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B SUMMARY

The whole analysed sequence {5 fmmature increasing to moderate mature
towards the lower end of the well. On the basis of light hydrocarbons

and T0C, the analysed sequence is divided into five zones:

A: 1630-1885 m. Fair potential as a source rock for gas {oil}.

B: 1885-2100 m, Mainly sand.Migrated hydrocarbans,

C: 2100-2500 m. Upper part; sand with migrated hydrocarbons.
Lower part; silty claystone, fair to good potential
as a source rock for gas {oil),

D: 2500-2700 m. Sand, no indication of migrated hydrocarbons.

E: 2700-2806 m,

Poor potential as a source rock for gas {oil).

KEY WIOIROS

Source rock




EAPERIMENTAL

One ml. of the headspace gas from each of the cans was analysed gas
chromatographically for Tight bydrocarbons. The results are shown ip

cal
Table Ia. The canned samples weve washed with temperated water on a
0.125 wm sieve {0 remove driiting mud and thersafier drisd at 35°¢,

Light Hydrocarbens

Aliguotes of the samplss wers dried at room ftemparature after washing and
sieving. The cultings with a grain size between 1 and 2 mm were used for
Tight hydrocarbon detemination. These wore treated with 6N HOY in & olosed
evacuated system, thersafter flushed with water and the releassd gas analysec
gas chr&matagraph?aa?iy, The resylts gre shown in Table Ib.

Total Organic Carban {T0C)

The various selected samples were crushed on a centrifugsl mill and sisved.

the portions with a particle size between 0.125 mm and 0.083 mm were used

in the further work. Aliquotas of fhe samples were treated with hot &8 HCY
to remove carbonate and washed twice with distilled water to rewove traces
of HC1, then placed in a vacuum oven at 50°C, evacuated to 20 mw Hyg for

12 hrs. The samples were then analysed on a Leco £ € 12 carbon determinator,
to determing the total organic carban {TOC).

»

Extractable Organic Matter (EOM)

Froam the TOU results samples were selected for extraction. OF the selectad
samples, approximately 100 gm of sach was extracted on soxhlet apparatus

for 48 hrs using dichloromethane {DCM) as solvent. The DCM used as solvent
was distilled in an all glass appavatus fo remove contaminants. The paper
tiimbles used in the soxhlet apparatus were previously washed with DOM on a
large soxhlet apparatus for 48 hrs. to renove any soluble components.

Activated coppee 011 was used in the flasks to remove any fres sulphur
from the samples.

Affer extraction, ths solvent was removed on a Buchi Rotavapor and
transferred to a SG mi flask, The resi of the solvent was then removed and
the emeunt of extractable organic matter {EOM) determined,

L
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Chromatoaraphic Seosration

The extractable organic matter [EOM) was separated on chromatographic
cotumns, packed with silica, Risdel & Hihn, 0.083 mm, using the slurvy
mathod with hexans as soivent. On top of the siltca, wmall amounts of
aluaina, approximately & om, wes added. The EDM, after 1t was ™Laken up” on
atuming, was transferred to the top of the columns, which were then eluted
with predistilied hexane, benzene and wethane!l wsing a-vatio of 200 al of
gach solvent pr. gm of EOM.

The various gluants were removed on a Buchi Roltavapor and the samples
& 3 » E S n,}m x g 3 3 L
transferred to vials and defed at 40°C 9n @ stream of dry nitrogen, and the
wunt of the various fractions, saturated, aropatic snd NSO Traction
The

{ﬁitrﬁgans Sulphur, Oxygend, determined. The saturated fractions were

anaiysed gas chromatographically ow @ 28 w OV 101 glase capitlary column
with He as carrier gas (0.7 wlfmin. ) using the splitless injection tache
nigue. The glass capillary columg was mounted in e Carlo Erba F OV 2150 gas

chromatograph.

¥Vitrinite Reflectance

Semples, taken at varions intarvals, were sent for vitrinite ref
measurenents at Geoconsyllants, Newnastle-upon-Tyne. The samples were
mounted In Bakelite resin blocks; care being taken qurinﬁ the

the plastic to aveil tapperatures in excess of 100%0. The samples whe
then ground, initially on @ diavond lap followed by two grades of corundum

oy

paper. All grinding and subssquent polishing stages % othe preparabion 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 thres grades
of alumboe, EJES} 3750 and Gamma, Tollowed by cavefud ¢lsaning of ths

surface.

eflectance determinations were carried out on a Leftz WPV, wicrophoto-
meter under 011 inwmersion, R.I, 1.518 3% @ wavelsngth of 548 nm. The field
measured was varied to syt the size of the organic particle. but was
asually of the order of 2 micron diameter.



The surface of the pulished block was searched by the operator for suitable
areas of vitrinitic material in the sediment. The reflectance of the organic
particie was determined ralative o optical glass standards of known
reflectance. Where possible, a minimum of twenty individual particles of

yitrinite was measured, although v many cases this sumber could not be
achisved,

Processing of Smuples for Evaluation of Visual Kerogen-
! _

The rock samples were crushed and aftevwards treated with hydrochloric and
hydrofluoric goids to remove the winerals. A serias of microscopic slides
was mounted in glycerine Jelly:

T-slide represents the total acid {nsoluble residue,

835
0-slide reprassnts the residug screened through 15 sieves.

N-1,2,3 slides contain palypodebris vemaining after flatation {In Brz}

remove disturbing heavy minerais.
X=1,2,3 stides contatn oxidized restdues, when onidizing 15 required due to

high cealification or much sapropel.
T & [ slides are necessavy to evaluste kerogso composition/palynofacies
which 15 closely related to sample ?ith*?@gy,

Screened slides are novmally requived to consentrate the larger fragments,

and to study palynoforphs (pollen, spores and dinoflagellates) for paleo-
dating and colour evaluation.

