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EXPERIMENTAL AND DESCRIPTION OF INTERPRETATION LEVELS

Headspace Gas Analysis

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

Occluded Gas

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

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

Total Organic Carbon (TOC)

Picked cuttings of the various lithologies in each sample was crushed
in a centrifugal mill. Aliquots of the samples were then weighed into
Leco crucibles and treated with hot 2N HC1 to remove carbonate and
washed twice with distilled water to remove traces of HCl. The cruci-
bles were then placed in a vacuum oven atﬂggig_gpd evacuated to 20

mm Hg for 12 hrs. The samples were then analysed on a Leco E C 12
carbon analyser, to determine the total organic carbon (TOC).

The results are shown in table 2 with the lithological description,
also in enclosure 2.

Extractable Qrganic Matter (EOM)

From the TOC results samples were selected for extraction. Of the
selected samples, approximately 100 gm of each was extracted in a_flow
thﬁgughmsysigm\(Radke et al,, 1978, Anal. Chem. 49, 663-665) for 10
min. using dichloromethane (DCM) as solvent. The DCM used as solvent

s . . 2
was distilled in an all glass apparatus to remove contaminants. ”
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Activated copper filings were used to remove any free sulphur from the
samples.

After extraction, the solvent was removed on a Buchi Rotavapor and
transferred to a 50 ml flask. The rest of the solvent was then removed

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

Chromatographic Separation

The extractable organic matter (EOM) was separated into saturated
fraction, aromatic fraction and non hydrocarbon fraction using a MPLC
system with hexane as eluant (Radke et al., Anal. Chem., 1980). The
various fractions were evaporated on a Buchi Rotavapor and transferred
to glassvials and dried in a stream of nitrogen. The various results
are given in Tables 3-6, and in enclosure 3.

Gas Chromatographic Analyses

The saturated and aromatic hydrocarbon fractions were each diluted
with n-hexane and analysed on a HP 5730 A gas chromatograph, fitted
with a 25 m OV10l glass capillary column and an automatic injection
system. Hydrogen (0.7 ml/min.) was used as carrier gas and the injec-
tion was performed in the split mode (1:20). Ratios determined from
the saturated hydrocarbon gas chromatograms are shown in table 7, and
in enclosure 4.

Vitrinite Reflectance

Vitrinite reflectance measurements of the samples, taken at various
intervals, were done at IKU. The samples were mounted in Bakelite
resin blocks; care being taken during the setting of the plastic to
avoid temperatures in excess of 100%C. The samples were then ground,
initially on a diamond lap followed by two grades of corundum paper.
A1l grinding and subsequent polishing stages in the preparation were
carried out using isopropyl alcohol as Tubricant, since water leads to
the swelling and disintegration of the clay fraction of the samples.

Polishing of the samples was performed on Selvyt cloths using three
grades of alumina, 5/20, 3/50 and Gamma, followed by careful cleaning

of the surface.
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Reflectance determinations were carried out on a Leitz M.P.V. micro-
photometer under oil immersion, R.I. 1.518 at a wavelength of 546 nm.

The surface of the polished block was searched by the operator for

suitable areas of vitrinitic material in the sediment. The reflectance

of the organic particle was determined relative to optical glass

standards of known reflectaice. Where possible, a minimum of twenty

individual particles of vitrinite was measured, although in many cases

this number could not be achieved.

The samples were also analysed in UV light, and the colour of the
fluorescing material determined. Below, a scale comparing the vit-

rinite reflectance measurements and the fluorescence measurements is

given.
VITRINITE
REFLECTANCE 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.10
R.AVER. 546 NM 1516
% CARBON
CONTENT DAF. 57 62 70 73 76 79 80.5 82.5 84 85.5
LIPTINITE
FLUOR NM 725 750 790 820 840 . 860 890 940
EXC. 400 nm
BAR. 530 nm
colour G G/y Y Y/ L.0 M.0. D.0. 0/ R
Y 0 R
zone 1 2 3 4 5 6 7 8 9
NOTE: Liptinite NM = Numerical measurements of overall spore colour
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and not peak fluorescence wavelength.

Relationship between liptinite fluorescence colour, vitrinite

reflectance and carbon content is variable with depositional

environment and catagenic history. The above is only a guide.

Liptinite will often appear to process to deep orange colour

and then fade rather than develop or 0/R red shade. Termination

of fluorescence is also variable.
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Processing of Samples and Evaluation of Visual Kerogen

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

T-slide represents the total acid insoluble residue.

N-slide represents a screened residue (15u mesh).

0-slide contains palynodebris remaining after flotation (ZnBrz) to
remove heavy minerals.

X-slides contain oxidized residues, (oxidizing may be required to
remove sapropel which embeds palynomorphs, or where high coalification
prevents the identification of the various groups).

T and/or 0 slides are necessary to evaluate kerogen composition/-
palynofacies which is closely related to sample 1ithology.

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

So far visual evaluation of kerogen has been undertaken from residues
mounted in glycerine jelly, and studied by Leitz Dialux in normal
Tight (halogene) using x10 and x63 objectives. By x63 magnification it
is possible to distinguish single particles of diameters about 2 and,
if required, to make a more refined classification of the screened
residues (particles >151y).

The colour evaluation is based on colour tones of spores and pollen
(preferably) with supporting evidence from colour tones of other types
of kerogen (woody material, cuticles and sapropel). These colours are
dependant upon the maturity, but are also influenced by the paleo-
environment (1lithology of the rock, oxidation and decay processes).
The colours and the estimated colour index of an individual sample may
therefore differ from those of the neighbouring samples. The tech-
niques in visual kerogen studies are adopted from Staplin (1969) and
Burgess (1974).
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In interpretation of the maturity from the estimated colour indices we
follow a general scheme that is calibrated against vitrinite reflec-
tance values (RO).

Ro 0.45 0.6 0.9 1.0 1.3

colour 2- 2 2- 3- 3

index

Maturity Moderate Mature (oil window) Condensate
intervals mature window

Rock-Eval Pyrolysis

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

Pyrolysis Gas Chromatography (Py-GC)

Py-GC

20-30 mg of thermoextracted whole rock sampie was programmed pyrolysed
in helium (26000 to 5200 at 35°C/m1n.) in a furnace type pyrolyzer. The
outlet of the pyrolyzer was directly connected to a splitter (30:1) and
a fused silica capiilary column. The pyrolysis product was trapped in a
cooled (1iq. Nitrogen) U-shaped section at the front of the column.

The outlet of the splitter was directly connected to a FID detector and
the course of the pyrolysis could be followed by the detector response
of the bulk pyrolysis product (30:1) which was recorded as a broad peak.
At the end of the pyrolysis the pyrolysis product was injected on to
the capiilary column at ambient temperature (by removing the nitrogen
bath) and analysed under the GC conditions given below.

GC-conditions

Column: 25m Qv-1, I.D. 0.3 mm, fused silica capillary column.
Carrier gas: Helium with inlet pressure 10 psi. Flow; ca. 1.5. mi/min.
Oven programme: 40° - 270%C at 4°C/m1n.
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RESULTS AND DISCUSSION

On the basis of results from headspace and occluded gas analyses together
with the Tithological description, the analysed sequence is divided into
eight zones. This is done in order to facilitate interpretation and for
gasier handling and comparison of results. There may be further subdivi-
sions possible within some zones or alternatively results from further

analyses may be seen to be similar over zone boundaries and not follow

the early pattern.

The eight zones used here are:

230- 620m
620-1040m
: 1040-2030m
: 2030-2810m
: 2810-3020m
: 3020-3790m
: 3790-4000m
: 4000-4042m

Zone
Zone
Zone
Zone
Zone
Zone
Zone

T o mm o O @ >

Zone

Light Hydrocarbon Analysis

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

with varying but minor amounts of chert, limestone, rock fragments and
fossils. The proportion of rock fragments shows a general increase with
depth within the zone at the expense notably of the quartz. The Tlast
sample in the zone consists almost exclusively of cement. The Cl-C4
hydrocarbons are completely dominated by methane with only four samples
containing any other compounds (and this is confined to ethane and pro-
pane). Total abundances of Cl-C4 hydrocarbons fluctuate within the zone
from poor (minimum 175u1/kg rock) to rich (maximum 30030u1/kg rock]),
but the majority are only poor to fair. Higher values may possibly be
associated with higher proportions of rock fragments. No C5+ hydrocar-
bons are detected in any of the samples. Apart from the first sample
the wetness of the zone is low or nil. The methane is probably immature
biogenic gas.
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Zone B; 620-1040m: This zone continues with varying proportions of rock

fragments and quartz but is distinguished by most samples containing -
varying amounts of an olive-grey silty and sandy claystone (maximum 40%).
Towards the base of the zone glauconite is observed in considerable quan-
tities.

Again, throughout this zone the Cl-C4 hydrocarbons are completely domina-
ted by methane which is very abundant at the top of the zone. There is

a sharp break in methane abundance to poor levels from 800m to the base
of the zone. This can be related to a decreased content of both clay-
stone and rock fragments but the relationships may be coincidental.

Zone C; 1040-2030m: The zone begins with samples composed almost comple-

tely of olive-grey micaceous claystone. This includes various propor-

tions of greenish and brownish grey through to red-brown claystone but
it is the dominant or exclusive lithology throughout the zone. At 1220-
1250m, 15% of a brown-olive grey silty shale is recorded but it appears
to have no effect on the 1ight hydrocarbon abundances.

Apart from one sample (1100-1130m) the abundance of Cl-C4 hydrocarbons
is poor throughout the zone and is almost exclusively (biogenic?) meth-
ane except for the last sample (2000-2030m) which contains Cl-C4 hydro-
carbons in minor amounts and has the first occurrence of C5+ (which
is also greater than the methane). Wetneass is only recorded towards the
base of the zone and is Tow.

Zone Dj; 2030-2810m: The claystone continues as the dominant lithology

throughout this zone. It is olive grey, greenish grey to pale brown/red-
brown. Traces of coal are occasionally associated with it. Towards the
base of the zone the claystone becomes more silty and a siltstone is
also recorded (up to 15%).

In this zone methane is no longer as dominant among the 1light hydrocar-
bons. Initially, abundances of Cl—C4 hydrocarbons are poor but from
2210m this increases to fair and remains so throughout the zone with the
last sample having rich abundances. There is a more significant produc-
tion of C2-C4 and C5+ hydrocarbons in this zone and a general increase
is seen in both abundance of Cl—C4 hydrocarbons and in the wetness
values with depth. C5+ compounds show a less marked increase with depth
from poor to fair abundances. 1'C4/nC4 ratios can be calculated in this
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zone for the first time in the well. These values are moderate to high
which could indicate biodegradation in this zone.

