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1. INTRODUCTION

Analysis on cuttings samples and in addition six sidewall cores, were
carried out for source rocke evaluation of well 31/6-1 from the Troll
field. Total depth of the well is 4070m. The analysed sequence was on
the basis of mainly the 1lithology divided into 7 zones.

Based on the results of the screening analysis Norsk Hydro selected the
samples to be used for the follow-up analysis.

114/0/jb1/4
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2.  EXPERTMENTAL AND DESCRIPTION OF INTERPRETATION LEVELS

2.1 Headspace Gas Analysis

One ml. of the headspace gas from each of the cans was analysed gas
chromatographically for Tight hydrocarbons. The results are shown in
Table la. The canned samples were washed with temperated water on 4,
2, 1 and 0.125 mm sieves to remove drilling mud and thereafter dried
at 35°C.,

2.2 0Occluded Gas

An aliquot of the 1-2 mm fraction of each sample before drying was
crushed in water using an airtight ball mill, and one ml. of the head-
space analysed chromatographically. The results are shown in Table 1b.

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

2.3 Total Organic Carbon

Bulk samples were 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 distilled water to remove traces{
of HC1. The crucibles were then placed in a vacuum oven at 50°C and eva-
cuated to 20mm Hg for 12 hrs. The total organic carbon (TOC) content of
the dried samples was determined using a Leco EC12 carbon analyser.

2.4 Rock-Eval Pyrolysis

Crushed sample (100mg) was weighed into a platinum crucible the base _
and cover of which are made of sintered steel, and analysed on a Rock-,
Eval pyrolyser. | ;

2.5 Extractable Organic Matter

Powdered rock was extracted by a flowblending for 3 minutes using di-

ch]érométhane XDCM)'as solvent. The DCM used was of organic geochemical
grade and blank analyses showed the occurrence of negligible amounts of
contaminating hydrocarbons.

114/0/3b1/1
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Activated copper fillings were used to remove any free sulphur from the
samples.

After extraction the solvent was removed on a Buchi Rotavapor and the
amount of extractable organic matter (EOM) was determined.

2.6 Chromatographic Separation

The extractable organic matter (EOM) was separated into saturated frac-
tion, aromatic fraction and non hydrocarbon fraction using a MPLC system
with hexane as eluant (Radke et al., Anal. Chem., 1980). The various
fractions were evaporated on a Buchi Rotavapor and transferred to glass
vials and dried in stream of nitrogen.

2.7 Molecular Sieve Adsorption

The sample containing 2mg of n-alkanes was dissolved in 35ml of
cyclohexane and 1gs of Molecular Sive pellets (5A) which had been
activated at 300°C in 24 hours, were added. This mixture was then
refluzed for about 24 hours. While the solution was still hot, the
sieve pellets were removed from the solution by filtering. The solvent
was then removed on a Buchi Rotavapor. GC analysis were performed on
the samples, using the same conditions as for the other GC analysis.

The normal alkanes were recovered from the Molecular Sieve pellets by
destruction of the pellets with hydrofluoric acid. The solution was
extracted with boric acid and hexan, and the solvent was then removed
on a Buchi Rotavapor. GC analysis were performed on the samples, using
the same conditions as for the other GC analysis.

2.8 Gas Chromatographic Analysis

The saturated hydrocarbon fractions were each diluted with n-hexane and
analysed on a HP 5730A gas chromatograph, fitted with a 25m 0V-101 fused
silica capillary column. Hydrogen (0.7m1/min) was used as carrier gas.

114/0/3b1/2
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The data processing for all the GC analyses was performed on a VG
Multichrom System.

2.9 Pyrolysis Gas Chromatography (Py-GC Programmed)

Tﬁerma] extraction

20-30 mg of whole rock sample was placed in a boat shaped sample probe
and thermﬁéxtracted in a stream of helium at 320°C for 5 minutes.

Py-GC
20-30 mg of solvent- and thermally extracted whole rock sample was pro-
grammed pyrolysed in helium (320°C to 550°C at 350C/min.) in a furnace
type pyrolyzer. The outlet of the pyrolyzer was directly connected to a
splitter (30:1) and a fused silica capillary column. The pyrolysis
product was trapped in a cooled (1iq. Nitrogen) U-shaped section at the
front of the column.

The outlet of the splitter was directly connected to 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. At the end of the pyrolysis the pyrolysis product was injected on
to the capillary column at ambient temperature (by removing the nitrogen
bath) and analysed under the GC conditions given below.

GC-conditions

Column: 25m OV-1, I.D. 0.3 mm, fused silica capillary column.
Carrier gas: Helium with inlet pressure 8 psi. Flow; ca. 1 ml/min.
Oven programme: 30° - 280°% at 4°C/min.

2.10 Vitrinite Reflectance

Vitrinite reflectance measurements of 25 of the samp]eé, were done. The
samples were mounted in Bakelite resin blocks; care being taken during
the setting of the plastic to avoid temperatures in excess of 100°c.
The samples were then ground, initially on a diamond Tap followed by
two grades of corundum paper. All grinding andvsubsequent;po1ishing sta-
ges in the preparation were carried out using'isobropy];a1coho] as
Tubricant, since water leads to the swelling and disintegration of the
clay fraction of the samples.

114/0/3b1/3
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Polishing of the samples was performed on Selvyt cloths using three gra-
des of alumina, 5/20, 3/50 and Gamma, followed by careful cleaning of

the surface.

Reflectance determinations were carried out on a Leitz M.P.V. micropho-
tometer under 0il immersion, R.J. 1.518 at a wavelength of 546 nm. The
surface of the polished block was searched by the operator for suitable
areas of vitrinitic material in the sediment. The reflectance of the
organic particle was determined relative to optical glass standards of
known reflectance. Where possible, a minimum of twenty individual par-
ticles of vitrinite was measured.

,i? The samples were also analysed in UV Tight, and the colour of the fluore-
scing material determined. Below, a scale comparing the vitrinite reflec-
tance measurements and the fluorescence measurements is given.

VITRINITE
REFLECTANCE 0.20 0.30 0.40 0.50 0.60 0.70 0.8 0.9 1.00 1.10
R.AVER. 546 NM 1516

% CARBON

CONTENT DAF. 57 62 70 73 76 79 80.5 82.5 84 85.5
LIPTINITE

FLUOR NM 725 750 790 820 840 860 890 940

' EXC. 400 mm

BAR. 530 nm
colour G G/, Y Y/ L.0 M.0. J.0. o/ R
Y 0 R
zone 1 2 3 4 5 6 7 8 9

NOTE: Liptinite NM'= Numerical measurements of overall spore colour
and not peak fluorescence wavelength.

Relationship between Tiptinite fluorescence colour, vitrinite
reflectance and carbon content is vatﬁab]e with depositional
environment and catagenic history. The above is only a guide.
Liptinite will often appear to process to deep orange colour

- and then fade rather than develop or 0/R red shade. Termination
of fluorescence is also variable.

114/0/jb1/4
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2.11 Processing of Samples and Evaluation of Visual Kerogen

Crushed rock samples were treated with hydrochloric and hydrofluoric
acids to remove the minerals. A series of microscopic slides contain
strew mounts of the residue:

T-slide represents the total acid insoluble residue.
N-slide represents a screened residue (15u mesh). 7
O0-slide contains palynodebris remaining after flotation (ZnBrz) to
remove heavy minerals.

X-slides 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 O slides are necessary to evaluate kerogen composition/-
palynofacies which is closely related to sample 1ithology.

Screened or oxidized residues are normally required to concentrate the
larger fragments, and to study palynomorphs (pollen, spores and dino-
flegellates) and cuticles for paleodating and colour evaluation.

So far visual evaluation of kerogen has been undertaken from residues
mounted in glycerine jelly, and studied by Leitz Dialux in normal Tight
(hatogene) using x10 and x63 objectives. By x63 magnification it is
possib]é to distinguish single particles of diameters about 2 and, if
required, to make a more refined classification of the screened residues
(particles >15u).

The colour evaluation is based on colour tones of spores and pollen
(preferably) with supporting evidence from colour tones of other types
of kerogen (woody material, cuticles and sapropel). These colours are
dependant upon the maturity, but are also influenced by the pa]éo-
'environment (Tithology of the rock, oxidation and decay processes). The
colours. and the estimated colour index of an individual sample may
therefore differ from those of the neighbouring sampies. The techniques
in visual kerogen studies are adopted from Staplin (1969) and Burgess
(1974). ' ' :

114/0/3b1/5
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?In interpretation of the maturity from the estimated colour indices we
follow a general scheme that is calibrated against vitrinite reflectance

values (Ro)’

Ro 0.45 0.6 0.9 1.0 1.3

colour 2- 2 2+ 3~ 3

index

Maturity Moderate Mature (oil window) Condensate
intervals mature window

114/0/jb1/6
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. 3. RESULTS AND DISCUSSION

The analysed sequence, 1250-4070m has been divided into 7 zones based
upon the Tithology. The zones are as follows:

Zone A; 1250-1280m
Zone Bj; 1280-1325m
Zone C; 1325-1340m
Zone D; 1340-1895m
Zone E; 1910-1957m
Zone F; 1970-2135m
Zone G; 2135-4070m (T.D.)

In the following each method will be discussed separately zone by zone.

3.1 Light Hydrocarbons and Lithology

Light hydrocarbon values (ul/kg rock) are classified as follows:

CI—C4 C5+
<1000 <1000 : poor source rock
1-3000 1-3000 : . fair source rock

>3000 >3000 : good - rich source rock

Zone A; 1250-1280m: This zone within the Cretaceous, consists mainly of

a dark grey claystone. The upper boundary of the zane may be higher up,
but samples were only available from 2150m. The high me:hane content at
the upper boundary is probably derived from indigenous organic matter
in the dark grey claystone. The low wetness and high 1'C4/nC4 ratios indi-
cate immature samples.

Zone B; 1280—1325m:‘Thié zone which is also in the Cretaceous consists

“mainly of light grey to grey marl with minor amounts of dark grey and

pale brown claystones. The wetness is slightly 1owér, where the marls
predominate than in zone A and increases towards the Tower part of the

~zone. The Tow iC,/nC, ratios indicates that the samb]es_are immature.

Zone C; 1325-1340m: This zone coincides roughly with the top of the Jur-

assic at 1335m (as given by the client). The dominant 1ithology is a
dark grey claystone and there are minor amounts of different coloured

122/p/ah/1
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claystones. Small amounts of sand appear atithe bottom of the zone.