So far visual svaluations of kevogen have been undertaken from residues
mounted in glycerine jelly, and studied by Leitz Dialux in normal light

{halogene) using x10 and x40 ohjectives,

Roeck-Eval Pyrolysas

100 mg crushed sample was put into a boat whose bottom and cover are made
of sintered steal and analysed on @ Rock-Eval pyrolyser,



RESULTS AND BISCUSSION

Light Hydrocarbons

i
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orted by telephons, & large numbsy of the samples were i cans with
opert 1ids dug to a fauliy canning machine. Becavse of this there will be 1
arge vartation in the Yight, hydrocarbons hoth in apount and conposition.
It will therafore be Mifficult to divide the well into zones on the basis

=3

Tight hydrocarbons only and the results from total organic carbon measyres
th

gnts {(TOC) will be combined with the Vight hydrocarbon results in dividing

& 1630-18B% w
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B:  1885-2100 m
o 21002500 m
D 2500-4700 m
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opm while there is a rharp 1q*w33A£ in both watness
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zone while {1t incrsoases o approgimately 1.0

from 1758 wm.

R 1835-2100 m:
8

Thea abundance of Cl « L, hydrocarbans 15 approximately the same as in the

V4
zone above while there ¢ a sharp inorease both in the wetness of the gas
3 i + { - e d 2
and in the abundasce of Cr hydrocarbons. These high valuss decresses

towsrds the lower end of t%o zone while the O, ~ {4 hydeocarbons increases

4
sTightiy,

Fee:

Co 2100-2580 w

A large amount of the samples in this zona were g ¢ang with open lids. In

the upper part of the zone the cans were sealed and these will give the

mast reliable results, The abundance of C} ~ $y hydreocarbons vary considarably



from sample to sample while the wetness of the gas and the iﬁﬁfﬂii ratio
are rather constant. The Tower part of the zone, which has & Yithology
different from the upper part, could may be be separated out. This is not
done mainly because of the problems mentioned above.

0 2500-2700 w:

Agatn a 2one with 2 large variation in the abundance of the Cl ~ €y hydro~
carbons from sample to sample. Howsver, the most striking feature in the
results 1s the very sharp drop in the weilness of the gas compared fo the
zones above, bolh for samples from tight sealed cans and open 11d cans.

E: 2700-2808 m {T.D.3:
The abundance of light hydrocarbons is very low for this zone, both for
£, - Cq and CS hydrocarbons. The gas i3 alsn found fo be very dvy.

N
i

Total Organic Carbon (T0C)

Large sequences of this well consist mainly of sand, and, as agreed upon,

TOC was not measured on these samples,

Ar 1630-1885 m:
This zone consist mainly of shales and the TOC values ars very consistant
of approximately 0.6% right through the zone.

B 1885-2100m: 0~

This zone consists mainly of siltstone and sandstone with a coal sequence
at approximately 1800 m. The messurements on the siltstone around 19060 w
shiow higher TOU values than in the zone above, 1 - 2%, this might be due

to contamination from the coal particles. On the whole, the very few samples
analysed in this zone show @ falr abundance of organic carbon.

e 2100-2500 m:
The silty claystone fractions of this rzone were found to have TOC values
bhetween 1 and 2%, but with a relatively high variation from sample to

sample. This might be due to a variation in Tithology.



O 25002700
Oaly sandstone,; nd TOO measuvensnts,

A chale saguence with very low TDO valuss, 8.3 ~ 0.5%.

Extractable Organic Matter (EOM) and Chromatographic Separatioen

A 1630-188% w
Three sampies from this zone were extracted and werg ail Yound to have

[ 400

o

d abundance of extractable hydescarbons. The gas chromatograms of the
two uppar samples gontadn very small aupunts of nealkanss frowm rﬁ)g and up,

while the napthenic fractien 15 very proancunced with a Targe sterane hump
and with high GF

P‘\‘

value of the €,,-0.. atkapmes, This would then indicate an

1
input frow bmature herbaceous mater @ gas chromatogran of the saturated
nydrocarbons of the Towermost anaiys@ﬁ sama}e in this one is vary front

biased.

ikl

B 18852100 me

Two samples fraw the upper part of this zone were @xiracted, and they have

3 good and rich abundance of hydrscarbons respeactively. The gas chromatograns
of the saturated hydrocarbon Praction of both the samples show & proncunced
sterane hump, but a large difference s found in the pristans/n Cl' and
oristana/phytane ratiocs in the two samples.

-

{1 SI00-Z508 o

Tan samples framt this zove wers sxtracted, and most of these ave found fo
have a gouod abundance of extractable hydrocavbons. The gas chromatograms of
the saturated nydrocarbon fractions vary considerably from sampie to sampls,
he uppermost sample, 2110-2125 m has a gas chropatogran very similar o

fhe ong in the zone above, The next sample has @ very strangs gas chromatogran
with two distinot waxime at al, ' and nf21 and hardly any n-alkanes above

”;(

n,p The latfer maxima 1% probably dus To an Yoput of herbaceous materis
Lut this shouwld also give higher n-alkanes,

The next two samples are very similar fo the uppermmost sample in this zone
while the sample from 22B5-2300 & has the same strangs gas chromatogram as
P ¢

the one from 2180-5% wowith two distinct rux=aa, The rest of the samples



o

from this zone have all large sterane humps and high CPI valuss but again a
Targe vartation is found for the pr%stanﬁfﬂﬁz?‘and pristane/ phytane ratios.

s 2500-2700 m:
No samples were analysed from this zone which mainly consist of sand,

osc]

Ey  2700-2808 m:

No samples from this zone was extracted..

{73

Vitrinite reflectance

Fifteen samples wers analysed for vitrinite reflectance. In the following
each sample s described, and together with the reflectance data, other
information from the analyses will be given.

1630860 m: Carbonata, sandgrains, shale traces. The carbonate 1ithology is

very odd, not a normal limestons. Ro = 0.26{23, 0.56(4), 0.90{1).

The carbonate in the sample 15 barren, only a few loosa vitrinite particles

of variable reflectance and possible bitumer wisps in shale, UV Tight shows

a yellow and yellow/orange fluorescence from spoves and plentiful hydrocarbons,
together with a Yow exinite content.