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

or less silty claystone as in the zone above. From 2960m traces of coal
(5%) and shale (3%) are found.

Abundances of 61-64 hydrocarbons fluctuate wildly within this zone
but are generally higher than in zone D. The wetness values (after a
decrease from zone D seen in the first sample) show a clear increase
within depth apart from the sample from 2960-2990m but this is still
high. 1’C4/nC4 ratios are still high and increased from zone D and
may show a trend to increase with depth indicating still possible bio-
degradation. CS+ abundances are low throughout the zone.

Zone F; 3020-3790m: This zone begins with a dominance of black to dark
olive-grey shale/claystone, shale and coal. The proportion of this black

carbonaceous claystone/shale decreases to 25% at 3460-3490m where olive
grey, dark olive grey and grey claystone becomes dominant. (The sequence
3140-3460m is missing). At 3550-3580m there is a significant input of
quartz again but as this in such abundances here is an isolated case it
may be caved from the upper zones. From 3580m to the base of the zone,
turbodrilled claystone dominates the samples.

It is difficult to follow trends in the light hydrocarbon abundances
with such a Targe section of the zone missing. However, there is a gene-
ral increase in 61-64 abundances compared to zone E and all of the
values are high.

Apart from the last sample (3760-3790m) wetness values show a general
decrease with depth throughout the zone. 1'C4/nC4 ratios are low and
very consistent which could indicate immaturity and a lack of biodegra-
dation. C5+ values are increased from zone E and are fair to good throu-
ghout.

Zone G; 3790-4000m: In this zone quartz again dominates the samples but

at the top there is also dark grey claystone (nc signs of turbodrilling)
and coal/lignite recorded. This generally decreases in the zone and the
minor claystone appears turbodrilled (this may be caved).
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Light hydrocarbons are very abundant and are higher than in zone F but
the Cl-C4 show a decrease with depth (though still remaining high).
C5+ abundances are generally high. Wetness values fluctuate but finish
slightly higher at the bottom than at the top. 1’C4/nC4 ratios remain
constant.

Zone H; 4000-4042m: This zone is very narrow and is represented by two

samples only in which red-brown and grey claystone dominates.
This zone shows a decrease in Cl-C4 hydrocarbons in the two samples

which have fair and good abundances. C5+ abundances are fair and good.
Wetness increases with depth whilst the 1'C4/nC4 ratio is constant.
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Total Organic Carbon

Zone A; 230-620m: Due to the 1ithology present no samples from this zone

were analysed for total organic carbon content.

Zone B; 620-1040m: Five samples from this zone were analysed. These were

all taken from the olive-grey or olive-brown silty claystone component

which comprised from 5% to 40% of the samples. The samples all have good
to rich organic carbon contents and after an increase between the first
and second samples there is an overall decrease with depth.

Zone C; 1040-2030m: The zone begins with a rich claystone (T0C=2,48%)
similar to those in the zone above. After this the values begin to de-

crease to good and then to fair. The change from good to fair may be
associated with a change from olive-grey claystones to a more brownish
grey variety. Below 1500m the values are only fair and fluctuate slight-
ly but may show a minor increase with depth.

Zone D; 2030-2810m: The 1lithology in this zone is fairly consistent

(olive-grey to greenish grey, occasionally red-brown claystone) with an
increase in silt content with depth. Within the claystone there is a
slight increase in organic carbon content with depth though all values
are only classified as fair. The siltstone at 2660-2690m has a poor to
fair content.

Zone E; 2810-3020m: There is an initial decrease in organic carbon con-

tent on entering this zone but then the values rise to a maximum 1.12%

at 2900-2930m. From here the values decrease again steadily to 0.65% at
the base. The 1ithology is olive grey to grey throughout and the organic
contents are fair to good.

Zone F; 3020-3790m: This zone contains more shale/black carbonaceous
claystone 1ithologies at the top but is turbo drilled and more variable
at the base. The top shale samples have rich organic carbon contents
but the highest value (37.84% at 3080-3110m) is probably contaminated
by coal as may be the olive grey claystone at this depth as in a TOC of
4.70% is much higher than other samples of this lithology. A more accept-
able value for this lithology is found in the sample 3110-3140m (0.55%).
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After the gap in the sequence the dark grey to black claystone is present
for only one sample 3460-3490m and still has a rich organic carbon con-
tent. The olive grey claystone here again has values similar to those
found above for this lithology. From 3490m to 3580m the olive grey and
light grey claystone has rich organic carbon contents. Below this the
claystone appears turbodrilled and where taken the total organic carbon
values are lower but still good or fair.

Zone G; 3790-4000m: In this zone another claystone is introduced. This
is dark grey and fissile and has rich organic carbon contents (2.18% to
3.45% T0C).

Zone H; 4000-4042m: Only one of the two samples in this zone was analysed

for total organic carbon. This is a mixed claystone possibly affected
by turbodrilling and it has only a fair organic carbon content (0.75%).
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Extraction and Chromatographic Separation

Zone A; 230-620m: No samples from this zone were extracted.

Zone Bj; 620-1040m: One sample from this zone was analysed (M-3956,

620-650m). The grey to olive-grey claystone with a TOC of 1.65% was ex-
tracted and has a good extractability of organic material relative to
rock extracted but only a fair extractability when this is normalized

to organic carbon. The same pattern is seen for the extractable hydro-
carbons fraction. There is a higher content of extractable non-hydrocar-
bons than of extractable hydrocarbons and this is often the case with
immature samples. The ratio of saturates to aromatics is high in this
sample.

The gas chromatogram of the saturated hydrocarbons shows a bimodal dis-
tribution dominated by the lower molecular weight end (nC18 is the
dominant component). This part of the chromatogram shows a smooth dis-
tribution and could be due to contaminants from the drilling mud (al-
though this usually peaks at lower carbon numbers) or free (migrated?)
hydrocarbons in the sample. The Rock-Eval production index is moderate
to high and could imply migrated hydrocarbons are present. The higher
molecular weight end of the chromatogram shows a large envelope of un-
resolved complex material together with the saturated hydrocarbon input
from terrestrial material. The CPI is moderate. The pristane/phytane
ratio is similar to that found in immature samples and the unusual pre-
sence of squalane has also often been associated with immature sediments.

Squalane is believed to be derived from squalene which can be abundant
in bacteria. The squalene appears to be better preserved where anaerobic
conditions have prevailed and therefore in such environments the possi-
bility of squalene reduction to squalane is greater. The abundance of
pyrite and amorphous material as seen from transmitted T1ight analyses
would support such a conclusion of anaerobic conditions.

Zone C; 1040-2030m: One sample from this zone was extracted (A-3970,
1040-1070m). This shows a rich abundance of extractable organic material

in ppm of rock but this is dramatically reduced to only a fair extract-
ability when normalised to organic carbon. This can be due to low ma-
turity of the sample. There is a far extractability of hydrocarbons but
this is poor when normalised to organic carbon. There is a very high
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proportion of extractable non-hydrocarbons (83%) and this is another
sign of an immature sample.

The gas chromatogram of the saturated hydrocarbons is to some extent si-
milar to the sample from zone B. Again the distribution is bimodal and
nC18 is dominant at the lower molecular weight end. There is not the
same prominent envelope of unresolved complex material in this sample.
However, the unusual presence of squalane in some abundance is again
noted. The CPI is high and indicates immature samples. The pristane to
phytane ratio is possibly more affected by kerogen type than maturity.
The lower molecular weight distribution is probably influenced by free
hydrocarbons. The higher molecular weight end signifies the input of
terrestrial material.

Zone D; 2030-2810m: No samples from this zone were extracted.

Zone E; 2810-3020m: One sample from this zone was extracted (A-4031,
2870-2900m). The sample has a fair extractability which is also fair

when normalised to organic carbon. The extractability of hydrocarbons
is fair for A-4031 and remains fair when normalised to organic carbon.
This could be due to the immature nature of the sample {non-hydrocarbons
again constitute a moderate to high proportion of the extractable orga-
nic matter (56%) indicating immaturity).

The gas chromatogram of the saturated hydrocarbons shows a small unre-
solved hump at the higher molecular weight end and has indications of a
terrestrial input. However, nC18 is again the dominant component and
the distribution is similar to those of samples above but with a few
more lower molecular weight compounds.

Zone F; 3020-3790m: Five samples from this zone were extracted (A-4036,
3020-3050m; A-4038, 3080-3110m; A-4039, 3110-3140m; A-4041, 3490-3520m;
and A-4043, 3550-3580m).

Sample A-4036 has a rich extractability but this is only fair when the
value is normalised to organic carbon. In terms of extractable hydrocar-
bons the value changes from good to fair when normalised to organic car-
bon, again an indication of an immature/moderately mature sample. The
gas chromatogram of the saturated hydrocarbons has a maximum at nC15
and does not show the same roundness of distribution of the Tower mole-
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cular weight end that was found in samples above. This, together with a
low Rock-Eval production index could indicate that the pattern is due
to a more mixed kerogen nature rather than migrated hydrocarbons/conta-
mination. The high pristane content could be indicative of terrestrial
input or less reducing conditions at the time of deposition.

Sample A-4038 has a rich extractability but this is drastically reduced
when normalised to the organic carbon content as for immature samples.
An even greater discrepancy is seen between the extractabilities of hydro-
carbons when quoted as ppm of rock and then normalised to organic carbon.
The extractable organic material shows an overwhelming dominance of non-
hydrocarbons (89%) whilst saturates greatly dominate over the aromatics
fraction. The gas chromatogram of the saturated hydrocarbons shows a
strong dominance of higher molecular weight compounds with a very high

. CPI (maximum at nC29) and a few geochemical fossils. This indicates
immaturity/moderate maturity. The overall distribution and the pristane
content indicates terrestrial (coal?) conditions.

Sample A-4039 is almost identical to sample A-4036 in every respect ex-
cept that the CPI is slightly higher and the maximum is at nC29 and
the overall picture indicates a more prominent terrestrial input.

Sample A-4041 is even more similar to A-4036, the only difference being
that nC15 is the overall dominant peak here (in A-4036 pristane slightly
exceeded nClS)' Also there is a slightly improved extractability of
hydrocarbons as ppm of rock but this is reduced when normalised to orga-
nic carbon.

