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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. Sample type Depth (m)
B-4631 0i1, DST 1A
B-4632 Condensate
B-4623 Core, silt 1488.35-1488.41  Gas zone
B-4624 Core, v.fine sst 1517.79-1517.86 . v

- B-4625 Core, med.sst 1527.46-1527.50 o
B-4626 Core, coarse sst 1546.90-1546.93 o
B-4627 Core, med.sst 1571.50-1571.55 0i1 zone
B-4628 Core, fine-med.sst 1576.26-1576.30 Water zone
B-4629 Core, coarse sst 1580.65-1580.69 " "
B-4630 Core, coarse sst 1587.75-~1587.80 ! !

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

relation.
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2.  EXPERIMENTAL

2.1 Extractable Organic Matter

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

chloromethane (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 sampies, 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 1light 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 (N2) and the
adduction step repeated twice. The white crystals were rinsed (3x5ml
hexane) and the combined extract filtered (cotton wool plug covered with
A]203), 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 C2-C8 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/m1n. 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 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

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 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 jon 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.

2.7 513C istotope analyis

The 613C 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 0il is of low maturity
and/or is biodegraded. |

3.2 CZ'CB hydrocarbons

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

3.3 Amount of C15+ 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 very much
higher amounts of 1light 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 0il zone at 1571.50-
1571.55m, was seen to contain very high abundance of extractable organic
matter (20600ppm) and of hydrocarbons (13330ppm). The restiof the cores
contain hydrocarbons in the range 18-188ppm (average 93.7ppm).

3.4 Gas chromatography of C15+ 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 very narrow range of saturated hydrocar-
bons with hardly any alkanes above n—CZO. 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,




1 IKU

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 C25-C35 n-alkane
range. Triterpenoidal and steroidal hydrocarbons are the main components
in this most prominent hump.

Both the 0il 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 Jurassﬁc 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 o0il 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 0il are generated from
the same source rock.

Of the four samples taken from the gas zone (1488.35-1546.93m) the three
Towermost 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

S

the siltstone. A1l four samples contain some amounts of hydrocarbons
with the same high pristane/n-C17 and pristane/phytane ratios as the
0il and the core from the 0il 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-C20 - n-C35 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 aikanes

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
0il 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 0il 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 l-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 samp1es.
The Tow values obtained suggest a Tow 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 1ight 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 Tow 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 0il and the
waxy components in the nC20-C35 range. The sample with the highest ex-
tractability (B-4627) from the oil zone shows molecular ratios very simi-
lar to those of the o0il. The triangular plot in Figure 6 shows the mole-

cular weight distribution of C27-629 regular 148,178-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
0oil 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 GC-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.

3.9 613C isotope ratios

Saturated and aromatic hydrocarbon fractions were analysed for their

513C isotope ratios. The data is presented in Table 11.

It is seen that the oil and the sandstone core from the o0il 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/11
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4.  CONCLUSION

A1l the analyses suggest that the hydrocarbons from the sandstone core
in the 0il 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 sTightly higher maturity Tevel.

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 Tower maturity than the other cores, and shows thus
more source rock features. In the deepest cores from the water zone the
0il hydrocarbons are mixed with an input of high molecular weight waxy
components. '

135/bb/ah/12
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Table 1. API gravity of oil and condensate.

IKU no. Sample type OaPI
B-4631 0il, DST 1A 25.4
B-4632 Condensate 48.0

o

135/bb/ah/13
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Table 2. Relative amounts of CZ'C8 hydrocarbons in the fluid samples.

B-4632 B-4631
Condensate 0i1l
% of total oil % of total oil
C2 -
C3 -
MC3 0.7 0.2
nC4 1.1 0.2
MC4 2.9 0.6
n05 - 1.6 0.3
CyC5+2,3DMC4 4.6 1.3
2MC5 - -
3MC5 . 1.9 ~ 0.4
nC6 -0.9 0.3
MCyC5 5.1 1.6
benzene - 0.1
CyCG 6.0 2.2
2MC6 - -
2,3DMC5 - 0.9 0.3
3MC6 ' 1.4 0f4
DMCyC5 (1,35 1,2) 2.3 0.7
2,2,4 TMC5 1.4 0.5
nC7 - 0.1
!} MCyCG 9.6 3.0
2,4DMC6 1.4 0.2
Toluene ' 1.5 0.2
2MC7 0.6 <0.1
3MC7 0.5 <0.1
DMCyC6 (1,2) 2.5 0.7
nC8 1.0 0.4
M/P-xylene 1.0 0.3
O-xylene - -

135/99/1
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List of C2—C8 hydrocarbons in Table 2 and Figure 1.

