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SUMMARY/ SAMMENDRAG

On the basis of 1ithology and analysis of light hydrocarbons seven zones
were distinguished.

In general the analysed sequence contains kerogen type III and/or IV with a
poor to fair potential for gas generation.

Notable exceptioné are a shale in zone E which contains kerogen type II and
has a rich potentialffor oil and gas, and the carbonaceous claystones in

zone G which have varied kerogen (II, II/III and III) and have a rich poten-
tial as source rocks for gas and paraffinic oil.

The sequence is immature down to approximately 2752m, immature to moder-
ately mature to 3346m and moderately mature to mature below this.
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GC-conditions

Column: 25m OV-1, I.D. 0.3 mm, fused silica capillary column.
Larrier, gas:; Helium with dplet pressure;l@ psiz-Elows ca:«l.5.-m/min,
Ouen programme:. 40% - 270°C at 4°C/min.,

Gas chromatographic-mass spectrometric amalysis B oo oo

The analyses were performed on a VG 70-Z0H.GC-MS/DS applying multiple
ion detection (MID) with a scan cycle_time.of, approximately 1 sec and
an ion source temperature of 200°C.,Seven,samptes were analysed for
triterpanes (m/e 191) and steranes (m/e 217) in- the, saturated
fractions, and for aromatic steranes (mfe 231, 239 and_253) in the
aromatic fractions. The Varian Model 3700 GC was fitted with a 30m
QV-1 fused silica column and the injections were performed in split
mode. The temperature of the GC oven wqi-prognammed,fgpy LSG%Qﬁ;o
270°C at 4°C/min.

The ratios from the mass chromatograms were all calculated-from the

peak heights in the appropriate chromatograms. (. i

Urea-adduction

Urea-addﬁction was performed on the same samples that \wene: analysed on
GC-MS. The sample containing 5 mg..of .n-alkanes was dissglved:ip

2 ml of n-hexane and 1 ml of, acetone was:added. A -satyrated solution
of urea in methanol (1 ml) was then added . dropwise. The:solvent.was

. removed (NZ) and the adduction step repeated twice.,6 The white crystals
,were rinsed (3x5ml hexane) and the combined- extragt.filtered, (catton
wool plug covered with A]203), to afford a non-adduct. ,GCranalyses
were performed on the samples after the urea adduction, using the same
conditions as for the other GC analyses. - ¢ =i

-
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RESULTS AND DISCUSSION

Onthe basis 6f results From headspace’and~octTuded"gas*ana¢y32§ﬂto-
gether with Tithological description the«analysed'sequence(can‘be~d1v-
ided into seven zones:

Zone A: 1000 _-:=1670m
Zone B: 1670 - 2200m
Zone C: 2200 - 2644m
Zone D: 2644 - 2752m
Zone E: 2752 - 2986m
Zon€ F: 2986 - 3346m
Zone G: 3346 - 3870m

LightcHydrocarbon Angdlysis v

Zone A:-1000 - 1670m. = -

This zone consists of a variable mixture of sand and rock fragments to-
gether with conspicuous glauconite changing to brown-grey siltstone at
the bottom of the zone and small amounts of limestone and claystone.
The abundance of C1 - C4 hydrocarbons is very variable ranging from poor
to good but with a general increase towdrds the bottom of the zone. The
gas is 'predomimantly methane (probably biogenic). There is consequently
a very -low "wétness throughout ‘the ‘zone. The amounts of isobutane and
n-Butane -are ‘beltow the 'detection limits (apart from one sample which is
presunigd to be anoma¥ous) and consequently no 1’C4/nC4 ratio can be deter-
mined. -The abundance of'05+ hydrocarbons is also erratic but is poor
‘throughdut tHe zone. -

Zone B: 1670 - 2200m.

This zone is dominantly claystone (brownish grey and greenish grey)
with medium to dark grey s;Tngones in varying amounts. The abundance

of C1 - C4 hydrocarbons decreases slightly at the top of the zone but

is very variable throughout, increasing slightly again at the bottom.
For most of the zone the gas is dominantly methane with amounts of C2

- C4 hydrocarbons too low to record wetness or 1’C4/nC4 ratio. Towards
the bottom of the zone there is a slight increase in C2 - C4 hydrocarbons
thus giving low wetness values. The abundance of C5+ hydrocarbon is

poor throughout the zone.
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Tone /2200 *= 2644m.”

Th1s zohe beg1ns with® vary1ng ratios of “grey" calcareous/S1Tty ciaystone,
grey ‘si1tstone and”fine’ sandstone” but cﬁaﬁges to'a- gradation” of ciay—
stone ‘and“siltstone: with’ 1imestone ‘traces’at “the “6otEom: " Thére-i% a
gefieral inéréase in “the “ablindance oF”Cf‘iﬁtgkhyﬂ?ﬁb%?ﬁbﬁﬁ whtich
%émainS”goedvthroughouf"tHE'ioﬁé“ C, 3962“hy&$bcé?5bﬁ§ beCome’ ‘ore
swgn1f1cant within “this Zone ‘and “thére ﬁs’a consequént &Hémafic
1ncrease 1n wetness and'a1though th1s~1s errat1c‘rt QEnera11y de-
consistent throughout the zone. There is a significant 1ncrease in
the abundance of C5+ hydrocarbons in this zone’ (from poor to gooﬂ) and
it Femains h1gh throughout~ ‘The “increases seen ‘¥1° this zone®are
probab]y attributable’ ™o -gas’ fﬁnd1ng 1ts way “From the" carboracedus
claystones beiow (zone E) ‘and” hav1ng more’ space to accumulate due to

[T

the s11%y/sandy nature ‘of the“claystone in this Zone’ " FEew B0

aE T
T 2L s

Zone D:*2644°- 2752m!¢

The Tithology of this'zone & dominantTy clay$tone. Howevel here it
can be divided into a grey/greenish-grey/brownish grey unit-and”a
separate reddish-brown unit. Thére is also“a’ variable amount' of light
brown to brownish-grey limestone throughout the zone. A1though th1s is
a relatively thin zone there is a considerable decreasé “n the* Clu C4
hydrocarbon abundances with depth (from good to ‘poor). Wetnéss | rema1ns
low but relatively constant ‘as does’ the iC /nC4irat1o. The ' CS+ abun-
dances decrease to the same degree as the’ Cl- hydrocarbone This
is presumed to be due to the red-brown cladystone’ content. AR

Zone E: 2752 - 2986m.

The top of this zone continues with the-same claystones as in zorie D
but further subdivisions on the basis of colour become poss1bTe”In
the middle of this zone, 2851 - 2860m, a dark brown - to grey “fissile
shale appears in minor amounts and then begins to dbenifé the Tithol-
ogy for approximately 90m before the claystones again asSume dominance
towards the bottom of the zone. This change in Tithology is- c1ear1y
mirrored in the gas analysis results. There is a increase in’ C1 - Q4
hydrocarbon abundances from poor in the claystones at the top to a
peak (rich) in the middle (shale) section of the zone and this de-
creases again to fair in the claystone at the bottom:. A similar
increase in wetness is observed at the dnset of the shale but this
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then remains high throughout. The 1’C4/nC4 ratio has a much more
@ngrate!gariqtiog throughout the zone and remains low._ The abundance
.of C5+]hydro§a5bonsJag£jn reflects accurately both the increase ig C1

- C4 hydrocarbons and the lithology variations, going from poor in the
upper claystones, peaking with .good abundances in the shale and
(etqyning‘ta,fg(r“abquance§ in the lower c]aygﬁone. This zone may be
the_source of. the gas associated with the siltstone/claystone ip.zone

C but as the claystone in zone D has a Tow.gas abundance this-has
probaply acted as a cap and migration occurred through faults/structures.

Zone F: 2986 - 3346m.

This zone 1is characterised by . .an increased but initially variable
sandstone content. Claystone and carbonaceous claystone dominate the
top of the zone but f}om 3200m a fine to coarse, white sandstone is
the predominant 1ithology. The abundance of‘C1 - C4 hydrocarbons
increases from fair to good throughout the zone but is somewhat
erratic. Wetness remain high but trails off slightly_at the bottom of
the zone. 1'C4/nC4 ratios remain lTow and constant. The abundance of C5+
hydrocarbons fluctuates between fair and good throughout the zone but
returns to approximately the same at the bottom as it was at the top.

Zone .G: 3346 - 3870m. ) .

This is a thick zone which consists of varying proportions of sandstone,
claystone/carbonaceous claystone and coal. The abundance of C1 - C4
increases considerably from zone F and remains high (though trails off
at the bottom) throughout the zone. The distribution of C1 - C4 abun-
dances appears "stepped". Wetness decreases in comparison with zone F
but is still moderately high and this is characterised by small scale
steps in the values. 1‘C4/nC4 ratio increases towards the centre of the
zone and exhibits similar, though less marked, changes or steps. C5+
abundances decrease from fair at the top of the zone down to 3569m
where there is a sudden drop to poor values. This persists until 3785m
where values increase again to fair and good. These minor but very
noticeable sharp changes correlate quite well from one parameter to
another and possibly constitute subdivisions within zone G.

057/d/ah/9



SR NG

"Jotal Organic Carbon

Where the 1ithology was suitable (ié. in this case not sandstone or
metamorphic/plutonic rock fragments), organic carbon measurements were
‘undertaken. on those-1lithologies constituting 10% or more of the
sample.

‘a3 -

Zone A: 1000 - 1670m.

Due to lithology only samplies from 1530m were analysed. There is a
siltstone coming in here but due to similar gas results the section is
‘not divided into a separate zone: The siltstone is 1ight brown and
grey and has good to rich abundances of organic carbon throughout.

Zone: B: 1670 - 2200m

This zone consists mostly-of brownish grey and greenish grey claystone
to 1880 metres and -in this top section of the zome the claystones
have good organic carbon contents.. Lighter tohe claystones from.1890m
to 1920m have fair TOC valués. Claystones (partly tuffaceous) between
1930 and 1969m have organic carbon contents of approximately 2%. -The
brown siltstones developed below 1930m generally have only fair
organic carbon values, whereas light green, brown and grey claystones
in this section have a poor abundance (generally less than 0.5%).

Zone C: 2200 - 2644m.

This zone consists of grey calcareous/silty claystones, grey siltstone
and sandstone. The claystone is sampled most frequently and has fair
to good organic carbon contents (average 0.95%). Where analysed the
siltstone has similar values to the associated claystone.

Zone D: 2644 - 2752m.

This zone consists of claystones distinguishable on the basis of
colour. Total organic carbon values show a general increase with depth
from fair to good and this is associated with an increase in the dark
grey component of the claystone at the expense of greenish and brownish
grey varieties.

Zone E: 2752 - 2986m.

This zone consists of claystones of varying colours and dark, fissile
shale. The grey to dark grey claystone has a good organic content
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throughout the zone. The shale which occurs in the centre of the Zone
has rich organic carbon contents (7.15 - 9.65% TOC).

Zone F: 2986 - 3346m.

Grey to dark grey claystones similar to zone E are present along with
sandstone. Throughout the zone the claystone has good and rich organic
carbon contents but there is no clear trend with depth. Sandstones are
dominant between 3211 - 3328 metres.

Zone G: 3346 - 3870m. - e
This zone consists of claystones (variably carbonaceous) sandstone
(not analysed for TOC) and coal. The.grey claystones generally have
good to rich organic contents throughout the zone but at the bottom
the claystone grades to greenish, brownish and yellow and here it has
poor organic contents. The more carbonaceous claystone is transitional
in places between grey claystone and coal and has generally higher
organic contents than.the grey claystones but is very variable (3.90
to 44.31%, ie. very rich}. As expected, where analysed the coal has
still higher values.

057/d/ah/11



Extraction and Chromatographic Separation.

~

Zone A: 1000 - 1670m.

No samples from this zone were extracted.

4

Zone B: 1670 - 2200m.

No samples from this zone were extracted.
Zone C: 2200 - 2644.

No samples from this zone were extracted.

-
b

Zone D: 2644 - 2752m.