Sample A-4043 shows a good extractability of organic material which is
reduced to fair when normalised to organic carbon. This pattern is re-
peated for the extractable hydrocarbons. The gas chromatogram of the
saturated hydrocarbons shows a smooth distribution of the lower molecu-
lar weight compounds with a maximum at nC15 and with a shoulder from
nC23. This could indicate a mixed kerogen input but the smoothness
and distribution of the Tower end may reflect migrated hydrocarbons/con-
tamination from drilling mud additives. The presence of free hydrocar-
bons is not conclusively supported from from the Rock-Eval production
index.
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Zone G; 3790-4000m: Three samples from this zone were extracted (A-4051,
3790-3820m; A-4052, 3820-3850 and A-4057, 3970-4000m).

There is an increase in extractable organic material with depth in this
zone with A-4051 having a good/rich extractability and the other two
having increasingly rich values. The same pattern is seen when the values
are normalised to organic carbon although the value for A-4052 is reduced
slightly. In terms of extractable hydrocarbons both A-4051 and A-4052
have good extractabilities whilst A-4057 is rich. In terms of the values
when normalised to organic carbon the first two samples have fair extract-
abilities and the latter good.

The gas chromatograms of the saturated hydrocarbons are similar for all
of the samples. These show a dominance of Tower molecular weight com-
pounds with a maximum at nClS' Rock-Eval production indices do not indi-
cate excessive free hydrocarbons and this is therefore possibly part of
the original kerogen (the samples here are slightly more mature though
only bordering on the oil window and this may be expected). There is a
shoulder of higher molecular weight compounds with a maximum at nC25
in all cases. The isoprenoid ratios are similar for all of the samples
and indicate a terrestrial input.

Zone H; 4000-4042m: No samples from this zone were extracted.
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Rock-Eval Pyrolysis

Zone A; 230-620m: No samples from this zone were analysed.

Zone B; 620-1040m: Five samples from this zone were pyrolysed on a Rock-

Eval instrument. A1l of the samples were olive grey or brown claystones
and all had good to rich TOC's. A1l of the samples have Tow Tmax values
indicating immaturity. Sample A-3962 (800-830m) has a very low T’

(371) which is probably caused by bitumens/asphaltenes. Apart fro£E¥Le
uppermost sample (A-3956, 620-650m) which shows some peculiarities in
other analyses and here has hydrogen and oxygen indices indicative of
type IV kerogen, the samples appear to contain type III or mixed III/IV
kerogen. Moderately high production indices indicate the possibility of
migrated hydrocarbons present in the samples - especially the top three.
The petroleum potential as expressed by Sl+S2 is variable being only
poor in the uppermost sample but fair to good in the rest. This could
be as a consequence of the S1 peak indicating migrated/contaminant
hydrocarbons especially at this maturity. The potential would be for

gas only due to the kerogen type indicated here.

Zone C; 1040-2030m: Seven samples from this zone were analysed. Again,
Tow Tmax values would indicate immature samples although A-3980 (1340-
1370m) and A-3993 (1730-1760m) have such low values that the parameter
has probably been assessed on asphaltenes (analysis in reflected 1ight

indicates the dominance of bitumens). The kerogen type as defined by

hydrogen and oxygen indices is somewhat variable. The top three samples
(from 1040 to 1190m) indicate kerogen type III whilst the two samples
between 1220m and 1370m have values more in the range of type IV. The
sample at 1430-1460m (A-3983) indicates a type III or mixed III/IV kero-
gen and the bottom sample (A-3993, 1730-1760m) is again more of a type
IV. Production indices are moderate to high and at this maturity could
indicate the presence of migrated hydrocarbons. Petroleum potentié1s
also vary considerably and reflect the organic type. Taking accepted
levels for poor, fair, good and rich potentials, the type III kerogens
defined here all have fair to good potentials whilst the more type IV
kerogens show poor potentials. In all cases this would be for gas.
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Zone D; 2030-2810m: Three samples from this zone were analysed. The T

max
data for all of the samples is poor indicating that the parameter was

possibly taken from bitumen/asphaltenes. Hydrogen and oxygen indices
would imply a more type IV, inertinitic, kerogen or reworked type III
vitrinite. Production indices are again quite high for the supposed ma-
turity at this level and migrated/contaminant hydrocarbons must be sus-
pected. Petroleum potentials are poor throughout the zone and the poten-
tial would be for gas only.

Zone E; 2810-3020m: Two samples from this zone were analysed by Rock-

Eval pyrolysis. T values are higher than for any samples above but

would still 1nd1cg$g that the samples are immature to moderately mature.
The upper sample (A-4031, 2870-2900m) contains kerogen type III accord-
ing to hydrogen and oxygen indices whilst the lower sample (A-4033, 2930-
2960m) contains kerogen type IV. Production indices are lower than for
the samples in the zone above but are still not as Tow as might be expec-
ted for clean samples at this maturity. The petroleum potential is fair
for A-4031 but poor for A-4033. This would be for gas only due to the

kerogen type.

Zone F; 3020-3790m: Eight samples from this zone were analysed. Apart
from sample A-4038 (3090-3110m) the Tmax values show a steady increase
and indicate moderately mature samples bordering on the o0il window matur-

ity. Hydrogen and oxygen indices in general indicate type III kerogen
with the exceptions of A-4036 and A-4039 which possibly include some
mixed type II/III and A-4040 and A-4044 which indicate type IV kerogen
(inertinite or reworked vitrinite). Production indices are generally
Tow (apart from in the samples containing type IV kerogen) and are more
in 1ine with the expected values for the maturity. Petroleum potential
again accurately reflects the kerogen types with A-4020 and A-4044 (type
IV) having poor potentials whilst A-4043 (3550-3580m) has a fair poten-
tial and the rest have good potentials. The potential in most cases
would be mainly for gas with possibly o0il in the mixed type II/III
samples.

Sample A-4038 (3080-3110m) is anomalous in this sequence and although
it is defined as a black claystone the gas chromatographic analysis and
microscopic evidence indicate the presence of low rank coal or lignite
(this is very low rank and may be additive). Such material! in the sample

084/c/12



- IKU

would account for the high TOC value, the very high 52 and consequently
high petroleum potential.

Zone G; 3790-4000m: Four samples from this zone were analysed. These

samples are very similar in every respect (1ithology, TOC values and
Rock-Eval data). Tmax
of or just within the 0il window. Production indices are low and in accor-

values are indicative of samples on the boundary

dance with the maturity. They do not indicate the presence of migrated
hydrocarbons. Hydrogen and oxygen indices indicate type III kerogens.
The petroleum potentials all fall within the "fair" range but the poten-
tial as a consequence of the kerogen type would be for gas.

Zone H; 4000-4042m: No samples from this zone were analysed.
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Analyses in Transmitted Light

The acid insoluble sedimentary matter of 34/10-16 was investigated on
the basis of 26 samples. The samples are picked lithologies from ditch
cuttings between 650m and 3970m.

True amorphous material was evaluated as fairly abundant in the upper
part of the well (down to 2900m). Terrestrial material, mostly from
woody sources, dominates from 3020m down the hole (to 3970m). Cuticles
are very abundant at the 3020/50m and 3110/40m levels.

The material was evaluated as immature, at 1730/60m and above (TAI
1/1+). A generally higher maturity, was recorded from 2720/50m and
below (TAI 2-/2 to 2) and corresponds with a maturity at the top of the
0il window. The most interesting section as a possible source rock
seems to be Tocated at about 3020m to 3140m in samples rich in cuti-
cles.

Description of samples

620/50m and 650/80m: Small residues which after screening consisted of
aggregates of combined inorganic/organic sources. The relative propor-

tions are rather uncertain as distinction of true amorphous material is
difficult.
Colour index: 1/1+.

1040/70m: Strongly pyritic residue consisting of dominantly sapropelised
woody material. Distinction of true amorphous material is difficult but

it was evaluated as fairly important. Well preserved cysts are abundant

but enclosed and obscured by amorphous material.

Colour index: 1/1+.

1100/30m: Very pyritic residue containing larger aggregates but of the
same composition as above. Most palynomorphs are obscured and stained.
Vitrinite is pale. The amorphous material is difficult to estimate.
Very little inertinite is seen.

Colour index: 1+.
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1160/90m: Composition as for the residue above but there are more firm
aggregates. Palynomorphs include well preserved cysts and pollen which
have colours influenced by natural staining.

Colour index: 1/1+, 1+.

1220/50m: Pyritic residue with larger but less dense aggregates of
sapropelised terrestrial material embedding palynomorphs and pale woody
fragments. Palynomorphs appear immature but are possibly stained.
Preservation is good.

Colour index: 1+/2-.

1340/70m: Fine amorphous material (about 30%) as clouds embedding a
dominant element of woody particles and well preserved cysts. Cuticles
and pollen are subordinate.

Colour index: 2-.

1430/60m: Aggregates of strongly sapropelised terrestrial material with
a high pyrite content. Palynomorphs are generally obscured but are well
preserved and appear stained. Clean woody material is subordinate and
pale.

Colour index: 1+/2-.

1730/60m: Clouds of amorphous material (about 50%) as in 1340/70m but
cysts seem relatively less abundant. Woody particles are second domi-
nant.

Colour index: 1/1+, 2-.

2420/50m: Amorphous material in aggregates dominates. The material is
now grey as opposed to brown above. This embeds pyrite and dark,
reworked woody fragments with lighter vitrinite. Cysts and pollen
appear fewer than above but are variably stained possibly resulting in
a higher colour index. '
Colour index: 2-/2.

2720/50m: Woody and reworked woody material (inertinite) dominate and
are embedded by grey amorphous material.

Colour index: 2-/2, 2 (colour tone is controlled by the lithology and
the corresponding index somewhat high as an indicator of maturation).
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2780/2810m: Dominantly reworked woody material plus primary vitrinite
in a fine grained brown-grey amorphous mass. Some vitrinite appears
etched and as with the sample above the colour index may be affected by
1ithology. Palynomorphs are subordinate.

Colour index: 2-/2.

2930/60m: Dominantly terrestrial material in strongly sapropelised
aggregates (brown-grey). Most of this appears to be reworked material
or inertinite. Possible vitrinite fragments appear rich brown.

Colour index: 2-, 2-/2.

3020/50m, 3110/40m: The fairly coarse sapropelised residues contain

dominantly terrestrial material. Cuticles dominate (3110/40m) or equal
the woody material. The structures are better preserved than above.
Palynomorphs, dominantly pollen, are fairly well preserved. Tasmanitids
are present.

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

3080/3100m: Almost exclusively woody material (vitrinite, rich brown)
with a few possible cuticles and some spores.
Colour index: 1+/2-, 2-, 2-/2.

3460/90m (olive-grey claystone): Small residue dominated by mostly
structured woody material. About 25% amorphous material. Palynomorphs
include mainly dinoflagellate cysts.

Colour index: 2-/2, 2.