C2 ethane
C3 propane
MC3 methyl-propane
nC4 butane
MC4 methyl-butane
nC5 pentane
QyC5+2,3DMC4 cyclopentane + 2,3-dimethyl-butane
2MC 2-methyl-pentane
3MC5 3-methyl-pentane
nC6 hexane
MCyC5 methyl-cyclopentane
benzene
Cy06 cyclohexane
2MC6 2-methyl-hexane
2,3DMC5 2,3-dimethyl-pentane
3MC6 3-methyl-hexane
DMCyC5 dimethyl-cyclopentane
2,2,4TMC5 2,2,4~trimethyl-pentane
nC7 ' heptane
MCyC6 methyl-cyclohexane
2,4DMC6 2,4-dimethyl-hexane
toluene
2MC7 2-methyl-heptane
3MC7 3-methyl-heptane
DMCyC6 dimethyl-cyclohexane
nC8 ~octane
m/p-xylene
o-xylene

135/bb/ah/13.1
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Table 3. Amount of light components in 0il and condensate.

IKU no. Sample type Crude oil >210°C Light comp.

(mg) (mg) (mg) (%)
B-4631 0il1, DST 1A 1735.5 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. Amount of asphalthenes in fluid and core samples.

IKU no. Sample type Crude oil >210°%/EOM Asphalthenes
B-4631 0il 1641.0 12.7
B-4632 Condensate 474.0 -
B-4623 Core, silt 54.9 3.4
B-4624 Core, sst 92.0 3.8
B-4625 Core, sst 22.2 2.3
B-4626 Core, sst 9.0 1.2
B-4627 Core, sst 1033.6 9.5
” B-4628 Core, sst 47.0 0.9
’ B-4629 Core, sst 93.3 0.8
B-4630 Core, sst : 4.6 0.8

135/bb/ah/15
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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 4 ' -
B-4631 3.22 -
B-4632 2.82 -
MNR = 2/1 MN

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

135/bb/ah/16
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Table 8. Maturity ratios calculated from peak heights in sterane and terpane mass chromatograms.

. . m/z 191 m/z 217

IKU code Depth (m) Sample type aB/aB+Ba1) ' %2252) %2053) %684)
B-4631 - 0il 0.89 58.8 50.0 70.3
B-4632 - Condensate 0.93 61.5 50.0 76.9
B-4623 1488.41 Core, silt k - - 39.2 48.6
B-4624 1517.86 Core; sst 0.92 57.1 l 34.8 66.7
B-4625 1527.50 " 0.91 61.1 45.7 75.3
B-4626 1546.93 " 0.90 60.0 47.1 74.1
B-4627 1571.55 " 0.92 61.3 47.9 73.3
B-4628 1576.30 " 0.90 61.0 49.0 73.5
B-4629 1580.69 " 0.90 58.7 39.1 71.6
B-4630 1587.80 " 0.90 _ 58.8 43.5 71.3
1)

E/E+F in m/z 191.
) J1/J1+J2 in m/z 191.
3) .
g/g+t in m/z 217.
4) 2(r+s)/(2(r+s)+q+t) in m/z 217.

_92_



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

m/z 191 m/z 217
IKU code Depth (m) Sample type Tm/Tsl) TRI/EZ) Z/E X/E a/a+j3)
B-4631 - 011 0.65 0.09 0.2 0.26 0.78
B-4632 - - Condensate 0.45 0.45 - 0.1 0.07 0.63
B-4623 1488.41 Core, silt - 0.08 8.5 - 0.11
B-4624 1517.86 Core, sst 0.27 0.17 0.7 0.10 0.36
B-4625 1527.50 " 0.80 1.19 0.6 0.10 0.63
B-4626 1546.93 " 0.53 0.67 0.6 0.11 0.45
B-4627 1571.55 . 0.50 0.08 0.2 0.24 0.78 r;
B-4628 1576.3Q " 0.44 0.18 0.2 0.22 0.41 'T
B-4629 1580.69 " 0.27 0.24 0.2 0.10 0.22
B-4630 1587.80 " 0.81 0.06 - 0.02 0.36

1) g/A in m/z 191.
2) /€ in m/z 191.
Relative amounts of C27 rearranged steranes (a/a+j in m/z 217).

N
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Table 10. Maturity ratios from aromatic sterane mass chromatograms.

m/z 253 m/z 231
IKU no. Sample type CZl/C21+C28,29 CZO/C20+C26,27 TRI/TRI+MONO

B-4631 0i1l 45,1 19.5 48.9
B-4632 Condensate - - -

B-4623 Core, silt 15.3 - 5.3
B-4624 Core, sst - - -

B-4625 " 33.3 50.0 46.0
B-4626 " 28.6 50.0 41.5
B-4627 " 38.9 42.9 47.0
B-4628 " 27.8 ) 33.3 48.3
B-4629 . 24.7 50.0 50.6
B-4630 " 21.9 - 60.5

135/bb/ah/19
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C isotope ratios of hydrocarbon fractions.