Three samples from this zone were ana]&sed. (M—}414, 2671-2680m;
M-7416, 2689-2698m; M-7422, 2743-2752m). A1l three samples have poor
abundances of extractable hydrocarbons both as p.p.m. from the rock
and when normalised to organic carbon. There are large differences in
the ratio of saturated/aromatic hydrocarbons between the samples
possibly indicating different kerogens. The amount of extractable
non-hydrocarbons is much higher in the first sample (M-7414) even
though the values are low - this can be an indicator of lTower maturity.
The very high percentage (71% and 94%) of hydrocarbons in the last two
samples (which are also marked by high Rock-Eval production indices
0.69 and 0.63) is suggestive of the presence of migrated hydrocarbons.
Samples M-7414 and M-7416 both show distinct bimodal n-alkane distri-
butions, and a strong preference for odd numbered n-alkanes, (espe-
cially in M-7414). In sample M-7422 this feature is less well deve-
loped because the chromatogram is dominated by lower molecular weight
n-alkanes. All three samples have high CPI values indicating low
maturity, however the Tow pristane/nC17 ratio does not support this.
The results can be explained in terms of the input - the samples have
a high input of lower molecular weight compounds which will thus
dilute the pristane/nC17 ratio. It should be noted that Rock-Eval
production indices for this zone are very high implying migrated
hydrocarbons. The hydrogen and oxygen indices would also imply type IV
kerogen (inertinite, reworked material) so here we are probably seeing
a masking of the true kerogen composition by migrated hydrocarbons and
the higher molecular weight end is probably more representative.
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Zone E: 2752 - 2986m.
Eight samples were extracted from this zone. On the basis of extract-
abilities the zone can be divided into two sections. Samples M-7426
(2779-2788m), M-7430 (2815-2824m) and M-7432 (2833-2842m) constitute
the first group. In these three samples extractabilities are poor both
as p.p.m. of the rock and when normalised to organic carbon (as for
zone D). Sample M-7426 is very similar to M-7422 of zone D. The other
two samples have a more complicated picture at the higher molecular
weight end of the chromatogram. Here, more geochemical fossils can be
seen implying low maturity CPI values also indicate Tow maturity; In
sample M-7430 as with certain samples above, the pristane/ncl7 ratio
does not agree with a Tow maturity evaluation. The same reason as for
.zone D is probably accountable. The high percentage of hydrocarbons in
’the lower two samples (91 and 93%) suggests migrated hydrocarbons.
Sample M-7432 does have a high pristaﬁe/ncl7 ratio indicating low
maturity but the pristang/phytang ratio appears to be the result of
oxidising conditions ahdfygr}estrial jﬂput. Sample M-7430 has a much
higher saturated/aromaiic hydrocarbon ratio than the other samples.
Again Rock-Eval production indices imply that migrated hydrocarbons
are present and these must be responsible for the Yower molecular
weight distribution in the gas chromatograms of the top group within
this zone. Hydrogen and oxygen indices indicate type IV kerogen which
would be more in agreement with the prédominance of higher molecular
. weight material in the saturated hydrocarbon distribution and also
~ with the calculated parameters (Pristane/Phytane ratios).
~jThe second group - samples M-7434 (2851-2860m), M-7436 (2869-2874m),
“;,M-7438 (2887-2896m), M-7440 (2905-2914m) and M-7442 (2923-2932m) all
“have rich abundances of extractable hydrocarbons which are good when
normalised to organic carbon. All of the samples have front biased
n-alkane distributions with high contents of low molecular weight
compounds. In the case of these samples the Rock-Eval production
indices show no indication of migrated hydrocarbons and the hydrogen
and oxygen indices imply type II kerogens. In the gas chromatograms of
this group-we are probably seeing a clear picture of a change in
kerogen type to marine dominated input along with the associated

- Tithological change from claystone to rich shales. There is a higher

content of aromatics than of saturates and of extractable non-hydro-
carbons than of hydrocarbons. The higher molecular weight end has a
considerable input of geochemical fossils and the general picture is

one of samples dominated by a marine input. High pristane/nC17 and low
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T pristane/phytane ratios indicate immature samples. Values for pristane/-
“phytane of less than 1 indicate that sediments were deposited in a

“* highly anoxic environment.

"Zone F: 2986 - 3346m.

- Three samples from this zone were extracted (M-7661: 3085-3094m,
M-7665: 3121-3130m and M-7669: 3157m3166m). Sample M-7661 has a rich
abundance of extractable hydrocarbons which is good when normalised to
organic carbon (in this respect it is similar to samples from zone E)

* whereas the two Tower samples have only a fair extractability (both as
“ p.p.m. of rock and when normalised to organic carbon). The samples
have front-end biased n-alkane distributions (although there is a

"~ 'large unresolved envelope in the higher molecular weight end of sample

M-7661), with maxima at nC15 in M-7661 and M-7665 and nC17 in M-7669.

Sample M-7669 (3157-3166m) shows more of the higher molecular weight

compounds indicative of a large terrestrial input. Pristane/ncl7 ratio
and CPI are indicative of immature to moderately mature samples. There
is evidence of possible migrated hydrocarbons from Rock-Eval produc-

tion indices - this being responsible for the lower molecular weight

distribution. The percentage of total hydrocarbons is quite high for

what is a moderately mature to mature zone (40 and 61%) and probably

represent migrated hydrocarbons, or in the case of M-7661, contaminant
in the sample.

Zone G: 3346 - 3870m.

Four samples from this zone were extracted (M-7694: 3382-3391m;
M-7704: 3472-3481m; M-7716: 3578-3587m and M-7728: 3686-3695m).
Samples M-7694 and M-7704 have a rich abundance of extractable
hydrocarbons but when these results are normalised to organic carbon,.
the values are poor. This is possibly due to the low maturity of the
samples. Both samples have far higher extractabilities of non-hydro-
carbons than of hydrocarbons which is also a indication of immaturity.
Sample M-7716 has a rich abundance of extractable hydrocarbons which
is only fair when normalised to organic carbon (again due to immaturi-
ty). Sample M-7728 has only fair extractabilities both in p.p.m. of
the rock and when normalised to organic carbon. This sample also has a
much higher extractability of non-hydrocarbons than of hydrocarbons.
The gas chromatograms of all of the samples are similar. There is a
very high content of pristane and there is a greater abundance of high

molecular weight n-alkanes with maxima at nC25 or nC27. There is
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a high CPI. Because .of the high pristane content the pm‘stane/nC17
ratio appears very high indicating low maturity but this could be
misleading if the pristane content is high as a consequence of terre-
strial input. Pristane/phytane ratios are extremely high and are
indicative of a high terrestrial contribution and/or oxidising condi-
tions. The distributions are typical for mixed type II/III kerogens of

- Tow maturity.

Many of the saturated hydrocarbon gas chromatograms are characterised
by a high peak accompanying the C27 n-alkane. This is believed to be a
phthalate contaminant and is marked Ph on the chromatograms. It is
possibly introduced along with some component used intermittently in
~ the drilling mud as it is not believed to be a laboratory contaminant.
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Aromatic Hydrocarbons

Aromatic hydrocarbon gas chromatograms were obtained for seven samples

5z~ from the analysed section of the well.

I {

The seven samples make two distinct groups. Three samples from 2869 -
2878m, 2887 - 2896m and 2905 - 2914m (M-7436, M-7438 and M-7440)
constitute oﬁe group. The samples from 3382 - 3391m, 3472 - 3481m,
3578 - 3587m and 3686 - 3695m (M-7694, M-7704, M-7716 and M-7728) make
up the second group.
. The first three samples which have very similar gas chromatographic
patterns show the following characteristics:
a) There are a number of peaks in region F which probably include
aromatised steranes and triterpane compounds.
b) Organic sulphur compounds (marked with an asterisk - *) have
been tentatively identified.
c) C1 - naphthalenes are the dominant peaks in the gas
chromatograms.

Generally the second group of sampTes are very similar to each other.
However, unlike the first group there are few peaks in region F and
organic sulphur compounds are less prominent. C1 - naphthalenes are
still the dominant compounds. However phenanthrene (P) and the C1
phenanthrenes (D) are more prominent particularly in the first two
samples of the lower group.

An additional difference between the two groups is that the peaks in
the region in which the C2 and C3 - naphthalenes elute (B and C) have
slightly different distributions in the two groups.

The aromatic hydrocarbons of the first group of samples is character-
istic for moderately mature marine type II kerogens (marked by an ab-
undance of aromatised steranes/triterpanes and of organic sulphur com-
pounds, whereas phenanthrene and the alkyl phenanthrenes are relative-
1y minor constituents). The second group is characteristic more of
moderately mature - mature type III kerogens.
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GC analyses of branched/cyclic saturated hydrocarbons after

urea-adduction.

~

Seven samples from two different depth intervals were treated by urea
adduction and the branched/cyclic fraction was analysed by gas chromato-

graphy.

Some samples, M-7438 in particular, still contain traces of n-alkanes
after the urea adduction step. Due to low sample amounts the process
was not repeated. Even with some n-alkanes left in some of the chromato-
grams, the samples can easily be divided into two different groups.
The 3 shallowest samples (2878 - 2914m) contain nearly the same amount
of pristane and phytane (Pr/Ph = 0.8-1.0), and also a certain amount
of the Tower molecular weight isoprenoids (C15, Ci6 C18)' The sterane/-
triterpane part of the chromatograms is dominated by one peak, except
for M-7438 where a prominent peak representing an unidentified compo-
nent, is seen. GC-MS analysis of one of these samples revealed that
the peak marked C27 in the chromatograms is a C27 triterpane. The mass
spectrum of this component does not have a prominent m/e 191 ion, and
will thus not be seen as the dominating component in the m/e 191
traces. This component has previously been found in immature samples.

The 4 deepest samples appear different from the shallower ones, in
that the Pr/Ph ratio is increased (4.7-9.2) and the sterane/triterpane
region looks more like a_typical triterpane (m/e 191) trace. This is
discussed in the GC-MS section.

The deepest sample in zone G (M-7228) has a chromatogram which differs
from the others in this zone. The picture is somewhat intermediate
between those of zone E and the others in zone G. The same sample has
a higher content of phytane than of the Cl6 and C17 isoprenoids
whereas in the other samples in zone G the situation is reversed.

057/d/ah/17
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Transmitted Light Analysis of Sedimentary Organic Matter

The analysis of 6407/2-1 was based on a selected batch of 28 shale and
claystone samples, from ditch cuttings.

The organic material in the acid insoluble residues is dominantly from
terrestrial sources. The residues are pyritic. The entire well is
immature, (1~, 1/1+ and 1+/2- increasing to 2- below 3472m).

Interval 1530 - 1620m:

Two residues composed of dense granulate aggregates, with an amorphous
matrix, embedding small sized, sapropelised vitrinite particles and
palynomorphs. The exact amount of true amorphous material was difficult
to estimate, but it is probably the dominant component in the upper
sample.

Interval 1730 - 2400m:

Four well-dispersed residues with dominantly woody material and
reworked/oxidised woody material (semifusinite/fusinite). Rich and well
preserved dinoflagellate cyst assemblages. True amorphous material is
present in smaller amounts (20 - 30% of the residue).

Interval 2470 - 2680m:

Woody material and reworked/oxidised woody material dominate
completely. The oxidised woody material has increased compared with the
above samples. The relative amount of pollen and spores in relation to
cysts, is reduced. True amorphous material accounts for about 20% of
the residues.

Interval 2689 - 2716m:

Composition, mainly woody and reworked woody material (as for interval
2470 - 2680m). Coal fragments are present in the residues. The composi-
tion and preservation of the cyst assemblage is different from the samples
above. Amorphous material accounts for about 20% of the residues.

Interval 2743 - 2824m:

The residues (which are smaller than in the above interval), consist
of a major part of reworked woody material and indigenous woody
material. Vitrinite fragments may show a dull colour and etched
surfaces. The cysts are well preserved as above. Amorphous material
seems subordinate.
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Sample 2833 - 2842m:

Dense pyritic aggregates embedding small vitrinite particles. Occa-
sional grey vitrinite particles and some semifusinite. Well preserved
dinoflagellate cysts. Subordinate true sapropel.

Sampie 2851 - 2860:
Small rounded aggregates and generally poorer preservation. Tasmanitids
are fairly common, Botryococcus is present. True sapropel was evaluated

as about 30% of the residue and is of greater significance than in the
samples above.

