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SUMMARY

Well NOCS 30/6-9 is situated in the southern part of the

Oseberg Field area in the Norwegian sector of the North Sea.

Samples were analysed from the Cretaceous through the

Jurassic and include the upper part of the Triassic.

The well is immature/moderately mature down to about 2850 =m
{in the Cook Fm.). It reaches the top of the ©il window
between 3200 m and 3300 m. Peak o0il generaticon is estimated
to be at roughly 3800 m (below TD cf the well).

There are no reliable data for the source rock potential of
the Heather Fm., and the Draupne PFm. is absent in this well.
The Drake and Statfjord Fms. appear to have poor to fair
r(good?) potentials for generation of gas and possibly for
small amounts cf oil and waxy oil respectively.

The Ness and Etive Fms. contain an oil celumn. This oil
seems to have been generated by Viking Graben Upper Jurassic
source rocks at a maturity estimated to be roughly 0.9 % Ro

{possibly equivalent to a depth of about 4500 m).
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INTRODUCTION

The well NOCS 30/6-9 is situated in the southern part of the
Oseberg Field area. It was drilled in 1982 and was suspended
as an oil and gas find, having a TD of 3476 m (RKB) in the

Triassic.

A total of 224 samples was collected at the Norwegian
Petroleum Directorate in Stavanger including 53 core chip
samples. The cuttings samples between 2405 m and 3475 m
(RKB) were washed and lithologically described. The analysed
interval is frem 2405 m to 3475 m (R¥B), including formg—

tions from the Upper Cretacecus to Triassic.

From the 224 samples examined, &8 lithologies from 96
samples were selected for screening analysis (TOC and Rock-
Eval analysecs). Based on the results of these, the following

number of samples were selected for further analysis.

Thermal extraction -~ pyrolysis -

gas chromatography 74 samples
Extraction, MPLC fractionation,
saturated and aromatic hydrocarbon -

gas chromatography 43 samples

Vitrinite reflectance microscopy 18 samples

Visual kercgen analysis 15 samples
Gas chromatography - mass spectrometry

of saturated and aromatic hydrocarbons 7 samples
Isotope analvsis of C, gt fractions 7 samples

Sample lists and tabulated analytical results are displayed

in the Appendix.
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General well data is as follows:

Postition : 60930703.46"N, 2946'52.62"E
Elevation : 25 m AMSL

Water depth : 107 m

Status : Suspended, cil and gas discovery

Based on information from well data summary sheet {vol 13)
from NPD, the following general stratigraphic division of
the well can be made (RKB depths):

RKB
Upper Cretaceous 2280 - 2422.5 n
Lower Cretaceous ABSENT
Upper Jurassic 2422.5 - 2458 m
Viking Group 2422.5 - 2458 m
Draupne Formation ABSENT
Heather Formation 2422.5 - 2458 m
Middle Jurassic 2458 « 2620 m
Brent Group 2458 -~ 2620 m
Ness Formation 2458 - 2554 m
Etive Formation 2554 - 2620 m
Lower Jurassic 2620 - 3388.% m
Dunlin Group 2620 - 3040 m
Drake Formation 2620 - 2B20.5 m
Cook Formation 2820.5 - 2877.%
Burton Formtion 2877.5 - 2863.5 m
Amundsen Formation 2963.5 -~ 3040 m
Statfjcrd Formation 3040 - 3398.5 m
Triassic 33BB.5 ~ 3476 m
Hegre Group 3388.5 - 3476 m

TD 3476 m
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LITHOLOGY AND TOTAL ORGANIC CARBON CONTENT

Figure 1 shows the wvariation 1in TOC over the analysed
interval of the well plotted with a generalised litholo-

stratigraphic column.
Cretaceous ({2280 - 2922.5 m)

Shetland Group (2280~ 2422.5 m)

Twe samples from the bottom 20 m of the Group were described
and analysed. The section consists mainly of white chalky
limestone and some medium grey shale. TOC analysis of these
two lithologies was performed. The shale from 2400 m has &
fair T0OC content of 0.9 %. The carbonate from 2422 m 1is
virtually barren of organic matter, with a TOC content of
0.1 %. The twoe samples were also heavily contaminated with

cement from the casing point just above 2400 m.

Jurassic (2422.5 - 3388.5 m)

4
\

Five samples were described and cne sample w analvsed. The

[£4}

a
samples consist mostly of cement, except £ the deepest

O
a1

sample interval, which consists of a mixture of green-grey
to medium grey shale and dusky vyellow-brown siltstone.
Besides cement, the other samples contaln small amounts of
these shale/siltstones. TCC content of the shale from 2455 m

is fair at 0.7% %.
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Brent Group (2458 ~ 2620 m}
Ness Formation (2458 - 2554 m)

Except for the top 4 metres, this interval was almost
entirely cored. Fifty-four samples were described and
thirty-five lithologies were analysed feor TOC content.
Thirty-five analysed samples were core chips. Eighteen
cuttings samples were described in the interval, however,
these are unrepresentative of the cored interval, since they
consist mostly of contaminants, <cavings and only small
amounts of indigenous material. Therefore, analysis was
restricted mainly to the core chips, apart from the coal
from the top. The core samples consist of a mixture df
brown-grey, dusky vyellow-brown siltstene and shales, some
dark grey to black and brown-black carbonaceous shaies and
coals as well as coarse grained light orange to orange-grey
sandstones. Cocals were found in the cuttings sample at
2460 m and in core chips from 2476 m, 2478 m, 2507.5 m and
25235 m, These coals are evidently not all "pure" coal, since
TOC values range from 23,8 % to 75.5 %. Lecated above and
below the coals at 2476 m and 2478 m are dark grey to
brown~-black siltstone,/ silty shale seguences from 2470.36 m
te 2474 m and 2480 - 2486.4 m. These have mainly rich TOC

contents with values of approximately 5 % above the coal and

oo

from 1.1 to 9.2 % below the coal. Below the coal sample at

2507.5 m there are brown-grey siltstone and black to brown-

black carbonaceous shales from 2569.39 m to 2524.5 m. The
TOC content o©f six  samples depends on  the content of
carbonaceous material and ranges from 0.7 % TCC at 2502.3% m

(7)) to 7 % TOC at 2518.5 m. Interspersed throuchut the

e
formation are sandstones and siltsteones with widely wvarying

=red
H D

TOC contents, ranging from 0.1
2488.4 m to 8.2
2546.4 m. Sandstone dominates the analysed samples Dbetween
2460 m to 2470 m (~ 0.6 % TOC), 2488 - 2500 m (0.1 - 1.3 %)
and 2537 - 2547 m (0.9 - B.2 %),

or & sandstone from

od

TOC for a carbonacepus sandstone at

N
foed
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Etive Formation (2554 -~ 2620 m)

Thirty-two samples were described, eighteen of which were
core chips. Fifteen core chip samples were analysed. The
cuttings samples were not considered to be suitable for good
analysis for the reason previously discussed. The samples
consist of orange-~grey to brown-grey to duesky yellow-brown
sandstones with some finer grained silty sandstones and
sandy siltstones, Some of the sandstones and siltstones are
carbonacecus, hence the wvariation in T0C from 0.7 % ¢to
4.4 %, The general TOC range of non-carbonaceous samples is
from 0.7 % to 1 %. These values are gquite high for sand-
gstones and is partly due to o0il staining.

bunlin Group (2620 -~ 3040 m)
Drake Formation (2620 - 2820.5 m)

Forty-three samples were described and seven samples were
analysed. The formation is considered to consist mainly of
brown-grey to dusky vellow-brown siltstone and shales, with
some thin carbonate layers throughout the sequence. Apart
from three core chips from the tcp 4 metres of the forma-
tion, the rest cf the samples are cuttings. The latter were
heavily contaminated with mud additives and/or cement and in
many cuttings samples representative lithologies were

absent. Besides the core chip samples, only three represgen-

cf the shale/
siltstone core chips and cutting samples is good to rich,
with values ranging from 1.2 % to 4.2 %. Apart from the
sample from 2720 m, the samples have rich T0C contents,
2.3 % to 4.2 %. One carbonate, a grey-red limestone from
2815 m, was also &analysed, it has & TOC content of 0.8 %.
The uniform log characteristics (gamma, resistivity and
sonic} suggests that the shales/siltstones are fairly

uniform in composition and it 1is suspected that most TOC
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values are probably in the range from 1 - 3 %. The shales in
the lower part of the Drake Fm. (2780 - 2810 m) may be

slightly richer than average based on low sonic velocities.

Cook Formation (2820.5 -~ 2877.5 m)

Eleven samples were described and six samples analysed. Only
cuttings samples were available, these consisted mostly of
medium grey and brown-grey shales and siltstones with trace
amounts of sandstones. Mud additives are a less prominent

component ©f these samples than in the Drake Fm.

Burton Formation (2877.5 - 2963.5 m)

Seventeen samples were described and eight samples were
analysed. The dominant lithology in the cuttings samples 1is
the same as in the Cook and Drake Fms., i.e. medium grey and
brown-grey siltstones and shales, but there are minor white
to light grey calcareous sandstones. The log characteristics
also suggest a fairly uniform shale sequence. Two sandstone
samples from 2880 m and 2920 m were analiysed, they have
0.6 % and 0.8 % TOC respectively. TOC content ©f the domi-

nant shale/siltstones is good and ranges from 1.4

i

to
1.7 %, Mud additives contamination is a problem in a few

samples.

Amungsen Formation

28]
o
(92
%3]
[S41
i
(¥
)
iy
<>
=)

Sixteen samples were described and six were analysed. The
dominant lithcology in the cuttings samples is the same as in
the Burton Fm., i.e. medium grey and brown-grey siltstones
and shales, but with substantial amounts of white to light
grey calcarecus sandstcone towards the base of this forma-
tion. Again, wire line log characteristics suggest a fairly

uniform shale sequence which presumably has thin beds of



-7 GEOLABINOR

GEOCHEMICAL TARCARTORES, OF NORWAY W75

sandstone. One sandstone sample from 3025 m was analysed, it
has a TOC content of 0.6 %. The dominant siltstone/shales
have good TOC contents, which range from 1.1 % to 1.5 %. Mud

additive contamination is heavy in most samples.

Statfjord Formation (3040 ~ 3388 m)

Twenty-seven samples were described and eleven samples were
analysed. Most of the <cuttings samples consist mainly of a
mixture of white to light grey, calcareous sandstones and
medium grey and brown-grey to dusky vyellow-brown shales/
siltstones. There are some samples with abundant coals,
particularly from 3170 m and 3197 m. Five sandstone sanples
from 3050 m, 3090 m, 3140 m, 3265 m and 3325 m were
analysed. TOC contents range from 0.1 % to 0.8 %. The
to
1.8 %. Two coals from 3170 m and 3197 m were analysed., These

oo

shales/siltstones have mainly good TOC values from 0.9

have low TOC values for coals and are mineral-rich and can
be regarded as coaly shales or carbargillites (TOC, 28.3 %
and 42.4 %). Mud additive contamination is relatively light
in this interval. Based on log characteristics, the same
formation consists mainly of interbedded shales and sand-

stones.,

Triassic (2388 - 3476 m, TD)

386 - 347

2]

[#2]

Hegre Group ( m, TD}

£ix samples were described and five samples were analysed.
The samples are similar in composition to the Statfjord Fm.
samples. This, and log characteristfics suggest a similarly
lithological seguence to the Statfjord Fm. Two sandstones

from 3430 m and 3475 m were analysed, they have very low TOC
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contents of ~ 0.2 %. The TOC content of the shales is also
less than in the Statfjord Fm., it is mainly fair and ranges
from 0.7 % to 1.1 %.
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ROCR-EVAL ANALYSIS
Ninety-eight samples were analysed. The data are listed in
Table 2, Appendix 1. Production index 1s plotted in Figure

2, Tmax in Figure 3 and Tmax versus hydrogen index in Figure
4.

Kerggen Type and Richness

(Hydrogen Index, Oxygen Index and Petroleum Potential)

Cretaceous (22B0 - 2422.5 m)

Shetland Group (2280 - 2422.5 m)

A medium grey shale from 2410 m and a white chalky limestone
from 2422 m were analysed. Both have fairly high 5 values
relative to Eqs which proebably indicates the presence of
migrated hydrocarbons. 52 values are less than 0.8 mgs HC/g
rock and kerogen is type IV with hydrogen indices less than
100 and oxygen indices of 65 mgs Co,/9 TOC for the shales
and 608 mgs Coz/g TOC for the carbonates. The high value in
the case of the carbonate is prcbably due to generation of
C02

gas pcotential.

from the carbonate. These lithologies have no or slight

wd

T
[
[
fu
4]
in
[2ad
@]
b2
o
B
[
U
!
[¥3]
Lt
(5]
[85]
(€3]
=f

Viking Group (2422.5 - 2458 m)

Eeather Formation {2422.5 - 24%8 m)

Two samples of shale were analysed. These consisted mainly
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of green-grey to medium grey shales. The probable in-situ
lithology of this formation, the dusky yellow-brown silty
shales, are present in small amounts in the samples and was
not analysed. The Sy and S, values of the analysed shales is
similar to the analysed Cretaceous shale.

Brent Group (2458 - 2620 m)
Ness Formation (2458 ~ 2554 m)

Nineteen shale/siltstones and five coals were analysed. The
petroleum potentials (Sl + 82) of these samples vary from 1
- 177 mgs HC/g rock. The coals, i.e. those with TOC contents
greater than 50 %, are rich, with petroleum potentials from
93 -177 mgs HC/g rock. Some of the shales/siltstones which
are carbonaceous, have petroleum potentials from about 3 to
30 mgs HC/g rock. The kerogen type in most of these samples
is type III. Hydrogen indices wvary from 35 - 286, but most
of the samples with > 1 % TOC have hydrogen indices from 100
- 200 mgs HC/gTOC. Exceptions are the coal from 2460 m and
shale from 2482.17 m with hydrogen indices greater than 200,
indicating that they contain type II1/III kercgen. Shales
between 2510 m and 2525 m have hydrogen indices less than
100, these may be regarded as having pocor type III or type
IV kerogen. The sandstones have widely variable TOC contents
{see previocus chapter) and also petrcleum potentials which
rangs frem (0.2 to 8 mos HO/g rock. The highesé values occur
in samples between 2530 w. Testing of hvdrocarbon flow rates
from the Brent Group after drilliing the well showed that gas
- condensate was produced above 2500 m and coil below 2540 m.
It is suspected that the increase in petroleum potential at
2532.26 m, particularly 5, (which increases from less than
1 mgs HC/g rock above 2550 mte > 1 up to & mgs BC/g rock
below 2530 m} marks the anpproximate depth ©of the gas - oil
contact. Some of the sandstones are carbonaceocus, l.e. they
have coaly layvers cor lenses e.g. at 2491.5 m (1.3 % TOC S
1.9 mgs HC/g rock) and 2546.4 m (8.2 % TOC, S

2

2w22.1 mgs HC/g
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rock). This carbonacecus material has a similar kerogen ty?e
to that in the «c¢oals in the formation. The o¢il-stained,
non-carbonaceous sandstones below 2530 m have hydrogen
indices from 140 - 270 mgs HC/g TCC, which would indicate
the presence of type II/III kerogen in a shale, however, in
this case the high hydrogen index is due to migrated
asphaltenes in the oil. If the ¢il were to remain in-situ
and reach higher maturities, it would presumably make these
sandstones a fair source rock for condensate. The coals and
shales are predominantly gas-prone, except for certain
liptinite~-rich beds which are probably condensate and waxy -

oil-prone.

Etive Formation (2554 - 2640 m)

The sandstones in this formation have petrecleum potentials
ranging from 3.5 to 17.7 mgs HC/g rock. Excluding the
highest value, which is partly due to the presence of coaly
clasts within the sandstones, wvalues mainly range from 7 -~
11, of which more than 70 % consists of "free" hydrocarbons
in the Sl' The 52 in these samples probably consists mostly
of migrated asphaltenes. This last conclusion 1is partly
confirmed by the low Tmax values in these samples without
indigenous carbeonaceous material (i.e. 389 - 410°C). These

sandstones are similar in hydrocarbon potential to those in

the lower part of the Ness Fm. ({i.e. below 2530 m}. The
indigenous carbonaceous material in  the sandstones  is
similar to that 1n the DNess Fm. cpals and is mostly  gas-
prone

Dunlin Group (2620 - 3388.5 m)

Drake Formation {2620 - 2820.5 m)

Siltstone core chips £from the top metres of the Drake Fm.

have petroleum potentials from 1.5 to 3.3 mgs HC/g rock and



~12- GEOLABINOR

GEOEHEMICAL LaeORarDRES G wbRwaY A5

hydrogen indices from 34 tc 71 mgs HC/g TOC.These siltstones
have poor to fair kerogen type IV or III. These siltstones

are poeor and gas-prone,.

The shale from 2720 m has similar Rock-Eval data and is also
poor and gas-prone. In contrast, two shale/siltstone samples
in the interval close to the base ©of the Drake Fm. have good
petroleum potentials of 7.2 and 11.4 mgs HC/g rock and
hydrogen indices of 272 and 309 mgs HC/g rock. The kerogen
in these two samples is type II/III. This interval has
shales/siltstones with good o©il and gas pctential. One of
the thin carbonate beds was also analysed, this has no
hydrocarbon potential.

Cook Fermation {(2820.5 - 2877.5 m)

The medium grey, brown-grey, silty shales and siltstones
from this formation which were analysed have petroleum
potentials from 2.8 to 6.9 mgs BC/g rock and hydrogen
indices £rom 120 to 196 mgs HC /g TOL. Excluding the
uppermost sample, which may include caved oil-prone Lower
Drake Fm. shales/siltstone, the petroleum potentials range
from 2.8 - 3.2 and hydrogen indices from 120 -~ 155. Oxygen
indices are high in these samples, ranging from 82 - 100 mgs
Coz/g TOC. This suggests the presence of carbonates or
oxidised carbonaceous material. In conclusion,therefore, the

Cook Fm. shaless/siltstones have a poor ~ fair gas potential.

Burton Formationm {(2B8B77.%5 - 2863.% m)

4

The shales/siltstones in this sequence have a similar gas
potential to that in the Cock Fm., with petroleum potentials
from 2.5 - 4.2 mgs HC/g rock and hydrogen indices from 106 -
155 mgs HC/g TOC. Two sandstones were also analysed in this
interval. They have much lower petroleum potentials than the
Brent CGp. sandstones (~ 1 mg HC/g rock) of which » 50 % 1is
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Sl' The low hydrogen index values for these sandstones (34
and 74 mgs HC/g TCC) suggests that asphaltenes are absent
and that trace amounts of migrated light hydrocarbons (i.e.

condensate range?) are present.

Amundsen Formation (2963.5 - 3040 m)

The shales/siltstones in this formation have a similar gas
potential to the Burton Fm. (e.g. petroleum potentials 2.3 -
4.8 mgs HC/g rock and hydrogen indices fro 9B to 180 mgs
HC/g TOC).

The analysed sandstone aliso has similar Rock-Eval data to
the Burton Fm. sandstones and the same conclusions can be

made.

Statfijord Formation (3040 - 3388.5 m)

The shales/siltstones in  this interval have slightly more
variation in petroleum potentials, ranging from 1.2 to 5.4
mgs HC/g rock, but hydreogen indices are similar (892 to 167
mgs HC/g TOC) to the Amundsen Fm. section. The more variable
petroleum potentials are due to the presence of coaly clasts
in some shales and a reduction in TOC towards the base of

the formation. Carbargillites frem 3170 m and 3197 m  have

rich petroleum potentials of

n

8.2 and 104.1 mas HC/g rock

and Type IZI (hydrogen index 191, oxvgen index 5} or type
ITI/711I1 (hvdrogen index 228, oxvgen index 6} rerogen respec-
tively

The coaly shales have mainly rich gas or gas - condensate
potential. The poorer guality shales have poor - fair gas

potential. Sandstones have similar Rock-Eval data to the
Amundsen and Burton Fms. and presumably contain some

migrated hydrocarbons.
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Triassic (3388.5 - 3476 m, TD})

Hegre Group (33B8.5 - 3476 m, TD)

Shales have low petroleum potentials in this interval,
mainly less than 1 mg HCrsg rock and type IV kerogen
(hydrogen indices from 46 -~ 108 mgs HC/g TOC). These shales
have a very poor gas potential. Sandstones may be lightly
stained with migrated hydrocarbons since 5, values are 70 -~

95 % of total petroleum potential.

Generation and Migration

(Production Index, Sl/{sl+52))

The production index is fairly high throughout the analysed
interval. Only in the lower Drake Fm. shale and in some
coals is it below 0.15. It is considered that most of the
analysed seqguence 1s stained with migrated hydrccarbons. The
main ¢il show seguence is 1in the Brent Gp. seguence from
2425.8 - 2620 m. In this sequence, particularly in the lower
Ness and all the Etive Pm., sandstones are very heavily
stained, with production indicee up tc 0.8. Less heavily
stained are sandstones in the upper part of the Ness Fm.
Less stained, but with fairly high preduction indices and S,

S
S
values are shales, slltstonss and sandstones m the

Q

bib
Viking, Dunlin and Hegre Cps. Although, if diesel was used

in the drillng mud, then all the staining, apart from the
Brent Gp. secticn, could be contamination {however, see GC

and GC-NMS& discussion).
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Maturity (Tmax)

Assessment of maturity based on Tmax is difficult due to the
oil staining. Many of the samples, particularly sandstones,
have low Tmax due to the presence of migrated asphaltic
material. Coals and shales with type III kerogen and 5,
values greater than 1 show a rough Tmax trend from 430 -
435°C at 2500 m to 435 - 440°C at 3000 m and 440 - 4459C at
3250 m. This places the base of the well within the oil
window, i.e. approximately 0.6 - 0.7 % Ro. Figure 3b shows a
plot of Tmax versus hyvdrogen index which apparently confirms
this for samples with values <close to an egquivalent
vitrinite reflectance o¢f 0.6 %. Hydrogen indices greater
than 100 mgs HC/g TOC in the Drake Fm. and Brent Gp. have
lower Tmax than the most of the Statfjord Gp. shales and

coals.
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THERMAL EXTRACTION - GAS CHROMATOGRAPHY
Sixty-four samples were analysed by thermal extraction gas

chromatography. Typical thermal extract chromatograms are
shown in Figures 5.

Jurassic (2422.5 - 3388.5 m)

Viking Group {2422.5 - 2458 m)
Heather Formation (2422.5 -~ 2458 m)

No samples were analysed.

Brent Group (2458 - 2620 m)
Ness Formation (2458 - 2554 m)

Twenty-six samples consisting of shales, sandstones and
coals were analysed. It is considered that most shales,
siltstones and coals as well as sandstones are stained to
some extent. The coals from 2476 m and 2478 m appear to be

unstained, for example Figure 5a, which shows that aromatic

hydrocarbons derived ZIrom mainly woody remains o©f Thigher
piants completely dominate the thermal extract {including
toluene, xylenes, naphthalene, alkvl naphthalenes, phenan-
threnes and aikyl phenanthrenes). In contrast, the thermal

extract of the coal from 2460 m (Figure 3b) has some of the
characteristics of the migrated hydrocarbons seen in the
sandstone from 2462.74 m (Figure 5c¢} and some of those of
the coal from 2478 m (Figure 5a). The migrated hydrocarbons
present in samples above 2430 m (e.g. Figure 5c) are domi-
nated by a fairly light saturated hydrocarbon distribution

ranging from nClZ ~ nCz7 with a maximum at nclq. Isoprencids
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are fairly prominent in this distribution, with pristane/
ncl7 and phytane/nC, o ratios of 0.71 and 0.64 respectively,
suggesting a mature source for the hydrocarbons. The
pristane/phytane ratio is =~ 1.9, which is not typical for
highly anoxic marine depesits or for land plant dominated
deposit. The distribution is more typical of highly mature
marine source rocks deposited in relatively mild anoxic
environments, i.e. condensate - light o©ils generated from
type III or type II/III kerogens deposited in marine

environments.

The thermal extract of the coal from 2460 m (Figure 5b)
shows that saturated hydrocarbons seen in the sandstones and
aromatic hydrocarbons seen in the unstained coal (Figure 5a)
which are derived from woody remains of higher plants as
well as spores, pollen and other herbaceous remains. The
coals from 2507.5 m shows similar features to the coals at
2476 m and 2478 m, except that (Figure 5d) there is also a
prominent n-alkane envelope fromnc19 ~ nCyy with a distinct
odd n-alkane preference. These n-alkanes are derived <from

waxy - cuticular material present in the coal.

Some of the siltstones which are poor in TOC do not show the
hvdrocarbon distributicn seen in  the coals or the migrated
hydrocarbons. For example Figure 5e, which shows the thermal
extract of the siltstone at 2480 m, consists of a lower

molecular weilght vrange of n-alkanes from nCp to nC

16
{maximum at nCQB). These hydrocarbens are prebably mainly
migratec nyvdrocarpons. The lack of nC.. to nC,. alkanes,
seen in the sandstones, 1z probably dus to the low porosity
permeability of the silitstones which prevents the larger
molecules from entering the pores in the siltstones. The

migrated hydrocarbons in the coals are preobably due to
staining of surfaces and in fractures. Shales with low TCC
contents are less stained and mainly with n-alkanes from
nClO to nCyg due to lower ©porcosities than the siltstones.

The lack of in-situ derived hydrocarbons in the nCg - nCs
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range is probably due to peoor kerogen and low maturity and
the abundant migrated hydrocarbons mainly from nC7 to nczo.

The sandstone at 2488.4 m shows a slightly different hydro-
carbon pattern to that at 2462.74 m, having a slightly
narrower n-alkane distribution nC12 - nC22 with a maximum at
nCy 4 instead of nCy 40 whereas the sandstcone at 2491.5 m 1is
very similar to that at 2462.74 mwm. The sandstone at
2496 .56 m is intermediate between the two types. At 2532.6 m
and below, there 4is a significant change in hydrocarben
distribution in the sandstones. At and below this depth the
thermal extracts are dominated by saturated hydrocarbons
from ncCy 5 to nc34, with a maximum varving from nc,, to nCyg.
There is a very slight even n-alkane preference between nng
and nCoo. pristane/phytane is 1less than 1.5 and the
pristane/nc17 and phytane/ncla ratios are both about 0.5 or
less (Figure 5f). The alkane and isoprenoids are super-
imposed on a large unresclved hump over the same range as
the n-alkanes. The n-alkane and isoprenoid distribution
suggests that these migrated hydrocarbons are derived from a
peak o0il window mature type II kercgen deposited in a highly
anoxic marine environment. These hydrocarbons are typical of
the oil within the main part of the oil colunn of the reser-
voir. The lack of light, i.e. Cy = Cl5 hvdrocarbons, is due
to loss through evaporation incurred during storage of the

core samples. In the case of the sandstone sample from

2546.4 m, the presence of nClO - nClS hydrocarbons as  well
as C,.+ hydrocarbon is probably due to retention of the
former as well as the latter on the abundant carbonaceous

l

=]

aterial in this sample.

The high pristane/phytane ratio and plentiful aromatics 1in
this sample (Figure 5g) are probably derived from the car-

bonaceous materizl (higher plant-derived) in the sandstone.
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Etive Formation (2554 - 2620 m)

Seven sandstones were analysed, the thermal extracts are
similar to that seen in the low TOC sandstone from 2532.26 m
and below in the Ness Fm. It indicates that the section
which constitutes the main part of the oil celumn has a very

similar hydrocarbon composition.

Dunlin Group (2620 - 3388.5 m)
Drake Formation (2620 - 2820.5 m)

Three shale/siltstone samples were analysed from the top and
near base of the formation. The distribution of hydrocarbons
seen in the thermal extracts is similar in all three
samples. They are dominated by n-alkanes from nclo to nC20
with a maximum at nC13 - nCl4, e.g. Figure ©5h. There \is
slightly more of the low molecular weight n-alkanes in the
core sample at the top cof the seqguence at 2620.5 m {(and less
isoprencids) than in the two samples from c¢lose to the base.
The similarity in hydrocarbon pattern would not be expected
from the Rock-Eval resulis, which show that the basal shale/
siltstones have type II/III ke:rogen, i.e. oil-prone, whereas
the core chip from the top has type III or IV kercgen and is

only gas-prone. It is suspected that the pattern is due to

the migrated hydrocarbons similar in distribution to those
in the Ness Ffm. above 2232.26 m, i.e. 1light o©il oy
condensate.

Cook Formation (2820.5 - 2877.5% m)

Three shales/siltstones were analysed. The hydrocarbon
distribution is wvirtually the same asgs in the Drake Fm.

samples and the same conclusions apply.
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Burton Formation (2877.5 - 2963.5 m)

Six samples, two sandstones and four siltstones, were
analysed. The hydrocarbon distribution is virtually the same
in the siltsteones as in the Cook and Drake Fm. samples and
the same conclusions apply. The sandstones also have very
similar hydrocarbon distributions to the siltstones. The
main difference is a reduction in the low mulecular weight
n-alkanes, i.e. nClG - nC16 relative to the higher molecular
weight n-alkanes, i.e. nC;, - nC,,. This is presumed to be
due to greater relative loss during storage of the low
molecular weight compounds from the sandstone compared with
that from the siltstone, which is caused by the Thigher
poroesity of the sandstones, permitting more of the low

molecular weight n-alkanes to evaporate.

Amundsen Formation {2963.5 - 3040 m)
Five samples, one shale, three silty shales and a sandstone,
were analysed. The same conclusions made from the thermal

extracts of samples from the Burton Fm. can alsc be applied

te the Amundsen Fm. samples.

Statfjerd Formation (3040 - 3388.5 m)

Ten sampies, ingliuding two ceoals, Ifour

shales/silistones and
four sandstones, were analysed. In tne shales/ /siltstones and
sandstones there is wvery little difference in hydrocarbon
pattern to that in the overlving Dunlin Gp. formations,

at shales and sandstones appear to be richer 1in
nCy C16 alkanes than higher up the seguence (for
example, compare the thermal extracts of the sandstones from
3265 m (Figure 5i) and that from the Amundsen Fm. at 3025 m
(53). The reason for this is difficult to explain from

perosity differences alone.
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The two analysed <coals have similar thermal extracts in
which the dominant hydrocarbons are aromatics derived from
woody higher plant material, but also show n-alkanes from
nCyp - nCBD’ which may be due to staining rather than

in-situ generation (Figure 5k}.
Triassic (3388.5 - 3476 m, TPB)

Hegre Group (3388.5 - 3476 m, TD)

Four samples were analysed, including two sandstones and two
shales. Both shales show a distinctly narrower n-alkane
distribution than most of the Statfjord Fm. shales, except
for the deeper samples from the latter Fm. This also appears
to be the case for the sandstones and suggests perhaps that
the hydrocarbons are from a different source, or the same
source but more mature. There also appear to be more iso-
prenoids relative to n-alkanes 1in the sandstones {e.g.
Figure 51}, which is probably due partly to the higher
porosity of sandstones and perhaps preferential loss ¢f n-

alkanes over isoprenoias?
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PYROLYSIS - GAS CHROMATOGRAPHY

67 samples were analysed. Typical pyrograms can be seen 1in
Figure 6 and a pyrelysis products triangle in Figure 7.
pyreolysis GC data are listed in Table 3, Appendix 1.