1756-65 m: Limestone, sand graing and shale tracss. Ro = §,.47{3}.
2 sample is wirtuglly barren with a few bitumen wisps and thres poor
vitrintte particlest UY¥ Tight shows a yellow and velle xfOraﬁgé fluarescence

fram spores and hydrocarbon traces together with a trace of exivite.

1870-85 m: Limestone, pyrite and shale traces. Ro = 0.53{3).

The sample contain very 1ittle true sediment, only a few particles of
vitrinite with variable reflectance are recorded. UV light shows a yollow/
orange fluorescence from spores and hydrocarbon traces together with a
trace of exinite. The sample is alse found to contain fron oxides, glauconite
and traces of ignegus rock.

1800-15 m: Carbonale and coal fragments, Ro = 0.37{21}.

The sample has a woderate organic content. The coal fragments have a rather
ariable reflactance, mostly fragmental material containing seall particles

ef vitrinite and ifnertinite together with some tellinite material. UY light

shows a yellow/ovange fluorescence from spores and strong hydrocarbon

'y

traces to some cutt *nc% togethar with a low exinite content
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00520 m:r Caloarecus, silty sandstons
the sample has & low to moderate arganic content with bitumen and viteinite
wisps and particles iogether with g fow coal fragments and only a Yrage of
inertinite. UV¥ Tight show 3 yellow/orange fluorascence frowm sporss and

nydrocarbon specks together with g low exinite content,

2140-55 my Limestone, calcarsous shale and pyrite. Ro = 0.38{20}.
The sample has & moderate organic content with & few loose gnal cuttingge
The limestone contains only Tosrtinits particles while the shale has

%%
L3
,-n.
,&.

content of dnsrtinite partzmies and bitumen wisps fogether with some vitels
nits as wispy particles. UV 14 shows a yellow/ovangs flucrsscence from
spoves together with an 0vera31 carbunate fluerascence and a moderate
exinite content.

2285-2300 m: Mixed lithologins, o = 0.35{20}.
The sample has a Tow organic content with a fow 3
of the organics arve found as inerlinife particles and bitumen wisps. A faow
vitrinite wisps and wispy pavtic?es are regorded. UV Tight shows & yollow/
oprange and Tight orange fluorsscence from spore fragments and g moderate
exinite content.

2345-60 wy Sand 4nd shale fragments. Re = 0.43{3}.
A few of the shale Tragments show bituwen staining end ineriinite particles

together with & couple of doubtful witrinits partxc}es, Uy

couple of wmid orangd flucrescing spores and @ trace aof vitrinite.

2375-80 s Mixed Vithologies. Ro = 0.47{22}.
The grganic matter is restriciad to the shale where some bitumen wisps and

2] . 5 . soar a2 -
i

niy & trace of isertinite. UV Tight shows

~

a Tew guod vitrianite particle
v yellow/erangs and 1ight orangs fluorescence from spoves and a moderate
exinite content. Ingnecus rock cultings arve sepn in this sample.

2420-35 wm: Mixed Vithologies. Ro = 0.27{2}, Ro = 0.48{4].

Only & trace of true arganic materdal with a few Toose particies of vitrinite
31 3
¥

» tight/mid orange fluorescencs

-

from sporss and a low

. 5

ntie

S8

of variable reflectance. W Tight shows a du
o

r‘*

G aodey antent,

ft?

rate ex:
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2466-81 m: Shale, Ro = 0,45{22)},

The sample has a moderate organic conlent, mostly inertinite and reworked

material, but also a lot of bitumen wisps

articlies. UV Tight shows a Tight and mid
g

and & moderate to rich sxiaite content.

and vitrinite particles and wispy

orange Tluorescence Traw spores

2E71-86 m: Sandstone and shale tracss. Ro = §,34{20).
The sample has a low organic content with & few Inose and included particies
of vitrinite, insrtinite and coal fragments, mostly reworked material.

Uy 3
axinite content.

ight s

hows a yellow/orange fluorescence from

spores and a Tow to moderats

2705-21 w: Sandstone and shale. Ro = 0.41{11}.

The sample which shows an overall haematite staining, has a low organtc
content with a few bitumen wisps in shale together with some vitrinite
wispy particles gnd particles of inertinite. UV light shows a light to mid
orangs Fluorescence from spores and hydrocarbon spacks together with a low

exinite content.
2766-81 mr Sandstone, siltstong and shale.

The sample which has an overall haematits

%

from a few cubttings of non-stained shale,
material and inegrfinite. A Hittle bitume

~ded . WY 1
from spores and @ low to mwderate exinite

af vitrinile are recoy ght shows

e

[

2768-2802 wy Sands
The sample has 3

tane and shale with haewm
iow Qvganie content with

of vitrinite in uno

sant. Most of the ‘ampie is barren. UV light shows
sence from sporves and hydrocarbon traces fogeths
content.

Yisyal

fvaluation of Kerogen

Fifteen samplas from cuttings were investi
the results have besn summarized in the en

the individual samples has been evaluated

from the dominant %

xidizad shale cutiings.

and Ro

is almost barren

Ro
sta
mo

0.40(5)
ning,
If
S and

5ty particles of v

fsp

a Tight to mid orange
content.

as wi iome wispy pavﬁic?e&

fluorasciance

atita., Ro = 0.42{18)
a few wispy particles and wisps
Ingrtinite particies are domi-

a yelipw/orange Flugr-

¢ owith & Tow exinite

gated for kKerogen apalyses, and
closures. The colour index for

from npalynomorphs with support

type of kerogen. A1l semples studied were veprasented by



stides of the tofal acid insoluble residues as well as by 3lides contad
particies larger than 1“& whare romaining heavy minerals wers removed by
floatation errz

The Yollowlng interpeetation has besn used with the gualitative colour
S
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Immature 2+ Moderate mature 2+ 031 window ~%&  Gaszcond.

Transferring colour Into an index, Bowsver, also fovolves svaluation of possidle
contral from Tithology. =

Interpretation of individual resuits was complicatsd by the R

<x
=
&
ok

*,

5.‘&
fn
e i
i
=

throughout the well, Howaver, 1t appears as 97 nud additives and downtallen
material rapressnt s winge problem for kevogen studies in this well.