Table 11. 83

IKU no. Sample type SAT ARO
B-4631 0il -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
J 9 o

B-4629 " v -25.

135/bb/ah/20




- IKU

FIGURE 1

CZ-C8 hydrocarbon GC's
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FIGURE 2

Saturated HC gas chromatograms

nC15 etc. - n-alkanes

Pr - pristane

Ph - phytane

* - acyclic isoprenoids

S - squalane (internal standard)
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FIGURE 3

Branched/cyclic HC gas chromatograms

Pr - pristane

Ph - phytane

* - acyclic isoprenoids

S - squalane (internal standard)
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FIGURE 4

Aromatic HC gas chromatograms
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FIGURE 5

Mass chromatograms representing terpanes (m/z 191)

A Ts’ 18a(H)-trisnornechopane C27H46 (I11)

B Tm, 17a(H)~-trisnorhopane C27H46 (1,R=H)

o 17«(H)-norhopane ngH50 (I,R=C2H5)

D 178(H)-normoretane C29H50 (II,R=C2H5)

E 17a(H)~hopane C30H52 (I,R=C3H7)

F 178(H)-moretane C3otsp (II,R=C3H7)

G 17a(H)-homohopane (22S) C31Hcg (I,R=C4H9)

H 17a(H)-homohopane (22R) C31H54 (I,R=C4H9)
.+ unknown triterpane (gammacerane?)

) I 178(H)-homomoretane C3qHs4 (11,R=C,H,)
J 17a(H)-bishomohopane (225,22R) C32H56 (I,R=C5H11)
K 17a(H)-trishomohopane (22S,22R) C33H58 (I,R=C6H13)
L 170(H)-tetrakishomohopane (22S,22R) C34H6O (I,R,=C7H15)
M 17a(H)-pentakishomohopane (22S,22R) C35H62 (I,R=C8H17)
Z bisnaorhopane 628H48
X unknown triterpane C30H52
P tricyclic terpane C23H42 (IV,R=C4H9)
Q tricyclic terpane Cogtyg (IV,R=C5H11)
R tricyclic terpane (17R,17S) Cogtye (IV,R=C6H13)
S tetracyclic terpane C24H42 (V)

T tricyclic terpane (17R,17S) C.6tasg (IV,R=C7H15)
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FIGURE 5

Mass chromatograms representing steranes {m/z £17 and 218)
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138(H),17a({H)-diasterane (2UR)
13a(H),178(H)-diasterane (20S)
13a(H),178(H)-diasterane (20R})
138(H},17u(t]j-diasterane (20S)
138(H),17u({H)-d1asterane {Z0R)
13u(H),178(H)-diasterane (20S)
+ 14u(H),17u(H)-sterane (20S)
h 138(H),17a(H)-diasterane (20S)

+ 148(H),178(t)~sterane (20R)
i 148(H),178(H)~sterane (20S)

+ 13a(H),178(H)-diasterane (20R)
j 14a(H),17a(H)-sterane (20R)
k 138(H),17a(H)-diasterane (20R)

13a¢{H),178(H)-diasterane (20S)
n 14a{H),17u(H)-sterane {205)
n 13u{H),178{H)-diasterane {Z0R)
+ 148 (H),176 (H)-sterane {20R)
148(H),178(H)~-sterane {205)
14u{H),17a(H)~sterane {(20R)
14a(H) ,17a(H)-sterane (205}
146(H),178(H)-sterane {20R)
+ unknown sterane
148(H),178(H)-sterane (20S)
143(H),178(H)-sterane (20R)
S5a{H)-sterane

e - o T

i TR = By =~ B o ]

< £ & wun

5«(H)-sterane

Ca7Mag
Cortag
Co7tag
Cortay
Cogllsg

€850

CagMsy
Co7Mag
Coytls2
Cotag
Co7Mag
Cogtso
Cortlag
CogMsz
CagMsy
Cagts0
Cagtsz
Coghsg

~ Caghisg

C et

Cayhlsy
Cyghisy

Cuytlsy

{(I11,R=H)
(111,R=H)
(1V,R=H)
(1V,R=H)
(111,R=CHy)
(I111,R=CHy)
(1V,R=CHy)
(1,R=H)
(I11,R=C,H
(11,R=H)
(11,R=H)
(1V,R=CHj)
(1,R=H)
(111,R=C,H
(111,R=C,H
(1,R=CHs)
(I11,R=C,H¢)
(11,R=CH)
(11,R=CHy)
(I,R=CH3)
(I,R=C2H5)
(I11,R=C,Hg)

