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One 0i1 sample and six sandstone cores were analysed in an attempt
to perform hydrocarbon correlation. A1l the applied methods suggest
that the same type of source rock is responsible for the main part
of the hydrocarbons extracted from the cores and for the oil.
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1. TNTRODUCTION

An attempt to correlate hydrocarbon staining of six sandstone cores
with an 0il, and then further source rock correlation were performed.
The 011 was taken from the same depth interval as the cored section in
this well, the Upper Jurassic sandstones from 1400-1600m.

A list of the samples analysed follows:

TKU no. Sample type Depth (m)
A-9617 0il (FMT 1) 1574.2
A-9620 sst. core (clst?) 1406.22
A-9621 sst. core 1567.86
A-9622 sst. core 1571.89
A-9623 sst. core 1573.03
A-9624 sst. core 1576.32
A-9625 sst. core 1578.59

Common organic geochemical methods were applied in the correlation. In
addition to extraction and GC analyses, GC-MS and 613C isotope data
were used.

1.1 Molecular ratios from terpane and sterane mass chromatograms

applied as maturity and source characteristic parameters.

Geochemical fossils or biological marker components are characteristic
of the type of organic matter present at the time the sediments were
deposited. The biological isomers of these components undergo changes
due to increased maturity in particular, but also to a certain degree
caused by migration and weathering processes.

1.1.1 Source characteristics parameters

In the m/z 191 mass chromatograms, representing terpanes, the hopanes
and moretanes are the major components in most extracts and oils. Of
the hopanes the C27 and C29-C35 homologs are ubiquitous, while the C28
bisnorhopane is believed to be typical of certain types of source rocks.
The amounts of tricyclic terpanes relative to the hopanes are alsoc be-
lieved to a certain extent to be characteristic of the source rock. This
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is also the case for the component, probably gammacerane, sometimes seen
to coelute with the 22S isomer of the C31 17a(H)-hopanes (H). In the
sterane mass chromatograms, m/z 217 and m/z 213, the molecular weight
distribution of the C27-C29 regular steranes is believed to be repre-
sentative of the original input of organic matter. The highest mole-
cular weight compounds, the C29 steranes, represent organic matter of
terrestrial origin, while the lower molecular weight analogs originate
from more marine type environments.

1.1.2 Maturity parameters

The biological isomers of the hopanes, the 178(H), 218(H)-hopanes, under-
go structural changes during the maturation process. The isomerisation
reactions are thought to produced via the 178(H), 2la(H)-hopanes (more-
tanes) to the most stable 17a(H), 218(H)-hopanes. At equilibrium 100%
of the 17a(H)-hopanes are seen. The ratio oB/aB+Ba is used to describe
this reaction. In the extended hopanes (2p31), the thermally stable S
configurations at C-22 become increasingly more abundant as compared to
the biological preferred R configurations at increased maturity Tevel.
The equilibrium ratio is approximately 60% of the 225 configuration.
Another ratio that is known to change with maturity is the Tm/Ts (Sei-
fert et al., 1978) of the C27 hopanes. The maturable 18a{H)-trisnorneo-
hopane (Tm) is reduced in intensity relative to the more stable 17a(H)-
trisnorhopane (Ts), causing the Tm/Ts to decrease at increased maturity.
This ratio is also believed to be source dependant, and this should be
born in mind when applying the ratio for maturity comparison. The amount
of tricyclic terpanes is also to a certain extent seen to be maturity
dependant.

Two isomerisation reactions taking place in the steranes are most com-
monly applied for maturity assignments from the m/z 217 mass chromato-
grams. The biologically preferred 14a(H), 17a(H)-isomers of the regular
steranes are transformed to the thermally stable 14a(H), 178(H)-steranes,
the %BB8 approaching 75% at equilibrium. An equilibrium concentration of
50% is seen of the stable S configuration at C-20 as opposed to the
100% of the biological 20R epimer (llackenzie et al., 1980). The abun-
dance of rearranged steranes increases with increasing maturity.

One of the reactions taking place at an early stage of diagenesis is
the aromatisation of steranes, leading to the formation of mono- and
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triaromatic analogs. This process is measured as the abundance of tri-
aromatic relative to mono-aromatic compounds (% tri/tri + mono) in the
m/z 231 and 253 mass chromatograms, respectively. In addition the de-
gree of side chain cracking, as %CZO/CZG,.27 and %CZI/C28,29 respec-
tively, is applied. These cracking processes are also taking place dur-
ing early diagenesis, and are used for maturity assignment together with
the previously mentioned ratios.