The following categories ars used to express the cowposition of the R& sgen:
apropel, indeterminate herbaceous material, suticles, wood vemains {structured},
gcoal particles, and divoflagslistes, polien and spores. The cempﬁsitian is
axprassed as visually estimated pervcentages of the total acid insciuble

organic residues.

1630-60 wm: A falely small residue dominated by varigd herbacsous waterial,
with coal fragments as the deminant category. Dark codl fragments are also

embadding Tighteoloured palynomorphs. Approximately ons thir
consists of Tight coloured saprapel inoluding dinoflagellate cysis,

Colour index: <2872

Small residuss, vesambling that of 1830-80 m in containing

1870-85 m dark coal fragments as dominant, and tncluding about one
third sapropel.

Coloeur index: ~2/2



200-15 m: The Targe residue i3 dominated by herbaceous material; half of
it coal fragments of variable coalification, about one thirvd indeterminate
herbaceocus cuticular fragments or woody structures. Bapropel {5 present hut
in small amounts.

Colour index: 2 {higher then for the abovelying intarval)

2005~20 me A fairly small residus where herbaceous material; pollen/spores,
indeterminate remains, cuticular fragmenis. and wondy structures dominate.
About one third 15 amorphous matsrial,

Colour index: 2, may te affectad by oxidation.

2140~85 7y Rormal sized residue where sapropel dominates, or is ewgally
2285-300 w inpartant with, varied material derived from land plants.
2345-80 m} A shallow marine deposition not far from coast is suggested.
2375-90 m} Coal particles are fairly freguent. Reworking of Triassic

material is noted in the lowest sample.

Cotour indsxy 2.

282035 iy Originally large vesiduss in which sapropsl dowinates as
2466-81 m in the abovelying samples. The samples

contain  varied land
derived assemblages. Reworked Triassic material s present. Though amorphous
material is presant, dimoflagellats cysts are strikingly rare,

Colour index: 2/2+.°

2571-81 m: The fairly small residue contains coal fragmeats and suggested
mod additives begide finely dispersed amorphous material., The material
seams oxidized.

Cotouwr index: 2/2+

2786-21 mo The fairly small residue 15 dominated by amorphaus, finely
disparsed matter, but ifncludes also & small portion of indeterminalte here
baceous material and variadbly coalyfisd coal fragments which partly might

be Tallen down from the abovelying interval
Colour index: 2+ {may be based in reworked material)
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Twenly-one samples from various zones in the well were pyrolysed on a
Rock-Eval instrument at £0G. Jiulich, The conductivity detector was out of
arder and due to this the oxygen index could not he neasured. The hyérogeﬁ
index is, howsver, very Tow except for twe samples, 2450-85 m and 2465-248
whave the hydrogen index s sVightly higher, The T values indicate

max
immaturity or moderate mature for all the semples.

With the background in thase results, all of the analysed samples ara
probably of type 111 kerogen.
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Consentration { 1 gas/kg rock) of C1wC? hydrocarbons i cuttings  {Headspace)
) ¢

Sample Depth (@) &2 52 CB ita hC@ :65" ﬁcvwﬂa 2C2~CQ Gwetnass 154/964
K270 1630 ~ 1666 9328 1357 64 80 3t 382 10896 1568 14.4 .17
K271 1660 - 1680 14880 2891 104 17 97 106 17783 3209 8.0 1.18
K272 1690 - 1720 9318 554 46 93 73 332 10085 167 8.4 1.24
K273 1720 - 1735 OFEN LID
K274 1735 ~ 170G 12783 989 155 228 215 1256 14358 1587 11,1 1,12
K275 1750 - 1765 OPEN LID *’
K276 1765 ~ 1780 636 178 123 154 143 1068 1234 547 48,4 1.07
K277 1780 ~ 1795 7342 716 227 3448 298 18Iz 8924 {582 7.7 1,17
K278 1795 - 1810 Y&7? 176 41 210 160 204 1544 587 35.9 .31
K279 1810 - 1825 1572 553 435 508 768 261 4172 2601 62.3 1.18
K280 1825 - 1840 6919 628 267 387 359 1820 &oh7 1647 16.2 {10
38 26 204 183 92 56.5 1,16
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K284 1885 - 1900 558 254 250 200 7y 187E 1437 876 61.2 b7
K285 1800 - 1918 8895 4133 1466 101 1040 10232 16635 7734 46.5 1,06
K286 915 - 1930 3724 1834 732 576 454 72843 7315 3595 49 .1 1.27
K287 1920 - 1945 10 87 32 iz 105 1105 448 37 77.5 1,16
K288 1045 ~ 1960 31 31 24 0 66 964 227 51 BE. 1 1.0G6
k289 960 « 1875 941 667 %3 732 586 7434 3348 2408 - 125
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Sample Depth {m) (,1 Cg CB {34 n{,a 225 2?{“,}*{,4 étgw{jé' % wetness “ii“,é_/n%
Kzgz 2020 - 203% 2828 1420 27 179 163 10L8 4862 2034 43.6 39
K294 2035 - 2050 4858 1734 129 56 44 728 65821 1953 28.8 1,18
K255 2050 ~ 2065 17025 1437 177 242 214 1467 19084 2070 10.8 1.18
K286 Z208% -~ 72080 5005 864 123 320 270 74 8578 1572 23.9 1.8
KZg97 2080 - 2095 18043 2313 239 258 220 1462 22073 3030 13.7 137

Kegs 208% -~ 2110 OPEN LI
K285 2110 - 2125 GPEN L1
K300 2125 ~ 2140 OPEN L1

K3D2 2155 - 23170 46124 6253 603 565 427 135 53973 7848 14.5 1.37
K303 2170 -~ 2185 10205 1573 177 172 144 957, 12262 2057 16.8 1.19
K304 2195 « 2210 4744 688 71 ! 47 251 5600 360 15.4 .14
K305 2230 - 2225 13140 3663 284 118 101 363 17255 4155 240 i.18
K306 2285 ~ 2240 9243 1887 {123 47 43 305 11323 2080 i8.4 1,08
K307 2240 - 2285 3650 66 108 180 90 245 4014 364 A Toid

