
Institutt for kontinentalsokkelundersøkelser
CONTINENTAL SHELF INSTITUTE, NORWAY
Håkon Magnussons gt 1©«ftisttfOte-1B83«7001 Trondheim, Norway-fit (07) 920611

Telex 55434 IKU N • Telegram «NORSHELF» • Telefax (07) 920924 (Aut)

T 198*

REG.NO.
84.091

ACCESSIBILITY
Confidential

REPORT TITLE/TITTEL

HYDROCARBON CHARACTERISATION OF WELL 31/6-5.

CLIENT/OPPDRAGSGIVER

Statoil

RESPONSIBLE SCIENTIST/ PROSJEKTANSVARLIG

L. Schou

AUTHORS/ FORFATTERE

L. Schou, K.-Aareskjold, I.K. &lrnås, T* Vinge and
E. HuStad
DATE/ OATO

6.9.84

REPORT UOJ RAPPORT NR.

05.1741.00/01/84

NO. OF PAGES/
ANT. SIOER

107

NO. OF ENCLOSURES/
ANT. BILAG

SUMMARY/ SAMMENDRAG

Two oil/condensate samples and eight cores were analysed to correlate
the hydrocarbons in the cores with the two fluid samples. Only one
sandstone core, from the oil zone at 1571.50-1571.55m, contained high
abundance of hydrocarbons of similar distribution to the fluid samp-
les-. Biodegradation has taken place in all three samples. The other
cores were seen to contain only traces of hydrocarbons with distribu-
tion that is probably similar to the oil and condensate.

•|f?Q},;

f j S K ^ $•»••.:••• •'.-£ ( j ,f!- l •.-,.••, r~-

KEY WORDS/STIKKORD
Hydrocarbons

I Troll Field

Correlation

135/bb/ah/l



- 2 -

CONTENTS

Page

1. INTRODUCTION 4

2. EXPERIMENTAL ' 6

2.1 Extractable organic matter. 6

2.2 Evaporation of the light components in fluid samples. 6

2.3 Chromatographic separation. 6

2.4 - Urea adduction. 7

2.5 Gas chromatographic analysis. 7

2.6 Gas chromatography - mass spectrometry (GC-MS). 7
13

2.7 6 C isotope analysis. 8

3. RESULTS AND DISCUSSION 9

3.1 API gravity. 9

3.2 Cp-Cg hydrocarbons. 9

3.3 Amount of C,,-+ EOM and hydrocarbons. 9

3.4 Gas chromatography of C,5+ saturated hydrocarbons. 9

3.5 Gas chromatography of branched/cyclic al kanes. 11

3.6 Gas chromatography of aromatic hydrocarbons. 11

3.7 GC-MS analysis of saturated steranes and terpanes. 12

3.8 GC-MS analysis of aromatic hydrocarbons. 13

3.9 613C isotope ratios. 13

4. CONCLUSION 14

5. REFERENCES 15

TABLES

Table 1 : API gravity of oil and condensate. 16

Table 2 : Relative amounts of C^-CQ hydrocarbons in the fluid

samples. 17

Table 3 : Amount of light components in oil and condensate. 19

Table 4 : Amount of asphalthenes in fluid and core samples. 20

Table 5.1: Concentration of EOM and chromatographic fractions. 21

Table 5.2: Weight of EOM and chromatographic fractions. 22

Table 5.3: Composition in % of material extracted from the

rock. 23

Table 6 : Tabulation of data from the gas chromatograms. 24



- 3 -

CONTENTS continued Page

Table 7 : Aromatic hydrocarbon ratios. 25

Table 8 : Maturity ratios calculated from peak heights in

sterane and terpane mass chromatograms. 26

Table 9 : Molecular ratios calculated from sterane and

terpane mass chromatograms. 27

Table 10 : Maturity ratios from aromatic sterane mass

chromatograms. 28
13Table 11 : s C isotope ratios of hydrocarbon fractions. 29

FIGURES

Figure 1: C2-Cg hydrocarbon GC's. 30

Figure 2: Saturated HC gas chromatograms. 33

Figure 3: Branched/cyclic HC gas chromatograms. 39

Figure 4: Aromatic HC gas chromatograms. 45

Figure 5: Mass chromatograms representing terpanes (m/z 191). 51

Mass chromatograms representing steranes (m/z 217

and 218). 57

Figure 6: Triangular plots of molecular weight distribution

of Coj-Cpg regular 143,173-steranes. 68

Figure 7: Mass chromatograms of aromatic HC's. 70

APPENDIX 106

Molecular ratios from terpane and sterane mass chromatograms

applied as maturity and source characteristic parameters. 106

135/bb/ah/2.1



- 4 -

1. INTRODUCTION

A general characterisation was made of hydrocarbons extracted from silt-
stone and sandstone cores and two fluid samples from well 31/6-5 in the
Troll field (see Location Map).

The samples were taken from the following depths:

IKU no.

