen f o r  

t h e  analyses.  The claystone has good t o  r i c h  organic carbon contents  

(1.25-2.75% TOC). The samples contain dominantly type I11 o r  mixed type 

I I I I IV  kerogen a s  defined from Rock-Eva1 hydrogen and oxygen indices .  

The whole zone i s  immature (TAI = l/l+, Tmax (422). Some of the  zone 

possibly conta ins  migrated hydrocarbons. The da ta  ind ica te s  t h a t  the  

samples have mixed p o t e n t i a l s  but t h e  zone a s  a whole probably has only 

a f a i r  potent ia l  a s  a source f o r  gas. 

Zone C ;  1040-2030m: Zone C i s  dominated by a greenish-grey t o  brownish 

grey f i s s i l e  claystone.  A t  t he  top  of the  zone t h e  c lays tone  i s  more 

01 i v e  grey and l e s s  f i s s i l e .  Here, TOC values a r e  good t o  r i c h  (1.45 t o  

2.48% TOC). The 15% sha le  a t  1220-1250111 has a TOC of 1.47% but i s  an 

i s o l a t e d  example. The more f i s s i l e  greenish grey c lays tone  of t h i s  zone 

has lower TOC values (0.44-0.83%). The who1 e zone i s  immature (Tmax <4l5 ,  

Ro 0.35-0.40%, TAI = 1/1+,1+ t o  2-) and contain dominantly type I11 o r  

mixed type I I I / IV kerogen. There i s  an indica t ion  of t h e  poss ib le  pre- 

sence of migrated hydrocarbons. Visual kerogen desc r ip t ions  ind ica te  

t h e  presence of s t rongly  sapropelised t e r r e s t r i a l  ma te r i a l .  The data 

ind ica te s  t h a t  t h e  zone a s  a whole has a f a i r  potent ia l  a s  a source rock 

f o r  gas. 

Zone D ;  2030-2810m: This zone contains t h e  01 ive  grey t o  greenish grey 

and red-brown c l  aystone found above. The s i  1 t y  content  increases  with 

depth a s  does the  organic content .  TOC values range from 0.47 t o  0.95% 

within the  c lays tone  and two s i l t s t o n e  samples have 0.33% and 0.75% TOC. 

The zone i s  moderately mature (<0.55% Ro and 2-12 TAI) and may contain 

mi grated hydrocarbons (high production ind ices ) .  The kerogen type I I I/IV 

has a poor po ten t i a l  a s  a source rock f o r  gas only. 



Zone E; 2810-3020m: The c l ays tone  i s  s t i l l  t h e  dominant l i t h o l o g y  b u t  

t h e  TOC va lues  a r e  g e n e r a l l y  h i g h e r  than  i n  t h e  zone above (va lues  range 

f r om 0.65 t o  1.12%). The zone i s  moderate ly  mature (Tmax = 427 and 432, 

Ro = 0.53% and TAI = 2-12) b u t  as a  consequence o f  t h e  kerogen t ype  ( I 1 1  

and I V )  and t h e  pet ro leum p o t e n t i a l s  o f  t h e  samples analysed, t h e  zone 

would have o n l y  a  poor p o t e n t i a l  as a  source rock  f o r  gas. 

Zone F; 3020-3790m: Th i s  zone con ta ins  more carbonaceous, b l a c k  c l ays tone  

o r  sha le  t o g e t h e r  w i t h  v a r i a b l e  amounts o f  coal  and t h e  o l i v e  grey c l a y -  

s tone found above. TOC values a r e  good t o  r i c h  f o r  t h e  b l a c k  c l ays tone  

b u t  o n l y  f a i r  f o r  most o f  t h e  o l i v e  g rey  c lays tone .  The zone i s  moderate- 

l y  mature approaching o i l  window m a t u r i t y  (  = 430-435, Ro = 0.55-0.6% 

and TAI = 2-/2,2). 