2255 - 2270 OPEN LID
K308 2270 - 228% 18867 4045
K310 2285 - 2300 CPEN LiID
K311 2300 ~ 2318 QOPEN LID

K312 2315 ~ 2330 2579 695
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Sample  Depth {m) £ Cs €y i64 nﬁé Lr 08, elymf, % wetbness
K295 2050 ~ 2065 230 75 g4 83 104 705 556 326 58.68

K296 2065 ~ 2080 NOT ENOUGH SAMPLE

K297 2080 - 2095 149 68 i6 iz 20 216 256 116 - 45.40

K258 2085 ~ 2110 702 379 26 32 24 407 1123 423 37 .48

K259 2110 - 2125 40 76 30 19 27 £19 545 147 26.80
K30 2125 - 2140 357 443 647 356 262 616 2067 1709 82.73

K301 2140 ~ 2165 ROT ENOUGH SAMPLE

K302 2185 - 2170 156 350 443 3724 282 925 1585 1438 80,24

K303 2Y70 -~ 2195 47 106 51 K 53 72 710 334 242 87.46

K304 2185 - 2210 232 335 421 258 199 407 1446 1215 §3.99

K305 2210 - 2225 263 106 &1 211 24 299 1383 1130 81.%12

K306 2275 - 2240 147 1803 1076 361 320 636 3406 3259 55.69

K307/ 2240 - 2255 258 328 293 240 194 513 1314 1056 30.36

K308 2255 ~ 2270 197 200 291 1492 148 234 028 331 80.87

K309 2270 - 2285 77 21 21 17 26 46630 357 280 78.49
K310 2285 - 2300 301 281 393 186 138 21480 1359 1098 76.49
K3t 2300 - 2315 274 326 419 171 145 642 1334 1060 79.44

K312 231h - 2330 201 1RD 142 7585 838 338 035 434 68,33

K313 2330 - 2345 386 283 426 229 179 217 1477 1t 7521

K345 2345 - 2360 259 {53 177 320 188 145 1337 1038 77.53

K346 2360 ~ 2375 a8 78 118 46 25 P14 326 267 81.88

K347 2375 - 23490 26 52 55 20 25 73 18O 153 85,26

K348 23590 ~ 2405 271 162 298 b7 55 137 794 573 72,13

K345 2405 - 2420 629 305 553 178 955 251 2620 1991 75.98

K350 AZ0 -~ 2435 35 8 i1 9 12 128 76 Vi 53.74

K343 2435 ~ 2450 565 250 345 154 108 223 1424 859 £0.32
K3k2 2450 - 2466 £03 580 486 156 105 175 1930 1327 £8.74
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TABLE IC

i

Total concentration {pd gas/kg rock) of C1w8? hydrocarbons (1A + IB).

Sample  Depth (m)  Cp G Ly b, mC,  CgT byl £0,-C, % owetness  iC,/nC,
K270 1630 - 1660 9501 1497 194 126 143 514 11453 1957 17.1 0.88
K271 1660 - 1690 14673 2958 140 146 119 247 18037 3364 18,7 0.87
K272 1630 - 1720 9373 592 8 130 108 388 10287 913 8.9 1.24
k273" 1720 - 1735

K274 1735 - 1750 12843 1016 184 233 221 2075 14477 1634 1.3 1.05
K275% 1750 - 1765 320 93 73 40 33 556 559 239 42.8 1,21
K276 1765 - 1780 754 254 191 217 188 1158 1604 848 52.5 1.15
ke77t 1780 - 1795 7342 710 227 348 293 1612 8924 1582 17.7 1.17
K278 1795 - 1810 1044 225 110 264 192 1107 1633 790 43,1 1.38
K279 1810 ~ 1825 1718 10 472 924 806 48D 4510 2754 62.0 1.75%
280" 1825 - 1840 6919 628 267 387 359 1820 8557 1647 19.2 1.08
X781 1840 - 1885 314 140 118 135 86 2148 794 480 60.5 1.58
K282% 1855 - 1870 293 191 53 55 36 814 668 375 56,1 1,53
k283”1870 - 1885 . 149 60 25 20 52 230 245 96 39,2 0.38
KP4 1885 - 1900 1190 796 722 410 350 7707 3439 2279 65.3 1.17
K285 1900 - 1915 8994 4255 1661 1368 1414 15479 17697 8701 49.7 0.97
K286 1915 - 1930 3886 1925 937 1000 1167 12457 8915 5028 56.4 .85
K287 1930 - 1945 217 139 129 332 368 6176 1185 969 81.7 ' 0.90
K288 1945 - 1960 114 172 55 127 149 423 617 503 1.5 0.85
K289 1960 - 1975 1384 1270 753 1169 1367 12080 5738 4354 75.9 1.0
K290°™ 1975 - 1990 |
kz91™ 1990 - 2005 223 B9O 945 796 754 5679 3308 3085 93.3 1.0
k292% 2005 - 2020 67 149 265 245 244 2577 970 904 93,7 1.00

+ Headspace only

# Cutting gas only
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Sample
#

=&
LS V%]
W B
<D

O
L SN G5
[ S 14
NI

Bepth (m) o

2466 ~ 2481 15
2481 -~ 2496 3%
2456 ~ 2511 76
2511 ~ 2h26 43
2526 - 2541 48067
2541 ~ 2555 453
2556 ~ 2577 5959
2571 - 2586 298
2585 ~ 2601 4
2607 - 2616 198

2616 - 2631 494

2631 ~ Z64% &hb
2646 - 2661 ks
2661 -~ 2676 a3
2676 ~ 2691 445
2691 - 2706 149
2706 ~ 272} 375
2721 ~ 2736 275

Z
2736 - 27

751 384
2751 ~ 2766 196

+ Headspace unly.