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

is coarser and somewhat larger. Aggregates of amorphous material embed
a major component of vitrinite particles. Semifusinite/fusinite make up
the bulk of the coarse material. Pollen and spores are well or fairly
well preserved. '
Colour index: 2-/2, 2.

3490/3520m: Woody material (mainly reworked or inertinite) embedded in
amorphous material. Pyritic residue. Moderate vitrinite and spore con-
tent.

Colour index: 2-/2, 2.
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3550/80m: Sapropelised, strongly biodegraded material, dominantly wood.
The relative proportion of semifusinite/fusinite is increased in compari-
son with 3460/90m.

Colour index: 2-/2, 2.

3580/3610m: Sapropelised terrestrial material (brown-grey) embedding
structured woody fragments dominantly inertinite and/or reworked vitri-
nite. Palynomorphs are difficult to assess.

Colour index: 2.

3790/3820m: The sapropelised residue as above consists of a major woody
element. The amount of cuticles seems relatively increased but is
subordinate as above. Pollen and spores are fairly well to well preser-
ved.

Colour index: 2-/2, 2.

3820/50m: As above with cleaner palynomorphs but dominated by woody
material.
Colour index: 2-/2, 2.

3940/70m: Close resemblance with the composition 3790/3820m above, but
pollen and spores are generally Tess well preserved.
Colour index: 2-/2, 2.

3970/4000m: Dominantly woody material in Toose sapropel aggregates. As
above palynomorph preservation poor to fair.
Colour index: 2.
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Examination in Reflected Light

Twenty three samnles were chosen from well 34/10-16 for examination in
reflected Tight. These range from 1000m to 4000m. At the top of this
section the samples are dominated by bitumen. Between 1300m and 2400m
the samples chosen contain only reworked vitrinite and/or inertinite.
Below this, the amount of clean, measurable vitrinite appears to
increase but only becomes "adequate" at about 3500m. This agrees well
with transmitted Tight descriptions. The analysed samples are described
below.

Sample A-3970, 1040-1070m: Claystone, Ro = 0.36(8) _
There is a very low organic content. This is very dominantly bitumen

with only a trace of vitrinite and inertinite. Reworked material has a
reflectance of approximately 0.7%. There is also some very low rank
lignite present (Ro = 0.2-0.25%) but this is probably additive. Green
fluorescence is observed from spores, resin and dinoflagellate cysts.

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

The sample has a very low organic content. This is very dominantly
bitumen with variable bitumen staining. There is a trace of vitrinite
and inertinite is very rare. Green fluorescence is seen from spores,
resin and dinoflagellate cysts.

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

The sample is practically barren. Only one vitrinite phytoclast was ob-
served and it is most probably reworked. There is some brown staining,
possibly organic. The sample has an immature appearance. Green fluor-
escence is seen from dinoflagellate cysts together with green and
green/ yellow fluorescence from spores.

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

There is a very low organic content. This is dominantly bitumen blobs

and bitumen wisps with some staining. Only 3 possible primary vitrinite
fragments were observed and there is only a trace of inertinite. Green
fluorescence is observed from spores, resin and dinoflagellate cysts.
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Sample A-3980, 1340-1370m: Claystone and sandstone, No Determination

Possible

The sample is virtually barren. There are a few bitumen fragments with
some possible bitumen staining. The sample appears immature. No fluor-
escence is observed.

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

There is a very low organic content. This consists of a trace of
inertinite together with occasional degraded bitumen wisps and possible
bitumen staining. No vitrinite was located. The sample appears similar
to A-3980. Fluorescence is seen from green/yellow (spore?) fragments.

Sample A-3993, 1730-1760m: Claystone, No Determination Possible

This sample is very similar to the last two. There is only a trace of
bitumen recognised. Fluorescence is seen from green/yellow spores and
dinoflagellate cysts.

Sample A-4016, 2420-2450m: Claystone, Ro = 0.24(2) and 0.64(2)
The sample is poor. It is dominated by bitumen and reworked vitrinite/

inertinite but the organic content in general is very low. The result
is almost meaningless on so few particles and the Towest is probably on
bitumen whilst the highest is from reworked. No fluorescence is obser-
ved.

Sample A-4026, 2720-2750m: Claystone and siltstone, No Determination
Possible

The sample has a Tow organic content which is exclusively small,
gnarled inertinite fragments. No true vitrinite is considered present.
Fluorescence is seen from yellow/orange unidentified fragments.

Sample A-4028, 2780-2810m: Silty claystone, Ro = 0.54(3)

The overall organic content is Tow but it is very localised and concen-
trated. It is dominantly inertinite and reworked material with only a
trace of vitrinite and bitumen. Yellow/orange and light orange fluor-
escence is observed.

Sample A-4031, 2870-2900m: Silty claystone, No Determination Possible
The sample has a moderate organic content but this is exclusively re-
worked vitrinite and inertinite. Yellow/orange fluorescence is obser-
ved.
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Sample A-4033, 2930-2960m: Claystone, Ro = 0.53(7)
There is a Tow to moderate organic content but this is very dominantly
inertinite and reworked vitrinite. However, there are a few good vitri-
nite particles. Yellow/orange to Tight orange fluorescence is observed
together with one possible green hydrocarbon speck.

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

The sample is very bitumen rich and the value is most probably from
some of this or vitrinite affected by bitumen staining. Inertinite is
also abundant. There is some evidence of slight oxidation. Fluorescence
is observed from green/yellow and yellow/orange fragments.

Sample A-4038, 3080-3110m: Lignite and mixed claystones, Ro = 0.32(3),
0.54(3) and 0.75(2)

The claystones have very different organic contents. Some are very rich
but contain only large masses of swirled, very low rank, bitumen. An-
other claystone is cleaner and contains small bitumen wisps and variable
staining. The third claystone contains reworked vitrinite and inertinite
with very little primary vitrinite. The values are consequently few and
varied. Green/yellow fluorescence is observed from spores and resin.

Sample A-4039, 3110-3140m: Lignite (additive?) Ro = 0.24(10)
This is very low rank with good cell structures. It is most probably
additive. Green/yellow fluorescence is observed from spores and resin.

Sample A-4040, 3460-3490m: Coals and calcareous claystones, Ro = 0.57(8)
The sample contains two coals. One is a very low rank Tignite as above
and is assumed to be additive. The second coal though minor has a good
mixed maceral content and may be in-situ. This is recorded. Green and
green/yellow fluorescence is observed from spores and resin.

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

The sample has a very variable organic content. Some clasts have quite
rich organic contents but contain very dominantly reworked vitrinite

and inertinite. Others are very pyritic and contain almost exclusively
bitumen and bitumen staining - these may be caved. Yellow/orange and

light orange fluorescence is observed.
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Sample A-4043, 3550-3580m: Claystone, Ro = 0.60(20)

The sample is very variable but has a good mixture of organic material.
There is heavy bitumen staining in places. This is a good sample if in
situ. Light orange and mid orange fluorescence is observed.

Sample A-4044, 3580-3610m: Claystone, Ro = 0.61(3)

The sample contains two lithologies. One is very pyritic and barren of
organic material whilst the second contains almost totally inertinite.
Only three possible primary vitrinite fragments were located and these
are very.variable. Light orange to mid orange fluorescence is observed.

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

Some areas have a high concentration of bitumen blobs and heavy bitumen
staining. There is a moderate vitrinite content but most is reworked.
Inertinite appears very ragged. Light orange and mid orange fluorescence
is observed. The latter is most dominant.

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

There is a moderate organic content. This is dominantly reworked vitri-
nite and inertinite. There is some good primary vitrinite but in
general it is very variable. There is bitumen staining in places. Mid
orange fluorescence is dominant but some 1ight orange is also observed.

Sample A-4056, 3940-3970m: Claystone, Ro = 0.64(20)

The sample is very rich. It contains dominantly inertinite but there is
also a moderate to high bitumen content and heavy bitumen staining in
places. There is a lTow to moderate content of clean vitrinite, most of
which occurs as particles but there are a few good wisps. There is a
wide, slightly bimodal, distribution to the values. Mid orange fluor-
escence is observed.

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

There is a moderate to rich phytoclast content. This is dominantly
inertinite and reworked vitrinite. There is a moderate content of
primary vitrinite but this is very variable resulting in a bimodal
distribution of values (peaks approximately 0.60 and 0.80%). Bitumen
and bitumen staining are locally abundant. Mid orange fluorescence is
observed.
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Pyrolysis-Gas Chromatography (Py-GC)

11 extracted whole rock samples were analysed by Py-GC. The instrumental
conditions are described in the experimental section. Based on retention
and mass spectrometric data from other kerogens the peaks in the pyro-
grams are tentatively identified; the numbered peaks are n-alkene/n-al-
kane doublets of the corresponding carbon number. The n-alkenes have
the shorter retention time. T=toluene; X=(m+p)-xylenes; P=phenol; C1N=2-
and l-methyl naphthalenes; C2N=C2-a1ky1 naphthalenes (dimethyl and

ethyl naphthalenes); Pr=pristenes.

A-3956 (650m): The pyrogram shows a short aliphatic homology ranging

from C8 to ca C17. The abundance of unidentified peaks (presumably
aromatics) are high. It is difficult to interpret the pyrogram, however,
it is similar to pyrograms of some terrestrial derived type III and re-
worked kerogens.

A-3970 (1070m): The pyrogram shows a short aliphatic homology ranging

from C8 to ca. CZO' [t also shows some similarity to the pyrogram
of A-3956 and is difficult to interpret. However, the pyrogram is simi-
lar to pyrograms of immature type III kerogens.

A-4031 (2900m): The pyrogram of this sample is overall very similar to

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

A-4036 (3050m): The pyrogram shows an n-alkene/n-alkane homology rang-

ing from~C8 to ca. C3O‘ Generally the pyrogram shows a type II kerogen
fingerprint. However, the abundance of alkyl naphthalenes in the C12
to C14 region is quite high indicating an input of material derived

from higher plants, i.e. the pyrogram shows a mixed type II/III kerogen

fingerprint.

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

ing from C8 to ca. C32 with a high abundance in the C21 to C32 region
indicating an input of Tipid rich material with a high carbon number
(cuticles, resins etc.). The abundance of phenol is high indicating in-
put of material from higher plants. Generally the pyrogram shows a type
III kerogen fingerprint.
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A-4939 (3140m) and A-4041 (3520m): The pyrogram of these two samples
are very similar to A-4036, i.e. the pyrograms show a mixed type II/III
kerogen fingerprint.