1.1.3 Migration and weathering

The effect on the geochemical fossils of migration and weathering is
less apparent than the maturity induced changes. Migration is belijeved
to cause an increase in the relative amounts of rearranged and 148(H),
178(H) regular steranes (Seifert and Moldowan, 1978, 1981). Severe bio-
logical alteration leads to the formation of desmethyl-hopanes (Seifert
and Moldowan, 1979).
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2.  EXPERTMENTAL

2.1 Extractable Organic Matter

Approximately 50gm of powdered rock was extracted by flow blending for
3 minutes using dichloromethane (DCM) as solvent. The DCM used was of
organic geochemical grade and blank analyses showed the occurrence of
negligible amounts of contaminating hydrocarbons.

Activated copper fillings were used to remove any free sulphur from the
samples.

Squalane was added prior to the extraction as an internal standard.

After extraction the solvent was removed on a Buchi Rotavapor and the
amount of extractable organic matter (EOM) was determined.

2.2 Chromatographic Separation

The extractable organic matter (EOM) was separated into saturated frac-
tion, 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 glass
vials and dried in a stream of nitrogen. The 0il was separated using
the same system,

2.3 Urea adduction

Urea-adduction was performed on the same samples that were analysed on
GC-MS. The sample containing 5 mg of n-alkanes was dissolved in 2 ml of
n-hexane and 1 ml of acetone was added. A saturated solution of urea in
methanol (1 mi) was then added dropwise. The solvent was removed (NZ)
and the adduction step repeated twice. The white crystals were rinsed
(3x5m1 hexane) and the combined extract filtered (cotton wool plug
covered with A1203), to afford a non-adduct. GC analyses were
performed on the samples after the urea adduction, using the same
conditions as for the other GC analyses.

!
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2.4 Gas Chromatographic Analysis

The saturated and the branched/cyclic hydrocarbon fractions were each
diluted with n-hexane and analysed on a HP 5730A gas chromatograph,
fitted with a 25m 0OV-101 fused silica capillary column. Hydrogen
(0.7m1/min) was used as carrier gas. The total aromatic fractions were
after dilution with n-hexane, analysed on a Carlo Erba Fractovap Series
2150 GC fitted with a 20mm SE-54 fused silica column.

Injections both systems were performed in the split mode (1:20). The
terperature program applied was 80°C (2 min) to 260°C at 4°C/min.

In addition the whole 01l was analysed on the HP 5730 A GC, applying a
temperature program of the GC oven from -50°¢C (2 min.) to 280°C at
4°C/min. The CZ-C8 GC's were acquired by hydrogen stripping on a Carlo
Erba Fractovap GC. The column used for this was a 30m capillary column
coated with squalane.

The data processing for all the GC analyses was performed on a VG Multi-
chrom System.

2.5 Gas chromatography - mass spectrometry {(GC-MS)

GC-MS analyses were performed on a VG Micromass 70-70H GC-MS-DS systen.
The Varian Series 3700 GC was fitted with a fused silica OV-1 capillary
column (30m x 0.3mm i.d.). Helium (O.7kg/cm2) was used as carrier gas
and the injections were performed in split mode (1.5ul, split ratio
1:15). The GC oven was programmed from 70%C to 2809 at 4°%C/min. after
an initial isothermal period of 2 minutes.

The saturated hydrocarbons were analysed in multiple ion mode (MID) at
a scan cycle time of approximately 2 secs. Full data collection was app-
1ied for the aromatic hydrocarbons at a scan time of 1 sec/decade. The
mass spectrometer operated at 70eV electron energy and an ion source
temperature of 200°C. Data acquisition was done by VG data systems.

Peak identification was performed applying knowledge of elution patterns

in certain mass chromatograms. Calculation of peak ratios was done from
peak height in the appropriate mass chromatograms.

099/L/jb1/6
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2.6 613C istotope analyis

The 613

for Energy Technology (JFE) in Oslo according to their method. Their

C isotope analysis was performed by mass spectrometry at Institute

reference value for the standard NBS-22 is -29.8.
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3.  RESULTS AND DISCUSSIGN

3.1 APJ gravity

The AP] gravity for the oil was determined to 24.30API, (Table 1) in-
dicating the oil to be relatively heavy.

