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SUMMARY/ SAMMENDRAG

The analysed section of well 7120/8-2 (720 - 2501m) was divided into 8 zones,
based on lithology and light hydrocarbon data.

In zone D (1900 - 1980m) dark grey micaceous claystones with between 1.5 to
2.6% total organic carbon have mostly type IV kerogene, but some moderate
mature type III kerogens from 1965 - 1980m have a fair potential as source
rocks for gas.

The principal source rock section zone E (1980 to 2085 metres) consists of
dark brownish-grey claystones, with 3-10% TOC which have moderate mature
mixed type II/III kerogens. The claystones have a good to rich potential as
a source for gas and some 0il (condensates and paraffinic oil).

The carbonaceous claystones in zones G and H (particularly between 2336 and
2411 metres) are mature and have a good to rich potential as source rocks for

gas.
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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).

0-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 0 slides are necessary to evaluate kerogen composition/-
palynofacies which is 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-
flagellates) 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
light (halogene) using x10 and x63 objectives. By x63 magnification it
is possible to distinguish single particles of diameters about 2u 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 paleo-
environment (lithology 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 samplies. The tech-
niques 1in visual kerogen studies are adopted from Staplin (1969) and
Burgess (1974).
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In interpretation of the maturity from the estimated colour indices we
follow a general scheme that is calibrated against vitrinite reflec-
tance values (RO)°

Ro 0.45 0.6 0.9 1.0 1.3

~colour 2- 2 2+ 3-
index
Maturity Moderate Mature (0il1 window) Condensate

intervals mature window
The results are shown in table 8a and in enclosure 5.

Rock-Eval Pyrolysis

100 mg crushed sample was put into a platinum crucible whose bottom
and cover are made of sintered steel and analysed on a Rock-Eval
pyrolyser.

The results are shown in table 9 and enclosure 6.

Pyrolysis-Gas Chromatography (Py-GC)

25 mg of extracted kerogen concentrates were programmed pyrolysed (in
helium) from 250°C - 500°C at a rate of 25°C/min. A furnace type
pyrolyser directly connected to a splitter and fused silica capillary
column was used. The pyrolysis product was trapped in a U-shaped part
of the column which was cooled in a liquid N2 nitrogen bath. At the
end of the pyrolysis the pyrolysis product was injected by removing
the nitrogen bath at a GC-oven temperature of 30°c.

GC chromatographic conditions:-
Column: 25m OV-101 fused silica capillary.
Carrier gas: Helium with inlet pressure 10psi.

Oven program: 30°-260°C at 4°C/min.
Split: 1:20

050/K/j1h/5
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RESULTS AND DISCUSSION

Light Hydrocarbon Analysis and Lithological Description

Based on variations in the light hydrocarbon composition and in the
lithology, the analysed sequence (705-2501 metres) was divided into
eight (8) zones.

690-1245 metres
. 1245-1545 metres
Zone 1545-1900 metres

Zone A
B
C
Zone D.  1905-1980 metres
E
F
G
H

Zone

1980-2085 metres
2085-2200 metres
. 2200-2351 metres
. 2351-2501 metres

Zone
Zone
Zone
Zone

Zone A. 690-1245 metres. Consists predominantly of grey to dark grey
claystones, occasionally sandy and with some thin siltstones. The
abundance of Cl-C4'hydrocarbons is high (i.e. rich) in this zone rela-
tive to the one directly underneath. Wetness is relatively low and
1'C4/nC4 rate fairly high. The abundant Cl-C4 hydrocarbons might indi-
cate introduction of dry gas or diagenetic gas, particularly into the
sandy claystones between 930-945 metres.

Zone B. 1245-1545 metres. Consists mostly of dark claystones. The
abundance of Cl-C4 hydrocarbons is much less than in zone A. Percen-
tage wetness increases from 10-40% to 40-80%.

Zone C and D. 1545-1980 metres. Consists of dark grey claystones with
minor marly limestones and sandstones between 1710-1785 metres. In
zone D red-brown claystones and grey limestones are interbedded with
dark grey claystone from 1905-1980m. Cl-C4 gas abundances are again
high (i.e. rich) as in zone A, wetness is lower than in zone B, but
increases downhole. At 1965 metres in zone D the 1'C4/nC4 values show a
sudden decrease. The highest 01-04 values found in the marly
limestone/sandstone section 1650-1725 metres are probably due to
migrated hydrocarbons.

050/K/j1h/6
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Zone E. 1980-2025 metres. Consists wholly of dark brownish-grey clay-
stones. Cl-C4 and C5+ values are very high in this zone although the
hydrocarbons are probably indigenous to the lithology rather than

migrated hydrocarbons. The percentage wetness is particularly high be-
tween 1995-2025 metres and 1'C4/nC4 ratio is at a minimum in this zone.

Zone F. 2085-2200 metres. Material from 2085 to 2173 metres poor

sample quality - probably sandstones dominate in this section. The
only noticeable changes from zone E in the Cl-C5+ hydrocarbons is a
decrease in Cl-C4 abundance and a slight increase in 1'C4/nC4 ratios.

Zone G. 2200-2351 metres. The top of this zone is marked by dark grey
claystones with some carbonaceous claystone and coal, the rest of the
zone is mainly of sandstones with perhaps a few, thin dark grey clay-
stones. This zone shows a generally similar trend to zone F in abund-
ance, wetness and 1’C4/nC4 ra?ios, with perhaps a decrease in CZ-C4
gas abundance going down the section. There is a large increase in C2
- C4 and C1 - C4 gas abundances in the lowest sample from this
section, which consists of 50% coal and carbonaceous claystone.

Zone H. 2351-TD. Consist predominantly of sandstones with some
carbonaceous claystones and coals. Generally richer in methane than
zone G, the most marked difference in the light hydrocarbons is the
increase in 1'C4/nC4 ra}io from 0.3-0.46 to 0.48-0.78.

Total Organic Carbon (T0C)

Generally the claystones or siltstones which constituted more than 10%
of a sample were picked and analysed. Occasionally claystones with
different colours were picked and analysed separately. Limestones were
picked and analysed in a few cases.

Zone A, 690-1245 metres. Consist predominantly of grey to dark grey
claystones with 0.6% to 1.2% TOC. One siltstone from 930-945 metres
has a TOC value of 0.32%.

Zone B. 1245-1545 metres. Again consist mostly of grey to dark grey
claystones with TOC values from 0.9 to 1.1% TOC.

050/K/jth/7
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Zone C and D. 1545-1980 metres. This zone includes dark grey clay-
stones interbedded with marly limestone(s) and sandstones between
1710-1785 metres and with red brown claystones and grey limestone
between 1905-1980 metres. The dark grey claystones can be divided into
two on the basis of TOC values. From 1545 to 1605 metres the TOC
values are similar to those in zone B, whereas below that, TOC values
are slightly higher varying from 1.5 to 2.3%. The marly limestone has
a TOC of 0.9% and the grey limestones and the red brown claystones
generally less than 0.4%.

Zone E. 1980-2085 metres. Consists wholly of organic carbon-rich, dark
grey and dark brownish grey claystones with TOC values from 3.4 to
10.4%.

Zone F., 2085-2200 metres. Poor quality samples in this zone. The
majority of claystones in this zone might be caved material. Generally
sandstones dominate. Grey claystones have from 2.7 to 3.4% TOC.

Zone F. 2201-2351 metres. The top part of this zone 2201-2246 metres
comprises some grey to dark grey claystones with 2.4-4.4% TOC.
Kaolinitic claystone from 2201-2216 metres has a TOC value of 0.74%.
The rest of the zone, except from 2336-2351 metres, is dominated by
sandstones. These sandstones are marked by fluorescence in ultraviolet
light and have a weak to strong crush cut (residual 0il1?) particularly
between 2216-2276 metres. From 2336-2351 metres there is coal and some
carbonaceous claystone, one TOC value of 62% was evidently measured on
coal.

Zone H. 2351-TD. Predominantly sandstones, with some coal particularly
between 2396-2411 metres, and thin, dark grey to black carbonaceous
claystones with 4.7% to 9.2% TOC. Grey claystone from 2486-2501 metres
has a TOC of 2.05% which is probably too high and may have coaly
laminae, or be contaminated with material from higher in the well.

050/K/j1h/8
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Extraction and Chromatographic Separation

Fifteen samples were extracted. The extractable organic matter (EOM)
was separated into saturated and aromatic hydrocarbons and NSO frac-
tions. Gas chromatograms of the saturated and aromatic hydrocarbon
fractions were obtained.

