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EXPERTMENTAL

Headspace Gas Analysis

One ml. of the headspace gas from each of the cans was analysed gas chro-
matographically for light 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 cru-
shed in water using an airtight ball mill, and one ml. of the headspace
analysed chromatographically. The results are shown in Table 1b,

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

Total Organic Carbon

Bulk samples were crushed in a centrifugal mill. Aliquots of the samples
were then weighed into Leco crucibles and treated with hot 2N HC1 to
remove carbonate, and washed twice with distilled water to remove trace-
s of HC1. The crucibles were then placed in a vacuum oven at 50°C and -
evacuated to 20mm Hg for 12 hrs. The total organic carbon (TOC) content
of the dried samples was determined using a Leco EC12 carbon analyser.

Rock-Eval Pyrolysis

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

108/0/ah/2.1
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RESULTS AND DISCUSSTON

The analysed sequence, 1250-2255m, has been subdivided into 6 zones based
upon 1ithology, light hydrocarbon analyses, TOC and Rock-Eval. The zones
are as follows:

Zone A: 1250 - 1385m
Zone B: 1385 - 1640m
Zone C: 1640 - 1970m
Zone D: 1970 - 2075m
Zone E: 2075 - 2135m
Zone F: 2135 - 2255m

The only formation top data available from the client was that for 31/6-1,
namely:

Top Cretaceous: 1230/1236m

Top Jurassic: 1335m

Top Triassic: 2150m

Zone A, 1250-1385m: This zone is composed mainly of two types of clay-
stone; an olive grey calcareous claystone and a dark yellowish brown
claystone. The dark grey claystone becomes the dominant 1ithology to-
wards the base of the zone. The yellow-brown claystone shows poor TOC
values (around 0.2%). The dark grey claystone is richer with values
around 0.7%. Minor amounts of dark reddish marl occur throughout the
zone. Methane is the predominant light hydrocarbon. The upper part of
the zone (1265-1310m) shows good abundances of Cl (probably biogenic)
but poor abundances of C2+ hydrocarbons. The wetness is low (around 2%).
The samples from the lower part of this zone contains poor abundances
of C1 but more abundant C2+ hydrocarbons than the upper part of the
zone. Particularly so in the lowermost sample (1370m) where C5+ hydro-
carbons are the most abundant. The wetness increases to 20-30% at the
base of the zone. The increase in wetness coincides with the increase

in the amount of grey claystone in the samples. The increased wetness
towards the base of the zone may be due to the migration of hydrocar-
bons from the organic rich claystone of the zone below.

108/0/ah/4
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Rock-Eval results indicate type IV kerogen in this zone (2 samples).
The petroleum potential and the production indices are low. The Tmax

indicates that the samples are immature.

Zone B, (1385-1640m): The top of this zone is marked by the appearance
of a TOC rich dark grey claystone. TOC values very from 1.9-4% TOC (i.e.
good to rich) being highest at the top of the zone. Until 1550m this
claystone comprises 100% of the sample, below this depth minor amounts
(5%) of fine sand appear.

The methane abundances are good for the upper part of the zone down to
1490m with a very high value at 1490m. C2 hydrocarbon abundances are
poor below 1490m (except for n.Butane at 1535m and propane at 1625m).
The wetness increases markedly below 1490m with samples B-1029 and
B-1031 showing very high values >2 and 81% respectively. Above 1490m
the wetness is variable: 8-21%. IC4/nC4 ratios are moderately high in-
dicating immature/early mature samples. The values do decrease towards
the base of the zone with the samples of higher wetness. This may indi-
cate the presence of migrated hydrocarbons from a more mature source
(especially in B-1029, 1535m. This showed a strong white cut in DCM
under Ultra-Violet light).

Rock-Eval data for this zone show a type JIJ to type II/ITI kerogen in
the claystone. One exception is the sample showing type IV kerogen at
the top of the zone. This probably represents caved material from the
zone of TOC poor claystone above. The production indices are all Tow
indicating little generation of hydrocarbons or migrated hydrocarbons.
This is interesting as it seem to contradict the results from the light
hydrocarbon analyses. Further analysis would be required to establish
whether not migrated hydrocarbons are present.