The 1ight hydrocarbon abundances, both Cl and C2+ are good in the zone.
The wetness is relatively higher than in zones A and B. 1'C4/nC4 ratios
are similar to zone A. The 1light hydrocarbons are probably derived from
the indigenous organic material in the dark grey claystones.

Zone D; 1340-1895m: The 1ithology in this zone is dominated by sandstone.

The upper boundary has been set where the sandstone becomes dominant.

Minor amounts of dark grey claystone persist from the zone above. Vary-
ing amounts of light grey to grey claystone appear throughout the zone
and minor amounts of coal are seen at the bottom of the zone.

The abundance of light hydrocarbons in the thick sandstone sequence from
1340 to 1895m is poor at the top of the sequence and mostly fair to good
in the rest of the section. Highest abundances occur as mentioned, in
the section with minor coals/carbonaceous claystones between 1820-1895m,
and also where grey claystone is recorded at 1625m. The 1'C4/nC4 ratio
is very high (1.5-3) particularly in the sandstone section from 1400-
1600m anproximately, which also has the highest abUndance of Cl-C4 and
highest wetness (20-60%). This is difficult to explain without knowledge
of the location of the reservoir horizon. However, unlike the claystones
in zone A, B and C, which show 1'C4/nC4 ratios (0.8-1.6) and wetness
(10-20%} characteristic for immature samples the light hydrocarbon data
for the sandstones suggest a different and more mature source for the
gases (based on wetness), and possibly indicate that biodegradation has
occurred (based on high 1C4/nC4).

Zone E; 1910-1957m: The lithology in this zone is dominated by a grey

claystone with minor amounts of sandstone. The abundance of 1ight hydro-
carbons is good. This is probably due to the indigenous organic matter
in the grey claystone, since the wetness decreases within the zone, and

“the 1‘C4/nC4 ratios increase, and indicate immature samples.

Zone F; 1970-2135m: This zone consists mostly of sand. At the upper boun-

dary there is ste input of cement and at the lower boundary some grey
- pale brownish grey claystone.

In the interval with the claystone the abundance of 1light hydrocarbons
is good. The abundance and wetness are very low in the sandstone domi-

122/p/ah/2
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nated samples and 1‘C4/nC4 is high, suggesting only minor quantities of
immature gas are present, derived perhaps from the adjacent claystones.

Zone G; 2150-4070m This 1ithology consists of Triassic sands and various

coloured claystones.
The abundance of 1ight hydrocarbons is poor. The wetness varies through-

out the zone, but is generally less than 10%. Only a few 1'C4/nC4 ratios
are obtained and they indicate immature samples.

122/p/ah/3
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3.2 Total Organic Carbon

Where claystones constitute 10% or more of a sample they were picked

and analysed. Occasionally in samples which were dominated by marl were
picked and analysed. Sandstones were not analysed. The classification

used for the TOC data is as follows:

< 0.5% : poor source rock
0.5-1.0% : fair source rock
1.0-2.0% : good source rock
>2.0% : rich source rock

Zone A; 1250-1280m: The dark grey claystones from this zone show good
to rich TOC values, while the greenish grey claystone from 1250-1265m
has a fair TOC value.

Zone B; 1280-1325m: The TOC values of the dark grey claystcne indicate

a good source rock, whereas the marls which contain less than 0.5% TOC
are a poor source.

Zone C; 1325-1340m: The main lithology in this zone, the dark grey clay-
stones, show good to rich TOC abundances (1.76-2.91%).

Zone D; 1340-1895m: This zone is dominated by sandstone and the TOC-rich
claystone at the upper boundary persists from the zone above. The coal/-

carbonaceous claystone at 1820-1835m shows a rich TOC value.

Zone E; 1910-1957m: This zone is dominated by grey claystones which have
mainly good TOC values (1.23-2.13%).

Zone Fj; 1970-2135m: This section of the well is dominated by sand and
only one sample was analysed. This grey - pale brownish grey claystone

~ shows a high TOC-value and this may be due to the presence of coal frag-
ments, or laminae or streaks within the claystone.

Zone G; 2150-4070m: The variecoloured claystones from this section show

poor TOC-values. A dark bluish grey claystone at 3875-3890m shows a higher
TOC value with a fair potential.

122/p/ah/3.1
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3.3 Rock-Eval Pyrolysis

Nineteen cuttings samples were analysed by Rock-Eval pyrolysis for eva-
luation of the source rock potential in this well. The following classi-
fication is used:

Petroleum potential

(S1+52)

<1 : Poor source rock potential
1-5 Fair source rock potential
>5 Good source rock potential

Zone A; 1250-1280m: The hydrogen indices (HI) of the two samples are

low, but varying, and also the oxygen indices (0I) are low. A kerogen
type III is seen throughout the zone. The dark grey claystone has a fair
to good potential for gas. The Tmax values indicates immature samples.

Zone B; 1280-1325m: The grey dark grey claystone at the upper boundary

shows a poor hydrogen index and indicates a type IV kerogen. The Tlower-
most samples show low but varying hydrogen and oxygen indices, and indi-
cates a type III kerogen.

The petroleum potential for the uppermost sample is low, while the lower-
most samples show a fair to good potential for gas. The uppermost sample
has a high production index which méy be due to migrated hydrocarbons.
Tmax values suggest immature samples.

Zone C; 1325-1340m: Improved kerogen type is seen in this zone. The three

samples were seen to have a mixed type II/III kerogen which therefore
have a mainly good potential for oil and gas. The low production indices
suggest no migrated or generated hydrocarbons, while the Tmax values

indicate that the zone is immature.

Zone D; 1340-1895m: The dark grey claystone at 1335-1350m persists from
the zone above and contains mixed type II/III kerogen. The grey - light
grey claystone at 1700-1715m also indicates a mixed type II/III kerogen
with a good potential for 0il and gas. The coal/carbonaceous claystone

towards the bottom of the zone indicates a type III kerogen with a rich
potential for gas. The Tmax values indicate that the zone is immature.

. 122/p/ah/4
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Zone E; 1910-1957m: The hydrogen index increases towards the base of

the zone, indicating that kerogen quality improves towards the base.

The oxygen index is low. The claystones contain a type II/III kerogen
with a fair to good potential for 0il and gas. The production indices
are low indicating no migrated hydrocarbons. Tmax values indicate im-
mature samples except of the grey claystone at 1927-1930m which is mo-

derately mature.

Zone F3 1970-2135m: Only one sample was analysed in this zone. The hydro-

gen and oxygen index indicates a type II/III kerogen with a good poten-
tial for condensate and gas. The Trlax value indicates that the sample
is inmature.

Zone G; 2150-4070m: A type IV kerogen is present in the dark bluish
grey claystone in this zone. The relatively high Tmax is mainly due to
the Tow flat S2 peak which give a false reading.

122/p/&ﬁ/5
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3.4 Extractable Organic Matter and Saturated Hydrocarbons

Eleven cutting samples were extracted for evaluation of the source rock
potential of the well. Two samples with IKU no. B-692 and B-1245, were
not extracted because of too small sample amounts.

Table 4-7 show the distribution of the various chromatographic fractions,
while Table 8 gives the ratios calculated from GC chromatograms. Table

9 gives the amount of branched/cyclic and normal alkane fractions.

Source rock classification based on amount and composition of bitumen:

Extractable Organic Matter (EOM in ppm):
<200ppm : Poor source rock
200-500ppm :  Fair source rock
500-1000ppm:  Good source rock
>1000ppm :  Rich source rock

Extractable Hydrocarbons (EHC in mgs per gram TOC):

< 10mgs/g : Poor source rock

10-20mgs/g :  Fair source rock

20-100mgs/g:  Good - rich source rock

>100mgs/g : Stain (depends on the kerogen type, type I kerogens can
yield more than 100mgs/g).

Zone A; 1250-1280m: One dark grey claystone (B-686) was extracted from

this zone. The sample contains fair amounts of extractable organic matter
(EOM) and approximately 90% of the EOM consists of hydrocarbons. The
SAT/ARO ratio is approximately four which is high. The Rock-Eval produc-
tion index which are also relatively high could indicate migrated hydro-
carbons.

The chromatogram of.B-686 shows a bimodal n-alkane distribution with
maxima at nC15 and n025. The high nC29 peak may be due to contamination.
The chromatogram suggests a mixed terrestrial and marine input. The high
molecular weight n-alkanes are the most abundant. The pristane/phytane
ratio is 2.2, and the CPI-value of 1.1 is relatively low indicating a
moderately mature extract. This value could be erraneous, because of
contamination or the presence of migrated hydrocarbons.

122/p/ah/5.1
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Zone B; 1280-1325m: One dark grey claystone (B-690) was extracted from

this zone. The sample contains fair amounts of extractable organic matter
(EOM). Approximately 40% of the EOM consists of hydrocarbons and SAT/ARO
ratio is one in this sample.

A bimodal n-alkane distribution with maxima at nC15 and nC29 is seen
from the gas chromatogram. The pristane/phytane ratio (1.2) is lower
and the CPI-value (1.8) is highér than in the zone above. The Tower pris-
tane/phytane ratio suggests a change in the depositional environment
too perhaps more anoxic conditions compared with the sample from 1265m
or that the Tow molecular weight hydrocarbons (less than nCZO) consist
in part of migrated hydrocarbons.

Zone C3 1325-1340m: Three samples from this zone were extracted. All

samples contain good amounts of extractable organic matter (EOM), but

the abundance of hydrocarbons in the EOM is poor to fair. The amount of
hydrocarbons in the EOM increase from approximately 25% to 45% downward
in the zone.

The gas chromatrgrams of the three samples are quite similar. Phytane

is more dominant in this zone than above, pristane/phytane ratios 0.8.
This could suggest a change in depositional environment from the zones
above to a more anoxic depositional environment. The CPI-values are fair-
ly similar i.e. from 2.3-2.5 and indicate immature samples. The complex
pattern in nCZS-nC32 area is common for immature samples, and this pat-
tern could be seen more clearly from the branched/cyclic chromatograms
and is due to the presence of steranes and triterpanes. The peak clos-
est to nC25 could be a contaminant from the cyclohexane.

Zone D; 1340-1895m: No samples from this zone were extracted.