B-4631
B-4632
B-4623
B-4624
B-4625
B-4626
B-4627
B-4628
B-4629
B-4630

Sample type

Oil, DST 1A
Condensate
Core, silt
Core, v.fine sst
Core, med.sst
Core, coarse sst
Core, med.sst
Core, fine-med.sst
Core, coarse sst
Core, coarse sst

Depth (m)

1488.35-1488.41
1517.79-1517.86
1527.46-1527.50
1546.90-1546.93
1571.50-1571.55
1576.26-1576.30
1580.65-1580.69
1587.75-1587.80

Gas zone
H ii

n II

Oil zone
Water zone

n n

Common organic geochemical methods were applied. In addition to extrac-
13

tion and GC analyses, GC-MS and 6 C isotope data were used in the cor-
relation.
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2. EXPERIMENTAL

2.1 Extractabie Organic Matter

Powdered rock was extracted by flowblending for 3 minutes using di-
chioromethane (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.

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

2.2 Evaporation of the light components in fluid samples

Prior to chromatographic separation of oil/condensate samples, the
fractions boiling below 210°C were removed by heating the samples to
constant weight at 210 C is obtained. The heating is performed at
atmospheric pressure.

The fraction of light components is determined as the weight difference
between the original sample and the amount that is left after the
heating.

2.3 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 stream of nitrogen.

The same separation procedure was applied to the fractions of
oil/condensate samples boiling above 210°C.

135/bb/ah/4
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2.4 Urea adduction

Urea-adduction was performed on the saturated hydrocarbon fraction. 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 ml) was then added dropwise. The solvent was removed (Np) and the
adduction step repeated twice. The white crystals were rinsed (3x5ml
hexane) and the combined extract filtered (cotton wool plug covered with
AlpOg), to afford a non-adduct. GC analyses were performed on the samp-
les after the urea adduction, using the same conditions as for the other
GC analyses.

2.5 Gas Chromatographic Analysis

The Cp-Co hydrocarbon fractions were determined by hydrogen stripping
on a Carlo Erba Fractovap GC. The column used was a 30m fused silica
capillary column coated with SE-54. The temperature program applied was
50°C (2 min.) to 180°C at 4°C/min.

The saturated and the branched/cyclic hydrocarbon fractions were each
diluted with n-hexane and analysed on a HP 5730A. The GC is equipped
with a 15m DB-1 fused silica column and hydrogen (ca. 2.5 ml/min.) is
used as carrier gas. Injections are performed in split mode (split ratio
1:10). The temperature program applied is 80°C (2 min.) to 280°C at 4°C/min.

The total aromatic fractions were, after dilution with n-hexane, ana-
lysed on a Carlo Erba Fractovap Series 2150 GC. The GC is equipped with
a 30m DB-5 fused silica columns, and hydrogen (2.5 ml/min.) is used as
carrier gas. The temperature program applied is 80°C (2 min.) to 280°C
at 4 C/min. and injections are performed splitless.

The data processing for all the GC analyses was performed on a VG Mul-
tichrom lab data system.

2.6 Gas chromatography - mass spectrometry (GC-MS)

GC-MS analyses were performed on a VG Micromass 70-70H GC-MS-DS system.
The Varian Series 3700 GC was fitted with a fused silica 0V-1 capillary
column (30m x 0.3mm i.d.). Helium (0.7kg/cm ) was used as carrier gas
and the injections were performed in split mode (1.5pl, split ratio

135/bb/ah/5
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1:15). The GC oven was programmed from 70°C to 280°C at 4°C/min. after
an initial isothermal period of 2 minutes for the aromatic hydrocarbons,
while the starting temperature for the saturates was 120°C.

The saturated hydrocarbons were analysed in multiple ion mode (MID) at
a scan cycle time of approximately 2 sees. Full data collection was app-
lied 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.

132.7 6 C istotope analyis

13The 6 C isotope analysis was performed by mass spectrometry at Institute
for Energy Technology (IFE) in Oslo according to their method. Their
reference value for the standard NBS-22 is -29.8.

135/bb/ah/6
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3. RESULTS AND DISCUSSION

3.1 API gravity

The API gravities given in Table 1, show that one of the samples (B-4631)
is a relatively high gravity oil, while B-4632 is a much lighter conden-
sate. The high gravity of B-4631 suggests that this oil is of low maturity
and/or is biodegraded.

3.2 Cp-Cg hydrocarbons

Gas chromatograms in Figure 1 and quantitative data in Table 2 show that
only low amounts of n-alkanes are detected in both samples. The high
relative abundance of cyclic hydrocarbons suggests that the hydrocarbons
have undergone biodegradation.

3.3 Amount of C,,-+ EOM and hydrocarbons

The two fluid samples were topped to 210°C prior to separation of asphal-
thenes and chromatographic separation. In good agreement with the API
gravity, the data in Table 3 show sample B-4632 to contain yery much
higher amounts of light components than sample B-4631.