Jurass;c (2422.5 - 33BB.5 m}

Viking Group (2422.5 - 2458 m)
Heather Formation (2422.5 - 2458 m}

No samples were analysed.

Brent Group (2458 - 2620 m)
Ness Formation {24538 - 2554 m)

The pyrograms of the shales, siltstones and coals confirm
the Rpock-~Eval hydrogen indices that generally they are
mostly gas-prone. Examples of pyrograms of gas-prone coals
and shaless/siltstones are shown in Figures 6a and 6b. In the
coal sample (hydrogen index 130) the main pyrclysis products
are T, — C. hvdrocarbons, t '

i

oluene, xyvlenes and certain polar
compounds which probably  include phenol and alkyl phenols
and finallv naphthaiene pilus C - T, alkvl mnaphthzlenes
{Figure &al. There 1g an unresolved hump which, though not
prominent in the pyrogram, makes up 45 % of total pyrolysis
products. These are probably mostly aromatics and NSO

compounds.

The second example (Figure 6b) 1is a gas-prone siltstone
(hydrogen index 186}). In the pyrogram there is an

appreciable amount of the alkene/alkane doublets from C5 to
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C20 and with n-alkanes up to CBO' The aromatic compounds
seen in the coal sample are also present, but the polar
compounds are less abundant. Besides, the difference in
organic matter abundance (1.1 % 1in siltsteone, 7.5 % in
coal). The main differences are in abundance of wunresolved
material and polar compounds. The abundance o©f straight
chain hydrocarbons is low in the coal, but alkene/alkanes
are present, though they are much less prominent relative to
polar products and unresolved material in the cecal than 1in
the siltstone. The difference in organic matter compesition
is probably caused by the coal being rich in vitrinite/iner-
tinite derived mainly from woody remains of higher plant,
whereas in the siltstone organic matter consists mainiy of
more resistant material (to oxidation, microbial degradation
etc.,) such as spores/pollen, inertinites and cuticular
material. In isclated cases the organic matter in the Ness
Fm. is rich in liptinites and this can be seen in the two
pyrograms in Figures 6c and 6d. The carbargillite (Figure
6d) is richest in TOC of these two samples. Based on
Rock—-Eval hydrogen index, the carbargillite 1is gas-prone
(HI=77 mgs HC/g TOC) and the shale is cil-prone (HI=286 mgs
HC/g TOC). However, the pyrograms show fairly similar pyro-
grams. They both show prominent extended series of alkene/
alkanes from Cs - Cip- abundant xvlene, toluene and the
alkyl naphthalenes. The main difference in the pyrograms
appears to be the abundance of polar compounds in the nC16 -
nClz alkane range, The prominent alkene-alkane series is
presumably duve to liptinite c¢ompenents such as  algae,
spores/pollen and cuticles preserved In an  anoxic coal
forming environment. In the case of <the cecal, presumably

r

4]

served,

iel

o
more woody materiazl of higher plants has been
th D

indicated by

The pyrograms of the sandstones show two main patterns.
bhbove 25322.2¢6 m sandstones have pvrograms deminated by
aromatics (e.g. Figure 6e), although wminor amounts of
alkenes and alkanes from C6 - Cg are present. Below and

including 2532.26 m, alkene-azlkane doublets are predominant,
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although xylenes and toluene are still abundant (e.g. Figure
6f) and there is a prominent unresolved hump. The sandstones
below 2532.26 m are interpreted to be rich in asphaltenes,
whereas above that depth asphaltenes are virtually absent.
This observation correlates with the production testing
results when above 2500 m gas - condensate was recovered,

whereas below 2537 m oil was recovered,

Figure 6g shows the pyrogram of the oil stained sandstone
from 2546 m. In this wvirtually no alkene/alkanes are visible
and the dominant features of the chromatogram are Ci - C5
hydrocarbons, toluene, xylenes, polar compounds plus a large
unresolved hump. This sandstone 1is rich 1in carbonaceous
material (TOC 8.2 %}. The main pyrolysis products of this
are those mentioned above and are typical for woody remains
of higher plants. The asphaltene content of the o¢il is a
fairly minor component in comparison to the carbonaceous
content. Therefore, the alkene/alkane doublets are much less

prominent.

tive Formation (2854 - 2620 m)

Seven sandstones were analysed. The pyvrograms are all fairly
similar to the pyrogram of the sandstone from 2544 m in the
Ness ¥m. and are interpreted as being primerily representa-

tive of the asphaltenes present in the oil. One characteris-

tic of the pyrogram is the distinct preference for alkenes
over n-alkanes between CE and C.ovr ©.G. Figure &h, which is
taken as an indicater of the presence ol asphaltenes.

Dunlin Group (2620 - 3368.5 m)

Drake Formation (2620~ 2820.5 m}

Three shale/siltstones were analysed. One siltstone core

chip sample from near the top of the formation at 2620.5 m
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and two siltstone/shale cuttings samples from near the base
of the formation at 27B0 m and 2790 m. The siltstone from
the top of the Drake Fm. cocntains kerogen type IV or poor
type III based on a hydrogen index of 71 mgs HC/g TOC.
However, the pyrogram (Figure 6i) suggests that the kerogen
has some, although minor, liguid hydrocarbon potential. This
is indicated by the series of alkenesalkane doublets from C5

C30 in which alkanes are generally more abundant than
alkenes and the aromatics, toluene and xylene, are promi-
nent. It reguires only trace amounts of liptinite for the
alkene/alkane doublets toc be prominent in a kerogen which
probably consist mainly of inertinites and other refractory
organic matter (i.e. resistant +to oxidation, microbial

dearadation etc,, during and immediately after deposition).

In contrast, the shalessiltstones from near the base of the
formation have tvpe II/III kerogen according to the Rock-
Eval hydrogen indices of > 200 mgs HC/g TOC. &Alkene-azlkane
doublets from Cg to Cyy are a major component and there is a
distinct unresolved hump {Figure 6&3j). Prist-l-ene is
present, but as a very minor component. The distribution is

typical for mature marine type II kercgen. However, the lack

of prist-l-ene and fairly high C, - C. content, ~ 15 - 16 %,
low 52 {< 10) and fairly low hydrogen index indicate a
poorer guality kerogen than in marine type II kerogen. The

reason for this lower guality is probably due to relatively

3

ot

&)

+
¥

mild anoxia during deposition, i.e. waters were probably

o

anoxic and full anoxic conditicns only cdeveloped within

fad

y!

1]

sediment.

51

Cook Formation (2820.5 - 2877.5% m)

Three shale/siltstones were analysed. The uppermcst sample
from 2825 m may have caved lower Drake Fm. shales with type
I1/I11 kerogen, since the pyrograms of the samples are
similay. However, the other itwo Cook Fm., samples more

closely resemble the pyrogram of the upper Drake Fm. sample.
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This is taken to be due to similarity in organic matter
rather than the presence of cavings (the well was cased
below the upper section of the brake Fm.). The pyrolysis
products suggest that the kerogen is mainly gas - condensate
prone (e.g. Figure 6k).

Burton Formation (2877.5 - 2963.5 m)

Six samples were analvsed, four siltstone/shales and two
sandstones. The pyrograms of the former are similar toc the
Cook Fm. samples, except that there appears to be slightly
more C, - Co hydrocarbons in the Burton Fm., samples (e.g.
Figure 61). The shales/siltstones have gas and condensate

potential. The sandstone pyrograms are dominated by benzene,

toluene, xylenes and a few other peaks in the C1 - C6 range.
Alkene/alkane doublets are also fairly prominent components
in the range from Cg = Cop- Im the range Ce to Cyg the

alkenes are nuch larger than the corresponding n-alkane
(Figure 6m). The sandsones contain residual migrated hydro-
carbons of condensate to light o0il range. The alkene/alkane
doublets may be due to traces of asphaltenes present in this
oil.

Amundsen Formation {2963.5 -~ 3040 m)

Four siltstonesshales and & sandstone were analvsed. The
pyrogram of the sandstone is similar to that of the Burton
¥m. sandstenes and the same conclusions applyv. The sili-
stones/shales pyroarams from 296> m and 2985 m are similar
in pattern to those in the Burton Fm. and have the same
hydrocarbon potential, i.e. gas ~ plus minor condensate. In

the two samples from Dbelow 2000 m, aromatics are much more
prominent relative to the alkenesalkanes (Figure 6n), which
suggests a reduction in kerogen guality toeards a mainly
gags-prone kerogen.
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Statfijord Formation (3040 - 3388.5 m)

Ten samples, including two coals, three sandstones and five
shale/siltstone, were analysed. The sandstones have similar
pyrograms to those in the Burton and Amundsen Fms., except
that the alkene/alkane homology 1is less pronounced, due
probably to a decrease in asphaltenes? The siltstone/shales,
excluding one sample from 3325 m, have similar pyrograms to
those from the Amundsen Fm., which indicates that they have
mainly gas potential. The sample from 3325 m has a pyrogram
dominated by ¢, - C5 hydrocarbons plus xylenes with trace
amounts of higher molecular weight aromatics plus alkene/

alkane up to nf This shale has & poor gas-prone Kerogen.

12°
The two coals or carbargillites (< 50 % T0C) from 3170 m and
3197 m have similar pyrograms. These are typical of coals
which have a <fair liptinite content. The main features
(Figure 60) are abundant C1 - CS hydrocarbons, toluene and
xylenes, alkyl naphthalenes and peclar compouds, all derived
mainly from the woody remains of higher plants and also
specres and pollen. In addition, there is a prominent series
of alkene-alkane doublets from C5 - C30, in which C15 - C30
compounds are almost as abundant as the cuticular and
cuticular wax from higher plants (particularly the low

alkene to alkane ratio fron C10 to C These carbargil-

).
30
lites are gas - condensate-prone with probably minor

potential for waxy oil.

Hegre Group (3388.5 - 3476 m, TD}

Four samples, including three shale/siltstones and a sang-
stone, were analysed. The shale/siltstones have pyrograms
dominated by ¢, - C?
gas-prone source rocks. The sandstone is virtually barren of

hydrocarbens and are clearly poor
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any organic material, since only trace amounts of Cl - CS

were generated,.

Figure 7 shows a triangular plot of pyrolysis products in

the ranges Cl - CS' C6 - C14 and C15+.
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EXTRACTION DATA

Thirty-three samples were extra

hydrocarbons analysed by gas
listed in Tables 4da-e,
1.

are in Appendix 4.

The data are plotted in Enc

in Figure 8 and typical arcomatic

Jurassic {(2422.5 - 3388.5 m)

Viking Group (2422.5 - 2458 m)

(2422.5 ~ 245

Heather Formation

No samples were extracted.

Brent Group (2458 - 2620 m)
Ness Formation (2458 - 2554 m)
Etive Formation (2554 - 2620 m

chromatograms.
Table 5 and Table €,

ceoLABBINOR
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the

are

fracticnated and
The data
&ll in
The

cted,

Appendix
N

losure 2. chromatograms

Typical saturated chromatograms are shown

chromatograms in Figure 9.

g m)

Seventeen core chip samples were extracted. These included
five sandstones, two from the gas column anc rest from the
0il golumn, two g¢oals (> 50 % TOC!, +itwo carbargillites
{20.6 % and 30.2 % TCCi, seven black cor dark grey, Drown-
grev sheiess/siltstones with TOC from 1 to 2 %.

The amount of EOM in the sandstones increases dramatically

within the o0il column,

column EQOM contents increase
2468.3 m to
©il contact 2532.26 m,

m to 7525

at

sample at 2537.65

as might
downhcle
2061 ppm at 2491.5 m to 3533 ppm near the
There
ppm and 12422

In the
3

be expected. gas

from @t ppm at

gas -
the

m.

is marked increase in
ppm at 2544
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{Between 2544 and 2602.74 m EOM contents range from 9491 -
12864 ppm. The sandstcone below this at 2616.33 m has a
decreased EOM content of 4834 ppm. Content of saturated and
aromatic hydrocarbons follows the same trend, i.e. 536 -2741
ppm in the gas column sandstones, as from 5644 to 10221 ppm
HC in the o0il column}.

The lowesti sandstone has only 4235 ppm extractable hydro-
carbons. The content of non hydrocarbons, including NSC and
asphaltenes, shows a fairly distinct trend with less than
1000 ppm down to 2532.26 m and from 1000 - 3000 ppm between
2537.65 m to 2602.74 m. The lowest sample also has less than
1000 ppm non hydrocarbons. The low content of hydrocarbons
and particularly non hydrocarbons in the deepest sample from
2616.33 m may indicate that the bottom few metres of the
Etive Fm. sandstones are bpelow the oil - water contact, or
for some other reascn the asphaltic content is much lower in

the oil at the base of the formation.

The saturate to aromatic ratic in the sandstones varies from
1.1 in the gas zone to 2.4, but most values are from 1.5 to

1.9, making the oil fairly aromatic rich.

The amount of EOM in carbonaceous shales and coals depends
on three factors, amount of organic matter, type of organic
matter and degree of staining by migrated hvdrocarbons. The
two most  important are the <first and last factors. For
example, the coals have very high TOC contents and cor
spondingly high EOM contents (> 50 % TOCT > 50000 ppm  EOM)
winile the siltstone from 2541 m has oniy 1 % TOC and & high

EOM content of 3482 ppm compared with shal

D
h
]
O
=
(]
i1
}——l
n
(¥
=

with a T0C of 1.8 % and only 785 ppm EOM. The indigenous
crganic matter in all the shales and coals in the Bre

is relatively immature and consists mostly of type 111
kerogen and therefore should be poor in saturated relative
to aromatic hydrocarbons. The degree cof staining can be
roughly gauged £from the saturate to aromatic ratiocs and

percentage of hydrocarbons. For many of the richer shales
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and the coals, the saturate teo aromatic ratio is less than
1, suggesting they are not heavily stained, but the overall
percentage of hydrocarbons 1is fairly high in most shales,
>40 % up to B0 % and it is probable that they are all

stained to some extent.

puniin Group {2620 - 3388.5 m)
Drake Formation (2620 - 2820.5 m)

Two shales/siltstone samples from near the base of the
formation (2720 - 2790 m) were analysed. These have type
II/II1 kerogen based on Rock-Eval and pyrelysis-gc results.
The amount of EOM is very similar in both ({2385, 2417 ppm
EOM) and suggests a rich source rock. Amounts of extractable
hydrocarbons are 1562, 1868 ppm HC and comprise more than
60 % of total EOM. This is high for what are regarded as
moderate - early mature type II/III kerogens and this 1is
presumably due to the presence of migrated hydrocarbons or a
contaminant source of Thydrocarbeons such as diesel used in

the drilling mud.

Cook Formation (2820.5 - 28B77.5 m)

One shazle was analvsed from 2865 m. The amount of EOM and

similar to that of the Drake Fm,

e Drake Fm. samples). This shale is s n
hydrocarbons and probably mere so than in the Drake Fm.,
where in-situ generated hydrocarbons have contributed more
to the total EOM (the kerogen is more oil-prone in the Drake

Fru. shales).
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Burton Formation (2B77.5 -~ 2963.5 m}

One siltstone sample was analysed, although this sanmple,
from 2965 m, includes material from both Amundsen and Burton
Fms. The amount of EOM is similar to that in the Cook Fm.
shale (2816 ppm EOM compared with 2523 ppm ECM). The amount
of extractable hydrocarbons is much less (1141 ppm compared
to 1822 ppm HC). Saturate to aromatic ratio is very high, so
that the hydrocarbons are probably mainly migrated.

aAmundsen Formation {(2963.5 - 3040 m)

Two shale/siltstone samples were analysed. The TOC content
and kerogen type is similar to those of the Cook and Burton
Fm. samples, but the ampunt of EOM is higher (3181 ppm and
3815 ppm EOM). Only in the sample from 3020 m 1is the amount
of extractable hydrocarbons any higher (2847 ppm HC). Satu-
rated hydrocarbon content is markedly higher than in the
Cook Fm. samples. In both cases saturate/aromatic ratiocs are
high and the hydrocarbons are probably mainly migrated or
possibly contaminants.

Statfjord Formation {32040 - 3388.5 m)

Three samples were analvsed. A sandstcne from 3080 m, a cozl
from 3170 m and a shale from 33I5 m.

The c¢oal, as expected, has the largest EONM content
{

3

—#

d with the shale

]
-

e
{17267 ppm EOM) compar 47 ppm EOM) and
a

e
sandstone (1624 ppm EOM)}. The sandstone has almost as much

a
saturated hydrocarbons as the coal (920 ppm SEC compared
with 1393 ppm SHC), but much less of the aromatics (162 ppm
AHC compared with 2708 ppm AHC). This is due to the nature
of the organic matter. 1In coals hydrocarbons are often
aromatic rich, in the sandstone the hydrocarbons have either

migrated from a very mature source (based on the very high
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saturate/aromatic ratioc of 5.7} or 1is from contaminant

hydrocarbons used as a mud additive.

The content of extractable hydrocarbons 1in the shale from
3325 m is very low {456 ppm EHC), but NSO content is wvery
high and aromatic hydrocarbons are much more abundant than
saturates {saturatesaromatic ratio is 0.2}. This suggests
either & wvery poor kerogen type from which saturated
hydrocarbonsg cannot be generated, but normally neither can
NS0 compounds. It may be that the EOM ceonsists mostly of the
heavy residue of migrated hydrocarbons (or possibly 1is

affected by some mud additive such as asphalt?).

Triassic (3388.5 - 3476 m, TD)
Hegre Group (3388.5 - 3476 m, TD)

Two samples, a sandstone (3430 m) as a shale (3475 m), were
analysed. The shale sample has a similar EOM and extractable
hydrocarbon content (2214 ppm EOM, 1285 ppm HC)} as the Cook
and Burton Fm. shale/siltstones and presumably is also
stained with a saturated hvdrocarbon-rich migrated oil or
contaminant. The sandstone has & much lower ECM than other
sandstone higher in the seguence (414 ppm EOM, 311 ppm BHC
compared with > 1000 ppm EOM and 10020 ppm HC), however,
normalised to TCC the values indicats the sandstone (173 mgs

111 stained.

e

EOM/g TOC and 130 mgs HC/g TCC) 1s s
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Saturated Hvdrocarbons

Jurassic (2422.5 - 3388.5 m}

Viking Group (2422.5 - 2458 m)
Heather Fm. (2422.5 -~ 2458 m)

Nc samples were analysed.

Brent Group (24538 - 2620 m)
Ness Formation (2458 - 2554 m)
Sixteen samples were analysed.

Many of the shales, siltstones and c¢oals are stained by
migrated hydrocarbons, sc¢ that the dominant saturated
hydrocarbon distribution is very front-end biased with a
maximum between nCiq - nc, - The main n-alkane envelope in

this is from nC, to nC

11
Ba) and shale from 2474 m (Figure 8b}. In some samples

5gr €+G- the coal from 2460 m (Figure

indigenous hydrocarbons are visible, such as in the coal
from 2507.5 m (Figure 8c¢}. I n

staining is still eviag

sediment with mostly higher plant remains 1s the prominent
n-alkane envelope from nCyg ~ nCic, with strong odd n-alkane
preference over the same range. The low pristane/phytane
ratic of the c¢oal at 2460 m is more in c¢haracter with
staining from the oil than condensate. This may represent a

separate isolate cil section?
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Figures 8d and 8e show saturated hydrocarbon gas chromato-
grams of typical examples of the migrated hydrocarbons in
the gas - condensate interval and the cil zone respectively.
The main differences between the two are the more prominent
nCZO - nC;, range and slightly lower pristane/phytane ratio
of the o0il compared with the condensate (1.5 compared with
2). Condensate-~-range hydrocarbons appear toc be present in
siltstones in the oil interval. This distribution may be due
to the porosity ¢f the siltstones in the oil interval., This
distribution may be due to the porosity of the siltstone
being sufficient to retain the lower molecular weight hydro-
carbons but not the higher molecular weight hydrocarbons of

the ©il.

Etive Formation {2554 - 2620 m)

The digtribution of saturated hydrocarbons in the five
analysed sandstones is similar to that of the sandstone in
the Ness Fm. from 2544 m, except that the pristane/phytane
ratio is lower (1.2 - 1.4 compared with 1.5}). The analysed
sandstone from 2616.33 m near the base of the formation
shows a slightly different n-alkane distribution to the
other sandstones in that there are less n-alkanes from nClS

- nCyy relative to nC,,+ alkanes (Figure 8f). This sample

20
also has much less NSO material. It may be that this sample
represents a residual  Thydrocarbon zone which is below the

il water contact.

Dunliin CGreoup {2620 - 3388.35 m}

Drake Formation (2620 - 2B20.5% m)

mil

Two siltstone/shale samples from near the base of the

formation were analysed. These contain moderate - early
mature type II/III kerogen and should have generated only

minor amounts of hydrocarbons. The saturated hydrocarbons in
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both samples are dominated by nCy, - nlyy alkanes with a
pristane/phytane ratio «close to 1.5 (Figure 8g). It Iis
considered that these samples are stained with migrated
hydrocarbons similar to the condensate or oil in the Brent

Group.

Cook Formation (2820.5 -~ 2877.5 m)

One shales/siltstone sample from 2865 m was analysed. The
saturated hydrocarbon distribution is virtually identical to
that of the Drake Fm. samples and the same conclusions

apply.

Burten Formation {(2877.5 -~ 2963.5 m)

One shale/siltstone sample from 2895 m was analysed, it has
a similar saturated hydrocarbon distribution to the Cook and
Drake Fm. samples and, 1like them, 1s stained with migrated

hydrocarbons.

—

Amundsen Formation (2963.5 -« 3040 m)

Two shale/ /siltstone sanples were analysed and the sane
observations and conclusions made on the other Dunlin Gp.

samples also applies to these samples.

gtatfiord Formation (3040 -

-l

Lk

382.5% ms

Three samples, a shales/siltstone, a sandstone and a coal,
were analysed. The migrated hydreocarbons seen in the other
Dunlin Gp. samples 1s present in all three samples. The
saturated hydrocarbons of the sandstcne (Figure 8h) are more
similar in distribution to the oil (Figure 8d) from the

tive Fm. than the condensate in the Ness Fm. (Figure Be).
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There are at least two possible explanations for the same
migrated hydrocarbons in both Statfjord and Etive Fms. One
explanation is that the same type of hydrocarbon from the
same source have migrated through both formations, but has
only accumulated in the Brent. Another possible explanation
is that oil/condensate expelled from the Brent Gp. during
drilling has contaminated the drilling mud, consequently oil
entrained in the mud has stained all lithologies below the
Brent Gp. This effect should be lessened below the 9 5/8"
casing set in he middle cf the Drake Fm. However, oil
present in the drilling mud tends to remain in circulation

unless complete replacement of mud type occurs.

The shale/s/siltstone from 3325 m has an identical saturated
hydreocarbon distribution to the other Dunlin Gp. samples
and, as discussed above, is stained with migrated or

contaminant hydrocarbons.

In the saturated hydrocarbon gas chromatogram of the coal/
carbargillite £rom 3170 m there are several features
characteristic of higher plant dominated organic matter
which are partly masked by staining with the same migrated/
contaminant hydrocarbons seen in  the other Dunlin Gp.
samples. These features include high pristane/phytane ratio
{~ 2.9) and distinct odd n-alkane preference from nC22 to
20° Biomarkers are also present as indicated by the peaks
eluting between nC, - nCg,. The latter plus the distinct

dd n-elkane prefer e probablily indicates that the cosl 1is
early mature at most. However, the mature 01l staining means
s r than they would be,

- €
that to eassess the maturity on  these
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Triassic (3388.5 - 3476 m, TD)

Hegre Group (3388.5 -~ 3476 m, TD)

Two sandstones were analysed. They have similar hydrocarbon
distribution to the Statfjord Fm. sandstone. The differences
in relative abundance of Cl5 - Cyp in these two is probably
not significant and is due to either differences in

porosity, differences in TOC content or clay content etc.

Aromatic Hydrocarbons

Jurassic (2422.5 - 3388.5 m)

Viking Group (2422.5 -~ 2458 m)

Heather Formation (2422.5 - 2458 m)

No samples were analysed.

Brent Group (2458 - 2620 m)

Sixteen samples were analysec. Migrated condensate randgs
nvdrocarbons are present in the interval down to at  least

2500 m as demonstrated by the thermal extract and saturated
hydrocarbon distributions. The aromatic hydrocarbons
representative of the condensate are best shown in the sand-
stone sample from 2468.3 m (Pigure Yaj}. In this sample pesaks
representing Csmv C3~naphtha1enes and Cl— and Cz—phenanm
threnes are egually abundant. The dominant compound is

phenanthrene. Sulphur aromatics, such as dibenzothiophene
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(pBT) and methyldibenzothiophenes (MDBT), are present as
fairly minor components, Ifor example the DBT/P ratio is only
$0.29. The maturity cf the source of these hydrocarbons based
on MPI 1 ratio is 0.7 - 0.8 % Ro, which is within the range
for early oil generation and expulsion from marine type 1II
kerogen, i.e. these hydrocarbons have not been generated
within the ‘“condensate window"” which ccocurs at wvitrinite
reflectance values of 1 % to 1.3 % Ro. The sulphur arcmatic
distribution seen in Figure 9b is contaminated by free
sulphur (marked by an asterisk). The high 4/1 MDBT (5.9) and
low 3+2/1 MDBT ratio {0.9) suggests a fairly mature source,
but not of condensate window maturity. Abundant biphenyl is
seen in samples which are either highly mature or from land
plant dominated sediments, Biphenyl is abundant in all
samples, particularly in coals, but also in the migrated
condensate range hydrecarbons. It is suspected that the
reason for the 1latter is due to the solvent effect of the
condensate percolating through the carbonaceocus sediments in
the Ness Fm.

Identification of the indigenous aromatics o¢f the organic
matter in the shales/siltstones and coals is difficult and
there seems to be little difference in the aromatics of
coals and sandstones. For example, one of the leasit contami-
nated coals based on the saturate hydrocarbon distribution
(e.g. Figure 8¢} is in contrast very little different in

aromatic hydrocarbon distributicon (Figure %e) to that of the

-

condensate~range migrated hydrocarbons present in sandstones
o

(e.g. in Filgure Y%za). This 1 mainly due tec he dominant
arcmatic compounds i1n the coal and condensate covering the
same retention time vranaoe, L.e. the domlnant aromaetics in
the coal are alkyl naphthalenes and phenanthrenes which are

also those in the <condensate. Only higher meclecular welig

(g
o

aromatics in the coals should be significantly different.

The distribution of alkyl naphthalenes and phenanthrenes in

the coals are affected by the migrated hydrocarbons.
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The aromatic hydrocarbons o©f the migrated hydrocarbons in
the oil beneath the gas-condensate zone are much poorer in
alkyl naphthalenes relative to phenanthrenes than the
condensate {(Figure 9d). This 1is due to losses of the alkyl
naphthalenes through evaporation during storage o¢f the
cores, as well as the greater abundance of alkyl phenan-
threnes and higher molecular weight aromatics in the oil. It
is difficult to determine the maturity of the source of the
vil so as to compare them with the condensate, since most
maturity parameters depend on measuring alkyl naphthalenes
and phenanthrenes and these are wvirtually absent or the
relative distribution has been altered so that ratics are
inaccurate. It appears from the 271 MP ratios that the
maturity may be slightly higher for the oils, however, loss
of 2MP relative to 1MP during storage of cores cannot be
ruled out, so the ratio is probably inaccurate. The distri-
bution of sulphur aromatics seen in the FPD trace of the
sample from 2544 m (Figure 9e) is very similar to that of
the condensate seen in Figure 9b and suggests that there 1is

very little difference in maturity (or source).

Etive Formation {2554 - 2620 m)

The five analysed sandstones have a similar arcmatic  hydro-
carbon distributions te that of the Ness Fm. sandstone at

2544 m and the same observations apply.
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3I3885.5 m)
Drake Formation (2620 - 2820.5 m)

Two shalessiltstones were analysed, both have a narrow range
of aromatic hydrocarbons relative to that seen in the oil
and condensate from the Brent Gp. Alkyl naphthalenes are
only minor components relative to phenanthrene (which is the

dominant compound in the chromatograms) and the Cl—phenan—
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threnes (Figure 9f). There is an increase in the 342 methyl-
phenanthrenes relative to the 9+1 compounds in the Drake Fm.
samples over that seen in the Brent Gp. samples. This
suggests that the source of the hydrocarbons in the Drake
Fm. is more mature than the Brent Gp. hydrocarbons. (2/1 MP
ratio is ~ 0.9 - 1 in Brent and > 1.1 in Drake Fm.). This is
supported by the change in distribution of the dimethyl
dibenzothiophenes seen in the FPD trace of the aromatics
from the sample at 27%0 m {(Figure 9g). In this the first two
peaks (1 and 29 m Figure 9g) are larger relative toc the
second two peaks (3 and 4 in Figure 9g) in the aromatics of
the sample from 2790 m than on the Brent Gp. samples. This
change in relative distribution has only been seen with

increase in maturity.

Cook Formation (2820.5 - 2877.5 m)

One sample was analysed, it has virtually the same aromatic
hydrocarbon pattern as the Drake Fm. samples and the same
conclusions apply.

Burton Formation (28B77.3% -~ 2867.5 m)

The same cbservations and conclusicns were made for the

analysed sample from this formation as in the overlying Coock

and Drake Fms.
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Amundsen

The same observations and conclusions were made for the two
analysed samples from this formation as in the overlying

Coo¥, Drake and Burton Fms.
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Statfjord Formation (3040 - 3388.5 m)

The same observations and conclusions were made for the
sandstone and shale/siltstones as in the overlying Amundsen

Fm.

The coal, in contrast, shows an abundance of &lkyl naphtha-
lenes (Figure 9h) presumably derived from the indigenous
organic matter. Maturity based on alkyl naphthalenes 1is
estimated to be no more than early mature, although the low
DMNR and MNR may be partly due to loss of these components
during sample preparation.

Triassic (3388.5 - 3476 m, TD)}

Hegre CGroup (3388.5 - 3476 m, TD)

The two analysed samples (one sandstone and one shale) have
similar arcomatic hydrocarbon distribution to the Dunlin Gp.

shales/siltstones and the same observation apply.
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VITRINITE REFLECTANCE

Thirteen ditch cuttings samples and five core chip samples
were analysed from the interval 2410 m to 3400 m in the well
NOCS 30,/6-9.

A vitrinite reflectance versus depth plot is shown in Figure
10 and thermal maturity data is tabulated in Table 7.