Zone E; 1910-1957m: From this zone four grey claystones were extracted.
" The grey claystone at 1900-1925m contains rich amounts of extractable

organic matter (EOM) and the lower samples contain good to rich amounts,
The amount of hydrocarbons in the extractable organic matter varies frdm'
approximately 28% to 54%. :

The gas chromatograms are faif]y similar, showing a bimodal n-alkane
distribution. The pristane/phytane ratios decrease downwards from 1.9
to 1.3. The CPI values vary from 1.5 to 2.1. The grey claystone at

122/p/ah/6 5
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1900-1925m has the Towest CPI-value. This sample shows 1ittle or no com-
plexity in the area of nC25—nC32, but this pattern becomes more prominent
for the lowermost samples. In the top sample the n-alkane envelope with

a maximum at nC29 dominates, whereas in the bottom sample in this zone
the n-alkane envelope with a maximum at nC17 is dominant. This suggests

a change in depositional environment with perhaps a decrease in anoxic
conditions during deposition of the sequence. The terrestrial component
survives best under more oxygenated conditions, hence the decrease in
low molecular weight n-alkanes upwards through this zone.

Zone F; 1970-2135m: One sample at the lower boundary of the zone was
extracted. The sample contain a good amount of extractable organic mat-
ter (EOM) and approximately 45% of the EOM consists of hydrocarbons.

The gas chromatogram suggests that the environment was different to samp-
les above and of more terrestrial nature based on the higher pristane/phy-
tane ratio (2.3). The CPI value (1.5) indicates a relatively Tow maturity.
The n-alkane distribution is dominated by low molecular weight compounds,
and particularly prominent are nC14 and nC15 alkanes. It is probable
that these low molecular weight n-alkanes include a migrated component.

Zone G; 2150-4070m: One dark bluish grey claystone with a poor TOC con-
tent was extracted from this zone. This claystone contain poor amounts
of extractable organic matter (EOM), and 25% of the EOM consists of hydro-

carbons.

The gas chromatogram is different from the samples extracted in the zones
above. The sample shows a smooth front-biased n-alkane distribution with
a maximum at nC19. The CPI-value of 1.3 suggests a moderate mature sample.
The low pristane/phytane ratio might suggest, if the hydrocarbons are
derived from the kefogen in the sample, that the organic matter was de-
posited in an anoxic environment. However, in such an organic poor sample
(less than 0.1% TOC), it is more probable that the hydfocarbons have
migrated into the claystone sequence.
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3.5 Pyrolysis-gas Chromatography (Py-GC, Programmed)

13 solvent- and thermally extracted whole rock samples were analysed by
Py-GC. The instrumental conditions are described in the experimental
section. The peaks are identified on the basis of retention and mass
spectrometric data of other kerogens.

Peak identities in the pyrograms:
1 = toluene
= (m+p)-xylenes
= o-xylene
= C3-a1ky1benzenes + phenol (P)
= C4—a1ky1benzenes + methylphenols (ClP)
C4- and C5-a]ky1benzenes + naphthalene
= 2-methylnaphthalene
= 1-methylnaphthalene

W 0O ~N Oy 1 & W N
]

= prist-l-ene

=t
o
n

prist-2-ene

(o]
~
-

C9 etc. are n-alkene/n-alkane doublets of that carbon number.

B-686 (1265m): The pyrogram shows an n-alkene/n-alkane homology ranging

from C7 to ca. C28' The abundance of phenol and aromatics is relatively
high suggesting an input of material derived from higher plants. Gene-

rally the pyrogram shows a type III or mixed type III/Il kerogen finger-
print.

B-690 (1325m): The pyrogram is very similar to B-686, i.e. a type IlI

kerogen fingerprint.

B-1243 (1327m): The pyrogram is very similar to B-686, i.e. a type III
or 1{1/11 kerogen fingerprint. o ‘ ,

- B-691 (1340m): The pyrogram is very similar to B-686, i.e. a type III

or ITI/II kerogen fingerprint. .

B-1244 (1340m): The pyrogram is very similar to B-686, i.e. a type III
, _
or III/II ker'ogen fingerprint. '

B-692 (1355m): The pyrogram is very similar to B-1244, i.e. a type III
or TII/II kerogen fingerprint. ‘ g

122/p/ah/8 b %
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B-1245 (1912m): The pyrogram is very similar to B-1244, i.e. a type III
or III/II kerogen fingerprint.

B-730 (1925m): The pyrogram shows an n-alkene/n-alkane homology ranging

from C7 to ca. C28 where the intensity of the doublet homology is decreas-
ing sharply from C7 to CZO‘ This is 1in contrast to the pyrogram of for
example B-1244 which shows a much smoother distribution of the aliphatic
homology. The sharply decreasing intensity is often observed in the pyro-
grams of type III kerogens. The abundance of aromatics is relatively
high. Generally the pyrogram shows a type III or a mixed type III/II
kerogen fingerprint.

B-1246 (1930m): The pyrogram is very similar to B-730, i.e. a type III

or III/II kerogen fingerprint.

B-732 (1955m): The pyrogram shows an n-alkene/n-alkane homology ranging

from C7 to ca. C28‘ The abundance of aromatics is relatively high and
the pyrogram is very similar to that of B-1244, i.e. a type III or mixed
type I11/11 kerogen fingerprint.

B-1247 (1957m): The pyrogram is very similar to B-732, i.e. a type III

or III/II kerogen fingerprint.

B-744 (2135m): The pyrogram shows an n-alkene/n-alkane homology ranging

from C7 to C28'

is very high which is characteristic for coals and some type III kerogens

The abundance of alkylbenzenes, naphthalenes and phenols

derived from higher terrestrial plants.

B-861 (3890m): The pyrogram shows only low molecular weight gaseous com-

pounds in the C1 to C7 range. This is in agreement with the very low
hydrogen index of 26 suggesting that 1ittle pyrolysable material is left
in the sample. '

There is a general similarity in the pyrograms except for the last two
samples from zones F and G in which the kerogens are clearly dominated
by organic matter consisting of terrestrial woody debris in the case of
the sample from zone F and by mainly inertinite material in the case of
the sample from zone G. There are slight differences in the detailed

pattern in the samples from the other zones, but the organic matter ap-
pears to be fairly similar in terms of source, and is probably mainly

122/p/ah/9
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derived from autochthonous aquatic organisms - algal 1lipids, cysts, etc.
rather than terrestrial, woody debris.

There is an apparent disparity between the Rock-Eval data in the zone B
sariple and the assessment of the pyrogram from this zone which is similar
to other nearby samples. It can probably be explained by the fact that
although the zone B sample is poorer quality according tc Rock-Eval com-
pared with other samples above and below, a small contribution from a
lipid-rich source similar to that in the other samples would tend to
dominate the pyrogram.

122/p/ah/10
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3.6 Analyses in Reflected Light

Eighteen cuttings samples and six sidewall cores were analysed in re-
flected light. Kerogen concentrates were not made of the samples in the
interval from 2210m down to 4070m because of the low TOC values and too
small sample amounts.

B-686 (1250-1265m): Ro = 0.44%(18): Sp.F1. = 5

This sample is mostly dark grey or brown claystones which show a mode-
rate degree of pyritization. The organic matter is mostly inertinite
and reworked vitrinite. ‘A significant proportion of the indigenous
vitrinite is associated with Tiptinite. Fluorescent liptinites are
scarce and most have a dull, 1light orange fluorescence in UV Tlight.

B-687 (1265-80m): Ro = 0.46%(15): Sp.F1. = 4

This sample is Targely similar to the overlying sample. Liptinite ma-
cerals are quite scarce, but when present show a yellow/orange fluor-
escence in UV Tight.

B-688 (1280-1295m): Ro = 0.68%(1): Sp.F1. = 4

This sample is made up of fine grained sandstone or siltstone. No measur-
able indigenous vitrinite was observed and the reflectance value reflects
the maturity of the least re-worked material. Trace amounts of Tiptinites
were observed which have a yellow/orange fluorescence in UV Tight.

B-1242 (1317-1320m): Ro = 0.41%(2): Sp.F1. = 3-5

This sample is mainly grey or brown claystone with a moderate degree of
pyritization. The organic matter is Tlargely inertinite and Tiptinite.
The vitrinite tends to occur in close association with liptinite and is
therefore difficult to measure. Fluorescing liptinites are abundant and
show yellow to Tight orange colours in UV light. The yellow fluorescing
spores may represent caved material. - '

B-690 (1310-1325m): Ro = 0.42%(3): Sp.F1. = 4

The sample has a similar lithology to the previous sample with the addi-
tion of some siltstone and calcareous clasts. Some calcareous fossils
were observed..The vitrinite mostly occurs as reworked vitrinite and
the indigenous vitrinite is often closely associated with liptinite. A
moderate amount of liptinite particles show a dull yellow/orange colour
in UV Tight.

119/g/ah/1
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B-1243 (1325-2327m): Ro = 0.42%(3): Sp.F1. = 4-5
Reflectance measurements were taken on mainly brown or grey claystone

fragments. Most of the organic matter is inertinite and liptinite. The
indigenous vitrinite is generally associated with liptinite. Moderate
amounts of Tliptinite particles show a yellow/orange to Tlight orange fluor-
escence.

B-691 (1325-1340m): Ro = 0.42%(8): Sp.F1. = 4

This sample is similar to the overlying sémp]e. Moderate to abundant
numbers of tenuispores show yellow to 1ight orange colours in UV Tight.
The yellow material may be cave material.

o B-1244 (1337-1340m): Ro = 0.43%(9): Sp.F1. = 4-5
The sample is similar to the two previous samples, although the organic
matter is mostly reworked vitrinite. Sporinite is common and shows yel-
low - orange to light orange fluorescence in UV Tight.

B-692 (1340-55m): Ro = 0.44%(7): Sp.Fl. = 4-5

The sample consists mostly of dark grey or brown claystone clasts. The
most common macerals are liptinite and inertinite. Liptinite is often
closely associjated with indigenous vitrinite. In ultra-violet light,
the liptinite macerals have a yellow/orange or light orange fluorescence.

B-716 (1700-1715): Ro = 0.37%(20): Sp.F1. = 4-5
) This sample consists of light brown claystone and a carbagillite. There
u) is abundant vitrinite and liptinite in the carbargillite clasts. Inerti-
nite tends to be predominant in the claystone clasts. Liptinite has a
yellow/orange to light orange fluorescence in UV 1light. Traces of algal
material are present.