The amounts of asphalthenes are presented in Table 4, while the weights
and relative amounts of various chromatographic fractions are given in
Table 5.1-5.3. Only one of the cores, B-4627 from the oil zone at 1571.50-
1571.55m, was seen to contain very high abundance of extractable organic
matter (20600ppm) and of hydrocarbons (13330ppm). The rest of the cores
contain hydrocarbons in the range 18-188ppm (average 93.7ppm).

3.4 Gas chromatography of C,g+ saturated hydrocarbons

Gas chromatograms of saturated hydrocarbons are presented in Figure 2,
while data from the chromatograms are given in Table 6.

The condensate, B-4632, shows a \/ery narrow range of saturated hydrocar-
bons with hardly any al kanes above n-C2Q. Isoprenoids are of high abun-
dance relative to the n-alkanes. A similar low relative abundance of
n-alkanes to isoprenoids is seen in the chromatogram of the oil sample,

135/bb/ah/7
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B-4631. This implies that the samples have undergone some degree of bio-
degradation. The oil sample also shows a bimodal hump of unresolved ma-
terial, where the most prominent hump is seen in the Cpc-Coc n-alkane
range. Triterpenoidal and steroidal hydrocarbons are the main components
in this most prominent hump.

Both the oil and the condensate have pristane/phytane ratios of 2.0 or
higher. According to Cornford et al. (1983) this is high compared to
most North Sea oils and Upper Jurassic source rocks. High pristane/phy-
tane ratios are generally believed to originate from non-marine source
rocks.

From the relative amount of the internal standard it is seen that only
the core from the oil zone at 1571.50-1571.55m contains high abundance
of extractable hydrocarbons. The hydrocarbon distribution in this sample
is very similar to the oil sample discussed above. The high relative
abundance of isoprenoids, implying biodegradation, and the bimodal hump
of unresolved material are seen also in this core. This suggests that
the hydrocarbons extracted from this core and the oil are generated from
the same source rock.

Of the four samples taken from the gas zone (1488.35-1546.93m) the three
lowermost cores show most similarities to the oil. The top core consists
of more silty material, a fact that may influence the hydrocarbon distri-
bution. The high abundance of resolved triterpenoidal compounds eluting
after the internal standard, could be due to source rock features of
the siltstone. All four samples contain some amounts of hydrocarbons
with the same high pristane/n-C,-, and pristane/phytane ratios as the
oil and the core from the oil zone.

From the sandstone in the water zone only traces of the hydrocarbons
with the oil distribution are extracted. Relatively high abundance of
waxy components in the n-C^Q - n~Coc range is, however, seen in all three
samples. This is a feature that is often seen in samples taken close to
the oil/water contact. They are believed to be indigenous and not conta-
minants.

135/bb/ah/8
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3.5 Gas chromatography of branched/cyclic al kanes

The same trends as from the total saturated hydrocarbons can be seen in
the branched/cyclic alkane traces (Figure 3). Sample B-4627 from the
oil zone is almost identical to the oil. The other cores, excluding the
silty sample, show similar patterns in the chromatograms, where pris-
tane is the predominant compound and a more or less prominent unresolved
hump is seen.

3.6 Gas chromatography of aromatic hydrocarbons

Gas chromatograms of aromatic hydrocarbons are given in Figure 4, and
calculated values of particular aromatic ratios used in estimation of
maturity (Radke et al., 1983), are presented in Table 7.

Both the condensate and the oil show predominance of alkylated naphtha-
lenes over the higher molecular weight alkylated phenanthrenes. As seen
in the saturated hydrocarbon GC's the oil contains a hump of unresolved
material. Due to low intensity of the phenanthrenes no value for the
MPI 1 was determined. The predominance of 2- over 1-methyl naphthalene
suggests a source of relatively high maturity.

The silty core from the top of the gas zone is the only sample with abun-
dant resolved aromatic steranes in the high molecular weight range. An-
other feature which makes this sample different is the low MNR of 0.81,
while all the other samples have ratios of more than 1.75.

The MPI 1 ratio was possible to determine for only four of the samples.
The low values obtained suggest a low maturity source, but due to the
generally low abundance of methylphenanthrenes, erroneous results from
coelution cannot be excluded.

Generally only minor variations were seen in the aromatic hydrocarbon
traces of the sandstone cores and the oil.

135/bb/ah/9
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3.7 GC-MS analysis of saturated steranes and terpanes

Mass chromatograms representing terpanes (m/z 191) and steranes (m/z
217 and 218) are shown in Figure 5. Molecular ratios calculated from
the chromatograms are given in Table 8 and 9.

The two fluid samples show the same general distribution of steranes
and terpanes, representative of mature hydrocarbons. The variations
seen, e.g. in the relative abundance of tricyclic terpanes (TRI/E in
Table 9 ) , are believed to be due to the difference between a light con-
densate and a heavy oil. Based on the biomarker distribution these two
samples may well have been generated from the same source rock.