Interval 2869 - 2914m:

Fairly dense, pyritic, aggregates where amorphous material embeds
mostly sapropelised structured material (cuticles). Tasmanitids and
Botryococcus were frequent. It is difficult to distinguish confidently

between algae and degraded cuticles. The preservation is mostly poor.

Sample 2923 - 2930m:

The sapropelised former structured material in this sample was evalu-
ated as representing a major algal input’ (Botryococcus) beside common
cuticles. As above, the distinction between the two categories is
difficult.

Interval 3085 - 3130m:

The residues contain a Targer proportion of well dispersed particles
and woody material is more abundant than in the sample above (2923 -
2930m). Structured woody material is common. Of note is the presence
of Botryococcus and small fungal/algal bodies. Amorphous material

seems subordinate, but sticks to cyst surfaces. The colours seem
brighter at this level.

Sample 3157 - 3166m:
This residue is rich in sapropelised cuticles but otherwise seems to
resemble 3085 - 3130m above.

Sample 3382 - 3391m (Carb.):

The sample contains mainly woody material partly as coaly fragments
that are too dense for closer classification. Palynomorphs are fairly
well preserved and generally represent long-ranging Mesozoic forms.
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Sample 3472 - 3481m:
Coaly fragments, mainly woody material, and some spores as in sample
3382 - 3391m above.

Sample 3578 - 3587m:
More strongly sapropelised material, dominantly cuticles. The palyno-
morphs are well preserved and of Early Jurassic nature.

Sample 3686 - 3695m:
Sapropelised woody material and cuticles dominate. Fairly well preserved
palynomorphs include common Limbosporites lundbladii together with the

forms also seen above this level.
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Examination in Reflected Light.

Fifteen samples were selected to give an approximately even coverage
of the drilled sequence. These samples are described in detail below:

Sample M-7298; 1530 - 1540m: Siltstone, sandstone and limestone,
Ro = 0.30 (18)

The sandstone and limestone were almost barren. The siltstone has a
moderate organic content and the result is based on this lithology.
There are some good vitrinite wisps with bituminite and occasional
inertinite particles. No fluorescence is observed.

Sample M-7314, 1690 - 1700m: Claystone and sandstone, Ro 0.31 (23)
The sample has a moderate to high organic content. This is dominantly
vitrinite with bitumen blobs and staining. There is a trace of inerti-
nite and reworked vitrinite. Fluorescence is seen from a trace of
green spores. '

Sample M-7328, 1830 - 1840m: Claystone, Ro = 0.31 (5)

There is a very low organic content which is very patchily distribu-
ted. It is dominantly bitumen blobs and staining with a Tow vitrinite
content and still lower inertinite content. There is a trace of spores
which fluoresce green.

Sample M-7340, 1950 - 1969m: Claystone and sandstone, Ro = 0.33 (14)
The sample has a Tow to moderate organic content which is dominated by
bitumen staining and blobs. There is only an occasional gnaried vitri-
nite particle and a trace of inertinite. Cleaner particles give values
slightly above the average. There is a trace of possible spores fluor-
escing green.

Sample M-7374, 2290 - 2300m: Claystone, siltstone and lignite,

Ro = 0.45 (5)

Apart from the lignite (Ro = 0.35) there is only a moderate organic
content and this is dominantly inertinite and reworked vitrinite. It
is a poor sample and the result may be high (especially if the lignite
is in situ). There is a trace of green/yellow spores.
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Sample M-7384, 2390 - 2400m: Claystone, No Determination Possible

The sample appears to contain only reworked vitrinite and inertinite
but in ultra-violet light a trace of green/yellow fragments (spores?
algae?) is observed. )

Sample M-7400, 2545 - 2554m: Claystone, shale and sandstone, Ro = 0.49 (6)
There is a low organic content and this is almost completely inertinite
and subordinate reworked vitrinite. There is a poor vitrinite content

and some lignite (Ro = 0.30) but it is not clear if this is additive.

The result may be high. There is green yellow fluorescence probably

from the lignite.

Sample M-7420, 2725 - 2734m: Claystone, Ro = 0.33 (1)

The sample contains almost totally reworked vitrinite together with
inertinite. The result, based on only one possible vitrinite fragment
should be treated cautiously. There is fluorescence from algae (green)
but this is probably from the minor (contaminant?) coal fraction.

Sample M-7436, 2869 - 2878m: Shale, Ro = 0.30 (16) and 0.50 (4)

The saﬁp]e has a high organic content which consists dominantly of
bitumen, bitumen staining and vitrinite with only a low inertinite
content. The bitumen staining is very heavy in places. There is
fluorescence from green/yellow spores and algae and a trace of yellow/-
orange spores.

Sample M-7653, 3013 - 3022m: Claystone, sandstone and shale, Ro 0.28 (1)
and 0.42 (3)

This is a poor sample. The claystone is rich in inertinite but contains
very little vitrinite. The shale is rich but is assumed to be caved.
There is only a trace of green/yellow fluorescence from algae.

Sample M-7669, 3157 - 3166m: Claystone, sandstone and lignite,

Ro = 0.32 (2) and 0.55 (3)

This is another poor sample. The claystone contains almost completely
inertinite and reworked vitrinite whilst the lignite is probably addi-
tive. Green and green/yellow spore fluorescence agrees with the lower
Ro value.
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Sample M-7689, 3337 - 3346m: Claystone and limestone, Ro = 0.46 (6)
There is a moderate organic content which is dominantly inertinite and
reworked vitrinite. There is a moderate bituminite content. There is a
(reworked?) population about Ro = 0.75. Green/yellow and yellow fluor-
escence is seen from a low spore content.

Sample M-7710, 3526 - 3535m: Claystone and coal, Ro = 0.54 (27)

The claystone is rich, especially in vitrinite and bitumen. The coal
is very variable but there is sufficient to assume that it is in situ.
The result seems to be high, however, yellow/orange fluorescence from
spores supports a slight increase in maturity.

Sample M-7728, 3686 - 3695m: Claystone, sandstone and coal, Ro = 0.60 (27)
The claystone is very rich, there are some good vitrinite bands.
Bitumen staining is locally very heavy. The coal gives the higher
values although the two lithologies overlap. There is fluorescence

from low orange spores and algae probably from the coal.

Sample M-7744, 3829 - 3838m: Claystones, Ro = 0.51 (20) and 0.77 (3)
The sample is very.variable but is mostly dominated by inertinite and
some loose coal fragments of higher Ro which cbu]d be contamination
(additive?) There is some bitumen and bitumen staining. There is
fluorescence from spores within the coal (yellow/orange and Tow
orange).
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Rock-Eval Pyrolyses

Zone A: 1000 - 1670m.

Four samples from this zone were pyrolysed on a Rock-Eval instrument.
A1l of the analysed samples have Tow TmaX values indicating immaturity.
The samples have low hydrogen and oxygen indices typical for type
III/IV kerogens. Production indices are moderate to high indicating
the possibility of migrated hydrocarbons. The potential (S1 + 52) is

fair but due to the type of kerogen this will be only for gas.

Zone B: 1670 - 2200m.

Five samples from this zone were analysed. Tmax values are all Tow
indicating immature samples. Hydrogen and oxygen indices are represen-
tative of type IV kerogens (especially M-7326 and M-7330). Production
indices are even higher than in zone A and indicate the presence of
migrated hydrocarbons. Apart from the top sample (M-7341) for which
the potential - and the production index - is more like those of zone
A, the zone has a poor petroleum potential. Due to the kerogen type
this would be only for gas.

Zone C: 2200 - 2644m.

Eleven samples were selected from this zone for Rock-Eval pyrolysis.
In general there is an increase in Tmax indicating some increase in
maturity however the values are still within the immature zone.
Production indices remain high throughout the zone and indicate the
presence of migrated hydrocarbons. Hydrogen and oxygen indices are
similar to the zones above and indicate type IV kerogens. The zone
has a poor potential for gas.

Zone D: 2644 - 2752m.

Six samples were analysed from this zone. In general the hydrogen and
oxygen indices imply the presence of type IV kerogen. Tmax values seem
very high but are quite erratic and probably misleading. Production
indices are very high indicating the presence of migrated hydrocarbons.

The zone-has only a poor potential for gas.

Zone E: 2752 - 2986m.

Fourteen samples from this zone were pyrolysed on a Rock-Eval instrument.
There is a general decrease in TmaX values implying that these from
zone D were too high., The first five samples (down to 2842m depth)
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have extremely high production indices indicating migrated hydrocarbons

are present and they have a -kerogen similar to the zone above. Samples
M-7426 and M-7428 have very low anomalous Tmax values probably due to
measurements on bitumen rather than kerogen. Below 2851m (where the
organic-rich shale comes in) there is a drastic change in the data.
Tmax values once again are low (indicating immature samples) as are
the production indices. Hydrogen and oxygen indices indicate the kero-
gen to be type II (possibly with some type I?) The bottom section of

the zone has a rich potential as a source for o0il.

Zone F: 2986 - 3346m.

Six samples from this zone were analysed. Apart from one sample
(M-7661: 3094m) there is a return to low hydrogen and oxygen indices
probably indicating a kerogen type IV input for the rest of the
samples. T

max
vary and overall are intermediate between zone E and previous zones.

values indicate immature samples. The production indices

There is less if any indication of possible migrated hydrocarbons.
Apart from sample M-7661 and M-7669 which have good and fair poten-
tials (S1 + Sz) respectively, the zone in general has a poor potential
which due to the kerogen type would be mainly for gas.

Zone G: 3346 - 3870m.

Four samples from this zone were analysed. These were all carbonaceous
claystones of very high TOC. Tmax values for this zone indicate moder-
ately mature to mature kerogens are present but the production
indices are very low which implies an absence of migrated hydrocarbons.
From the hydrogen an oxygen indices the samples contain type II
(M-7694) type III (M-7728) and mixed type II/III (M-7704 and M-7716)
kerogens. The petroleum potential for all of the samples is high and
the carbonaceous claystone within the zone would be a good (rich)

source based on S1 + 52 richness.
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Pyrolysis Gas Chromatography (Py-GC)

28 thermoextracted whole rock samples were analysed by Py-GC. The
instrumental conditions are described in the experimental section. The
results are discussed below. Based on retention times and mass spectro-
metric data from other kerogens, peaks in the pyrograms are tentatively
identified. The numbered peaks are n-alkene/n-alkane doublets of the
corresponding carbon number. The n-alkenes have the shorter retention
time. B = benzene; X =m p-xylenes and Pr = pristenes.

M-7298 (1540m), M-7306 (1620m) and M-7318 (1740m).
The pyrograms of these three samples are overall very similar showing

an n-alkene/n-alkane homology ranging from C7 to ca C20 and the abun-
dance of aromatics is high relative to the aliphatics. Generally the
pyrograms show a type III kerogen fingerprint.

M-7368 (2240m), M-7376 (2320m), M-7384 (2400m), M-7392 (2480m) and
M-7400 (2554m).
The pyrograms of these five samples are overall very similar showing

an n-alkene/n-alkane homology Yranging from C7 to ca. C20' The abundance
of aromatics is lower than in the three previous samples but the short
range of the aliphatic homology indicates a low input of Tipid
material. The kerogens may be classified as mixed type III/II.

M-7408 (2626m), M-7414 (2680m), M-7416 (2698m) and M-7418 (2716m).
The pyrograms of these four samples are overall very similar showing

an aliphatic homology ranging from C7 to ca. C17. Generally the
pyrograms show a type III kerogen fingerprint.

R ——

M-7422 (2752m), M-7426 (2788m), M-7430 (2824m) and M-7432 (2842m).
The pyrograms of these four samples are overall very similar showing a

high abundance of aromatics, i.e. a type III kerogen fingerprint.

e ey

M-7434 (2860m), M-7436 (2878m), M-7438 (2896m), M-7440 (2914m) and
M-7442 (2932m).
The pyrograms of these five samples are almost identical showing an

n-alkene/n-alkane homology ranging from C7 to ca. C23 with a moderate

~ content of aromatics, i.e. a type II kerogen fingerprint.