3.2 GC of whole o0il

The cryogenic gas chromatogram of the whole 0il is presented in Figure
1. Hardly any n-alkanes below nC10 and only small amounts of higher

n-alkanes are revealed in this chromatogram. The main components are

branched and cyclic components of low molecular weight. This is pro-

bably an indication of microbial alteration of the oil.

3.3 GC of C2-68 hydrocarbons

The hydrogen stripping gas'chromatogram in Figure 2 and the quantita-
tive data in Table 2 indicate the same as the whole o0il GC above. Very
Tow relative amounts of n-alkanes and highest abundance of mono-cyclic
components.

3.4 Extraction and chromatographic separation

Six sandstone cores were extracted before chromatographic separation of
the extracted organic matter and of the oil. The weights and relative

armounts of the various chromatographic fractions are given in Table 3.

Five of the six sandstone are very rich in extractable organic matter,
while the last one contains fair amounts.

The o0il was seen to contain approximéte]y 40% saturated and 25% aroma-
tic hydrocarbons, making the SAT/ARO ratio equal to 1.7 and hydrocarbons/-
nonhydrocarbons equal to 2.1. Most of the sandstone cores contained
hydrocarbons with the same distribution of saturated and aromatic hydro-
carbons relative to the nonhydrocarbons. The two samples with lowest
extractability show lower values compared to the oil, of both SAT/ARQ
and of hydrocarbons/nonhydrocarbons. This suggests less migrated hydro-
carbons in these samples and in particular samples A-9624, supporting
what was seen from the extractability data. Sample A-9620 was seen to

099/L/jb1/8
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consist of both sandstone and claystone, and contamination of the extrac-

ted sandstone by claystone cannot be totally excluded. Thus a mixed in-
put might be seen in this sample.

As a whole the distribution of the extractable organic matter in the
sandstone cores seems to be similar to the oil.

3.5 Gas chromatography of C15+ saturated hydrocarbons

Gas chromatograms of saturated hydrocarbons are presented in Figure 3,
; while data from the chromatograms are given in Table 4. The n-alkane

profile of the oil is weakly bimodal, showing maxima at nCl7 and nC28.
An unresolved complex mixture is seen as a hump underneath the alkanes.
This Tow relative abundance of n-alkanes fits in quite well with what
would be expected from the whole o0il GC. The Pr/nC17 is higher in the

C
15
probably caused by the separation procedure. With exception of the

+ fraction than what was seen in the whole oil chromatogram, a fact

shallowest core all the other samples exhibit similar alkane profiles
as the oil, the bimodality being more or less pronouriced. The high
Pr/nC17 is seen for all the samples. From the relative amount of the
internal standard (S in Figure 3) it is obvious that sample A-$624 is
less rich in alkanes than the other samples. The shallowest core,
A-9620, shows a unimodal alkane distribution with maximum at approxi-
mately nC16. This may indicate that the oil and the hydrocarbons in the
other cores consist of mixed inputs, one source being responsible for
the low molecular weight components, while the heavier components have
been generated from a different source. Since the uppermost core sample
consists of a mixture of sand and shale, it might be expected that the
shale part of the core has been responsible for one part of the hydro-
carbons. However, with the low maturity assigned to the claystones at
this depth interval generation of mature hydrocarbons would not be ex-
pected. The Pr/nC17 and CP] are approximately the same in this sample
as in the others.

, 3.6 Gas chromatography of C15+ branched/cyclic hydrocarbons

Only minor differences could be seen in the chromatograms of the branched/-
cyclic hydrocarbons presented in Figure 4. Some of the samples contain
some n-alkanes, and A-9624 was seen to contain some unidentified peaks.

’ These are thought to be contamination since they were seen only in the

! 099/L/3b1/9
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sample with lowest abundance of hydrocarbons. The Qverall distribution
of the branched components and relative abundance of branched and cyclic
components were seen to be similar in all the samples.

3.7 Gas chromatography of C15+ aromatic hydrocarbons

The GC traces of aromatic hydrocarbon fractions are shown in Figure 5.
Naphthalene and alkylated homologs are the major components in all the
chromatograms, supporting what was seen from the saturated hydrocarbon
GC's. The o0il and the hydrocarbons in the cores are very similar. Even
with the poor resolution of the double doublet representing methyl-
phenanthrenes, it is apparent that the second doublet is more abundant
than the first one. This indicates that the maturity of all the
extracts is similar.