Of the core samples, the shallow silty B-4623 is significantly different
to the other cores. The sterane chromatograms assign this sample to be
of low maturity, while the terpane mass chromatogram is dominated by
28,30-bisnorhopane (Z in m/z 191). By inspecting other terpane mass chro-
matograms another unusual triterpane is seen in relatively high abun-
dance. The mass spectrum and the relative retention time assign the peak
to be representing a 25,28,30-trisnorhopane (Volkman et al., 1983).

The immature feature of this siltstone core together with the relatively
low extractability suggest that these hydrocarbons are indigenous and
not due to migration.

The other seven cores show the same general biomarker distribution, only
the three shallowest sandstones showing significant amounts of bisnor-
hopane (Z). Varying abundance of the tricyclic terpanes is thought to
be due to mixed input of the hydrocarbons typical of the oil and the
waxy components in the "Con-Cor range. The sample with the highest ex-
tractability (B-4627) from the oil zone shows molecular ratios yery simi-
lar to those of the oil. The triangular plot in Figure 6 shows the mole-
cular weight distribution of Cpy-Cpg regular 14B,17e-steranes to be nearly
identical for the oil (B-4631) and B-4627. A slightly different distribu-
tion is seen for the condensate and the other cores. Sample B-4623 is
not included in the plot.

Thus the saturated steranes and terpanes suggest that the core in the
oil zone contains high abundance of hydrocarbons of the same origin as
the oil and probably the condensate. The other cores contain small

135/bb/ah/10
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amounts of this same type of hydrocarbons mixed with more waxy compo-
nents of unknown origin.

3.8 SC-MS analysis of aromatic hydrocarbons

The data obtained from the analysis of aromatic hydrocarbons support
what was seen from other parameters (Figure 7). The total ion chromato-
grams (TIC) are similar to the GC traces, apart from some abundant peaks
representing sulfur compounds. These peaks partly mask interesting parts
of the TIC's. Mass chromatograms representing alkylated homologs of ben-
zene (m/z 92, 106), naphthalene (m/z 142, 156, 170), phenanthrene (m/z
178, 192, 206) in addition to mono- and tri-aromatic steranes (m/z 253
and 231) are presented. The mass chromatograms representing alkylated
dibenzothiophenes (m/z 194, 198, 212) were very poor and are not pre-
sented.

The variations seen in most of the chromatograms are probably more due
to the generally low abundance than to genuine differences in the origin
of the hydrocarbons. Only sample B-4623 can be said to be significantly
different, particularly from the relative intensity of tri- and mono-

. aromatic steranes (Table 10). The data support what was said about this
sample being less mature than the others.

13
3.9 6 C isotope ratios

) Saturated and aromatic hydrocarbon fractions were analysed for their

6 C isotope ratios. The data is presented in Table 11.

It is seen that the oil and the sandstone core from the oil zone (B-4627)
give the same values for both the saturated and the aromatic hydrocarbons.
The condensate shows slightly higher value for the saturated and nearly
one unit higher value for the aromatic hydrocarbons. This difference
may be due to a slight difference in maturity when the oil and conden-
sate were generated.

The silty core (B-4623) is again seen to be different to the other samp-
les. Small sample amounts, especially of the aromatic hydrocarbons, made
the analyses difficult for some of the samples. The high value obtained
for the saturated hydrocarbons in B-4629 could be caused by some contri-
bution from the waxy components seen in the GC trace.

135/bb/ah/ll
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4. CONCLUSION

All the analyses suggest that the hydrocarbons from the sandstone core
in the oil zone (B-4627, 1571.50-.55m) are similar to the oil sample
(B-4631). The condensate (B-4632) is probably also generated from the
same source horizon, but possibly at a slightly higher maturity level.

The other cores contain much lower concentrations of hydrocarbons. Traces
of the same type of hydrocarbons as the oil, are seen in all the samples,
apart from possibly the shallowest silty core. This core contains mainly
components of much lower maturity than the other cores, and shows thus
more source rock features. In the deepest cores from the water zone the
oil hydrocarbons are mixed with an input of high molecular weight waxy
components.

135/bb/ah/12



- 15 -

5. REFERENCES

CORNFORD, C , MORROW, J.A., TURRINGTON, A., MILES, J.A. and BROOKS, J.,
1983: Some geological controls on oil composition in the UK North Sea.
In: Petroleum Geochemistry and Exploration of Europe. Ed. J. Brooks.
Geol. Soc. Blackwell, p. 175-194.

MACKENZIE, A.S., PATIENCE, R.L., MAXWELL, J.R., VANDENBROUCKE, M. and
DURAND, B., 1980: Geochim.Cosmochim.Acta, 44, p. 1709-1721.

RADKE, M., WILLSCH, H. and WELTE, D.H., 1980: Anal.Chem., 52,
pp. 406-411.