B-2418 (1808.1m): Ro = 0.41(20): Sp.F1. = 4-6 ,

The sample is mostl& Tight brown claystone clasts with fairly common
~vitrinite bands. The vitrinite is often affected by clay mineral inclu-

sions and is difficult to measure. The trace amounts of liptinite

present have a yellow/orange to middle orange fluorescence in UV 1ight.

B-2419 (1818.5m): Ro = 0.40(14): Sp.F1. = 4

This sample is dark grey or brown claystone with mostly inertinite and

liptinite macerals present. Trace to moderate amounts of well preserved
spores are present in some clasts. These show yellow/orange fluorescence
in UV Tight.

119/g/ah/2
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B-724 (1820-1835m): Ro = 0.45%(11): Sp.Fl1. = 3-4

This sample is a largely inertinitic coal. Vitrinite particles are scarce
. and often show clay mineral inclusions. Liptinites occur in bands and
have a yellow to yellow/orange fluorescence in UV 1light. Traces of
algal material are present.

B-2420 (1863m): Ro = 0.40(2): Sp.F1. = 4-5

Red-brown sandstone/siltstone or claystone clasts dominate this sample.
The vitrinite in the samples frequently shows evidence of alteration
and liptinite affects. Liptinite macerals have a yellow/orange to light
orange fluorescence in UV Tlight.

B-1245 (1910-12m): Ro = 0.43%(24): Sp.F1. = 4-5

Brown or dark grey claystone clasts are dominant with secondary sand-
stone/siltstone clasts. Liptinite is abundant, especia]Ty in the more
arenaceous clasts. The liptinite has a yellow/orange to light orange
fluorescence in UV Tight.

B-2421 (1813m): Ro = 0.40%(9): Sp.Fl1. = 4-5

Brown claystone or siltstone clasts with small vitrinite stringers domi-
nate. The vitrinite is often closely associated with Tiptinite and is
not always suitable for measurement. The liptinite has a yellow/orange
to 1ight orange fluorescence in UV Tight.

B-730 (1910-25m): Ro = 0.43%(12): Sp.Fi. = 4-5

Mostly 1ight grey or brown claystone clasts which contain common 1lipti-
nite and reworked vitrinite. The liptinite macerals have yellow/orange
to light orange fluorescence in UV 1light.

B-1246 (1927-30m): Ro = 0.48%(2): Sp.Fl. = 4-5

This sample has a similar 1ithology to that above. The clasts contain
mostly closely associated Tiptinite and vitrinite with less common iner-
tinite. The liptinite fluoresces with a yellow/orange or light orange
colour in UV Tlight.

B-732 (1940-55m): Ro = 0.42%(9): Sp.Fl1. = 4-5

A grey-brown claystone lithology dominates this sample. Liptinite is
particularly common in grey claystone clasts. This material shows a
dull yellow/orange or light orange fluorescence in UV light..

119/9/ah/3
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B-2422 (1956m): Ro = 0.43%(6): Sp.F1. = 4

This sample is similar to the overlying one. Vitrinite stringers with
closely associated liptinite cause some difficulty in obtaihing reflec-
tance measurements. The Tiptinite particles have a yellow/orange fluor-
escence in UV light.

B-1247 (1955-57m): Ro = 0.45%(17): Sp.F1. =5

This sample is similar 1n;1%thology to the overlying interval and con-
tains mostly reworked vi%ginite and closely associated indigenous vitri-
nite and liptinite. The Tliptinite fragments mostly have a Tight orange
fluorescence in UV light.

B-744 (2120-35m): Ro = 0.38%(8): Sp.F1. = 4

Sandstone clasts make up most of this sample. Organic matter is general-
ly scarce although liptinite material is abundant in some clasts. The
Tiptinite material has a dull yellow/orange fluorescence in UV Tight.

B-746 (2150-65m): Ro = 0.52%(1): Sp.Fl. = 3-4

The sample is mostly a light grey claystone or siltstone in some of which
are liptinite-rich. Vitrinite is largely absent. The liptinitic ma*erial
has a yellow to yellow/orange fluorescence in UV Tlight. Some of this
maperia] has an indistinct nature.

B-2423m (2182m): Ro = N.D.P.: Sp.Fl1. = abs.
The sample consists of yellow/orange sandstone which is barren of orga-
nic matter.

B-853 (3875-90m): Ro = N.D.P.: Sp.F1. = 42

The sample is mostly grey or red/brown claystone clasts. Vitrinite is

not present in the sample although traces of liptinite are present in

the grey claystone clasts. This liptinite has a yellow or yellow/orange
fluorescence in UV 1ight, but may represént caved material). |

119/g/ah/4
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3.7 Analyses in Transmitted Light

On request from Norsk Hydro A/S the organic material of well 31/6-1 was
evaluated on the basis of 30 samples. Only 24 of then contained suffi-
cient material to carry out visual kerogen analyses in addition to vitri-
nite reflectance measurements. The material was washed with konc. HNO3
when sufficient material was left.

The samples are spaced in 4 main intervals:

1250-1355m (9 samples) , Colour index 1/1+
(450m not represented)

1808.1-1957m (10 samples, 5 sidewall cores included) Colour index 2-,
(160m not represented) 2-/2, 2 )

2120-2182m (3 samples, 1 sidewall core included)
(1600m not represented)

3755-3890m (2 samples)

The descriptions of the organic residues are based on the semiquantita-
tive estimates of relative proportions (volumes) of the main kerogen
groups. The estimates are expressed by graphs in our maturation table
(table 10).

Description of samples

B-686, B-687, B-688, B-690, B-1242, B-1243, B-691, B-1244 (1250-1340m):
Particles, dominantly woody and black woady material dominate and are

embedded in grey amorphous matrix of variable density. Acid resistant
minerals are common.

The residues are fairly small and in B-690, B-1242, B-1243, B-691 and
B-1244 (1310 -1340m) show presence also of more yellow-brown amorphous
~ substance.

Palynomorphs include well preserved dinoflagellate cysts (1250-1295m)
as well as more variably preserved material (1310-1340). '

Colour index: 1/1+.

B-692 (1340-1355m): Pyritic aggregates consisting of an amorphous matrix

dominated by degraded;fwoody material. Palynomorphs are poorly preserved.
Colour index: 1/1+. o
120/h/ah/1 "
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B-2418 (1808.1m) swc: Undissolved minerals were removed by heavy liquid
separation. The organic remains are mainly different types of woody mater-

ial, cuticles of variable thickness and well preserved spores and pollen.
The material seems mechanically fragmented.

Colour index: 2-/2, 2. The index may be under control from an oxidative
environment and too high as a parameter of maturation.

B-724 (1820-1835m): Cuttings sample show resemblance with B-2418.

B-2419 (1818.5m) swc: Strongly sapropelised material dominated by cutic-
les pollen and spores, some algal. Woody material seems subordinate.
Colour index: 2-, 2-/2, 2.

B-2420 (1863m) swc: Woody material of different categories and cuticles

of variable thickness, apparently mechanically fragmented. Pollen and
spores are well preserved. (Resemblance with B-2418).
Colour index: 2-, 2-/2.

B-730, B-1246, B-732, B-1247 (1910-1957m): Pyritic residues of poorly
sorted thinwalled organic remains, either dispersed material or as aggre-

gates. Cuticles are very abundant, together with spores and pollen ac-
counting for 40-70% of the material. Woody degraded material 40-20%.
The palynomorphs are generally well preserved.

Colour index: 2-, 2-/2, 2.

‘< B-2421 (1913m, swc): The residue suits with the interval described above.

B-2422 (1956m, swc): Dispersed organic material with abundant pyrite
and other acid resistant minerals. Wood and cuticles dominate. Algae

are well represented but subordinate. The residue suits with the inter-
"+ val 1910-1957m. o
" Colour index: 2-, 2-/2. ' '

B-744, B-746, B-2423 (2120-2182m): Very small residues. Degraded woody
or supposed woody materia] dominates. The material has a grey brown colour

and often etched surfaces. Internal structures have been dissolved. Acid
resistant minerals are common and all residues has to be treated by ZuBr2
solution. No colour evaluation was possible. But material in B-746 indi-
cates an increase of maturation from the interval described above.

120/h/ah/1.1
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B-853, B-861 (3755-3790m): Very small residues dominated by pyrite and

other acid resistant minerals. Minor traces of black oxidised woody frag-
ments and supposed cuticles. The reason for the greyish coloured thin
cuticles seems to be the type of depositional environment.

Colour index could not be evaluated.

120/h/ah/1.2
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4.  CONCLUSION

The maturity of this well is mainly based on the Tmax values obtained
from Rock-Eval pyrolysis, vitrinite reflectance, spore fluorescence

colours and spore colour in transmitted Tight. In the following each
zone will be discussed separately.

Zone A; 1250-1280m: This zone within the Cretaceous, consists mainly of
dark grey claystones with good to rich TOC-values (1.79%-2.84%). The
results from light hydrocarbon analysis show a high methane content at

the upper boundary, probably derived from indigenous organic matter in
the dark grey claystone. The abundance of extractable hydrocarbons is
high and the Rock-Eval production index for this sample is relatively
high and could indicate the presence of migrated hydrocarbons. The or-
ganic matter is mostly inertinite and reworked vitrinite. A kerogen
type III 1is seen throughdut the zone with a fair to good potential for
gas. A1l data suggest immature samples.

Zone B; 1280-1325m: This zone which is also in the Cretaceous consists

mainly of Tight grey to grey mar's with poor TOC-values, and minor
amounts of dark grey claystone and pale brown claystone. The dark grey
claystones have fair to good TOC-values (0.81%-1.62%). The Rock-Eval
data indicates a type III kerogen, but the quality of the kerogen is
poorer than in the zones above and below. The dark grey claystone shows
a fair to good potential for gas. The abundance of extractable hydro-
carbons is fair. The presence of migrated hydrocarbons are suggesteﬂ
from the low pristane/phytane ratios and all data suggest immature
samples.

Zone C; 1325-1340m: The dominant lithology in this zone which coincides.

roughly with the top of Jurassic, is a dark grey claystone with good to

rich TOC abundances (1.76%-2.91%). The abundance of 1ight hydrocarbons

~is good in the zone, whereas the abundance of C15+ extractable hydrg-

carbons in the organic matter is good. The kerogen quality improves .
downwards in the zone, and consists of a mixed type II/III kerogen with

a mainly good potential for 0il and gas. Low productionlindices suggést )

no migrated hydrocarbons. The organic matter has probably been deposited

in more anoxic conditions than in the zones above. The analysed samples

indicate that the zone is immature.