3.8 GC-MS analysis of saturated steranes and terpanes

Mass chromatograms representing terpanes (m/z 191) and steranes (m/z
217 and 218) are presented in Figure 6. Molecular ratios calculated
from the chromatograms are given in Table 5 and 6.

Only minor differences are seen in the various ratios that are known to
be affected by maturity variations (Table 5). The isomerisation reac-

tions have reached equilibrium, implying that mature hydrocarbons are

encountered in all samples. No pronounced difference could be detected
between the o0il and the core extracts.

Some of the ratios in Table 6 are known to be affected by both type of

organic matter and maturity. Those are the Tm/Ts ratio and the relative
amount of tricyclic terpanes in the m/z 191 mass chromatograms, and the
relative amount of rearranged steranes in the m/z 217 chromatograms. As

is seen from the table all these ratios show only minor variations, im-
plying that not only is the maturity but also the type of organic matter
similar for the 0il and the core extracts.

Of the last three ratios in Table 6 the relative amount of bisnorhopane
(Z/E) is known to be characteristic of part of the Kimmeridge Formation
in the North Sea. The values for this ratio are very consistent through-
out the whole core interval. Only minor variation were also seen for
the relative amount of the two unidentified components (Y/E and X/E).

099/L/jb1/10
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From the triangular diagram showing the molecular weight distribution
of regular steranes (Figure 7) a similar trend as above was seen. All
the samples cluster together within a fairly narrow range of values.
A1l the molecular ratios and the general distribution of steranes and
terpanes suggest that the hydrocarbons extracted from the sandstone
cores and the oil from the same depth interval originate from the same
type of source rock.

3.9 GC-MS analysis of aromatic hydrocarbons

The total ion chromatograms of the aromatic hydrocarbons showed similar
distribution to the gas chromatograms and are not presented. Distribu-
tions of alkylated benzenes, naphtalenes and phenanthrenes are
presented as composite mass chromatograms in Figure 8.

The same trend as seen from the previously discussed data could be re-
vealed from these mass chromatograms. Only minor differences were de-
tected, implying the samples to be very similar. The methyl phenan-
threnes (m/z 192) exhibit the same distribution between the first and
second doublet, assigning similar maturity to all the samples.

13

3.10 §°°C isotope analysis

Carbon isotope ratios of saturated and aromatic hydrocarbon fractions
are presented in Table 7. The values are seen to be very consistent for
the saturated hydrocarbons, a slightly higher value is seen for the
sample that showed lowest extractability. For the other samples the
ratio varies between -28.7 and -28.9, indicating the o0il to be similar
to the core extracts. The varijation for the aromatic hydrocarbons is
more pronounced, sample A-9620 and A-9624 giving higher values than the
rest of the samples. Values of -27.4 and -27.5 were found for the oil
and four of the cores, supporting the theory about these samples being
similar. This variation. between the samples may indicate that mixed
input of hydrocarbons from two different sources has taken place.

099/L/jb1/11
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4, CONCLUSION

A1l analyses show that the hydrocarbons in the sandstone cores are very
similar to the oil sample.

One core which contained Tower abundance of migrated hydrocarbons,
showed characteristics somewhat different to the other samples. This
could imply a certain extent of mixed inputs, but the main part of the
hydrocarbons in the sandstone cores has most probably been generated
from the same source rock as the oil. The shallowest core (A-9620) was
seen to contain more low molecular weight alkanes than the other cores.

099/L/jb1/12
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Table 1: APJ gravity
TKU no. Code Depth (m) APT gravity
A-9617 FMT 1 1574.2 24.3°
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Table 2: Light hydrocarbons CZ-C8
A-9617
% of total oil