RADKE, M. and WELTE, D.H., 1983: The methylphenanthrene index (MPI): a
maturity parameter based on aromatic hydrocarbons. In: Advances in
Organic Geochemistry 1981. Ed. M. Bjorøy et al., John Wiley & Sons,
Chichester, p. 504-512.

SEIFERT, W.K. and MOLDOWAN, J.M., 1978: Geochim.Cosmochim.Acta, 42,
p. 77-95.

SEIFERT, W.K. and MOLDOWAN, J.M., 1979: Geochim.Cosmochim.Acta, 43, p.
111-126.

SEIFERT, W.K. and MOLDOWAN, J.M., 1981: Geochim.Cosmochim.Acta, 45, p.
783-794.

VOLKMAN, J.K., ALEXANDER, R., KAGI, R.I. and RULLKOTTER, J., 1983:
Geochim. Cosmochim. Acta, 47, p. 1033-1040.

135/bb/ah/12.1



- 16 -

Table 1. API gravity of oil and condensate.

IKU no. Sample type °API

B-4631 Oil, DST 1A 25.4

B-4632 Condensate 48.0

135/bb/ah/13
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Table 2. Relative amounts of hydrocarbons in the fluid samples.

B-4632

Condensate

of total oil

B-4631

Oil

of total oil

^2

MC,

nC,

5

CyC5+2,3DMC4
Cy

2MC

3MC

benzene

CyC6

2,3DMC5
3MC6
DMCyC5 (1,3; 1,2)

2,2,4 TMC5

MCyC6
2,4DMCCb
Toluene

2MCy
3MC?
DMCyC6 (1,2)

nC8

M/P-xylene

0-xylene

0.7

1.1

2.9

1.6

4.6

1.9

0.9

5.1

6.0

0.9

1.4

2.3

1.4

9.6

1.4

1.5

0.6

0.5

2.5

1.0

1.0

0.2

0.2

0.6

0.3

1.3

0.4

0.3

1.6

<0.1

2.2

0.3

0.4

0.7

0.5

0.1

3.0

0.2

0.2

0.7

0.4

0.3
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List of C2-Cg hydrocarbons in Table 2 and Figure 1,

C2
C3
MC3
nC4
MC4
nC5
CyC5+2,3DMC4
2MC5

3MC5

nC6
MCyC5

CyC6

2MC6

2,3DMC5
3MC6

DMCyCg
2,2,4TMC5
nC7
MCyC6

2,4DMC6

2MCy

3MC7

DMCyCg
nC8

ethane
propane

methyl-propane
butane
methyl-butane
pentane
cyclopentane + 2,3-dimethyl-butane

2-methyl-pentane
3-methyl-pentane
hexane
methyl-cyclopentane
benzene
cyclohexane
2-methyl-hexane
2,3-dimethyl-pentane
3-methyl-hexane
dimethyl-cyclopentane
2,2,4-trimethyl-pentane

heptane
methyl-cyclohexane
2,4-dimethyl-hexane
toluene
2-methyl-heptane
3-methyl-heptane
dimethyl-cyclohexane

octane
m/p-xylene
o-xylene

135/bb/ah/13.1
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Table 3. Amount of light components in oil and condensate.

IKU no. Sample type Crude oil >210°C Light comp.
(mg) (mg) (mg) (%)

B-4631 Oil, DST 1A 1 735.5 1 641.0 94.5 5.4

B-4632 Condensate 1 900.6 474.0 1 426.6 75.1

135/bb/ah/14
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Table 4.

IKU no.

B-4631
B-4632
B-4623
B-4624
B-4625
B-4626
B-4627
B-4628
B-4629
B-4630

Amount of asphalthenes

Sample type

Oil
Condensate
Core, silt
Core, sst
Core, sst
Core, sst
Core, sst
Core, sst
Core, sst
Core, sst

in fluid and core samples.

Crude oil >210°/E0M

1641.0
474.0
54.9
92.0
22.2
9.0

1033.6
47.0
93.3
4.6

Asphalthenes

12.7

3.4
3.8
2.3
1.2
9.5
0.9
0.8
0.8

135/bb/ah/15
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T A B L E i

CONCENTRATION OF EOM AMD CHROMATOBRAPHIC FRACTIONS
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1488.41

1317.86
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93.3

4.6 •

3 Sat.

: (mg)

63,2
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6.6
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T A B L E s 5.2

WEIGHT OF EOM AND CHROMATOGRAPHIC FRACTIONS

(Weight ppm OF rack)
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4631
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DEPTH '

(ffi)

; Oil

Condensate s
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1517.86

1527,30

1546.93

1571.55

1576,30 •

15SO.69

1587.80

EOM

610

920

222

60

20672

235

467

23 *

Sat,

•

68

66

90 ,

36 '

9106 -

79 ;

1 9 •

1 1 •

Aro»

30

122

36

15

4224

19

9

6

: HC

148

188

126

51

13330

99

27

18

: Mon
: HC

; 462

732

96

9

7342

137

440

5

I
I
I
I

1
I
I
I
I
I
I
I
I
T

I
I
l
i
I
I
I
I
I
I
I
i

DATE 15 8-84.
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B L E s 5.3

1
I IKU-ND

I
I

I
I B 4631
I
I 8 4632
I
I B 4623

X
I B 4624
I
I B 4625
j

I B 4626
Ta.