Extraction Data and Saturated Hydrocarbon Analysis

Zones A, B and C (690-1905 metres). Four samples were extracted from
this part of the sequence. M-6909, M-6949, M-6961 and M-6973
(870-885m, 1470-1485m, 1650-1665m, 1830-1845m). Except for the first
sample which 1is of grey/green-grey claystones, the samples are
grey-dark grey claystones becoming richer in TOC (1 to 2% TOC) down
the sequence. The extraction data indicate the presence of migrated or
contaminant hydrocarbons. The top and bottom sample are particularly
rich in hydrocarbons (88% and 64% respectively) in what is a sequence
which is at most, moderate mature. The abundance of extractable
hydrocarbons and extractabilities (EOM in mg per gram of organic
carbon) is only fair to good for these samples. The saturated
hydrocarbon gas chromatograms support the suggestion of introduced
hydrocarbons. Three of the samples (not M-6961) show a front-end
biased n-alkane distribution ranging from nClZ-nC30 with a CPI close
to 1, and a maximum at nC14 or "C15‘ Pristane/nC17 values are much
less than 1. In M-6961, the n-alkanes above nC20 are more prominent
and there is a slight odd n-alkane predominance from nC21 to nng
(nC26 is high, but there 1is more than one compound contributing tok
this peak) the pristane/phytane ratio is high in this sample (5.6)
indicating a mainly terrestrial source. It should be emphasised that
the Rock-Eval production indices are high, particularly for the first
three samples (>0.3) which is additional evidence for the presence of
migrated hydrocarbons.

Zone D. (1905-1980 metres). Two samples M-6979 and M-6981 (1920-1935m,
1950-1965m) were extracted. These samples consist of dark grey clay-
stones with 2-3% of organic carbon. M-6979 has very similar characteris-
tics (both in gc trace and extraction data) to M-6973 but with slightly
higher abundance of hydrocarbons. M-6981 shows a lower saturate/-
aromatic hydrocarbon ratio to any of the samples above. The saturated

050/K/j1h/9
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hydrocarbon gas chromatogram of this sample and the low saturate/-
aromatic ratio are similar to the analysed samples in zone E and they
have therefore been included in the discussion on that group of
samples.

Zone E. 1980-2085 metres. Three samples of the dominant Tithology,
dark brownish-grey claystones, were extracted from this zone M-6984,
M-6987 and M-6989 (1995-2010m, 2040-2055m, 2070-2085m). Included in
this group is one sample from zone D, M-6981, which has both
characteristics of samples in zone E and those of zones above. All
these samples have rich abundances of extractable hydrocarbons and
generally rich for extractabilities (the lowest sample which is
richest in TOC has only fair-good extractability). They contain
slightly more aromatic hydrocarbons than saturates, unlike samples in
the zones above; with approximately 50% hydrocarbons in the first
three and only 30% hydrocarbons in the bottom sample. The saturated
hydrocarbon gas chromatograms indicate that there is an abundance of
Tow molecular weight hydrocarbons (below nCZO) in a zone which is
moderate-early mature. The n-alkane distributions, which range from
nClO-nC4O, are front-end biased (particularly the three samples within
zone E), although there is a prominent shoulder of n-alkanes above
nCZO' The maximum n-alkane is nC15 for the top two samples, nC13 in
the next sample, and nC11 in the bottom sample. There appears therefore,
to be a slight increase in low molecular weight hydrocarbons (below
"CIS) going down this sequence of TOC-rich claystones. Pristane is the
dominant alkane with pristane/ncl7 values less than 0.6. There is a
slight odd predominance particularly noticeable in the sample highest
in the sequence. The fairly high pristane/phytane values (>2) and the
abundance of high molecular weight n-alkanes (i.e. above nCzo) suggésts
a large terrestrial contribution to the kerogens of these samples.
Superimposed on the n-alkane envelope mainly above nC20 are low
molecular weight n-alkanes which are probably in part migrated hydro-
carbons.

Zone F. (2085-2200 metres). One sample was extracted from this zone
which, although it contains a mixture of dark claystones, is probably
a sandstone-dominated sequence. The several types of dark claystone,
are probably caved and are mixed in with abundant mud additives.
However, dark claystones from the base of this zone were considered to
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be, at least in part, indigenous. The sample extracted has a rich
abundance of extractable hydrocarbons and extractability. Percentage
of total hydrocarbons is fairly high (51%) and, as in Zone E,
aromatics dominate. The saturated hydrocarbon gas chromatogram shows a
unimodal front-end biased n-alkane distribution ranging from nCll-nC33
with only slight odd predominance. Pristane/nC17 ratio is low (less
than 1) and pristane/phytane greater than 2.vThe n-alkanes above nC20
are a relatively minor component. This distribution is probably
produced by hydrocarbons introduced into the claystone. The abundance
of free hydrocarbons in the associated sandstones suggests that the
material may have migrated into the claystones from the sandstones.

Zone G. (2200-2351 metres). Three samples were extracted from this
zone M-6996, M-7001 and M-7003 (2231-2246m, 2306-2321m, 2336-2351m).
They have rich abundances of extractable hydrocarbons and rich
extractabilities (particularly M-6996). The percentages of saturated
hydrocarbons in both samples is lower than in most samples from higher
zones. M-6996 resembles the sample from the zone above in the satur-
ated hydrocarbon gas chromatograms, suggesting that the claystone
analysed contains migrated hydrocarbons. The other analysed sample, a
partly waxy, dark grey claystone is different. The n-alkane distri-
bution is front-end biased with a maximum at nC16, but there is a
prominent shoulder of high molecular weight n-alkanes (above nCZO)
with a distinct odd n-alkane predominance. The pristane/phytane ratio
is greater than three and pristane/nC17 ratio is greater than one.
These characteristics indicate that there is a prominent terrestrial
component in the kerogen of this sample.

Zone H. (235lmetres-TD). One sample M-7005 (2366-2381m) was extracted
from this zone, dark grey, black and grey claystones. This sample is
similar to M-7001 from zone G. In abundance of extractable hydro-
carbons, but has a lTower extractability. The saturated hydrocarbon gas
chromatogram is also similar although the higher molecular weight
n-alkanes are slightly more prominent. The maximum occurs at nC;., and
pristane is the dominant n-alkane, and pristane/phytane ratio is
greater than three. The saturated hydrocarbon pattern indicates a
major terrestrial component in the kerogen of this sample as with
M-2001. The abundance of n-alkanes below nC20 is probably in part from
migrated hydrocarbons.

050/K/j1h/11
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Aromatic Hydrocarbons

Zones A, B, C and D (690-1985 metres). Aromatic hydrocarbon gas
chromatograms of five samples from these four zones were obtained.
Except for the sample highest in the sequence M-6909 (870-885m), the
remainder are very similar. The alkyl naphthalenes; C1 (A group of
peaks), C, (B group of peaks) and Cs* (C group of peaks), are
prominent in all samples, but one peak in group C is dominant. In
addition, two peaks marked Q1 are particularly prominent in these
samples. There is also a distinct unresolved hump in region F which
may include aromatised steranes and triterpanes. the sample highest in
the sequence M-6909 is dominated by a peak in group B and the two
peaks in Ql are a relatively minor component.

Zone E. (1980-2085 metres). Four samples were examined from this zZone.
They have quite different aromatic hydrocarbon distributions than the
zones above. Naphthalene (N}, C, and C, napthalenes (groups of peaks,
A and B) dominate, particularly C1 naphthalenes. Although only tenta-
tively identified C1 dibenzothiophenes appear to be present (they have
retention times slightly shorter than the C1 phenanthrenes (i.e. D
group of peaks). The general distribution of aromatic hydrocarbons
suggest a derivation from type III kerogens.

Zones F and G and H (2085m-TD). Four samples were examined from these
zones. The top two resemble samples from Zone E in their aromatic
hydrocarbon distributions. There are slight differences 1in the C3
naphthalenes (group C). Compounds with a shorter retention time
dominate in these two samples compared with those from higher zones.
The other two samples show slight changes to the top two. C2-naphtha-
lenes (B group of peaks) are more prominent and the Cl-dibenzothio-
phenes are less prominent, also the C3-naphtha1enes show a slightly
different pattern.

The samples from below 1980 metres especially are probably affected by
migrated hydrocarbons, so the abundant’ naphthalene and Cl and 02
(alkyl) naphthalenes may in part represent introduced hydrocarbons,
i.e. not derived from the indigenous kerogens.

050/K/jth/12
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Investigations in Transmitted Light

The sedimentary organic matter of 7120/8-2, interval 885m to 2381m, was
investigated on the basis of 15 selected samples of picked ditch
cuttings. On the basis of pollen and spore colours the entire interval
has been evaluated as immature to moderately mature.

The acid insoluble residues of the analysed sequence are subdivided
into shorter intervals. The intervals are based on the relative
composition and the preservation of the material. To some extent we
have also used stratigraphic occurrences of the palynomorphs observed.
We have not performed any detailed palynological analyses, nor have we
had access to stratigraphic tops.

885m to 1845m:
Apart form the uppermost sample, the residues of this interval were

fairly small. They were rich in woody and.reworked woody material.
True sapropel was subordinate. The palynomorphs were mainly well
preserved dinoflagellate cysts.

Colour index? 1+/2-.