¥ Cutting gas only.
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Baoth Im) s . u i€ 0i
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g G0 2y-t, éc.~c4 % wetness i,y
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6~ 2781 364 40 19 { { 257 225
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2781 ~ 2796 101 10 5 3 1 57 124 ) N 5.75
2795 « 2807 456 9) 26 5 T 234 678 120 7 5,75

+ Headspace only.

# Cutting gas onty,



TABLE 1}

~

Lithology of cuttings fraction 0125 - 2 mw and Total Organic Carbon (TOC)

Measurements.

Depth {my TOC Lithology

1630 ~60 0.64 FO0% Claystone, sitty, Vight grey to grey, partly
brownish, greenish
Sm.am. Limestone, white: Pyrite

1660~90 0.62 100% Claystone, partly silty, light orey to grey
and greenish, brownish
Sm.am. Limestone, white, brown
1890~1720  0.80 100% Claystone, light arey to grey, entsh and
some green, some brownish, part?v calcaregus
Sm.am. Pyrite; Caloite; Dolomite; Siltstone, Brown,
calcareous, Pgrains consisting of Do?mmiﬁe
1720~35 .54 100% Claystone, Tight grey to grey, greeaish and some
green, partiy calcareous.
Sw.am. Dolomite; Stitstone, brownish; Limestone
173550 0.48 5i% Claystone, as above
2% GQuartz Sand, c<lear
1 Forams, mainly arenaceous
Sm.am. Pyrite; Dolomite; Forams
1750~65 .48 99% Claystone, partly silty, Tight grey o grey,
greenish and some green
A Quartz Sand; arvenscenus Forams
Sm.am. Pyrite; Limestone, Tight; Forams: Uolomite,
(b3 Glauconite
1765-80 .54 g74 Claystone, partly silty, as above

3% Limestone, white to light
Sm.am, Siltstone, calcareous; Pyrite; Quartz Sandy Forams



Depth {m} TOO Lithology

1780-85 0,69 89% Claystons, grey, greenish and some green

)
il

Sand, consisting of plancionic and benthonic
arenzcesus and calcaresus Forams
3% Linestons

Sm.am. Quartz Sand

1755-1818  0.52 IT% Clavstone, as above
20% Sand consisting of Forams, as above

3% Limestone. as above
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Claystione, greenish grey and grey

3% Limestone, white to Tight grey

Sm.am, Pyrife; Sand/S3iltstong; Forams; Dolomite

f:ite; ?Eb/ba dstone
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ight grey, part?y brownish, some green and grey

1855-70 0. 74 93% Sittstone to (laystone, calcaveous, Tight to
grey, parily brownish
A Limestone, grey, brownish

Smoam, Sand/S{listone; Limestone, whittey Pyrite
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Tight to Vight grey,

partly brownish, some grey and green, calearepns

Sm.am Pyrite
Dbz Slauconite



- 27 =

Depth {m}  TOC Lithology
1885-1900 03% Sand, fine to coarse, consisting of GQuartz and
arenaceous Forams, Tight grey
0% Coal
0.76 20% Sittstone to Llaystone, as ahove
5% Limestone, gray
2% Sandstone, very fine fo fine
Sm.am Pyrite; Limestone, Tight
1860-15 50% Coal
0.48 &4% Siltstone to (laystone, as above
5% Sand, as above
% Sandstone, very fing to fine
Sm.am. Limestone; Pyrite
1915-30 1,10 98% Siltstone, clayey and sandy, to Claystone, light
to Vight grey, partly brownish, some grey and
green, calcareous
2% Coal
) Sm.am. Limestoney Sandstone; Pyrite; Quariz; Claystone,
dark greys crystalline rock fragments
1830-45 644 Quartz Sand, Tine te coarse,angular to subrounded,
Tight, Glauconite observed
1.48 30% Siitstone to Claystone, Yight, light grey,

pavritly brownish, calcareous

&,
b S
weort
ot

ystone, green
i
ystone, dark grey; Limestone

it

0
¥

<=3

5

9%
=
o
‘:’3
Ty

>

1845-60 1.69 944 Sitt/Claystone, light, some brownish, calcareous,
witn sand
3% Coal
3% Claystone, green, some grey

Sm.am. Limeztone
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Depth {m}

TOC
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Lithoelogy

2050~

2065~8

208095

2095~2110

L‘"S".

o

<

a1

Sm.am.

1006%

Sm.am,

o
L
w8

%

St am.

62%

£a8
20%

15%

%
Swr.am.
Obs.

Sandstone, as above

Coat

Clay/Siltstone, as above; Claystone, dark grey,
green

ong, as above . sometimes silty and very
¢, grey observed
tavstone, sandy, light

W

Cea?; Quartz Sand, medium to coarse

Quartz Sand, coarse/very coarse, medium, angular
/subangular, sm.am. Muscovite
Coaly Siit/Claystone

Quartz Sand, as above, but also some subrounded
Coals Siltstone/silty Claystone; Pyrite

Quartz Sand., coarse/very coavse, medium, sub-
angular/subroundad

Claystone to Silistone, qrev,calcareous
Clay/Siltstone, light, light grey, brownish,

U
Pyrite; Sandstone

Claystone to Silistone, grey, Coalparticles
abserved, muscovitic

Clay/Siltstone, brownish, Tight, with Sand
Quartz Sand; Pyrite; Sandstone, ltight; Limestone,
white

Claystone to Siltstone, grey, as above
Clay/Siltstone, brownish, light

Quartz Sand, fing to coarse

Pyrite

Limestone, gray

Glauconite
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2355-70 i.B 1804 Clavstone to S3itstone, as sbove

Stoam. Quariz Sandy calcareous

2HI0~G5 1.62 1009 ST/ Claystona, grey, muscovitic, coal partic

Sm.am. Quarts Sandy Pyeiteg €

2195-2210 73 Quarty Sand, fine to medium, coavse,angular/

'.

subangular, Tight, some muscovite

pah]
.