114/0/jb1/11
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Zone D; 1340-1895m: This zone which is also in Jurassic, is dominated

by sandstones. A dark grey claystone is similar to the samples from
zone C and is probably caved from the zone above. Varying amounts of
1ight grey to grey claystone appear throughout the zone and minor
amounts of coal/carbonaceous claystone with rich TOC-content appear at
the bottom of the zone. The abundance of 1light hydrocarbons in the sand-
stone sequence is poor at the top end fair to good in the rest of the
section. Highest abundance occur in the section with minor coal/carbona-
cecus claystones. The wetness of the sandstones indicates a more mature
source for the gases. The coal/carbonaceous claystone have a type III
kerogen with a rich potential for gas. A1l data suggest that the zone
is immature.

Zone E; 1910-1957m: This zone is dominated by grey claystones with good
to rich TOC values (1.23%-2.13%) and minor amounts of sand. The abun-
dance of 1ight hydrocarbons is good and the abundance of hydrocarbons

in the extractable organic matter is fair to good. The kerogen quality
improves in the zone and the claystones contain a mixed type II/III
kerogen with a fair to good potential for o0il and gas. The production
indices are low indicating no migrated hydrocarbons. A change in deposi-
tional environments with perhaps a decrease in anoxic conditions during
deposition may have occurred. The whole zone seems to be slightly more
mature than the zones above. '

Zone F; 1970-2135m: Sand is the most dominant Tithology in this zone

with some input of grey-pale brownish grey claystones with a rich
TOC-content (11.82%) at the lower boundary. In the interval with the
claystone the abundance of light hydrocarbons is good and also the
abundance of hydrocarbons in the extractable organic matter is good.
The environment of deposition was different to the samples in the zone
above, ahd was more terrestrial. The Rock-Eval data suggest a type
IT/111 kérogen with a good potential for condensate and gas, but with a
low maturity.

Zone G; 2150-4070m: The lithology consists mostly of Triassic sands and

' 7various coloured claystones witq poor TOC-content. The abundance of

' Tight hydrocarbons is poor. The C15+ extractable hydrocarbons may have
migrated into the claystone sequence. A kerogen type IV is seen in the
zone and it is dominated by terrestrial woody debris. The maturity in
this sequence is difficult to assess, since the kerogens consists

114/0/3b1/12
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exclusively of reworked or oxidised material, and the EOM is mainly de-

rived from non-indigenous sources i.e. consists of migrated or contamin-
ant hydrocarbons.

114/0/3b1/13
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Lithology and TABLE NO.: 2.
Total Organic Carbon measurements WELL NO.: 31/6-1
Sample D:"':;h TOC Lithology
B-686 1250-65 2.84 85% Claystone, dark grey
0.55 10% Claystone, greenish grey
5% Limestone
B-687 1265-80 1.79 60% Claystone, dark grey
““““ 1 35% Marl, grey
: 5% Limestone
B-688 1280-95 0.45 95% Marl, grey
5% Claystone, pale brown
B-689 1295-1310 95% Marl, grey-light grey
0.81 3% Claystone, grey-dark grey
2% Claystone, pale brown
B-1242 1317-20 . 1.59 35% Claystone, dark grey
104 Claystone, pale brownich grey, greenish
grey
50% Marl, light grey
5% Limestone
B-690 1310-1325 1.62 10% Claystone, dark grey
0.42 90% Marl, light grey
B-1243 1325-27 1.76 90% Claystone, dark grey
10%4 Claystone, light grey, olive grey,
greenish grey
- B-691 1325-40 2.91 90% Claystone, dark grey-black
: 5% Marl, light grey
5% Claystone, pale green

119/¢/3b1/1
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Lithology and

Total Organic Sarbon measurements

TABLENO.: 2.
WELL NO.: 31/6-1

Sample Dep:th T70C Litholegy
‘ {m)
B-1244 1337-40 2.89 85% Claystone, dark grey

104 Claystone, brownish grey, greenish grey

5% Sandstone
B-692 1340-55 80% Sand

2.40 10% Claystone, dark grey
0.70 102 Claystone, olive grey-pale green

B-694 1370-85 100%  Sand
B-696 1400-15 95% Sand

5% Claystone, grey
B-698 1445-60 70%  Sand

30% ?Core-bit affected lithologies
B-700 1460-75 80% Sand

20%  ?Core-bit affected 1ithologies
B-701 "1475-90 30% Sand

70%  ?Core-bit affected 1ithologies/mud
B-702 1490-1505 70%  Sand ,

30% ?Core-bit affected Tithologies/mud
B-706 1550-65 35% Sand

65% ?Core-bit affected lithologies/mud
B-708 1580-95 10%  Sand

90% ?Core-bit affected 1ithologies/mud
B-710 1610-25 90% Sand/Sandstone

5% Claystone, grey

5% ?Lithologies affected by drilling

uyeinye




- 48 -

Lithology and
[[Z(7]| Total Organic Carbon measurements

TABLENO.: 2.
WELL NO.: 31/6-1

Sample Depth TOC Lithology
(m)
B-712 1640-55 100%  Sand
B-714 1670-85 100% Sand/Sandstone
B-716 1700-15 95%  Sand/Sandstone
2.40 5% Claystone, grey-light grey
B-718 1730-45 100% Sand/Sandstone
B-720 1760-75 100%  Sand/Sandstone
B-722 1790-1805 100%  Sand/Sandstone
B-2418 1808.1 Claystone, brownish grey - olive grey,
SWC waxy, non-calcareous
B-2419 1818.5 Claystone, brownish black, slightly silty,
SWC partly micropyritic, non-calcareous
B-724 1820-1835 85% Sand
31.90 10% Coal/carbonaceous claystone
5% Claystone, pale brownish grey, pale bluish
green
B-726 | - 1850-65 95% - Sand/Sandstone
5% Claystone, grey
B-2420 1863 Mudstone, olive grey, sandy (very fine),
SWC slight micromicaceous, non-ca]carépus
B-728 1880-95 '} 100%  Sand/Sandstone

119/¢/jb1/3 8
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Lithology and
[[Z{7]| Total Organic Carboa measurements

TABLE NO.: 2.
WELL NO.: 31/6-1

Sample Depth TOC Lithology
(m)
B-1245 1910-12 1.24 /| 104 Claystone, grey, sandy
4 5% Claystone, pale brown
85% Sand/Sandstone
B-2421 1913 Mudstone, 1light olive grey - olive grey,
SWC sandy, interlaminated with Sandstone,
light brownish grey, argillaceous
B-730 1910-25 30% Sandstone/Sand
1.46 70% Claystone, grey
B-1246 1927-30 1.23 65% Claystone, grey (slightly brownish)
35% Sand/Sandstone
B-732 1940-55 ~ 2.13 95% Claystone, grey
5% Limestone
B-2422 1956 Claystone, dark olive grey, silty, partly
SWC sandy (very fine), non-ca1carequs
B-1247 1955-57 1.74 80% Claystone, grey
5% Marl/Claystone, 1ight greyish white
15%  Sand/Sandstone ‘
L , .
B-734 1970-85 40% Cement
60% Sand
B-736 2000-15 5% Cement
95% Sand
B-738 2030-45 100%  Sand
B-741 2075-90 100%  Sand

119/c/b1/4
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5
|-|“|0|00Y al'ld ; TABLE NO.: 2.
Total Organic Carbon measurements WELL HO.: 31/6-1
Sample D(”:‘;h TOC Lithology
B-742 2090-2105 90% Sand/Sandstone
10% Limestone
B-744 2120-35 95% Sand/Sandstone
11.82 5% Claystone, grey-pale brownish grey
B-746 2150-65 40%  Sand
0.14 60% Claystone, pale bluish green-pa}e green,
. pale brown
B-2423 2182 Claystone, yellowish brown, non-calcareous
SWC
B-749 2195-2210 30% Sand
~0.05 65% Claystone, pale green, pale brown,
redbrown, purple, yellowish brown
5% Marl/Limestone
B-752 2240-55 45%  Sand
0.06 55% Variecoloured claystones as above
B-755 2285-2300 - 30% Sand
0.01 70%  Claystone, redbrown, pale green-green
B-758 2330-45 | 30%  Sand
0.10 60% - Claystones as above
104 Limestone
B-761 2375-90 20% Sand '
0.02 65% Claystones, as above
15% Limestone
B-763 2405-20 10%  Sand
104 Sandy claystone, purple-redbrown
0.01 80% Claystone as above

119/c/jb1/5 -
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I.l"lﬂlﬂy and TABLE NO.: 2.
Total Organic Carbon measurements WELL NO.: 31/6-1
: Depth .
Sample (m) TOC Lithology
B-767 2465-80 10%  Sand
0.06 90% Claystone, sandy, redbrown, brown, pale
green, pale purple, pale brownish grey
B-770 2510-25 15%  Sand
0.06 85% Claystone, sandy, as above
B-773 2555-70 “15%  Sand
0.02 85% Claystone, sandy, as above
B-776 2600-15 25%  Sand
0.06 75% Claystone, sandy as above
B-779 2645-60 35% Sand
0.01 65% Claystone, sandy as above
B-781 2675-90 40%  Sand
0.01 60% Claystone, sandy as above
B-785 2735-50 40%  Sand
0.02 60% Claystone, sandy, mostly redbrown, brown,
pale green, pale bluish green
B-789 2795-2810 \85% Sand
' 0.01 1 15% (Claystone, sandy, as above
B-791 2825-40 90% Sand
0.00 10% Claystone, sandy, as above
B-794 2870-85 | 90%  Sand
0.00 10% Claystone, sandy, as above
B-797 2915-30 | 95%  Sand
5% Claystone, sandy, as above

119/c/3b1/6
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Lithology and

TABLENO.: 2.
WELL NO.: 31/6-1

Depth .
Sample (m) TOC Litholegy
B-801 2975-90 95% Sand
5% Claystone, sandy, as above
B-805 - 3035-50 95% Sand
5% Claystone, sandy, as above
B-809 3095-3110 85% Sand
.00 15% Claystone, sandy, redbrown-brown, pale
green
B-813 3155-70 60% Sand
.01 40% Claystone, pale green, olive, redbrown,
grey
B-817 3215-30 100%  Sand/Sandstone
B-821 3275-90- 90% Sand/Sandstone
.01 102 Claystone, redbrown, yellowish green
B-825 3335-50 55% Sandstone/Sand
.00 45% Claystone, brown, pale green, pale bluish
green
B-829 3395-3410 10%  Sandstone/Sand :
' .02 90% Claystone, brown-dark brown
B-833 3455-70 50% Sandstone/Sand
.00 50% Claystone, brown-dark brown
B-837 3515-30 . 40%  Sandstone/Sand |
.00 60% Claystone, brown-dark brown, green
B-841 3575-90 35% Sandstone/Sand
.00 65% Claystone, brown-dark brown, green

W/e/iplT
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" Lithology and

TABLE NO.: 2.