A-4043 (3580m), A-4051 (3820m), A-4052 (3850m) and A-4057 (4000m): The
pyrograms of these four samples are very similar to A-4036. However,
the abundance of alkyl naphthalenes are slightly higher than in A-4036
indicating a higher input of kerogen type III type material (higher plant
material) in these four samples. The pyrograms show mixed type III/II
kerogen fingerprints.
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CONCLUSIONS

Zone A; 230-620m: This zone consists of quartz, rock fragments and fos-

sils. No further analyses were performed as these lithologies in the
zone are not believed to have any potential for hydrocarbons.

Zone B; 620-1040m: The zone contains variable amounts of quartz, clay-

stone and rock fragments. The claystone is light olive grey and is vari-
ably silty, sandy and calcareous. Some of this lithology was chosen for
the analyses. The claystone has good to rich organic carbon contents
(1.25-2.75% TOC). The samples contain dominantly type III or mixed type
ITII/IV kerogen as defined from Rock-Eval hydrogen and oxygen indices.
The whole zone is immature (TAI = 1/1+, Tmax <422). Some of the zone
possibly contains migrated hydrocarbons. The data indicates that the
samples have mixed potentials but the zone as a whole probably has only
a fair potential as a source for gas.

Zone C; 1040-2030m: Zone C is dominated by a greenish-grey to brownish

grey fissile claystone. At the top of the zone the claystone is more
olive grey and less fissile. Here, TOC values are good to rich (1.45 to
2.48% TOC). The 15% shale at 1220-1250m has a TOC of 1.47% but is an
isolated example. The more fissile greenish grey claystone of this zone
has Tower TOC values (0.44-0.83%). The whole zone is immature (Tmax <415,
Ro 0.35-0.40%, TAI = 1/1+,1+ to 2-) and contain dominantly type III or
mixed type III/IV kerogen. There is an indication of the possible pre-
sence of migrated hydrocarbons. Visual kerogen descriptions indicate
the presence of strongly sapropelisad terrestrial material. The data
indicates that the zone as a whole has a fair potential as a source rock
for gas.

Zone D; 2030-2810m: This zone contains the olive grey to greenish grey
and red-brown claystone found above. The silty content increases with
depth as does the organic content. TOC values range from 0.47 to 0.95%
within the claystone and two siltstone samples have 0.33% and 0.75% TOC.
The zone is moderately mature (<0.55% Ro and 2-/2 TAI) and may contain
migrated hydrocarbons (high production indices). The kerogen type III/IV
has a poor potential as a source rock for gas only.

084/c/14



- IKU

Zone E; 2810-3020m: The claystone is still the dominant lithology but

the TOC values are generally higher than in the zone above (values range
max - 427 and 432,
Ro = 0.53% and TAI = 2-/2) but as a consequence of the kerogen type (III

from 0.65 to 1.12%). The zone is moderately mature (T

and IV) and the petroleum potentials of the samples analysed, the zone
would have only a poor potential as a source rock for gas.

Zone F; 3020-3790m: This zone contains more carbonaceous, black claystone

or shale together with variable amounts of coal and the olive grey clay-
stone found above. TOC values are good to rich for the black claystone

but only fair for most of the olive grey claystone. The zone is moderate-
1y mature approaching oil window maturity (T = 430-435, Ro = 0.55-0.6%

and TAL = 2-/2,2).

max

Although the Rock-Eval pyrolysis data indicates type II/III, III and IV
kerogens to be present visual kerogen descriptions imply the presence
of cuticles in some abundance and tasmanitids in the uppermost (most

hydrogen rich) samples. Apart from the obviously inertinitic (type IV)
rich samples the zone has a good potential as a source rock. The hydro-
gen indices may be "diluted" by the terrestrial input and coal/lignite
(additive?) found around this depth. It is therefore possible that the
top section appears of poorer quality than it may really be. Visual as-
sessment indicate the top of this zone to be the most promising section
for a source rock.

Zone G; 3790-4000m: The zone contains a major input of quartz (sandstone)

together with coal/lignite and dark grey claystone as found above. The
dark grey claystones have rich organic contents (2.18-3.45% TOC). The
zone probably enters the oil window maturity but is only at the top end
(Tmax = 437, Ro = 0.65-0.70% and TAI = 2-/2,2). Rock-Eval pyrolysis
indicates type III kerogens which would agree with data from other ana-
lyses. On the basis of the data the zone has a fair potential as a sburce
rock for gas.

Zone H; 4000-404Zm: This zone contains red-brown claystone possibly indi-

cating some oxidation. One sample was analysed and has a fair TOC (0.75%).
No further analyses were performed.
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General

The sequence analysed has a range of maturity from very immature to just
within the oil window. Because of the generally low maturity the validity
of low rank coal/lignite is difficult to assess and needs recourse to
logs to determine the probability of this being in situ.

No outstanding source rock presents itself but combined factors point
to the top of zone F being the most favourable.

Certain samples (A-3956, A-3957 and A-4038) appear problematical from
the pyrolysis data and contain unidentified compounds. Often very imma-
ture samples have complex composition and this may be the explanation
of a.number of unidentified peaks. However, why only certain samples
should be so affected is not clear..

Samples A-3956 and A-3957 both contain the unusual compound squalane in
some abundance as indicated in the section on extraction. The possible
origin of squalane is briefly mentioned in the extraction section and
its occurrence in large amounts when associated with complex pyrograms
with distributions not previously observed, together with strong indica-
tions of anaerobic conditions (high phytane content, amorphous (sapro-
pelised) kerogen and high pyrite content) is interesting but no firm
conclusion can be drawn at present on the significance of these associ-
ations.
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TARLE I a.
COMCENTRATION (ul Gas / ke Rock) OF 0L -~ 07 HYDROZARBONZ I MHEADSFACE.
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TABLF I

CUONMCENTRATION {ul Das / ks Rock) OF  OL - CF7  HYDROCARRBOMIZ  IN  CUTTINMGE .
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TARILE I b,

COOMCENTRATIOM (ul Gas / ke Rock) OF 21 - 27 HYLDROCARBOMZ  IN CUTTINGS .
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COMCENMTRATION (ul Gas / ks Rock) OF  CL -~ 07 HYDROCARBOME IN  CUTTINGS .
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& s | Lithology and TABLENO.: 2
18U | Total Organic Carbon measurements WELL NO.: 34/10-16

Sample Dot TaC Lithalagy
A-3943 230~-260 78% Quartz
10% Chert, yellowish white, dark reddish
brown, black
10% Limestone, white, occasionally with
chert
2% Rock fragments
Trace Fossils; Glauconite; Muscovite, Pyrite,
Biotite
A-3944 260-290 90% Quartz
3% Limestone, white with chert
3% Chert, as above
3% Rock fragments
1% Fossils
Trace Glauconite; Cement
A-3945 290-320 90% Quartz
3% Chert, white, yellowish, brown, black
2% Limestone, white, fossiliferous,
glauconitic, occasionally with chert
2% Fossils
3% Rock fragments
Trace  Glauconite; Pyrite
A-3946 320-350 50% Quartz
21% Chert, brown, grey, black
20% Fossils
5% Limestone, pure white
4% Rock fragments
Trace Glauconite; Muscovite

080/C/ib1/1




- 47 -

Lithology and TABLENO.:
Total Organic Carbon measurements WELL NO.: 34/10-16
Sample ”?}1’1‘)" TOC Lithalagy
A-3947 350-380 h5% Quartz

30% Fossils
4% Limestone, white, pure
3% Chert, brown
8% Rock fragments
Trace Pyrite

A-3948 380-410 50% Quartz
40% Rock fragments
10% Fossils
Trace  Glauconite; Pyrite; Limestone, grey,
white

A-3949 410-440 50% Quartz
10% Fossils
40% Rock fragments
Trace Limestone, as above; Muscovite

A-3950 440-470 40% Fossils
. 30% Quartz
30% Rock fragments
Trace Claystone, calcareous, grey

A-3951 470-500 90% Rock fragments
8% Fossils
2% Quartz
Trace Pyrite; Claystone, grey, calcareous

A-3952 500-530 95% Rock fragments
3% Fossils
2% Quartz
Trace Limestone, banded dark grey and
yellowish white

080/C/1ib1/2
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Lithology and TABLENO.: 2
Total Organic Carbon measurements WELL NO.: 34/10-16

Sample D‘(’;‘;‘ TOC Lithalogy
A-3953 530-560 95% Rock fragments
3% Fossils
2% Quartz
Trace Limestone, white, grey
A-3954 560-590 75% Rock fragments
20% Quartz
3% Fossils
2% C]aystone,'1ight grey, olive grey,
‘si1ty
A-3955 590-620 95% Cement
4% Rock fragments
1% Claystone, sandy, micaceous, calcareous
Trace Fossils; Biotite
A-3956 620-650 1.65 40% Claystone, silty, sandy, micaceous,
calcareous, grey to olive grey
40% Rock fragments
8% Quartz
2% Fossils
Trace Glauconite; Limestone, grey; Muscovite;
Pyrite; Cement
A-3957 650-680 00% Quartz
2.75 15% Claystone, 1ight olive grey, silty,
calcareous
5% Fossils .
20% Rock fragments
Trace Chert, dark grey, black; Muscovite;
Biotite; Pyrite; Cement, small amounts

RN/ /4ih1 /3
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Lithology and TABLE NO.: 2
. WELL NO.: ; -16
Total Organic Garbon measurements 34/10
Sample D?::)h TOC Lithalagy
A-3958 680-710 60% Quartz
25% Rock fragments
10% Fossils
5% Cement
Trace Chert, as above; Claystoune, as above
A-3960 740-770 75% Quartz
20% Rock fragments
5% Fossils
Trace Claystone, as above; Pyrite; Cement
A-3962 800-830 7G% Quartz
10% Coal, dark brown, black
2.33 10% Claystone, olive-grey, silty
5% Fossils
5% Cement
Trace Muscovite; Rock fragments
A-3964 860-890 95% Quartz
5% Fossils
Sm.am. Claystone/Siltstone, yellowish white,
calcareous; Pyrite; Glauconite; Musco-
vite
A-3966 920-950 50% Quartz .
1.55 5% Claystone/Siltstone, olive-brown,
glauconitic
45% Glauconite?
Sm.am. Fossils; Muscovite

080/C/jb1/4
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Lithology and TABLENOD.: 2
Total Organic Carbon measurements WELL NO.: 34/10-@