nC2 0.03

nC3 0.08

MC3 0.3

nC4 0.07

MC4 0.2

nC5 0.09

2.ZDMC4 0.07

CyC5+2MC5 0.6

3MC5 0.3

nC6 0.1

MCyC5+2.4DMC5 1.0

CyC6 1.4

2MC6+3MC6 0.4

1c1's3DMCyC5 0.3

1tr3DMCyC5 0.2

2.2.4TMC5 0.5

nC7 0.02

benzene+2.20MC6+MCyC6 2.9

MC7 0.1

toluene 0.9
l(
|
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Abbreviations:
nC2 ethane
nC3 propane
MC3 methylpropane
nC4 butane
MC4 methylbutane
nC5 pentane
Z.ZDHC4 2.2 dimethylbutane
CyC5+2MC5 cyclopentane + 2 methylpentane
3MC5 3methylpentane
nC6 hexane
MCyC5+2.4DMC5 methylcyclopentane + 2.4 dimethylpentane
CyC6 cyclohexane
2MC6+3MC6 2 methylhexane + 3 methylhexane
1c1's3DMCyC5 lcis 3 dimethylcyclopentane
1tr3DMCyC5 1tr 3 dimethylcyclopentane
2.2.4TMC5 2.2.4 trimethylpentane
nC7 heptane
2.ZDMC6 2.2 dimethylhexane
MCyCyg methylcyclohexane
MC7 methylheptane
nC8 octane
099/L/jb1/16
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TARULATION OF DaATA FROM THE GASCHROMATOCRAMS

e ae st sas ces sr M me em s s mm e e ter st Ses e au M S sSe ses e aee exs S48 LS see ees ees e s M S Ses b set em sm et Sy e aes sur s S 3 es M ws sss e M me s sw ses sw Ses S0e
iR S S A 2L R R I e R

] T DEFTH s PRISTAME 3 FRISTANME 2 1
] IKU Mo. 2 I T e : CFT T
I : (m) * n-ClL¥ = FHYTANE ¢ I
IEE I I IR F R R E RS RS R EEE R E S S SRS R SRR SR F R EE R SRS EEEE R EETN)
I T : 2 T 1
I A 2417 3 1574.20 : i.1 3 2.0 : 1.0 I
I 3 N b : I
I A 9420 = 1404.22 : 1.2 by 2.3 ? Q.9 1
1 H ® T ] 1
X A 9421 @ 1547 .84 : 1.1 2 1.9 : 1.0 I
I : H : T I
I A Y422 @ 1571.8Y : 1.1 : 1.9 : 1.0 L
I H ) : N I
I A 9623 * 1573003 > 1.1 > 201 - 1.0 S
1 3 s : T I
I A Y424 2 1574.32 2 1.1 - 2.3 -] 1.0 1
I H ® 3 H I
I A 9422 : 1578.,5v : 1.1 3 Z2+,0 3 0.9 I
I : 2 > : I

e em st Ges s em ST S e ms ws Gm e S M0 mn mm s tur S0 S0 me mm s sap s TN S me e b beo M Gm A S e e b i s Ses S0 S0 S rer MR e &% S0 sm e Sm S0 L mm s e Sw SR He
=R R R R R R~ - R R i~ IR - R -~ 3R]

- Cad e DRGNVAPFIRTS = S MPRVERPES 3 < S TR Yt ST SRy > |




v2/19f/1/660

*/ 3uanbLg ul 24b+(S+4)2/(S+4)2

[ 94nbL4 ul 34b/b MM

£ aanBry ur Cp+lp/Tp (2

£ @4nbL4 ut 4+3/3 (1

2°¢l 9" GG 8°86 06°0 3402 °3S§ 65 8LG1 G296-Y
"1/ 9°6¥ 9765 16°0 340D 1SS 279461 #296-Y
£ 2L L°1S 1°9§ 06°0 3402 *1S§ £0° €451 £296-Y
2" 6L 6°2S £°89 68°0 a40d 1SS 68" T/G1 2296-Y
6°GL VAl 1°86§ 68°0 3402 "1s§ 98" /951 1296-Y
82l G 6% 0°€9 06°0 (¢3S12) 8400°3sS 22°90v1 0296-Y
£G4 " 2S 1°€9 06°0 Lo 2 9LG1 L196-Y
Aqmm& (£S02% (75¢2%% Aﬂsm+ma\ma ad£3 a{dues (w) yadasq 3poJ MAI

[12 Z/u

161 z/u

suweabo1ewoayd ssew suedudl pue 3ueL3}S WOJLS Pae|NI|eD SoLled AILJniely :G alqe]