Total Organic Carbon measuremsnts | VRN 51/6

Depth .
Sample (m) TOC Lithelogy
B-845 3635-50 90%  Sand/Sandstone
0.06 10% Claystone, brown-dark brown, green
B-849 3695-3710 90%  Sand/Sandstone
5% Claystone, dark brown
5% Marl, white-redbrown
B-853 3755-70 40% Sandstone/Sand
0.13 60% Claystone, brickred, dark brown, pale
bluish green
B-857 3815-30 25%  Sand/Sandstone
0.04 75% Claystone, dark brown, brickred, greyish
brown, bluish green
B-861 3875-90 5%  Sand
0.00 55% Claystone, dark brown
0.73 40% Claystone, dark bluish grey
B-865 3935-50 10%  Sandstone
0.07 85% Claystone, dark brown
5% Claystone, dark bluish grey
B-869 3995-4010 LO% Sahds;one/Sand ! f
0.02 : 80% C]axsione; dark brown green-
5% Marl, white-redbrown
5% Coal
B-873 4065-70 75% + Crystalline Quartzite, basement lithology
0.01 25%  Claystone, redbrown, brickred, green,
white

119/c/jb1/8
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DATA FROM ROCK EV AL FPYROLYSEIS

mamrmormmommmommmmmoEmaononomomm@moommmomoomunmmmnmommmommoaooNmonomomoamnmmmmmmmasmmmanmoomT o s 8l

I H ) HYDR. OXYBEN PETROLEUM PROD. TEMP.I
I IKU DEPTH A 81 52 83 TOG INDEX INDEX POTENTIAL INDEX MaX I
I No. z 51 I
I S e I
I m/Ft : (4 S1+52 S1+82 (L) 1
3;==:=:::==::=:==:u:::::m:::::::::::z:::::;‘:‘.:::::::=:==zz:===:z::nz::::::::::::::::::mI
I H I
I B 686 1263 : D.6D 4,02 1.05 2.84 142 37 &, A2 0.13 428 1
I : Clst dk - gy I
I B &87 1280 : 0.21 1.04 1.13 1.7%9 58 &3 1.253 0.17 430 1
I : Clst dk — gy I
I B &89 1310 o 0.08 0.05 0.67 0.81 & 83 0.13 0.62 426 1
I : Clst gy — dk — gy I
I B 1242 1320 s .21 1.38 0,49 1.52 104 453 1.79 0.12 432 1
I : Clst dk - gy I
I B 690 1325 1 0.29 1.32 2.08 1.42 81 128 1.61 0.18 429 1
™ 1 Clst dk ~ gy I
f% B 1243 1327 s 0.29 32.77 0.64 1.74 214 36 4,06 Q.07 434 1
I - : Clst dik — gy . I
I B 691 1340 s 0.37 7.72 1.93 2.91 265 &b 8.09 0.05 427 1
1 : Clst dk - gy I
I B 1244 1340 : 0D.77 10.48 0.79 2.8%9 370 27 11.453 0.07 429 1
I : Clst dk - gy I
I B &72 1350 3 0.38 5.19 2.24 2.40 F16 2?3 5.37 0.07 426 1
I : Clst dk - gy I
I B &92 1330 . 0.18 L2220 2.94 0.70 31 420 0.40 0.43 415 1
I : Clst olv - gv I
I B 716 1715 : 0,88 5.08 1.77 2.40 212 74 o R 0.15 426 I
I : Clst gy — 1t - gy I
I B 724 1833 1 Z.646 51044 4,44 31.91 161 14 54 .08 3.05 420 I
I : Coal I
I B 1245 1912 s 0.535 3.6% 0.58 1.24 Z298 &7 b o Dby 0.13 433 1
I . : Clst oy I
I B 730 1925 i 0.31 2.92 1.23 1.46 268 84 4,23 0.07 430 1
I . Clst gy I
I B 12486 1IR30 : D.31 2.43 0.465 1.23 215 53 2.%6 0.18 437 1
X t Clst gy I
Jh B 732 1935 . D.40 7.10 1.38 2413 333 &5 7.30 D.05 428 I
1 : Clst gy 1
I B 1247 1957 . 0.34 6.2 0.47 1.74 356 27 b.5% 0.05 431 I
I : Clst ay I
I B 744 2135 1 1.246 34.39 2.62 11.82 291 22 35.65 0.04 424 1
I : Clst I
I B 861 3890 z S22 0.19 22 0.73 2é 167 O.41 0.54 454 1
I s Clst dk — bl - gy I

T e I T T I e R Nt ]
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TAERILE 8.

TARULATION OF DATA FROM THE GASBCHROMATCGERAMS

iR riper e e it ere i oo giose feteliieenibire B ottt e i e e e er i i oss it S et e st J oo e e B b o o f s i+ s S G oo S oot Jibeis Jlbee G G i B S g Jaar il sadbried

DEPTH ¢ PRIETaANE ¢ PRISTANE = I
i ot e s s CPI I
H I

{m?} H n=-G17 H PHYTANE

[eemesssrEREEEr S S EEERRENEERSEESSSSEESESSESESEESsEsssEsZsss]
I H H H 2 I
I B 486 1 1265 : 0.9 2.2 g 1.1 1
% B 490 : 1325 : 0.9 1.2 s 1.8 i
% B 1243 : 1327 : 0.9 0.8 2.5 ;
% B 691 1 1340 : 1.1 s 0.8  : 2.3 ;
%_ B 1244 1 1340 ) 0.8 0.8 2.4 i
; B 730 : 1925 ) 0.8 1.9 : 1.5 %
; B 1246 1 1930 ; 0.9 1.4 i 2.1 i
I B 732 ;1955 : SV .3 1.9 I
% B 1247 1 1957 i_ .2 1.3 1.9 %
i B 744 : 2135 : 0.9 2.3 s 1.5 i
'% B 861 i 3890 ) 0.4 1.0 1.3 i
I 5 H 2 H I
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Table 9: Concentration of C15+ saturated hydrocarbons, branched/cyclic

hydrocarbons and normal alkanes.

IKU No.

B-686
B-690
B-1243
B-691
B-1244
B-730
B-1246
B-732
B-1247 .
B-744
B-861

114/0/jb1/14

Depth

(m)

1265
1325
1327
1340
1340
1925
1930
1955
1957
2135
3890

Sat.

(n

=N N = O = O O N
- - . - . - » L] e . -
0 = O Ul = O N O 0O O O

=
[{a]
~—

Branched/cyclic

(mg)

O = O O » O O = O O O
WO =~ 0 W O & N O = N

normal alkanes

(mg)

0.2
0.4
0.8
0.6
0.5
0.2
0.4

0.4
0.2
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T & B L E 10.

TABULATION OF MATURITY DATA

1 % 3 H I
T OIkL MWo. s H z ITNDEX 4 I
I . g {m/ FLo H Ru(Ar and Counts H (Tals H I
:{::::::::r::u-rm:::::;::::.—.::::::m::::::::::.t::::;c:-;:::::::::::::::::::m::.:::.-:-._.-:::::::::::::::::::r:::;::::::::m:::z:.::;:::;::::: 2{:332:2?::‘::;‘:-17‘3}:
1 H H H H I
T B &BSs ¢ 1265 . D44 0187 g 1/1+ & 5 I
I H H - H H I
I B &87 & 1280 g O.46015) s 171+ % 4 I
I H H - H 3 I
I B 488 1295 g 0.4681 1) T 1/L+ H 4 I
I H H - H H I
I B 1243 & 1320 s D410 22 y LAl B H 3/5 I
I 2 2 - H ' I
I B &F0 ¢ 1325 : O.420 3 y 1/1+ 4 & I
I H 3 - H H I
I B 1243 ¢ L3327 3 0.42(0 3 : 171+ s b&/5 I
I H H - H s I
I B 421 : 1340 : O.42(0 &) s /1 g 4 I
I H H - % H I
i B 1244 3 1340 o D431 93 i 1/l H 4/3 I
I 2 H o B H I
I B &92 @ 13595 g Ousbt 73 g 1/ 8 445 I
I 5 4 - H H 1
I B 7ié& s 1715 ¥ DLAT 200 g Naod. H 475 I
I H H - H 3 I
I B 2418 @ 1808,10 + 0O.412) s 272 2 H 4/ & I
I H 3 BWC - H H I
I B 2419 3 1818.50 ¢+ O.40014) g Ee a2 1 & 1
I H 1 BWOC - s 2 g I
I B 724 4 1835 0 Du43011) s 1/l 2 H 374 i
I H 1 - g B2 H I
I B 2420 @ 18463 r D.400 2 ¥ BT D 8 4&/5 I
I 4 GG - 4 2 I
I B 1245 & 1912 . D.43(24) ¥ N.A. L4 4/ I
I H 8 o 2 ¢ I
I B 2421 & 1913 ¢ 0.40¢( 9} 5 B D3y 475 1
I ] s Sl - H H I
I B 730 = 1925 ¥ .43 LE) p 2-/2 2 8 4/ I
I H H - 3 4 1
I B 1244 2 1930 .48 2 g 2R 2 H 475 I
I 3 H e s 2 8 I
I B 732 : 1955 1 O.420 g i 2 H &/5 T
I - H - H H I I
I B 2422 ¢ 1956 o D430 & 3 2 2R 4 I
I 3 s BWC - H H I
I B 1247 1957 s D.45017) g 1+ B H 3 I
I H H - H] H I
I B 744 ¢ 2135 s 0.38( &7 R H & I ¢
I H 8 - 4 H I
I B 744 1 21465 s 0.820 1) 1o 4 37 I
i 8 3 8 2 I’
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T A B LEI