I B 4627
I
I B 4628
j

I B 4629
•j

t B 4630
t

COMPOSITION

: DEPTH

: (m)

Oil

.Condensate

1488.41

• 1517,86

i 1527.50

- 1546.93

1571.55 ;

1576.30 <

1580.69 :

1587.80 :

IN % OF t

Sat

EOM

46.1

57.7

11.1

7.2

40.5

60.0

44.0 .

33.6

4.0 ,

50.0 i

DATE s

1ATERIAL E

Aro

EOM

23.0

10.9

13.1

13.3

16.2

25.6

20 ,,4

8.3 .

1.8 .

26.1 :

15 ~ I

EXTRACTED

HC i

EOM

69.1

68.7

24.2

20.4

56.8 •

85.6

64.5 '

41.9 ;

5.8 :

76.1 ;

\ - 34.

FROM THE

SAT .

Arc

200.5

527.6

84.7

54,1

250.0

234.8 J
i

215.6 i

405.1 ;

217.6 r

191.7 :

ROCK

Non HC

EOM

30.9

31.3

75,8

79.6

43.2

14.4

35.5

58.1

94.2 •

23.9 ,

[

HC I
ii „*_ .— „„ T
> I
: Nan HC I
. T
• 1

i I
. 223.5 I
i I

219.3 I
I

32.0 I

I

25.7 I
I

131.2 I
I

592.3 I
I

181.6 I
I

72.2 I
1

6.1 I
T

318.2 I
I
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TABULATION OF DATA FROM THE 8ASCHRQMAT0BRAMS

I s DEPTH : PRISTANE : PRISTANE i 1
I IKU No. s : i s CPI 1
I : <m) ; n-C17 ; PHVTANE s I

I i ! : s I
I B 4631 s Oil s 2.0 s 2.Q s i.l I
I s ' : s s I
I B 4632 :Condensate 5 2.5 5 2.7 s - I
I s : s s I
I B 4623 ! 1488.41 s 3.6 s 2.0 s 0.8 I
I s ! s : I
I B 4624 s 1517.86 ; 2.? : 3.5 s 1.0 I
I ; s s s I
I B 4625 : 1527.50 -; 4.0 s 3.2 : i.2 I
I : s s s I
I. B 4626 :. 1346.93 : 5.0 ; 5.0 : i.2 I
I • s s • s 5 I
I B 4627 : 1571.55 ; 1.8 J 2,1 s 1.0 I
I s s : : I
I B 4628 ! 15-76.30 : 5.5 s 6.0 : 1.0 I
I a j : ! I
I B 4629 5 1380.69 : 14=4 s 16.4 s 1.0 I
1 i • : s ." I

I B 4630 -3 1537.80 ; 8,5 ; 8,5 : 1.1 I
I ; ; s s I

DATE ; 15 •- 8 - 84.
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Table 7. Aromatic hydrocarbon ratios.

IKU no. MNR MPI 1

B-4623 0.81
B-4624 4.13 0.48
B-4625 2.00 0.55
B-4626 3.20 0.49
B-4627 3.33 0.47
B-4628 1.85
B-4629 3.95
B-4630 1.75
B-4631 3.22
B-4632 2.82

MNR =2/1 MN
MPI 1 = 1.5(3-MP+2-MP)/(P+9-MP+l-MP)

135/bb/ah/16



Table 8. Maturity ratios calculated from peak heights in sterane and terpane mass chromatograms.

IKU code

B-4631

B-4632

B-4623

B-4624

B-4625

B-4626

B-4627

B-4628

B-4629

B-4630

Depth (m)

_

-

1488.41

1517.86

1527.50

1546.93

1571.55

1576.30

1580.69

1587.80

Sample type

Oil

Condensate

Core, s i l t

Core, s s t

»

n

»

fv ft /n ft "4-ftfV *

0.89

0.93

-

0.92

0.91

0.90

0.92

0.90

0.90

0.90

m/z 191

58.8

61.5

-

57.1

61.1

60.0

61.3

61.0

58.7

58.8

%20S3)

50.0

50.0

39.2

34.8

45.7

47.1

47.9

49.0

39.1

43.5

m/z 217

%ee4)

70.3
76.9

48.6
66.7

75.3

74.1
73.3
73.5 '

ro
71.6 <»
71.3

1) E/E+F in m/z 191.
J,/J,+Jp in m/z 191.
q/q+t in m/z 217,
2(r+s)/(2(r+s)+q+t) in m/z 217.