U U ORI UU JOS - S | = i - s i a3 Sd B s [ ) B
- Amlada e ke e - b

S VU



- 24 -

52/1al/1/660

L 34nbLj uL y+u/q+e (s
[ d4nbL4 uL 3/0 (2
[ 34nbL4 uL y/q (1

11 61°0 v2'0 €1'0 8t°0 9402 1SS 68°8/S1 G296-Y

0°1 G1°0 22°0 £€2°0 9/°0 3402 *3SS 2€°9/G1 ¥296-Y

1 910 22°0 01°0 LS°0 9403 1SS £0°€LST £296-Y

0°1 62°0 92°0 v1°0 19°0 3400 “3SS 68°1/G1 2296-Y

6°0 0€°0 €2°0 81°0 29°0 9403 1SS 98" 1951 1296-Y

01 [2°0 22°0 02°0 ¥9°0 (¢1s12) 8402 °3s§ 22°90%1 0296-Y

6°0 0€°0 ¥2°0 v1°0 19°0 LLo 2°pLG1 L196-Y

Am.mmg\.gxmmg 3/X 3/ Amu\_mh Aﬂmp\sh ad£y a|dueg (w) yadag 9poJ NI
[12 Z/w 161 Z/w

‘sweafolewoayd SSew auedudl pue aueUd1S WOULS PaeINI|ed SOLIed UR|NII|OW :9 3lqel

P TE S NN,

Bl it ok - s



IKU

Table 7: 613C isotope values for saturated and aromatic hydrocarbons.

TKU Code Depth (m) Sample type SAT ARO

A-9617 1574.2 011 -28.8 -27.5
A-9620 1406.22 Sst. core (clst?) -28.9 -27.0
A-9621 1567.86 Sst. core -28.7 -27.4
A-9622 1571.89 Sst. core -28.9 -27.5
A-9623 1573.03 Sst. core -28.7 -27.4
A-9624 1576.32 Sst. core -28.4 -26.4
A-9625 1578.59 Sst. core -28.7 -27.5

Reference value for NBS-22: - 29.8.
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Figure 1

Gas chromatogram of whole o0il

MCy—C5 methylcyclopentane

Cy—C6 - cyclohexane
MCy-C6 - methyl-cyclohexane
Pr - pristane
Ph - phytane
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Figure 2

GC-chromatograms of 1ight hydrocarbons (C2-C8)

—
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propane (nC3)
methylpropane (MC3)
butane (nC4)
methylbutane (MC4)
pentane (nC5)

cyclopentane (CyC5)+2 methylpentane (2MCS)
3-methyl-pentane (3MC

hexane (nC6)

5)

methylcyclopentane (MCyC5)+2.4dimethy1pentane (2.4DMC5)
cyclohexane (CyCG)
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heptane (nC7)

benzene + 2.2dimethylpentane (2.ZDMC5) + methylcyclo-
hexane (MCst)

methylheptane (mC7)
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Figure 3

chromatograms of C15+ saturated hydrocarbons

pristane

phytane
squalane (internal standard)

isoprenoid alkanes
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Figure 4
Gas chromatograms of branched/cyclic hydrocarbons ‘

iso C15’ C16’ C18 isoprenoids with the respective

C-numbers
Pr pristane
Ph phytane
* n-alkanes

099/L/jb1/18

e B ROV W U U W TR Yot S .

o z . S,




- 39 -

73 76 79

70

Branched / cyclic hydrocarbons

A -9617
Oil, FMT 1

1574.2m
Steranes / triterpanes

49

46

43

40

31

28

Pr
Ph

llllIll'lllll'lll'l'lllllll'l'lIlllllllllllrl'll'llllllllIllllllllllllllllllllllllllllllllYll'lll'l'lllllllll[lllllll'lllllllllllllrrll'lllllllllllllllllll

35 2
(-]
2s ®
o
e
[ N
A 4
111771_1"'IIIIIIITIIIIIIITIIIIIII'lllll['lll’lllllll"llllIIIIIIIII1T!llllllllllll]lllllllllllllllll'l
[} Q Q =] Q Q Q [~} o (-] Q
9. N -] [\ @ n < om ~N -
2P EL (%) |eubis wnwixey H3‘D8°2196H: eweN @|duss
I t# uo13oefur | s ajduegs 2OEL19658610: SISA|RuUY
i\ 40 | xog € T3INNBHD-107d BlHd MU
£8/A0ON/LC UO £0:E0 3% PAIUL UG




Branched / eyclic hydracarbons

A-8620
Sandstone core
1406.62 m

Ph

P:

Steranes / triterpanes

Cig

79

70 73

67

61

46 49

43

31

28

*

Cig

19

13 16

10

Y]'IT"II[llllllIqullllllllllllllll'illllll'lll'llllllllllllllllTl'lllll]lllllllllll"ll’lll"Tlllllll'llmllll’llll‘lll]llllll'llllllllllllllllllllll[l
37