o
jas]
Foe
L5
it
[

Siit/CTaystone, gray. as above
5% Flant remains, brown

3% Clay/siltstons, Tight brown, iight

~3
fas)
P

£
3
i
3
2
2

Y < ot
0% uartzr Sand, asg above
S af

Q
me Plant romging, browng Pyrite: Claystone to
S

222540 100% Quartz Sand/Sandstone, as above
Sm.am. Clay/5iltstone, Tight, Yight brown, greys

2240

e

tr Sand/Sandstone, very Tiog {o medium, coarse,

rﬂ
Debe]
£
o
B
i
ooy
35
s
i
3

ar/subangularn, Tight, some muscovite; Sand-

stong  gemented by caloite

° oy £ t“ ¥ - § -~ - N PR
Smeam, Clay/9iisione, dark grey, muscovitic; Coal; Pyrides

o}
83
o
53
3
ok
(%]

150% Quartr Sand and calcarenus Sandstone {very fing fo
final, very fine to medium, cosavrse, angular/sub-

anguiar, some muscovite, G ite observed, light

ol

i
Smoam, S1T1E/Claystone, sandy, Tight, caloaresusy Coa

¥

2270-85 45% Juartz Sand and caltearecus Sandstone, as above

1.65 5% Clavey Siltstone, {brownish) gray, musco
Smeoam, Clay/Siltstone, light, calcarveous: Plant remains

browng Pyrite
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2285~2300

2300-15

231530

2330-45

P
P

k)
L]

50%

Loy
3

e

e

Spr. am.

3%
204
i
Y

Fae]

Stoam,

0%

?\J o

£
ws

o

100%

L
e

A

99%
7%

o

S, am,
Obs.

51it/Claystone, grey, muscovitic, Glauconite
ohsarved

Quartz Sand/Sandstone, as above

Calcareous S11t/Claystone, light: Plant remains:

Pyrite

[¥93

Clay/Siltstone, light brown, calcareous
Silt/Claystone, gray, muscovitic
Quartz Sand, fine Lo medium

Sitt/Claystone, grey, Tight grey, muscovitic
Clay/Siitstone, Tight brown, calcareous.
Quartz Sand

Pyrite

Quartz Sand/Sandstone, fine to medium, coarse,
angular/subangular, Tight

Sitty Claystone-grading to claysy Siltstone, grey,
Tight grey, with Muscovite and Coal
Clay/5ittstone, Tight brown. calcareous

Clayey Siltstone, with Sand, 1ight to light grey,
with davk grains, calcarsous
Clay/Siltstone, dark grey, micaceous, Juarty Sand

Clayey Siltstone, as above
Clay/Siltstone, grey, partly sandy, with Coal
fragments

3

Quartz Sand; Foramss Clay/Siltstons, Vight brown

Clayey 51ifstone, as above

C?uj/S*Ttstr e, grey

Clay/Siltstone, Tight brown

Quartz Sands Claystone, silty, redbrown; Sandstone
Crystalline fragments
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18 50% Clavey Siltstons, as above
1.05 40% Clay/5iltstone, gray to light gray, with Ceal,
Sand

. LA
5% {lay/Sihd

,w.
b
o)
ey
> ]
errdh
.
iy
e
e
or
%
o
‘é~
3

H% Claystone, radbrown
Sm.am, Quartz Sandy; Sittsione, Tight; Pyritey

Lingstane
{hs. Shale, black.

NG
o
Xy

BUY% Clavey Silistong, as above

o
fae g
)
e
Pl
&2

Clay/Sittstans, grey o 1ight grey, micaceous
5% Dlaystons, redbrown, with scattered sand grains

Sm.oame S1TE/Clavstone, Tight brown; Pyrite

) o FaE DRV TR i O o gy s
{ .69 ao% Clayey Siltstovie, as sbove
£ N 2 -t eyt 13 i + o
15% Clay/Siltstone, grey to 1ight grey, with Qoal
3% Qﬁayataﬁeg vedbrown

s
X3
L7
wds
sy
[
N
[0
ik
Qu

et

w2

('4'

ong, Tight brown

1.5/ 8h% Claystone, silty, grey, some dark, muscovitic
15% Clavey Siltstone, a3 gbove
Siam. Clavstone, vedbrown; Si1t/Claystone, 1ight
s
brown; Quartz Sand
1.39 Q3% Claystone, silty, gray, muscovitic

5
7% Clayvev Sitiatone, 8 above

Sm.am, Claystone, redbrown; SiTt/Claystone, Tight browng

.68 g4 Sitty Claystons, as above, with Coal, Sand
graing observed
6% C}ayey Stitstone, as above
Smoam. Claystone, redbrown; S11¢/Claystong, Tight brown;

Quartz Sand
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e
e

e
Pocy]

o~

1.35 854 Silty Claystone, gray, muscovitic
154 Sendstone, very fine to fine, Tight, calcareous cement
Sm.am. Quartz Sand: clayey Siltstone, as above; Pyrite;
Claystone, dark grey/black

B84% Quartz Sand/Sandstone, fine to very cparse,
«a s

angular, light
15% sitty Claystone, as above

p2 Coal
90% Quarts Sand, medium to coarse, very coarss,

angutar to subangular, light , with Mica.
Sm.oam, Mica
7% Silty Claystone, grey, green obsarved, with
sm.am Coal
pe Coal

879 OQuartz Sand, as above,
10% Coal
3% Silty Claystone, grading to Siltstone, grey,

Smoam. Calcareous Sandstone, very fing fo fine

2% Quartz Sand, fine to coarse, very coarse, as above
6% Coal

2% Sttty Claystone, as above
Sm,am. Sandstone, fiae to very fine, calcarsous

L Obs.  Limestone, light
98% Quartz Sand, Tine to medium, coarse, very coarse,
angular to subangular, Tight