Sample D?r':t)h TaC Lithalagy
A-3968 980-1010 60% Quartz
1.25 20% Claystone, olive-grey, silty, micaceous
with glauconite
20% Glauconite
Trace Pyrite; Fossils; Muscovite
Sri.am. Cement
A-3970 1040-1070 2.48 98% Claystone, olive-grey, micaceous,
occasiona]{y glauconitic, sponge
spicules
Z% Glauconite
Sm.am. Quartz
Trace Coal
A-3972 11066-1130 1.81 100% Claystone, olive-grey, glauconitic,
' micaceous, fossiliferous (Eponge
spicules)
Trace Glauconite; Quartz
A-3974 1160-1190 1.45 100% Claystone, Tight olive-grey to olive
grey, micaceous, partly fissile,
occasional sponge spicules,
occasionally silty with glauconite
Trace Quartz; Pyrite; Muscovite
A-3976 1220-1250 1.74 75% Claystone, light yellowish grey, silty,
micaceous, calcareous
1.47 15% Shale, brown-olive grey, silty
10% Quartz
Trace Glauconite; Muscovite

080/C/1ib1/5
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Lithology and TABLENO.: 2
Total Organic Carbon measurements WELL NO.: 34/10-16

Samgle Df;‘)“ TaC Lithalagy
A-3980 1340-1370 0.83 95% Claystone, greenish grey, brownish
grey, fissile, micaceous
2% Claystone, yellowish white, silty,
micaceous
3% Quartz
Trace Glauconite; Muscovite; Pyrite
A-3983 1430-1460 0.81 85% Claystone, brownish grey, greenish
grey, micaceous, fissile
7% Claystone, ye11owish white, silty,
with glauconite, micaceous
8% Quartz
Trace Rock fragments; Muscovite; Cement
A-3985 1490-1520 0.44 15% Claystone, fissile, greenish grey,
brownish grey
85% Quartz
Trace Claystone, yellowish white, silty,
micaceous; Muscovite; Biotite;
Limestone, black; Pyrite
A-3987 1550-1580 0.48 99% Claystone, fissile, greenish grey,
fossiliferous
1% Quartz, rounded
Trace  Quartz, angular, pyrite cemented;
Claystone, white, yellow, calcareous
A-3989 1610-1640 0.47 100% Claystone, fissile, greenish grey,
fossiliferous
Trace Fossi]s;'CTaystone; white, occasionally
yellowish, calcarecus; Pyrite; Quartz

080/C/jb1/6
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Lithology and TABLENO.:
Total Organic Carbon measurements WELL NO.: 34/10-16

Depth

(m) TOC Lithalagy

Sample

A-3991 1670-1700 0.45 100% Claystone, as above
Trace Claystone, yellow, white, calcareous
Quartz; Pyrite

A-3993 1730-1760 0.54 100% Claystone, fissile, greenish grey,
brownish grey

Trace Claystone, white, silty, micaceous,
calcareous; Quartz

A-3995 1790-1820 0.48 100% Claystone, red-brown, greenish grey,
fissile

Trace Claystone, yellowish white, silty,
calcareous; Cement

A-3997 1850-1880 0.67 100% Claystorie, red-brown, greenish-grey,

. fissile; occasionally: pyritic, cal-
careous, silty
Coal observed

Sm.am. Quartz; Muscovite; Biotite; Glauconite;
Claystone, olive-grey, micaceous,
contains sponge spicules, non-fissile;
Cement

A-4000 1940-1970 0.62 100% Claystone, greenish-grey, fissile,
occasionally silty and micaceous

Trace Chert, grey to olive-brown

Sm.am. Cement

A-4002 2000-2030 0.54 1007% Claystone, greenish-grey to pale
red-brown, fissile. Occasionally
glauconitic and/or micaceous.
Occasionally silty.

Sm.am. Claystone, olive grey, non-fissile,

micaceous; Quartz; Muscovite; Cement

080/C/jb1/7
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k. ::4| Lithology and TABLENO.: 2
IXU | Total Organic Carbon measurements WELL NO.: 34/10-16

Sample Dfr‘:“)" TOC Lithalagy
A-4004 2060-2090 0.60 100% Claystone, as above
Sm.am. Linestone, white, fine grained;
Fossils, columnar growth of calcite
crystals
Trace Muscovite; Quartz; Pyrite; Glauconite;
Claystone, non-fissile, olive-grey,
micaceous
Sm.am. Cement
A-4005 2090-2120 0.49 100% Claystone, olive-grey to pale
red-brown. Occasionally very cal-
careous. Occasionally glauconitic,
micaceous
Sm.am. Calcite; Muscovite; Glauconite; Quartz
Trace Cement
A-4006 2120-2150 0.47 100% Claystone, greenish-grey, fissile,
occasionally with ccal, occasionally
micaceous. Sm.am. of Siltstone.
Sm.am. Muscovite; Pyrite; Fossils, as above
Cement
A-4008 2180-2210 0.48 S9% Claystone, greenish grey, poor
fissility, partly micaceous, occasion-
ally silty, some grains are pyritic
1% Limestone, white, yellow, occasionally
fossiliferous
Sm.am. Cement; Quartz; Muscovite; Pyrite

080/C/jb1/8
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Lithology and TABLE NO.: 2
Total Organic Garbon measurements WELL NO.: 34/10-16

Sample Depth TaC Lithalagy
(m)
A-4009 2210-2240 0.53 97% Claystone, as above
3% Claystone, olive-grey, silty,
glauconitic, occasionally pyritic
Sm.am. Calcite; Muscovite; Pyrite
A-4011 2270-2300 0.51 100% Claystone, as above, cccasionally with
coal
Sm.am. Limestone, as above; Cement
Trace  Quartz; Muscovite; Pyrite; Glauconite
A-4012 2300-2330 0.51 100% Claystone, greenish grey, some
red-brown grains with glauconite; occa-
sionally with coal; micaceous, poor
fissility, occasionally pyritic
Sm.am. Cement; Muscovite; Limestone, white;
Fossils, columnar calcite crystals
Trace  Quartz; Chert; Pyrite, Glauconite;
Siderite?
A-4014 2360-2390 0.64 100% Claystone, as above
Sm.am. Limestone, as above; Fossils, as above;
Muscovite; Quartz; Cement
A-4016 2420-2450 0.72 95% Claystone, as above
5% Siderite, brown, microcrystalline
Sm.am. Limestone and Fossils, as above;
Pyrite; Muscovite; Cement

081/3/ah/1
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Lithology and

Total Organic Carhon measurements

TABLENO.: ¢
WELL NO.: 34/10-16

Samgple D?;t)h TOC Lithalagy
A-4017 2450-2480 0.63 98% Claystone, olive-grey; occasicnally
silty; occasionally glauconitic, occa-
sionally pyritic
2% Siderite, olive-brown
Sm.am. Calcite; Pyrite; Fossils
Trace Cement
A-4018 2480-2510 0.73 95% Claystone, pale greenish.grey to
greenish grey, occasionally pyritic,
occasiona11y with coal
5% Cement
Sm.am. Siderite; Muscovite; Pyrite; Chert
A-4019 2510-2540 0.51 100%  Claystone, as above, traces of coal
Sm.am. Siderite; Calcite; Pyrite; Glauconite
Trace Cement
A-4020 2540-2570 0.68 99% Claystone/silty Claystone, greenish
grey, occasionally glauconitic, occasio-
nally with coal, poor fissility
1% Claystone, olive brown, no fissility
Sm.am. Cement; Pyrite; Muscovite; Calcite
A-4022 2600-2630 0.73 97% Claystone/silty Claystone, as above
3% Siltstone, grey, calcite-cemented,
contains coal, occasionally pyritic,
micaceous, glauconitic
A-4024 2660-2690 0.66 90% Claystone, as above, occasionally
red-brown
0.33 10% Siltstone, as above
Sm.am. Pyrite; Muscovite; Biotite; Calcite

Usl/3/anh/<
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Lithology and
Total Organic Garbon measurements

TABLE NO.: 2
WELL NO.: 34/10-16

Sample ”;’;‘)“ TOC Litholagy
A-4025 2690-2720 0.69 58% Claystone/Siltstone, Claystone,.as
above, reacts weakly with HC1, Siltstone,
grey, glauconitic, occasionally with
coal, occasionally calcareous
2% Siderite, microcrystalline, euhedral
crystals observed
Trace Claystone, white to light-grey,
fossiliferous, calcareous
Sm.am. Pyrite; Muscovite; Cement;
Steel fragments
A-4026 2720-2750 0.95 85% Claystone, as above
0.75 15% Siltstone, as above
Sm.am. Cement; Siderite; Dolomite; Linestone;
Muscovite; Biotite; Pyrite
Trace  Glauconite
A-4028 2780-2810 0.93 100% Claystone/Siltstone, as above
Sm.am. Calcite; Pyrite
Trace Chert; Fossils
A-4029 2810-2840 0.72 100% Claystone/Siltstone, as above
Sm.am. Calcite, brown and white; Fossils,
columnar calcite; Pyrite; Limestone,
white; Steel fragments
Trace Quartz
A-4030 2840-2870 0.84 100% Claystone, grey, olive-grey,
occasionally silty with glauconite,
calcareous, occasionally pyritic
Sm.am. Limestone, white; Fossils; Muscovite

81797any 3
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Lithology and TABLE NO.: 2
Total Organic Carbon measurements WELL NO.: 34/10-16

Depth

Sample TOC Lithalagy
(m)

A-4031 2870-2900 1.11 100% Claystone with sm.am. of siltstone,
olive grey to light grey, poor fissili-
ty. Occasionally with framboidal pyrite,
weakly calcareous

Sm.am. Claystone, light olive~brown,
glauconitic, non-fissile, calcareous;
Calcite (fossil fragments); Steel and
grease

A-403¢z 2900-2930 1.12 100% Claystone, as above

. Sm.am. Limestone; Muscovite
Trace Fossils
A-4033 2930-2960 0.90 60% Claystone, grey - olive grey, poor
fissility, calcareous
40% Cement
Sm.am. Coal; Calcite; Quartz; Steel fragments;
Grease
A-4034 2960-2990 0.72 60% Claystone, light to dark olive grey,

red-brown, calcareous, occasiounally
glauconitic and/or micaceous
35% Cement
5% Coal
Trace Fossils; Pyrite; Steel
fragments and grease

—O081/3/ah/%
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Lithology and TABLEND: ¢
Total Organic Carbon measurements WELL NO.: 34/10-16