Vitrinite reflectance histograms are found in Appendix 2,

The upper three analysed samples (2410 m, 2476 m, 2484 m)
are characterised by their dominance of inertinite and
reworked phytoclasts in a shale/clayvstone lithology and an
intermediate carbargillite {2476 m). Vitrinite is poor to
fair in guality and present in only trace to low proportions
throughout this interval. The carbargillite contains minor,
low reflecting liptinitic material. Organic bitumen staining
is trace to light at 2410 m, moderate to strong in the clay-
stone matrix at 2476 m and light to moderate by 2484 m.
Spores, fluorescing yellow-orange to light orange (5CI 4-5),
with a moderate intensity, are minor at 2410 m, where algal
cysts dominate the moderately rich liptinite fractien. The
lower carbargillite is rich in liptinite which is dominated
by amorphous liptinite and bituminite with significant light

orange {(SCI 5) flucrescing spores and minor algae. By 2484 m

liptinite is only trace to low and comprised ¢f scattered
spore shreds flucrescing z light orance {8CI 5) colour, with
z moderate intensity.

The Zollowing two bulk samples (2525 m, 2535 m} incorpoerate

a shale/claystone, coaly claystone and carbargillite. Both
sampies are rich in fair to good guality wvitri
present with significant microinterlaminations of inerti-
nite. Organic staining is moderate but strong in the carbar-
gillite. Observations in fluorescence light show that both
samples are rich in liptinite. This fractieon is dominated by

sporomorphs with minor to significant bands of amorphous
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material and algae. At 2525 m tennuispores fluoresce vellow-
orange to light orange (SCI 4-5}, but by 25335 m they fluor-
esce with the same low intensity, but are light orange in
colour (SCI 5}.

A marl core chip sample (2587.77 m) is Dbarren of organic
matter and no determinations were possible  on this

lithology.

From 2624 m through 2985 m an organic rich, pyritic shale
passes into a shale «claystone lithology. Throughout this
interval large inertinite phytoclasts dominate with high
proportions of bituminite. Vitrinite is, moreover, of fair
guality, but poor at 2785 m and poor to fair at 2985 m.
Organic bitumen staining is strong to 2785 m and thereafter,
is light to moderate. Bitumen wisping is absent at 2624 m;
moderate to strong at 2785 m; high at 2830 m and decreases
gradually to low between 2860 m and 2985 m. In UV light the
samples between 2624 m and 2985 m are moderately rich to
rich in liptinite and contain a dominance of algae, with
significant spores and dinoflagellate cysts and minor
amprphous and liptodetrinite. Fluorescent bituminite and
fluorescing hydrogen~rich vitrinite are significant in the
samples at 2830 m and 2950 m. Spores throughout the interval
2624 m to 2985 m fluoresce a light orange colour (SCI 5)
with a moderate intensity, except at 2985 m, where spores
fluoresce light orange to mid crange {8CI 5.5), with a low

intensity.

1
0
o
o]
jon
®
ry
™
rt
h

e
marl, clavstone and vcarbargillite lithelogies. These three
samples are rich in inertinite, but contain significant
proportions of poor to falr guallity vitrinite at 3110 m, but
good guality vitrinite at 3170 m and 3197 m. Organic bitumen
staining is low in 2ll samples. The rich liptinite fraction
in the claystone at 3110 m is dominated bv algae with signi-
ficant amorphous, spores and minor dinoflagellates; the marl

at the same depth is barren. Spores fluoresce a light to mid
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orange colour (SCI 5-6) with a moderate intensity. Partial
oxidation is noted in some spores at this depth., The lower
two samples have a rich and mixed algal and amorphous
dominated liptinitic assemblage, with subsidiary spores and
cuticles. Spores fluoresce light to mid orange (8CI 5-6)

with a moderate intensity.

The lower two samples contain a marl and a claystone litho-
logy which are extremely lean (barren) in organic material.
They contain scattered inertinite and onliy at 3400 m a low
proportion c¢f poor to fair guality vitrinite. Organic
staining is trace to 1light. From UV light observations the
liptinite fraction is very low, but comprised of scattered
algae and spore shreds which flucresce a light orange colour
{8C1 5} with & moderate intensity. Partial oxidation 1is
noted at 3325 m.

Vitrinite reflectance values increase over the 990 m section
with minor £luctuations. Vitrinite reflectance increases
from Ro 0.51 % (10 readings) at 2410 m through Re 0.54 % (41
readings) at 2525 m to Ro 0.56 % {26 readings) at 3170 m.
There is & slight drep in reflectance to Ro 0.54 % (23
readings) by the base o©f the analvsed section {3400 m}.
There iz a good correlation between spore fluorescence and

vitrinite reflectance data in this well.

From the abhove data a thermal maturity profile is proposed
This indicates this well 1s mocerately mature, passing into
maturitv (Ro (.Zf %} for oeoil-prone crganic matter by  the
approximate depth of 2850 wm {(Ro £.860 % 3230 m) Extrapolia-
} keoil gensration
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VISUAL REROGEN COMPOSITION

Figure 11 shows a triangular plot of the kerogen composition
for the well while Table 8 lists the detailed kerogen

composition for the samples examined.

Kerogen type is discussed with respect to the stratigraphic
units of the well. Thermal maturity estimates based on spore
colour index and spore fluorescence are presented in general

terms for the well as a whole.

Fifteen samples were examined optically for this well. These
were from the depth range of 2410 m (Cretacecus - 3Shetland
Gp.) to 3400 m (Triassic - Hegre Gp.).

Kerogen Typing

Cretaceous {2280 - 2422.5 m)

Shetland Group (2280 -~ 2422.5 m}

One sample of medium grey shale/claystone was examined £from

this interval at 2410 m.

This contained onl; acressor

reworked soxidized mate {of mostly terre
sporespellen and algae belng present only In minor  amounte.
Vitrinite is dominant (80 %), mai

subordinate telinite and amorphinite. Accessory 1lnertinite

is also present.

This kercgen assemblage is considered to have only limited

potential for the generation of gaseous hydrocarbons.
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Jurassic {(2422.5 ~-3388.5 m)

Viking Group (2422.5 - 2458 m)
Heather Formation (2422.5 - 2458 m)

One sample was examined from this interval, a composite
sample of medium grey to dusky yellow-brown from 2433, 2445
and 2450 m, listed as 2450 m.

The composite sample contains only accessory (10 %) lipti-
nite, mainly as reworked material of mixed origin, together
with spore/pollen {oxidized), algae and trace dinoflagel~
lates. Vitrinite is strongly dominant (80 %), being
predominantly vitrodetrinite with subordinate telinite and

amorphinite. Accessory inertinite is also present.

This sample, which may well contain a significant caved
component and which therefore may not represent the Heather
Fm., has potential only for the generation of gaseous hydro-

carbons.

Ness Formation (2458 - 2554 m)

Four samples were examined Irom  the Nesz Im. interval, &
pale yellow-brown/light-dark grey siltstene Irom ceore chips
at 2470 m, & coal <from 2476 m, and two Drownish grey/light
brownish grey siltstones from core chips at 2501.5 and
25531 m.

The uppermost siltstone sample contains significant (20 %)
, mainly as spore/pollen and algae, but also

e
g amorphinite (with good quality £luffy, green
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fluorescent material), liptodetrinite and possibly bitumi-
nite. Vitrinite is dominant (75 %), mainly as telinite with
minor quantities of hydrogen-rich varieties, collinite and
amorphinite. Minor inertinite 1is also present. The kerogen

assemblage i1s generally somewhat coaly in appearance.

T"he coal sample from 2476 m contains moderately abundant
(30 %) liptinite, predominantly as spores/pollen and lipto-
detrinite together with trace algae. Vitrinite is dominant
(65 %), this being somewhat more fine-grained and vitro-
detrinite-rich for a coal. The sample could rather be termed

as carbargiilite., Minor inertinite is also present.

The two lower siltstone samples contain generally
significant to moderately abundant liptinite (15 - 25 %),
mainly as spore/pollen and algae with subordinate reworked
material, algal (?) amorphinite, cuticle and traces of dino-
flagellates. Vitrinite, which is of a coaly nature similar
to the upper siltstone sample, is strongly dominant (70 -
80 %).This is mainly as telinite which is partly hydrogen-
rich in the sample from 25C1.5 m. Only minor inertinite 1is

present.

From the samples examined, +the Ness Fm. siltstones and
coals/carbargillites have generally mixed marine/terrestrial
kerogen compositions which are mainly gas-prone. In the
upper levels, however, the kerogen guality is much better,

including significant marine algal material, such that cil

on
generated in these lithologies.

mav alsc bhe
Etive Formation (2354 — 2620 m)

No samples were examined from this interval.
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Dunlin Group (2620 - 3040 m)

Drake Formation (2620 - 2820.5 m)

One sample of brownish to medium grey siltstone was examined

from this formation at 2780 m.

Thisg contained & rich, strongly dominant centent of lipti-
nite (85 %), mainly of good quality algal amorphous material
and well preserved hydrogen-rich algae. Sporespollen and
dinoflagellates are also present. Vitrinite is significant
at 15 %, this being in the form of hydrogen~-rich telinite

and amorphinite. Only trace inertinite is present.

This pyritic, marine assemblage 1is clearly capable of

generating mainly oil.

Cook Formation (2820.5 -« 2877.5 m)

One sample of brownish to medium grey siltstone similar to
that above was examined from the Cook Fm. interval at
2835 m. This appears to be in-situ.

This siltstone contained abundant (40 %) liptinite, mainly
as reworked mixed algal/spore material, together with

amorphinite, spore/pollen, cuticle, algae and dincoflagel-

(a3

g5. Vitrinite is dominant at 60 %, mainiy in the form of

a

ot

vitrodetrinite with subordinate telinite {inciuding
hydrogen-rich varieties) an¢ amorphinite. Only trace
inertinite is present.

The Cook Fm. siltstone has therefore a kerogen composition
of mixed provenance which is probably capable of generating
mixed o0il and gas hvdrocarbons, with a probable bias towards
the latter.
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purton Feormation {2877 - 2963.5 m}

One sample of brownish to medium grey siltstone outwardly
similar to those of the Drake and Ccok Fms,., was examined

from 2895 m., This is probably in-situ.

The Burton Fm. siltstone contains abundant (B0 %) liptinite,
mainly as reworked spore material and algae, with subordi-

nate spore/pollen, cuticle and dinoflagellates. Vitrinite is

O

dominant at 65 %, this being mostly of wvitrodetrinite,
together with telinite and amorphinite. Only minor {5 %)

inertinite is present,

Such a kerogen assemblage, of mixed marine and terrestrial
origin, with low pyrite <content, may be considered capable

of generating mainly gaseocus hydrocarbons.

Amundsen Formation (2963.5 - 3040 m)

Two samples of brownish to medium grey shale and siltstone
were examined from 2965 and 303C m respectively. These may
be either in-situ or caved from the overlyving Burton/Cook

Fms.

Both have moderately abundant (25 - 35 %)

as terrestrially-sourced components (lipt
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inertinite cccurs in these lithclogies.

The samples examined from the Amundsen Fm. interval can be
considered as having potential for the generation of mainly

gaseous to gas-only hydrocarbons.



~51- GEoLABMINOR

GEOCHEME, AL LABORATTHIES OF NORWAY &%

In summary, within the Dunlin Gp. there appears to be a
decrease in kerogen guaility with depth, from having oil
potential in the Drake Fm. through potential for mainly gas
in the Cook and Burton Fms. to mainly gas or gas only in the

Amundsen Fm,

Statfjord Formation (3040 - 2387.5 m)

Three samples were examined from the Statfiord Fm. interval,
consisting of two brownish to medium grey shales from 3110 m
and 3325 m, and a coal from 3170 m.

The upper shale sample contains moderately abundant lipti-
nite (30 %), this Dbeing mainly 1in the form of sporoform
liptodetrinite and algae with subordinate spore/polien,
cuticle, dinoflagellates and traces of bituminite. Vitrinite
is dominant (70 %), mainly as reworked material together
with telinite and amorphinite. Only trace inertinite 1is

present.

The c¢oal sample from 3170 m (in-situ) contains only
accessory (10 %) liptinite, mainly as spore/pollen with sub-
ordinate cuticle and &algss., Vitrinite is strongly dominant
(85 %), mainly as telinite/ /cellinite and amorphinite (with

very dull brown fluorescence, i.e. low-bituminous).
The lower shale sample has a distinctiv different kerogen

ontains moderately abundant fine-crained, po
liptinite (23 %}, which 1z overwhelminagly algal compositions
shreds and £fine grained algal «cvsts with abunda

n
flagellates). Only traces of sporespollen occur. Vitrinite

M

is dominant (7% %), predominantly as reworked material

together with telinite and amerphinite which includes

hydreogen-rich variaties. Only trace inertinite is present.
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The kercgen compositien of these samples suggests the
Statfjord Fm. shales and coals to be generally capable of
yielding mainly gaseous hydrocarbons. However, the lowermost
sample has a distinctly marine, algal-rich aspect which
suggests that the lower horizons may alsco at least locally

be capable of generating oil.
Triassic (3388.5 - 3476 m, TD)

Hegre Group (3388.5 - 3476 m, TD)

One sample of brownish to medium/dark grey shale was
examined from the Hegre Gp. interval at 3400 m.

This shale contains abundant (50 %) liptinite, predominantly
as liptodetrinite and algal amaterial, together with
spere/pollen, cuticle, common dincflagellates and traces of
amorphinite. Witrinite is also abundant (45 %), mainly in
the form of wvitrodetrinite with subordinate telinite.

Inertinite occurs in only minor guantity.

hrcording te the proportion of liptinite in this sample, the
lithology may be capable of generating mixed ©il and gas.
However, since there 1s an appreciable guantity of reworked
(mainly sporoform) material, it is likely that the hydro-

carbons generated will be mainly gaseocus,

lour Index, Spore Fluorescence)

According to spore colour index determinations, samples from
the Shetland and Viking Gps. are immature to moderately
mature. Moderate maturity is certainly reached in the Brent

Gp.: Ness Fm., however. Below this, the well appears to be
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moderately mature as far as the Dunlin Gp.: Burton Fm.. From
here to TD the well appears to border between mcderate
maturity and oil window maturity. According to the linear
regression line for S5CI data, the top of the oil windew (SCI
6.0) occurs at approximately 319C m for type II kerogen,
i.e. within the Statfjord Fm.
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ISOTOPE ANALYSIS OF C15+ FRACTIONS

A total of seven samples were analysed for carbon isotopes
(clBC} of the saturated, aromatic, NSO and asphaltene
fractions. The data are listed in Table 9 and 9B and shown
in Figqure 12. Information from papers of Martin Scheoell and

Zvi Sofer are used in the interpretation.

Middle Jurassic (2458 - 2620 m)

Brent Group {2458 - 2620 m)

Ness Formation (2458 - 2554 m)

Three samples were analysed, all of them are core chip
sanples (from 2468.30 m, 2527.5 m and 2544 m). The sample
from 2527.5 m consists of claystone, while the other two
consist of sandstone. The upper sampie has an isotope
composition different from the other samples {see Table 9)
and it plots differently (see Figure 12). This could be due
to mixing effects; the sample containing partly migrated
hydrocarbons, partly locally generated hydrocarbeons. The
middle sample ({(claystone) is <clearly different from the
lower sample of the Ness Fm. and of the Etive Fm. samples,

but resembles somewhat the Statfjord Fm. sample. The middle

sample (the c¢laystone sample from 2Z5Z7.5 m! plots in  the
terrestrial part of Figure 12 and 18 thought to represent
in—-situ generated hvdreocarbons in a2 non-marine ceposit  in

o!
the Ness Fm. This could have contributed to the hydrocarbons
found in the upper sample. None cof these two upper samples
seem to be in the "oil-zone” of the Ness Fm. The lower
sample (from 2544 m) in the Ness Fm. has isotope data

identical to those for the Etive Fm. See discussion below.
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Etive Formation (2554 - 2620 m)

Three samples were analysed, all of them are sandstone core
chip samples (from 2576.4 m, 2602.74 m and 2616.33}. These
three samples have almost identical isotope data (see Table
9 and 9B) and they plot in the same area (see Figure 12,
These samples (pius the lower Ness Fm. sample) are similar
to the Oseberg 0ils analysed (not surprising} and also
resembles closely the Frigg ©il. These four samples are

believed teo come freom the same marine source,

Lower Jurassic (2620 -~ 3398.5 m)

Statfjord Formation (3040 - 2298.5 m}

One sample was analysed, a sandstone cuttings sample from
3090 m. The isotope data show that the sample is fairly
similar to the claystone sample from the Ness Fm., i.e. it
is clearly terrestrial. The hydrocarbons are believed to be
generated at least partly in-situ from the  ‘“carbargillites™
and clavstones of the Statfjord Fm. Hydrocarbons generated
in the Dtatfjordéd Fm. do, however, not seem to affect the

Ness and Etive Fm., hydrocarbons.
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GAS CHROMATOGRAPHY - MASS SPECTROMETRY

Seven sandstone samples, including six core samples from the
Brent Gp. and one cuttings sample from the Statfjord Fm.

t

were analysed by GC-MS.

Saturated Hydrocarbons

Terpanes

The M/Z 163 fragmentogram shows that hopane compounds are
much more abundant than steranes. Figure 13a ig taken as =z
representative sample of the sandstones, which all have very
similar fragmentograms. The dominant hopanes are the Chg TO
Csc hopane in which the Cap ok compound or «ff hopane 1is
dominant., Other prominent peaks are the 25,28,30 trisnor-
hopane (moretane) and 28,30 bisncorhopane. Minor components
are 18 w{H) 22,29,30 trisnorhopane and what it probably =&
629 demthylated hopane, with a retention time just after the
28,30 bisncrhopane. The M/Z 177 fragmentogram 1is also used
to monitor demethylated hopanes. 1In the sandstones these
include the 25,28,30 trisnorhopane (moretane), a bisnor-
hopane and 25-norhopane (Figure 13b). The dominant peaks 1in

the fragmentogram are Bo and «f 30-norhopanes.

The M/2 121 Ifracmentogranm (TFigure 13c] shows that the
dominant hopanes are (., - (.. «f hopanes witn the 218 » 2ZR
— -
in the C,, - C,. of hopanes. The C ~ C., Ba hopanes are
31 35 = 29 31 t
present as minor components along with the two comnmen

trisnorhopanes, 18«(H)} trisnorneohopane and 17«(H) <trisnor-
hopane and 28,30 bisnorhopane. Less prominent components
include a C29 demethylated hopane, triterpane ¥ and =&
compound between the wf and Bec hopane which may be a methyl
hopane (C31 compound) .
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The tricyclic terpanes are only minor components in all cof
these samples. There are some small variations between the
different sandstone samples in these two formations, but
this is minor. The M/Z 205 fragmentograms show mainly the
C31 af and PFo hopanes together with the «B C3g hopane
(Figure 13d). The peak found to elute between the fo and «B
hopanes is also seen here, verifying the indication that
this is most probably a methylated hopane. There are small
variations between the different samples. This is mainly in
the magnitude of the wunresolved envelope seen at the front
of the fragmentograms. This unresoived enelope is particu-
larly large in the sample from 2532.6 m in the Brent Gp. andg
in the Statfjord Fm. sample. The fragmentograms of the mole-

cular icons verify what has been discussed above.

The M/Z 370 fragmentograms show the 25,28,30 trisnorhopane
to be the maijor peak, while the M/Z 384 fragmentograms show
the Cog bisnorhopane as the major peak. This f{ragmentogram
alse shows a significant peak eluting before the bisnor-
hopane (Figure 13e). This peak is alsc found in the M/Z 177
fragmentograms, showing this to be =& Cop demethylated
triterpane. The M/2 398 fragmentograms show mainly six
separate peaks (Figure 13f). Three of these are the ng af

and B« hopaneg and C «f hopane. The second largest peak is

30
a peak eluting between bisnorhopane and C,, «f hopane. This

fomed

compound has also a large peak in the M/Z 177 fragmentogram

and is most probably a C,g demethylated hopane. The M/Z 412

fragmentograms msiniv show  the Ciq nopane together with =&
few smaller components, while the M/ 424 <fragmentograms
mainly show the C,. hopanes.

31

Steranes

The ¥,/2 149 fragmentograms show the rearranged steranes and
the triterpanes. There 1is approximately equal abundance of
the largest rearranged sterane peaks and the triterpane

peaks. The M/Z 189 fragmentcograms show the rearranged
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steranes. These fragmentograms show the C27 components to be
far more abundant than the Cag components, The low molecular
weight steranes, the C21 and C22 components, are also gquite
abundant. A peak eluting 1in front of the C27 rearranged
steranes has also a relatively large abundance (Figure 13g.)
There is some variation, especially 1in the relative abun-
dance, of the low molecular weight components to the C27 -
C29 components in the different samples. The low molecular
weight compounds are especially abundant in the samples at
the top of the analysed seguence. The M/Z 259 fragmentograms
also show the rearranged steranes (Figure 13h). The C29
components have & far larger relative abundance in these
fragmentograms than in the M/Z 189 fragmentograms. The M/Z
217 and 218 fragmentograms show the different steranes
(Figure 131, 3j). The rearranged steranes have a larger abun-
dance than the regular steranes. The Cse compenents have &
high relative abundance, showing the marine 1input in the
kerogen which has generated these hydrocarbons. The low
molecular weight components have & high relative abundance,
showing the high maturity of these samples., The fragmento-
grams of the molecular ions verify what has been discussed
above. The M/Z 414 fragmentograms show all the analysed

samples to centain C39 steranes.

Aromatic Hydrocarbons

2lkyl Benzenes

The Zisgtributicn of

rt

tituted benzenes seen in

L]
}
n
£
by
tn
i

(S
h

jad)

[

'_._‘I

he M,/Z
106 fragmentograms seven sandsiones is fairly
similar, except that in the main cil =zcne the range 1is
larger than in the gas - condensate zcne (above 2330 m).
This would be expected from the general n-azlkane distribu-
tion of the migrated hydrocarbon in the two sections. In all

samples the two main series of Czwbenzenes are the l-methyl-
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or 2 or 3 alkyl-benzenes with the meta-compounds (i, 3 ben-
zenes) dominant.

The Cy alkyl benzene distribution seen in the M/2 134 frag-
mentograms shows that there are differences between the gas
condensate zone of the upper gas column cf the Brent Gp.
reserveoir, the oil zone in the Brent Gp. and in Statfjord
Fm. sandstone. This can mainly be seen in the shape of the
unresolved envelope. The dominant resclved components are
similar in all seven samples. However, the unresolved hump
is more prominent in the oil zone than in either the gas
zone of the Brent reservoir or the Statfiord Fm. sandstone.
This is considered to be due to the type o©f migrated
hydrocarbons rather than source differences, i.e. mostly
condensate-range hydrocarbons occur in the gas column of the
Brent Gp. in the Statfijord Fm. sandstones, whereas in the

©il column more high molecular weight material is present.

Alkyl Naphthalenes

No significant variations were seen in the M/Z 142, 136 and
170 fragmentograms used to monitor for Ci—, Cqm and CE—
naphthalenes in the seven sandstones. The high 2,6 and 2,7
DMN peak relative tc he 1,5 DMN peak 1s typical of mature

hydrocarbons.

o M - 3 —
2lkv1 Phenaninrenes

i3 HFEp

Thee are slight differences in tne distribution ¢of C.-, C.-
and C3-phenanthrenes. In the sandstone sample, Irom near the
top of the Brent Gp. interval at 2468.3 m and the tatfjord
Fm. sandstone, the amounts of 3+2 methyliphenanthrenes
relative to S+1 methylphenanthrenes seen in the N/Z 192
fragmentograms are significantly different. In the Statfjord
Fm. sample the 3+2 compounds are approximately the same size

as the 9+1 compounds. In the Brent samplie they are appproxi-
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mately 70 % of 941 compounds. This suggests that the hydro-
carbons in the Statfjord Fm. sample are more mature. The
methyl phenanthrene in the other sandstone samples are
intermediate in distvibution, if anything showing 2 slight
increase from top to bottom of the Brent Gp. sequence. One
additional feature in the wuppermest sandstone in the Brent
is the presence of a small peak intermedia between the 342
and 9+1 methyl phenanthrene, which is probably 2-methyl-
anthracene. The presence of this compound (in addition to
anthracene seen as & minor peak after phenanthrene in the
M/2 178 fragmentogram) is probably derived from coaly clasts
within the sandstones rather than an indicator of the type

cf source of the migrated hydrocarbons.

There is very little difference in the distribution of Co-
and C3~phenanthrenes seen in M/Z 206 and 220 fragmentograms.
One slight difference between the Brent Gp. sandstones and
the Statfjord Fm. sandstone is in the relative heights of
the peak which includes 1,9, 4,9 and 4,10 dimethylphenan-
threnes and the other main peaks in the M/Z 206 fragmento-
grams. In the Statfijord Fm. the former peak is smaller than
in the Brent Gp. sandstones. A decrease in this peak
relative to other isomers with increasing maturity has been
cbserved (Rudke 1987). A higher maturity for the migrated
hydrocarbons in the Statfjord Fm. sandstone was also indi-

cated by the methylphenanthrene distribution.

Dibenzothiophenes

There is very little difference in the relative peak heights
of C1 and C2 dibenzothiophenes seen in the M/Z 198 and 212
fragmentograms. The distribution of C,-dibenzothiophenes is
typical c¢f a mature source rock deposited in an  anoxic
envireonment, since the 3+Z~ and l-methyldibenzothiophenes
are about egual in abundance. There is a slight decrease in
4-methyldibenzothiophene relative to the 3+2 and 1 compounds

in the main oil zone in the Etive Fm. sandstones compared fo



~61- GEOLAB @ NOR

GEOCHEMILAL TABDRATARILE 0F RDRwAY A5

the gas-condensate section in the Ness Fm., and Statfjord Fm.
sandstone. This 1s perhaps due more to maturity and to
differences in the main boiling point range of the migrated
hydrocarbons in the different intervals than to source
differences. There is a distinct difference in the distribu-
tion of C2 dibenzothiophenes seen in the M/Z 212 fragmento-
grams of the Brent Gp. and Statfiord Fm. sandstones. In the
latter the two main peaks with the longest retention time
are relatively less abundant due most probably to the higher
maturity of the migrated hydrocarbons in the Statfjord Fm,

Aromatic Steranes

The moncaromatic and triaromatic steranes are monitored by
the M/7 253 and 231 fragmentograms respectively. There are
slight differences in the distribution of these compounds in
all seven sandstone samples. There are very slight diffe-
rences in the relative amounts of the Crg = C28 triaromatic
steranes, but there are distinct differences in the mono-
aromatic sterane in the C27 - C29 range between the Ness
sandstone samples and the rest. This is considered to be due
to the presence of in-situ cealy material contributing to
the monoasromatic sterane “fingerprint". The most marked
difference are the larger peak Hl representing Csg and Cog

mocnoarcmatic compounds and also the additional peak Dbetween

W
‘A.l

(C 8 monoaromatic steranes) and HI in the 2468.32 m

{20 N

sampl
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CONLUSIONS

Based on the analyses performed on the samples from this

well the following conclusions have been made:

Spource Rock Petential

Cretaceous (22B0 -~ 2922. 5 m)

Shetland Group (2280 - 2422.5 m)

No source rock potential of significance.

Jurassic (2422.5 - 3388.5 m)

Viking Group (2422.5 -~ 2458 m)
Heather Formation (2422.5 - 2458 m}

Ne reliable data due to lack of in-situ material in this

section of the well.

Ness Formation {2458 ~ 2554 m)

The carbonaceous and coaly material (especially in the upper
part of the formation) seems to have some potential (poor -
fzir?) for cil generation. However, the main potentiea of
the carbonaceous material, coal and claystones is for gas

(probabkly only poor to fzir). The wvolume of the most
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prolific source rocks in this formation seems to be low,
indicating that the overall source potential for this

formaticon is insignificant.

Ftive Formation (2554 - 2620 m)

Carbonaceous material in the sandstones seems to be able to
generate small amounts of hydrocarbons. The velume is, how-
ever, insignificant and the tive Fm. is believed to be an

insignificant source rock.

bunlin Group (2620 - 3388.5 m])
Drake Formation (2620 - 2820.5 m}

The upper part of this formation has only a poor potential
for gas generation. At the base the feormation has a good
potential for generation of (mainly) oil and gas. This most
prelific section seems to ceonsist only cf the lower 40 to 50

metres of the formation.

Cook Formaticn (2820.5 - 2877.5 m)

This formation has only a poor potential for gas generation
Irom siltv shalesrssiltstones.

Burton Formation {2877.2 - 2883.% m

Siltstones/shales within this formation seem to have a poor
-

to possibly fair ©potential for gas (and condensate? ]

generation but no petential for c©il generation.
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amundsen Formation (2963.5 - 3040 m)

As the Burton Fm,

Statfjord Formation (3040 - 3388.5 m)
Carbargillites in this formation seem tc have mainly a

potential for generation of gas, but the base of the forma-

tion could have some potential for generation of waxy oil.
Triassic (3388.5 - 3476 m, TD)

Hegre Group (3388.5 - 3476 m, 7TD)

This formation has at best a poor potential for gas

generation.

Generation and Migration

No generation o hydrocarbons is believed to have taken
place in the post Jurassic section. No information is
available for the Heather Fm. &1l other forma
the Drake Fm. and Statijorc Fm nave q
insicnificant amounts ©

have generated some cil at tne Dbase anc the Statid
seems TO nave generated SOME amc O

this might be exaggerated as the samples below the oil-

column appear to be stained.

The well is known to contain o0il and gas below 2500 m. The
gas/0il contact seems to be at 2532 m {(in the Ness Fm.)
based on changes in the hydrocarbon distribution. It seems

that the oil/water contact is Just above the base of the
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Etive Fm., possibly around 2610 m. The hydrocarbons within
this 0il column seem to be very similar in origin. The
formations below the Etive Fm. and above the Statfjord Fm.
also contain free hydrocarbons. It seems, however, likely
that these at least are partly due to staining with Ness/
Etive Fm. o0il, but could also be due to hydrocarbons
migrating through these formations, but only being trapped

in the Ness/Etive Fms.

The Statjord ¥m. contains hydrocarbons at least partly
generated in-situ from the carbargillites, but undoubtedly
also affected by migrated hydrocarbons and/or staining with
Ness/Etive Fm. oil.

The Hegre Gr. seems to contain hydrocarbons similar to those

from the Dunlin Gr.