5)

5)
g)

(II,R=C2H5)
(1,R=C,Hc)
(V,R=C2H5)

(IV,R=C3H7)

v




g

S

741TR0L3 217.1888 61 11 St

- 58 -
198 h 2048
k B 4631

68 ]

68 | e f

48

28 |

g

16:08  20:08  24:80  28:89 3288 35:88  49:88  44:08
241TROL3 217.1808 G1 11 S2

108 350

B 4632
Condensate

88 |

ba .

48

cé |

£8:98 24:08 c8:68 32:88 36:88 48:88 4448 48:6d

IKU




-59;
JAUTROLL 217.1808 GL 11 1 |

180 i t 5418
B 4623
Core, silt
1488.35 - 41m
20 |
p
q
£ |
n
g 4
49 |
28] \4?
ahb v A
v )

e

8 — e
c:88 24:08 2888 32:69 3688 48:88 44:88 48:8

J41TROLL  217.1808 G 11 S2

1. i 2%
B 4624
Core, v.fine sst
1517.79 — .86m
. %]
J
£8 | " k
ro |
n
43 | ¢ f ot
v q
¢
cd
W
]

14:00  49:08

2900 2408 2888 390 3680 43:00




741TR0L2 217.1888 61 11 51

- 60 -
g, Y _ 197
a " B 4625

Core, med.sst

% gfijk n 1527.46 — .50m
b
v e
f 0
6 rs
q
1
c
48 | ld i
2 W
8 —— . S —— ' :
12:88 16:68 £8:98 c4:80 £8:80 32: 80 36:88 49:08
741TROLR 217.1808 Gt 11 52

168, gj 1878

B 4626

Core, coarse sst

h 1546.90 — .93m
a8 n
u a k
0
68 J
b ¢
v

49 |

ea* M\MJMW}{“

0:08 2488 29:88 3208 36:98

———

40:89  44:80 4968

[ -~

IKU




JMITROL? 217.1800 G1 11 S3 N | IKU

108 h 216
' B 4627
k Core, med.sst
a n 1571.50 — .55m
8l
S {
b afl s
58 ok & q
u
48 J € F
v V‘J
\? EB i , N
8

20:08  24:08  28:88  32:88  36:90  48:00  44:90  48:88
741TROL2 217.1888 G1 11 54

108, i . 1399

B 4628
h Care, fine-med_.sst
§ 1576.26 — .30m
£l .
. a
3 68 . .
f
9 v
{ v
28 | M w
L\ M‘*“’*——.....
]

008 24:80 e9:B@  32:8 5@ 48:8 44:98 43:09




741TR0L2  217.188@ 61 11 55

- 62 -
19. | g 524
i B 4629
Core, coarse sst
1580.65 — .69m
88 |
6 |
48 | k
a
b
u
8
" WA
8

2008 2400 20:88 3280 35:88 40:80  44:80 40:09

741TRO0L2  217.1808 G1 11 S6
198. i 7

g B 4530
Core, coarse sst
1587.75 — .80m
88 |
‘ n
6| s
a rit
b f 0 g
9 N&‘
v

ﬁMW“

E L T ™ L2 T T T ¢ T ¥
2808 24:08 28:28 32:40 35-08 19:58 4498 48:38

IKU




R

7417TR0L3 218.1088 G It 51 - 63 - | KU

188, s 1548

n B 4631
oil

g8 |

28 |

Uy

16:08  P9:8  24:89 290 3288 36:88 4988 44:00
74{TROL3  218.1680 61 11 6

1gg. v 245
B 4632
Condensate

ad .

68

48

v
28

! T Y .

2000 24:80 2808 389 3600 4808 4408 459




J41TROLL 218.1888 61 11 31 - 64 -

198_ i 1 3856
B 4623
Core, silt
1488.35 - .41m
89 . .
n
50 ] ’

|

28

“M %M

20:08  24:88 2000 32:00  36:00  49:08  44:88  4B:00

41TROLL  218.1988 61 11 S2

198, i 173
‘ B 4624
Core, v.fine sst
1571.79 — .86m
8@
u
68 |
h s
ifl no ¥
48 | v
28 .
] ﬁ

29:08 248 200 32:89  36:80  48:89  44:89  49:80




741TRO0L2 218.1988 61 It SI - 65 - I KU

188. 243
B 4625
Core, med.sst
1527.46 - .50m
68 |
h
60 A
| a0 s
I | -
Ty f
1 |
|
28

12°08 1688  28:89  24:08 2888 32:08  36:88  48:00
741TROL2 218.1088 G1 11 5

160 | 1718
B 4626
5 Core, coarse sst
1546.90 — .93m
88 |
68 |
48 |
28
a

20:88  24:80  29:80 3288 3600 40:08  44:08 4800




741TR0L2 218.10888 61 It 53 - 66 - I KU

198, cna?
B 4627
Core, med.sst
1571.50 — .55m

08 |

69 |

48

8 | A‘

Bl . . .