1935m to 1965m:

Two poorly preserved samples, where aggregates were mainly composed of
woody and reworked woody material in an amorphous matrix.
Jurassic/Cretaceous, darkly stained cysts were observed but the
embedding matrix obscures them. - Some cuticles may be present, but if
so they are strongly degraded.

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

2010m, 2055m, 2085m and ?2201m:

Strongly pyritic samples dominated by poorly preserved cuticles which
are less degraded than in the interval above. Woody material and ?true
sapropel are subordinate. Early Jurassic pollen was identified .
Sample from 2201m may represent a mixture of more than one lithology.
One is Cretaceous, judged by the cysts present.

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

050/K/j1h/13



o IKU

2246m: (and possibly 2201lm):

A residue dominated by degraded woody material in aggregates with an
amorphous matrix. Cuticles seem subordinate. Botryococcus is present.
The palynomorphs are of different and better preservation than recorded
above.

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

2321m:
Dense pyritic aggregates of dominantly degraded cuticular substance
together with some woody material. Palynomorphs are fairly well

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

2381m:

This residue seems to represent a mixture of lithologies of different
age including Late Cretaceous. The results should be discharged since
detailed palynological analysis is needed to separate assemblages of
nearly the same stage of maturity.

Colour index: 1+, 2-/2.

050/K/j1h/14
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Examination in Reflected Light

Twenty one samples were taken from a depth range of 1500metres. The
samples consisted of claystone or shale with minor limestone or sand-
stone. The top 800m of the sequence yielded very poor quantities of
vitrinite and only below 1935m were good populations encountered. The
coals have a higher reflectance than the sediments and this is probably
because they are less affected by bitumen and/or iron staining.

Sample M-6909, 870 - 885m: Claystone, RO = 0.39 (1)

The sample contains small, moderately abundant bitumen wisps and very
small, rounded inertinite fragments. There is no obviously reworked
vitrinite and only one particle of possibly primary vitrinite. Yellow/-
orange fluorescence is observed from spores but these occur in trace
amounts only.

Sample M-6917, 990 - 1005m: Claystone, Ro = 0.43 (4)

This is a bad sample. It has a low organic content consisting of very
small, rounded, inertinite particles. There are only four vitrinite
particles which have a poor statistical distribution of reflectance values.
There is deep brown bitumen staining. U.V. Tight shows green fluore-
scence from carbonate minerals (picking out fossils) and a trace of green/-
yellow spores.

Sample M-6929, 1170 - 1185m: Claystone and limestone, Ro = 0.44 (1)

The sample has a low organic content dominated by inertinite fragments.
There are occasionally traces of liptinite minerals but only one piece
of vitrinite. U.V. light shows green/yellow and yellow spores in low

quantities.

Sample M-6937, 1290 - 1305m: Claystone, Ro = 0.44 (9)

The sample has a low to moderate organic content with a high proportion
of inertinite. There is a moderate content of degraded organic struc-
tures (spores?) but very few vitrinite narticles. There is yellow and
yellow/orange épores.’

Sample M-6945, 1410 - 1425m: Claystone, Ro = 0.44 (3)
The sample has a moderate organic content and is very rich in
inertinite which occurs as very small, rounded fragments.

050/K/j1h/15
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There is heavy bitumen staining in places but there is a very low con-
tent of vitrinite. There is yellow and yellow/orange fluorescence from
spores which are present in low quantities.

Sample M-6953, 1530 - 1545m: Claystone with carbonate, Ro = 0.50 (1)'

The sample is very dominated by inertinite and reworked vitrinite. There
is a trace of bitumen and organic relics of spores. There is only one
possible primary vitrinite particle. U.V. light shows yellow/orange

and Tight orange fluorescence from spores and green fluorescence from
dinoflagellates (7).

Sample M-6961, 1650 - 1665m: Claystone, Ro = 0.47 (10)

The sample contains dominantly inertinite and/or reworked fragments with
a few good vitrinite particles and the occasionally concentration of
bitumen wisps. Some structural outlines are visible (organic wall
remains?). There is light orange fluorescence from a trace amount of
spores. '

Sample M-6965, 1710 - 1725m: Claystone and sandstone, Ro = 0.48 (14)

The claystone is rich in organic material but the sandstone is virtually
barren. Inertinite is dominant but there is a fair amount of bitumen
and vitrinite. There is some pyrite breakdown which could mean that
the bitumen is overestimated and that the sample is slightly oxidised.
There is a low content of light orange fluorescing spores.

Sample M-6973, 1830 - 1845m: Claystone and limestone, Ro = 0.51 (11)

The sample has a moderate organic content dominated by inertinite. There
is some bitumen staining but because of the abundance of limonite and
rust this is difficult to assess. There are a couple of good stringers
of vitrinite, the rest being particles. There is a low to moderate con-
tent of spores which fluoresce light orange.

Sample M-6979, 1920 - 1935m: Claystone and limestone, Ro = 0.48 (20)

The sample has a moderate organic content dominated by inertinite. There
is some good, clean vitrinite but it appears variable. A few good'strin-
gers are recorded. There are signs of oxidation around the edges of
clasts but penetration does not appear to be deep. There is both
bitumen and iron staining. There is a trace of 1light orange
fluorescing spores.

050/K/j1h/16
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Sample M-6981, 1950 - 1965m: Claystone and 1imestone, Ro = 0.49 (20)

The sample has a high organic content which is dominated by inertinite.
There are some good vitrinite stringers. There is an overall brown colour
due to both bitumen and iron staining. There is some evidence of oxi-
dation. U.V. 1light shows mid-orange fluorescence from spores which
occur in moderate quantities.

Sample M-6984, 1995 - 2010m: Claystone, Ro = 0.46 (21)

Organic material is moderately abundant with vitrinite dominant and iner-
tinite subordinate. There is a high content of bitumen wisps and an
overall brown staining from bitumen. There is evidence of oxidation on
true rims of clasts. There is a moderate content of spores which fluor-
esce mid-orange. ‘

Sample M-6987, 2040 - 2055m: Shale/claystone ?, Ro = 0.47 (20)

The shale is rich in organic material with vitrinite dominant but all
types well represented. There is a high concentration of bitumen wisps
and staining in some areas. U.V. light shows a moderate content of spores
fluorescing 1ight orange.

Sample M-6989, 2070 - 2085m: Shale, Ro = 0.52 (19)

The sample 1is rich in organic material but this is predominantly iner-
tinite followed by reworked vitrinite with only a moderate content of
primary vitrinite. The vitrinite is very clean and the statistical distri-
bution of reflectance values is excellent. The sample is brown but this

is probably iron staining. There is a moderate content of both light
orange and mid-orange fluorescing spores.

Sample M-6990, 2085 - 2138m: Shale and claystone, Ro = 0.52 (20)

The sample is rich in organic material but this is dominantly inertinite.
There is some good vitrinite but most is pitted and gnarled. There are
some bitumen wisps and bitumen staining though the latter may be over-
estimated due to a high concentration of iron staining. There is light
orange fluorescence from spores and mid-orange fluorescence from small
fragments (possibly spores).

Sample M-6993, 2186 - 2201lm: Shale and sandstone, Ro = 0.52 (19)

There is a moderate organic content composed mainly of inertinite. There
are some good vitrinite stringers. There is some decomposition of pyrite
(oxidation). Thére is a trace of spores which fluoresce light orange.

050/K/j1h/17
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Sample M-6996, 2231 - 2246m: Coal, claystone and carbonate, Ro = 0.58.(21)
The sample is rich in organic material. The coal is clean and the sedi-
ment has a high content of vitrinite and inertinite in approximately
equal proportions. There is heavy bitumen staining in the sediment.

The coal has a reflectance of approximately 0.64% and this probably indi-
cates bitumen and iron staining has lowered the reflectance in the sedi-
ment (if both lithologies are répresentative of this interval). The

coal has a high content of mid orange spores whilst the sediment has a
low to moderate content.

Sample M-7001, 2306 - 2321m: Mixed shales and sandstone, Ro = 0.52 (20)
There is a moderate organic content, dominantly small inertinite frag-
ments. There is both bitumen and iron staining and signs of oxidation.
The clean vitrinite has very variable reflectances and the distribution
is poor. There is 1light orange and mid-orange fluorescence from spores
- in moderate quantities.

Sample M-7003, 2336 - 2351m: Coal, Ro = 0.67 (24)

The coal is almost exclusively inertinite. It is highly brecciated and
there are many flow structures indicating either heavy oxidation or s11ght
heating (there is no vesiculation except in semi- fu51n1te) The
gradation from semi-fusinite to vitrinite is not very clear. The
distribution of values is poor (especially for a coal) and the value
would appear to be slightly high. There is mid-orange fluorescence

from spores (low quantity) and yellow resins.