2 Coal
Smoam. Silty Claystone, grey

75% Quartz Sand, fine to coarse, very coarse, angular,

Tight
25% Claystone, silty, grey, partly slightly brownish
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ﬁ;-ﬁf\wq o Pt - = B gt
<h85~26 01 804 Quariz Sand, fine to very coarse, dngular,
Tight
20% Claystone, as ahove
FEOT LT . q 5t E e -
260118 BH% Quartz Sand, as above
5% Claystone, (brownish) light grey to grey,

some vredbrown and green

e N iy (O > :
2616-31 5% Quartz Sand, as above

o 9
o ¥

5
e
LN
=
.
bt
A
2y
—t
L
y]
i o
-

R

&
a% Claystone, grey to Tight grey, redbrowa,

some grsen and yeilowish

26486~61 5% Guarts Sand. ag above

15% Claystone, {brownich) Tichl grey to grev,

268%1~78 BEY% Quartz Sand, as above
- e Aoy : o - e
15% Claystone, Hght grey {partly sTightly hrownish)
to grey, redbrown, some green {very chigritic),
vetlow and vislet
2676~01 55% Quartr Sand, as shove
15% Claystone, greenish Vight groy, redbrown,
wiglely yvellow,gray
2E91-2708 75% Quariz Sand, as above
5% Claystone, as abovs

>

270521 0.47 854 flaystong, 1ight grey to Vight gresn, grav.
redbrown, yeliow, grean
e Quartz Sand

ihs. Sarbonate, whits
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.47

G.42

f oo
s

I
]

0,860

<o
v

fad
)

100%

St am.

gU .M

Sm.am,
Obs.

85%

et
g
ot

Smoam,
Obs,

5%

25%

W

. 4.

88%

124

S A

£
L
B

o

e QN

Claystone, redbrown {silty), Tight greengrey,

Hght grey to grey. redviotet, vellow
Sand/Silistone: Quartz Sand; Limestons, white

Claystone, redbrown (silty), Tight grey to gray,
yellow

Sand

Clayey Siltstone; sandy, Tights Limestone, whits

Claystone, silty, redbrown, yellow, Tight
gray to gray and greengrey, gresn, redviolet,
partly muscovitic
Quartz Sand/Sandstone, very fine to coarse,
calcareous cemented, Tight, green observed
{chleritic)

Limestone, white

Pyrite

Clavstone, silty, redbrown, light grey to grey
and green, vellow radviolet, grey and redbrown
spmetimes grading to siitstone {micacanus)
Quartz Sand/Sandstone, very fine to medium,
coarsg, calcareous cemented, Tight

Limestone, white

Claystone, partly grading to Siltstone, light
grey to grey and greenish, yellow, redvialet
Sand/Sandstone, as above, green{chloritic observed

Limestone, white

Claystone, as above, sandy redbrown
Claystone observed
Quartr Sand/Sandstone, asz above
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TABLE IV

Concentration of EOM and chromatogratic fractions {Height ppm of fock).

Sample No. Depth {m) LOM Sat Aro Totad Mo
nydrocarh. hydrocarb.

K27¢ 1630 - 1660 4178 113 113 226 184
K277 1780 ~ 1785 1411 133 288 427 320
K281 1840 - 1855 730 162 157 320 118
K234 1885 -~ 1800  137% 176 228 404 208
K288 1545 ~ 18960 2805 887 805 1683 388
K300 2110 -~ 2125 1237 141 217 358 242
K302 2140 - 2155 7812 58 720 1306 2072
K304 2170 - 2195 50% 66 106 172 149
K305 2195 ~ 2210 823 73 170 244 285
K311 2285 - 2210 119 1086 117 223 383
K312 2300 - 2315 1718 217 323 548 4.34
K34 2330 ~ 2345 7728 38 1015 1054 187
K347 2375 ~ 2390 257 G 44 107 56
K351 2435~ 2450 1519 271 454 725 302
K354 2481 ~ 2498 686 252 242 495 137
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TABLE VI

Composition in % of the material extracted from the rock.

Sample No. Depth {m) S5at R HC Sat Non HC i HC
EOM EOM EON Aro EOM Hon HC
K270 1630 ~ 1660 4 2 5 100 4 122
K77 1780 - 1785 9 20 29 46 22 13
K231 1840 - 1858 22 21 43 103 16 271
Kegd 1885 ~ 1300 12 14 29 7& 15 154
K288 1945 ~ 1880 30 27 58 110 i 435
K300 2110 -~ 215 11 17 28 65 19 147
K302 2140 ~ 2155 7 9 17 81 a7 63
K304 2170 - 2195 13 20 33 62 29 115
K308 2195 - 2410 8 20 29 43 34 85
K311 2285 ~ 2300 8 g 18 80 30 61
K312 2300 ~ 2315 12 18 31 67 a5 124
(314 £330 ~ 2345 0 13 13 3 2 562
K347 2375 - 2380 & 17 39 126 22 178
K351 2435 -« 2450 17 29 47 5% 19 238
K354 2487 ~ 2496 36 35 72 104 17 423
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Type of organic matisr
Am. Cysts/Coal, Poll/Spor, He, W

Am, Cysts/Coal, Poll-spor, He, W

Coal, He, W/Am, Cysts

Coal, He. Cut, Wi RiCoal/Aw

Hey, Cut, Poll-spor, W, RiCoal/Am
Am/Cut, Loal, RiCoal, W, Foll-spor
Am/RiCoal, Coal, W, Cubt, He, Poll-spor
Am, Cysts/He, RlCoal, Loal

Am. Cysts/RiCoal, Cut, He, W, Coal

fm, Cysts/Poll-sper, He, Cutg W, RiCoal ‘
s
A, Cysts/Poli-spor, Cut, W, Coal, R!Coal -
$

Am/Coal, RiCosl!

fm/He, Coal, Riloal

Poll-spor, He, W. Coal/Am
Poit-spor, Cui, He, ¥, Loal/Am
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Sampie Depth Corg (%3 51 Genetic Potential Hydrogen Oxygen  Transformstion
{mo/g of rock} S, F S, Index Index Ratig
{ng/g of rock) 5y i 31 o
S}_ + 52
K 413 2706-2% g.41 8.08 0.5 97 - g.16
K 415 273651 0.47 .07 0.4 75 = 0.17
K 418 278196 .60 8.07 2.5 66 = .16