Maturity

The maturity of the hvdrecarbons in the ¢il column (2532 m
to 2610 m) in the Ness and Etive Fms. seems to correspond to
a maturity at roughly 0.9 % Ro, i1.e. at the main phase cof
expulsion of hydrocarbons from typical Upper Jurassic Viking
Graben source rock. The gas/condensate column above the oil
column seems teo be slightly Iess mature, but this could be

an effect of gas/cendensate replaczing oil.
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The hydrocarbons of the Statfjord Fm. seem to have two
different maturities. Some (predeminantly the heavy mole-
cular weight) hydrocarbens have a maturity similar te that
found for the Ness/Etive Fm., while others ({predeminantly

the light molecular weight hydrocarbons) have a much lower
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maturity (they are early mature, i.e. corresponding to a
vitrinite reflectance of about 0.5 % te 0.6 % Ro). The

latter hydrocarbons are believed to be generated in-situ,

The hydrocarbons in the Hegre Gp. have a similar maturity to
those of the Dunlin Gp.

The analysed section of the well appears to be immature to
moderately mature down to about 2850 m. The well seems to
enter the oil window between 3200 m and 3300 m, i.e. in the

lower part of the Statfjord Fm.

Correlation

The data from the samples within the Oil-column, i.e. the
lower part of Ness Fm. and Etive Fm. indicates that these
samples are generated <from typical Viking Graben Upper

Jurassic source rocks at a maturity of roughly 0.9

[-334

Ro.
Very generally, this maturity should correspond to & depth
of about 4500 m.
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TMAX

Figure 4, Hydrogen index vs Tmax for well NOCS 30/6-9.
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Figure 11: Kerogen Composition and Potential Hyarocarbon Products
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Figure 12, Plot of 0 C In saturaled fraction versus aromatic fraclion for Well NOCS 30/6-9.
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cEoLABMINOR
Table 1 : Lithology description for well NOCS 30/6-9 PSR e
Depth unit of measure: m
bepth Type Grp Frm Age Trb Sample
Int Cvd TOC% % Lithology description
2410.00 Shet U.Cretaceous 0059
B0 Cont : cem, prp, dd 00558-1L
0.82 15 sh/Clst: m gy, calc, mic 0058-2L
5 Ca : or gy 0059-4L
tr §5/8st : v col, crs, 1 0059-3L
2422.00 Shet U.Cretaceous 0060
0.13 85 Ca : w, chk 0060-4L
10 Cont : cem, prp, dd 0060-1L
5 8h/Clst: m gy, calc, mic 0060-2L
tr §/58t : v col, crs, 1 0060-3L
2427.00 Vikg Heat U.Jdurassic 0061
90 Cont : cem, prp, dd 00ei~1L
5 Sh/Clst: m gy, calc, mic 0061-2L
5 Other : pyr 0061-5L
tr 5/88t : v ¢col, crs, 1 0061-3L
tr Ca : w, chk 0061-4L
2433.00 Vikg Heat U.Jurassic 0062
b5 Cont : cem 0062-1L
5 Sh/Clst: m gy to dsk y brn, calc, mic 0062-2L
tr §/88t : v col, crs, 1 0062~3L
tr Ca : w, chk 0062-4L
tr Other : pyr 0062-5L
2445.00 Vikg Beat U.Jurassic 06¢e3
80 Cont : Cem, pPrp 0063-11L
106 8h/Cist: m gy to dsk y brmn, calc, mic $063-2L
tr 5/8st : v c¢ol, crs, 2 0063-3L
tr Ca : W, chk 0063~4L
tr Other : pyr 0063~5L
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GeoLAB MINOR
Table 1 : Lithology description for well NOCS 30/6-9 O e B S
Depth unit of measure: m
Depth Type Grp Frm Age Trb Sample
Int Cvd TOC% % Lithology description
2450.00 Vikg Heat U,Jurassic D064
85 Cont : cem, prp 0064-1L
10 Sh/Clst: gn gy to m gy 0064-6L
5 8h/Clst: dsk y brn, slt, mic 0064-2L
tr S/85st : v col, crs, 1 0064-3L
tr Ca : w, chk 0064-4L
tr Other : pyr 0064-5L
tr Coal : blk 0064-7L
2455.00 Vikg Heat U.Jurassic D0ES
0.75 45 Sh/Clst: gn gy to m gy 0065~5L"
35 Sitst : dsk y brn, s, mic 0065-2L
15 Cont : cem, prp 0065-~1L
5 8h/Clst: gy red 0065-6L
tr Ca : w, chk 0065-3L
tr Other : pyr 0065-4L
2460.00 Brnt Ness M.Jurassic 0066
45 5/8st : w to 1t gy, 1 0066~7L
54.57 35 Coal : blk 0066-6L
2{ Cont : cem, prp, fib 0066-11
tr Sitst : dsk v brn, s, mic 006621
tr Other : pyr 0066-3L
tr Sh/Clst: on gy to m gy 0066-4L
£r Sh/Clst: gy red 0066~5L
2462.74 ccp Brnt Ness M.Jurassic 0002

0.56 100 s/8st : pl brn, cem | Ceo2-1L
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GEOLABIINOR
Table 1 : Lithology description for well NOCS 30/6-$ SHOCHMICHL SIOHES Oty
Depth unit of measure: m
Depth Type Gr Frm Age Trb Sample
Int Cvd TOC% % Lithology description
2465.00 Brnt Ness M.Jurassic 0067
100 Cont : ns, dd 0067-1L
2465.72 ccp Brnt Ness M.Jurassic 0003
100 s/8st ¢ pl y brn, mic, £, cem 0003-1L
2468.30 cep Brnt Ness M.Jurassic 0004
0.61 100 S/sst : pl y bra, £, cem, lam 0004-1L
2470.00 Brnt Ness M.Jurassic 0068
106 Cont : Coal-~ad, ns, dd 0068-1L
2470.36 ccp Brnt Ness M.Jurassic 0005
5.54 100 Sltst : pl vy brn to 1t gy teo drk gy, s, 0005-1L
lam
2472.94 ccp Brnt Ness M.Jurassic 0006
5.31 100 sSltst : drk gy to 1t gy, s, lam 0006-1L
2474.00 ccp Brnt Ness M.Jurassic 0007
5.95 100 sh/Clst: drk gy to brn blk, slt, mic 4 Q0C07-1L
2&75.00 Brnt Ness F.Jurassio 0Geo
70 Other : trbofas 00go-2L
30 Cont Coai-ad, prp, ns 00&5-1L
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ceoLABMINOR
Table 1 : Lithology description for well NOCS 30/6-9 SR g s
Depth unit of measure: m
Depth Type Grp Frm Age Trb Sample
Int Cvd TOCH % Litheology description
2476.00 ccp Brnt Ness M.Jurassic 0008
23.83 100 Coal : blk 0008~1L
2478.00 ccp Brnt Ness M.Jurassic 0009
59.22 100 Coal : blk 000811
2480.00 ccp Brnt Ness M.Jurassic 0010
1.12 100 sltst : 1t brn gy to brn gy, mic 0010-1L
2482.17 cep Brnt Ness M.Jurassic 0011
$.17 100 Shs/Clst: drk gy to brn blk, carb 0011-1L
2484.00 ccp Brnt Ness M.Jurassic 0012
3.62 100 sh/Clst: drk gy to dsk y brn, carb, slt, 0012-1L
mic
2485.00 Brnt Ness M.Jurassic 0070
70 Cont : Coal-ad, prz, fib 0070-1L
30 Other : trboigs g070~2L
248B6.3% ccp Brnt Ness M.Jurassic 0013

2.02 100 Sltst : brn gy, mic 0013-1L
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GEOLABZNOR
Table 1 : Lithology description for well NOCS 30/6-9 OGRS UM
Depth unit of measure: m
Depth Type Grp Frm Age Trb Sample
Int Cvd TOC3 % Litheology description
2488.40 ccp Brnt Ness M.Jurassic 0014
0.12 100 s/sst  : 1lt or, cem 0014-1L
2480.00 Brnt Ness M.Jurassic 0071
B0 Cont : Coal-ad, cem, prp, ns, fib 0071-1L
20 Other : trbofgs 0071-2L
2491.50 ccp Brnt Ness M.Jurassic 0015
1.34 100 S/8st : 1t or to or gy, cem 0015-1L
tr Other : carb 0015-2%L
2484.8% ccp Brnt Ness M.Jurassic 0016
.13 100 &/8st : lt or teo or gy, crs, cem 00i6~1L
24%5.00 Brnt Ness M.Jurassic 0072
90 Ceont : Coal-ad, cem, prp, ns, fib, 0072-1L
Tar-ad
10 Other : trbofgs 0072-2L
2496.56 cecp Brnt Ness M.Jurassic 0037
.32 100 S/8st  : 1t or to pl y brn, cenm 0017~1L
2500.00 Brnt Ness M.Jurassic 0073
Cont Coal-ad, prp, ne, &, ik, tar-ad OC73-1L
10 Cther trbofgs 0073-2%
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ceOLABMINOR
GEQCHEMICAL LABORATORIS OF NDRWAY A/S
Table 1 Lithology description for well NOCS 30/6-8
Depth unit of measure: m
Depth Type Grp Frm Age Trb Sample
Int Cvd TOC% % Lithology description
2501.50 ccp Brnt Ness M.Jurassic 0022
1.34 100 Sltst lt brn gy, mic 0022-1L
2504.50 cep Brnt Ness M.Jurassic opis
¢.31 100 Sh/Clst: 1t brn gy to brn gy, wx 0018-1L
2505,00 Brnt Ness M.Jurassic 0074
90 Cont : Coal-ad, prp, ns, dd, fib 0074-1L.
10 Other trbofgs 0074-2L
2507.50 cep Brnt Ness M.Jurassic 0019
60.87 100 Coal blk to brn blk, carb 001%8-1L
2509.39 ccp Brnt Ness M.Jurassic 0020
0.69 1060 Sltst 1t brn gy to 1t or, s, mic 0020-1L
2510.00 Brnt Ness M.Jurassic 0075
90 Cont Coal~ad, prp, ns, dd, f£ib 0075-1L
10 Cther trnofos 0075~2L
tr Sh/Clst: brn gy to dsk y brn 0075-3L
tr $/8st : w to 1t gy, 1 0075~4L
2512.50 ¢cop Brnt Ness M.Jurassic 0021
.68 100 3h/Clst: blk %o brn blk, carb 0021-11



- -

ceoLABMINOR
Table 1 : Lithology description for well NOCS 30/6-9 A LR A S
Depth unit of measure: m
Depth Type Grp Frm Age Trb Sample
Int Cvd TOC% % Lithology description
2515.00 Brnt Ness M.Jurassic 0076
€5 Cont : prp, ns, dd, f£fib, tar-ad 0076~1L
20 coal : blk 0076-5L
10 other : trbofgs 0076-2L
5 Sh/Clst: brn gy to dsk y brn 0076-3L
tr s/8st : w to 1t gy, 1 0076-4L
2515.5¢0 ccp Brnt Ness M.Jurassic 023
3.25 100 sh/Clst: brn gy, carb 0023-1L
2518.50 ccp Brnt Nessg M.Jurassic 0024
6.98 100 sh/Clst: drk gy te brn gy, carb 002411
2520.00 Brnt Ness M.Jurassic 0077
45 S8h/Clst: brn gy to dsk y brn, carb 0077-3L
25 Coal : blk 0077-5L
20 Cont : prp, fib 0077-1L
10 Other : trbofgs 0077-2L
tr §/8st : w to 1t gy, 1 0077-4L
2521.50 ccp Brnt Ness M.Jurassic 002t
0.90 100 Sh/Clst: brn gy, wx 0025-1L
tr Other : carb 0025-2L
2524.50 cecp Brnt Ness M.Jurassic 6026
3.1% 100 shs/Clst: brn gy, wx GozZe-~-11
tr Othe:x carb 0026-22
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GeoLAB S NOR

GEDCHEMCAL LABORATORE S OF NOAWAY A'S

Table 1 : Lithology description for well NOCS 30/6-9

Depth unit of measure: n

Depth Type Grp Frm Age Trb Sample
Int Cvd TOC% $ Lithology description
2525.00 Brnt Ness M.Jurassic 0078
45 Sh/Clst: brn gy te dsk y brn 0078-3L
30 Ceoal : blk, cly 0078-51L
20 Cont : prp, f£ib 0078-1L
5 Other : trbofgs 0078-2L
tr §/Sst : w to 1t gy, 1 0078-4L
2527.50 ccp Brnt Ness M.Jurassic 0027
0.25 100 Sh/Clst: brn gy 0027-1L
2530.00 Brnt Ness M.Jurassic 0079
70 Cont : prp, dd, £ib 0079-1L
15 Sh/Clst: brn gy to dsk y brn 007%-3L
10 Coal : blk, cly 00758-5L
5 Other : trbofgs 0079-2L
tr §/88t : w to 1t gy, 1 0079-4L
2530.50 ccp Brnt Ness M.Jurassic 0028
0.73 100 Sh/Cilst: brn gy 0026-1L
tr Other : carb 0C28-2L
2532.26 cep Brnt Ness M.Jurassic 00268
0.99 100 s/8st : brn gy, 1t or, slt, £, lam 0029-1L
2535.00 ccp Brnt Ness M.Jurassic 6030
7% shs/C1lst: brn blk to brn gy, carb 0C30-1L
25 Coal : blk to brn blk, cly 0030-2%

pulk

-4
[84]
tr
3]

0030~05
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GEOLABIINOR
Table 1 : Lithology description for well NOCS 30/6-9 POCHIMEA GRS I wemharas
Depth unit of measure: m
Depth Type Grp Frm Age Trb Sample
Int Cvd TOC% $ Lithology description
2535.00 Brnt Ness M.Jurassic 0080
50 Cont : prp, dd, fib 0080-1L
25 Coal : blk, cly 0080-5L
20 Sh/Clst: brn gy to dsk y brn 0080-3L
5 Oother : trbofags 0080-2L
tr s/5st : w to 1lt gy, 1 0080-4L
2537.65 cep Brnt Ness M.Jurassic o031
1.17 100 ss/sst : 1t or to pl v bra, mic, cem 0031-1L
2539.00 ccp Brnt Ness M.Jurassic G033
100 §/8st : 1t or to pl v brn to drk gy, 0033-1L
carb, cem, lam
2540.00 Brnt Ness M.Jurassic 0081
60 Cont : prp, dd, £fib 0081-1L
20 8h/Clst: brn gy to dsk y brn 0081-3L
15 Coal : blk, cly 0081~-5L
5 Other : trbofgs 0081-2L
tr §/8st : w to 1t gy, 1 0081-4L
25431.00 ccp Brnt Ness M,Jurassic 0034
1,13 100 sltst : brn gy, s, mic 0034-1L
2544,00 ccp Brnt Ness M.Jurassic 0057
6.4 100 ss85st @ drk vy brn, cen 00z7-11
Tr Other : carb 00B7-ZL
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Lithology description for well NOCS 30,/6-9

Depth unit of measure: m

Depth

o o i e SRAL M AR i

—

2545.00
2546.40 ccp
8.16
2548.00 ccp
1.03
2550.00
2551.00 ccp
1.41
2554.,38 ccop
¢.78

100
tr
tr

100
tr

40
40
20
tr
tr

100

Frm Age

Brnt Ness M.Jurassic

Cont : prp, dd, £ib
Sh/Clst: brn gy

Coal : blk, cly
Other : trbofgs

5/8st : w to 1t gy, 1

Brnt Ness M.Jurassic

S/8st 1t or to pl y brn, crs, cem
Other carb
Cont fib

Brnt Ness M.Jurassic

Sh/Clst: brn gy to 1t brn gy
Other : carb

Brnt Ness M.Jurassic

Cont : prp, dé, fib
Sh/Clst: brn gy

Coal : blk, cly
Other trbefgs

S/8st : w to 1t gy, 1

Brnt Ness M.Jurassic

GEOLABSNOR

BEOCHEMICAL LABORAYTIRIES OF NORwAY &5

o i o ol I WA i St i vl S ST T VYT VW TR TP YR Y TS TS Tt e S s S S o . e Fm T YT PR Y e P o Ty T T

0082

0082-11%
0082~3L
0082-5L
0082-2L
0082-4L

0032

0032-1L
0032-2L .
0032-3L
0C35

0035-1L
0035-2L
{083

0083-11
0083-3L
0083-5L
0083-~2L
0083-4L
0036

0036~1L

gaz7

06C37~11



Table 1

Lithology description for well NOCS 30/6-9
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bDepth unit ©f measure: m

Depth

————— —— —

2555.00

2556.10

2560.00

2560.11

2563.33

2565.00

o e e o Amm e e o AR S o M U e e e e LAl R i S B e e it e L A e i e S Sy M WY W I e e i A A A B TR

cep

0.75

cep

0.79

100

45
35
i0
i0

100

100

Fb s s
[SARSIRT NS

Brnt Etiv M.Jurassic

Cont : prp, dd, fib
Sh/Clst: brn gy

Coal blk, cly
Other : trbofgs
S/8st : w to lt gy,

Brnt Etiv M.Jurassic

5/58t

Brnt Etiv M.Jurassic

Cont : prp, dd
Sh/Clst: brn gy
Other : trbofgs
Coal : blk, cly

Brnt Etiv M.Jurassic

5/8st or gy to 1t

Brnt Etiv M.Jurassic

s/5st pl v brn,

Other carb

Brnt Etiv M.Jurassic

Cont : prp, 4dd

Sh/Cilst: brn gv

Otner : trboigs
blk, cl

s

Coal

y brn,

cen

ors,

or gy te lt vy brn, c¢rs, cem

cem,

1

GEOLAB A NOR

GEOCHE MICAL LARORATORIES OF NORWAY &S

Trb Sample

ekl MR - 7 e S 40 AL e e T oo ki b . A A . T S i B T T o Ak W s

0084

0084-11L
00B4-3L
0084-5L
0084-~2L
D0B4~4L
0038

0038~1L

0085
0085~1L
0085-3L
0085-2L
0085-4L
0038

6035~1L

0040

0040-1L
0040-2L

goge

0086~11
0088-31L
0086-21
0086-4%
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GeOLABAINOR
Table 1 Lithology description for well NOCS 30/6-9 GROGHEICAL LACRATRICS OF NOKWAY A5
Depth unit of measure: m
Depth Type Grp Frm Age Trb Sample
Int Cvd TOC% % Lithology description
2566.24 ccp Brnt Etiv M.Jurassic 0041
0.99 100 S/5st : m y brn to drk y brn, st, cem 0041-1L
2570.00 cep Brnt Etiv M.Jurassic 0058
4.44 100 s/s8st 1t vy brn, crs, cem 0058-1L
2570.00 Brnt Etiv M.Jurassic 6087
50 sh/Clst: brn gy, carb 0087-3L
35 Cont : prp, dd 0087-1L
15 Other : trbofgs 0087~2L
tr Coal : blk, cly 0087-4L
2573.41 ccp Brnt Etiv M.Jurassic 0042
0.93 100 s5/8st or gy to m y brn, crs, cenm 004z-1L
2575.00 Brnt Etiv M.Jurassic goss
40 Cont : prp, dd 0088~11%
30 8h/Clst: brn gy 0088-3L
25 Other trbofas 00BE-2L
5 Coal : blk, cly {088-4L
2576.40 ccp Brnt Etiv M.Jurassic 0043
0.74 100 S/Sst m y brn to drk y brn, crs, cem 0043~1L
2580.0¢C Brnt Btiv M.Jurassic Q0BG
45 Bh/Clst: brn gv 068B-3L
325 Cont prp, cé 0085-1L
15 Other trbofos 0088-2L
5 Coal blk, cly 0089-4L



- 13-

GEOLABIINOR
Table 1 : Lithology description for well NOCS 30/6-9 SRR ARG & s
Depth unit of measure: m
bepth Type Grp Frm Age Trb Sample
Int Cvd TOC% % Lithology description
2581.14 ccop Brnt Etiv M.Jurassic 0044
100 5/8st : m y brn to drk y brn, crs, cenm 0044-11L
2585.00 cop Brant Etiv M.Jurassic 0045
0.71 100 S/8st : m y brn to drk y brn, crs, cem 0045-~1L
2585.00 Brnt Etiv M.Jurassic 0090
65 Sh/Clst: brn gy 0090-3L
15 Cont : prp, dd 0090-1L
10 Other : trbofgs g080-2L
10 Coal : blk, cly 0090~4L
2588.27 ccp Brnt Etiv M.Jurassic 0046
0.95 100 S/Sst : m y brn to drk y brn, crs, cem 0046-1L
2590.00 Brnt Etiv M.Jurassic Go0gl
60 Cont : prp, 4d 0091-11L
25 8h/Clst: brn gy 0091-3L
10 Other : trbofgs 0081-2L
5 Coal : blk, cly 009141
2581.86 ccp Brnt Etiv M.Jurassic 0047
0.89 100 s/8st : drk gv, pyr, crs, cem 0047~1L
2584.71 ceop Brnt Etiv M.Jurassic 0o4g

s
€D
3
f._.l
[}
o ]
42]
by
Y
N
n
st
a2
™
ey
4
o
]
3
it
0

dsk v brn, ©rs, Ccem 0048-11



Table 1

- 14—

Lithology description for well NOCS 30/6-9

Depth unit of measure: m

v v S o i, Mk A W . o T

————r o v i

2595.00
2597.77 ccp
2600.00
2602.74 ccp
0.78
2605.00
2606.03 cop

tn

3
bt

100

55
20

tr

100

75
15
18
tr
tr

Frm Age

e o e e ok e e A S A Al e WA At A SRS AL A A L T B o TS L A e e A, Bl Al Sk Bl A i

Brnt Etiv M.Jurassic

Sh/Clst: brn gy
Cont : prp, dd
Other trbofgs
Coal blk, cly

Brant Etiv M,Jurassic

5/8st drk y brn to dsk y brn, crs,

Brnt Etiv M.Jurassic

5/8st : w to 1t gy, 1
Cont : prp, dd
Sh/Cist: brn gy

Other trbofys

Coal blk, cly

Brnt Etiv M.Jurassic

S/Sst érk v brn to dsk y brn, crs,
Brnt Etiv M.Jurassic
Cont prp, dd
S/5st : w to lt gy, 1
Sh/Clst: brn gy
ther trbofgs
Coal blk, cly
Brnt Efilv M.Jurassic
5/8s% grk v brn, cem, cngl

GEOLABEENOR

GEOCHEMICAL LABORATHRIS O MOfmdY 5

o v v it ot .

s — o i il Al i A (o (U N UL S A T e S P L T D A e Y i i e o . o T B . W LI o SR AR Stk At f e i

0092

0082-3L
0082-1L
0082-2L
0092-4L

004¢

cem 0046-1L

0093

0093-5L
0093-1L
0093-3L
0083-~2L
0083-4L

0050

cem 0050-11L

0094

0094-1L
0094~5L
0054-3L
0084-2L
0064-4L

0e

i

in

0051-1L



Table 1 : Lithology description for well NOCS 30,/6-9

Depth unit of measure: m

GEOLABINOR

GEOCREMICAL LABDRATDRIES BF hORIWAY &S

Trb Sample

Depth Type Grp Frm Age
Int Cvd TOC% % Lithology description
2610.00 Brnt Etiv M.Jurassic

55 8/8st : w to 1t gy, 1
25 8n/Clst: brn gy

20 Cont : prp, dé, fib
tr Other : trbofgs

tr Coal : blk, cly

2611.75 cecp Brnt Etiv M.Jurassic

1.05 100 s/sst : 1t y brn, crs, cem

2615.00 Brnt Etiv M.Jurassic

60 5/8st : w to lt gy, 1

30 8h/Cilst: brn gy to dsk y brn
10 Cont : prp, d&d, fib

tr Other : trbofgs

tr Coal : bik, cly

2616.33 ccp Brnt Etiv M.Jurassic
0.83 100 8/5st : 1t gy to 1t y brn, carb,
cem, lam
2620.00 Brnt Efiv M.Jurassic

90 §/5st : w to 1lt gy, 1

10 Cont : prp, dd, £fib

tr Cther : trbofgs

Sh/Clst: brn gy to dsk y brn
Coal : blk, cly

rt ot
tort

pYI,

0095

0095-5L
00985-3L
0095~1L
0095-2L
0095-4L

0052
0052-1L

0096

0096-5L
0096-3L
0096-1L
0096-2L
009641

0053

0053-1L

pos7

0097-5L
0087-1L
0087-2L
0087-3L
0058741
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GEOLABINOR
Table 1 : Lithology description for well NOCS 30/6-9 FHOETRMICA, UASSRATENES B homwr £
Depth unit of measure: m
Depth Type Grp Frm Age Trb Sample
Int Cvd TOC% % Lithology description
2620.50 ccp punl Drak L.Jurassic 0054
2.0 100 Sltst brn gy to dsk y brn, s 0054-1L
2622.00 ccp Dunl Drak L.Jurassic 0055
4.19 100 Sltst brn gy to dsk y brn, carb, mic 0055~1L
2624.00 ccp Dunl Dbrak L.Jurassic 0056
3.59 100 Sltst brn gy to dsk y brn, carb, mic 0056-1L
2625.00 Dunl Drak L.Jurassic 0098
€5 Cont : prp, 4dd, fib 0098-11L
25 8/8st @ w to 1t gy, 1 0098-5L
10 8h/Clst: brn gy to dsk y brn 0098~3L
tr Other trbofgs 0098-2L
tr Coal blk, cly 0098-4L
2630.00 Durl Drak L.Jurassic 0099
50 Cont : prp, dd, fib $099~-1L
40 5/8s8t @ w to 1t gy, 1 0095-5L
10 Sh/Clst: brn gy to dsk y brn 0085-3L
tr Qther trbcigs gpes-2L
tr Coal blk, cly 00958-4L
2635.00 bunl Drak L.Jurassic 0100
€5 §8/8st : w to 1%t gy, I 01¢0-5L
30 Cont prp, dd, fib Gi00~-1L
5 Sn/Clst: brn gy To 4gsk y brn 0100-31
tr Other trbciygs 0100-2L
tr Cogl plk, cly 0100-4L
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GEOLABHNOR
GEACHEMICAL [ARORATORES OF KOHWAY A5
Table 1 : Lithology description for well NOCS 30/6-9 e
Depth unit of measure: m
Depth Type Grp Frm Age Trb Sample
Int Cvd TOC% $ Lithology description
2640.00 Dunl Drak L.Jurassic 0101
55 Cont :+ prp, dé, fib 0101-1L
45 s/8st @ w to 1t gy, 1 0101-5L
tr Other : trbofgs 0101-2L
tr Sh/Clst: brn gy to dsk y brn 0101-3L
tr Coal : blk, cly 6101-4L
tr Sh/Clst: brn gy to dsk brn, slt, mic 0101~-6%
2645.00 Dunl Drak L.Jurassic 0102
55 Cont ¢+ prp, dd, £ib 0102-1L
45 §/5st : w to 1t gy, 1 0102-4L
tr Other : trboifgs 0102-2L
tr Sh/Clst: brn gy to dsk y brn 0102-3L
tr Other : pyr 0102-5L
2650.00 Dunl Drak L.Jurassic 0103
80 Cont : prp, dd, £ib 0103-~1L
20 §/8st : w to 1t gy, 1 0103-3L
tr Sh/Clst: brn gy to dsk y brn 0103~2L
tr Other : pvr 0103-4L
2655.00 Punl Drak L.Jurassic 0104
85 Cont : prp, dd, fib 0104-11L
15 5/88t : w to it gy, 1 0104-3L
tr Sh/Clst: brn gy to dsk y brn 0104-2L
2660.00 Dunl Drak L.Jurassic 0105
60 Cont nrp, ac, £ib 0i05~1%
40 8/38t  : w to 1t gy, 1 C105-35%
tr Sh/Clst: brn gy to 4dsk v Drn 0LlE-2ZL
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GEOLABAINOR
GEOCHEMICAL LABGRATDRIES OF NORWAY AS
Table 1 : Lithelogy description for well NOCS 30/6-9
Depth unit of measure: m
Depth Type Grp Frm Age Trb Sample
Int Cvd TOC% % Lithology description
2665.00 punl Drak L.Jurassic 0106
90 Cont : prp, dd, fib 0106-1L
10 5/5st : w to lt gy, 1 0106-3L
tr Sh/Clst: brn gy tc dsk y brn 0106-2L
tr Other : pyr 0106-4L
2670.00 Dunl brak L.Jurassic 0107
60 Cont ¢ prp, éd, fib 0i107-1L
40 s/8st @ w to 1t gy, 1 0107-3L
tr Sh/Clst: brn gy to dsk y brn $107~-2L:
tr Other : pyr 0107-4L
2675.00 bunl brak L.Jurassic 0108
90 Cont : prp, dd, f£ib 0108-1L
10 §/5st : w to lt gy, 1 0108-3L
tr Sh/Clst: brn gy to dsk v brn 0108-2L
tr Other : pyr 0108-4L
2680.00 Dunl Drak L.Jurassic 0109
G0 Cont : prp, dd, fib 0108-1L
10 s/8st @ w to 1t gy, 1 0109-3L
tr Sh/Clst: brn gy to dsk y brn 0los-2L
tr Other : pyr 0105~4L
2687.00 Dunl Drak L.Jurassic 0110
85 Cont prp, dd, fib 0116-1L
15 8s8st : w to 1t gy, 1 0110-3L
tr Shs/Clst: brn gy te dsk v brn 011021
tr Other : pvr 0110-4L
tr Ca m v br QLid-350
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Lithology description for well NOCS 30,/6-9

Depth unit of measure: m

i - A U et o kit B

P

2690.00

75
25
tr
tr
tr

2695.00

60
40
tr
tr
tr
tr

2700.00

60
40
tr
tr
tr
tr

2705.00

Grp Frm Age

M o meh e g S MRS i S e e ok Sl e 0 T kbt AL o S e s T o o il

Dunl Drak L.Jurassic

Cont : prp, dd, £fib

S/8st @ w to 1t gy, 1
Sh/Clst: brn gy tec dsk y brn
Other : pyr

Ca :my brn

Dunl Drak L.Jurassic

85/8st : w to 1t gy, slt, 1
Cont : prp, dd, fib
Sh/Clst: brn gy to dsk y brn
Other : pyr

Ca : my brn

Sltst : brn gy, mic

Dunl Dreak L.Jurassic

S/8st : w to 1t gy, slt, 1
Cont : prp, dd, fib
Sh/Clst: brn gy to dsk y brn
Other : pyr