Table 9. Molecular ratios calculated from sterane and terpane mass chromatograms.

IKU code

B-4631

B-4632

B-4623

B-4624

B-4625

B-4626

B-4627

B-4628

B-4629

B-4630

^ B/A in m/z 191.
2^ Q/E in m/z 191.

Depth (m)

-

1488.41

1517.86

1527.50

1546.93

1571.55

1576.30

1580.69

1587.80

Sample type

Oil

Condensate

Core, silt

Core, sst

n

II

Tm/Ts1)

0.65

0.45

-

0.27

0.80

0.53

0.50

0.44

0.27

0.81

TRI/E^

0.09

0.45

0.08

0.17

1.19

0.67

0.08

0.18

0.24

0.06

m/z 191
Z/E

0.2

0.1

8.5

0.7

0.6

0.6

0.2

0.2

0.2

—

X/E

0.26

0.07

-

0.10

0.10

0.11

0.24

0.22

0.10

0.02

m/z 217
a/a+j '

0.78

0.63

0.11

0.36

0.63

0.45

0.78 'ro
0.41 

î

0.22

0.36

3) Relative amounts of C^T rearranged steranes (a/a+j in m/z 217)
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Table 10.

IKU no.

B-4631

B-4632

B-4623

B-4624

B-4625

B-4626

B-4627

B-4628

B-4629

B-4630

Maturity ratios

Sample type

Oil

Condensate

Core, silt

Core, sst
11

ii

n

from aromati

m/z 253

C21/C21+C28

45.1
-

15.3

-

33.3

28.6

38.9

27.8

24.7

21.9

c sterane mass chromatograms.

m/z 231

,29 C20/C20+C26,27

19.5
-

- -

-

50.0

50.0

42.9

33.3

50.0

TRI/TRI+MONO

48.9

-

5.3

-

46.0

41.5

47.0

48.3

50.6

60.5

135/bb/ah/19
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13Table 11. <5 C isotope ratios of hydrocarbon fractions.

IKU no. Sample type SAT ARO

B-4631 Oil -28.8 -27.3
B-4632 Condensate -28.6 -26.5
B-4623 Core, silt -30.5 -28.7
B-4624 Core, sst -28.2
B-4625 " -27.4 -27.7
B-4626 " -28.0
B-4627 " -28.8 -27.2
B-4628 " -27.7 -27.4
B-4629 " -25.9

135/bb/ah/20
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FIGURE 1

hydrocarbon GC's

135/bb/ah/22
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FIGURE 2

Saturated HC gas chromatograms

nC1c etc. - n-alkanes
ID

Pr - pristane
Ph - phytane
* - acyclic isoprenoids
S - squalane (internal standard)

135/bb/ah/22
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FIGURE 3

Branched/cyclic HC gas chromatograms

Pr - pristane

Ph - phytane
* - acyclic isoprenoids
S - squalane (internal standard)

135/bb/ah/23
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FIGURE 4

Aromatic HC gas chromatograms

N - naphthalene

MN - methyl naphthalenes
DMN - dimethyl naphtha! enes
TMN - trimethyl'naphthalenes
P - phenanthrene
M - methylphenanthrenes
DMP - dimethylphenanthrenes

j

135/bb/ah/24
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FIGURE 5

Mass chromatograms representing terpanes (m/z 191)
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FIGURE 5

Mass chromatograms representing steranes (nt/z 217 and 218)
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FIGURE 6

Triangular plots of molecular weight distribution
of C97-C9Q regular 14g,17s-steranes
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FIGURE 7

Mass chromatograms of aromatic HC's

TIC - total ion chromatogram
m/z 92,106 - alkylated benzenes
m/z 142,156,170 - alkylated naphthalenes
m/z 178,192,206 - alkylated phenanthrenes
m/z 231 - tri aromatic steranes
m/z 253 - monoaromatic steranes

135/bb/ah/26
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B4B29HR 1488-1208 Gl=178 Hl=192 11=286 DMP

188,

28. 674

yl.
745

400 588 788
MP

B4638RR 1488-1208 61=178 Hl=192 11=286
100. 7 4

DMP

835

m/z 178,192,206
B4629

Core, sst
1580.65 - . 6 9 m

IHP
G= 65534888
H= 35225B08
1= 5677880

1108

m/z 178,192,206
B4630
Core, sst
1587.75-.80m

1288
IHP
6= 11822888
H= 64547886
1= 1652888

Ul

I



B4631RR2 #608-2888 Hl=231

m/z 231
B4631
Oil, DST1A IHP

1657

1948

m/z 253
B4631
Oil, DST 1A

621886

631BBB



B4S3ERR 1688-2888 Hl=231
188, 677

m/z 231
B4632
Condensate IHP

1916

m/z 253
B4632
Condensate

556888

283888



B4623HR2 1688-2888 Hl=231
m/z 231
B4623
Core, silt
1488.35-.41m

1HP

B4623HR2 1688-2800 01=253
18BL

68.