Sample Df;’)" TaC Lithalagy
A-4035 2990-3020 0.65 92% Claystone, greenish grey and red-brown,
fissile, calcareous
5% Coal
3% Shale, dark grey/black, fissile,
calcareous
Sm.am. Limestone, white; Calcite (fossil
fragments?); Steel; Grease
Trace Muscovite
A-4036 3020-3050 2.63 90% Shale/Claystone, black to dark olive
yrey, red-brown
5% Coal
5% Cement,
Sm.am. Pyrite; Steel fragments and
Grease
A-4038 3060-3110 37.84 80% Claystone (shale), black, carbonaceous,
poor fissility
10% Coal
4.70 5% Claystone, grey, olive grey, fissile,
occasionally micaceous and silty, cal-
careous, also non-fissile, light olive
grey glauconitic
5% Cement
A-4039 3110-3140 3.95 30% Shale, as above, occasionally
. glauconitic
60% Coal _
0.55 8% Claystone, as above
2% Cement
Sm.am. Grease; Steel
U317/ 3/7an/5
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Lithology and TABLE NO.: 2
Total Organic Carbon measurements WELL NO.: 34/10-16

Sample “f;‘)“ TOC Lithalagy
A-4040 3460-3490 7.96 25% Claystone, dark grey, black,
carbonaceous, fissile to subfissile
0.77 50% Claystone, olive grey to dark olive
grey, micaceous, carbonaceous?, cal-
careous, occasionally pyritic; occa-
sionally silty
25% Coal
Sm.am. Claystone/Siltstone, red-brown, very
ca]careous;'Quartz; Pyrite; Siderite;
Calcite
A-4041 3490-3520 3.00 90% Claystone, light grey, dark grey,
red-brown, grey varieties are weakly
calcareous, carbonaceous, fissile, red
variety is very calcareous; shows poor
fissility '
6% Coal
3% Cement
1% Limestone, white, olive brown, clayey
Sm.am. Pyrite; Guartz; Muscovite
A-4043 3550-3580 2.32 45% Claystone, olive grey to dark olive
grey as above
5% Claystone, black, dark grey, as above
50% Calcite-cemented Quartz (coarse
Siltstone/Sandstone)
Sm.am. Claystone/Siltstone, as above; Cement;
Pyrite

081/j/ah/6
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Lithology and

Total Organic Carbon measurements

TABLENO.: ¢
WELL NO.: 34/10-16

Sample D‘(’;t)" TOC Lithalagy
A-4044 3580-3610 1.19 85% Claystone, grey (turbodrilled)
8% Quartz
2% Coal
1.75 5% Claystone, dark grey, black, as above
Sm.am. Claystone/Siltstone; olive brown,
red-brown, calcareous, non-fissile
A-4045 3610-3640 95% Claystone (turbodrilled)
5% Coal/Lignite?
Sm.am. Claystone, dark grey, black, as above;
Claystone/Siltstone, as above
Trace Quartz
A-4046 3640-3670 95% Claystone (turbodrilled)
2% Coal/Lignite?
3% Claystone, as above
Sm.am. Claystone/Siltstone, as above; Quartz;
Calcite-cemented, coarse Siltstone/Sand-
stone
Trace Cement
A-4048 3700-3730 96% Claystone, turbodrilled
3% Coal/Lignite
1% Claystone, dark grey, black, fissile,
carboniferous
Trace Cement; Steel
Sm.am. Grease
A-4049 3730-3760 98% Claystone, turbodrilled
% Coal/Lignite
Sm.am. Claystone, olive brown, red-brown
Trace Cement; Steel

081/3/ah/7
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Lithology and TABLENO.: 2
Total Organic Carbon measurements WELL NO.: 34/10-16

Sample D‘a‘:‘t}h Tac Lithalagy
A-4050 3760-3790 0.87 90% Claystone, turbodrilled
3% Claystone, olive grey, dark grey,
fissile, micaceous
7% Coal/Lignite
Sm.am. Claystone, red-brown, calcareous;
Siltstone, olive brown, micaceous, cal-
careous, sideritic?
Trace Fessils; Cement; Steel
A-4051 3790-3820 50% Quartz, océasiona]]y Calcite-cemented
2.18 30% Claystone, dark grey, micaceous,
carboniferous?, fissile
20% Coal/Lignite?
Sm.am. Claystone, turbodrilled
A-4052 3820-3850 60% Quartz, as above
3.45 15% Claystone, as above
25% Coal/Lignite?
Sm.am. Claystone/Siltstone, red-brown, very
calcareous
Sm.am. Calcite, brown; Sideritic?
Trade Cement
A-4053 3650-3880 85% Quartz
10% Coal/Lignite
3% Claystone, dark grey, as above
2% Claystone, turbodrilled
Sm.am. Cement
U817 J/an/3
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Lithology and

Total Organic Carhon measurements

TABLE NO.: Z
WELL NOQ.: 34/10-16

Sample D(etfl‘)" TOC Lithalagy
A-4054 3880-3910 80% Quartz
15% Coal/Lignite
2% Claystone, as above
3% Claystone, turbodrilled
Sm.am. Cement
A-4055 3910-3940 80% Quartz
2.71 5% Claystone, as above
10% Claystone, turbodrilled
5% Coa]/Lignife
Trace Pyrite
Sm.am. Siltstone, light grey
A-4056 3940-3970 70% Quartz
2.73 25% Claystone, dark grey, fissile, as above
5% Coal/Lignite?
Sm.am. Claystone, red-brown, occasionally
turbodrilled fragments
Trace Cement
A-4057 3970-4000 70% Quartz
15% Claystone, 1light grey, occasionally
red-brown, turbodrilled
15% Ccal/Lignite?
2.26 10% Claystone, dark grey, as above’
Sm.am. Cement
A-4058 4000-4030 0.75 S0% Claystone, red-brown, Tight grey
(cement?), dark grey, (turbodrilled)
3% Claystone, dark grey, as above
5% Coal/Lignite
2% Quartz
Sm.am. Cement
Trace  Glauconitic Sandstone

Vol/]J/an/y
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Lithology and TABLENO.: 2
Total Organic Carbon measurements WELL NO.: 34/10-16
Sample D?:‘t)h TOC Lithalagy
A-4059 4030-4042 62% Claystone, red-brown, grey/dark.grey,

light grey (cement?), turbodrilled,
Siltstone, pale green, non-calcareous
5% Claystone, dark grey, as above
30% Quartz
3% Coal/Lignite
Trace  Sandstone/Siltstone, Glauconite

[

81/3/ah/10
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- TABLE NO.: 10
ag _® WELL NO.:34/10-16
18U | Vitrinite Reflectance measurements /
Depth e . . .
Sample (m) Vitrinite reflectance Fluorescence in UV light Exinite content
A-3970| 1070 0.36(8) Green spores, resin and Low
dinoflagellate cysts
A-3972| 1130 0.35(9) Green spores, resin and Low
dinoflagellate cysts
A-39741 1190 0.50(1) Green dinoflagellate cysts Low
Reworked? and green and green/yellow
spores
A-3976] 1250 0.41(3) Green spores, resin and Low-moderate
dinoflagellate cysts
A-3980{( 1370 N.D.P. Nil Mil
A-3983| 1460 N.D.P. Green/yellow (spore?) frag- Trace?
ments
A-3993}1 1760 N.D.P. Green/yellow spores and cysts? Low
A-4016| 2450 0.24(2) and Nil Nil
0.64(2)
A-40261 2750 N.D.P. Yellow/orange fragments Trace?
A-4028| 2810 0.54(3) Yellow/orange to light orange Trace -
A-4031| 2500 N.D.P. Yellow/orange Low
A-4033| 2960 0.53(7) Yellow/orange to light orange Low
spores, possibly one green
hydrocarbon speck

083/w/5
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Vitrinite Reflectance measurements

TABLE NO.: 10
WELL NO.: 34/10-16

Sample D?;t)h Vitrinite reflectance Fluorescence in UV light Exinite content
A-4036] 3050 0.38(3) Green/yellow and yellow/orange Low-mcderate
fragments
A-4038{ 3110 0.32(3) and Green/yellow spores and resin Very abundant
0.54(3) in lignite
A-4039| 3140 0.24(10) Green and yellow spores and Very abundant
resin in lignite (additive?)
A-4040] 3490 0.57(8) Green and green/yellow spores Low
and resin
A-4041| 3520 0.56(8) Yellow/orange and light orange Moderate
A-4043] 3580 0.60(20) Light orange - mid orange Moderate
A-4044| 3610 0.61(3) Light orange - mid orange Low
A-4051| 3820 0.67(14) Light orange and mid orange Low -
moderat
(dominantly the latter)
A-4052( 3850 0.66(19) Mid orange spores dominate Moderate
but a few light orange are
present
A-40561 3970 0.64(20) Mid orange Moderate to rich
A-4057| 4000 0.69(25) Mid orange Moderate

083/w/6
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084/d/16

GAS CHROMATOGRAMS OF
SATURATED HYDROCARBONS

a = nC17
Pristane

0]

(9]
1]

Phytane
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Saturated Hydrocarbons
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Saturated Hydrocarbons
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Saturated Hydrocarbons
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Saturated Hydrocarbons
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PYROLYSIS - GAS CHROMATOGRAMS

(See text for key to chromatograms)
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'Ku Organic Geochemistry Departmenf ' ' MATURAT'ON

Well no.: 34/10 - 16
Company: STATOIL
VISUAL KEROGEN -

COLORATION AND COMPOSITION OF ORGANIC RESIDUE

Depth Vitrihite reflectance Fluoresgence Zone Maturation index Co}uwposition of organic residue
0,1 0.2 0,450;6 081,013 20 30 } 2 345 ? Z 8 9 0 1 2 3 4 0 50 100
1 e, | | | 1 | 1 |
: Immature g :‘2 Mature Organic. lmma/ture Mod. | Mature immat.  Mod| Mat. Cond.
‘ 0 E| Oilwindow Metamorphism mat. Oilwindow imat] Oilw. | Wind.
B B j;'
100 - ' -
200 - =
300 - ‘ A B
400 _ | * L
- B0O0 B
800 B
. —r :w/////////ummgg
, ' R .
700 , -
800 - o —
B
900 - - -~
1000 - , ‘ o
b o
os) bt -1 IS || |
1100 - \ y -
- Y
o {9 L :
- 1200 — (1) ° 4= ::“‘W
. ‘ o3 . - — 1
o1 . NDP ~ . i —_— -::mnunuW
] NDP : . - A
, C
1500 - -
1600 n
1700 - »
i NDP . T R T
1800 f B
1900 — —
2000 - »
|
2100 i -
2200 — —
2300 - | :
2400 ] D —
1 e (2) ol2) - e l'
2500 — ' -
. 2600 | | -k
2700 ] | | i
NDP - I |
[} L
2800 o *~—o — . wa I
NiDP
e ~ 'Z'ZHHHIHIHHHHM_
2900 - B
E
- o (7) o ~ 4 RS nmwm
3000 ~ , B
| o) e T BNzl |
(3) (2) '
3100 o(3) P o . —_—— SN T
ol 10} Additive oo 1= RNz
3200 _ , i
3300 | -
3400 | | \ | B
. F I
' = g T
3500 _ o *— B SN
: o l® B X ‘
*r—o i
L (20) *—o e ‘
3600 , ' P (3) M T
3700 _ ‘ - F
3800 : : 1 i —
. |e (14) o —+t T
] }, (19) —o e I i
. G 2
2900
1 ol(20) . - S |
‘ i i N
. ®(22) ° -
4000
| H

E:] Amorphous material, LTI wood remains

Sapropel

Algal M Undifferentiated disperse

herbaceous material

Sporég and pollen ' - Black coal fragments
W Cuticles :j



Degree of
-evolution.
i) ,

\“

e S

Tmax(oc)

' lKu Organic Geochemistry Department.