Ca :my brn

Sltst : brn gy, mic

bunl Drak L.Jurassic

S/Sst  : w to lt gy, slt, 1
Cont : prp, dd, fib
Sh/Clst: brn gy to dsk y brn
Other : pyr
Ca rmy

br
Sitst : bkrn gy, mic

GEOLABINOR

GEOCHEMICA] TABGRATOR: § B NoRwey A5

Trk Sanple
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0112

0111-1L
0111~3L
0111-2L
0111-4L
0111-5L

0132

0112-3L
01l12-1L
0112-2L
0liz-4L
0112-5L
0112-6L

0113

0113-3L
0113-1L
0113-2L
0113-4L
0113-5L
¢ll3-6L

01314

0114-3L
01ll4-1L
0114-2L
0114-4L
0114-5L
0ll4-6L



- 20~

GEOLABMINOR
Table 1 : Lithology description for well NOCS 30/6-9 FROCHIMEAL SDUAIORES U O A
Depth unit of measure: m
Depth Type Grp Frm Age Trb Sample
int Cvd TOC% % Lithology description
2710.00 Dunl Drak L.Jurassic 0115
95 Cont prp, 4éd, fib 0115-1L
5 8/8st : w to lt gy, sit, 1 0115~3L
tr Sh/Clst: brn gy to dsk y brn 03115-2L
tr Other pYyr 0115-4L
tr Ca m y brn 0115-5L
tr Sltst brn gy, mic 0l15-6L
2715.00 bunl DPrak L.Jurassic 0116
100 Cont : prp, dd, fib 0116~-1L
tr Sh/Clst: brn gy to dsk y brn 0116-2L
tr 5/8st : w to 1t gy, slt, 1 0116-3%n
tr Other : pyr glle—-4L
tr Ca : my brn 0116-5L
tr Sltst prn gy, nic 01l6-6L
2720.00 Dunl Drak L.Jurassic 0117
85 Cont : prp, dd, £fib 0117-1L
1.18 15 Sh/Clst: brn gy to dsk y brn 0117-2L
tr Ca : my brn 0117-3L
tr Sitst brn gy, mic 0117-4L
2725.00 Dunl Drak L.Jurassic 0118
5 Cont : prp, dd, £ib 01iB-1L
5 8h/Clst: brn gy to dsk y brn ¢lig-2L
tr Ca : my brn 0118-31
tr Sltst brn gy, mic 0118-4L
tr §5/5st  : w tec 1t gy, 1 01iB-5SL
tr Other DV ¢i1i8-6L



GEOLABINOR

CEGCAEMCAL LABDRAYIRTES B emwas A%

Table 1 : Lithology description for well NOCS 30/6-9

Depth unit of measure: m

Depth Type Grp Frm Age Trb Sample
Int Cvd TOC% % Lithology description
2730.00 bunl Drak L.Jurassic 0119
70 8/5st : w to lt gy, calc, cem, 1 0119~-41L
25 Cont : prp, dd, fib 0116-1L
5 Other : pyr 01x%-5L
tr Sh/Clst: brn gy to dsk y brn 0119-2L
tr Ca :my brn 0116-3L
2735.00 bunl Drak L.Jurassic 01290
75 Cont : prp, dd, fib 012011
20 8/8st : w to lt gy, calc, cem, 1 0120-4L
5 Ca : 1t gy 0120-3L
tr Sh/Clst: brn gy to dsk y brn 0120-2L
tr Other : pyr 01206-5L
2740.00 bunl Drak L.Jurassic 0121
85 Cont : prp, dd, fib 0121-1L
10 8/8st : w to 1t gy, cale, cem, 1 0121-4L
5 Other : pyr 0121-5L
tr Sh/Clst: brn gy to dsk y brn 0121-2ZL
tr Ca : 1t gy 0121~3L
2745,00 Dunl Drak L.Jurassic 0iZz
100 Cont : prp, dd, fib 0il22-1L
tr Sh/Clst: brn gy to dsk y brn 0122-2L
r Ca : 1t gy 0122~3L
tr 5/8st : w to 1t gy, calc, cem, 1 0122-4L
tr Other : pyr 0122~5L
2750.0¢C Dunl Drak L.Jurassic 0LZ3
75 Cont : prp, G, fib 0123-1L
2% 5/8st ¢ w to 1t gy, calc, cem, I 012541
tr Sh/Clst: brn gy fc dsk y brn Gi23-2L
tr Ca 1t gy 0123-3L
tr Other : pvr 0123~5L
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Depth unit of measure: m
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0124

0124-3L
0124-1L
0124-2L
0124-4L
0124-5L

0125
0125-1L

0126

0126-1L
0126-2L
0126~3L

0127

0127-1L
0127-2L
0127-3L
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Table 1 : Litheology description for well NOCS 30/6-% FOREATAL RIS 0 i &2
Depth unit of measure: m
Depth Type Grp Frm Age Trb Sample
Int Cvd TOC% % Lithology description
2785.00 Dunl Drak L.Jurassic 0130
B0 Cont cem, prp, dd 0130-1L
20 s8h/Clst: brn gy to m gy, slt, mic 01346-3L
tr Sh/Clst: m gy 0130-2L
2790.00 Dunl prak L.Jurassic 0131
75 Cont cem, prp, dd 0131-1L
3.19 25 Sh/Clst: brn gy to m gy, slt, mic 0131-3L
tr Sh/Clst: m gy 0131-2L
2785.00 bunl Drak L.Jurassic 0132
9% Cont cem, prp, dd 0132-1L
5 sh/Clst: brn gy te m gy, sit, mic 0132-3L
tr Sh/Clst: m gy 0132~-2L
2800.00 punl Drak L.Jurassic 0133
85 Cont cem, prp, dd 0133-1L
10 Cca : bra gy 0133-4L
5 Sh/Clst: brn gy to m gy, calc, slt, mic 01353-3L
tr Sh/Clst: m gy 0133-2L
2805.0¢C punl Drak L.Jurassic 0134
95 Cont cem, prp, dd 0134-1L
5 §/5st : w to lt gy, calc, cem, 1 0134-5L
tr Sh/Clst: m gy 0134-2L
ty Sh/Clst: brn gy to m gy, calc, slt, mic 0134-3L
wr e : brn gy 0134-41
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Table 1 Lithology description foz well NOCS 30/6—-9 HEOCHEMICAL | ABORATORIES OF NORWAY &S

Depth unit of measure: m

Depth Type Grp Frm Age Trb Sample
Int Cvd TOC% % Lithology description
2810.00 punl Drak L.Jurassic 0135
S0 Cont cem, prp, dd 0135-1L
10 $s/8st : w to lt gy, cale, cem, 1 0135-5L
tr Sh/Cist: m gy 0135-2L
tr Sh/Clst: brn gy to m gy, slt, mic 0135-3L
tr Ca : brn gy 0135-4L
2815.00 Dunl Drak L.Jurassic 0136
75 Cont cem, prp, 4dd 0136-1L
0.75 20 Ca : gy red 0136-3L
5 §/5st : w to 1t gy, calc, cem, 1 0136~4L
tr sh/Clst: brn gv to m gy, calc, mic 0136-25L
2820.00 Dunl Drak L.Jurassic 0137
65 Sltst : brn gy, calc, mic 0137-2L
20 Cont cem, prp, ad 0137-1L
10 5/8st w to 1t gy, calc, cem, 1 0137-4L
5 Ca : gy red to gy brn 0137-3L
2825.00 Dunl Coeck L.Jurassic 0138
55 Cont cem, prp, dd 0138-1L
2.63 40 Sltst : brm gy, calc, mic 0138-2L
5 Ce : gy red to gy brn 0138-3L
tr §/8st : w to lt gy, calc, cem, 1 0138~4L
tr Coal : blk $138-5L
2830.0¢ Punl Cook L.Jurassic 0139
65 Eltst brn gy, cale, nic 013%-2L
25 Count cem, prp, dd gl3s-1v
10 Ca gy red¢ to gy brn 013%-3L
tr 5/5st w to 1t gy, calc, cem, 1 0i35~4L
tr Coal blk 0i36-5L
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Table 1 : Lithology description for well NOCS 30,/6-9 O ORATOREE T ks ks

Depth unit of measure: m

Depth Type Grp Frm Age Trb Sample
Int Cvd TOC% % Lithology description
2835.00 bpunl Cook L.Jurassic 0140
1.28 45 8itst : brn gy to m gy, calc, mic 0140-2L
30 Cont : cem, prp, dd 0140-11L
25 Ca : gy red to gy brn, dol 0140-3L
tr 8/5st : w to 1t gy, calc, cem, 1 0140-4L
2840.00 bunl Coock L.Jurassic 0141
75 Cont : cem, prp, dd 0141-1L
20 Sltst : brn gy, calc, mic 0141--2L
5 Ca : gy red to gy brn, dol 0i41-3L
tr S/8st : w to 1t gy, calc, cem, 1 0141-4L
tr Other : pyr 0141-5L
2845.0¢ Dunl Cook L.Jurassic 0142
1.34 85 Sltst : brn gy to m gy, calec, mic 0142-21L
15 Cont : cem, prp, dd 0142-1L
tr Ca : gy red te gy brn, dol 0142-3L
tr §/5st : w to lt gy, calc, cem, 1 0142-4L
tr Other : pyr 0142-5L
2850.00 bunl Ceook L.Jurassic 0143
8¢ sltst : brn gy to m gy, calc, mic 0142-2L
10 Cont : cem, prp, ad 0143-1L
tr Ce : gy red to gy brn, gdol 0143-3L
tr §/8st : w to 1t gy, calc, cem, 1 0143-41L
tr Other : pyr 0143-5L
2855.0¢C Dunl Cock L.Jurassic 0144
50 Ceont cem, pry, dd 0léad-1L
1.38 50 slztst brn gv tc m gy, ca&lc, mic 0144-2L
Tr Ca gy red to gy brn, dol 0144-3L
tr §/8st w te 1t oy, calc, cem, 1 0léd4—-4L
tr Qther pyr 0144-5L
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Table 1 Lithology description for well NOCS 30/6-9

Depth unit of measure: m

Depth Type Grp Frm Age Sample
Int Cvd TOCS% % Lithology description
2860.00 punl Cock L.Jurassic 0145
70 sh/Clst: brn gy to m gy, calc, 0145~2L
30 Cont : cem, prp, 4d 0145-1L
tr Ca : gy red to gy brn, dol 0145-3L
tr S/8st : w to lt gy, calc, cem, 0145-4L
tr Other : pyr 0145-5L
2865.00 punl Cook L.Jurassic 0146
1.60 80 sh/Clst: brn gy to m gy, calc, 0146-2L
20 Cont : cem, prp, dd 0146-1L
tr Ca : gy red to gy brn, dol 0146-3L "
tr §/8st : w to lt gy, calc, cem, 0146-4L
tr Other : pyr 0146-5L
2870.00 bunl Cook L.Jurassic 0147
50 Cont : cem, prp, dd 0147-1L
50 sh/Clst: brn gy to m gy, cailc, 0147-2L
tr Ca : gy red to gy brn, dol 0147-3L
tr §/8st : w to 1t gy, calc, cem, 0147-4%
tr Other : pyr 0147-5L
2875.00 punli Cook L.Jurassic 0148
1.48 80 Sh/Clst: brn gy te m gy, calc, 0148-2L
20 Cont : cem, prp, dd 0148-1L
tr Ca : gy red to gy brn, dol 0148~-3L
r §/5st : w to 1t gy, calc, cem, 0l48~41:
tr Other : pyr 0148~5L
2880.0C Duni Burt L.Jurassic 0149
£% ghysClist: brn gy to m gy, calec, slt, mic 0145-2L
0.64 30 s/8st : w to 1t gy, calc, cen, 1 0146-4L
1% Cont : cem, prp, dd gi48-1L
ir Ca : gy red to gy brn, dol 0145-3L
tr Other : pyr 0148~5L
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Table 1 Lithology description for well NOCS 30/6-9

Depth unit of measure: m

Depth Type Grp Frm Age Trb Sample
Int Cvd TOC% % Lithology description
2885.00 punl Burt L.Jurassic 0150
60 Sltst brn gy to m gy, calc, mic 0150-2L
15 Cont cem, prp, dd 0150-1L
15 Ca brn gy to gy brn, dol 0150-3L
10 5/88t : w to 1t gy, calc, cem, 1 0150641
tr Other pyr 0i50-5L
2890.00 Dunl Burt L.Jurassic 0151
45 Cont cem, prp, dd 0151-1L
30 Sltst brn gy to m gy, cale, mic 0151-2L
15 Ca : brn gy to gy brn, del 0151~3L
10 8/8st : w to 1t gy, calc, cem, 1 0151~-4L
tr Other : pyr 0151-5L
2885.00 Dunl Burt L.Jurassic 0152
1.68 BO Sltst brn gy to m gy, calec, mic 0152-2L
10 Cont cem, prp, dd 0152~1L
i0 Ca : brn gy to gy brn, dol 0152-3L
tr 5/8st : w te lt gy, calec, cem, 1 0152-4L
tr Other pyr 0152-5L
25800.00 Dunl Burt L.Jurassic 0183
75 Bltst brn gv to m gy, calc, mic 0153-2%
25 Cont cem, prp, dd 0153~1L
tr Ca brn gy to gy brn, del 0153-3L
tr §/5st w to 1t gy, calc, cem, 1 0153-4L
tr Other DV 0153-5L
25805.00 Dunl t L.Jurassic 0154
50 Sltst ornogv to m gy, calec, mic 0154-2L
30 Ca brn gy tc gy brn, acl 0154-3L
15 Cont cer, prm, da 0l54-1L
5 §/8=t w to 1t gy, calic, cem, 1 015441
tr Other pyr 01l54-5L
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Table 1 : Lithology description for well NOCS 30,/6-9 BEOEAMCAL LTGRO A
Depth unit of measure: m
Depth Type Grp Frm Age Trb Sample
Int Cvd TOC% % Lithology descrlptlon
2910.00 Dunl Burt L.Jurassic 0155
50 S/Sst w to 1t gy, calc, cem 0155-4L
30 Sitst brn gy to m gy, calc, mic 0155-2L
10 Cont cem, prp, dd 0155-1L
10 Ca brn gy to gy brn, dol 0155-3L
2915.00 Dunl Burt L.Jurassic 0156
1.33 50 Sltst brn gy to m gy, calc, mic 0156~2%
30 §/8st  : w to 1t gy, calc, cem p156~4L
10 Cont cem, prp, 4d 0156-1L
10 Ca brn gy teo gy brn, dol 0156-3L
2920.00 Dunl Burt L.Jurassic 0137
40 sltst brn gy to m gy, calc, mic 0157~2L
0.82 30 s/8st : w to 1t gy, calc, cem 0157~4L
20 Cont cem, prp, dd 0157-1L
10 Ca brn gy to gy brn, dol 0157-3L
tr Other pyr 0157-5L
2925.00 bunl Burt L.Jurassic 0158
1.66 70 Slist brn gv to m gy, calc, mic 0158-2L
15 Cont cem, prp, dd 01586~1L
15 8/85st : w to 1t gy, calc, cenm 0158-4L
tr Ca brn gy te gy brn, deol 0158-3L
tr Other pyr 0158-5L
2830.00 Punl Burt L.Jurassic 015%8
90 Cont cem, prr, dd, tar-ad 0156211
10 Eitst : brn gy to w gy, calc, mic 0l5&6-2L
tr Ca : brn gy to gy brn, dol 0i58-3L
Tr S/8st w to 1t gy, calc, cem 0l5&-4L
tr Other DV glEG-5L
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Depth unit of measure: m
Depth Type Grp Frm Age Trb Sample
Int Cvd TOC% % Lithology description
2935.00 Dunl Burt L.Jurassic 0160
1.74 60 Sh/Clst: brn gy to m gy, calec, slt, mic 0160-2L
40 Cont : cem, prp, dd 0160-1L
tr Ca : brn gy to gy brn, deol 0160~3L
tr §/8st : w to 1t gy, calc, cem 0160-4L
2940.00 bunl Burt L.Jurassic 0161
75 sh/Clst: brn gy to m gy, calec, sit, mic 0161~2L
20 Cont : cem, prp, dd 0161-1L
5 Ca brn gy to gy bra, dol 0161~3L
tr 5/8st w to lt gy, calc, cem 0161-4L
2945,00 Dunl Burt L.Jurassic Gl62
1.40 65 Sh/Clst: brn gy to m gy, calc, slt, mic 0162-2L
20 8/858t : w to lt gy, calc, cem 0162-4L
15 Cont cem, prp, dd 0162-1L
tr Ca : brn gy to gy brn, dol 0162-3L
2950.00 Dunl Burt L.Jurassic 0163
80 sltst brn gy to m gy, calc, mic 0163-2L
18 Cont cem, prp, ad 0163-1L
10 s/5st w to 1t gy, calc, cem 0i63-4L
tr Ca brn gy teo gy brn, del 0163-3L
2955.00 Dunl Burt L.Jurassic 0led
1.49 70 Sltst brn oy to m gy, calc, mic 0164~2L
20 5/8st w to 1t gy. calc, cenm Dl64—-4L
10 Cont cem, pryp, 4o 0164-115
Tr Ca mrn gy Lo gy brn, ael 0164-3L
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Depth unit of measure: m
Depth Type Grp Frm Age Trb Sample
Int Cvdéd TOC% % Lithology description
2960.00 punl Burt L.Jurassic 0165%
50 8ltst : brn gy to m gy, calc, mic 0165-2L
30 8/5st : w te 1t gy, calc, cem 0165-4L
20 Cont : cem, prp, dd 0165-1L
tr Ca : brn gy to gy brn, dol 0165-3L
2965.00 Dunl Amun L.Jurassic 0166
1.11 60 Sh/Clst: brn gy tc m gy, calc, slt, st 0166~2L
40 Cont : cem, prp, dd 0166-1L
tr Ca : brn gy to gy brn, dol 0166-3L
tr 8/8st : w to lt gy, calc, cem 0166-4L
2870.00 Dunl Amun L.Jurassic 0167
60 Cont : cem, prp, dd 0167-1L
40 Sitst : brm gy to m gy, calc, mic, st 0167-2L
tr Ca : brn gy te gy brn, dol _ 0167~3L
tr $/8st : w to 1t gy, calc, cem 0167-4L
2975.00 Dunl Amun L.Jurassic 0168
50 Cont : cem, prp, dd 0i68-1L
16 Sitst : brn gv to m gy, calc, mic, st 0le8-2L
tr Ca : brn gy to gy brn, dol 0168-3L
tr §/8st : w to lt gy, calc, cem 016B-4L
2980.00 punl Amun L.Jurassic 0169
60 Cont : cem, prp, cd 0169-1L
30 Sltst : brn gv to m gy, calc, mic, st 0165-2L
10 5758t : w to 1t oy, calec, cem DLlEG-45
tr L& : brn gy te gy pbrn, dol 0i68-2L
tr Coal : blk 016&8~-50
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Depth unit of measure: m

Depth

e S e i S e e i it

. R

2985.00

299G.00C

2885.0¢

3000.00

3005.00

ot
.

i
3]

50
40
10
tr
tr

9
10
tr
tr

85

tr
tr

ot O
Lo T T T 4

eF rt b
Bore LR

Grp Frm Age

cEoLABINOR

GECCHEMILAL ¢ ABORATDIES OF NORWAY 275

Trb Sample

e i G AR ——— - Ty e e e U s o Y Y o o b G A W . i . o s T M T M T oo i i bt o
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0173-4L

174
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0174~3L
0174-41
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Lithology description fer well NOCS 30,/6-9

Depth unit of measure: m
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0175

0175-1L
0175-2L
0175-4L
0175-3L

0176

0176-1L
0176-2L
0176~3L
0176~4L

0177

0177-1L
0177-2L
0177-41L
0177-31

0178

0178-4L
Ci78~1L
0Ll78-2L
0178~3L

0179

0179-4L
0179-2L
017%-1%
0178-31
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Table 1 : Lithology description for well NOCS 30/6-9

Depth unit of measure: m

Depth Type Grp Frm Age Trb Sample
Int Cvd TOC% % Lithology description
3035.00 bunl Amun L.Jurassic 0180
100 Cont : cem, prp, dd 0180-1L
tr 8ltst : brn gy to m gy, calc, mic 0180-2L
tr Ca : brn gy to gy brn, dol 0180-3L
tr 8/8st : w to lt gy, calc, cem 0180-4L
3040.00 Dunl Amun L.Jurassic 0181
70 s/8st : w to lt gy, calc, mic, cem 0181-4L
20 Cont : cem, prp, dd 0181-1L
10 Sltst : brn gy to m gy, calic, mic 0181-2%L
tr Ca : brn gy to gy brn, dol 0181-3L
3050.00 Stat L.Jurassic 0182
0.14 8% S/88t : w to lt gy, calc, crs, cem, 1 0lg2~4L
i0 Cont : cem, prp, dd 0182-1L
5 Sltst : brn gy to m gy, calc, mic 0182~2L
tr Ca : brn gy to gy brn, dol 0182~3L
3060.00 Stat L.Jurassic 0183
BS 8/5st : w to 1t gv, calc, crs, cem, 1 0183-4L
10 Cont : cem, prp, dd 0183-2L
5 8ltst : brn gy to m gy, calc, mic 0lE3-2L
tr Ca ¢ brn gy te gy brn, dol 0l83-3L
3070.00 Stat L.Jurassic 0184
85 §/85st w to 1t gy, cealc, crs, cem, 1 0184-41L
5 Cont cem, prp, 4gd 0184-1L
tr Sltst brn gy to m gy, calc, mic GiB4-2L
tr Ca brnogy to gv bprn, 4ol 0184-3L
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Table 1 : Lithology description for well NOCS 30,/6-9
Depth unit of measure: m
Depth Type Grp Frm Age Trb Sample
Int Cvd TOC% % Lithology description
3080.00 Stat L.Jurassic 0185
95 s/8st : w to lt gy, calc, crs, cem, 1 0185~4L
5 Cont : cem, prp, dd 0185-1L
tr Sltst : brn gy to m gy, calc, mic 0185-2L
tr Ca : brn gy to gy brn, dol 01B5-~3L
3090.00 Stat L.Jurassic 0186
0.67 90 s/8st : w to lt gy, calec, crs, cem, 1 0186-4L
5 Cont :+ cem, prp, dd 0186-1L
5 8ltst : brn gy to m gy, calc, mic 0186-2L
tr Ca : brn gy to gy brn, del £186-3L
3110.00 Stat L.Jurassic 0187
65 Cont : prp, dd 0187-1L
1.80 25 sh/Clst: brn gy to m gy, slt, mic 0187-2L
10 s/8st : w to it gy, calec, crs, 1 0187-4L
tr Ca : brn gy to gy brn, deol 0187-3L
tr Other : carb 0187-5L
3120.00 Stat L.Jurassic 0188
10C¢ 8/8st : w to it gy, caleg, crs, 1 0188-4L
tr Cont : prp, éd 0188-1L
tr Sh/Cilst: brn gy to m gy, slt, mic 0188-2L
tr Ca : brn gy to gy brn, dol 0188-3L
tr Other : carb 0188-5L
3130.00 Stat L.Jurassic 0189
55 Cont prp, 4d 0lBS~-1L
40 5/5s% w to 1t gy, calc, crg, 1 01RG—41
5 8h/Clst: brn gv to m gy, mic g188-2L
tr Ca : brn gy to gy bprn, dol g18e-3L
©r COther carb 0186-5L
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Table 1 : Lithology description for well NOCS 3(0/6-9

Depth unit of measure: m

Depth Type Grp Frm Age Trb Sample
Int Cvd TOC% % Lithology description
3140.00 Stat L.Jurassic 0190

0.76 75 8/8st : w to 1t gy, calec, carb, crs, cem, (190-4L
1

20 Sh/Clst: brn gy to m gy, mic 01s0-2L
5 Cont I prp 0180-11L
tr Ca + brn gy to gy brn, dol 0190-3L
3150.00 Stat L.Jurassic 0191
80 S/8st : w to 1t gy, calc, carb, crs, 1 0181-4L
10 Cont : prp 018l-1L
10 Sh/Clst: brn gy to 1t gy to m gy, mic 0181-2L
tr Ca : brn gy to gy brn, dol 0181-3L
3160.00 Stat L.Jurassic g19z2
65 8/5st : w to lt gy, calc, carb, crs, 1 0192-~4L
30 sltst : brn gy to lt gy to m gy, mic 0192-2L
5 Cont : prp 0192-1L
tr Ca : brn gy to gy brn, dol 0192-3L
3170.00 Stat L.Jurassic 0183
55 8ltgt : brn gy to 1t gv to m gy, mic 0183-2%L
28.25 35 Coal : blk 0183-5L
10 s/8st : w to 1t gy, calc, carb, crs, 1 $193-4L
tr Cont : prp 01¢3-1L
tr Ca : brn gy to gy brn, dol 0183-3L
3180.00 tat L.Jurassic 0194
1.76 60 Sltst brn gy tc 1t gv to m gy, mic 0L84-2%
25 Coal : blk 0194-5L
10 8/8st : w to 1%t gy, caic, carb, crs, o (019441
5 Cont prp 0194~1L
tr Ca brn gv to gy brn, dol 0194-3L
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Lithology description for well NOCS 30/6-9
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Depth Type Grp Frm Age
Int Cvd TOC% % Lithology description
3190.00 Stat L.Jurassic
90 8/Sst : w to lt gy, calc, carb,
10 Sh/Clst: brn gy to 1t gy to m gy,
tr Cont : prp
tr Ca brn gy to gy brn, dol
tr Coal blk
3197.00 Stat L.Jurassic
42.42 65 Coal blk te dsk y brn, cly
35 s/8st : w to lt gy, calc, carb,
tr Cont : prp
tr 8h/Clst: brn gv to 1t gy fto m gy,
tr Ca : brn gy to gy brn, dol
3220.00 Stat L.Jurassic
80 §/5st : w to lt gy, calc, crs, 1
10 shs/Clst: brn gy to 1t gy to m gy,
5 Cont pry
5 Coal blk to dsk y brn, cly
tr Ca brn gy to gy brn, dol
3235.00 Stat L.Jurassic
90 ss/8st : w to 1t gy, calc, crs, 1
5 Sh/Cist: brn gy to 1t gy to m Qy,
5 Coal blk to dsk y brn, cly
tr Cont prp
tr Ca brn gy to gy brn, dol
3250.0¢C Stat L.Jurassic
100 5/5s% v o to 1t oy, 1
<z Cont PIp
tr Shs/Cist: brn gv to 1t gy to m gy,
tr Ca brn gy to gy brn, dol
tr Coal blk te dsk y brn, cly
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Table 1 : Lithology description for well NOCS 30/6-9 SN SR B ks
Depth unit of measure: m
Depth Type Grp Frm Age Trb Sample
Int Cvd TOC% % Lithology description
3265.00 Stat L.Jurassic 0200
0.41 95 s/8st : w to lt gy, calc, crs, cem, 1 0200~-3L
5 Sltst : brn gy to it gy to m gy, mic 0260-2L
tr Cont : prp 0200~1L
tr Coal ¢ blk to dsk y brn, cly 0200-4L
3280.00 Stat L.Jurassic 0201
100 5/5st : w to lt gy, calc, crs, 1 0201-3L
tr Cont : prp C201-1L
tr Sltst : brn gy te 1t gy to m gy, mic 6201-2L
tr Coal : blk to dsk y brn, cly 0201-4L
3295.00 Stat L.Jurassic 0202
100 5/8st : w to 1t gy, calc, crs, 1 0202-3L
tr Cont ! prp 0202-11
tr Sltst : brn gy to lt gy to m gy, mic 0202-2L
tr Coal : blk to dsk y brn, cly 0202-4L
3310.6060 Stat L.Jurassic 0203
¢5 5/5st : w to lt gy, calc, crs, cem, 1 0203-3L
5 Coal : blk to dsk y brn, cly 0203-4%
tr Cont : prp 0203-11
tr Sitst : brn gy to 1t gy to m gy, mic $203-2L
3325.00 Stat L.Jurassic 0204
.24 80 S/8st : w to 1t gy, calc, crs, cem, 1 $204-3L
1.78 20 Sh/Clst: brn gy to m gy 0204-2L
tr Cont : prp 0204-11
Tr Cozl blk to dsk v brn, cly 0Z204—-41
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Depth unit of measure: m

o o

3340.00

3355.00

337¢.00

3385.00

3400.00

0
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Lithology description for well NOCS 30/6-9

Grp Frm Age Trb Sample
Lithology description

Stat L.Jurassic 0205
Sh/Clst: brn gy to m gy to dsk y brn 0205-2L
Cont : prp 0205-1L
5/8st : w to 1t gy, calc, crs, cem, 1 0205-3L
Coal blk to dsk y brn, cly 0205-4L

Stat L.Jurassic 0206
Sh/Clst: brn gy to m gy to dsk y brn 0206-2L
S/8st : w to 1t gy, calc, crs, cem, 1 0206-3L
Cont prp 0206-1L
Coal blk to dsk y brn, cly 0206~4L

Stat L.Jurassic 0207
Sh/Cist: brn gy to m gy to dsk y brn, slt 0207-2L
§/8st : w to 1t gy, cale, crs, cem, 1 0207-3L
Cont : prp 0207-1L

Stat L.Jurassic 0208
5/8st ¢ w to lt gy, calc, crs, cem, 1 0208-3L
Sh/Clst: brn gy to m gy to dsk y brn, slt 0208-2L
Cont : prp 6208-11
Cther pPyr G208-4L

Hegr Triassic 0209 _
Sh/Clst: brn gy to m gy to drk gy 0209-2L
$/8st w to 1t gy, calc, crs, cem, 1 0209~-3L
Cont Dre 0205-11
Other Dvr 020641

o

.91

it

%

50

25
tr

65
35
tr
tr

50
50
tr

[l

55
45
tr
tr

90
10

i

5
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Table 1 : Lithology description for well NOCS 30/6-9 SO DRGTEL T
Depth unit of measure: m
Depth Type Grp Frm Age Trb Sanple
Int Cvd TOC% % Lithology description
3415.00 Hegr Triassic 210
60 8/8st : w to 1t gy, calc, c¢rs, cem, 1 0210-3L
40 Sh/Clst: brn gy to m gy to drk gy 0210-2L
tr Cont : prp 0210-21
tr Other : pyr £210-4L
3430.0¢C Hegr Triassic 0211
0.18 85 5/8st : w to 1lt gy, calc, crs, cem, i 0211-3L
15 sh/Clst: brn gy to m gy to drk gy 0211-2L
tr Cont : prp 0211-1L
tr Other : pyr 0211-4L
3445.00 Hegr Triassic 212
90 s8/8st : w to 1t gy, calc, crs, cem, 1 0212-3L
10 Sh/Clst: brn gy to m gy, slt, mic 0212-2L
tr Cont : prp 0212-31L
tr Other : pyr 0212-4L
3460.00 Hegr Triassic 0213
.83 €5 Sh/Clst: brn gy to m gy, slt, mic 0213-2L
25 §s/8st  : w to 1t gy, calc, crs, cem, 1 0213-3L
tr Cont :oprp 0213~-1L
tr Other : pvr 021i3-4L
3475.00 Hegr Triassic 0214
1e 55 8/8st w to 1t gy, calc, crs, cem, 1 0214~3L
1.10 45 sh/Clst: brn gy to m gy, slt, mic 0214-2L
tr Cont DIp 0224-1L