Sample M-7005, 2366 - 2381m: Siltstone, shale and carbargillite, Ro = 0.48 (20)
Overall, the sample is moderately rich but the siltstone is very rich

in inertinite fragments. The shale has some very good vitrinite

stringers. Some vitrinite appears almost bleached. There is some

bitumen staining which may have lowered the result. There is

mid-orange fluorescence from spores and algae. |

Sample M-7010, 2441 - 2456m: Claystone with shale and sandstone, Ro = 0.53 (14)
There is a high concentration of bitumen wisps in some clay lithologies.
The rest is dominantly inertinite. The vitrinite is generally very gnarled
and pitted. Bitumen staining and iron staining are difficult to distin-
guish. There is a moderate content of spores fluorescing light orange,

a low content of mid-orange spores and some,green/yellow resin.
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Rock-Eval Pyrolysis

A total of forty—three samples from the analysed sequence were picked
for Rock-Eval Pyrolysis. The results are discussed below.

Zone A. 690-1245 metres. Four claystone samples from this zone were
analysed. The low hydrogen indices (29-148) and high oxygen indices
(67-235) indicate kerogens which are in part type III kerogens (M-6909
870-885m, M-6913 930-945m) but mostly poor type III or type IV (i.e.
consisting mostly of inertinites and/or reworked material). The Tmax
values are very low and probably indicate that some relatively high
molecular weight material (introduced bitumen?) is affecting the S2
peak. The production index values are very high in this zone which
suggests that migrated hydrocarbons are present in these claystones.
The claystones in samples M-6909 and M-6913 have a fair potential as
source rocks for gas.

Zone B. 1245-1545 metres. Four samples from this zone were analysed.
The pyrolysis data for these samples is similar to the top sample
analysed in zone A. These samples have mainly type IV kerogen, with no
source rock potential.

Zones C and D. 1545-1980 metres. Thirteen samples from these two zones
were analysed. Hydrogen and oxygen indices are similar to those in
zones A and B. Although claystones have generally good TOC values, the
kerogens are type III at best, but generally poor type III or type IV
kerogen as in zones A and B. Tmax values show extreme variations, the
most reliable values are probably those with the highest TOC values.
Below 1920 metres Tmax values of 430-442 were recorded from type III
kerogens which suggests a moderate mature to mature section. The

production indices also show a marked decrease below 1920 metres.

Zones A, B and C and D have a generally poor to fair potential as
source rocks for gas.

Zone E. 1980-2085 metres. Seven samples were analysed from this zone,
which consists wholly of TOC-rich, dark, brownish-grey claystones. The
hydrogen and oxygen indices indicate type III kerogen from 1980-1995

metres and mixed type II/III kerogen throughout the rest of the
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section. Tmax values of 430-432 indicate an early mature section. The
production indices of 0.1 to 0.14 suggest a mature section with no
migrated hydrocarbons. The high value 0.24 in the claystones at the
base of this zone might indicate hydrocarbons introduced via
sandstones in zone F. The dark brownish-grey claystones have a good -

rich potential for gas and oil.

Zone F. 2085-2201 metres. Four samples were analysed from this zone.

The dark grey claystones in this section have hydrogen and oxygen in-
dices characteristic of type III kerogen. The Tmax values are signifi-
cantly higher than zone D i.e. 434-438 compared with 430-432, which is
most probably related to the type of kerogen rather than to maturity.
Production indices are higher than in Zone E and associated with the

noticeable fluorescence of sandstones (see lithological description)

in this zone indicates migrated hydrocarbons. The dark grey claystones
have a fair - good potential for gas.

Zone G. 2201-2351 metres. Seven samples were analysed from this zone.
Carbonaceous claystones in this zone have hydrogen and oxygen indices
of type 111 kerogens. They are intimately associated with coal(s)

which have a slightly higher hydrogen index than the claystones. T
values of 433-440 indicate a mature section. The coal(s) have a

max

good-rich potential for gas. The thin (?) carbonaceous claystones have
only a fair potential (for gas). Production indices are still as high
as in zone F. Fluorescence is still evident in sandstones.

Zone H. 2351m-TD. Four samples were analysed in this zone. The dark
grey, carbonaceous claystones in this zone have higher hydrogen
indices and lower oxygen indices than those in zone F, and have more
potential (i.e. good) as source rocks for gas. Tmax values of 437-441
indicate a mature zone. Production indices are low for the most
TOC-rich claystones (i.e. 0.07-0.15) and the bitumen is probably
mostly indigenous with less introduced hydrocarbons. The carbonaceous
claystones and coals have a good-rich potential as source rocks for

gas.
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PYROLYSIS - GAS CHROMATOGRAPHY

Fifteen samples were analysed using a thermal evaporation/pyrolyses -
gas chromatography.

Zones A, B and C.

Three samples were analysed in the section of the well including these
three zones. The samples are the same samples which weke analysed for
extractable organic matter. M-6909, M-6949 and M-6961 (870-885m,
1470-1485m, 1650-1665m).

The first sample M-6909 shows mostly non-homologeus peaks which are
probably aromatics. The alkane/alkene homology common in many type I
and II kerogens is absent. This distribution with a few aromatic com-
pounds is characteristic for vitrinitic or cooly material. The other
two samples are similar, although in M-6949 there are some peaks which
are broad or failing (marked with an asterisk) that are probably
heterochclic compounds (e.g. phenols). Oxygenated compounds such as
these are characteristic for woody material. In M-6961 there is a very
slight alkane/alkene homology above nC15 which probably represent a
small higher plant wax component.

Zones C and D.

Two samples were analysed. They have some of the characteristics of
samples M-6949 and M-6961. These samples M-6973 and M-6979 (1830-1845m,
1920-1935m) also show a greater abundance of low molecular weight
material. However, the general pattern indicates kerogens consisting of
abundant woody material is type III kerogen.

Zones D and E.

Six samples were analysed (one from zone D) in this section, M-6981,
M-6983, M-6985, M-6987, M-6988 (depths, 1950-1965m, 1980-1995m,
2010-2025m, 2040-2055m, 2055-2070m). They generally show similar
characteristics to each other and are quite different from samples
above and below. In some ways the top two samples are intermediate in
characteristics between M-6978 and .the rest of the samples in zone E.
A1l the pyrograms are marked by an alkane/alkene homology ranging from
nC6 - nC30. Various non-homologous peaks and probably mainly aromatic
hydrocarbons. The distributions are indicative of a large microbial
1ipid component - as in type I and type II kerogens. The Rock-Eval data
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and this distribution indicate type 11 kerogens. The abundance of
higher molecular weight n-alkanes/alkenes nC20 - nC30 points to a
significant and plant influence probably from aikcular material which
is abundant in this section according to the visual kerogen analysis.

Zones F, G and H.

Four samples were analysed in these zones. M-6993, M-6998, M-7001 and
M-7010 (2186-2201m, 2261-2276m, 2306-2321m, 2441-2456m). The dominant
alkane/alkene homology of zone E is present but of shorter range only
up to nC20 - "CZS’ and low molecular weight material eluting before
Toluene (Peak T) is more abundant. The development of broad-tailing
peaks (marked with *) is suggestive of organic matter containing more
woody (vitrinite/inertinite) material than in zone E. The alkane/alkene
homology is generally less prominent relative to aromatics such as the
zylenes (Peak X).
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CONCLUSIONS

Zones A, B and C.

Lithology consists of some green-grey, but mostly dark grey claystones,
with minor limestones and sandstones. TOC values vary from 0.6 - 1.2%
above 1710 metres. Below 1710 metres dark grey claystones are
interbedded with 1imestones and sandstones, and the claystones have TOC
values greater than 2%. Visual kerogen analysis indicate mainly woody
and reworked woody material. Examination in reflected Tight indicates
an abundance of inertinite particles. Rock-Eval pyrolysis indicates
that kerogens are mostly type III or type IV kerogen. However,
examination in reflected 1ight does indicate that the samples are
slightly richer in vitrinite particles below 1650 metres. The
production indices are high and indicates migrated hydrocarbons in a
section which is moderate mature (%Ro = 0.39 - 0.51, Spore Colour 1+/2,
yellow to Tight orange spore fluorescence).

Extraction data also indicate the presence of introduced hydrocarbons
in this section and above, with very high percentage hydrocarbons
particularly the top two samples. 73% and 60% and all four samples
extracted in this section show a high saturate/aromatic ratio.

Zone D, 1905 - 1980 metres.

Lithology consists mostly of dark grey claystones interbedded with
red-brown claystones and grey limestones. TOC values vary from 1.5 -
2.6% for the dark grey claystone and less than 0.5% for the other
lithologies. Above 1950 metres visual kerogen analyses indicates there
may be some cuticular material present. Examination in reflected light
show an increase in exinite. Rock-Eval indicates poor type III or type
IV kerogen changing between 1950 and 1965 metres to type III kerogen.
This transition is marked by a change in the pyrogram (pyrolysis - gas
chromatogram) traces. M-6979 from 1920-1935 metres shows only a minor
alkane/alkene homology and the dominant peaks are aromatics and hetero-
cyclic compounds whereas in M-6981 it is clear that the alkane/alkene
homology is dominant from nC8 - "CBO‘ Below 1845 metres in zone C the
Rock-Eval production indices are much lower than above that level, al-
though still too high for what is at most an early mature zone (%Ro =
0.48-0.49, light-mid-orange spore fluorescence spore colour 1+/2).
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Zone E, 1980 - 2085 metres.