Zone C, 1640-1970m: The top of this zone is marked by the appearance of
a poorly sorted light grey sand. This is accompanied throughout the zone

by minor amounts of claystone and coal. It is not possible to tell from
the screening analyses whether this coal is an additive or not. The clayv-
stone is probably caved material from the zone above as it is of similar
lithological character and has similar TOC values. One sand sample was
analysed for TOC and as expected showed a very poor value: 0.14%.

108/0/ah/5
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The abundance of 1ight hydrocarbons in this zone is variable. Methane
is present in rich abundance in all samples except B-1097, B-1053 and
B-1057. Methane is the predominant hydrocarbon although B-1045 (1775m)
also contains a good abundance of C2+ hydrocarbons.

The wetness varies over the zone. Jt is fairly high (around 20%) in most
of the samples (except B-1041, B-1053 and B-107 which show relatively
low wetness and samples B-1045 and B-1047 which have fairly high wetness,
58% and 40% respectively. The high wetness is accompanied by Tow IC4/nC4
ratios which suggest possible migrated hydrocarbons from a more mature
source, especially in sample B-1045.

Only one Rock-Eval analysis was carried out over this interval. This
was on a claystone at the top of the zone. Results indicate a type
IT/T1] kerogen of moderate maturity.

Zone D, 1970-2075m: The top of this zone is marked by the appearance of
a dark grey silty claystone. This is the dominant 1lithology throughout
the zone and shows good to rich TOC values.

Methane is the most abundant 1ight hydrocarbon. All three samples from
this zone show good abundances especially the lowermost are B-1065
(2045m). The abundance of C2-C4 hydrocarbons is good in the bottom
sample. The wetness is fairly high for all the samples (over 20%) al-
though this decreased with depth. The IC4/nC4 ratios are fairly low for
the bottom two samples indicating early mature samples or the presence
of non-indigenous hydrocarbons. The latter may be the case as the upper
sample in this zone shows a much higher IC4/nC4 ratio indicative of im-
maturity.

The Rock-Eval results show a type JI/JIT kerogen. The lowest sample is
richest and could be called a type II kerogen. The production indices
are low, indicating little generation of hydrocarbons. The petroleum
potential varies in accordance with the hydrogen index. The lowermost
sample having the greatest value. TmaX results indicate that the samp-
les are early mature.

Zone £, 2075-2135m: This is a small zone where the dominant lithology
is a light grey, poorly sorted sand with minor (5%) claystone and

108/0/ah/6
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limestone. One set of Rock-Eval and TOC results was obtained. These were
for a dark grey claystone. The results are very similar to those from
the claystone of the zone above (caving?) showing a rich TOC content
and a type JI/III kerogen.'

Light hydrocarbon analyses show fair to good abundances of methane but
poor abundances of 02-64 hydrocarbons. Despite this the wetness values
are fairly high, around 20%. IC4/nC4 ratios indicate that the samples
are moderately to early mature (or contain migrated hydrocarbons).

Zone F, 2135-2255m: The top of this zone is marked by the appearance of
a red-brown claystone with very Tow TOC values (under 0.1% the TOC is

so low as to be within the limit of resolution of the carbon analyser

i.e. 0.04%). This claystone and a poorly sorted sand are the dominant

lithologies. A second type of claystone: dark grey with good TOC values
is also present in the uppermost sample. This may be caved material.

Light hydrocarbon analyses show poor abundances of Cl-C4 hydrocarbons
except in the top 2 samples (fair abundances - 1000 - 3000ul/kg). Me-
thane is the dominant hydrocarbon. The wetness is moderafe]y high in
the upper 2 samples (45% and 33%) but decreases down the zone. The
IC4/nC4 ratios indicate moderate mature samples.