Table 2 : Rock-Eval table for well NOCS 30/6-9 Page: 1

Depth unit of measure: m

Depth Typ Lithology s1 52 s3 s2/83 TOC HI  OI PP PI  Tmax Sample
2410.00 cut Sh/Clst: m gy 0.76 0.77 0.60 1.28 0.92 84 65 1.5 0.50 412 0059-2L
2422.00 cut Ca D w 0.41 0.12 0.79 0.15 0.13 92 608 0.5 0.77 322 0060-4L
2450.00 com bulk 0.70 0.63 0.55 1.15 0.77 82 71 1.3 0.53 379 0215-08B
2455.00 cut Sh/Clst: gn gy to m gy 0.39 0.69 0.71 0.97 0.75 92 95 1.1 0.36 380 0065-5L
2460.00 cut Coal : blk 33.57 143.39 5.35 26.80 54.57 263 10 177.0 0.19 431 0066-6L
2462.74 ccp S/Sst @ pl brn 0.43 1.00 0.32 3.13 0.56 179 57 1.4 0.30 434 0002-1L
2468.30 ccp S/Sst : pl y brn 0.39 0.76 0.25 3.04 0.61 125 41 1.1 0.34 432 0004-1L
2470.36 ccp Sltst : pl y brn to 1t gy to drk 2.38 9.08 0.76 11.95 5.54 164 14 11,5 0.21 431 0005-1L

gy |
2472.94 cep Stist : drk gy to 1t gy 2.05 7.27 1.68 4.33 5.31 137 32 9.3 0.22 430 0006-1L
2474.00 ccp Sh/Clst: drk gy to brn blk 2.12 11.07 1.1%9  9.30 5.95 186 20 13.2 0.16 434 0007-1L
2476.00 ccp Coal : blk 2.42 18,38 1.91 9.62 23.83 7 8 20.8 0.12 438 0Q008-1L
2478.00 ccp Coal  : blk 16.92 91.73 6,15 14.92 59.22 155 10 108.7 0.16 434 0009-1L
2480.00 ccp Sltst : 1t brn gy to brn gy 0.26 1,19 0,73 1.63 1.12 106 65 1.5 0.18 438 0010-1L
2482.17 ccp Sh/Clst: drk gy to brn blk 2.35 26.24 0.98 26.78 9.17 286 11 28.6 0.08 436 0011-1L
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Table 2 : Rock-Eval table for well HOCS 30,/6-9 Page: 2

Depth unit of measure: m

Depth Typ Lithology sl 52 53 52,83 TOC HI 01 PP P  Tmax Sample
2484.00 ccp Sh/Clst: drk gy to dsk y brn 0.49 2.00 0.48 4,17  3.62 55 13 2.5  0.20 438 0012-1L
2486.39 ccp Sltst : brn gy | 0.55 2.78 0.27 10.30 2.02 138 13 3.3 0.17 438 0013-1L
2488.40 ccp S/5st @ 1t or 0.19 0.35 0.22 1.59  0.12 292 183 0.5 0.35 527 0014-1L
2491.50 ccp S/5st @ 1t or to or gy 0.62 1.91  3.23 0.59 1.34 143 241 2.5 0.25 433 0015-1L
2494.89 ccp S/5st @ 1t or to or gy 0.08 0.39 2.25 0.17 0.13 300 1731 0.5 0.17 482 0016-1L
2496.56 ccp 5/8st : 1t or to pl y brn 0.34 0.81 1.80 0.45 0.32 253 563 1.1 0.30 490 0017-1L
2501.50 ccp Sltst : 1t brn gy 0.62 1.91 3.23 0.59 1.34 143 241 2.5 0.25 433 0022-1L
2504.50 ccp ShyClst: 1t bmn gy te brn gy 0.06 0.38 0.14 2.7 0.31 123 45 0.4 0.14 444 0018-1L
2507.50 ccp Coal  : blk to brn blk 17.71 75.57 6.85 11.03 60.87 124 11 93.3  0.19 434 0019-1L
2509.39 ccp Sitst : 1t brn gy to 1t or 0.48 1.29 0.41 3.15 0.69 187 59 1.8 0.27 433 0020-1n
2512.50 cep Sh/Clst: blk to brn bik 0.57 4.08 0.57 7.16 4.68 87 12 1.7 0.12 439 0021-iL
2515.50 cecp Sh/Clst: brn gy 0.34 1.76 0.27 6.52 3.25 54 8 2.1 0.16 440 0023-1L
2518.50 ccp sh/Clst: drk gy to brn gy . 1.5 15.91 0.92 17.29 6.98 228 13 17.6 0.09 433 0024-1L
2521.50 cep sh/Clst: brn gy 0.19 0.85 0.22 3.86 0.90 94 24 1.0 0.18 436 0025-1L
2524.50 ccp Sh/Clst: brn gy 0.51  2.935 0.40 7.38  3.15 94 13 3.5 0.15 437 0026-1L
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Table 2 : Rock-Eval table for well NOCS 30,/6-9 Page: 3

Depth unit of measure: m

Depth Typ Lithology 51 52 53 s2/583 TOC HI o1 PP PI Tmax Sample
2527.50 ccp sh/Clst: brn gy 0.07 0.38 0.61 0.62 0.25 152 244 0.4 0.16 407 0027-1L
2530.50 ccp Sh/Clst: brn gy 0.27 0.96 0.19 5.6 0.73 132 26 1.2 0.22 437 0028-1L
2532.26 ccp S/8st @ brn gy, 1t or 1.71 2.45 1.40 1.75 0,99 247 141 4.2 0.41 413 0029-1L
2535.00 ccp bulk 22.07 98.30 10.00 9.83 75.52 130 13 120.4 0.18 436 0030-0B
2537.65 ccp S/8st 1t or to pl y brn 4.81 3.48 0.44 7.91  1.17 297 38 8.3 0.58 426 0031-1L
2541.00 ccp Sltst : brn gy 2.32 2.10  2.24 0.94 1.13 186 198 4.4 0.52 426 0034-1L
2544.00 ccp S§/5st @ drk y bin 5.76  2.69 0.74 3.64 0.94 286 79 8.5 0.68 419 0057-1L
2546.40 ccp S/Sst @ 1t or to pl y bmn 8.20 22.10 0.95 23.26 8.16 271 12 30.3  0.27 421 0032-1L
2548,00 ccp Sh/Clst: brn gy to 1t hrn gy 0.93 0.76 0.35 2.17 1,03 74 34 1.7 0.55 434 0035-1L
2551.00 ccp Sltst : brn gy 0.65 1.55 1.25 1.24 1.41 110 89 2.2 0.30 435 0036-1L
2554.39 ccp Sltst : brn gy 0.51 0.84 - 0.27 3.11  0.78 108 35 1.4 0.38 432 0037-1L
2556.10 ccp S/Sst @ or gy to 1t y brn 6.05 1.71  0.39 4.38  0.75 228 52 7.8 0.78 414 0038-1L
2560.11 ccp §/8st @ or gy to 1t y brn 5.95 1.59  0.83 1.92  0.79 201 105 7.5 0.79 413 0039-1L
2563.33 ccp S/8st @ pl y bin 4.84 5,65 0.45 12.56 2.82 200 16 10.5 0.46 422 0040-1L
2566.24 ccp §/5st : my brn to drk y brn 7.7 2.77 G.51 5.43 0.99 280 52 10.3 0.73 402 0041-1L
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Table 2 : Rock-Eval table for well NOCS 30/6-9 Page: 4

Depth unit of measure: m

Depth Typ Lithology : 51 52 53 52/83 TOC HI oI PP PI Tmax Sample
2570.00 ccp S/5st @ 1t y brn 7.21 10.50 0,59 17.80 4.44 236 13 17.7  0.41 419 0058-1L
2573.41 ccp S5/5st @ or gy to my bin 6.25 2.55  0.56 4,55 0.93 274 60 8.8 0.7F1 409 0042-1L
2576.40 ccp S/Sst @ m y brn to drk y brn 5.67 1.61 (.54 2.98  0.74 218 73. 7.3 0.78 410 0043-1L
2585.00 ccp §/8st : my brn to drk vy hrn 5.46  1.67 0.61 2,74 0.71 235 86 7.1 0.77 406 0045-1L
2588.27 ccp S/8st : m y brn to drk y brn 7.04 2.58 0.53 4.87 0.95 272 56 9.6 0.73 402 0046-1L
2591.86 ccp 5/5st @ drk gy 6.64  2.03 0.47 4,32  0.8% 228 53 8.7 0.77 389 0047-1L
2594.71 ccp §/8st @ drk y brn to dsk y brn 7.62 2.57 0.69 3.72  1.01 254 68 10.2 0.75 399 (Q048-1L
2602.74 ccp 5/8st @ drk y brn to dsk y brn 5.58  1.69 0.68 2.49  0.78 217 87 7.3 0.77 405 0050-1L
2606.03 ccp 8/5st @ drk y bin 8.03 3.04 0.79 3.85 1.15 264 69 11.1  0.73 407 0051-1L
2611.75 ccp S/Sst @ 1t y bin 5.25  2.01  0.65 3.09 1.05 191 62 7.3  0.72 415 0052-1L
2616.33 ccp S§/8st @ 1t gy to it y bin 2.26  1.22  0.66 1.85 0.83 147 80 3.5 0.65 418 0053-1L
2620.50 cep Sltst @ brn gy to dsk y brn 0.51  2.07 0.74 2.80 2.90 71 26 2,6 0.20 428 0054-1L
2622.00 ccp Sltst : brn gy to dsk y brn 0.61 2.72 0.89 3.06  4.19 65 21 3.3 0.18 430 0055-1L
2624.00 cep Sitst @ brn gy to dsk y brn 0.30 1.21 0.69 1.75 3.59 34 19 1.5 0.20 427 0056-1L
2720.00 cut Sh/Clst: brn gy to dsk y brn 0.40 1.00 0.90 1,11 1.18 85 76 1.4 0.29 435 0117-2L
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Table 2 : Rock-Eval table for well MOCS 30/6-9 Page: 5

Depth unit of measure: m

Depth Typ Lithology 81 52 53 52/83 TOC HI o1 PP PI  Tmax Sample
2780.00 cut Sltst : brn gy to m gy 0.89 6.26 1.13 5.54 2,30 272 49 7.2 0.12 430 0129-3L
2790.00 cut sh/Clst: brn gy to m gy 1.54 9.86 1.41 £.99 3.19 309 44 11.4 0.14 429 0131-3L
2815.00 cut Ca : gy red 0.15 0.28 3.75 0.07 0.75 37 500 0.4 0.35 445 0136-3L
2825.00 cut sltst : brn gy 1.70 5.15 1.73 2.98 2.63 196 66 6.9 0.25 430 0138-2L
2835.00 cut Sltst : brn gy to m gy 1.09  1.99 1.28 1.55 1.28 155 100 3.1 0.35 433 0140-2L
2845.00 cut sitst : brn gy to m gy 1,05 1.77 1.04 1.70  1.34 132 78 2.8  0.37 434 0142-2L
2855.00 cut Sltst : brn gy to m gy 1.04 1.78  1.13 1.58 1.38 129 82 2.8 0.37 435 0144-2L
2865.00 cut Sh/Clst: brn gy to m gy 1,300 1.92  1.53 1.25 1.60 120 96 3.2 0.40 433 0l46-2L
2875.00 cut Sh/Clst: brn gy to m gy 1.17  1.92 1.25 1.54 1.48 130 84 3.1 0.38 434 0148-2L
2880.00 cut S/sst @ w to 1t gy 0.72  0.22 5.18 0.04 0.64 34 809 6.9 0.77 385 0149-4L
2895.00 cut Sltst : brn gy to m gy 1.63 2.61 0.62 4,21 1.68 155 37 4.2 0.38 440 0152-2L
2915.00 cut Sltst : bin gy to m gy 1.26  2.01 0.60 3.35 1.33 151 45 3.3  0.39 440 0156-2L
2920.00 cut S/Sst : w to 1t gy ¢.72  0.6Fr 2.25 0.27 0.82 74 274 1.3 0.54 434 0157-4L
2925.00 cut Sltst : brn gy to m gy 1.7 2.23  0.65 3.43 1.66 134 39 4.0 0.44 439 0158-2L
2935.00 cut sh/Cist: brn gy to m gy 1.24 1.84 0.83 2,22 1.74 106 48 3.1 0.40 433 0160-2L
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Table 2 : Rock-Eval table for well NOCS 30,6-9 Page: 6

Depth unit of measure: m

Depth Typ Lithology 51 52 53 52/83 T HI 0) 1 PP PI  Tmax Sample
2945.00 cut Sh/Clst: brn gy to m gy 0.86 1.64 0.83 1.98 1.40 117 59 2.5 0.34 440 0l162-2L
2955.00 cut Sltst : brn gy to m gy 1.1t 1.81 0.78 2.32  1.49 121 52 2.9 0.38 439 01s64-2L
2965.00 cut Sh/Clst: brn gy to m gy .00 2.00 0.79 2.53  1.11 180 71 3.0 0.33 439 0166-2L
2985.00 cut Sltst : brn gy to m gy 2,16 2.09 0.58 3.60 1.63 128 36 4.3  0.51 438 0170-2L
3005.00 cut Sltst : brn gy to m gy 2.46  2.30 0.65 3.54 1.52 151 43 4,8 0.52 438 0174-2L
3020.900 cut Sitst  : brn gy to m gy 2.10  2.32  0.54 4,30 1.36 171 40 4.4 0,48 438 0177-2L
3025.00 cut S/8st @ w to 1t gy 1.07  0.60 3.53 0.17 0.63 95 560 1.7 0.64 350 0178-4L
3030.00 cut sltst : brn gy to m gy 1,07 1.25 0.99 1.26  1.28 98 77 2.3 0.46 439 0179-2L
3050.00 cut 8/5st : w to 1t gy 0.26  0.07 0.66 ¢.11 0.14 50 471 0.3 0.79 393 0182-4L
3090.00 cut S/8st  : w to 1t gy 1.68  0.71  3.32 0.21  0.67 106 496 2.4 0.70 431 0186-4L
3110.00 cut Sh/Clst: brn gy to m gy 2.63  2.77 0.94 2.95 1.80 154 52 5.4 0.49 437 0187-2L
3140.00 cut S/Sst : w to 1t gy 0.83 0.52 4.03 0.13 0.76 68 530 1.4 0.61 435 0190-4L
3170.00 cut Coal : blk 4.32 53.91 1.75 30.81 28,25 191 6 58.2 0.07 440 0193-5L
3180.00 cut Sitst : brn gy to 1t gy to m gy 1.20  1.99 0.76 2.62 1.76 113 43 3.2 0.38 439 0194-2L
3197.00 cut Coal : blk to dsk y brn 6.90 97.18 2.53 38.41 42.42 229 6 104.1 0.07 442 0196-5L
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Table 2 : Rock-£val table for well NOCS 30/6-9 Page: 7

Depth unit of measure: m

bepth Typ Lithology s 52 53 52/53 TOC HI o1 pp PI  Tmax Sample
3265.00 cut §/8st : w to 1t gy 0.22 0.16 0.50 0.32 0.41 39 122 0.4 0.58 442 0200-3L
3325.00 cut Sh/Clst: brn gy to m gy 2.20 2.98 0.66 4.52 1.78 167 37 5.2 0.42 439 0204-2L
3325.00 cut §/5st : w to 1t gy 6.15 0.10 0.34 0.29 0.24 42 142 0.3 0.60 445 0204-3L
3355.00 cut Sh/Clst: Ern gy to m gy to dsk y 0.34 0.84 0.16 5.25 0.91 92 18 1.2 0.29 438 0206-2L
rn
3400.00 cut sh/Clst: brn gy to m gy to drk gy 0.42 0.70 0.11 6.36  0.65 108 7 1.1 0.38 439 0209-2L
3430.00 cut §/5s5t : w to lt gy 0.34 0.06 0.36 0.17 0.18 33 200 0.4 0.85 427 0211-3L
3460.00 cut Sh/Clst: brn gy to m gy 0.25 0.38 0.21 1.81  0.83 46 25 0.6 0.40 346 0213-2L
3475.00 cut Sh/Clst: brn gy to m gy 0.40 0.62 0.22 2.82 1.10 56 20 1.0 0.39 387 0214-2L
3475.00 cut S/8s5t @ w to 1t gy 0.20 0.08 0.09 0.89 0.16 50 56 0.3 0.71 424 0214-3L

GEOLAB BINOR

GEQCHEMICAL LABCRATORIES OF RijRwas & -



Table 3

Depth

Depth

2460.

2462

2470,

2472

2474.
2476.

2478

2480.

2482.

2484
2486

2488.
2491,
2496.

00

.74

36

.94

00
00

.00

00
17

.00
.39

40
50
56

unit of measure: m

Typ Lithology

cub
cep

ccp

cep
ccp
cep
ccp
cep
ccp
cep
ccp
cep
ccp

cep

Coal
5/8st

sltst

Sltsk
Sh/Clst:
Coal

Coal

Sltst
sh/Clsk:
Sh/Clst:
Sitst
5/8st

5/8st

: Pyrolysis GC Data {52 prak) as Percentage of Total Area for Well NOCS 30,/6-9

52 from
Cl C2-C5 C6-Cl4 C15+ Rock-Eval  Sample

: blk 6.49 4,49 15.43 73.58 143.39 0066-6L
: pl brn 23.33 15.87 30.01 30.80 1.00 0002~1L
: pl y brn te 1t gy to drk 13.21 12.69 28.61 45.21 9.08 0005-1L

gy
: drk gy to 1t ay 10.07 18.28 33.15 37.98 7.27 0006-~1L

drk gy to brn blk 15.38 15.05 33.40 36.17 11.07 0007-1L
: blk 7.97 14.57 30.98 46.50 18.38 0008-1L
: blk 8.27 7.65 22.47 61.61 91.73 0009-1L
: 1t brn gy to bin gy 18.69 31.55 41.71 8.04 1.19 0010-1L

drk gy to brn blk 10.41 14.61 29.35 45.30 26.24 0011-1L

drk gy to dsk y brn 12.78 25.38 45.05 16.79 2.00 0012-1L
: brn gy 8.71 18.42 39.00 33.87 2.78 0013-1L
: 1t or 13.57 21.43 46.23 18.77 0.35 001411,
: 1t or to or gy 6.92 18.23 29.39 45.46 1.91 0015-1L
: 1t or to pl y brn 3.94 23.73 48.67 23.66 0.81 0017-1L

S/sst

bPage: 1

ceEoLaB BInor

GEGEHERICA] URBORETERT S AT Beidda o



Table 3 : Pyrolysis GC Data {S2 peak) as Percentage of Total Area for Well NOCS 30/6-9 Page: 2

Depth unit of measure: m

52 from
Depth Typ Lithology Ccl C2-C5 ¢6-C14 C15+ Rock-Eval  Sample
2501.50 ccp Sltst : 1t brn gy 11.82 19.32 32.84 36.02 1.91 0022-1L
2504.50 ccp Sh/Cist: 1t bin gy to bin gy - - - - 0.38 0018-1L
2507.50 cep Coal @ blk to brn blk 15.22 16.61 24,23 43.94 75.57 0019-1L
2515.50 ccp Sh/Clst: brn gy 19.38 34.08 40.82 5.73 1.76 0023-1L
2518.50 ccp Sh/Clst: drk gy to brn gy 5.26 3.67 26.54 64.54 15.91 0024-1L
2527.50 ccp sh/Clst: brn gy - - - - 0.38 0027-1L
2532.26 ccp S5/8st @ brn gy, lt or 2.08 4.49 18.24 75.20 2.45 0029-1L
2535.00 ccp bulk 15.47 16.12 23.75 44.66 98.30 0030-08
2541.00 ccp Sltst @ ben gy 9.55 21.82 45.98 22.66 2.10 0034-1L
2544.00 ccp §/5st : drk y brn 3.65 11.71 34.22 50.42 2.69 0057-1L
2546.40 ccp S/5st @ 1t or to pl y brn 1.41 4.77 24.88 68.95 22.10 0032-1L
2551.00 ccp Sltst @ brn gy 8.39 16.21 21.61 53.79 1.55 0036-1L
2556.10 cep S/5st & or gy ko 1t y brn 4.71 13.87 24.42 57.00 1.71 0038-1L
2566.24 ccp S§/5st 1 my brn to drk y brn 4.80 14.47 28.66 52.07 2.71 0041-1L
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Table 3

Depth unit of measure: m

: Pyrolysis GC Data (S2 peak) as Percentage of Total Area for Well NOCS 30/6~9

52 from
Depth Typ Lithology cl C2-C5  (6-Cl4 C15+ Rock-Eval  Sample
2576.40 ccp 8/8st @ my brn to drk y brn 11.97 9.27 23.67 55.10 .61 0043-11L
2588.27 ccp S/8st @ my brn to drk y brn 1.42 10,09 16.46 72.03 .58 0046-1L
2591.86 ccp S/5st @ drk gy 4.59 14.44 30.59 50.38 .03 0047-1L
2602.74 cecp S/8st @ drk y bin to dsk y brn 2.03 18.50 22.04 57.03 .69 0050-1L
2611.75 cep S/8st 1t y bin 3.50 13.36 30.69 52.45 .01 0052-1L
2620.50 ccp Sltst : brn gy to dsk v brn 11.15 17.60 36.27 40.98 .07 0054-1L
2780.00 cut Sltst : brn gy to m gy 4.26 12.80 30.28 52.66 .26 0129-3L
2790.00 cut 5h/Clst: brno gy to m gy 3.94 11.64 30.99 53.43 .86 0131-3L
2825.00 cut sltst : brn gy 4.04 13.13 31.45 51.39 .15 0138-2L
2845.00 cut Sltst ¢ brn gy to m gy 6.50 19.70 33.16 34.64 77 0142-2L
2865.00 cut Sh/Clst: brn gy to m gy 13.95 23.18 42.55 20.32 .92 0146-2L
2880.00 cut S/8st : w to 1t gy 15.99 28.97 43.16 11.87 .22 0149-4L
2895.00 cut Sltst : brn gy to m gy 13.17 16.34 39.85 30.64 .61 0152-2L
2915.00 cut Sitst : brn gy to m gy 7.20 21.78 41.55 29.47 .01 0156-2L

Page: 3
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Table 3 :

Depth

Depth

Pyrolysis GC Data (52 peak) as Percentage of Total Area for Well NOCS 30/6-9

unit of measure: m

Typ Lithology

2920,
2935.
2945,
2965.

2985

3005.
3020,

3025

3050.
3096.

3110
3140

3170,
3180.

0o
00
00
00

.00

00
0o

.00

00
00

.00
.00

00
00

cukt
cut
cut
cut
cut
cut
cut
cut
cut
cut
cut
cut
cut

cut

S/5st
Sh/Clst:
Sh/Clst:
Sh/Cist:
Sltst
Sltst
Sltst
S/Sst
S5/5st
S/Sst
Sh/Clst:
S/5st
Coal

Sltst

:wto 1t gy

brn gy to m gy
brn gy to m gy
brn gy to m gy

: brn gy to m gy
: brn gy to m gy
: brn gy to m gy
:w to 1t gy
: w to 1t gy

: w to 1t gy

brn gy to m gy

twto Lt gy
: blk

: brn gy to 1t gy to m gy

Cl

20.14
10.15
9.47
13.24
9.05
7.82
7.97

11.39

12.42
7.60
11.72
9.78
9.00

52 from

C2-C5 C6-Cl4d  C15+  Rock-Eval Sample
20.35 46.98 12.53 0.61 0157-4L
14.93 42.91 32.01 1.84 0160-2L
17.84 42.68 30.01 1.64 0162-2L
18.87 40.42 27.47 2.00 0166~2L
14,44 34.46 42.05 2.09 0170-2L
17.51 38.86 35.80 2.30 0174-2L
14.56 38.99 38.48 2.32 0177-2L
25.02 46.45 17.14 0.60 0178-4L

- - - 0.07 0182-4L
15.24 41.53 30.41 0.71 0186-4L
19.40 42.84 30.17 2.77 0187-2L
21.56 44.79 22.02 0.52 0130-4L
12.78 26.02 51.42 53.91 0193-5L
18.41 42.38 30.21 1.99 0194-2L

Page: 4
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Table 3 :

Depth

3400

3430.
3475.

3475

.00

00
00

.00

Pyrolysis GC Data {52 prak) as Percentage of Total Area for Well NOCS 30,/6-9

unit of measure: m

Typ Lithology

cut Coal : blk to dsk y bin

cut 5/8s5t : w to 1t gy

cut Sh/Clst: bin gy to m gy

cut Sh/Clst: brn gy to m gy to dsk y
brn

cut Sh/Clst: brn gy to m gy to drk gy

cut 5/5st : w to 1t gy

cut Sh/Clst: brn gy to m gy

cut 5/8st : w to 1t gy

1

10.57
26.37

0.73
18.22

25.77

0.64

7.14

52 from

C2-C5 C6~Cl4 C15+ Rock-Eval  Sample
13.06 21.51 54.86 97.18 0186-5L
16.08 35.10 22.45 0.16 0200-3L
37.13 48.80 13.34 2.98 0204-25
17.35 45.03 19.40 0.84 0206-2L
12.28 50.74 11.21 0.70 0209-2L

- - - 0.06 0211-3L
50.00 42,27 7.08 0.62 0214-2L
35.41 45.15 12.30 0.08 0214-3L

Page: 5
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Table 4 a: Weight of EOM and Chrematographic Fraction for well NOCS 30,/6--9 Page: 1

Depth unit of measure: m

Ext?ggted EOM Sat Aro Asph NSO HC  Non-HC TOC{e)

Depth Typ Lithology {g) {mg) (mg} {mg) (mg) {(mg) (mg) {mg) (%) sample
2460.00 cut Coal : blk 0.8 70.6 12.8 17.5 25.5 14.8 30.3 40.3 62.10 0066-6L
2468.30 com Composite sample - see table 4 e 14.3 13.6 4.7 3.0 2.9 3.1 7.7 5.9 0.68 0217-0B
2470.36 ccp sltst : pl y brn to 1t gy to drk 9.4 30.7 11.4 8.4 2.0 8.9 19.8 10.9 3.35 0005-1L

g9y
2474.00 ccp Sh/Clst: drk gy to brn blk 7.7 36.3 9.0 13.4 1.6 12.4 22.4 13.9 7.30 0007-1L
2476.00 ccp Coal  : blk 4.0 14.4 3.3 5.7 1.6 3.8 9.0 5.4 20.60 0008-1L
2478.00 ccp Coal  : blk 1.6 91.7 11.9 29.0 17.8 33.1 40.8 50.9 74.10 0009-1L
2482.17 ccp Sh/Clst: drk gy to brn blk 9.2 24.1 6.8 10.2 1.3 5.9 17.0 7.2 9.50 0011-1L
2484.00 cecp Sh/Clst: drk gy to dsk y brn 10.5 10.0 1.8 2.7 1.6 3.9 4.5 5.5 3.77 0012-1L
2491.50 ccp S/Sst @ 1t or to or gy 9.8 20.2 6.0 5.6 4.1 4.6 11.6 8.7 1.73 0015-1L
2507.50 ccp Coal  : blk to brn bik 8.6 18.6 3.0 7.1 1.8 6.8 10.1 8.6 4.77 0019-1L
2515.50 ccp Sh/Clst: brn gy 12.0 9.4 1.8 1.5 1.7 4.4 3.3 6.1 1.79 0023-1r
2518.50 ccp Ssh/Clst: drk gy to brn gy 5.6 13.6 3.8 4.3 2.8 2.7 8.1 5.5 6.94 0024-1L
2532.26 ccp S/8st ¢ brn gy, 1t or 6.5 23.0 11.7 6.2 0.8 4.4 17.9 5.2 1.76 0029-1L
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Table 4 a: Weight of EOM and Chromatographic Fraction for well NOCS 30,/6-9 Page: 2

Depth unit of measure: m

Ext?ggted EOM Sat Aro Asph NSO HC  Non-HC TOC(e)

Depth Typ Lithology (g) (mg) (mg) {mg) (mg} (mg) {mg) (mg) (%) Sample
2535.00 ccp bulk 5.1 75.1 18.6 22.8 6.6 27.1 41.4 33.7 30.20 0030-0B
2537.65 ccp S5/5st 1 1t or to pl y brn 9.6 72.4 38.5 15.8 2.1 16.0 54.3 18.1 1.58 0031-1L
2541.00 ccp Sltst : brn gy 9.4 33.90 19.4 7.3 0.5 5.8 26.7 6.3 1.02 0034-1L
2544.00 ccp §/Sst : drk y brn 12.2 151.8 74.3 42.4 3.9 31.2  116.7 35.1 1.65 0057-1L
2560.11 com Composite sample — sec table 4 e 9.4 89.6 40.0 21.5 4.6 23.5 61.5 28.1 0.90 0219-0B
2576.40 ccp S/Sst @ my brn to drk y bin 9.1 93.7 45.2 26.9 4.0 17.7 72.0 21.7 0.90 0043-1L
2588.27 ceop S/5st r moy brn to drk y bin 9.6 108.6 59.1 35.0 2.7 11.8 94.1 14.5 1.02 0046-1L
2602.74 ccp 8/Sst : drk y bin to dsk y brn 10.4 133.4 64.8 41.2 3.7 23.7 106.0 27.4 1.25 0050-1iL
2616.33 ccp S/8st ¢ 1t gy to 1t y brn 9.4 45.2 24.0 15.6 1.6 4.0 39.6 5.6 0.90 0053-1L
2780.00 cut sltst : brn gy to m gy 1.0 2.3 0.9 0.6 0.5 0.3 1.5 0.8 2.66 0129-3L
2790.00 cut Sh/Clst: brn gy to m gy 2.7 6.6 3.3 i.8 0.3 1.2 5.1 1.5 2.23 0131-3L
2865.00 cut Sh/Clst: brn gy to m gy 1.1 2.7 1.6 0.3 0.3 0.5 2.0 0.8 1.48 0146-2L
2895.00 cut Sitst : brn gy to m gy 8.9 2.6 0.9 0.2 0.6 1.0 1.0 1.5 1.57 0152-2L
2965.00 cut Sh/Clst: brn gy to m gy 1.8 5.6 1.8 0.6 0.4 2.8 2.4 3.2 1.40 0166-2L
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Table 4 a: Weight of EOM and Chromatographic Fraction for well NOCS 30,/6-9

Page: 3

Depth unit of measure: m
Rock
Extracted ECM Sat Aro Asph NSO HC Non-HC TOC(e)

Depth Typ Lithology {g) (mg) {mg) {mg) (mg) (mg) {mg) {mg) (+) Sample
3020.00 cut Sltst : brn gy to m gy 1.7 6.6 3.9 1.2 0.5 1.0 5.1 1.5 1.57 0177-2L
3090.00 cut §/Sst : w to 1t gy 2.8 4.5 2.5 0.4 0.5 1.0 3.0 1.5 0.35 0186-4L
3170.00 cut Coal  : blk 1.8 31.6 2.5 4.9 21.4 2.7 7.5 24.1 26.10 0193-5L
3325.00 cut Sh/Clst: brn gy to m gy 2.0 6.2 0.2 0.8 0.5 4.8 0.9 5.3 1.51 0204-2L
3430.00 cut S/Sst : w to it ay 2.4 1.0 0.6 0.2 0.2 0.1 0.8 0.2 0.24 0211-3L
3475.00 cut Sh/Clst: brn gy to m gy 2.8 6.2 2.8 0.8 0.7 1.9 3.6 2.6 1.06 0214-2L
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Depth

bepth

2460.
2468.