Consists almost completely of dark grey and dark brownish grey
claystones with TOC values increasing from 3.4% at 1995 metres to 10.4%
at 2085 metres. Visual kerogen analyses indicates that the organic
matter is dominated by cuticular material. Examination in reflected
1ight indicates high concentrations of bitumen wisps. Rock-Eval
pyrolysis indicates mainly mixed type II/III kerogens in the zone
(Hydrogen indices 200-300, oxygen indices less than 10). This zone is
moderate to early mature (%Ro = 0.46 - 0.52, light to mid-orange spore
fluorescence and 1+/2 spore colour). Tmax values in this zone are from
430-434 which suggests early mature kerogens. The production indices
are low relative to values from higher up the well. However the values
are quite high and the n-alkane distributions of samples from this zone
are dominated by Tow molecular weight components between nC10 - "C15'
It is probable that this material represents in part migrated
hydrocarbons. The dark claystones in this zone have a good - rich
potential as source rocks for gas and oil (paraffinic).

Zone F, 2085 - 2200 metres.

Consists of sandstones and some dark claystones. The sandstones show a
dull gold fluorescence and slight (yellow) e.a. streaming cut -
indicating the presence of migrated hydrocarbons. A gas chromatogram of
the saturated hydrocarbons from the sandstones show a n-alkane
distribution from 015 - nC4O with maximum between nC22 - nC40 -
suggesting that they are mostly residual hydrocarbons.

Claystones in this section have TOC values from 2.7 to 3.4%. Visual
kerogen analysis indicates a similar composition for organic matter in
this and zone E. However, Rock-Eval pyrolysis data indicates mostly
type III kerogen. Pyrograms change with the n-alkane/alkene homology
being less prominent than in zone E. Maturity parameters indicate a
zone which is early mature (%Ro = 0.52, spore colour 2-/2, light orange
spore fluorescence). Minor (?) claystones in this zone have a fair to
good potential as source rocks for gas.

Zones G and H, 2200 - 2501 metres.

Consist of sandstones with subordinate dark grey partly carbonaceous
claystones and coal. TOC values of the claystones vary, between
2201-2350 metres they average 2.5%, below 2350 metres they average
5.4%. There appears to be a slight change in Rock-Eval hydrogen indices
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at this boundary being slightly higher below 2350 metres. However
Rock-Eval data indicates predominantly type III kerogen. The visual
kerogen analysis indicates that there is less cuticular materiaT than
in zone E, and other terrestrial debris including woody material and
Botryococcus algae. Examination in reflected light indicates the
presence of resinite in the coal(s). Throughout this section of the
0.48 - 0.67 2/2- spore
colour, light to mid-orange spore fluorescence). The subordinate
claystones have a fair to good potential as source rocks for gas. The
coal(s) have a rich potential for gas. The sandstones throughout this
section of the well contains migrated hydrocarbons based on the
fluorescence and cut visible in ultraviolet light. Also the n-alkane
distributions of the claystones are dominated by hydrocarbons between
nC11 - "CZO' The gas chromatogram of the saturated hydrocarbons of the
coal (M-7003) is also marked by some unusual features. The n-alkane
distribution has a maximum at nC23 and there is only a slight odd
n-alkane predominance. The n-alkane distribution centring on nC23 may

well is early mature to oil window mature (%Ro

represent residual hydrocarbons similar to the distribution in the
sandstone (M-6991).
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Cno. m/ft » . (%) ni:4

1 7002 2234 o612 Dewd 3723 LES 1762 2320 20442 11850 57,791 0,52

1 7003 2351 141508 79633 23049 3219 4156 1842251545110057 43,75 0.77

1 7004 23466 12140 9405 S&46 10446 2003 1852 21441 183201 S2.21 0. 52

1 7005 2321 16408 10569 4784 1291 2278 1835 37332 20924 S6.05 0.57
T 4628 3726 L4 1434 1454 15515 10531 &7.88 0.47

T 7006 2396 4wz
1 7007 2411 °  3R170 26874 13386 1972 32082 1544 24482 453214 532,464 Q.64

| 7010 2456 . 13114 9281 4019 472 1334 1654 320419 17305 S4.89  0.50

1 7013 2501 459 12 1308 274 1039 2978 2492 2233 £7.57 Q.26




TABLE I c.

CONCENTRATION (ul Gas / kE'Rdck) OF ©1 - C7 HYDROCARBING ( Ia + Ib ) .

| SUM O sUM WET— ic4
IEL DEFTH C1 oz (et} ic4 niz4 CE+ i-C4 C2-C4 NESS —————
' ' : (%) niz4

+ o s st i e - —— — e s ot e . st st v e g e g o — i e v e (e e . e s
== o —— - 4 — === P—3—4—4 43—t ]

L &BQOR 285 J0LSE 4749 2444 774 1237 1054 41095 10409 25,33 0. L3
LIIE 94D 40259 S373 4061 1071 2315 3532 73078 12819 17.54 Q.44
0T 4221 10534 50108 23977 47.85 0.5

6917 1005 26121 7733 S603 2210
£P21 1065 OFEN L.ID
c w794 874 1579 2421 29799 10201 26.25  0.57

LIS 1125 21184 4447 3351 851 1341 2217 31194 10011 32,09  0.43

n

b
a

e 0,672

1,
=
.
)

3
U]

)
%,

LR 1183 2J033IY 4257 4990 1425 2253 4341 43864 13

i1 20.18  0.72

&

L9323 1245 9043 1871 1218 . 345 477 . 617 12959 3

LRET iSDS 121 51 274 131 2eE 539 244 724 S5, 464 .49
6?4i 1265 2732 17 14z 9§ i71 Rclui 702 42? L1.15 .58
£245 1425 7119 1gkg8 1879 4746 0 524 438 11825 47046 22,820 0.%1
(4% 1485 ‘ 147. 432 256 93 171 163 709 &2 79,30 Q.55
(252 1545 117 87 382 0 128 204 152 71g 201 27,25 0. &2 f
£957 146035 1450% 26246 2303 434 4% 344 20443 SwIE 27.04 Q, 7%
L9461 1ALS 45704 10609 7059 1413 1293 ‘825 AHFOT0 203746 29,50 1.0?_}
b?wS 1725 10951 10757 14125 4507 .SfEO 4435 46271 ES320 76,35 1.15

LT 1785 144665 4519 S4735 0 13245 1479 2208 27486 12810

]
(X3}
[y
D}
NS
>
L]
o
[
-~
t ]
b
ot

&R73 1845 18434 4244 S667 109z =248 773 20838 12454 40,32 1.2
&977 19035 26LE8Z 0 S114 S262 570 27 441 324546 117732 20061 0.469

&R78 1920 52610 8140 4383 792 Y01 S92 2225 16215 230546 0. =E




- 33 -

TABLE I c.

CONCENTRATION (ul Gas / ke Rock) OF 1 - £7 HYDROCAREONS ¢ Ia + Ik ) o

A 09 et s e e S e e gt S St e g e e PSS DO M e SR S S S s S Ao e s S e s Rala T o S it S S St
=t p PPt f P

=M WET- ic4
TKL DEFTH C1 2 NE] ic4 n4 CS5+ C1-04 C2—-C4 NESS ————-
no. m/ft o {7) ni-4

P &27% 1935 2228 1270 2489 403 591 513 &S5 47538 65.11 0. &%

[ &980 1950 7176 2113 3052 420 485 424 13447 L2271 44044 Q.61

P E&IRL 1965 243200 4LT0Z 10926 1328 46146 4114 47272 22972 48,460 0.2
L &2 1780 22460 7301 15514 1994 7487 5425 S5959 32499 52,08 Q.26
CA9ER 1995 20440 10&5E 24897 2545 14444 9610 24027 SASLT L3.75 Q.25
&v24 2010 4207 S283 Z4440 4951 21747 16195 66?54'5:s4: P2.PE 0.23
LRSS 2025 4905 L2830 J103Z  LZ23& IREI] 2:327 72654 73750 9374 b.LI
6936p26ﬁb 42079 20443 SAZ22Z 2612 40715 36372174292126213 72.41 0.21

£
[y
X
,?
5
-
o
[xx]
~
(£ ]
ot
E-9
.
ot
o
[2ad
~
Do
A ]
0
\!
i
£
¥ .9
B
be)
b
L

LIST 2055 L5774 24454 T2959 4149 1499

LR 2070 72755 42834 40302 7588 27524 1S3852110081382S3 45.52 0,28
LPET 2085 126911 ASIZE 41468 4910 15347 $135253944127053 50,03 0,32
990 ZIFE . 1623 2517 4440 1237 4407 429F 14ZEF 14601 90,00 0,28
LI91 2173 11554 4daov SOBS 1149 2957 S042 24826 13272 53,446 Q.39
6992 2186 S876 3944 2431 0 493 2047 3435 159%1 1011S 43,26 0.34
LTI 2201 7547 21282 10337 1617 4140 7000 75023 37476 49.95  0.39
L9948 2216 AESE 2EPS. 4723 922 2192 2943 18590 11732 63.11 0.42
LPTS 2231 AZOPS ZIOR7 8IS 1042 2955 S077 98457 35362 35.92 0 0.34
LRE 2246 113514 45219 12783 1405 3437  SL421T7L963 D449 35.55‘ 0.41
&7 2261 132447 ?0?7' QY 1044 2853 8774 32730 13035 &, 30 0.37~
LIVE ZET6 23Pe4 116461 4143 454 1578 5907 52021 18036 34.47 0,41
LI 2E91 @19m 026 2397 433 1059 3819 19125 99264 51.90 0,41

7000 2306 52444 113242 3902 408 1225 2856 754620 17177 22.71 0.44

7001 23221 5504 2022 2497 201 1459 2544 12999 T49L 57 .64 0.324

P R L N N NS S N N T S S T S R N S S N T o N T T T e e
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TABLE I c.