°0:08  24:88 2888 3288 3698 49:90  44:00  43:00
741TR0L2 218.1898 G1 11 54

188, 's 1276
b B 4628 '
n° Core, fine-med.sst
1576.26 - .30m
u |
64 |
48 |
8 J
]

2000 24:89  23:98 3288 35:8  49:0 4488 4399




68 .

48

28 |

8

7417R0L2 218.1808 61 11 S5

I

IKU

33

B 4629
Core, coarse sst
1580.65 — .69m

088 24:00

180,
88
68 |

19 |

L

cé

8

20:08 388 36:00
741TROL?  218.1808 G1 11 6

44:98  48:68

36

B 4630
Core, coarse sst
1587.75 - .80m

080 00 2388 WM 3699

4490 4398




o IKU

FIGURE 6

-Triangu1ar plots of molecular weight distribution

of C27-C29 regular 148,178-steranes

135/bb/ah/25




TROLL &1/6-5

100 C27 c21

X
X Ba629

7 — B 4626

B 4630 "XX B 4628

/< Bag2r

{
B 4631

_69_

100% C28 100r C29 C28 C29

C27 (20-501%)
C28 (20-501)
C29 (30-602)




e

s

- 70 -

135/bb/ah/26

FIGURE 7

Mass chromatograms of aromatic HC's

TIC
m/z
m/z
m/z
m/z
m/z

92,106
142,156,170
178,192,206
231

253

total ion chromatogram
alkylated benzenes
alkylated naphthalenes
alkylated phenanthrenes
triaromatic steranes

monoaromatic steranes




TiC
B4G3IAR2 #1-2868 R :ATIC B 4631 IH
180, 261 0il, DST1A A: 18898
517 678
66 436 938
i 55851 L E34ggq fags 187723
bas Sl i - :
48 ] a3q{] 34 '
149 _, ‘H l
] 0t IR
A
00 488 £68 888 1008 1260 1400 1689 1688 .
mmsaana n-aaagﬁg ATIC e : 1HP
B 4612 R: 46616
398 Condensate
89 |
239 295

125 ¥ 45
68. ws {1 dbse | ses

88 4 | 34 l 3 33
®) B i{ ’ bl s o

51l {1 Pt AT s
28 L AWM N JURA L AL 748
Rg MV

209 480 680 g8 1009 1288 1480 1688 1098 " 2808

_LL_



TIC

Sg B 4623
- : Core, silt osT:
e 11-2088 A :ATIC " a2 Core it .
SCAN 664
293
B
68 o 4 o )
s B *’5 1598 cce| | 1698
9 A 1 LR ey o O 109y L WY G Gt
tgg - eteal IWILAAVATI Mt ! r b3
2 o
:
260 460 568 860 1608 1208 1488 1688 1608 2098
B4G24ARR #1-2808 R :ATIC Tie :
108, 267 360 B d6es g
ore, sst .
Sg 1517.79 — .86m SCAN 267
8.
396
60
Jae 46
“. B T oo 1081
iy 5% _ thoag 8298 g
o8 | 244 81 ' 9154 (9;5 Ot it 1938
134 i LU e
260 40 608 838 1008 1208 1480 1628 1628 2608

6467

3168

-ZL..



TIC
SB B 4625
B4G625ARE  #1-2088 A :ATIC Cors, sst §51: 2388
SCAN :1888
88 b 1495 1326
IR A M 1108 12651 1429
68 & ‘
48
A
20 |
260 488 668 808 1008 1200 1408 1688 1698 2608 .
S Sy
B462GARZ #1-2860 A :ATIC BB‘; TIC 8T 55
100, 4 B 4626 TRACE:A
645 ) Core, sst SCAN :714
88 56 834 | 1546.90 ~ .93m
1 i) W B
M LT : 1311
60. si3 GHINGG 7l ey 1AE 1414
568ep 1804 1478
425 Ay !
48 | 383} a2l 1613
28 | 268
i
288 480 668 860 1098 1200 1408 1688 1008 2608