2470.

2474

2476,
2478.
2482,

2484

2491.
2507.
2515.
2518.

00
30
36

.00

00
00
17

.00

50
50
50
50

cut
com

ccp

cep
ccp
ccp
ccp
ccp
ccp
ccp
ccp

cep

Table 4 b: Concentration of EOM and Chromatographic Fraction {wt ppm rock) for well NOCS 30,/6-9 Page: 1

unit of measure: m

Typ Lithology EOM Sat Aro Asph NSO HC Non-HC Sample
Coal : blk 86097 15548 21402 31097 18048 36951 49146 0066-6L
Composite sample - see table 4 e 953 326 210 203 213 536 417 0217-08B
Sltst : pl y brn to 1t gy to drk 3283 1219 838 213 951 2117 1165 0005-1L

gy

Sh/Clst: drk gy to brn hlk 4745 1176 1745 209 1614 2921 1823 0007-1L
Coal : blk 3591 822 1421 399 947 2244 1346 0008-1L
Coal : blk 56257 7269 17760 10920 20306 25030 31226 0009-1L
Sh/Clst: drk gy to bin blk 2608 730 1103 140 633 1834 773 0011-1L
Sh/Clst: drk gy to dsk y brn 954 171 257 152 372 429 524 0012-1L
8/8st ¢ 1t or to or gy 2061 612 566 418 464 1178 882 0015-1L
Coal  : blk to bin blk 2170 350 822 210 787 1172 997 0019-1L
Sh/Clst: brn gy 785 156 125 142 367 275 509 0023-1L
Sh/Cist: drk gy to htn gy 2446 674 182 503 485 1456 989 0024-1L
S5/5st : brn gy, 1t or 3533 1797 944 122 668 2741 791 0029-1L

2532.

26

ccp
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Table 4 b: Concentration of FOM and Chromatographic Fraction (wt ppm rock) for well NOCS 30,/6-9

Depth

unit of measure: m

Page: 2

Depth Typ Lithology
2535.00 ccp bulk
2537.65 ccp S/8st ¢ 1t or to pl y bmn
2541.00 ccp Sltst : brn gy
2544.00 ccp S/Sst @ drk y brn
2560.11 com Composite sample - see table 4 e
2576.40 ccp S/Sst @ m y brn to drk y bin
2588.27 cep S/8st : my brn to drk y brn
2602.74 ccp S/Sst : drk y brn to dsk y brn
2616.33 ccp S/8st : 1t gy to 1t y brn
2780.00 cut Sltst : brn gy to m gy
2790.00 cut Sh/Clst: brn gy to m gy
2865.00 cut Sh/Clst: brn gy to m gy
2895,00 cut Sltst : brn gy to m gy
2965.00 cut Sh/Clst: brn gy to m gy

EOM Sat Aro Asph NSO HC Non-HC Sample
14871 3683 4514 1306 5366 8198 6673 0030-0B
7525 4007 1637 218 1663 5644 1881 0031-1L
3492 2047 7717 52 613 2825 666 0034-1L
12422 6080 3471 319 2551 9551 2870 0057-1L
9491 4242 2272 487 2489 6514 2976 0219-08
9936 4787 2847 424 1876 7635 2301 0043-1L
11288 6140 3641 280 1226 9781 1507 0046-1L
12864 6244 3976 356 2285 10221 2642 0050-1L
4834 2566 1668 171 427 4235 598 0053-1L
2395 937 625 520 312 1562 833 0129-3L
2417 1208 659 109 439 1868 549 0131-3L
2523 1542 280 280 420 1822 700 0146-2L
2826 978 163 652 1032 1141 1684 0152-2L
3181 1022 340 227 1590 1363 1818 0166-2L
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Table 4 b: Concentration of EOM and Chromatographic Fraction {wt ppm rock) for well NOCS 30/6*9 Page: 3
Depth unit of measure: m
pPepth Typ Lithology EOM Sat Aro Asph NSO HC Non-HC Sample

3020.00 cut Sltst : brn gy to m gy 3815 2254 693 289 578 2947 867 (0177-2L

3090.00 cut 5/8st : w to 1t gy 1624 920 162 180 361 1083 541 0186-4L

3170.00 cut Coal : blk 17267 1393 2704 11693 1475 4098 13169 0193-5L

3325.00 cut sh/Clst: brn gy to m gy 3147 6 380 253 2436 456 2690 0204-2L

3430.00 cut 8/8st : w to 1t gy 414 248 62 82 20 311 103 0211-3L

3475.00 cut Sh/Clst: brn gy to m gy 2214 1017 267 250 678 1285 928 0214-2L
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Table

Depth

Depth

4 c: Concentration of EOM and Chromatographic Fraction (mg/g TOC(e)) for well NOCS 30,/6-9

unit of measure: m

2460,
2468.

2470.

2474.
2476,
2478.

2482.

2484

2491,
2507.
2515.
2518.

2532

00
30
36

00
00
00
17

.00

50
50
50
50

.26

cut
com

ccp

ccp
ccp
cep
cep
cep
ccp
cep
ccp

ccp

Typ Lithology EOM Sat Aro Asph NS0 HC Non-HC Sample
Coal : blk 138.64 25,04 34.46 50.08 29.06 59.50 79.14 0066-6L
Composite sample — see tablé 1 e 140.25 47.95 30.94 29.91 31.45 78.89 61.36 0217-0B
Sltst : pl y brn to it gy to drk 98.01 36.40 26.82 6.39 28.41 63.21  34.80 0005-1L

gy
Sh/Clst: drk gy to brn blk 65.00 16.12 23.91 2.87  22.11 40,02  24.98 0007-1L
Coal : blk 17.43 3.99 6.90 1.94 4.60 10.90 6.54 0008-1L
Coal : blk 75.92 9.81 23.97 14.74 27.40 33,78 42.14 0009-1L
Sh/Clst: drk gy to brn blk 27.46 7.69 11.62 1.48 6.66 19.31 8.15 0011-1L
Sh/Clst: drk gy to dsk y bin 25.31 4.56 6.83 4.05 9.87 11.39 13.92 0012-1L
5/5st : 1t or to or gy 119.15 35.39 32.74 24.18 26.84 68.13 51,02 0015-1L
Coal : blk to brn blk 45.50 7.34  17.25 4,40 16.51 24.58  20.92 0019-1L
Sh/Clst: brn gy 43.87 8.40 7.00 7.93  20.54 15.40  28.47 0023-1L
Sh/Clst: drk gy to brn gy 35.25 9.72  11.27 7.26 7.00 20.99 14.25 0024-1L
S/Sst : brn gy, 1t or 200,74 102.12 53.68 6.98 37.97 155.79  44.95 0029-1L

ccp

Page: 1
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Table 4 ¢: Concentration of EOM and Chromatographic Fraction (mg/g TOC{e)) for well NOCS 30,6-9

Depth

Depth

unit of measure: m

2535,

2537.

2541

2544

2560.
2576.
2588.

2602

2616.
2780.

2790

2865.

2895.

2965

00
65

.00

.00

11
40
27

.74

33
00

.00

00

00

.00

Typ Lithology EOM Sat Aro Asph NSO HC Non-HC Sample

ccp bulk 49.24 12.20 14.95 4.33 11,77 27.15  22.10 0030-0B
ccp S/6st ¢ 1t or to pl y brn 476.33 253.63 103.62 13,82 105.27 357.25 119.08 0031-1L
ccp Sltst @ brn gy 342.36  200.75 76.25 5.19 60.17 277.00 65.36 0034-1L
cep S/8st ¢ drk y brn 752.86 368,50 216.39 19.34 154.64 578.88 173.98 0057~1L
com Composite sample — see table 4 e 1054.61 471,40 252.47 54,14 276.60 723.87 330.74 0219-0B
cep 8/5st @ m y brn to drk y brn 1104.04 531.99 316.37 47.13 208.55 848.36 255.69 0043-1L
ccp S/Sst : my brn to drk y brn 1106.76 601.99 357.00 27.52 120.26 958.99 147.77 0046-1L
cep 8/5st ¢ drk y bin to dsk y brn 1029.12 499.60 318.15 28,54 182.84 817.74 211,38 0050-1L
ccp S/Sst @ 1t gy to 1t y bin 537.14 285.20 185.38 19.01 47.53 470.59 66.55 0053-1L
cut Sltst : brn gy to m gy 90.07 35,24 23.50 19.58 11,75 58.74  31.33 0129-3L
cut Sh/Clst: brn gy to m gy 108.4F 54,21 29.57 4.93 19.71 83.77 24.64 0131-3L
cut Sh/Clst: brn gy to m gy 170.50 104.19 18.94 18.94 28.42 123.14 47.36 0146-2L
cut 8ltst : bin gy to m gy 180,01  62.31 10.38 41.54 65.77 72.69 107.31 0152-2L
cut Sh/Clst: brn gy to m gy 227.27  73.05  24.35 16,23 113,64 97.40 129.87 0166-2L

Page: 2
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Table 4 c: Concentration of EOM and Chromatographic Fraction (mg/g TOC(e))} for well NOCS 30,/6-9 Page: 3

Depth unit of measure: m

Depth Typ Lithology | EOH Sat Aro Asph NSO HC Non-HC Sample
3020.00 cut sltst : brn gy to m gy 243.00 143.59 44.18 18.41 36.82 187.77 55.23 0177-2L
3090.00 cut S/8st : w to 1t gy 464.16 263.02 46.42 51.57 103.15 309.44 154.72 0186-4L
3170.00 cut Coal : blk 66.16 5.34 10.36 44.80 5.65 15.7¢  50.46 0193-5L
3325.00 cut Sh/Clst: brn gy to m gy 208.42 5.04 25.21 16.81 161.36 30.26 178.17 0204-2L
3430.00 cut S/5st : w to lt gy 172.89 103.73 25.93 34.58 8.64 129.67 43,22 0211-3L
3475.00 cut Sh/Clst: brn gy to m gy 208.89  96.02 25.27 23.58 64.02 121.29 87.60 0214-2L
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Depth unit of measure: m
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Depth Typ Lithology

Table 4 d: Composition of material extracted from the rock (%) for well NOCS 30/6-9 Page: 1

Sat Aro hsph NSO HC Non-HC Sat HC

EOM  EOM  EOM  EOM  EOM  EOM  Aro Non-HC Sample
Coal : blk 18.06  24.86 36.12 20.96 42,92 57.08 72.65 75.19 0066-6L
Composite sample — sees table 4 e 34.19  22.06  21.32 22.43 56.25 43,75 155,00 128.57 0217-0B
51tst : pl y brn to It gy to drk 37.13 27.36 6.51 28.99 64.50 35.50 135.71 181.65 0005-1L

)4

Ssh/Cist: drk gy to brn bik 24.79  36.78 4.41  34.02 61.57 38.43 67.42 160.22 0007-1L
Coal : blk 22.92  39.58 11.11  26.39 62.50 37.50 57.89 166.67 0008-1L
Coal : blk 12.92  31.57 19.41 36.10 44.49 55.51 40.93 80.16 0009-1L
Sh/Clst: drk gy to bhrn blk 28.01  42.32 5.39 24.27 70.33 29.67 66.18 237.06 0011-1L
Sh/Clst: drk gy to dsk y bin i8.00 27.00 16.00 39.00 45.00 55.00 66.67 81.82 0012-1L
5/8st ¢ 1t or to or gy 29.70  27.48 20.30 22.5%2 57,18 42.82 108.11 133.53 0015-1L
Coal  : blk to brn blk 16.13 37.90 9.68 36.29 54,03 45.97 42,55 117.54 0019-1iL
Sh/Clst: bin gy 19.15 15,96 18.09 46.81 35,11 64.89 120.00 54.10 0023-1L
sh/Clst: drk gy to brn gy 27.57 31.99 20.59 19.85 59.56 40.44 86.21 147.27 0024-1L
S5/8st : brn gy, 1t or 50.87 26.74 3.48 18.°1 77.61 22.39 190.24 346.60 0029-1L

2532

.26

ccp
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Table 4 d: Composition of material extracted from the rock (%) for well NOCS 30,/6-9 Page: 2
Depth unit of measure: m
Sat Aro Asph NSO HC Non-HC Sat HC

Depth Typ Lithology Egﬁ ESH gg;— Eaﬁ ;5& ) EOH ;;g Non-HC Sample
2535.00 ccp bulk 24.77  30.36 8.79 36.09 55.13 44.87 81.58 122.85 0030-0B
2537.65 cecp 8/8st @ 1t or to pl y brn 53.25 21.75 2.90 22,10 75.00 25.00 244.76 300.00 0031-1L
2541.00 ccp Sltst : brn gy 58.64  22.27 1.52 17.58 80.91 19,09 263,27 423.81 0034-iL
2544.00 ccp S/Sst @ drk y bin 48.95 27.94 2.57 20.54 76.89 23.11 175.15 332.73 0057-1L
2560.11 com Composite sample — see table 4 e 44.70 23.94 5.13 26.23 68.64 31.36 186.71 218.86 0219-0B
2576.40 ccp S/8st ¢ my brn to drk y bn 48.19  28.66 4.27 18.89 76.84 23.16 168.16 331.80 0043-1L
2588.27 cecp 8/8st @ m y brn to drk y brn 54.39 32.26 2.49 10.87 B86.65 13.35 168.63 648.97 0046-1L
2602.74 cecp S/5st ¢ drk y brn to dsk y brn 48.55  30.91 2.77  17.71  79.46 20.54 157.03 386.86 0050-1L
2616.33 ccp S/Sst @ 1t gy to 1t y brn 53.10 34.51 3.54 8.85 87.61 12.39 153.85 707.14 0053-1L
2780.00 cut Sltst : brn gy to m gy 39,13 26.09 21.74 13.04 65.22 34.78 150.00 187.50 0129-3L
2790.00 cut Sh/Clst: brn gy to m gy 50.00 27.27 4.55 18.18 77.27 22.73 183.33 340.00 01231-3L
2865.00 cut Sh/Clst: brn gy to m gy 61.11 11.11  1i.11  16.67 72.22 27.78 550.00 260.00 0l46-2L
2895.00 cut Sltst : brn gy to m gy 34.62 5.77 23.08 36.54 40.38 59.62 600.00 67.74 0152-2L
2965.00 cut Sh/Clst: brn gy to m gy 32,14  10.71 7.14 50.00 42.86 57.14 300.00 75.00 0166-2L
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Table 4 e: List of composite samples appearing in the extraction tables for well NOCS 30/6-9

Depth unit of measure: m

NOTE: Depths shown in tables 4 a to d correspond to the composite

Upper depth Lower depth Typ Sample Depth
2462.74 2468.30 com 0217-0B is composed of: 2462.74
2468.30

2556.10 2560.11 com 0219-0B is composed of:  2556.10
2560.11

Typ

cep
ccp

ccp
cep

Page: 1
samples' lower depth.

Lithology Sample

S/8st : pl brn, cem 0002-1L
S/8st : pl y brn, £, cem, lam 0004-1L
8/6st : or gy to lt y brn, crs, cem 0038-1L
5/Sst : or gy to lt y brn, crs, cem, 1 0039-1L
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Table 5 : Saturated Hydrocarbon Ratios for well NOCS 30/6-9 Page: 1
Depth unit of measure: m
Pristane Pristane Pristane + Phytane  Phytane

Depth Typ Lithology nCl7 Fhytane nCl7 + nCl8 nCi8 CPI Sample
2460.00 cut Coal : blk 0.52 1.40 0.47 0.42 1.18  D066-6L
2468.30 com bulk 0.55 1.96 0.47 0.37 1.15 0217-08
2470.36 ccp Sltst @ pl y brn teo 1t gy to drk 0.52 1.81 0.45 0.36 0.98 0005-1L

9y

2474.00 ccp Sh/Cist: drk gy to brn blk 0.53 2.03 0.47 0.37 0.86  0007-1L
2476.00 ccp Coal  : blk 1.41 6.36 0.88 0.26 1.63 0008-1iL
2478.00 ccp Coal : blk 0.40 1.88 0.34 0.28 0.93 0009-1L
2482.17 ccp Sh/Clst: drk gy to brn blk 0.50 2.41 0.41 0.28 1.11 0011-1L
2484.00 ccp sh/Clst: drk gy to dsk y brn 0.52 2.12 0.44 0.33 1.45 0012-1L
2491.50 ccp 5/8st ¢ 1t or to or gy 0.49 2.01 0.43 0.35 0.99 0015-1L
2507.50 ccp Coal  : blk to brn blk 1.28 5.27 0.78 0.25 1.79  0019-1L
2515.50 ccp sh/Clst: bin gy 0.85 3.12 0.66 0.38 1.67 0023-1L
2518.50 cecp Sh/Clst: drk gy to bmn gy 1.25 3.63 0.81 0.36 1.65 0024-1L
2532.26 ccp 8/Sst : brn gy, 1t or 0.55 1.59 0.48 0.40 1.10 0029-1L
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Table 5 : Saturated Hydrocarbon Ratios for well HOCS 30,/6-9

bepth

Depth

2535.00
2537.65
2541.00
2544.00
2560.11
2576.40
2588.27
2602.74
2616.33
2780.00
2790.00
2865.00
2895.00

2965.00

unit of measure: m

Typ Lithology

cep
cep
cop
ccp
com
cep
ccp
cep
ccp
cut
cut
cut
cut

cut

bulk

5/8st
Sltst
5/5sk
bulk

S/8st
S5/8st
5/5st
S/Sst
Sltst
Sh/Clst:
Sh/Clst:
51tst

Sh/Clst:

: 1t or to pl y hin
: brn gy

: drk y brn

:my brn to drk y brn
:my brn to drck v brn

: drk y brn to dsk y brn
: 1t gy to 1t y brn

: hbrn gy to m gy

btn gy to m gy
brn gy to m gy

: brn gy to m gy

btn gy to m gy

Page: 2
Pristane Pristane Pristane + Phytane Phytane
ncl7 Phytane nCl7 + nCl8 nCis CPI Sample
0.86 3.44 0.63 0.33 1.36 0030-0B
0.52 1.20 0.45 0.38 1.08 0031-1L
0.67 1.90 0.59 0.48 1.13  0034-1L
0.53 1.48 0.46 0.39 1.11  0057-1L
0.54 1.24 0.48 0.42 0.99 0219-0B
0.56 1.36 0.49 0.42 1.06 0043-1L
0.54 1.36 0.47 0.40 1.07  0046-1L
0.51 1.30 0.45 0.39 1.06  0050-1L
0.50 1.27 0.44 0.38 1.10  0053-1L
0.48 1.57 0.41 0.33 1.26 0129-3L
0.54 1.32 0.49 0.44 1.26 0131-3L
0.57 1.42 0.53 0.47 1.13  0146-2L
0.53 1.24 0.50 0.46 1.48  0152-2L
0.50 1.34 0.46 0.42 1.25 0166-2L
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Table 5 : Saturated Hydrocarbon Ratios for well NOCS 30,/6-9

Page: 3

Depth unit of measure: m
Pristane Pristane Pristane + Phytane  Phytane

Depth Typ Lithology MMECI? Phytane nCl7 + nC1i8 nCl8 CPI Sample
3020,00 cut Sitst : brn gy to m gy 0.52 1.38 0.48 0.44 1.18  0177-2L
3090.00 cut S5/5st : w to 1t gy 0.62 1.29 0.55 0.48 1.12  0186-4L
3170.00 cut Coal : blk 0.73 2.85 0.49 0.25 1.23  0193-5L
3325.00 cut Sh/Clst: brn gy to m gy 0.49 1.16 0.45 0.42 1.19 0204-2L
3430.00 cut 5/8st : w to 1t gy 0.55 1.05 0.51 0.47 1.06 0211-3L
3475.00 cut sh/Clst: brn gy to m gy 0.67 1.13 0.65 0.62 1.21 0214-2L
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Table 6 : Aromatic Hydrocarbon Ratios for well NOCS 30,/6-9 Page: 1

Depth unit of measure: m

Depth Typ Lithology MNR DMNR BPhR 2/IMP MPIl MPI2 Rc  DBT/P 4/1MDBT /Sn;g% Sample
2460.00 cut Coal : blk 1.10 1.96 0.32 0.93 0.66 0.77 0.80 0.26 6.99 0.72 0066-6L
2468.30 com bulk 6.39 1.33 0.i14 0.8 0.60 0.69 0.76 0.26 5.93 0.87 0217-0B
2470.36 ccp Sitst @ pl y bin to 1t gy to drk 1.09 1.98 0.32 0.91 0.66 0.76 0.80 0.29 7.60 0.90 0005-1L

gy
2474.,00 ccp 5h/Clst: drk gy to brn blk 1.17  2.11r 0.36 0.91 0.67 0.78 0,80 0.29 5.63 0.73 0007-1L
2476.00 ccp Coal  : blk 1.0 2.03 0.41 0.85 ©0.61 0.70 0.77 0.29 4.59 0.70 0008-1L
2478.00 ccp Coal : blk 1.12 2.13 0.40 0.87 0.64 0.74 0.78 0.23 6.1l 0.61 0009-1L
2482.17 ccp Sh/Clst: drk gy to brn blk .15 1.87 0.42 0.70 ©0.57 0.62 0.74 0.22 5.49 0.71 0011-1L
2484.00 ccp sh/Cist: drk gy to dsk y bin 0.64 1.89 90.26 0.90 0.67 0.79 0.80 0.27 7.88 0.95 001z2-1L
2491.50 ccp S/58st @ 1L or to or gy 1,13 1.99 0.34 0.89 0.64 0.75 0.78 0.24 9.49 1.02 0Q015-1L
2507.50 ccp Coal  : blk to brn blk 0.68 1.76 0.26 0.84 0.66 0.77 0.80 0.21 9.15 0.80 0019-1L
2515.50 ccp sh/Clst: brn gy 0.41 1.22 0.17 ©0.65 0.43 0.44 0.66 0.20 3.67 0.45 0023-1L
2518.50 cep Sh/Clst: drk gy to brn gy 0.94 1.41 0.55 0.67 0.36 0.37 (.62 0.16 1.90 0.56 0024-1L
2532.26 ccp S/sst @ brn gy, Lt or i.14 1,89 0.33 0.98 o0.70 06.79 0.82 0.37 7.67 0.77 0029-1L
2535.00 cep bulk 1.07 2.07 0.46 0.87 0.64 0.75 0.78 0.21 8.16 .71 0030-0B
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Table 6 : Aromatic Hydrocarbon Ratios for well NOCS 30/6-9 Page: 2

Depth unit of measure: m

Depth Typ Lithology MNR DMNR BPhR  2/1MP HMPI1  MPI2 Rc DBT/P 4/1MDBT /éiggé Sample
2537.65 cecp §/8st ¢ 1t or to pl y brn 1.14  1.93 0.35 1.03 0.81 0.9 0.89 0.49 56.01 0.98 0031-1L
2541.00 ccp Sltst  : brn gy 0.97 1.36 0.20 1,14 0.76 0.85 0.8 0.58 8.96 0.89 0034-1L
2544.00 ccp S/Sst @ drk y bin 0.86 1.61 0.24 1,05 0.80 0.89 0.88 0.54 3.63 0.74 0057-1L
2560.11 com bulk - - - 1.03 0.97 1.02 0.98 0.79 2.98 0.61 0219-0B
2576.40 ccp S/Sst : my brn to drk y bin - - ~ 1.07 0.94 1.03 0.96 0.79 2.25 0.78 0043-1L
2588.27 cep §/8st ¢ my brn bto drk y brn - 1 - - 1.09 0.98 1.07 0.99 0.84 2.45 - 0046-1L
2602.74 ccp S/8st @ drk y brn to dsk y bin - - - 1.0 0.87 0.98 0.92 0,69 2.52 - 0050-1L
2616.33 cep S/S5st @ 1t gy to 1ty bin 0.48 1.45 90.i1 0.97 ©0.69 0.81 0.81 0.37 2.18 - 0053-~1L
2780.00 cut sitst : brn gy to m gy - - - 1,11 0.83 0.8 0.90 - - - 0129-3L
2790.00 cut Sﬁ/Clst: brn gy to m gy - 0.60 0.02 1.27 0.84 0.93 0.90 0.39 8.00 0.78 0131-3L
2865.00 cut Sh/Clst: brn gy to m gy - - - 1.42 0,93 1.10 0.96 0.43 - - 0146-2L
2895.00 cut sSltst : brn gy to m gy - - - 1.30 0.99 1.12 0.99 0.37 9.97 - 0152-2L
2965.00 cut Sh/Clst: bin gy to m gy - - - 1.25 0.94 1.05 0.96 0.46 10.43 0.91 0166-2L
3020.00 cut Sltst : brn gy to m gy - 0.32 - 1.33  0.95 1.08 0.97 0.52 10.40 - 0177-2L
3090.00 cut S/Sst : w to 1lE gy - - - .26 1.03 1.16 1.02 - - - 0186~-4L
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Table 6 : Aromatic Hydrocarbon Ratios for well MOCS 30,/6-9 Page: 3

Depth unit of measure: m

(3+2)

Depth Typ Lithology MMR  DMNR  BPhR  2/1MP MPI1  MPI2 Rc DBT/P 4/1MDBT /IMDBT Sample
3170.00 cut Coal : blk 0.87 1.31 0.22 1.17 0.65 0.75 0.79 0.24 6.46 1.80 6193-5L
3325.00 cut sh/Clst: brn gy to m gy - - - 1.3 1.i8 1.31 1.11 - - - 0204-2L
3430.00 cut S/5st @ w to 1t gy - - - 1,17 1.06 1.15  1.04 - - - 0211-3L
3475.00 cut Sh/Clst: brn gy to m gy - - - 1.24 1,00 1.09 1.00 0.64 13.47 1.08 0214-2L
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Table 7 : Thermal Maturity Data for well NOCS 30/6-9 Page: 1

Depth unit of measure: m

Vitrinite nNumber of Standard Spore
bDepth Typ Lithology Reflectance Readings Deviation Fluorescence 5CI Tmax Sample
(%) Colour (7C)
2410.00 cut bulk 0.51 10 0.05 4-5 - - 0059-0B
2410.00 cut Sh/Clst: m gy - - - - 4.5 (7} 412 0059-2L
2450.00 com bulk - - - - 4.5 (2} 379 0215-08
2470.36 ccp sltst : pl y brn to 1t gy to drk - - - - 5.0-5.5 431 0005-1L
gy
2476.00 ccp bulk .53 13 0.05 5 - - 0008-0B
2476.00 ccp Ceal @ blk - - - - 5.0 438 0008-1L
2484.00 ccp buik NDP - - 5 (?) - -~ 0012-0B
2501.50 ccp Sltst : 1t brn gy - - - - 5.0 433 0022-1L
2525.00 cut bulk 0.54 41 0.05 5 - - 0078-0B
2535.00 ccp bulk 0.54 35 0.06 5 - 436 0030-0B
2551.00 ccp Sltst : brn gy - - - - 5.5 435 0036-1L
2597.77 ccp bulk NDP - - NDP - - 0049-08
2624.00 ccp bulk 0.50 14 0.04 5 - - 0056-0B
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Table 7 : Thermal Maturity Data for well NOCS 30/6-9 Page: 2

Depth unit of measure: m

vitrinite Number of Standard Spore
Depth Typ Lithology Reflectance Readings Deviation Fluorescence sC1 Tmax Sample
(3) Colour (“c)
2780.00 cut Sltst : brn gy to m gy - - - - 5.0-5.5 4306 0129-3L
2785.00 cut bulk 0.53 5 0.04 5 - - 0130-08B
2830.00 cut bulk 0.52 14 0.04 5 - ~  0139-08B
2835.00 cut Sltst : brn gy to m gy - - - - 5.5 433 0140-2L
2860.00 cut bulk 0.52 12 0.06 5 - - 0145-0B
2895.00 cut Sltst : brn gy to m gy ~ - - - 6.0 440 0152-2L
2900.00 cut bulk 0.50 19 0.04 5 ~ - 0153-0B
2950.00 cut bulk 0.55 13 0.05 5 - - 0163-0B
2965.00 cut Sh/Clst: brn gy to m gy - - - - 5.5-6.0 439 0166-2L
2985.00 cut bulk 0.57 15 0.04 5.5 - - 0170-08B
3030.00 cut Sltst : brn gy to m gy - - - - 5.5 439 0179-2L
3110.00 cut bulk 0.51 14 0.04 5 - - 0187-0B
3110.00 cut 5h/Clst: brn gy to m gy - - - - 5.5 437 0187-2L
3170.00 cut bulk 0.56 26 0.04 5-6 - - 0193-0B
GEOLABAINOR
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Table 7 : Thermal Maturity Data for well NOCS 30/6-9 Page: 3

Depth unit of measure: m

Vitrinite Number of Standard Spore
Depth Typ Lithology Reflectance Readings Deviation Fluorescence SCI Tmax Sample
(%) Colour (7C)
3170.00 cut Coal : blk _ - - - - 5.5-6.0 440 0193-5L
3197.00 cut bulk 0.58 37 0.05 5-6 - - 0196-0B
3325.00 cut bulk NDP - - 5 - - 0204-0B
3325.00 cut Sh/Clst: brm gy to m gy - - - ~ 5.5-6.0 (?) 433 0204-2L
3400.00 cut bulk 0.54 23 0.07 5 - -~ 0209-0B
3400.00 cut sh/Clst: brn gy to m gy to drk gy - - - - 5.5-6.0 439 0209-2L
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Table 8

Depth

Depth

2410,
2450.
2470,

2476.

2501
2551

2780.

2835

2895.
2965.
3030.
3110.