— T T
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M-7661 (3094m), M-7665 (3130m) and M-7669 (3166m).
The pyrograms of these three samples are almost identical showing an

aliphatic homology ranging from C7 to 019' Generally the pyrograms show
a type III kerogen fingerprint. |

M-7694 (3391m), M-7704 (3481m), M-7716 (3587m) and M-7728 (3695m).
The pyrograms of these four samples are very similar showing an n-alkene/

n-alkane homology ranging from C7 to C25 with a moderate content of aro-
matics, i.e. a type II kerogen fingerprint.
N —
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Gas Chromatography - Mass Spectrometry (GC-MS)

Seven samples were picked for GC-MS analysis, 3 shale samples from
2878 - 2914m and 4 claystones from 3391 - 3695m. The same samples had
undergone urea-adduction as discussed previously. The samples were
analysed for triterpanes (m/e 191) and steranes (m/e 217) in the
saturated hydrocarbon fractions, the GC-MS analyses performed after
the urea-adduction. From the aromatic hydrocarbons the distribution of
monoaromatic (m/e 239 and 253) and triaromatic (m/e 231) steranes was
analysed.

Triterpanes
Mass chromatograms of m/e 191 represent the triterpane distribution,

and calculated molecular parameters from these traces are given in
Table 11.

The shallowest samples have nearly identical triterpane distribution,
all having a relatively high content of the C28 - triterpane found in
in North Sea wells. As discussed previously on the urea-adductibn, the
samples also contain a relatively high amount of a C27,- triterpane.
This component has no prominent m/e 191 in the mass spectrum, and will
thus not be seen clearly in the triterpane trace. The deepest of these
3 samples, M-7440, contains relatively more of both the C28 - component
(Z) and the Cog -ag- hopane (C). Apart from this difference the 3
chromatograms show similar fingerprints. From the content of the most
stable isomers of these compounds, i.e. aB/ag + Bxand %22S in Table
11, the samples can also be assigned to be of the same maturity, all
moderately mature to mature. These 3 samples can be said to be different
from the 4 deeper samples on the basis of the triterpane data. The
content of C29 -ap- hopane (C) is higher, while the C28 - component
could not be detected. This suggests another source rock for the
hydrocarbons found in the deeper samples. The maturity parameters in
Table 11 assign the saturated hydrocarbons in these samples as slightly
less mature than in the 3 samples from zone E.

Steranes
Table 12 gives the calculated molecular ratios from the sterane mass
chromatograms (m/e 217).
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This data might also be used to divide the 7 samples into different
groups. The 3 shallowest samples seem to be of slightly higher maturity
than the 4 from the deepest zone. By looking at the fingerprints the 3
shallow samples can be said to be similar, all having a relatively
high proportion of rearranged steranes (*). An extra peak (x) eluting
immediately before the 20R-au—C29 sterane, probably a 4-methyl sterane,
is found in all the deeper samples. The relative concentration varies,
but is higher (for all the samples) than in the samples from zone E
above. The amount of rearranged steranes is low in 3 of the samples
from the deep zone G, only in the deepest sample (M-7728) does the
concentration of these components increase towards the level found in
the shallowest samples.

Aromatic steranes

Only minor differences can be seen from the m/e 253 mass chromatograms
(dimethyl monoaromatic steranes) of the 3 shallowest samples. The
dissimilarities that can be seen are probably due to low resolution of
the printer/plotter. On the basis of the m/e 253 traces the 4 deepest
samples can be divided into two different groups. The samples from
3391 and 3481m contain ralatively more of the late eluting 628 and ng
components than of the lower molecular weight compounds. These deeper
samples also contain two isomers which are not found in the samples
from zone E. The samples from 3587 and 3695m have a fingerprint more
similar to the shallowest samples, the deepest one being the most
similar.

The m/e 239 mass chromatograms of the methylmonocaromatic steranes are
not presented. These traces show a complex pattern of isomers, making
it difficult to identify the individual components. The fingerprints
show, however, the same pattern as for the m/e 253 traces.

The more simple patterns representing the triaromatic steranes are
given as the m/e 231 mass chromatograms. Again the 3 shallowest
samples show nearly identical patterns. M-7694 (3391m) and M-7704
(3481m) both contain relatively higher amounts of the late eluting C28
compounds than do the shallow samples. Further down in the deepest
zone a trend towards more of the C26 and C27 components can be seen,
leading to the deepest sample being nearly similar to the samples from
zone E. This trend can also be seen from Table 13, where the degree of
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side chain cracking of triaromatic steranes, is calculated. The more
mature samples have a higher degree of the low molecular weight
components. This assigns the aromatic hydrocarbons in the deepest zone
as more mature than in the shallow zone.

CONCLUSION

On basis of the GC-MS analyses of the saturated hydrocarbons the
maturity of the analysed samples can be assigned as nearly the same. A
slight difference can be seen, giving a different trend to data
discussed previously. The shallowest samples seem to be of slightly
higher maturity than the deepest ones. The analyses of the aromatic
steranes give a trend more similar to the other data, the deepest
samples being somewhat more mature. This difference might be due to
migrated hydrocarbons in the shallowest zone. If the saturated hydro-
carbons have migrated more easily into this zone, this could explain
the discrepancy.
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CONCLUSIONS

Zone A: 1000 - 1670m.

The zone consists of conglomeratic, glauconitic, sandstones with some
brown-grey siltstones at the base. The rich abundance of gas in the
sandstones is mainly methane of diagenetic origin. The siltstones
which have 1-3% organic carbon (good - rich) are immature (0.3% Ro,
1/1+ TAI, <425 Tmax)‘ Pyrolysis analyses indicate that the kreogens
are type III or IV kerogens (mostly amorphous material according to
visual kerogen analysis). The data indicates that the siltstones have
a fair potential for gas.

Zone B: 1670 - 2200m

The zone consists mainly of brownish and greenish grey claystones with
varying amounts of medium to dark grey siltstones. The claystones in
the section from 1670 - 1880 metres have 1-2% organic carbon contents
whereas most of the rest of the zone has only poor to fair (<1% TOC)
abundances. The whole zone is immature (0.31 - 0.33% Ro, 1/1+ TAI,
<415 Tmax)' Pyrolysis data indicates mostly type IV kerogens are
present (woody and reworked woody material dominates according to
visual kerogen analysis). The data indicates that the zone generally

has a poor source rock potential.

Zone C: 2200 - 2644m.

This zone consists of varying amounts of grey, calcareous and silty

claystones, grey siltstones and fine sandstones, becoming less sandy

towards the bottom. The claystones and siltstones have fair to good

organic carbon contents. The whole zone is immature (0.45, 0.49% Ro,
1/1+ TAI, <430 Tmax)' Pyrolysis data indicates mostly type IV kerogens
(woody and reworked woody material dominates). The data indicates that
this zone has a poor source rock potential.

Zone D: 2644 - 2752m.

The zone consists of grey-green, grey-brown and red-brown claystones.
The red-brown claystones have very low organic carbon contents. The
other claystone types show an dincrease from fair to good (also
becoming darker in colour) with increasing depth. The whole zone is
immature (0.33% Ro, 1/1+ TAI). Pyrolysis data indicates mostly type
IV kerogen (woody and reworked woody material dominates according to
visual kerogen). The data indicates that this zone has a poor source
rock potential.
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Zones A - D. (General)

This well section (particularly 2200 - 2752 metres), is marked by an
abundance of C2 - C4 and C5+ hydrocarbons (particularly zone C) which,
in a relatively organic poor sequence, indicates migrated hydrocarbons.

Rock-Eval production indices are very high for an immature sequence
also suggesting migrated hydrocarbons. The very high percentage of
Ci5+ extractable hydrocarbons (71%, 94%) also supports this suggestion.
However a potential source rock in zone E 1is probably not mature
enough to have generated the extractable 015+ hydrocarbons (but it may
be responsible for the high gas contents of zone C).

Zone E: 2752 - 2986m.

Grey-dark claystones with fair to good TOC values dominate in this

sequence, however below 2851m dark brown to dark grey fissile shale
with roughly 7-10% TOC (rich) are present. There are rich Cl'C4 and
good C15+ hydrocarbon abundances in this zone, which is immature -

moderate mature (0.3% Ro, 1/1+ TAI, generally <420 Tmax)‘ Pyrolysis
data indicates that the claystones have type III or type IV kerogen,
whereas the organic rich shales have type II kerogens. Visual kerogen
analysis indicates that this kerogen type II contains élga] bodies

including tasmanitids and Botryococcus,, in amongst cuticular material

embedded in an amorphous matrix. R1chness data (TOC, petroleum poten-

t1a1h C15+ extractable mater1a1) indicates that the shales have a rich
potential as source rock for gas and oil.

The saturated sterane and triterpane distributions suggest that these
shales are mature unlike the more conventional maturation parameters.

It is possible that migrated hydrocarbons (observed in higher zones)
from a deeper source have affected the data distributions. This zone

is probably responsible for the high gas contents found in zone C.

Zone F: 2986 - 3346m.

Grey to.dark grey claystones and sandstone are the main lithologies in
this zone. The claystones have a good to rich organic carbon abundance
but pyrolysis data indicates mostly type IV kerogens. The zone is
moderately mature (0.46% Ro, 1/1+, 2- TAI). A1l the data suggest a
generally poor source rock potential, any deviation from this assess-
ment is probably due to caved material from zone E.
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Zone G: 3346 - 3870m.

Consists of sandstones with some claystones, carbonaceous claystones
and coals. The carbonaceous claystones have very variable but rich TOC
values from 3.9 -M44.3% (higher values probably ig;]ude«poa1 stringers).
The grey-dark grey claystones as in zone F have good to rich TOC

values. The zone is moderately mature - mature (0.51 - 0.60% Ro, 1+/2-
to 2- TAI, 430-440 Tmax
carbonaceous claystones are type II, mixed type II/III or type III
kerogen (Visual kerogen data indicates woody and cuticular material).
These claystones and coals have a good-rich potential as source rocks
for gas and oil (péraffinic).

). The pyrolysis data indicates that the
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TARL E I c.
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2
Lithology and TABLENO.: 11
H ' NO.: -
Total Organic Carbon measurements WELL NO.: 6407/2-1
Depth .
Sample (:1) TOC Lithology
M-7270 1000-1020 10% Sand, fine to very coarse, but other
minerals, such as hornblende and feldspar,
angular to subrounded.
80% Rock fragments of plutonic and
metamorphic origin.
10% Casing cement.
M-7271 1020-1040 60% Sand, as above.
35% Rock fragments, as above.
5% Casing cement.
M-7272 1040-1060 " 50% Sand, as above.
50% Rock fragments, as above.
M-7273 1060-1080 40% Sand, as above.
60% Rock fragments, as above.
Sm.am. Shell fragments.
M-7274 1080-1100 60% Sand, as above.
40% Rock fragments, as above.
Sm.am. Shell fragments.
Pyrite.
M-7275 1100-1120 60% Sand, as above.
40% Rock fragments, as above.
Sim.am. Shell fragments;
Garnet;
Pyrite.
M-7276 1120-1140 70% Sand, as above.
‘ 30% Rock fragments.
Sm.am. Shell fragments.
M-7278 1160-1180 40% Sand, as above.
60% Rock fragments, as above.-
Sm.am. Mica.
Pyrite.
Shell fragments.
M-7279 1180-1200 60% Sand, as above, fine to coarse, angular td— .
rounded. ]
40% Rock fragments, as above.
Sm.am. Shell fragments.
Chalk, white.
Kyanite.
M-7280 1200-1220 60% Sand, as above.
40% Rock fragments, as above.
Sm.am. Shell fragments. :
Chalk, white.