CONCENTRATION (ul Gas / ks Rock) OF C1 - C7 HYDROCARBONS ¢ Ia + Ib ) .

_ SUM SUM WET- ic4
IKLU DEFTH 1 o2 C3 ic4q nC4 C3+ C1-C4 C2-C4 NEZS —-——=

o m/Ft _ (%) niz4

7002 22346 3T511 11043 SES82 0 2345 2002 2495 54935 19474 25,472 Q.42
70032 2351 1977485 24577 282477 22356 4294 198832142411 144732 27.04 0.78
7004 232464 39144 12821 L7772 1192 2164 1957 (2109 22965 346,92 0,55
7005 2ag1 SRSAE 12590 7476 1372 23467 1884 S7277 232811 41,50 O;SE

70046 237646 10222 5512 411é 741 1541 1708 22143 11911 S32.7%9 Q.4b

7007 2411 47059 2BSS1 13979 2024 3140 1600 94752 47494 S0.34 0,44
7010 2454 27202 10550 L4464 724 1379 1803 446427 12119 41.18 Q.52
70132 2501 1574 904 15900 303 1074 2042 S450 =873 71.08 Q.22
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Lithology and TABLE NO.- 2

Total Organic Carbon measurements ~ WELLNO: 7iz0/e-2

Sample D?:‘t)h TOC Lithology

M-6897 690-720 0.90 . 95% Claystone, grey, micromicaceous, non
calcareous, very slightly
carbonaceous, grading to.

5% clayey Sandstone, grey, fine,
subangular, glauconitic, very
slightly pyritic.

M-6901 750-765 10%  Cement.

0.70 90% Claystone, grey, occasionally very
slightly micromicaceous, non
calcareous, some very slightly
pyritic and carbonaceous.

M-6905 810-825 0.58 100% Claystone, grey - light grey, non
calcareous - very slightly
calcareous, some deformed fragments.

M-6909 870-885 1.17 100% Claystone, grey - slightly greenish,
grey, occasionally glauconitic,
disintegrates in 10% HCI.

M-6913 930-945 1.03 80% Sandy Claystone grey - greenish,
grey, micromicaceous, . partly
glauconitic, occasionally micaceous.
0.32 20% Siltstone, brown - yellowish, brown,
?sideritic
Abundant Pyrite (x1n).
Sm.am. Limestone; calcareous Claystone.

044/b/AH/1
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Lithology and

Total Organic Garbon measurements

TABLE NO.: 2
. WELL NO.:" 7420/8-2

Sample

Depth
(m)

TOC

Lithology

M-6917

M-6922

M-6925

M-6929

990-1005

1065-1080

1110-1125

1170-1185

0.84

0.71

0.92

0.84

90%

7%
3%

Sm.am.

95%
3%
2%

95%

2%
3%

100%

Observed "pipe dope" on some of the
fragments.

Claystone, grey - dark grey,
greenish grey, occasionally sandy,
slightly glauconitic inparts, partly
subfissile, slightly soapy.
Claystone, brown - yellowish brown,
?sideritic.

Sandstone, clayey, glauconitic, fine
- very fine, subangular, micaceous.
Glauconite; Pyrite; Claystone, 1ight
grey, with spots of calcareous
fragments.

Claystone, grey - dark grey, greenish
grey, occasionally sandy and
glaucconitic as above.

Claystone, brown, sideritic.
Sandstone as above.

Claystone, grey - dark grey,
occasionally sandy and glauconitic,
increase 1in content of  finely
dispersed framboidale Pyrite 1in the
darkest claystones, slightly
calcareous.

Claystone, brown, sideritic.
Sandstone, as above.

Claystone, grey - dark grey, some
subfissile, very slightly calcareous,
obs, soapy fragments, occasionally
pyritic.

044/b/AH/2
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Lithelogy and TABLE NO.: 2
Total Organic Carbon measurements WELL NO.: 7450/8-2

Sample Dfr':‘t)h -TOC Lithology

M-6933 1230-1245 0.88 98% Claystone, dark grey - grey,
slightly micromicaceous, very
slightly calcareous - non calcare-
ous.

2% sideritic Claystone, brown.

Sm.am. Pyrite.

M-6937 1290-1305 1.02 100% Claystone, dark grey, grey, some
silty and sandy, occésiona11y
slightly glauconitic, micromicaceous,
part]y' pyritic, observed soapy
fragments.

Sm.am. Sandstone, grey, clayey; sideritic
Claystone brown.

M-6941 1350-1365 0.89 100% Claystone dark grey, grey as above.
) Sm.am. as above.

M-6945 1410-1425 1.09 100% Claystone, dark grey, grey very
slightly calcareous, occasionally
silty, sandy, partly micromicaceous
and very slightly carbonaceous.

Sm.am. as above.

M-6949 1470-1485 1.09 1004 Claystone, dark grey, slightly
carbonaceous, occasionally lustrous,
partly subfissile, slightly pyritic.

Sm.am. sideritic Claystone, brown - light
brown; ?Chert, brown.

N44/h/AH/3
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Lithology aqd ' | © TABLE NO.-. 2
Total Organic Carbon measurements WELL NO.: 7120/8-2

Sample D?;t)h TOC Lithology
M-6953 1530-1545 1.12 95% Claystone, dark grey, Tustrous
micromicaceous, subfissile - fissile,
slightly carbonaceous.
2% sideritic Claystone yellowish brown.
14 Limestone, greyish white.
1% Sandstone, fine, glauconitic.
Sm.am. Pyrite; Sand, medium, subrounded;
Claystone, redbrown, subfissile, non
calcareous; Chert.
M-6957 1590-1605 1.17 82% Claystone, dark grey, lustrous as
‘ above.
0.89 15% marly Limestone, light brownish
white.
3%- sideritic Claystone.
Sm.am. Sandstone as above, medium - coarse,
subangular, etched surface; Pyrite;
Claystone, redbrown, sandy,
subfissile.
M-6961 1650-1665 1.56 70% Claystone, dark grey, lustrous, as
above.
1.03 20% marly/clayey Limestone, greyish
white - light brownish white.
5% Sideritic Claystone/Siderite, as
above. |
5% Sand/Sandstone, medium, fine,
~calcarerous.
Sm:am. as above.

044/b/AH/4
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Lithology and | TABLE NOS. 2 .

Total Organic Garbon measurements WELL NO.: ;50/5-2

Sample D;’g‘)“ TOC Litholagy

M-6965 1710-1725 2.18 40% Claystone, dark grey, as above.

50% Sandstone, greyish white, fine,
argillaceous, slightly carbonaceous,
non calcareous - very slightly
calcareous.

10% Limestone, clayey, light brownish
grey - white.

. Abundant steel fragments from core.
Sm.am. Cement.

M-6969 1770-1785 - 95% Sandstone, greyish white, very fine -
fine, argillaceous, subangular -
subrounded, occasionally very
calcareous, micromicaceous,
occasionally slightly carbonaceous.

5% Limestone as above.
Abundant steel fragments.
Sm.am. Claystone, dark grey; Pyrite.

M-6973 1830-1845 2.28 70% Claystone, dark grey, micromicaceous,
occasionally slightly lustrous.

0.90 20% Marl/Limestone, light brownish,
white - grey.

10% - Sandstone

M-6977 1890-1905 1.74 96% Claystone, dark grey, grey, some

' greyish black, micromicaceous -~
micaceous, subfissile. occasionally
Tustrous, non calcareous.
3% marly Limestone as above.
1% Claystone, redbrown, subfissile,
occasionally sandy.
Sm.am. Cement.