00
00
36
00

.50
.00

00

.00

09
00
4o

00

: Visual Kerogen Composition bata for well NOCS 30/6-9 Page: 1

unit of measure: m

L | A L § C D {1 s 1M s |V C VvV A

1} m i pu RA i AB|N|F endicB|I|To i mB

|P} o p / t el nc i|Ejum¢toecl ijT]le 1 t o i

T} r D P i s g o t{R}|s FDret\|R{}Y 1 DTt

| | e o c i a f i fT}i v e i ¢ | Ji 1 e
Typ Litholegy ¥} £t 1 1 nel t Lfi%|n s tnoI}%]nnt V VSample
cut sh/Clst: m gy 10 *k ok * 10 kK 80 * *E % 0059-2L
com bulk 10 ko K LI 10 * 80 * k& 0215-0B
ccp Sitst @ pl y brn to 1t gy to drk 20 * K k% *k ? 5 % # 75 ** % % 0005-1L

qy

ccp Coal & blk 30 *k Ak * 5 * 65 ** * kk % 0008-1L
ccp Sltst : lt brn gy 25 k k& LR 5 * 70 %% * 0022-1L
ccp Sltst @ brn gy 15 % % % ki 5 % %% 80 ** * 0036-1L
cut Sltst : brn gy tom gy 85 k* % Kk * TR * * 15 * * 0129-3L
cut Sltst : brn gy to m gy 40 x kx & % Ok TR * 60 * kK 0140~2L
cut Sltst : brn gy to m gy 30 *h kK ko 5 % * * 65 * k% % 0152-2L
cut Sh/Clst: brn gy to m gy 25 Kk k% *k TR * * * 75 * Kk K 0166-21L
cut Sltst : brn gy to m gy 35 K& K% * % 5 % % 60 ** * 0179-2L
cut Sh/Clst: brn gy to m gy 30 Kk kK * % * TR * 70 * L 0187-2L
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Table 8 : Visual Kerogen Composition Data for well NOCS 30,/6-9 Page: 2

Depth unit of measure: m

L} A L S C D |1y s I Mms |V}|] € VA

| If m i p uw RA i AB|N|JF endiocB|I|TodimaB

P op / t el nc i|Ejum&tcl i|T}le 1 t o i

|T|] r D Pisgor t|R|s FDret|R}|]1 1DTI t

| ] e o ¢ i a f i FT{i ue i r | fi i e

Depth Typ Lithology %] L t 1 1 ne 1l t L|%]n s tno I{%|nn t V VSample

3170.00 cut Coal : blk 10 ko k * 5 Xk 85 ** k& k% 0193-5L
3325.00 cut Sh/Clst: brn gy to m gy 25 * kk hk TR * 75 * kX 0204-2L
3400.00 cut Sh/Clst: brn gy to m gy to drk gy 50  * % X # ko Kk 5 * * 45 * *k 0209-2L
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Table

9a: Tabulation of carbon isotope data for EOI/EOM - fractions or Oils for

well NOCS 30/6-9

Depth unit of measure: m

Depth Typ Lithology EOM/01]l  Saturated Aromatic N5Q Asphaltenes  Rerogen
2468.30 com Composite sample - ~28.00 -26.53 ~27.62 -26.04 -~
2527.50 ccp - -29.49 —26.95 -27.97 -25.89 -
2544.00 ccp - -29.21 -27.91 ~28.16 -27.16 -
2576.40 ccp - -29.30 ~-28.00 -28.34 -28.12 -
2602.74 ccp - -29.07 ~28.29 -28.24 -27.93 -
2616.33 ccp - ~28.95 -27.96 -28.13 -27.45 -
3090.00 cut - -29.41 -26.43 -28.26 - -

Page: 1

Sample

0217-0B
0027-1L
0057-1L
0043-1L
0050-1L
0053~1L
0186-4L
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Table 9B : Tabulation of cv values from carbon isctope data for well NOCS 30,/6-9

Depth unit of measure: m

Depth Typ Lithology Saturated Aromatic cv value
2468.30 com Composite sample -28.,00 -26.53 0.29
2527.50 ccp ~29.49 ~-26.95 3.13
2544.00 ccp -29.21 -27.91 0.29
2576.40 ccp -29.30 ~-28.00 0.32
2602.74 ccp -29.07 ~28.29 -0.91
2616.33 ccp ~28.9% ~-27.96 ~-0.48
3090.00 cut -29.41 -26,43 4.08

Interpretation

Marine
Terrigenous
Marine
Marine
Marine
Marine

Terrigenous

Page: 1

Sample

0217-08B
0027-1L
0057-1L
0043-1L
0050-1L
0053-1L
0186~4L
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Table 10A: Variation in Triterpane Distribution for Well NOCS 30/6-9S Page: 1

Depth unit of measure: m

B C+D Ji

Depth Lithology B/A B/M+A BiEtF  C/E C/C+E X/EB Z/E 2/C  2/7+E  Q/E  E/E+F CH+D+E+F D+F/C+E J1+J2% Sample

2468.30 5/Sst 1.74  0.64 0.19 0.52 0.34 0.08 0.21 0.41% 0.18 0.08 0.87 0.37 0.20 57.28 0217-0
2532.26 5/5st 0.87 ©.46 9.313 0.3% 0.28 0.09 0.28 0.73 0.22 0.14 0.89 0.31 0.17 59.09 0029-1
2544.00 s/8st 0.78 0.44 0.12 0.45 0.31 0.09 0.28 0.63 0.22 0.08 0,91 0.33 0.14 59.65 0057-1
2576.40 5/8st 0.86 0.46 0.13 0.46 0.32 0.10 0.26 0.57 0.21 0,09 0.90 0.34 0.15 57.89 0043-1
2602.74 S/Sst 0.79 0.44 0.1} 0.41 0.292 0.09 0.25 0.6% 0.20 0.08 0.91 0.32 0.14 60.95 0050~1
2616.33 5/5st 0.83 0,45 0.13 0.47 0.32 0.09 0.28 0.58 0.22 0.09 0.91 0.35 0.14 58.33 0053-1
3096.00 5/Sst 0.95 0.49 0.12 0.47 0.32 0.08 0.23 0.48 0.18 0.14 0.90 0.35 0.15 59.32 01864
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Table 10B: Variation in Sterane Distribution (peak height) for Well NOCS 30/6-9 Page: 1
Pepth unit of measure: m

Depth Lithology Raticl PRatio2 Ratio3 PRatiod4 Ratio5 Ratio6 Ratio7 Ratio8 Ratio9 Ratiol0 Sample

2468.30 5/58st 0.75 41.28 68.50 1.05 0.72 0.45 0.36 0.52 0.70 1.85  0217-0
2532.26 S/8st 0.79 51.28 73.10 1.29 0.73 0.66 0.54 0.58 1.05 2.79 0029-1
2544.00 S/Sst 0.78 50.27 72.81 1.14 0.73 0.43 0.32 0.57 i.01 2.69 0057-1
2576.40 S/5st 0.77 47.54 71.72 1.13 0.73 0.39 0.29 0.56 0.91 2.42  0043-1
2602.74 S/Sst 0.78 47.90 72.31 1.16 0.73 0.44 0.33 6.57 0.92 2.51  0050-1
2616.33 S/Sst 0.82 A47.62 73.42 1.20 0.74 0.41 0.31 0.58 0.91 2.64 0053-1
3090.00 5/5st 0.75 47.56 72.20 1.03 0.73 0.50 0.38 0.56 0.91 2.48 01864

Ratiol: a /a + j Ratiob: u+v /Ju+v+g+r+s+t

Ratio2: g / g + t * 100% Ratio7: u+v /u+v+i4+m+n+q+r+s+t
Ratio3: 2{r + s}/{gq + L + Z{r + s))} * 100% RatioB: r + s / g+ + 8+ ¢t

Ratiod: a+ b+ c+d/h+k+ 1 4+ n Ratio%9: q / t

Ratiob: r+ s / r + 8 + ( Ratiglf: r + 5 / t

ceoLaBBINOR

GEDCIEMICAL LABURATIRRS OF N~ 4



Table 10(: Aromatisation of Steranes for Well NOCS 30/6-9

Depth unit of measure: m

Depth Lithology Ratiol
2468,30 S/Sst 0.28
2532.26 §5/8st 0.26
2544.00 S/Sst 0.31
2576.40 §/5st 0.31
2602.74 5/Sst 0.31
2616.33 s/8st 0.31
3090.00 sS/Sst 0.35

Ratiol:

ClL4DI+EL+FI+GL T+ 1)

Ratic?  Sample
0.94  0217-0
0.93  0029-1
0.92 0057-1
0.92  0043-1
0.92  0050-1
0.92  0053-1
0.91 0186-4

CL+DL+EL+FI4+GL+HI+ 11 + clidl+el+flegl

RatioZ2: gl / gl + 11

Page: 1
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Table I0Db: Variation in Monoaromabic Sterane Distribution for Well NOCS 30,69

Depth unit of measure: m

Depth Lithology  Ratiol
2468.30 s/Sst 0.23
2532.26 S/Sst 0.49
2544.00 s/Sst 0.26
2576.40 5/5st 0.32
2602.74 s/Sst 0.30
2616.33 S5/Sst 0.24
3090.00 s5/Sst 0.35

Ratiol: Al / Al + EL
RatioZ: Bl / Bl + El

Ratio?

0.
Q.
0.

0.

14
1
12

21

.23
.18

.23

Ratio3  Ratiod Sample
0.07 0.07 0217-0
0.21 0.14 0029-1
0.12 0.09 0057-1
0.15 0.13 0043-1
0.15 0.13 0050-1
0.11 0.10 0053-1
0.17 0.14 0186-4

Ratio3: Al / Al + E1 + Gl
Ratiod: AL+Bl / Al+B1+CL+DI+EL+F14+G1+H1+11

Page: 1
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Table 10£: variation in Triaromatic Sterane Distribution for Well NOCS 30,/6-9

Depth unit of measure: m

Depth Lithology Ratiol Ratiol
2468.30 S/sst 0.37 0.40
2532.26 S/Sst 0.54 .56
2544.00 5/Sst 0.26 0.29
2576.40 §/Sst 0.24 0.30
2602.74 5/Sst 0.26 0.29
2616.33 §/8st 0.26 0.30
3090.00 S/Sst 0.31 0.33

Ratiol: al / al + gl
RatioZ2: bl / bl + gl
Ratio3d: al + bl /al + bl + cl +dl + el + £1 + gl

Ratio3d Ratio4 Ratiob  Sample
0.22 0.18 0.31 02170
0.32 0.29 0.40 0029-1
0.14 0.12 0.13 0057-1
0.14 0.11 0.i18 0043-1
0.14 0.11 0.18 0050-1
0.15 0.12 0.19 0053-1
0.16 0.14 0.22 0186-4

Ratiecd: al /al + el + f1 + gl
RatioBb: al / al + dl

Page: 1
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Table 10F: Raw GCMS triterpans data (peak height} for Well NOCS 30,/6-9

Depth unit of measure: m

Page: 1

Depth Lithology p q r s t a b z C Sample
X d e f g h i jl
j2 k1 k2 11 12 ml m2
2468.30 5/Sst 20.50 11.00 7.00 14.50 4.00 21.50 37.50 29.00 70.50 0217-0
10.50 20.00 135.50 21.00 53.50 37.50 10.50 29.50
22.00 22.00 14.00 11.50 7.50 9.00 6.00
2532.26 sS/sst 31.50 19.50 10.50 17.50 6.00 26.50 23.00 38.00 52.00 0029-1
12.00 15.00 134.50 16.50 44.50 35.00 7.50 32.50
22.50 26.50 17.00 15.00 9.50 11.00 8.00
2544.00 sS/sst 15.00 10.50 7.00 5.00 4.00 27.00 21.00 38.00 60.50 0057-1
11.50 13.50 134.00 13.50 50.00 31.50 6.00 34.00
23.00 27.50 17.50 15.00 9.50 11.00 7.00
2576.40 S/8st 16.50 11.50 8.50 12.00 4.50 25.00 21.50 35.50 62.00 0043-1
13.00 15.50 134.00 14.50 49.00 32.00 6.00 33.00
24.00 26.50 17.090 15.50 9.50 12.00 7.50
2602.74 S/sst 13.50 10.50 6.50 11.00 4,00 24.00 19.00 33.50 55.00 0050-1
11.50 13.00 134.00 13.50 44,50 32.50 6.00 32.00
20.50 25.50 16.00 15.00 9.00 11.50 7.00

GEOLABINOR
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Table 10F: Raw GCMS triterpane data (prak height) for Well NOCS 30/6-9 Page: 2

Depth unit of measure: m

Depth Lithology p | r 5 t a b z c Sample
x d e | f s h i il
32 k1 k2 11 12 ml m2
2616,33 5/Sst 15.5%0 12.00 7.50 12.00 4.50 27.00 22.50 37.00 63.50 0053-1
11.50 14.50 134.00 13.00 48.00 31.50 £.00 31.50
22.50 28.50 18.00 14.50 8.50 11.50 7.50
3090.00 S/Sst 29.50 18.00 9.50 11.50 5.00 21.00 20.00 29.50 61.50 0186-4
10.50 15.00 131.00 14.00 49.50 35.00 9.00 35.00
24.00 31.00 21.00 18.50 14.00 17.00 12.00
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Table 10G: Raw GCMS sterane data (prak height)} for Well NOCS 30/6-9 Page: 1

Depth unit of measure: m

Depth Lithology u v a b C d e £ g Sample
h i j k 1 m n o)
p g r s t
2468.30 S/Sst 125.50 59.00 107.50 69.00 29.50 49.50 55.00 35.00 39.00 0217-0
110.50 50.00 35.50 72.50 23.50 20.00 36.00 48.50
19.00 45.00 72.50 46.00 64.00
2532.26 sS/Sst 125.50 54.50 79.50 48.00 22,00 306.00 39.50 23.50 24.00 0029-1
64.50 30.00 21.00 41.50 14.00 12.00 19.00 26.50
10.60 20.00 33.00 20.00 19.00
2544.00 s/sst 104.50 54.50 128.50 83.00 39.50 61.00 70.00 44,50 45.00 0057-1
115.00 56.00 37.00 87.00 31.00 25.00 40.00 59.00
22.00 46.00 76.60 46.50 45.50
2576.40 S/Sst 80.50 53.50 121.50 86.00 37.00 60.00 70.50 46 .00 47.50 0043-1
116.00 51.00 37.00 88.00 28.00 24.00 38.50 55.50
22.00 13.50 70.00 46.00 48.00
2602.74 5/Sst 103.00 46.00 117.50 87.50 36.50 60.00 73.50 42.00 42.50 00501
115.00 53.00 33.00 80.50 27.00 21.00 38.00 51.00
17.50 40.00 65.00 44.00 43.50
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Table 10G: Raw GCMS sterane data (peak height) for well NOCS 30,6-9 Page: 2
Depth unit of measure: m
Depth Lithology u v a b c d e f g Sample
h i j k 1 m n o
p g r 5 £
2616.33 §/sst 76.50 46.50 129.00 75.00 34.50 52.50 67.00 38.00 38.00 0053-1
113.00 45.00 28.00 71.00 23.00 18.00 35.00 46.50
17.00 35.00 62.00 39.50 38.50
3090.00 s/Sst 127.00 58.00 114.00 67.00 25.50 49.00 57.00 34.00 39.00 0186-4
116.09 50.50 37.00 72.00 22.00 20.00 38.00 51.00
17.59 32.00 62.00 44,59 43.00
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Table IOH: Raw GCHS monovaromatic sterane data (peak height) for Well NOCS 30/6-9

Depth unit of measure: m

Depth Lithology al
2468.30 s5/8st 20.40
2532.26 S/Sst 52.41
2544.00 S/8st 112.38
2576.40 sS/Sst 146.63
2602.74 S/Sst 148.68
2616.33 S/Sst 112,80
3090.00 S/Sst 127.39

Page: 1

bl cl di el £1 gl hl il Sample
11.49 36.41 25.70 69.41 18.18 182.31 106.68 18,80 0217-0
24.92 45.10 38.29 55.44 17.94 146.87 154.02 19.35 0029-1
44,98 188.29 204.21 316.94 48.98 505.56 244.11 60.07 0057-1
99.24 181.79 221.08 317.79 58.38 499.70 252.15 65.20 0043-1
102.32 214.25 217.44 349.31 50.39 516.34 274.95 65.41 0050-1
78.20 204.17 220.44 356.96 73.15 589.78 280.00 77.63 0053-1
71.97 148.51 159.38 235.67 55.22 375.97 185.34 42.94 0186-4
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Table 10I: Raw GCMS triocaromatic sterane data (peak height) for Well NOCS 30,/6-9
Depth unit of measure: m

Depth Lithology

al

2468.30
2532.26
2544.00
2576.40
2602.74
2616.33
3090.00

5/8st
5/5st
5/5st
5/Sst
S/8st
5/5st

S/Sst

161.14
314.97
266.52
247.91
273.65
306,71

20L.05

bl cl dt el £1 gl

181.92 105.70 364.74 255.38 185.34 272.95
332.87 149.89 472,11 245.27 247.16 266.33
309.22 368.60  1171.32 681.73 603.21 739.78
124.24 368.25  1116.72 681.15 632.19 767.09
319.89 382.80  1243.85 720.29 634.61 795,28
378,51 416.51  1292.60 789.36 669.86 866.66
216.23 225.89 720.75 410.49 384.37 445.73

Page: 1

Sample

0217-0
0029-1
0057-1
0043-1
0050-1
0053-1
0186-4
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15

14

135 -

12 4

11+

frequency

Vitrinite Refieciance Histogram
Well: NOCS 3875~ Mm(ﬁéiﬂgi
Depth: 2410.00(m )
Sample: 59~ Ob

LI

5 0.25 0.50 0.75 g 1.25 .50 175 z
Vitrinite Reflectance (%)

Siatistics: Mean St.Dev. n
indigenous Pepulation {from 0.400 to D.600): 0.31 D.0% 10
Fopulafion Two (from D.€50 to 0.750): 0.65 0.0% 2
Fopulation Three {from 0.850 te 0.900): 0.90 0.00 1
Feadings:

0.445

C G487 0.488 C.511 0.520 0.827 0.8552 0.57¢ 0.58¢
1

.42
0.654 0.73 0.896

LEOLAR NOR o f — Sochemical Loboralorion of Morway



Frequency

%

!

Vitrinite Refiectance H

sTogram
GEOLABAINOR

We“ : N O C S 3\'{971%&_& gBGRATGR!ES OF NORWAY A%

Deptn: 2476.00(m )

Sample: 8- Ub

H—

. . —— T ' ’ ;
0 0.25 0.50 0.7% 1 1.28 1.50 1.75 2
Vitrinite Reflectance (%)

Statistics: Mecn St.Dev. n
indigenous Pepulation {from 0400 io 0.650) 0.53 0,05 13
Populaiion Two {from 0.750 te 0.8300): 0.78 0.00 1
Readings:

0.417 0.47¢ 0.484  0.485 C.508  D.526 0.541 0.543% 0.56¢ 0.EBes
0.570 0.887 D.604 D785




Frequency

Vitrinite Reflectance Histogram -
GEOLAB AINOR
Well- NOCS 3&%VgAi_LA§owemes GF MeRWAY A5
Depth: 24B4.00(m )
Sample: 12— 0b

18
14 -
13+
124
11
10+
g1
5 -
7
g !
5
P
L
2
1 o mill =
0 - i ; . \ } , |
o 0.25 0.50 0.75 1 1.25 1.50 1.75 2
Vitrinite Refleciance (%)
Statistics: Mean St.Dev. n
indisenous Fepulation (from 0.000 fo 0.000): 0.00 0.00 0
Fepulaiion Twe (from 0.300 to 0.350): 0.38 0.00 1
Population Three (from 0.700 to 0.830): 0.84 0.07 3
Fopulation Four (frem 1.250 f6 1.300): 1.28 0.00 1
1
Readings: !
0.347 0.747 0.763 0.884 0.854 0.801 0.812 1.25%8




frequency

Vitrinite Reflectance Histogram

GEoLABINOR

Well” NOCS :géﬁ;t«gaﬁ)whhﬁs@fﬂmwm RS
Depth: 2525.00(m )
Sample: 78—~ 0b

15
14 -
15+
12 -
14
10
9
.
o
6
5
4o
x.]
24
1
0 : - . 1 ; ‘ T a
0 0.25 G.50 0.75 ! 1.25 1.50 1.75 2
Vitrinite Reflectance (%)
Statistics: Mean St.Dev n
indigencus Popuiction (from 0.350 to 0.7C0): 0.54 0.05 47
Readings:
0.%54 0.420 0.446 0.470 0.473 C.4B9 0.485 0.500 D.500 0.500
0.502 0.5 0.514 G.514 0.525% 0.535 0.537 0.539 0.545 0.5486
0.548 0.548 0.551 0.563 (0.563 0£.564 0.265 0.585 (.567 D.568
gzg._?/; D.574 0.581 0.588 0.580 0.583 0.5853 0.589 0.601 D.632




frequency

Vitrinite Refleciance Histogram
GEOLABNOR

Well' NOC Sud&»@/ﬁmﬂg HRIEE GF NORwAT 15
Depth: 2535.00/m )
Sample: 30~ 0b

: g ) oot T T ; T
4] 0.25 ¢.50 0.75 1 1.2 1.50 1.75 2

Vitrinite Reflecfance (%)

Statistics: Mean St.Dev. n
indigencus Population {from 0.350 fo 0.700): 0.54 0.06 35
Feadings:

i

0.477 D.486 0.48B 0.488 [.503
0.528 0.538 0.543% D.548 0.548
i 0.585 0.58% 0.598

D.3B3 0.444 Q444 0448 0.4
0.509 ©.518 0.521 0.524 0.5
0.550 0©.557 0.E53  0.581% 0.3
0.600 0.802 0.805% 0.605 0.6




frequency

.

VINNiTE Renieciance misiogram

Well" NOCS : S RO Ul TR 61 Wiy A
Depth: 2624.00(m
Sampie: 56~ 0b

LABMINOR
s

i

1

- t 4
0 0.25 0.50 0.75 1 1.25 1.50 1.75 z
Vitrinite Retiectance (%)

Statistics: Mean St.Dev. n
indigenous Fopuiafion {irom £.400 to D.E0D): 0.50 C.04 14
Fopulation Twe {frem 0.700 te D.950): 0.84 .08 7

i
Fecdings:
0.416 0.4E5 0.478 0483  0.487 0.487 0.502 ©.506 0£.508 0.510
0.520 0.522 0.526 0.573 0.745 D.748 c.z26 0.827 0.8341 0.940

0.950




frequency

Vitrinite Reflectance Histogram

GEOLABZSNOR

Weil- NOCS 3\5?énu_t: ORaTORIES TF NORWAY AS
Depth: 2785.00(m )
Sampie 130— 0b

15

=

15—

12 -

1%

Hely

3 B

&

-

6 -]

5

‘-

3

7

i N

0 - . ; . a— r T w 1

0 0.25 .50 .75 1 1.25 1.50 1.78 2
Vitrinite Reflectance (%)
Statisties: Mean St.Dev. n
indigenous Population (from 0.450 te 0.600) 0.53 0.04 5
Fopulaiion Two (from 0.200 to 0.250): c.z22 0.00 ]
Population Three (from 0.300 to 0.450): 0.37 0.04 16
Population Four {(from 1.050 fo 1.100}): 1.07 C.0C 1
Keadings:
0.217 0.317 D.233% 0.3%5 0.38% 0.367 0.372 0.373 0.373
0.398 0.406 0.425 0.446 0.472 0.5N D.5%%




frequency

Vitrinite Reflectance Histogram

5

4 -

134

GEOLABINOR
WE“ N O C S {S)E}y(gtﬁﬁgmﬂms QF HORWAY A%
Depth: 2830.00(m )
Sample: 139 0b

0 0.25

1 - :_] | i
0.7% 1 1.25 $.50 1.7% 2

Vitrinite Reflecionce (%)

Statistics: Mean St.Dev. n
indigenous Populciion (from 0.430 1o C.650): ¢.52 0.04 4
Pepulation Twe {frem 0.250 fo 0.300): 0.27 £.00 2
Population Three {from 0.400 fo 0.450): 0.42 0.02 5
Populafion Four {from 0.900 ts 1.050): 0.87 C.0% 2
i
i
keadings
0D.268 0.2 C.400 D400 0414 0.£21% 0.443  0G.485 0.487 0.474
0.480 0.517 0,823 0.525 t.527 0.527 0.530 0.BBS 0.556 0.260
c.e¢1  0.928 1.008




Frequency

Vitrinite Retlectance Histogram
LA INOR

LRATDRE S §F NDRwAT A S

Well® NOCS
Depth: 2880. DO m
Sampie 145~ 0Ob

-

1 i H H H
0.75 1 1.25 1.50 1.75 2
Vitrinite Retiectance (%)

0:50

) 0.25

Stafigtics: Mean St.Dev. n
indigenous Popuiction (frem 0.400 to 0.6800): 0.52 0.06 12
Fopulation Twe {frem 0.800 fo 0.630): 0.82 8.02 3
Readings:
0.422 0D.434 0471 D487 0.508 0.518 0.E3 E37 L. EBe 0.BEB
0.5830 0.8¢28 0.601 D.811 0.640

CEOLAR NOR o A —

Seochamical Zaboralomicn of Norcves



Frequency

Vitrinite Reflectance Histogram
oLABMINOR

Weli- NOCS 3% A\ B 5 6 W A5
Depth: 2900.00(m )
Sample: 153—~ 0b

i ' " . 1 i ' H
0 0.25 9.50 0.7% ; 1.25 1.50 175 2
Vitrinite Reflectance {%)

Statfistics: Mean St.Dev. n
indigencus Population {frem D0.450 o 0.650): 0.50 0.04 18
Populalion Two (from 0.650 o 0.700) 0.88 o.o0 1
Readings:

0458 0.463 0,464 C.4E5 0. 468 0 471 0.476 0. 452 $.483 0.488
0.504 0.505 0.806 0.508 0.51% 0.521 0.B535 0.54F (0.604 0. 639

EEOLAR NOR o £ — Sochemical Laboraloricn of Morway,



Vitrinite Refleciance Histogram g
GEOLAB A NOR

Well- NOCS f%}pézl\:ngwﬂéhifé 0F Nohwat AS

Frequency

Depth: 2950.00(m )
Sample: 163~ 0b

15 -

14 -

134

12

11

10 -

.

& -

7

.

5

4]

P

i ]

" il

N | RS | | | |

o 0.2% g.50 0.75 1 1.25 1.50 1.75 2
Vitrinife Reflectance (%)

Statistics: Mean St.Dev. n
indigenous Fopulation (frem 0.400 jo D.650): 0.55 0.0% 13
Fopulation Two (from D.900 to 0.250): 0.e3 0.00 i
Population Three (frem 1050 to 1.100): 1.08 0.00 2
Readings:
0.434 0.497 0.507 0.518 0.52% 0.532 0.581 0.583 0.587 0.582
0.591 D.607 0D.644 0.934 1.078 1.080




Frequency

Vitrinite Reflectance Histogram
oL INOR

Well: NOCS IR0t Sunitis o somwai 45
Depth: 2985 00(m )
Sample: 1770~ 0b

H e 1
0.75 1 1.25 1.50 1.75 2

Vitrinite Reflectance (%}
Statistics: Mean St.Dev. n
Indigenous Population (frem 0.450 to 0.850): 0.57 0.04 15
Poputation Two {from 0.2530 to $.450): 0.41 D.03 4
N |
Readings ‘;
0.37¢ £.386 D.408 0. 443 0491 0.495 0.531 0.5236 0.547 0.545
0,552 0.567 0.573 0.581 0.8385 .0.6D4 0D.81] 0.6i4 D.642




frequency

ST - — \ b~ } - el
ViTnnie neneciance miIsiograrm
GeoLABAINOR
Well' NOCS BBl O nanwar 4%
Depth: 3110.00(m )
Sampie 187- 0b
15
4
135
12+
11
10 -
S.—.‘
5....
s
(R
5~
& =
X -
Z -
i B
1] S —
4] 0.28 G6.8C 0.78 1 1.25 1.50 .75 2
Vitrinife Reflectance (%)
Stafistics: Mean St.Dev. n
indigenous Populafion (from 0.450 fo 0.600}: 0.5 0.04 4
Populaiion Two (frem ©.250 10 £.300): 0.2¢ 0.00 i
Fopulation Three (from 0.350 o 0.450): 0.41 0.03 13
Fepulation Four (from 0.700 to 0.750) 0.78 0.00 1
E
Readings:
0.287 0.360  0.36% 0.373 0.373 0.288  0.414 C.416 0.437 D.4Z7
D.442 D.443X 0.447 0.447 0.457 D.471 0.475 0.481 0.4587 C.489
$0.500 0.504 0.5086 0.517 0.523 0.B85 0.527 0.588 0.748




frequency

Vitrinite Reilectance Histogram
ceOLABAINOR

Weli- NOCS rfd/"% u‘ﬂg“\ RS OF NORWAY &%
Depth: 3170.00{m )
Sample: 193~ Ob

14 -
15
12
11+
10
g
8-
7
6
5 -]
4
3
5
1
0 - : : : E i . |
e 0.25 0.50 0.75 1 125 1.50 1.75 2
Vitrinite Reflectance (%)
Stafistics: Mean St.Dev. n
Indigencus Population (from 0.450 to 0.E65C): 0.56 D.04 26
Population Two (irom 0.850 to 07300 0.89 .03 4
keadings:
0.468 0.4392 0.495 0.488 0.505 0.5 0.528 0.52% 0.535 0.543
0.853 D.557 0583 0.573 0.575% 0.574 0.576 D.578 0.580 0.584
0.590 0.582 D.6D&  0.80% 0.B13 0.628 0.865¢6 0.668 0.899 0.733




Frequency

Vitrinite Refiectance HISTogrom
GEOLABAINOR
Well NOCS :é';l@y{@zmgmamgs OF NoRWAY A3
Depth: 3197.00(m )
Sampie: 196~ 0b

|

0 0.25 0.50 075 ! 1.25 1.50 1.75 2
Vitrinite Reflectance (%)

Statistics: Mean Si.Dev. n
indigenous Populaiion (from 0.450 fo 0.850): 0.58 D.05 37
Fopulaiion Two {from 0.400 to 0.450): 0.45 0.00 1
Fopulation Three ({rom 0.650 tc 0.800) 0.71 0.05 7
Feadings

0.447 0488  0.501 5.8D8  0.508 0.51C 0.812 0.514 0.521 0.231
0.532 0.539 0.543 0,553 (0.8572 0D.573 0.57%6 D.878 0.589 D.597
0.588 0.5883 0.801 ©0.603 0.605 0,606 0,807 0.608 0.612 0.618
0.622 0.628 0.629 0.630 0.634 0.637 0.638 0.645 0663 0.870
0.886 0.708 C.7VY 0.742 0.798

LEOLAB NOR a f — Soochermical Luboralorics of Noraasy




frequency

/" . E i : ,"' 0 ;
Vitrinite Refleciance Histogram .

GLOCHEMICAL LARORATORES GF Nofway g

Well: NOCS 30/6~9
Depth: 3400.00(m )
Sample: 208~ 0Ob

1 ﬂ H |

I 0.25 0.50 0.75 1 1,25 1.50 1.75 2
Viirinife Reflectance {7}

Statistics: Mean St.Dev. n
indigenocus Fopulation {frem 0.400 t& 0.700): G.54 0.07 23
Fopulaiion Twe {irem 0.250 te 0.400): 0.33 0.07 2
Fopulation Three {(frem 0.850 to 0.500): 0.86 .00 1
Eeadings

D.278 0.381 0433 0.48] 0483 D466 0.47B 0487 0.483 0486
0.457 0.518 0.E22 0.524 0.527 0.3 0.54% 0.555 G.57C D.57%
£.607 0.828 0.65¢& 0.872 0.872 0.859
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