051/i/ah/1



Lithology and TABLENO.: 11
Total Organic Garbon measurements WELL NO.: 6407/2-1

Sample Dm“ TOC Lithology
M-7281 1220-1240 : 60% Sand, as above.
39% Rock fragments, as above.
1%  Shell fragments,
Sm.am. Forams
M-7282 1240-1260 60% Sand, as above.
40% Rock fragments, as above.
Sm.am. Shell fragments.
?Coal.
Forams.
Pyrite.
M-7283 1260-1280 70% Sand, as above.
30% Rock fragments, as above.
Sm.am. Shell fragments.
Pyrite.
Glauconite, very dark green.
Chalk, white.
M-7284 1280-1300 704 Sand, as above.
30% Rock fragments, as above.
Sm.am. Shell fragments.
Pyrite.
Coal, black, silty.
M-7285 1300-1320 40% Sand, as above.
60% Rock fragments as above.
Sm.am. ?Coal.
Shell fragments.
M-7286 1320-1340 50% Sand, as above.
50% Rock fragments, as above.
2% Shell fragments.
Sm.am. Wood fragments.
Pyrite.
M-7287 1340-1360 40% Sand, as above.
60% Rock (metamorphic and plutonic)
fragments.
Sm.am. Shell fragments.
Pyrite.
M-7288 | 1360-1380 70% Sand, as above.
. - 30% Rock fragments, as above, now including
. well cemented sandstone and grey claystone.
Sm.am. Pyrite (after bioturbation).
Shell fragments. '

051/1i/ah/2



Lithology ﬂll_ﬂ TABLENO.: II
Total Organic Carbon measurements WELL NO.: 6407/2-1

Sample D?‘;:‘t)h TOC Lithology

M-7289 1380-1400 70%  Sand, as above.

30% Rock fragments, as above, no sedimentary
rocks observed.

Sm.am. Pyrite.
Shell fragments.

M-7290 1400-1420 80% Sand, as above.

20% Rock fragments, as above.

Sm.am. Pyrite.
Coal.

M-7291 1420-1440 80% Glauconite, dark green.

15% Sand, fine to coarse, mainly quartz.

5% Rock fragments, as above.
Sm.am. Shell fragments.
Pyrite.

M-7292 1440-1460 20% Glauconite, as above.

704  Rock fragments, as above, but also includes
some silty and sandy some light grey
claystone. ' -

10% Sand, as above.

Sm.am. Shell fragments.
Pyrite.
Forams.,

M-7293 1460-1480 10% Glauconite.

80% Metamorphic and plutonic rock fragments.

5% Limestone, brownish grey, blocky,
microcrystalline.
5% Claystone, silty, light grey, micaceous,
often glauconitic.
Sm.am. Pyrite, indicating burrowing.

M-7294 1480-1500 30% Metamorphic and plutonic rock fragments.

40% Sand, as above, fine to very coarse.

5% Glauconite.

10% Siltstone, brownish grey, micaceous,

sandy and clayey.
o] : 15% Limestone, brown, brownish grey,
' microcrystalline, blocky.
Sm.am. Pyrite.
Shell fragments.

M-7296 1510-1520 50% Siltstone/silty claystone, 1light brownish
grey, occasionally pyritic, occasionally
glauconitic.

30% Sand, as above.

15% Rock fragments, as above.

5% Glauconite.
Pyrite. .
Shell fragments.
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Lithology and

Total Organic Garbon maasurlmams

TABLE NO.: 1I
WELL NO.: 6407/2-1

Sample

Depth
(m)

TOC

Lithology

M-7298

M-7300

M-7302

M-7304

M-7306

1530-1540

1550-1560

1570-1580

1590-1600

1610-1620

2.49

1.66

1.76

2.01

2.52

60%
20%
8%
2%
10%

Sm.am.

45%
10%
30%

5%
10%

Sm.am.

90%
5%
5%

Sm.am.

40%
5%
35%

20%

Sm.am.

90%
8%
2%

Sm.am.

Siltstone, as above.
Sand, as above.

Rock fragments, as above.
Glauconite, as above.
Limestone, as above.
Shell fragments.

Pyrite.

Forams.

Siltstone, brownish grey, as above.
Sand, as above.

Claystone, very 1light brownish grey,
micaceous, occasionally silty.
Limestone, as above.

Rock fragments, as above.

Pyrite.

Shell fragments.

Forams.

Glauconite.

Siltstone, brownish grey, micromicaceous,
calcareous.

Claystone, brownish grey, light brown1sh
grey.

Sand, fine to very coarse.

Rock fragments, plutonic and metamorphic.
Coal.

Chalk, white.

Glauconite.

Siltstone, brown, brownish grey, as above.
Claystone, as above.

Sand, fine to coarse, mainly quartz,
poorly sorted, poorly cemented.

Rock fragments, as above.

Shell fragments.

Forams.

Pyrite.

Glauconite.

Coal.

Siltstone, brown, brownish grey, as above.
Rock fragments, as above.

Sand, fine to coarse, as above.

Claystone, light brownish grey, brownish
grey, as above.

Glauconite.

Pyrite.

Shell fragments.

Chalk, white, T1ight brown.
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Lithology ﬂll_ﬂ | TABLE NO.: 11
Total Organic Carbon measurements WELL NO.: 6407/2-1

Sample D:g‘t)h TOC . Lithology

M-7308 1630-1640 2.12 100% Siltstone, brown, brownish grey. as above.
Sm.am. Claystone, as above.
Sand, as above.
Rock fragments, as above.
Glauconite.
Limestone, brown.

M-7310 1650-1660 2.21 100% Siltstone, as above.
Sm.am. Claystone, as above.
Rock fragments, as above.
Sand, fine to very coarse, as above.
Glauconite.
Pyrite.

M-7312 1670-1680 1.95 95% Claystone, light brownish grey, as above.
5% Siltstone, as above.
Sm.am. Sand.
Glauconite.

M-7314 1690-1700 2.11 95% Claystone, as above.
: 5% Sittstone.
Sm.am. Sand.
Glauconite.
Limestone, brown.
Shell fragments.
. Rock fragments.

M-7316 1710-1720 1.54 95% Claystone, as above, occasionally light

greenish grey.
5% Siltstone, as above.

Sm.am. Glauconite.
Coal, black, shiny.
Limestone, as above.
Sand, as above,.
Pyrite.

M-7318 1730-1740 1.24 95% Claystone, 1light greenish grey, light
' brownish grey, occasionally silty,
slightly calcareous.

5% Siltstone, brownish grey, occasionally
dark brownish grey, micaceous,
occasionally sandy.

Sm.am. Sand, as above.
Rock fragments, as above.
Glauconite. ’
Pyrite. .
Limestone, brownish grey, blocky,
microcrystalline.
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Lithology and

Total Organic Garbon measurements

TABLENO.: 1II
WELL NO.: 6407/2-1

Sample

Depth
(m)

TOC

Lithology

M-7320

M-7322

M-7324

M-7326

M-7328

M-7330

1750-1760

1770-1780

1790-1800

1810-1820

1830-1840

1850-1860

1.40

1.34

1.37

1.23

1.48

1.25

98%
2%

Sm. am.

98%
2%

Sm.am.

93%

5%
2%

Sm.am.

95%
5%

Sm.am.

95%

5%

Sm.am.

90%
5%
5%

Sm.am.

Claystone, as above.
Siltstone, as above.
Sand, as above.
Glauconite.
Limestone, as above.
Pyrite.

Claystone, as above.

Siltstone, as above.

Sand, as above.

Coal.

Pyrite.

Sandstone, very fine to fine, brownish
grey, well cemented.

Claystone, as above, occasionally light
grey, occasionally subfissile.

Siltstone, as above.

Limestone, brownish grey, brownish white,
blocky.

Sand, as above.

Pyrite.

Claystone, light greenish and brownish
grey, grey, as above.

Siltstone. :
Limestone, brownish grey, as above.
Sand.

Rock fragments.

Pyrite.

Sandstone, very fine to fine.

Claystone, brownish grey, greenish grey,
light brownish, 1ight greenish grey,
grey, brown. _

Siltstone, brownish grey, as above.
Limestone, as above.

Claystone, as above.

Claystone, brown to dark brown.
Siltstone, brownish grey.

Pyrite.

Limestone, as above.

Sandstone, very fine to fine brown,
immature, well cemented.

Forams.

Coal.
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beoad | Lithologyand TABLENO.: II
L ] .
IKU | Total Organic Carbon measurements WELL NO.: 6407/2-1
Sample D?":‘t)h TOC Lithology

M-7332 1870-1880 1.00 95% Claystone, light brownish and greenish
grey, brown, often mottled, occasionally
silty, occasionally off-white.

5% Siltstone, brown, light brown.
Sm.am. Pyrite.
Limestone, 1light brown, brown.
?Tuff.

M-7334 1890-1900 0.63 95% Claystone, off-white, light brown, light
green, brown, occasionally mottled,
occasionally silty.

5% Siltstone, medium to dark brown,
micaceous.
Sm.am. Limestone, as above.
Forams.
Pyrite.
Shell fragments.
M-7336 1910-1920 0.64 98% Claystone, light green light brown,
occasionally brown, non-calcareous.
. 2% Siltstone, brown, micaceous.
Sm.am Limestone, grey, brownish grey, brown.
Tuff, bluish grey, occasionally
laminated.
Rock fragments, as above.
Pyrite.
M-7338 1930-1940 2.00 80% Claystone, as above, often with fine
laminae (tuffaceous). ,
0.59 20% Siltstone, brown, brownish grey, grey,
micaceous, probably tuffaceous.
Sm.am. Limestone, as above.
2Tuff
Sandstone, similar to above siltstone,
very fine to fine, immature.
M-7340 1950-1969 1.82 70% Claystone, as above.
0.50 30% Siltstone, as above.
Sm.am. Limestone, as above.
?Tuff.
Sandstone, as above.
Pyrite.
M-7342 1970-1980 0.49 93% Claystone, light green, light brown, as
. above, with some white claystone.
2% Claystone, reddish brown.
5% Siltstone, as above.
Sm.am. Pyrite.
Limestone, as above.
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Lithology and

Total Organic Carbon measurements

TABLE NO.: II
WELL NO.: 6407/2-1

Sample

Depth
(m)

TOC

Lithology

M-7344

M-7346

M-7348

M-7350

M-7352

M-7354

1990-2000

2010-2020

2030-2040

2050-2060

2070-2080

2090-2100

0.27

0.0

80%

15%
5%

Sm.am.

65%

15%
20%

Sm.am.

50%

- 5%
45%

Sm., am.

20%

5%
75%

Sm.am.

70%
30%

Sm. am.

90%
10%

Sm., am.

Claystone, light grey, 1ight greenish
grey, light brownish grey, slightly
calcareous, occasionally subfissile,
occasionally mottled.

Claystone, reddish brown, occasionally
1ight purplish grey, calcareous, blocky.
Siltstone, brownish grey, as above.
Pyrite.

Limestone, as above.

Claystone, light grey, light greenish
grey, light brownish grey.

Claystone, reddish brown, purple.
Siltstone, brownish grey, occasionally
sandy.

Limestone, dark brownish grey, brownish
grey, brownish white.

Claystone, light grey, light green, light
brown, as above.

Claystone, reddish brown, as above.
Siltstone/Silty claystone, medium to dark
grey, dark brownish grey, medium to dark
greenish grey, possibly tuffaceous.
Limestone, as above.

Pyrite.

Claystone, off-white, light grey, light
green, light brown, as above.

Claystone, reddish brown, as above.
Siltstone, as above, possibly tuffaceous.
Pyrite.

Claystone, off-white, light grey, light
green, light brown, slightly calcareous.
Siltstone, brownish grey, occasionally
laminated, possibly tuffaceous.
Claystone, reddish brown.

Pyrite.

Tuff.

Claystone, as above.

Siltstone, as above.

Claystone, reddish brown.
Limestone, light brown and brownish
grey.

Pyrite.

Tuff.
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Lithology and TABLEND: 1
Total Organic Carbon measurements WELL NO.: 6407/2-1

Sample D‘(’;‘)“ TO0C Lithology

M-7356 1 2110-2120 0.54 95% Claystone, light grey, 1light greenish
grey, light brownish grey, slightly more
$ilty than above.

5% Siltstone, as above.

Sm.am. Claystone, reddish brown.

Limestone, dark brownish grey, blocky.
Pyrite.
Tuff.

M-7358 2130-2140 0.42 100% Claystone, off-white, light grey, grey.
: Sm.am. Siltstone, as above.
Claystone, reddish brown.
Pyrite.
Tuff.

M-7360 2150-2160 0.64 100% Claystone, as above.
Sm.am. Siltstone, as above.
Claystones, reddish brown.
Pyrite.
Tuff.

M-7362 2170-2180 0.70 90% Claystone, as above.
5% Siltstone, probably tuffaceous, as above.
5% Coal, black shiny (?additive).
Sm.am. Limestone, white to light grey, light
brown.
Pyrite.
Tuff.
Sandstone, very fine to fine, well
cemented.