A l though t h e  Rock'-Eva1 p y r o l y s i s  da ta  i n d i c a t e s  t ype  111111, I 1 1  and I V  

kerogens t o  be p resen t  v i s u a l  kerogen d e s c r i p t i o n s  imp l y  t h e  presence 

o f  c u t i c l e s  i n  some abundance and t asman i t i ds  i n  t h e  uppermost (most 

hydrogen r i c h )  samples. Apa r t  f rom t h e  obv ious l y  i n e r t i n i  t i c  ( t y p e  I V )  

r i c h  samples t h e  zone has a  good p o t e n t i a l  as a  source rock.  The hydro- 

gen i n d i c e s  may be " d i l u t e d "  by t h e  t e r r e s t r i a l  i n p u t  and c o a l / l i g n i t e  

( a d d i t i v e ? )  found around t h i s  depth. It i s  t h e r e f o r e  p o s s i b l e  t h a t  t h e  

t o p  s e c t i o n  appears o f  poorer  q u a l i t y  than  i t  may r e a l l y  be. V isua l  as- 

sessment i n d i c a t e  t h e  t o p  o f  t h i s  zone t o  be t h e  most p romis ing  s e c t i o n  

f o r  a  source rock.  

Zone G; 3790-4000m: The zone con ta ins  a  major  i n p u t  o f  q u a r t z  (sandstone) 

t oge the r  w i t h  c o a l l l i g n i t e  and dark  grey c l ays tone  as found above. The 

dark  grey c lays tones  have r i c h  o rgan i c  con ten ts  (2.18-3.45% TOC). The 

zone p robab ly  en te r s  t h e  o i l  window m a t u r i t y  h u t  i s  o n l y  a t  t h e  t o p  end 

(Tmax = 437, Ro = 0.65-0.70% and TAI = 2-/2,2). Rock-Eva1 p y r o l y s i s  

i n d i c a t e s  t y p e  I11 kerogens which would agree w i t h  da ta  f r om o t h e r  ana- 

l yses .  On t h e  bas i s  o f  t h e  da ta  t h e  zone has a  f a i r  p o t e n t i a l  as a  source 

r o c k  f o r  gas. 

Zone H; 4000-4042m: Th i s  zone con ta ins  red-brown c l ays tone  p o s s i b l y  i n d i -  

c a t i n g  some ox ida t i on .  One sample was analysed and has a  f a i r  TOC (0.75%). 

No f u r t h e r  analyses were performed. 



The sequence analysed has a  range o f  m a t u r i t y  f rom ve ry  inlmature t o  j u s t  

w i t h i n  t h e  o i l  window. Because o f  t h e  g e n e r a l l y  low m a t u r i t y  t h e  v a l i d i t y  

o f  low rank c o a l / l  i g n i t e  i s  d i f f i c u l t  t o  assess and needs recourse t o  

l o g s  t o  determine t h e  p r o b a b i l i t y  o f  t h i s  be ing  i n  s i t u .  

No ou t s tand ing  source rock  p resen ts  i t s e l f  b u t  combined f a c t o r s  p o i n t  

t o  t h e  t o p  o f  zone F be ing  t h e  most favourab le .  

C e r t a i n  samples (A-3956, A-3957 and A-4038) appear p rob lema t i ca l  f r om 

t h e  p y r o l y s i s  da ta  and c o n t a i n  u n i d e n t i f i e d  compounds. O f t en  v e r y  imma- 

t u r e  samples have complex composi t ion and t h i s  may be t h e  exp lana t i on  

o f  a  ,number o f  u n i d e n t i f i e d  peaks. However, why o n l y  c e r t a i n  samples 

should be so a f f e c t e d  i s  n o t  c l e a r . .  

Samples A-3956 and A-3957 bo th  c o n t a i n  t h e  unusual compound squalane i n  

some abundance as i n d i c a t e d  i n  t h e  s e c t i o n  on e x t r a c t i o n .  The p o s s i b l e  

o r i g i n  o f  squalane i s  b r i e f l y  mentioned i n  t h e  e x t r a c t i o n  s e c t i o n  and 

i t s  occurrence i n  l a r g e  amounts when assoc ia ted  w i t h  complex pyrograms 

w i t h  d i s t r i b u t i o n s  n o t  p r e v i o u s l y  observed, t oge the r  w i t h  s t r o n g  i n d i c a -  

t i o n s  o f  anaerobic  c o n d i t i o n s  ( h i g h  phytane con ten t ,  amorphous (sapro-  

p e l i s e d )  kerogen and h i g h  p y r i t e  c o n t e n t )  i s  i n t e r e s t i n g  b u t  no f i r m  

conc lus ion  can be drawn a t  p resen t  on t h e  s i g n i f i c a n c e  o f  these assoc i -  

a t i o n s .  






















































































































