TIC
B 4627
Core,
| MR 1200 A ” 15y120 - B6m I
67
He 3 245
88 . 520 ql 883
55 St foo 038 -
i {ifs | o foes
11 fsog | b
6 ey TRROR T W/ e
4] I8 l: ‘i’} :
P37 4l Pt
aqithn, 3
A 143 203}/
260 450 660 T 1260 1408 160 1628 200
B4GRSAR #1-2000 R :ATIC 8 SST:
10, 643 834 ric TRACE:A
B 4628 .
8, b a8 SCAN <549
| 1876 .26 -
88 63t 839 | |934 i 1318 1418 1576.26 — .30m
i pegcidone | §
see  [HENE 1160
] MWage seh WK ' o
RE ) g
1. 264 34% it
2. 70 (it il
bay LA}
_ A
268 450 660 866 169 1200 1488 1608 1689 2800

12381

8779

1

~

~
'



Fagr”

TIC

B 4629
B462SAR #1-2888 A :ATIC Core, st 55T 20395
188. b4 1580.65 — .69m TRACE :A
SCAN :264
8.
393
60| 478
h 458
49
i | oo
2] 1w
HB b
208 488 680 668 s' 1888 129 489 1606 1688 288 .
8
B4630AR  $1-2008 A -ATIC 55T 6373
198, B 1443 TRACE:
SCAN :684
TiC
88. B 4630
Core, sst
68 . 1587.75 — .80m
4]
Hog |
8

TN 408 "8 88 1888 1288 1488 1688 1888 2486




m/z 92

B4GIIAR2 $1-2088 B1:92 IH
168, 381 B 4531 B:
Qil, DST 1A
8.
68 568
- 457
658
@ 358 S
42 189 498 P 282 841
28] 4 106 8l N8 R poo | LI ook oo dos 926
T L I S R T N N R
268 488 68 82 1888 1268 1488 1660 1699 2000
B4GIIARZ #1-2608 C1:106 ‘ IH
180. 34?2 m/z 106 C:
B 4631
Qil, DST 1A
" 1 348 453 462
' WA i
19, ! 828
“1 oo, i | 4 pié T el 2t 139 44
, R g b af L (8 4114875 4 18371164 1799
BLELT 43397 LAY A o L0 102 1613 11 Ty g1
208 460 668 600 1888 1280 1488 1668 1866 2000

4633000

4682008

1
~J
(o))

1



B4632AR ¢
188.

1-2880 B1:92
381

280 400 688 'R 1089

1289 1488
B4632AR §1-2080 C1:165
100. 134
88 |
199
8] g8 348
| 234 445,
]
1. 0 38 o7 s
4 1554)
a6 | B il 352 51
o Mg Eh L adait o A 08531 flseg
¢ o ST LS L b N
288 488 688 888 1088 1208 1488

m/z 92
B 4632

T T I o ———

IHP
Condensate B:
o o A A xam
1688 1888 c0es
IHP
m/z 106 C:
B 4632
Condensate
1660 1888 2068

26315880

36911888

_LL_



m/z 92
B 4623
Core, silt
B4623AR2 #1-2008 B1:92 1488.35 — .41m IH
180 468 : B: 1845808
664
88 |
36/ 523578
68 ] 258 “ da| 47
3
_ | 861
18 i z B I e
295 |43 [l k8 |eoafll 750 12521323 1885
2 ] B13 | ame] o 15 1389 1815
53199 | 134 A MR, A L A N2 b J 18 f gk g LR 1267 gy 1538
208 408 668 808 1980 1200 1488 1600 1890 2098 N
B4623AR2 $1-2868 C1:186 - iz 108 IH _— T
18 ~ B C: 178168
01 Core, silt
0 . . 1488.35 — 41m
' 512
558 -
68 ] 463
. 786 1116 1445 TR
4 2 pfitne Gl0pe9 099 gp M3 fue 136 ) 1439 gog 1314
o 108138 , | bo cih il g | o ¢ [11® 1o 411 155 0 1530 1879} {977
29 lE 1A Aty Y ! i;;,,,% 0N L L b i L LTI Y M
: w
8

289 498 688 880 1808 1288 1480 1688 1668 2008




BAGR4ARD $1-2088 B1:9 | miz92 IHP

168, 3 W | - BagA B: 863680
. Core, sst
' 1517.79 — .86m
08 |
EBT
35| 483 567
4. 248 seg | 638
$15] 386
)] 5p188 &3 51 e 698 78&03832375 —
“ N 172 12501318 1468 1oy 1673 1765 1985 994
ol (luth l'Hhh ““h‘ M 1 Ilmiiim T r e Al R SN T At A
288 488 6ee pea 1808 1288 1488 1600 1808 068 '

B4624AR2 §1-2068 C1:186 ' ' IHP S

168. w55 C: 875088
139
68 . 346 484 78 m/z 106
] B 4624
249 » 653 746 353 1864

68 204 ! i 953 1ei3 1524 V5 g1 1930 Aot7. 70— S
48 ] 339 B bes MUV AN L 89 171‘93 272 “38‘ 1535 1722 foollfl 1457
X .