TABULATION OF MATURITY DATA

I z H VITRINITE REFLECTANGE r MaTURATION 3 FLUQR~ I
TOIKL MNo. s % H INDEX r ESCENCGE I
I 4 {im/ L) H Ro(Z4)y and Counts H (T&1) H i
I.‘:‘.:"""m:.‘::.".::.’::r o RNl ot g i e o Rt ~;*;:::::::...:.'.':=:z:":'“:’:"zx‘::::::::":3:::::::::-':;x'::'”::::.z:::::‘;mm::::::::::::""':::::n:::::[
I H H : H I
I B 2423 » 2182 H M.DLP. g ek H I
I H s GG - H H I
I B 8583 ¢« 3870 H MN.DuP. PR H 4 I
I H H - H H] I




Visual Kerogen Analysis

TABLE NO.: 1.
WELL NO.; 31/6-1

120/h/ah/2

Sample P‘_’t."th Composition of residue Par-tmle Preservation Therma.l maturation Remarke
(m) size palynomorphs index
B-686 1250-65 W,WR! ,Cut,P/Am,Cy F-M-L good to fair 1/1+ Pyritic, loose aggregates.
Woody and reworked woody
material.
B-687 1265-80 WRY,W,Cut,P,/Am,Cy F-M variable 1/1+. Some admixtures of the above
— . material. Mainly grey amorphous
often flaky aggregates. Woody
material greyish etched app. .
(o3}
B-688 1280-95 WR! ,W,P/Am,Cy F-M good 1/1+ Grey amorphous. Good cyst w
assemblage. Small residue. !
B-690 1310-25 W,WR!,P/Am,Cy F-M variable 1/1+ Probably material from
different lithologies. Amorphous
material as aggregates and grey |
amorphous mixed with inorganic
acid resistant remains. Very
small residue.
B-1242 1317-20 W,WR!,P/Am,Cy F-M variable 1/1+, 2- Pyritic residue. Abundance of.
grey amorphous with small de-
graded particles, probably of
woody origin., Forams.
‘ABBREVATIONS
Am  Amorphous Cy  Cysts, algae w Woody material F Fine
He  Herbaceous P Pollen grains C Coal M Medium
Cut  Cuticles S Spores R! Reworked L Large



TABLE NO.: 11.
WELL NO.: 31/6-1

Visual Kerogen Analysis

Sample Depth Compasition of residue Par.tlcle Preservation Therma.l maturation Remarks
(m) o size -| palynomorphs index
B-1243 1325-27 W,WR! ;P ;Cut/Am,Cy F-M-'l;-“ fair to good 1/1+ Firm pyritic aggregates, partly
_ grey amorphous material. Embedded
palynomorphs often hidden but
well preserved Tasmanites, Clas-
. sopollis and brown aggregates
in sieved residues (Mixed litho-
- logies).
B-691 1325-40 W,WR! ,P/Am,Cy F-4 fair 1/1+ Aggregates and dispersed \
material mostly grey amorphous. o
Strongly degraded remains embed *
e structured particles. !
B-1244 1337-40 W,WR!,P/Am,Cy F-M ~ fair 1/1+ As above.
B-692 1340-55 W,WR! ,P/Am,Cy, Algal F-M-L poor to fair 1/1+ Fairly dense yellow/brown,
pyritic aggregates of degraded
‘material. Abundant globular
organic bodies and small woody
. fragments. Tasmanites.
B-724 1820-35 *W,WR!,Cut,P,S/Am,Cy M-L variable 1/1+,2, 2-/2 *Sieved residue. Structured
. woody material. Callialaspori-
tes.
ABBREVATIONS -
Am  Amorphous Cy  Cysts, algae W  Woody material F Fine
~He  Herbaceous P Pollen grains C Coal M Medium
- -Cut.  Cuticles S Spores R!  Reworked L Large

120/h/ah/3



TABLE NO.: '1-

: | : WELL NO.: 31/6-1
Visual Kerogen Analysis 0
" Sample Depth Composition of residue Par.tmle Preservation Therma_l maturation Remarks
(m) size palynomorphs index
B-730 1910-25 W,Cut,P,S/Am F-M-L fair to good 2-/2, 2 Pyritic mostly dispersed,
poorly sorted remains. Thin-
walled material.
B-1246 1927-30 Cut,W,P,S/Am,Cy F-M-L good 2-/2, 2+, 2 As above, Thicker walls. Better
. preservation. Nannoceratopsis
graciles. Classopollis. Tasma-
nites.
1
B-732 1940-55 Cut,W,P,S/Am,Cy F-M-L variable 1+, 2- As above, aggregates. Strongly o
: pyritic sample. Very light co- |
Toured thinwalled material.
Abundant small spherical bodies.
B-1247 1955-57 Cut,W,P,S/Am,Cy F-M-L variable 1+, 2- As B-732.
B-744 2120-35 *W? M - ? Screened residue. Some aggre-
gates as in layers above, mixed
N with brown-grey, etched woody,
amorphous fragments.
ABBREVATIONS
Am  Amerphous Cy  Cysts, algae w Woody material F Fine
He  Herbaceous P Pollen grains C Coal M Medium
Cut  Cuticles S Spores R! Reworked L Large

120/h/ah/4 .



TABLE NO.: 1.

120/h/ah/5

Visual Kerogen Analysis WELL No.: =1/0-%
Sample Depth Composition of residue Particle Preservation Therma'l maturation Remarks
(m) size palynomorphs index
B-744 2150-65 *W M-L - - Structured woody material and
~ amorphous etched, grey-brown
woody fragments. Rare palyno-
morphs, indicate increase in
maturation from B-1247 or an
g oxidative environment.
B-853 3755-70 W, Am ‘ M-L - - Minerals, occasional black
woody fragments and rare coarse
supposed cuticles. o
[#))
B-861 3875-90 WR1,Cut/Am M-L - - Very poor residue. Pyrite. '
Amorphous material. Grey etched
material probably of cuticular
nature. Some woody material.
ABBREVATIONS
Am  Amorphous Cy  Cysts, algae W  Woody material F Fine
He  Herbaceous P Pollen grains C Coal M Medium
Cut  Cuticles S Spores R! Reworked L Large



: TABLE NO.: 1.
i 1 WELL NO.: 31/6-1
Visual Kerogen Analysis -
Depth Composition of residue Par.tlcle Preservation Therma_l maturation Remarks
(m) size palynomorphs index
1808.1 *W,Cut,S,P/ | F- good 2-/2, 2 *Sieved/screened residue.

SWC Different types of woody mater-
ial. Coarse cuticles and very
thin ones. Poor sorting, partly
mechanically fragmented mater-
ial. Ischyosporites.

. 1

| B-2419 1818.5 Cut,W,P,S/Am F-M-L fair to good 2-, 2-/2, 2 Strongly degraded, fragmented, 9

SwWC » sapropelised material. .

B-2420 1863 W,Cut,P,S/Am F-M-L good 2-/2, 2- Some resemblance in quality of

swc preservation with B-2418 (mecha-
nically fragmented).

B-2421 1913 - Cut,W,P,S/Am,Cy F-M-L gocd to fair 2-, 2-/2 Aggregates of sapropelised

SWC : material.

B-2422 ; '19561: W,Cut,P,S/ F-M-L good to fair 2-, 2-/2 Dispersed material rich in

SWC pyrite and other minerals. Algae

) (especially Botryococcus).

B-2423 2182 *W F-M-L - - *Screened residue. Degraded
probably woody material, non-
structured, etched amorphous
fragments.

ABBREVATIONS

Am  Amorphous Cy  Cysts, algae W Woody material F Fine

He  Herbaceous P Pollen grains C Coal . M Medium
Cut  Cuticles S Spores R! Reworked L Large

120/h/ah/6
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FIGURE 1
Gas chromatograms of 015+ saturated hydrocarbons

Pr - pristane
Ph - phytane

123/b/ah/1
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FIGURE 2

Gas chromatograms of C15+ branched/cyclic hydrocarbons

Pr - pristane

Ph - phytana

1'so--C15 - isoprenoids with the
respective numbers of
C-atoms.

* - contamination

123/b/ah/2
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FIGURE 3

Gas chromatograms of C15+ normal alkanes




C25
4000
i ]
<r ]
. : n-Alkanes
+ . B 686
‘ 3500 Clst., dk. gy.
~ ]
x ] 1265m
g -
1] ]
o N
™m 20-00 ]
“ ] *
= .
3 ]
- E ]
- X 2500
o .
= ]
o _
o ]
o ]
; 5 N
: @ 2000
o .
o ]
o ]
e} ]
T 15-00—]
< ol 3
) x @ ]
™~ =] by pe
[N m — o n
i) Q. - N
= £ ]
N (a1 [ —
w 0~ 10:00—
T pa .
c Y L . Cyy C20
o = 0w 4
@« wm ]
o a 0 WD -
< + (42 .
in (=] mm 500 —
O b= D e .
~— [ 1 0 n -
fo =& 3 &,&m&‘_ﬂ,}\ WJM\;
.’J .-u -3
o - o 3 \ A W
Cwo oz ]
T =0 - —
[ 1] ‘I:m » D 000 llllllllIllIlllllllllIll||l|||l'lllllllllllllll'llllllllll|l||lllll|1ll'llllllIIIlllllll|llIlllllllll'llllllllllllllllllIlllllllllllllllI|||l|lllllllll|l|
Lo ™ | )\—5- )
1] (1] -
@ 28 -2 4 3 14 19 24 29 34 39 44 49 54 59 64 €9 74 79
< @ o C o
O K¥Q C0

_86_



450 C25
o ;
o . n-Alkanes
T 400 B 690
h b CISL, dk. ay-.
Py -
b 3 1325m
el -
a 350
c 3
o -
R 3 '
3
£ 3
3 3-00
e x 3
(SR ] put
= . C
c 3 20
0 2:50—
© b
0 p
) 3
Ed 3 -1
“ N
i . —
- z-00—
o - -
o (I -
< c.-ag:) -
o x . .
¥ 5 o 1-50 ] e k‘L
< — - 7
) [« R = 17 N‘J '.\\-J
% ™ El 3 Mﬂ"uM'
o 3
$o e Ul WL AL A Aol
L G-I_l E 1.00_: W PO Y -
c Z - =
o Z 0O -
T Om 3
m T o W -3
O (_'JP gﬂll ]
l;'; |—.—-D W = 0-50 —
A oo o -
- | — @B =
» L@ - E 3
L] — [ -
TCwo ©uZ -
FR 000
3 a gj\f lIl|IlIllIIllllllIIIl'lIllllll!IIlllllIII'Illllllllllll”llllIlllllllTl'lllllllll‘lllllllll'lllllllllIlllllllll'lIlllllllIlllllllll'Illlllllllllllllllllll
g 33 ';g- 4 9 14 18 z4 29 34 38 44 49 54 59 64 69 74 79
. @Tw C o ’ )
O Qa adCo