044/b/AH/5
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Lithology and TABLE NO.: 2

Total Organic Carbon measurements WELL NO.:75/8-2

Sample Dewih TOC Litholagy
M-6978 1905-1920 1.47 70% Claystone, dark grey, grey as above.
0.29 15% Claystone, sandy, redbrown,

calcareous, micaceous.

4% Sand, medium - fine, red iron-oxide
coating.

1% Limestone, white
Abundant steel fragments.

M-6979 1920-1935 2.56 65% Claystone, dark grey, some greyish

black, as above.
0.26 25% Claystone, redbrown as above.
10% Limestone, greyish white occasionally
redbrown. ' '
Abundant steel fragments.
Sm.am. Sand, fine - medium as above.
M-6980 1935-1950 1.67 55% Claystone, dark grey - grey as above.
0.24 40% Limestone, greyish white occasionally
pyritic. Yellow fluorescence, with
very weak whitish cut.
5% Claystone, redbrown as above.
Abundant steel fragments. (
Sm.am. Sand as above; Pyrite.

M-6981 1950-1965 2.29 80% Claystone, dark grey, greyish, black
grey, brownish grey, decreasing Mica
content, non calcareous, lustrous in
part.

0.39 20% Limestone, greyish white 1light
brownish grey.
Abundant steel fragments; Pyrite.
Sm.am. Claystone, redbrown.

NAAIwIAU /R
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B s

Lithology and |
Total Organic Carbon measursements

TABLE NO.: 2

WELL NO.:7120/8-2

-

Sample D'(!::)h TOC Lithology

M-6982 1965-1980 2.18 90% Claystone, dark greyish black - dark
grey, brownish dark grey, partly
micromicaceous and lustrous,
subfissile.

0.46 10% Limestone as above.
Abundant steel fragmehts.
Sm.am. Claystone,

M-6983 1980—1995 3.41 100% Claystone, dark brownish grey,
greyish black, as above ,
occasionally waxy.

Sm.am. Limestone, greyish white; Claystone
redbrown; Steel fragments.

M-6984 1995-2010 4.05 1004 Claystone, dark brownish grey,
greyish black as above.

Sm.am. As above.
M-6985 2010-2025 4,28 100% Claystone, dark brownish, grey,
o greyish black as above.
Sm.am. As above.

M-6986 2025-2040 4.84 100% Claystone, dark greyish black,
micromicaceous, subfissile, partly
lustrous, non calcareous.

M-6987 2040-2055 7.92 100% Claystone as above, micaceous -
micromicaceous, observed Coal.

M-6988 2055-2070 9.62 100% Claystone, dark greyish black, dark
brownish grey - black, as above,
occasionally slightly calcareous.

NAAIK/BLTT
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Lithology and TABLE NO.; 2
IU | Total Organic Carbon measurements WELL NO-: 7120/3-

Sample D?'T)h TOC Lithology )

M-6989 2070-2085 10.40 96% Claystone as above occasionally
slightly calcareous.

3% Sandstone, clear, medium fine, angular
- subangular, good sorting, non cal-
careous. .

1% Kaolin,

M-6990 2085-2138 12% Lost circulation material.

3.41 85% Claystone, dark grey, dark bluish
grey, greyish black, non micaceous -
micromicaceous, mostly fissile, occa-
sionally lustrous.

3% Claystone, red-brown, micromicaceous,
subfissile.

Some contamination of fragments by
"?Pipe dope".

M-6991 2138-2173 70% Sandstone, white - greyish, white,
medium - fine, coarse, angular, cal-
careous, occasionally slightly

micaceous.
5% ?Kaolin, white, greyish white.
3.0 20% Claystone, dark grey - greyish black,
as abave.

5% Claystone, grey, very hard, laminated,
this lithology seems to be affected by
drilling.

Sm.am. Claystone, red-brown.

049/u/ah/1
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i

Lithology and

Total Organic Carbon measurements WELL NO.: 7120/8-

TABLE NO.: 2

Sample

Depth
(m)

TOC

Lithology

M-6992

M-6993

M-6994

2173-2186

2186-2201

2201-2216

2.95

2.70

0.74

2.38

70%

25%

3%
2%

58%

40%

2%

10%

20%

65%

5%

Sm.am.

Sm.am.

Sandstone, white - greyish, white,
medium, fine, coarse observed some
very coarse angular, non calcareous,
occasionally very slightly glauconitic,
some staining.

Claystone, dark grey - greyish black
as above.

Kaolin.

Claystone, grey - light grey
interbedded, affected by drilling.
Claystone, red-brown, some
contamination by "pipe dope".

Sandstone, light brownish, white -
greyish white, fine, fine - medium
angular, non calcareous, some slightly
carbonaceous, slightly micaceous,
?kaolinitic. Dull gold fluorescence
and very slight yellowish streaming
cut.

Claystone, dark greyish black as
above.

Kaolin.

Claystone, red-brown.

Same contamination as above.

Sandstone, light brownish, grey,
greyish white, fine, fine - very fine,
fine - medium, as above.
?Kaolin/kaolinitic Claystone, white -
greyish white.

Claystone, greyish black - grey,
occasionally micromicaceous, some
fissile, pyritic.

Claystone, red-brown as above.

Some contamination as above.
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Lithology and TABLE MO 2
Total Organic Carbon measurements WELL NO.: 7120/8-2

Depth ' .
Sample (m) TOC Lithology

M-6995 2216-2231 45%  Sandstone, light brownish white -
greyish white, fine fine - very fine,
fine medium angular, slightly cal-
careous, slightly micaceous, occa-
sionally slightly carbonaceous. Fluor-
escence and cut as in M-6993.

4% Kaolin.

2.38 45% Claystone, dark grey - greyish black
as above.

5% Claystone, red-brown, slightly
calcareous.

1% Coal/carbonaceous Claystone.

Some contamination as above.

M-6996 2231-2246 ' ‘| 55%  Sandstone, greyish white, light

brownish grey, fine - medium, sub-

angular, argillaceous, occasionally

slightly micéceous, non calcareous,

some slightly carbonaceous. Fluor-

escence and cut as M-6993.

4.35 40% Claystone, dark grey, brownish black,
occasionally carbonaceous.

3% Kaolin. ,

2% Coal/carbonaceous Claystone.
Abundant C]ayétone, red-brown.

M-6997 2246-2261 90% Sandstone, light brownish, grey -
white, greyish white as above, slightly
calcareous. Fluorescence as above.

2% Kaolin.
3% Claystone, brownish black, very
micaceous. |
5% Claystone, grey - greyish black.
Sm.am. Claystone, red-brown; Coal.

049/u/ah/3
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Lithology and TABLENO: 2
Total Organic Carbon measurements WELL NO.: 7120/8-2

Sample iy TOC Lithology *

M-6998 2261-2276 80% Sandstone, white, very fine, very fine
- fine, angular, argillaceous, non
calcareous. Fluorescence and cut as
for M-6993.

10% Sandstone, silty, 1ight brown, .
micaceous, occasionally slightly cal-
careous, often carbonaceous.

2.90 10% Claystone, grey - dark greyish black,
occasionally waxy.
Sm.am. Coal, Claystone, red-brown.

M-6999 2276-2291 90% Sandstone white as above, occasionally
with Mica rich laminations. Fluor-
escent but little or no cut.

5% Sandstone, light brown as above.
5% Claystone, grey, dark greyish black as
above.

M-7000 2291-2300 65% Sandstone, white, greyish white, fine,

very fine - fine, medium - fine, argill-
aceous, very slightly calcareous - non
calcareous. Dull yellow-brown fluor-
escence generally with Eefgcut for sand-
stones below this level.

10% Sandstone, light brownish grey - dark
brownish grey, very fine - fine, fine
- medium, angular, micaceous, occa-
sionally carbonaceous.

5% - Kaolin.

2.33 15%’ C]aystone,'dark grey - black.
5% Claystone, grey, greenish grey,
red-brown.

Some contamination by “pipe dope".
_ Sm.am. Coal/carbonaceous Claystone.

049/u/ah/4
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Lithology an_d | TABLE NO.: 2
Total Organic Carbon measursements WELL NO.: 7120/8-2

Sample Pepih TOC Lithology

M-7001 2306-2321 65% Sandstone, white, greyish white, fine
- medium, fine, angular as above.

5% Kaolin.
5% Sandstone, brownish grey as above.
2.08 20% Claystone, dark grey - greyish black
as above, occasionally waxy.
3% Claystone, red-brown.
Some contamination as above.

M-7002 2321-2336 80% Sandstone/Sand, greyish white, white,
coarse, medium, fine, angular, as
above.

5% Kaolin.
1.80 15% Claystone, dark greyish black, grey.
Sm.am. Claystone, red-brown; Coal.
M-7003 2336-2351 40% Sandstone, greyish white as above,
" calcareous.
5% Kaolin.
2.04 5% Claystone, grey dark grey, as above.
62.09 50% Coal/carbonaceous Claystone.