M-7364 2190-2200 90% Claystone, mainly 1light grey calcareous,
occasionally white, 1ight greenish and
light brownish grey.
10% Coal, as above.

Sm.am. Limestone, white (chalky) and grey
(blocky).
Pyrite.
Siltstone, as above.

M-7366 2210-2220 0.52 85% Claystone, as above, mainly grey,
calcareous.
10% Casing cement.
5% Coal, as above.
Sm.am. Limestone, as above.
Claystone, bright red, reddish brown,
yellowish brown.
Siltstone, as above.
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boad| Lithology and TABLENO.: II
JKKU |_Total Organic Carbon measurements WELL NO.: 6407/2-1

Depth .
Sample (m) TOC Lithology

M-7368 2230-2240 0.82 80% Claystone, silty grey, occasionally not

silty.
0.70 20% Siltstone/very fine sandstone, grey.
Sm.am. Pyrite.
Chalky limestone.
Green claystone.
M-7370 2250-2260 0.78 60% Claystone, silty, grey, as above.
_ 0.76 40% Siltstone/very fine sandstone, as above.
Sm.am. Pyrite.
Glauconite.
Limestone, grey, angular, blocky.

M-7372 2270-2280 1.01 40% Claystone, silty, grey, as above.

1.03 20% Siltstone, grey, light grey, as above.

40% Sandstone, very fine to fine, containing
glauconite.

Sm.am. Pyrite.
Glauconite.
Coal.
M-7374 2290-2300 1.28 60% Claystone, as above.
0.91 20% Siltstone,as above.

19% Sandstone, very fine to medium, angular
to subangular, mainly quartz, moderately
cemented.

1% Coal.
Sm.am. Pyrite.
Glauconite.

M-7376 2310-2320 1.00 100% Claystone, grey, occ. silty, with
silt laminae grading to Siltstone, light
grey to grey, occ. sandy, grading to
Sandstone, light grey, very fine,
moderately to well cemented.

Sm.am. Pyrite.

M-7378 2330-2340 0.93 100% Claystone, grey, as above, grading to
Siltstone, as above, grading to Sandstone
as above.

Sm.am. Pyrite; Coal, Reddish grey Claystone.

M-7380 2350-2360 1.13 100% Claystone, grey, grading with lenses of
sand and silt grading to Siltstone and

: sandstone. -
Sm.am. Limestone, 1light brown; Coal; Pyrite.

M-7382 2370-2380 0.94 100% Claystone, grey, grading to silt and
very fine Sandstone.

Sm.am. Limestone, 1light brown; Coal, Pyrite,
Mica. :
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Lithology and TABLE NO.: 1I
Total Organic Garbon measurements WELL NO.: 6407/2-1

-

Depth .
Sample (m) TOC Lithology

M-7384 2390-2400 1.02 1004 Claystone, grey, silty, often laminated,
lenses and laminae are silty and sandy,
grading to Siltstone and very fine sand-
stone.

Sm.am. Light grey to white limestone (chalky)
Coal; Pyrite. :

M-7386 2410-2420 0.95 1004 Claystone, grey, as above, but less silty

and sandy, occ. laminated.

Sm.am. Coal, Limestone, brownish grey.
Chalk, pinkish white; Claystone, brick-
red; Pyrite, Glauconite (trace). :

M-7388 2430-2440 0.88 100% Claystone, gry with occ. sand and
silt laminae, as above.

Sm.am. Limestone, brownish white to buff;
Coal.

M-7390 2450-2460 0.87 100% Claystone, grey, laminated with silt
and sand laminae, grading to sandstone
and Siltstone.

Sm.am. Limestone, 1ight brown; Pyrite.

M-7392 2470-2480 0.94 1004 Claystone, grey, often laminated, with
lenses and laminae of silt and sand;
together with the Sand there is some
Glauconite.

Sm.am. Limestone, 1ight brown, blocky; Pyrite;
Coal.

M-7394 2490-2500 0.91 95% Claystone, grey, as above.

5% Limestone, light brown to brown, grey-
ish brown.
Pyrite.

M-7396 2509-2518 0.98 1004 Claystone, grey, as above, grading to Silg-
stone and Sandstone.

Sm.am. Limestone, 1ight brown; Coal.

M-7398 2527-2536 1.00 95% Claystone, as above grading to Siltstone
and Sandstone.

5% Limestone, light brown.
Sm.am. Coal; Pyrite.

M-7400 2545-2554 1.02 95% Claystone, grey grading to Silt and
Sandstone.

5% Limestone, brownish grey, Coal; Pyrite.
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Lithology and

Total Organic Garbon measurements

TABLE NO.: 1II
WELL NO.: 6407/2-1

Depth .
Sample (m) TOC Lithology

M-7402 2563-2572 0.93 80% Claystone, grey, as above.

10% Limestone, 1ight brownish grey, as above,
10% Additive (Lignosulfonate?).
Sm.am. Pyrite; Coal.

M-7404 2581-2590 0.92 90% Claystone, grey, occ. silty and sandy,
occ. grading to Siltstone and Sandstone,
but less Silt and Sandstone than above.

5% Limestone, light brownish grey.
5% Additive (Lignosulfonate).
Sm.am. Coal.
M-7406 2599-2608 1.01 85% Claystone, grey, occ. silty and sandy,
occ. grading to Sand.
10% Limestone, light brown.
5% Additive (Lignosulfonate).
Sm.am. Coal; Sand, as Toose grains reaching
coarse grain size; Glauconite.
M-7408 2617-2626 1.06 95% Claystone, as above, grading to Silt and
. Sandstone.
5% Lijmestone, light brown.
Sm.am. Lignosulfonate.

M-7410 2638-2644 0.92 75% Claystone, grey, occ, brownish grey,
grading to Siltstone.

15% Limestone, 1light brown, occ. dark
brownish grey, blocky.
104 Additive (Lignosulfonate).

M-7412 2653-2662 0.76 90% Claystone, grey, occ. greenish grey,
brownish grey, occ. grading to Silt
stane. : »

2% Limestone, brown, light brown.
8%  Additives/Lignosulfonate).
Sm.am. Sandstone, fine to very fine, well
cemented; Pyrite; ?Coal.

M-7413 2662-2671 0.94 98% Claystone, grey, occasionally brownish and

greenish.
2% Limestone, light grey and brownish grey.
Sm.am. Glauconite, additives.
- M-7414 2671-2680 2.28 95% Claystone, grey, occ. brownish grey,
. as above.
2% Limestone, light grey, occ. dark brown-
ish grey.
3% Additives (Lignosulfonate)
Sm.am. Pyrite; Coal.
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Lithology and

Total Organic Garbon measurements

TABLE NO.: 11
WELL NO.: 6407/2-1

Depth ' :
Sample (m) TOC Lithology

M-7415 2680-2689 0.90 95% Claystone, grey.

5% Claystone, brownish grey and greenish grey.
2% Limestone (1light brown).
3% Coal and Lignite additives.

Sm.am. rust, Glauconite.

M-7416 2689-2698 0.83 85% Claystone, grey, occ. greenish grey,‘

brownish grey grading to Siltstone.
5% Claystone, reddish brown.
5% Limestone, light brown, as above.
5% Additives (Lignosulfonate).
Sm.am. Coal; Pyrite (trace).
M-7417 2698-2707 0.94 70% Claystone, grey, greenish and brownish
4 grey.
10% Claystone, reddish brown.
5% Limestone, 1ight brown, as above.
15% Lignite additive.
M-7418 2707-2716 1.10 80% Claystone, grey, greenish and brown-
‘ ish grey, as above.
5% Claystone, reddish brown.
5% Limestone, 1ight brown, chalky or dark
brown, blocky. ~
10% Additives.
Sm.am Coal.
M-7419 2716-2725 1.12 70% Claystone, as above.
25% Lignite (additive?).
5% Limestone, as above.

M-7420 2725-2734 1.54 90% Claystone, medium to dark grey, pro-
bably more carbonaceous than above,
micaceous.

104 Limestone, light brown, brownish grey,
as above,
Sm.am. Coal; Pyrite; Claystone, reddish brown.

M-7221 2734-2743 1.54 80% Claystone, light grey to grey and brownish
grey.

20% Limestone, light brown and brownish grey.
Sm.am. Glauconite; Coal.
M-7422 2743-2752 1.45 95% Claystone, grey to dark grey, sub-
A fissile, occ. silty.
5% Limestone, light brown, probably
sideritic. '
Sm.am. Claystone, green.
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Lithology anﬂ | | TABLE NO.: II
Total Organic Carbon measurements WELL NO.: 6407/2-1

| Depth ‘ .
Sample (m) TOC - Lithology
M-7423 2752-2761 1.33 95% Claystone, light grey to dark grey.
5% Claystone, reddish brown and greenish grey.
2% Limestone, 1light brownish grey.
Sm.am. Glauconite.
M-7424 2761-2770 1.26 90% Claystone, as above, but occasionally
brownish grey, brown.
5% Claystone, reddish grey and brownish
red.
5% Limestone, grey, light brown, brownish
grey, probably sideritic.
Sm.am. Pyrite.
M-7425 2770-2779 1.10 80% Claystone, grey to dark grey, brownish
grey. ,
10% Claystone, reddish brown.
5% Limestone, light brownish grey.
M-7426 2779-2788 1.09 90% Claystone, grey to dark grey, brownish
grey, light grey, light brownish grey.
2% Claystone, reddish brown, as above.
8% Limestone, light brown grey, probably
sideritic.
Sm.am. Pyrite.
M-7427 2788-2797 1.26 - 80% Claystone, grey to dark grey, brownish
grey, greenish grey.
15% Claystone, red/brown.
5% Limestone, light brown, grey as above.
M~7428 2797-2806 0.99 75% Claystone, grey grading to dark grey,
subfissile.
0.82 20% Claystone, grey-brown.
5% Claystone, red-brown.
obs. Claystone light grey.
Sm.am. Siderite, yellowish brown.
M-7429 2806-2815 1.39 85% Claystone, light to dark grey.
10% Claystone, 1ight grey to brown/grey and
greenish grey. - ——
5% Claystone, red-brown.
M-7430 2815-2824 1.44 85% Claystone, grey grading to dark grey.
‘ 10%2 Claystone, grey-brown, red-brown,
A obs. green. -
5% Siderite, light brownish grey to brown.
M-7431 2824-2833 1.56 90% Claystone, light to dark grey.
' 7% Claystone, brownish to greenish grey.
3% Limestone, light brewnish.
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Lllholouy and

Total Organic Carbon maasuremems

TABLE NO.: 1II
WELL NO.: 6407/2-1

Depth ' .
Sample (:1) TOC Lithology
M-7432 2833-2842 1.70 85% Claystone, grey to dark grey, subfissile.
5% Claystone, red-brown.
104 Limestone, white to grey-white.
Sm.am. Limestone/Siderite, brownish to brown;
Pyrite; light grey to green.
Claystone. -
M-7433 2842-2851 3.80 90% Claystone, grey to dark grey.
5% Claystone, red-brownish.
5% Limestone, light grey.
M-7434 2851-2860 1.79 65% Claystone, as above.
5% Claystone, red-brown.
0.26 15% Claystone, light grey/white to greenish,
some calcareous.
8.97 15% Shale, dark brown-grey, very fissile to
fissile, very silty.
Sm.am. Limestone, white;
Pyrite;
Siderite.

M-7436 2869-2878 8.70 70% Shale, dark brown-grey, loose, papery

f1ss1]e, very silty.
1.87 20% Claystone, grey to dark grey (?caved).
5% Claystone, light as above.
5% Claystone, red-brown (caved).
Sm.am. Limestone, white (?caved).

M-7438 2887-2896 8.59 93% Shale, as above.

7% Claystones as above (caved);
Limestone (caved).

M-7439 2896-2905 9.65 90% Shale, as above.

5% Claystone, grey, as above, (caved).
5% Limestone, as above, (caved).

M-7440 2905-2914 7.15 90% Shale, as above. -

10% Claystones, as above (caved);
Sm.am. Limestone (caved).

M-7441 2914-2923 1.66 85% Claystone, grey to dark grey, brownish
grey.