_176.-



- 95 -

79

64 B9

59

o4

49

44

38

34

29

24

19

14

~r
4
. ‘
P &n
@ .
o -
835
-
Emo 2
M
5
3
i 3
e 5
i+ ] M
o~
c m
- =
~
(X}
om
o
_q____m___________________.___.__.__________._________.______~_.__.______(_________
o} fae 3 ol Q f=} Q Q = 2
= 0 ) i - D 2 e 2
o 3] [ o (3] vy - ; = Q
PZL b (% leubis wnuyxey UL lL-9-/1Efcpzl-g: sueN ajdueg

I

13 uotqoelur

40

b

L

13 ejdwurg ogpzlE8EL: SisA|euy

®x0g 101d 9|85 ®aIR(Q]
£ T1INNHMD-107d Hibd Mud

pE/4BL/BL UO SZIEL 3R POIRBJD




n-Alkanes

B 691

Clst., dk. gy.—bl.
1340m

Cag

Cap

17

_ZD'DD
T 1800
1600
14-00
12-00
10-:00

|rufils wnwixey
13 uotioafur

=]
=2

@

xag

—_____________:________________.________—__________:___._:_______.___:____:ﬂqlq_:________-.__.__

o]
o]

3]

Hrfi-ssiefiegs-4:

13 =|dueg J1899861L¢:

310|d 9| ROS ®=IR(Q
£ TINNEHI-L10Td BiHd MUy

P8/ R 92 UO JSEIZ] IR PAIRAJD

79

74

69

84

59

54

493

44

38

34

23

24

18

14

aueN e|dweg
51 8A| RUY



41 oh. 14/Feb 84

Created at 04

RAW DATA PLOT-CHANNEL 3

Data Scale Plot

of

Box

1

Injection £:

1

188B1244C Sample £

Rralysis

15.382

{53

Max imum signal

:B1244,31,6-1,JA

Sample MName

14-00

12:00

1000

6-00

4-00

200

000

. C25

_E n-Alkanes

- B 1244

. Cist., dk. gy.

] 1340m

: !

R (Yo

- ~J

] 1

] Ca0

- C17

§ AL LA
|Illll|llllllllllllll|||lllllIlllllllllll'lllllllllllll“lllllllllllllllllllllllllll|IIIIlIllIlllllllllllllllll'llll”Ill'||||l|lll’|llllllllIlllllllll'll
4 3 14 19 24 z9 34 39 24 49 54 59 64 58 74 79



250 : n-Alkanes
- - B 730
& ] Clst., gy.
; . ‘ 1925m
~ i
~
vl
b 2-00 —
) =
< N
fa1)
@ - *
& "
5 i
hand E -4
e X ] C
i U § 20
= 1-50 —]
c -
Q -
5 _
s ]
m -
- ) -
C =
-
A 1-00—
« ol B
w X i .
N 09 D ]
“ m —
L] Q. "
= £ ~1
~ ™ o 0 -
w (TN
-~ i -~ 7
c Z “ |
o Z Qo 050
@ O mMm
o I ™~
L T S
aa I Q [anjsn] -
o4 = - 00 =-
-~ oo [ ¢]
PRI | — D 7
Pﬂ. L H - = =]
ol — 0
[1 ] nZ
0 = O R 7
:: gUl g\f 000 L R R R LR L R R A R R R N R R E R R EE R L p ) RN R ERE RN RN RN R REIRRERARE RN N RY
[L: R o = 0
S gle g 4 ] 14 19 24 29 34 39 44 49 54 59 84 69 74 79
£ o C o
() [1qg ] &L

_86..



C20

n-Alkanes
B 1246
Clst., gy.
1930m

- 99 -

79

74

69

64

59

94

49

44

39

34

Z9

£3p° 28 {4

0-00

(eubls wnwi xey m_.,;..m\an.mvNTm" awepN & |dueg
L 13 uwor3oefur | 13 =ldwueg J9bZIEB86L: SIsA|Ruy

L 40 | xog L 30|d e|®95 ®amRg
£ TINNBHO-L107d HLHT MuN

pB/URN/BZ UD GZIZL 3R POIEAL




R g

A 2200
ol -]
O 3
a 3 n-Alkanes
- C
- 2000 25 B 732
~ 7
» J Clst., gy.
e = 1955m
- 1800
© -
c 3
o 3
VJ 1600 - *
£ oo 3
3 e
- £ m
X 14-00-
o 1
= .
c ] !
0 -] —
- 1200 o
+ ]
s E T
- ™ = €20 .
. ~C'-. 3
R . B 00 —]
o 10-00
i E
Bro . mu: £00— c
~ g o+ 3 17
- m — - -
£ g E
Nm o (D 600
™~ (33N -
o4 | -~ =
L ™ =
5§ 2. oo E
o 06
° & ae 4003
B 7o R o P 3
SRR I S =
ae 1 0 0 m 7
<« I-*E g-- . L’|
- O 2:00- ‘H ’*\J
A -~ @ = J hk
#» O ® - E 3 AA .,\l ) Y M'--ﬁ-w*‘l"""""l‘"" o
L - 9 - —
T w wZ .
T =0 - 3 )
L H CEU3 “ D 0-00 Illllllllll'llllll|IIIllllllllllIIIIIlllllIlIlllllIIlIIIllIIl'llllllIllIlIlIllIlIIllIIIIIII'Illllllllllll|lIlll'llll”lllllllll”lllllllllllllllllllllll!l
» s 3\';-
« o~ ; .
o =28 L2 4 9 14 19 24 28 34 39 44 49 54 59 64 69 74 79
N C o o
O o @Cw




S Rag

i

C25
* 1800
P 3 n-Alkanes
o : - B 1247
- “1800 . Clst., gy.
-~ 3 1957m
b -
pd 1400
m -
» ] *
£ ]
- 2 12:00-]
X .
[N ) -
= . i
c 2
-l ——
9 10-00— o
4 -~ —
(3} 3
Lt] - i
2 .
- . C
= 800 20
- :
. . Ci7
R wi @ 3
® X W7 sood
IR fan — ]
m Q ot ]
= Ew ]
~ [ag] [: 2N 5
o 0 — .
NoA o 400
< = O~ -
o Z A =1
T o+ N ]
1) T o — -
(7] [ I — :
e 'I_D mm 200_
(o] — o .- -00 —
© go o ] .AJL” Lft
= -0 3 h \JV\MJ Ll A WAl AL
o Db £ - L,
] - L -
TCw 6z .
- o0 - 3
B Im W o 0-00 lllllllllll'llllllllIIIllllllll'llllllllllllIllllllIlllllllll'IllllIIII'lllI||lII'Illl]lllllllII|lllll|IllIlllIlllllIlllIIllllIllllllllllllll'lllllllll'll
# 0O S—
e} ] - Q. y -
R 4 3 14 19 24 29 34 a9 44 49 54 59 B4 63 7 79
< T o [ ] -
O ¥Aa aTom




i

o
- 102 - &~
b .
.
23]
w
g 3
~
>~ st
38
-y
[x7]
n
.
Iy
3
o 2
3
3
3 S
[+2]
£ 2 ”
= .
w o
.IIM
———
|||I.Im“u!nﬂu a3
[—) o~
o
] p—
bl
~
P~
S 2
z
s
o
——___w_____._______._1________.________.ﬂ_ﬂ_____~_________\_________________________~____
Q {=] o Q o] o el = [}
< Q =2 e} P} (] [=] L= Q
& [N ] 1 3 7] ] - S
£39°9: (x> |=ubis wnuixey HCf1L-9/1Epbe~-a: swen 2| dumg

I :3 uoi3oafur | 13 a(dweg JbblARRB: SISA|RuUy

| 30 | xog 30(d 8(®95 =3ieQ
£ T3NNEHO-107d Wlbd Moy

P8/ JRW,/GL UD UGIEL 3R PBIRAUD




4000
P v n-Alkanes
K ] B 861
T . 3890m
~ 35'00‘:
> -
~ ]
0 .
c o
b 30:00—
W ] M
1= ]
; -
- = :
% 2500 C25
<t W -
E p=
o ] |
D . —
- ] _
‘:{; 1 W
o 20-00 - |
L e | —
< ]
H —
G -
° ] C20 |
. 1500 —
< (N -
w X 15 3
N ) pH ™ =
(. frej — . -
o Q -4
= 1 E
N AN 10-00—
™~ 00 —
L ™M -]
C z he vl
] rdl ) v ]
CE - U :
o I w )
T O oo n
« 1 0 mmMm 500~
N b — 0 == 7
- on o ] ‘
ce L ' 1 |
»© o - .
o — ) ~ m i _
Co oz ! G Y A b .,ALAL,H.%LA Lo [ ‘
- 0o - 3
D w B @ 0-00 |'IllllllllllIllllllllllIIIII|lllllllIlllllllll!ll|'||l|||||l|llllllllllllllllllllllllllIllIIIIlllIll'lllllllllIIIllIllIIIllllIlllllllllllllllllllllllllﬂ
£ D\E
o (1] —
o X e woE 4 8 14 19 24 29 34 39 44 49 54 59 64 69 74 79
[ T 9 C o
O Ko @C©m




11 - KU

123/b/ah/4

FIGURE 4

Pyrolysis gas chromatograms
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FIGURE 5

Vitrinite reflectance histograms
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FIGURE 5
VITRINITE REFLECTANCE HISTOGRAMS

Key:- A = Grey-black-brown claystone.

Lower case letter is used when

there is some uncertainty about whether

the value is representative. ‘

PP = Primary population

Y = Relevant population
considered reasonably
representative.

N = Not representative (caving,
reworked, contaminant, drilling
effects).

LOW+ HIGH Population limits

HVAL.

Number of measurements in that

population.

Lithology cross-reference table

= Clst. gy

= Clst. dk gy
= Clst. gn

= Clst. bn

= Clst. rd

= Clst. calc.
= Clst. carb.
Shale

= Sandstone

= Limestone

= Coal '
= Lignite

= Carbargillite
= Siltstone

= BiY
X .

VO Z E R € IO TMMO O W
i

a,b etc. = same lithology as above but value not included in any
population, possibly because suspected caving, reworking, contamination
or other erroneous recordings. '
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