The Rock-Eval results indicate an increasingly hydrogen poor kerogen
with depth. The uppermost value (B-1071) is from the dark grey clay-
stone. Jt indicates a type IJI/JI] kerogen. The very high oxygen index
for the last sample should be ignored. Extreme readings such as this
can occur when the total TOC is under 0.1%.

108/0/ah/7



IKU

CONCLUSTONS

As no formation top data was available to TKU for this particular well
little can be said about the correspondence of our zone system with the
actual stratigraphy. Although zone A probably corresponds fairly closely
to the Cretaceous in this well, and Zone B to the Kimmeridge Clay forma-
tion and upper part of the Heather formation. Zones C-E probably 1ie in
the middle and Tower Jurassic while from the appearance of a red clay-
stone in zone F this probably belongs in the upper Triassic.

The source potential and maturity (based only on Tmax and IC4/nC4 ratios)
of the zones from the data available has been summarised below:

Zone A, 1250-1385m: The yellow-brown claystone shows poor potential for

gas. Jmmature to early mature.

Zone B, 1385-1640m: A dark grey claystone with good to rich potential
for o0il and gas. Immature to early mature. Some evidence of non-indige-

nous hydrocarbons in the lower samples (below 1490m).

Zone C, 1640-1970m: This is largely a sand unit it has no oil or gas

potential as a producer but it may contain some migrated hydrocarbons.
Especially between 1745m and 1805m. Probably early mature but this can-
not be ascertained as IC4/nC4 ratios are affected by migrated hydrocar-
bons and the Rock-Eval result has been obtained from a claystone that

is probably caved.

Zone D, 1970-2075m: This zone shows good to rich potential for o0il and
gas, and is early mature. Some evidence of non-indigenous hydrocarbons

at the base of the zone.

Zone E, 2075-2135m: Predominantly a sand unit with no source potential
but there is some evidence of migrated hydrocarbons.

Zone F, 2135-2255m: Fair to poor source potential for gas (poor at the
base of the zone). Moderately mature.

108/0/ah/8
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Lithology and

TABLE NU.: 2.

V Total Organic Garbon measurements WELLNO.: 31/6-3

Sample

Depth
(m)

TOC

Lithology

B-1011

B-1012

B-1013

B-1014

B-1015

1250-1265

1265-1280

1280-1295

1295-1310

1310-1325

0.73

50%

45%

5%

50%

45%

5%

65%

30%
5%

70%

30%

Sm.am.

75%

25%

Sm.am.

Claystone, olive grey-medium grey, partly
silty, slightly micaceous, partly calcareoug
Claystone, dark yellowish brown, slightly
micaceous

Marl, dark reddish brown - moderate brown

Claystone, olive grey - medium dark grey -
grey, partly silty, slightly micaceous,
partly calcareous

Claystone, dark yellowish brown

Marl, as above

Claystone, grey - medium dark grey - olive
grey, as above

Claystone, dark yellowish brown, as above
Marl, as above

Claystone, grey - medium dark grey, partly
silty, slightly micaceous, slightly cal-
careous

Claystone, dark yellowish brown - dark
brownish grey

Marl, as above

Claystone, grey - medium dark grey, as
above

Claystone, dark yellowish brown - brownish
grey, as above

Marl, as above

1N7/e/ah/1



- 16 ~-

Lithology and

= ) TABLE NO.: 2.
[[{T] | Total Organic Carbon measurements WELLNO.: 31/6-3
Sample Depth TOC Lithology
(m)

B-1016. 1325-1340 0.5 95% Claystone, medium grey (medium dark grey),
partly silty, calcareous, partly very cal-
careous grading to marl

5% Claystone, dark yellowish brown, brownish
grey, as above
Sm.am. Marl, as above

B-1017 1340-1355 0.54 70% Claystone, medium grey - light grey,

calcareous
30% LCM (Nut shells, Mica)

B-1018 1355-1370 0.46 60% LSM (Nut shells, Mica)

40% Claystone, medium grey - 1ight grey,
calcareous

B-1019 1370-1385 0.45 . 60% Claystone, medium grey - light grey, as
above

4.66 40% Claystone, dark grey, silty, slightly
micromicaceous, partly micropyritic