100

|llllllll‘llllllllllll’lllltll[rilllllllrrrlllllllllllvlllll'lllllllll'llflllllllrllﬁYerIllllrllll

o Q o
N @ N

06°'S (%)

b

I 30} xod

|RuUB S wnw) xey
:4 uor3defur |

Q o Q Q o o
n - m ~N -

sweN ©|duwg
S| SA| RuUy

H3‘29‘0296Y:
'8 9{dweg 28023648610
€ I3INNBHI-107d Hibgd Mo

£8..AON/L0 YO 20160 W POIUL g

st b

WO PR TS Y o oLl s e . : - " J
e . 8




4
: w0
- N
E o
=
£
E R
g - = B
5 3
a2 -
3 = 3
=
=
5 ® “w E
s 8 2 = 3
—~— -
- e E (= =
o - o~ 3 C
SRE= = — B
B g -
2. 58 s 3
s =
o -
n =
- -
E @
] X
il 4
= Q
- &
)
E 5
= c
[-™ -y ©
- o~
s = 5
2 S = - f
R X =
= N
o £
2S E 2
) o S —— E
36" 3 - ]
E. o
.o
SN
-
ITTIIIIlllllllllllf]’l’llllllll]lllrl’Trl’l’Illllllllllllllll]ll]lllerlllIl]lllIIII‘II!IIIIII]ITIIIIIII
(=] [~] Q Q [=] Q o [-] Q Q Q
3 a -] N @ in L 4 m ~N -
23°82 (%) |euBis wnwixey HI‘Dg‘L1L2ZG66H: sweN @|durg
{ :# uoi3oelur | :# @ dueg JH1296H8610: S1SA| RUY
I 0 1 xog € TT3INNBHD-1071d H18Q MuN

£8/NON/L0 UO 0060 3R POIUL g

| e - il et e N o At




- 42 -

Branched / cyclic hydrocarbons

A - 9622

Pr

Sandstone core
1671.86 m

Ph

Steranes / triterpanes

C1s

C1s

79

76

67 73

61

43 46 49

37 40

31

28

13 16 19

10

llllllllll'llllll]lllllllﬂ'lllltl’l]ll'llll'lllllll'r]llllllllllllll'T'l'lllll'llr"lllllllllllllllllllll[Tl'lIlllll]ll‘llllllllllllm'l|lllTrllll'Tl

m_]'lllIIII1TIIIIIITIWII1TTTTT1llll]ﬁﬂllllllllllllllllllllllllTrllrlﬁlllllll'lr‘rlllll'llllllll

o (=] o Q =] =4 [=4 Q o o
-] @ N 7] n 4 (3] ~N -

100

H3‘Og‘2296y: oeweN @|dueg
JHZ296U861L0: SiSA|RuUy

Z2E°G (%) LRubis wnuxey
I :# uoi11oafur | :# ¥ dueg
1 40 | xog € T3NNHHD-107d HiBd MUy

£8/7ON/LO UO 8G:30 3% PelIUL ug

—_ e Al I—.’




- 43 -

Pr

Branched / cyclic hydrocarbons

A - 9623

Sandstane core
1573.01 m

73 76 79

70

S2 S5 S8 61 64

Steranes / triterpanes

49

43

31

28

19

16

13

10

lnfqnllll'llll'llllll'lllllllllllll"lllllllllllllllllll'lllll]TTllUlllllllTlllTlllllllllllI]lllllllllll’I’lllllllllll]llllllllllllrllllllllll'lllf'
E4 40

100

ﬁ'lll]'ll]llﬁll l‘l]llllIlllllITﬂll]lIIIITIIII]IITITIIITIIITITIIIIIIIIIIIIIIITTIIIIIIl'l!lllr

o
-]

s2°0

.