78 4@  gee 888 188 1288 1488 1688 1998 2000




& 7
S

m/z 92

B 4625
BAG2SAR2 #1-2608 B1:52 Core, st TP
108, 622 1527.46 — .50m B:
" 573 -
' 56
B8 . k¥ 1181
N R T
48 ] 2l 8 98 y 1863¢ 11127 1235 1391
N ARSI PV Y P 1526 1513157
28 VI SAAEL LT ARPL LT TR ok 2 1816 1961
7 213 | 09
el 4 POGMGAIQI] e Hle ikl
260 480 660 ) 1228 1408 . 1688 1808 2609
B4GRSARZ #1-2669 C1:186 1P
100, 1345 C:
| 752
0. w65 | 1885 1264
843 IE14 1521
6B. ” {4 928 | 1098 1164 [y3sd | 616
911 53 sl ol 1B} 133 70 gy 1951
291 365 b | 1784 hitny ARG ) {BIAEIR . 1466
8] % 5 MRS R R SRI R T | T R
3| 126 | ,'5‘ ‘ﬁl A M ‘ IR A 179 IS
£ 28 JAVDAAT A B T TN
268 430 668 800 1288 1488 1688 1688 2608

454808

387008 S

m/z 106
B 4625
Core, sst

1527.46 — .50m



e

m/z 92

B4G2GAR2 #1-2688 B1:92 - B 4626 THP

188, » Core, sst B: 832608
1546.90 — .93m
68 J
68 .
927 1887
48 .
1889 1162
113 1234 Bla 71
28 ] DL 168 1626 1o 100
175 M4 . PR A9
B A 4 aooe0y ] .
288 468 680 gee 1888 1268 1488 1608 1808 cane '

B4626ARE #1-268688 C1:106 /2 106 THP ®

188, gas 730 B 4676 C: 1462008
Core, sst
08 . 1546.90 — .93m
1844 1332

60 ‘ 877 \

| 3| %3 335 1009 1156 15582 1988
cam B TR
8

28 488 6@ 688 1e88 1288 1489 1688 1808 2098




m/z 92
B4GZ7ARE #1-2680 B1:32 Cor, st IH
188, 661 1571.50 - 56m B:
383 563
08 |
468
6. 353 755
785 845
4] e o | b4 wl 5
dyofed l X
TR 1 | |51 QR 1 g O T
b i P 7 i i IIBS
; (LA R e 123
| ws 228 MWL
Ha . ¥ v v - T v v T ¥ ) v v Y v v T . > T oy u Y v g Y d U
2es 460 688 ge8 1068 1268 1480 1608 1808 2680
B4627AR2  #1-2688 C1:186 2106 IH
m :
16e. " B 4627 C
Core, sst
08 48 648 21 1571.50 — .55m
408 ¢
fos 4
R}
MEeIFT e o 1335
Vi I K & h ,’: hhn 998
o ,)'.' 2R Ro1A 1678 ';:' e EﬁBl 68 1558
6@ @ 1880 1280 1488 1668 1008 2400

3306060

6158880

1
0]
N

I



mfz 92

B4G626AR $1-2888 B1:92 1 go“rngst IHP
16e. 1576.26 - .30m B 176008
563
88 |
B 9 1e9
4. 1812
' 1142 1385 1628
. 1493 15681925
Nort @ B6 44 1439 1524] A~ 1741 1818 ~
28, | 168 JESSh e 1989 ygg,
1800 1208 1490 1688 1868 2086
B4626AR  #1-2600 C1:186 ; iz 106 1P '
180, g P8 B 4628 C: 2916608 &
' lBS 241 Core, sst '
88 1576.26 — .30m
. L 8 ‘ 133
1 831
66 917 1893
o B33 P11 ss Lle1isg 1665
18 sisqs il 68/ 438111 cbs t 1 1148 1318
482 15¢ Iyok g ‘4]:,'" Yy | N 1424 (516 16621704 0
8. LR by o0 I 1905 1991
: |
8 .