B-1020 1385-1400 1.67 100% Claystone, dark grey, as above

Sm.am. Siderite; Limestone
B-1021 1400-1415 1.86 100% Claystone, dark grey, as above
' Sm.am. Claystone, light grey

B-1022 1415-1430 2.22 100% Claystone, dark grey, as above

B-1023 1430-1445 2.08 100% Claystone, dark grey, as above

B-1024 1445-1460 2.00 100% Claystone, dark grey, as above

B-1025 1460-1475 1.68 100% Claystone, dark grey, as above

107/e/ah/2
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t.ad | Lithology and
[[Z(7]| Total Organic Carbon measursments

TABLE NO.: 2.
WELL NO.: 31/6-3

Sample

Depth
(m)

TOC

Lithology

B-1026

B-1029

B-1031

B-1033

B-1035

B-1037

B-1039

B-1041

B-1043

1475-1490

1520-1535

1550-1565

1580-1595

1610-1625

1640-1655

1670-1685

1700-1710

1730-1745

1.77

0.14

100%

100%
Sm.am.

95%
5%

95%
5%

100%
Sm.am.

50%
50%

80%
15%
5%

80%
15%
5%

95%
5%

Claystone,

Claystone,

dark grey, as above

dark grey, as above

Dolomite/Siderite

Claystone,

Sand, very

Claystone,
Sand, very

Claystone,
Sand, very

Claystone,

medium dark grey - dark grey
fine

medium dark grey - dark grey
fine

dark grey
fine

dark grey

Sand, light grey, very fine - coarse

Sand, light grey , very fine - very coarse

Claystone,

Coal

dark grey

Sand, as above

Claystone,
Coal

as above

Sand, light grey, very fine - coarse

Claystone,

grey, dark grey, silty, slightly

micromicaceous

107/e/ah/3
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Lithology and TABLENO: 2.
Total Organic Carbon measurements WELLNO: 31/6-3
Sample D;:;h TOC Lithology
B-1045 1760-17765 90% Sand, light grey, very fine - coarse

10% Claystone, grey, dark grey, as above

B-1047 1790-1805 85% Sand, light grey, very fine - very coarse
2.35 15% Claystone, grey, dark grey, as above
B-1049 1820-1835 95% Sand, light grey, very fine - coarse

5% Claystone, grey, dark grey, as above

B-1051 1850-1865 100%  Sand, light grey, very fine - very coarse
Sm.am. Claystone, grey, dark grey, as above

B-1053 1880-1895 90% Sand, as above
10% Claystone, grey, dark grey, as above

B-1055 1910-1925 80% Sand, as above
2.05 10% Claystone, grey, dark grey, as above

Sm.am. Claystone, dark brownish grey

B-1057 1940-1955 100% Sand, very fine - fine, clear, light grey
Sm.am. Claystone, grey, dark grey

B-1059 1970-1985 2.27 50% Claystone, grey, dark grey, silty,
micaceous

40%  Sand, very fine - fine, light grey

10% Sandstone, very fine, argillaceous,
micaceous

B-1061 2000-2015 1.26 95% Siltstone, grey - olive grey, clayey,
occasionally sandy, micaceous
5% Sand, very fine - fine, Tight grey

B-1065 2030-2045 2.32 100% Claystone, dark grey, silty, slightly
micaceous

IN7/al/ah/d
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Lithology and

TABLE NO.: 2.