; 8.58 15% Shale, as above.

M-7442 2923-2932 2.36 85% Claystone, subfissile, grey to dark grey
and brown-grey, some light grey to white,
red-brown, dark green.

7.68 15% Shale, as above.
Sm.am. Limestone, white; white Sandstone.
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Lithology and

Total Organic Carbon measurements

TABLE NO.: 11
WELL NO.: 6407/2-1

Sample D?;t)h TOC Lithology
M-7443 2932-2941 1.78 80% Claystone, light to dark grey, brownish
grey.
8.53 15% Shale, as above.
3% Claystone, red-brown.
2% Limestone, white, greenish grey.
M-7444 2941-2950 25% Sand, medium to coarse, subangular to
angular, clear.
1.72 65% Claystone, grey to dark grey.
10% Claystone, red-brown.
Sm.am. Claystone, light grey to white, some
calcareous.
M-7647 2959-2968 1.80 78% Claystone, as above.
10% Sand, as above.
7% Claystone, red-brown.
5% Claystone, green, light grey/white (some
calcareous);
Siderite;
white Limestone.
M-7649 2977-2986 75% . Claystone, grey to dark grey, as above
20% Sand, as above, occasionally Calcite-
cemented.
5% Claystone, red-brown.
Sm.am. Pyrite; Claystone, light.
M-7651 2995-3004 1.52 67% Claystone, as above.
- 25% Sand, very fine to medium, clear.
5% Claystone, red-brown. ’
3% Claystone, grey-brown.
Sm.am. Pyrite.
M-7653 3013-3022 2.36 85% Claystone, grey grading to dark, some
grey-brown.
154 Sand and some Sandstone, as above.
Sm.am. Claystone, red-brown, light grey; Pyrite;
Limestone, white.
M-7655 3031-3040 1.66 50% Claystone, grey to dark grey.
50% Sand, fine-medium, rare coarse.
3% Claystone, red-brown.
Sm.am. Pyrite; Siderite.
M-7657 3049-3058 77%  Sand, fine-medium, subangular-angular.
20% Claystone, as above.
3% Claystone, red-brown.
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Lithology and

Total Organic Carbon measurements

TABLE NO.: 11

WELL NO.: 6407/2-1

Sample D‘(’g‘)" TOC Lithology
M~7659 3067-3076 20% Sand, very fine to coarse.
1.92 77% Claystone, grey to dark grey.
3% Claystone, red-brown.
Sm.am. Pyrite; Siderite; Claystone, light grey.
M-7661 3085-3094 2.41 80% Claystone, as above.
’ 3% Claystone, red-brown.
15% Sand, as above.
3% Siderite; Pyrite; Claystone, light
greenish grey.

M-7663 3103-3112 1.23 89% Claystone, grey to dark grey, silty,
occasionally sandy parts, some grey-
brown.

5% Sand/Sandstone, occasionally Glau-
. conitic.
3% Claystone, red-brown.
3% Siderite. _
Sm.am. Claystone, light grey (greenish);
Pyrite.
M-7665 3121-3130 1.39 87% Claystone, as above.
3% Claystone, red-brown
Sandstone, fine, slightly glauconitic.
10%  Siderite, hard, brown, light, micro-
crystalline.
M-7668 3148-3157 1.33 50% Sandstone, very fine, white, silty.
50% Claystone, as above.
2%  Siderite.
Sm.am. Pyrite.
M-7669 3157-3166 1.95 60% Claystone, dark grey-grey.
5% Silt/Claystone, grey-brown.
| 35% Sandstone, as above.
Sm.am. Siderite; Pyrite; Claystone, green,
: red-brown.
M-7671 3175-3184 2.80 22% Claystone, as above.
5% Claystone, very silty, grey-brown.
70% Sand, medium to coarse, white.
2% Siderite.
1%  Pyrite.
M-7673 3193-3202 2.05 " 65% Claystone, as above, some dark green.
3% Claystone, red-brown.
30%# Sand, as above.
2% Siderite.
Sm.am. Pyrite; Limestone, grey.
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Lithology and

Total Organic Garbon measurements

TABLENO.: 11

WELL NO.: 6407/2-1

Depth ' . -
Sample (m) TOC Lithology
M-7675 3211-3220 85% Sand/Sandstone, medium-coarse, white.
1.91 15% Claystone, as above.
Sm.am. Claystone, grey-brown, red-brown; Pyrite;
Siderite.
M-7677 3229-3238 88% Sand/Sandstone.
1.68 12% Claystone, as above.
M-7679 3247-3256 92% Sand, fine-coarse, white.
7% Claystone, dark grey-grey.
1% Siderite.
Sm.am. Pyrite; red-brown; Claystone.
M-7680 3256-3265 94%  Sand/Sandstone, fine to coarse,
: occasionally very coarse, white.
5% Claystone, dark grey-grey.
1% Siderite.’
Sm.am. Claystone, red-brown; Pyrite.
M-7681 3265-3274 94%  Sand/Sandstone.
3% - Claystone, dark grey. B
3% Siderite.
Sm.am. Pyrite.
M-7683 3283-3292 93% Sand/Sandstone, as above.
. 2.51 7% Claystone, dark grey to grey.
Sm.am. Claystone, red-brown; Pyrite.
M-7685 3301-3310 80% Sandstone, fine-medium, coarse, white.
1.94 20% Claystone, dark grey grading to grey.
Sm.am. Siderite; Claystone, red-brown; Pyrite.
M-7687 3319-3328 80% Sandstone, as above, with some Coal
1.83 strings, occ. pyr1t1c
20% Claystone, dark grey, occas1ona11y
brownish.
Sm.am. Claystone, red-brown.
M-7689 ‘3337-3346 50% Sandstone, very fine to fine, white,
some medium to coarse.
1.97 50% Claystone, dark grey to grey, silty.
Sm.am. Siderite.
M-7690 3346-3355 80% Sandstone, as above.
5% Claystone, as above.
15% Coal to carbonaceous Claystone, dark
grey to black.
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Lithology and

Total Organic Carbon measurements

TABLENO.: II
WELL NO.: 6407/2-1

Depth .
Sample (:‘) TOC Lithology
M-7692 3364-3373 88% Sandstone, very fine to fine, some
medium to coarse.
58.71 8% Coal to carbonaceous Claystone.
2.55 4% Claystone, dark grey/grey.
Sm.am. Pyrite; red-brown Claystone.
M-7694 3382-3391 75% Sandstone, as above.
71.98 10%  Coal, black.
16.06 10% carbonaceous Claystone, dark brown-grey.
5% Claystone, grey-dark grey.
M-7696 3400-3409 30% Sandstone, partly cemented by Calcite.
1.54 10%2 Claystone, dark grey to grey.
51.83 60% Coal grading to carbonaceous Claystone.
M-7698 3418-3427 50% Sand, clear, medium to coarse.

16.16 15% Claystone, carbonaceous, very silty,
dark brown-grey to brown, interlaminated
with Coal. '

62.90 30% Coal, black.

5% Claystone, grey, dark grey.

Sm.am. Siltstone, light grey-brown.

Sm.am. Claystone, grey-brown, waxy; Siderite.
M-7700 3436-3445 80% Sand, as above, angular-subangular.

53.40 10% Coal.

3.22 10% Claystone, grey/dark grey, brown.
M-7702 3456-3463 70% Sand, as above, white.
7.80 25% Claystone, dark grey to brownish, some
grey, variably silty.
5% Coal.
Sm.am. Siderite.
M-7704 3472-3481 37.67 55% Carbonaceous Claystone, dark grey to
very dark and brownish.
68.64 25% Coal.
15% Sand/Sandstone, fine-coarse.
5% Claystone, grey, dark green.
Sm.am. Siderite.
M-7706 3490-3499 1.66- 85% Claystone, grey, grading to dar
and brownish. '
5% Claystone, red-brown.
24.35 10% Carbonaceous Claystone and Coal.
Sm.am. Siderite; Sandstone.
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Lithology and TABLE NO.: 11
Total Organic Carbon measurements WELL NO.: 6407/2-1

Depth .
Sample (m) TOC Lithology
M-7708 3508-3517 75% Sand and some Sandstone (partly
Calcite-cemented).
5.54 15% Claystone, dark grey, partly carbona-
ceous, silty.
0.95 10% Claystone, grey.
1%  Siderite. '
Sm.am. Coal; red-brown Claystone.
Obs. Pyrite. '
M-7710 3526-3535 25% Sand/Sandstone, fine-coarse, white.
7.03 50% Claystone, carbonaceous, dark grey to
grey-black and brownish.
64.08 25% Coal, black.
2% Claystone, grey, red-brown.
Sm.am. Siderite.
Obs. Pyrite.
M-7712 3542-3551 44,31 60% Carbonaceous Claystone, dark grey to
black, grading to Coal.
64.09 30% Coal, black.
. 10% Sand/Sandstone.
M-7714 3560-3569 31.68 75%  Carbonaceous and coaly Claystone, dark
) grey to grey-black and brownish.
65.29 20% Coal.
5%  Sandstone.
Sm.am. Claystone, grey, brown-grey.
M-7716 3578-3587 - 15.86 75% Carbonaceous Claystone, as above.
61.91 20% Coal.
5% Sandstone.
Sm.am. Claystone, light grey-brown, occ.
Coal-fragments; red-brown Claystone.
M-7718 3596-3605 , 60% Sand/Sandstone, medium to fine, occ.
. coarse, clear.
9.27 45%  Carbonaceous Claystone; as above.
5% Coal.
M-7720 3614-3623 87% Sand, white, coarse to medium.
4.19 10% Claystone, variably coaly and
carbonaceous, dark grey to grey-black.
3% Coal.
Sm.am. Siderite.
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Lithology and

Total Organic Garbon measurements

TABLE NO.: 11
WELL NG.: 6407/2-1

Depth .
Sample (r‘:ﬂ T0C Lithology
M-7722 3632-3641 25% Sand/Sandstone, as above.
3.90 65% Carbonaceous and coaly Claystone,
dark grey to grey-black and brownish.
8% Coal.
2% Claystone, grey, friable.
Sm.am. Claystone, light grey-brown, waxy;
Siderite; red-brown Claystone.
M-7724 3650-3659 92% Sand, white, coarse to medium.
5% Claystone, carbonaceous and coaly,
as above.
3% Coal.
M-7726 3668-3677 65% Sand, as above, angular.
12.87 27% Claystone, variably carbonaceous and
coaly as above.
3% Coal.
5% Claystone (light) brown-grey.
Obs. Pyrite; ?Sphaerosiderite; red-brown.
Claystone.

M-7728 3686-3695 5.98 75% Claystone, dark grey to black and

carbonaceous/coaly, (dark) grey-brown.
56.93 20% Coal.
5% Sand/Sandstone.

M-7730 3704-3713 22.73 70% Claystone, dark (brownish) grey to
grey-black carbonaceous/coaly, (dark)
grey-brown (interlaminated with Coal).

30% Coal.
Sm.am. Sand/Sandstone.

M-7732 3722-3731 8.60 80% Claystone, dark grey, variably
carbonaceous, (dark) grey-brown.

15% Sandstone.
5% Coal.

M-7734 3740-3749 6.21 45% Claystone, dark grey to grey-black,
variably carbonaceous.

1.12 35% Claystone, dark grey-brown to grey-brown,
partly coaly. :
20% Sand/Sandstone.

M-7736 3758-3767 85% Sand and Sandstone, white, medium.

3.23 15% Claystone, dark partly carbonaceous,
(dark) grey-brown.
Sm.am. Siderite.
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Lithelogy and | TABLENO.: II

Total Organic Carbon measurements WELL NO.: 6407/2-1
Sample D::‘t)h TOC Lithology )
M-7738 3776-3785 60% Sand/Sandstone, medium-coarse.
1.92 40% Claystone, dark grey to brownish and

occ. grey-black.
Sm.am. Coal.

M-7740 3794-3803 2.24 70% Claystone, dark grey to brownish and
grey-black.

30% Sandstone, white, fine-medium.

Sm.am. Limestone, white.

M-7742 3811-3820 1.99 60% Claystone, as above.
40% Sandstone, as above.
Sm.am. Claystone, red-brown.