M-7004 2351-2366 65% Sandstone, white - greyish white,
fine, fine - medium, fine - very fine,
non calcareous, occasionally with Mica
rich laminations, slightly carbon-
aceous.

5% Kaolin.
3.84 30% Claystone, dark grey - greyish black
' occasionally grading to carbonaceous
Claystone.

049/u/ah/5
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Lithﬂlﬂﬂy aﬂ.d | TABLE NO.: 2
Total Organic Carbon measurements WELL NO.: 7120/8-2

Sampie D?S‘t)h TOC Lithology )

M-7005 2366-2381 55% Sandstone, greyish white,

| occasionally light brownish white,
medium, fine, coarse, angular, as
above. .
5% Kaolin.
9.17 40% Claystone, dark greyish black - grey,
| as above.
Sm.am. Pyrite.
?) .
M-7006 2581-2396 80% Sand/Sandstone, white, clear, coarse,
medium, fine, angular, micaceous.
2% Kaolin.
5.07 18% Claystone, dark greyish black - grey
as above.
Sm.am. Claystone, redbrown.

M-7007 2396-2411 70%  Sandstone, greyish white, medium,
fine some coarse, angular,
occasionally carbonaceous.

15%  Coal.
4.68 10%  carbonaceous Claystone, greyish
black.
2%  Kaolin.
3% Claystone, grey.
Sm.am. Claystone, redbrown, wood fragments,
(pyritized).
M-7010 2441-2456 70% Sandstone, greyish white, fine -
medium, as above.
13% Sand, very coarse, coarse, angular.
4%  Kaolin. i
7.42 13% Claystone, dark greyish black -
black, grading to carbonaceous
B Claystone/coal.
Sm.am. as above. ‘

044/b/AH/13
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Lithology and

Total Organic Carbon measurements

TABLE NO.: 2
WELL NO.:7120/8-2

Depth

TOC

Sample (m) Lithology
M-7013 2486-2501 59% Sandstone, greyish white, light
brownish grey, medium, fine, angular
as above.
1% Kaolin.
5% Claystone dark grey - greyish black.
2.05 30% Claystone, grey.

5%

Claystone 1light brown slightly
calcareous.
Observed ? ooliths.

044/b/AH/14
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TARBLE = 6,

MATERIAL EXTRACTED FROM THE ROCE
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TABLE 7.=

TABULATION OF DATAT FROM THE GASCHROMATOGRAMSE
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VITRINITE REFLECTANCE TABLE NO.: 8a -
MEASUREMENTS | WELL NO. 1120/8-2
Sample Depth | Vitrinite reflectance Fluorescence in UV light Exinite content
M-6909 870 -1 0.39 (1) Yellow/orange spores Trace
885
M-6917 990 -} 0.43 (4) Green/yellow spores and Trace
1005 green carbonate minerals
M-6929 1170 -] 0.44 (1) Green/yellow and yellow spores Low
1185
M-6937 1290 -{ 0.44 (9) Yellow and yellow/orange spores | Low - moderate
1305
M-6945 1410 -] 0.44 (3) ' Yellow and yellow/orange spores | Low
1425
M-6953 1530 -] 0.50 (1) Yellow/orange and low orange Low
1545 spores. Green dinoflagellates?
M-6961| 1650 -| 0.47 (10) Low-orange spores ‘ Trace
1665
M-6965 1710 -| 0.48 (14) Low-orange spores Low
1725 ‘
M-6973 1830 -} 0.51 (11) Low-orange spores Low to moderate
1845
M-6979 1920 4 0.48 (20) Low-orange spores ' Trace
1935
M-6981 1950 4 0.49 (20) Mid-oirange spores Moderate
1965
M-6984 1995 4 0.46 (21) Mid-orange spores Moderate
1 2010

NAN L Tl 11
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VITRINITE REFLECTANCE . TABLE NO.: 8a
MEASUREMENTS | WELL NO. 7120/8-2
Sample Depth | Vitrinite reflectarce Fluorescence in UV light Exinite content
M-6987 2040 -] 0.47 (20) Low-orange spores Moderate
2055
M-6989 2070 - 0.52 (19) Low-orange and mid-orange spores| Moderate
2085
M-6990 2085 -} 0.52 (20) Low-orange spores and mid-orange] Low - Moderate
2138 . unidentified fragments
M-6993 | 2186 -| 0.52 (19) Low-orange spores Trace
2201
M-6996 2231 -| 0.58 (21) Mid-orange spores High
2246
M-7001 2306 -| 0.52 (20) Low-orange and mid-orange sporeq Moderate
2321
M-7003 2336 - 0.67 (24) Mid orange spors and yellow Low
2351 resins
M-7005 2366 -| 0.48 (20) Mid-orange spores and algae Low - Moderate
2381
M-7010 2441 -} 0.53 (14) Low-orange and mid-orange Moderate
2456 spores and green/yellow resin.
‘

049/n/ah/?




Visual Kerogen Analysis

TABLE NO.: 8b
WELL NO.: 7120/8-2

Sample Depth Composition of residue Par.tncle Preservation Therma_l maturation Remarks
(m) size palynomorphs index
M-6909 885 Am, Cy/W F fair to good 1+/2- Pyritic, often small and '
‘ , rounded aggregates of amor-

& phous material embedding
palynomorphs and small vit-
rinite particles. Some flaky
structures.

M-6929 {1185 *W, WR!/Am, Cy F good 1+ *Pyritic small residue.
Odontochitina in a rich
cyst assemblage. Pollen
very rare. , .
M-6945 | 1425 W, WRt, P/Am, Cy F-M good 1+/2- Pyritic residue. Fairly C
' large semifusinite fragments. !
M-6953 | 1545 W, WR!, P, S, Cut/Am, Cy F(-M) good 1/1+ Pyritic residue with semi-
fusinite/fusinite, inerti-
nite and etched vitrinite.
M-6961 | 1665 W, WR!, P, S, /Am, Cy F(-M) good T/, 14
M-6973 | 1845 W, WR!, P, Cut/Am, Cy F-M fair to good 1+/2- Mainly as 1545m and 1665m.
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

049/r/ah/1



, TABLE NO.: 8b
Visual Kerogen Analysis ° » WELL NO.: 7120/8-2

Sample Dag;h Composition of residue Particle Preservation Thermal maturation

. ! Remarks
size palynomorphs index

M-6979 |]1935 W, WR!, Cut, P/Am, Cy F-M(-L) fair to poor -2/2 Aggregates with amorphous

' matrix embedding small vit-
\ rinite particles, semifusi-
nite, etched vitrinite
fragments and sapropelised
strongly degraded cuticles.

M-6981 | 1965 W, WR!, Cut, P/Am, Cy F-M(-L) fair to poor -2/2 Dense agg{regates, Jurassic/
Cretaceous cysts darkly

stained. Resemblance with
1935m.

=[G -

M-6984 | 2010 - Cut, W, P/Am, F-M-L fair 1+/2-, 2-/2 Highly pyritic but less
degraded material.
Chasmatosporites.

M-6987 | 2055 Cut, W, P/Am F-M-L poor 1+/2-, 2-/2 Very dense aggregates eva-
luated as composed mainly of
cuticular strongly degraded
material. True amorphous
material was difficult to
distinguish.

ABBREVATIONS

Am Amorphous
He Herbaceous
Cut  Cuticles

Cysts, algae w Woody material ; F Fine
Pollen grains c Coal M Medium
Spores R! Reworked | L Large

(- M - N ]
<
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TABLE NO.: 8b
H fe : WELL NO.: -2
Visual Kerogen Analysis 7120/8-2
Sample Depth Compasition of residue Parpcle Preservation Therma'l maturation Remarks
(m) size palynomorphs index
M-6989 | 2085 Cut, W, P/?Am F-M poor 1+/2-, 2-/2 Dense amorphous aggregates
{ believed to consist mainly
of strongly degraded cuticles
and wood embedding other
fossils.
M-6993 2201 Cut, W, WR!, P/Am, Cy F-M- poor 1+/2-, 2-/2 Odontochitina and semifusi-
: nite together with remains
resembling 2085m and 2055m. ;1:
0]
M-6996 | 2246 .w, Cut, P/Am F-M-L fair 2-/2 Botryococcus. i
M-7001 |2321 Cut, W, P/Am F-M-L fair to good 2-/2 Dense aggregates rich in
' pyrite framboids.
M-7005 |2381 W, Cut, WR!, P/Am F-M-L fair 2-/2 Vitrinite , inertinite and
‘ : semifusinite/fusinite.
Odontochitina and other
Cretaceous cysts, bisaccates
and triporates.
BBREVATIONS
m  Amorphous Cy  Cysts, algae W Woody material F Fine
e Herbhaceous P Pollen grains C Coal M Medium
ut  Cuticles ) Spores R! Reworked L Large

049/r/ah/3
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GAS CHROMATOGRAMS OF
SATURATED FRACTION
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GAS CHROMATOGRAMS OF
AROMATIC FRACTIONS
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