Z

l

o
®©

(%)

xog

o
N

3

Qo [=]
7] n

[euB1s wnw!ixey

g uojoelur

o =] o o
A 4 (2] ~N -

1]

H3‘Dg‘c£z9sy: eweN @fdweg
I i# 9{dweg D8E£236HB61L0: SisA|vuy
€ TINNBHD-107d H1lsd Moy

€8/NON/PO UG LGl IV paIuUlJd

- bt d e e o e

A g s i a




- 44 -

Branched / cyclic hydrocarbons

A -9624
Sandstone core

1576.29 m
Steranes / triterpanes

=
2 ¥ >

Pr
Cig

150
C16

llllllllllllllllllllllllllllllllllllllYllll'lllll'lllll]lllll'l1llllllllllllllllrﬂlllllllll'lllll'llllllilrllIrlllllllllllll’l’ll‘[llllﬂ11‘ml—7llll'lllll

100

lllllllllllllllIllllTﬁerl'lllllllllllllllllllll'llllllllI'I'TI’_T1IIIIT“ITWIIIITIIIlllllll]llll'IIle

(= =} o [=] (=] o Q
» -] N 0 ] A 4 m

§5°9 (%) lRubis wnuxey
I i# uopioelfur | :s 9|dueg

I 30 L xog

£E8/AON/PQ WO 2L IGL IR POIUL Ud

=}
~N

o

-

H3‘28‘p296Y:
J8p296H8610:

o

weN 9| dweg
S} SA|Ruy

79

73

67

61

49

45

43

40

28 31

25

13 16 t9

10

€ A3NNBHD-107d Bldd Mud




L meesne L,

- 45 -

Branched / eyclic hydrocarbons

A - 98625

Pr

Sandstone core
1578.57T m

73 76 79

70

Illlll'lllllllllll'l'llllrpllllllllll'lTﬂlrlTlllll
&7

55

Steranes / triterpanes

46 49

43

40

31

150
C1g

16

13

10

*
l'llllITl'l'l"lllIll'mTllllllllllllllll]lrn'llllTlTll'flllllllllllllll'll'lllllrlllllllllnmll'll'
295

100

llll'lr1ll]Iﬁlll’Tﬁ'lllTTﬂ'lllllllllllllTl]lllll]llllllllllllllllr Illl‘llllllll‘lll lllll‘llrllll

a

bZ°3

L 40 |

«

(2

xog

(=] Q Q Q [~ o Qo o
o (") 2] (] N -

H3‘D/g°‘gz96d: eweN e(duug
'# 9{dwes  DESZIEHBEILO: SiSA|Ruy

1RuUB1S wnwixey
I s uoiidefur |

€ T3NNBHD-107d4d "lisd Mud

£8/N"ON/HQ YO pZ2:1Z1 IR pPAUL g




- 46 -

Figure 5

Gas chromatograms of C15+ aromatic hydrocarbons
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Figure ba

Mass chromatograms representing terpanes (m/z 191)

A Ts’ 18a(H)-trisnornevhopane Lz7H46 (II1)
B Tm’ 17u(K)-trisnorhopane CZ7H (1,R=H)
C 7u(H)-narhapane 29H50 (I,R=C2H5)
D 78(H)-normoretane C gtsg (II,R=C2H5)
E 17u(H) -hopane 30H52 (I,R=C3H7)
F 178(H) -rioretane 30H (II,R=C3H7)
G 17a(H)-homohopane (225) C31H54 (I,R=C4H9)
H 174(H)-homohopane (2¢R) C31Hs4 (I,R=C4H9)

+ unknown triterpane (gammacerane?)
I 178(H)-honiomoretane C31H54 (II,R=C4H9)
J 17a(H)-bishomohopane (2¢S,22R) C32H56 (I,R=C5H11)
K 17a(H)-trishomohopane (2¢S,22R) C33H58 (I,R=C6H13)
L 17a(H}-tetrakishomohopane (2¢S,22R) C34H6U (I,R,=C7H15)
M l?a(H)-pentakishomohopane (225,22R) C35H62 (I,R=C8H17)
Z b1snorhopaﬁe C28H48
X ungnown.trlterpane C3UH52
P tricyclic terpane C23 4; (IV,R=C4H9)
Q trTcyc]Tc terpane ] C24H44 (IV,R=C5H11)
R tricyclic terpane (17R,17S) CosHag (IV,R=C6H13)
S tetracyclic terpane CZ4H42 (V)
T tricyclic terpane (17R,17S) C26H48 (IV,R=C7H15)
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Figure 6b

Mass chromatograms representing steranes (m/z <17 and 218)
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Figure 7

Triangular plots showing molecular
weight distributions of C27, C28 and ng
regular 148(H), 178(H)-steranes
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m/z 156 C2-naphta1enes
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m/z 178 phenanthrene
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Figure 8

Mass chroamtograms representing
aromatic hydrocarbons

m/z 92 + 106 monoaromatic hydrocarbons
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