M-7744 3829-3838 0.20 75% Claystone, light grey, greenish and
brownish, some yellow and red-brown.
2.17 25% Dark and brownish Claystone, as above.
Sm.am. Coal. _
M-7746 3847-3856 0.29 100% Claystone, red-brown, light grey to
. greenish, some yellow.
Sm.am. dark Claystone and Coal; Limestone,
white.
M~-7748 - 3865-3870 0.17 100% Claystone, as above.

Sm.am. dark Claystone and Coal.
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TARBIM ATION OF DATAS FROM THE GASCHROMATOGRAME
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TABLE NO.: VIII
Visual Kerogen Analysis WELLNO: saoryet
Sample Depth Composition of residue Parﬂtu:le Preservation Therma_l maturation Remarks
(m) size palynomorphs index
1530-40 Am, Cy/W, P F-M fair to good 1-1/1+ Dense aggregates of ?amor-
clayst. phous material embedding
very fine vitrinite particles
and palynomorphs. Pyrite
abundant.
1610 - 201 W, P/Am, Cy F-M fair to good 1-1/1+ Amorphous grannulate matrix
clayst. adheres to palynomorphs and
embeds sapropelised woody
fragments (small vitrinite
particles as above). Some
pyrite.
1730 - 40y W, P, S/Am, Cy F-M good 1-1/1+ Mostly well dispersed
clayst. material. Rich and well pres-
erved cyst assemblage. Abun-
dant pyrite. Some semifusinitd.
2230 - 40| WR!, W, P/Am, Cy F-M good 1-1/1+ Resembles the 1730-40m above,
clayst. but an increase in dark, re-
worked/oxidised material.
(semifusinite/fusinite and
inertinite).
ABBREVATIONS
Am  Amorphous Cy  Cysts, algae W Woody material F Fine
He  Herbaceous P Pollen grains c Coal M Medium |
Cut  Cuticles S S Spores R!  Reworked L Large
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‘ TABLE NO.: VIII
ICU | Visual Kerogen Analysis WELLNO-: 6407/2-1
Sample Depth Composition of residue Par_tu:le Preservation Therma.l maturation Remarks
(m) size palynomorphs index
2310 - 20| W, WR!, P/Am, Cy F-M good 1-1/1+ Resembles samples 1730 - 40m
clayst. and 2310 - 20m.
2390 - 400 WR!, W, P/Am, Cy F-M good 1-1/1+ Resembles 2230-40m Cretaceous
clayst. 4 : palynomorphs with pyrite in
cavities.
2470 - 80| WR!, W, P/Am, Cy F-M good 1-1/1+ Increase in reworked black
clayst. _ material and semifusinite.
Relative increase in cysts
compared with pollen and
spores.
2545 - 54| W, WR!, P/Am, Cy F-M good 1-1/1+ As 2470 - 80m.
clayst.
2617 - 26| W, WR!, P/Am, Cy F-M good 1-1/1+ As 2470 ~ 80m, some cysts are
clayst. thick walled and dark
stained.
2671 - 80 W, WR!, P/Am, Cy F-M good 1-1/1+ As 2617 ~ 80m.
| clayst.
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
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: TABLE NO.: VIII
Visual Kerogen Analysis | WELL NO-: 6407/2-1
Sample Depth Composition of residue Par.tlcle Preservation Therma.l maturation Remarks
(m) size palynomorphs index '
2689 - 98 | WR!, W, P, /Am, Cy F-M(-L) good 1-1/1+ Dark stained cysts. Medium
. to large sized semifusinite/
‘ fusinite. Coal fragments.
2707 - 16 | WR!, W, P/Am, Cy F-M good 1-1/1+ Coal fragments. Mixture of
clayst. Cretaceous cysts and some
?reworked spores. Light-
coloured bisaccates as above.
2743 - 52 | WR!, W, /Am, Cy F-M | good 1/1+ A smaller residue in relation
clayst. to those above.
2779 - 88| WR!, W, /Am, Cy F-M good to fair 1/1+
clayst.
2815 - 24| WR!, W, /Am, Cy F-M good 1/1+ Increase in abundance of
clayst. cysts. Woody fragments with
a rather dull, dark colour,
2833 - 42| W, P, S, WR!/Am, Cy F-M fair to good 1/1+ Dense pyritic aggregates em-
clayst. bedding small vitrinite par-
ticles. Occasional grey
vitrinite, some semifusinite.
ABBREVATIONS
Am  Amorphous Cy  Cysts, algae W Woody material F  Fine
He  Herbaceous P Polien grains - c Coal M Medium
Cut  Cuticles S Spores R! Reworked L Large
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TABLE NO.: vi1I
WELL NO.: 5407/2-1

IKU | Visual Kerogen Analysis

Sample Depth Composition of residue Par_tlcle Preservation Therma_l maturation Remarks
{m) size palynomorphs index
2851 - 60 | W, Cut, P, S/Am, Cy F-M fair.to good 1-1/1+ Small rounded aggregates.
shale Tasmanitids, Botryococcus.
2869 - 78 | Cut, W, P/Am, Cy F-M-L poor to fair 1 - 1/1+ Pyritic aggregates mostly
shale : ' of structured sapropelised
material (cuticles). Tas-
manitids, Botryococcus.
Distinction between algae
and cuticles is difficult.
2887 - 96 Cut, W, P/Am, Cy F-M-L poor to fair 1-1/1+ As above.
shale
2905 - 14| Cut, W, P/Am, Cy F-M-L poor to fair 1-1/1+ As above.
shale ‘ \
2923 - 30| Cy, Am/Cut, W, P F-M-L poor 1-1/1+ Sapropelised material sticks
shale to particles and obscures them
Mostly former structured
material. Distinction betw-
een algae (Botryococcus?) and
cuticles is difficult.
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
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' TABLE NO.: vIII
H le WELL NO.: -
Visual Kerogen Analysis 6407/2-1
Sample Depth Composition of residue Par:ncle ‘Preservation Therma.l maturation Remarks
(m) size palynomorphs index
3085 - 94| W, WRt, Cut, P/Am, Cy F-M fair to good 1 - 1/1+, 1+/2- More well dispersed material.
clayst. Amount of vitrinite/semi-
) fusinite, inertinite incre-
ased. Spores, Botryococcus,
-very small ?fungal or algal
bodies.
3121 - 30| W, WR!, P, Cut/Am, Cy F-M fair to good 1 -1/1+, 14/2- Jurassic/Cretaceous cysts.
clayst. : Dominantly semifusinite/
‘ fusinite stages of wood.
. Amorphous material sticks
. to the cyst surfaces.
3157 - 66| Cut, W, WR!, P/Am, Cy F-M fair to good 1 -1/1+, 1+/2- As above, sapropelised
clayst. cuticles.
3382 - 91| W, P, S/? F-M fair 1/1+ Coal fragments. Most paly-
carb. nomorphs are long-ranging
Mesozoic forms. Chem. oxi-
dation needed to classify
plant material further.
3472 - 81| W, P, §/? F-M fair 1/1+, 2- As 3382 - 91m above.
clayst.
ABBREVATIONS
Am  Amorphous : Cy  Cysts, algae W Woody material F Fine ;
He  Herbaceous P Polien grains C Coal M Medium
Cut  Cuticles S Spores R! Reworked L Large
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| TABLE NO.: vIII
iens le. WELL NO.:
Visual Kerogen Analysis 6407/2-1
Sample Depth Composition of residue Par.tu:le Preservation Therma_l maturation Remarks
(m) size palynemorphs index
3578 - 87| W, Cut, S, P/? F-M-L fair to good 1/1+, 2- Change in composition,
clayst. : stronger sapropelisation
and change in palynoassem-
blage, Early Jurassic
material observed.
3686 - 95| W, Cut, S, P/Am F-M-L good 1/1+, 2- Limbosporites lundbladii
present together with the
Early Jurassic material
from above.
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
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Vitrinite Reflectance measurements

TABLE NO.: IX
WELL NO.: 6407/2-

gt

Sample D::‘t)h Vitrinite reflectance Fluorescence in UV light Exinite content

M-7298 1530 -| 0.30 (18) Nil Nil
1540

M-7314 | 1690 -] 0.31 (23) Green spores Trace
1700

M-7328 1830 0.31 (5) Green spores Trace
1840

M-7340 1950 0.33 (14) Green spores Trace
1969

M-7374 2290 0.45 (5) Green/yellow spores Trace
2300

M-7384 2390 N.D.P. Green yellow spores? algae? Trace
2400

M-7400 2545 0.49 (6) Green/yellow Low
2554

M-7420 2725 0.33 (1) Green algae Trace
2734

M-7436 2869 0.30 (16) and Green/yellow spores and algae. Trace
2878 }0.50 (4) Yellow/orange spores

M-7653 | 3013 - |0.28 (1) and ——{—6reen/yellow algae Trace
3022 0.42 (3)

M-7669 3157 0.32 (2) and Green and green/yellow spores Low
3166 0.55 (3)

M-7689 3337 0.46 (6) Green/yellow and yellow spores Low

3346
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I H
Im 7412 2716 P 0.2 0,10 0,%2 1.10 @ =4 O, 34 0.71 442
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I H
I ™M 74z4 2770 T 0,11 0,02 0,51 1.ZA = 40 0.14 0.7% 440
I : '
I M 7426 2738 2 0.0% 0,02 0,39 1.0% = 36 0O.11 O.282 31
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1 - H
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I t  Eh
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&_M 7433 ZE%A : 4.50 49,13 0,33 2,59 572 10 52,65 0.02 426
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I :
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Table XI Molecular parameters from triterpane distribution (m/e 191)

IKU no. Depth (m) Lith Zone C28/C30—a61) C29/C30-a§2) o/ aptead) 225
M-7436 2878  sh 0.77 0.45 0.90 66
M-7438 2896  sh 0.78 0.38 0.91 60
M-7440 2914 sh 1.23 0.60 0.88 56
M-7694 3391 clst - 0.97 0.73 - 55
M-7704 3481  clst - 1.29 0.76 55
M-7716 3587  clst - 1.33 0.76 54
M-7728 3695  clst - 0.79 0.81 59

1) C28 - compound/17a(H), 218(H) - hopane (Z/E)

2) 17a(H), 218(H) - norhopane/17a(H), 218(H) - hopane

3) 17a(H), 218(H) - homohopane/17a(H), 21g(H) - + 178(H),
21a(H) -homohopane

4) %22S in 17a(H), 218(H) - homohopane (G/G+H)

Table XII Molecular parameters from sterane distribution (m/e 217)
IKU no.  Depth (m) Lith. Zone  %20st) %86%)
M-7436 2878 sh 60 44
M-7438 2896 sh 55 46
M-7440 2914 sh - 55 40
M-7694 3391 clst 47 40
M-7704 3481 clst 47 36
M-7716 3587 clst 52 35
M-7728 3695 ' clst 51 39

1) % 20S in 144(H), 174(H) - C29 - steranes (q/gtt)
2) % 14g(H), 17g(H) - Cog - steranes (r+s/g+r+s+t).
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Table XIII Molecular parameter from triaromatic sterane distribution
(m/e 231).

IKU no.

M-7436
M-7438
M-7440
M-7695
M-7704
M-7716
M-7728

Depth (m)

2878
2896
2914
3391
3481
3587
3695

Lith

sh
sh
sh
clst
clst
clst
clst

Zone

% side chain cracking

0.17
0.10
0.14
0.48
0.61
0.64
0.25

1)

1) % C20 - triaromatjc/C20 - triaromatic + 027 - triaromatic (M/M+P).
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SATURATED HYDROCARBON GAS CHROMATOGRAMS

a = nC17

= Pristane ©
¢ = Phytane
Ph =

Phthalate contaminant

057/b/ah/1
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AROMATIC HYDROCARBON GAS CHROMATOGRAMS

= Naphthalene
C1 - naphthalenes
= C2 - naphthalenes

O W =
)

= C3 - naphthalenes
P = Phenanthrene
D= C1 - phenanthrenes

E=¢C, - phenanthrenes

F = Region in which aromatised
steranes/triterpanes are present

* = Probable organic sulphur compounds.
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BRANCHED/CYCLIC HYDROCARBON GAS CHROMATOGRAMS
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GC-MS CHROMATOGRAMS
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