[[T{T]| Total Organic Carbon measurements WELL NO.: 31/6-3

Sample Depth TOC Lithology
(m)
B-1068 2075-2090 90% Sand, light grey, fine - very coarse
5% Claystone, dark grey, as above
5% Limestone, white
B-1069 12090-2105 90% Sand, as above
5% Claystone, as above
5% Limestone, as above
B-1071 2120-2135 35% Sand, as above
35% Sandstone, very fine - medium,
. argillaceous, very micaceous
2.09 30% Claystone, dark grey - grey
B-1073 2150-2165 60% Claystone, dark reddish brown - moderate
' , brown, very silty, sandy
1.32 30% Claystone, dark grey, silty, occasionally
sandy, micaceous
-10%  Sand, 1light grey, very fine - coarse
B-1076 2195-2210 50% Sand, light grey, very fine - very coarse
40% Sandstone, light grey, greenish grey, very
argillaceous, partly calcareous
10% Claystone, dark reddish brown - moderate
brown
B-1079 2240-2255 50% Sand, moderate brown, very fine - medium
50% Claystone, dark reddish brown - dark brown,
very silty, sandy, partly calcareous
Sm.am. Sandstone, 1ight grey - greenish grey, very
argillaceous, as above

107/e/ah/5
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TABLE 3.

Da&aTA FROM ROCK EV AL PYROLYEBIGSG

I H HYDR. OXYGEN PETROLEUM PROD. TEMP.I
I IKL DEPTH H 51 852 s3 TOC INDEX INDEX POTENTIAL INDEX MAX I
I HNo. 2 S1 I
I T ——— I
I m/ft s (4) S1+82 S1+52 (Cy I
I:2::::::::::3:::::::::::::::::::::::::=ZZ.'.:'::::::::==:‘-‘===;===::===::ﬁ:===-‘:=::=-'====I
I u I
I B 1015 325 s 0.12 0.09 0.49 0.42 21 117 0D.21 0.57 423 1
I H I
I g 1018 1370 : 0.14 0.14 0.41 D.46 30 aq 0.28 0.50 425 I
I B I
I B 1019 1385 : 0.04 0.05% 0.17 0.45 11 38 D.09 O.44 422 1

: Clst gy — 1t — gy I
L B 1019 1385 H 0.54 17.40 1.36 4.66 373 29 17 .94 0.03 423 1
I : Clst dk — gy I
I B 1020 1400 o 0.12 Z2.71 0.52  1.67 222 31 3.83 0.03 436 1
I : I
I B 1021 1415 o D.18 3.82 0.57 1.86 205 31 4.00 0.05 441 1
I z I
I B 1022 1430 o 0024 H.13 0.44 2022 276 20 E.37 0.04 438 1
I H I
I B 1023 1445 . 0.27 &.40 1.16 2,08 - 308 S b.b6T7 0.04 433 1
I H I
I B 1024 1460 . 0.24 4,63 0.3 2.00 232 18 4.87 0.05 437 1
I H I
I B 1025 1475 . D.14 2.38 0.27 1.68 142 16 2.52 0.06 432 1
I H I
I g 1024 1490 s 0.13 2.88 0.26 1.77 163 18 3.01 0.04 433 1
I B I
I B 1029 1535 s 0D.13 3,60 Q.47 1.95% 185 24 3.73 N.03 433 1
I H ' 1
I B 1031 1965 : D.26 5.18 0.43 2.11 245 20 S Ay A 0.05 434 1

H I
1 B 1033 1595 : 0.29 4.590 (0.45% 1.94 253 23 .19 0.06 435 1
T H I
I B 1035 1623 H 0.17 4.24 0.31 1.96 216 146 .41 0.04 435 1
I s I
I B 1037 1655 o Du4l 3.80 0.30 1.88 202 16& 4,21 0.10 435 1
I 5 I
I B 1059 1985 H .29 5,78 0O.21 2,27 =255 ? 5.07 0.05 435 1
I H I
I B 10461 2015 « D.17 2.86 0.18 .24 227 14 3.03 0.06 438 1
I : I
IE 1065 2045 : Q.49 82,78 0.47 2.32 378 20 ?.27 0.05 430 1
T I I
I B 1071 2135 o D.27 &.88 0D.5346 2.09 229 27 7.15 0.04 433 1
T H I
I B 1073 2165 : 0.13 1.37 0.3 1.32 104 o5 i.50 0.09 438 1
iy H I
I B 1079 2255 : 0.10 0.0 O0.7% 0.05 20 1500 n.11 .91 444 1
T : I