Hydrogen Index
mg.HC/g Org.Carbon

Oxygen Index
mg.CO2/g. Org.Carbon

S1

‘mg‘.H'C/gf. of rock

ROCK-EVAL PYROLYSIS

Well no.: 34/10 — 16
Company: STATOIL

mg.HC/g. of rock

Production Index
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Organic Geochemistry Department

INTERPRETATION DIAGRAM

SUMMARY OF SOURCE POTENTIAL

Well no: 24/10 - 16 .
Company: STATQ!L

Sat:  Saturated Hydrocarbons
HC: Hydrocarbons ,
EMO: Exstactable Organic Matter

Depth Maturation Zone
Cis Fyncgion
0 20 40 // 60 80 Maturity Richness Rating
1 1 1 L
fluld 301}
2 -f y
o eg';gié !3- 3.! 2 4 gé
100
200
Ed
300 -+ A
400 -
500 -
600 : o »
‘ Fair to good potential as a source
i ° o rock forgas. - ,
Possibility of migrated hydrocar-
700 - ;& pbons. immature zone.
800 '
B
900 -
1000 —.
| @ O
1100 -
] Kerogen type Il and IV with
1 variable potentials but fair for
200 ~ zone overall. Potential for gas.
Possibly certain migrated hydro-
A carbons. Immature zone.
1300
1400 -
C
1500
1600
1700
1800 1~
1900 -
2000 -
] Poor petroleum potential for gas
' due to kerogen type {1l and V.
2100 _ “Immature zone. Migrated hydro-
carbons possibly present.
2200 —
7 J
2300 4. . . } . .
4 4
D
2400 -
2500 -
2600 _}
2700 -
2800 -
2900 - ¢ © E Poor potential for gas (type 11
‘ and 1V kerogen) Immature to
N moderately mature.
3000 Top of zone F possibly the best
potential source rock.
4 ) le) ;
3100 -1 eo
. o e}
3200
3300 7 The zone contains dominantly
type H1/111 and 11t kerogen. '
7 It is moderately mature bordering
. on oil window maturity.
3400
i F
3500 ° o
1 !
® O
3600 -
3700 T
3800 4 |
hd 9.
3900 — G i
R R R T — ~— - Fair potential-as sourcerock for{— | —
gas. Kerogen type lIl. Top
4000 4 e T} ..oil window maturity. .
H
4100 |
Sat. HC -
®*ew  “%eom



C1 5% HYDROCARBONS
Presentation of Analytical Data

Organic Geochemistry Department

Well no.: 34/10 — 16
Company: STATOIL

Zone Depth Abundance (Weight ppm of rock) Sat o, | He mg
P ght pp Ao Toc /3 Toc
10 102 2x102 5x102 103 104 10 102 103 1 .10 20 102 108
3 N
Fair-
Poor Fair Good Rich Poor good Rich Stain

0 P
100 - | | .
200 - | -

; %

A 300 | -
400 ] ? -

600 B

700 - | | .

800 ; =

900 - ; -

1 000 - i -

- .°. 0.0'0’1‘ | . . ‘
1100 S ; |

1200 ' | -

1300 ' ] § | o

1400 | ' L

1500 - L : a
1600 - | f ; i

1700 - i

1800 - ; | | i
1900 - | o | | i

2000 - | | L | i

2100 - o i
2200 | ]

2300 4 : i

2400 - | l

2500 | | n

2600 =
2700 - ' T -

2800 g | =

E 2900 < . .

3000 -

N . .1 ] . .

3100 =4 T ' . -

3200

3300

3400

3500

3600 -

3700 -
3800 ‘ ‘
= ! ¢ ° s
G 3900 -
4000 Hﬁ'o’.’.’,‘,ﬂ.%o’ ] . ) .
H ) ,
4100 - R

....‘......Q
- | ] Sat:  Saturated Hydrocarbons TOC: Total Organic Carbon

Sat. Aro. NSO Asp

Aro. Aromatic Hydrocarbons HC: Hydrocarbons

Asp: Asphaltenes NSO: Nitrogen, Sulphur and Oxygen containing compounds
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C15+ SATURATED HYDROCARBONS
Presentation of Analytical Data

Well no.: 34/10 — 16
Company: STATOIL

Depth CPI ° Pristane o Pristane
nCq7 Phytane

(VN 113 2 3 4 0.1 1.0 10

oy

100 -

200

300

400

500 —

600 -

700

800 —

900 -

1000 —

1100

1200

1300

1400 -

1500

1600 —

1700 —

1800

1900 |

2000 -

2100

2200

2300 —

2400 |

2500

2600 —

2700
2800
‘2900 — ° ® O
3000 —
3100 | ®0
3200 —

3300 -

3400

3500

3600

3700 —

3800

3900 -

4000 ¥ | e QO
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TOTAL ORGANIC CARBON (TOC)
| Presentation of Analytical Data

lKu Organic Geochemistry Department

Well no.: 34/10 — 16
Company: STATOIL

Depth Toc Zone
0.1 0.2 0304 06081 2 4 6 8 10
] { i 1 I} ] 1
Poor Fair Good Rich
0 B
100 _| ' i
200 N
300 ' B A
400 — -
500 — =
1 i 1
600 n
“1 [ 3 o
®
700 i
800 — -
o B
900 — n
1600 . -
. -
1100 — 5
@
®
1200 ] =
- R e i ‘
1300 | -
o '
1400 — . .
. R i
C
1500 — | |
. !
[ J
1600 — o
[ ]
1700 i -
. i
1800 . [
[ ]
1900 8
. i
2000 i
. |
2100 ¢ |
®
1 [ ] : -
2200 . | n
- ‘ =
2300 . B
o e
2400 ‘ d B D
-d ® -
[
2500 n
[ ]
B [ ]
[ 2
2600 _ B
®
2700 * * _
° |
1 [ J .i -
2800 — . |
- b :
(-]
2900 - | o n i
. E
i . i
3000 — * =
[ ]
[ |
- . | ) @ v
E
3200 u
3300 — i
3400 — u
} i F
3500 — . o |
[ ]
o
3600 _ u
® O W 3
3700 | ; . -
3800 * -
| o
- : o A
_ A O
O
4000 - o N
° H
4100 — B
4200 — u
4300 =
4400 _| N

O Claystone dark grey to black
® Claystone brownish grey

e Claystone grey to olive grey
® Shale or black claystone.
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C1 - C7 HYDROCARBONS |

anic Geochemistry Department Presentation of Analytical Dat? i

IKUE?

Well no.: 34/10 — 16
Company: STATOIL

Cq—C4 HYDROCARBONS Cs — C7 HYDROCARBONS
Lithologial % log. ~ Zone Depth Abundance (u | gas/kg rock) % Wetness IC4 nCq Abundance (i | gas/kg rock)
0 50 100 10 102 10° 3x 108 10° 108 106 0 50 100 0 1 210 107 103 3x 103 10# 108
] ! I 1 | 1 ! | !
Poor Fair Gocd ’ Pocr s Fair Good
0
100 —
o 200 -
A ]
° [ ]
300 — * *
.
- o .
[ ]
400 o
[ ]
0. 500 .
. .' .
'A - . 1Y
R0 00 g0 e .
bl 7 N\ /N /N 7N 7N 600
AN AN N 7 \\Q
L e . .
HE i) 700 .
j:.::-:‘ . I
- 800
B B .
[ G G
B GG G G i o
(= — —R—— - - 1 .
_______ 1100
= N — — -k — 1 .
i —— .
1200
P Y PR o =
.J_"L'_x_ —L_L_ —— = L)
- 13001
®
14007
7 °
15001
C .
s — g —
e e [ ]
1600
iy iipedipniie  Samiias . By o
A — g — —— o ]
B— — B O 1700 o
| — — — — — — 1 .
 — — — — — — 1800
_______ . b
A W p—— 1
| e — e o
1900
| — — — — — — - o °
2000
— T T B
_______ ° . . hd
il il
it il -yl 2100 * !
P = = = d N . ?
Bpalialinlieliaiipeiie i o o . o
e 2200 .
______ L ] [ ] ]
._—:_—_—:_-:_—_—:1@ | o . o o
2300 ' L ° .
[ ] [ ] * [ ]
D 2400~ i * P
- ° ® . [ ] [ ]
'Y [ ] [ ] L
2500““ ° 3 Y L
| L [ ) ®
° ° ° ®
2600
® L ] ® [
[
2700~ * * )
. L ) °
e - o0 e - : :
| T T T T T o . . .
— T o~ —— P -
- = e e = , . o . o o
| ——————" | 2900 o . ° .
gkl E _
b — e s e — [} ® ) L]
— — [N\ i
- S — NN . ° . ¢
ippalianli b .
b e — ® ®
—— —— 3000 *
L — .._L. .
E::::: - = | ° ® L4 L
3100 PY ° ° o
° ® . ®
_ 3200 -
Cored interval
— No samples. ]
3300 - . 1
4
3400
F i
3500 — * * * *
° 'Y . o
[ ] [ ] [ ] ®
3600 — . . . .
| PY ° . [
: L4 °
3700 |
[ ] [ ) ® ®
T . ® . °
3800 - * . !
° ° ° 4
. ® . ° I
o o [ ]
G 3900
[ ] [ ] o >
N . - b . B ® ® e
[ ® [ ] [ ]
4000 ° [ °® [
H . . ° o |
] ® ° e L
4100

|— — { Clay/Claystone ‘ ] Gravel/Conglomerate - Coal BZBBZXB Stell fragments

EEE - Shale % Limestone GGG GG Glauconite , \////\\\\////\\ Cement

Silt/Siltstone ey ggtggfegir;\ented PP PPP Pyrite TTTTT ;fufztéggc;i::t;blogies
7] Sard/Sandstone Salatfcrert [N N N sponge spicules