48.

28.

08

1458

1421

1114

1171
1241

m/z 253
B4623
Core, silt
1488.35-.41m

1HP °°
0= 8452880 '

1288 1488 1688



B4624BR2 1688-2888 Hl=231
1229 1292

m/z 231
B4624
Core, sst
1517.79 - . 8 6 m

68.

28.

08

182;

m/z 253
B 4624
Core, sst
1517.79 - . 8 6 m

11 )2
1418

424 1486

1288 1488 1688

IHP
392888

IHP
0= 184999



B4625AR2 1888-2888 Hl=231

m/z 231
B4625
Core, sst
1527.46-.50m

IHP
R:

188,
B4625RR2 1688-2888 01=253

48.

28.

08
1288

m/z 253
B4625
Core, sst
1527.46-.50m

IHP
0=

227999

267999



B4626RR2 «688-2888 Hl=231
m/z 231
B4626
Core, sst
1546.90-.93m

1BL
B4626RR2 #686-2880 NI=253

1445

28 J

N8

1482

m/z 253
B4626
Core, sst
1546.90-.93m

IHP
351999

IHP
N= 498888

1488 1688



B4B27HR2 #686-2898 Hl 231
m/z 231
B4627
Core, sst
1571.50-.55m

IHP

B4627AR2 1688-2068 01=253
m/z 253
B4627
Core, sst
1571.50-.55m

1389888

IHP
0- 1477888



B4628RR 1688-0088 Ml

m/z 231
B4628
Core, sst
1576.26 -.30m

IHP

B4628RR #668-2860 Nl=253

1158888

1238888 CO



B4629RR tBB8-2B88 Hl=231
188.

m/z 231
B4629
Core, sst
1580.65 - . 6 9 m

IHP

0 686 '?» . 7?1 8458

B4629RR 1688-2888 HI=253

I

CD

I



B463BHR 1688-2888 Hl=831
188.

m/z 231
B4630
Core, sst
1587.75 - . 8 0 m

IHP
R:

1932

B4B38RR 1688-2888 NI=253
1446 m/z 253

B4630
Core, sst
1587.75-.80m

IHP
N-- 577888

o

1
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APPENDIX

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.

Source characteristic 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 Zyj and C29~^35 n o m o^°9 s are ubiquitous, while the C 2 8

bisnorhopane is believed to be typical of certain types of source rocks.

This is also the case for the component, probably gammacerane, sometimes

seen to coelute with the 22S isomer of the Cg, 17a(H)-hopanes (H). In

the sterane mass chromatograms, m/z 217 and m/z 218, the molecular weight

distribution of the C27"C'29 r e 9 u ^ a r steranes is believed to be represen-

tative of the original input of organic matter. The highest molecular

weight compounds, the Cpg steranes, represent organic matter of terres-

trial origin, while the lower molecular weight analogs originate from

more marine type environments.

Maturity dependant parameters

The biological isomers of the hopanes, the 178(H), 2le(H)-hopanes, under-

go structural changes during the maturation process. The isomerisation

reactions are thought to be produced via the 17B(H), 21a(H)-hopanes (more-

tanes) to the most stable 17a(H), 2l8(H)-hopanes. At equilibrium 100%

of the 17a(H)-hopanes are seen. The ratio ag/ag+ga is used to describe

this reaction. In the extended hopanes (M-oi)> the thermally stable S

configurations at C-22 become increasingly more abundant as compared to

the biological preferred R configurations at increased maturity level.

The equilibrium ratio is approximately 60% of the 22S configuration.

Another ratio that is known to change with maturity is the Tm/Ts

(Seifert et al., 1978) of the C 2 7 hopanes. The maturable 18a(H)-tris-

norneohopane (Tm) is reduced in intensity relative to the more stable

135/bb/ah/27
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17a(H)-trisnorneohopane (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 tri cyclic terpanes is also to a certain extent seen to be
maturity dependant.

Two isomerisation reactions taking place in the steranes are most common-
ly applied for maturity assignments from the m/z 217 mass chromatograms.
The biologically preferred 14a(H), 17a(H)-isomers of the regular steranes
is transformed to the thermally stable 14g(H), 17B(H)-steranes, the %gø
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 (Mackenzie et a!., 1980). The abundance of
rearranged steranes increased with increasingly 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
tri-aromatic 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 degree
of side chain cracking, as %C 2 0/C 2 6 27 and ^-./Cpg 2g respectively,
is applied. These cracking processes are also taking place during early
diagenesis, and are used for maturity assignment together with the pre-
viously mentioned ratios.

Migration and weathering

The effect on the geochemical fossils of migration and weathering, is
less apparent than the maturity induced changes. Migration is believed
to cause an increase in the relative amounts of rearranged and 14e(H),
17B(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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