260

00 688 68  1e88 1288 1488 1668 1888 2008



B46R9AR #1-2008 B1:92 miz 82 IH
100, 861 B 4629 B:
59 Core, sst
Y ) 363 1580.65 — .69m
8 ] '
313
755
6o | 2u 33 845
64
4 e 1 B 30 1810
28 5 ] 1'% . 1898 1165
g stz s [l ot R R S50 ) Opibosn b R Er 1629
4, 139 3 W 1 i 163 1459, 1553159 - 1939 1816 1994
Bo ! . e e — . —— 1
268 489 620 868 1888 1288 1488 1688 1809 2608
B4G29AR #1-2808 C1:185 IH
180. 1883 m/z 106 C:
B 4629
Core, sst
1580.65 — .69m
' 1335
i e [
| 1167 | 1783
PRI - 1635 1866 1945
MATA ks 1578 J6stadized | |18t
) 688 608 1800 1288 1400 1888 2000

1688

1198808

i
(0]

1857088



B4GIOAR #1-2000 B1:92 , IHP
160, 645 1888 B: 512868
699 1384 1533
L ot 842 148 ;lfsgi
752 114 - 1641 1683 Core, sst
: x 1587.75 — .80m
68. 1.0 . 1 99 jgeg | [u162 178 139y,ch) B4 gogy
457 | 74 81d 13 , 44705 631
% 638 877 o Hlafd MBS 1916
48- 350 364 [ ] il g, “»g‘ " b g ‘ : ‘if;:f M i IR AT I e i : ‘ 1383
147 242 304 438 TooMY' W R ‘ ‘ U IYLAVRLE Ll
B 4459 131 22 i8R iR i
268 488 668 888 1069 1268 1488 1688 1988 2000
B4GIBAR #1-2088 C1:106 ‘ IHp '
100, - 898 ' - C: 1450008 &
12 1932 .
925 1559 1837 iz 106
88 | B 4630
“ 262331 483 41 8421 838 1838 | 153 133 14931588 (ore core, s
68. 547 739 ' 31} 9 1649 1587.75 — .80m
g 436 } : BT
wles 13 |, il
28 |
]

2@ 48 688 688 1668 1268 1488 . 1688 1888 2008




MN m/z 142, 156, 170

--------------------

188 2ed 368 48

B46IIARE $1-888 D1:142 E1:156 F1:170 ™ DMIN TNIN B 2631 THP
108, 261 ' - ' ' 0il, DST 1A D: 47130800
| 4 | E: 27734808
- F: 15856688
68
4. 2%
2]
EBE ________ I | ¥ | —— 2NN SRV WORL T W TR ey e ) A Aed .
180 268 8 460 569 688 708 868 L
B4632AR #1-808 D1:142 E1:156 F1:178 —— DM TN THP &

16, o4 ' ! ' o m/z 142, 156, 170 0 63105808

T ﬁ bindi E: 67865808
. Condenste F: 65676808
6.
40 l
I

sl 4ol oft ) {567

A 5 |
[E a N gl v 1 L‘ .li.. et .:;.!.L ‘h”A:..A‘.-;‘.;.:m.q_;; e S —rT———
B

508 688 ' 780 Bag




m/z 142, 156, 170

B4G23AR2 §1-608 D1:142 £1:156 F1:178  ——— DMN TMN B 4623 1P
168, 23 — ' o e D 19235080
S . E: B144pe0
] F: 5251008
68 ]
4.
2 |
EE . S — MOV RN . : <A R abet SOl sl ie sl Sasdanibiods
168 268 L 308 468 500 6ag 788 000 !
(o0] "
B4GR4AR2 #1-000 D1:142 E1:156 F1:178 —— DMN TMN miz 142, 186, 170 IHP e
w% 267 — 1T ! B 4624 D: 41816808
. Core, sst E: 8261688
8 | ‘ 1517.79 — .86m F: 9258080
50 ] |
40 ] | lese
20
dolo I I
180 260 380 460 588 G 708 660




m/z 142, 156, 170
MN B 4625

B4G2SAR2 $1-888 DI:142 £1:156 F1:178 —f DN T™N Core s IHP.

180, eM ' ! ' ' 1527.46 — .50m 0: glagégggg
2963086
6o
68 .
4 289
2 ] | ﬁ
ol
168 268 i 388

B4626AR?  #1-888 D1:142 E1:156 F1:178 F_E-F;\a—‘ DMN . mfz 142, 156, 170 Il.iP )

. ‘ I
ore, sst .

88 1546.90 — .93m F: 483008 -

o
6. 25 567
48 |

l 51 g6 %2
3] | 48 44558 shge Mo b e %1

8 ‘ . ‘ g o

1 i2 | b | 568 5 n \ ,

[EB P —p—————————— . SURIURE | T | S S——— i l . } i1 '~ 41 ’l ‘i ﬁ‘ .hw;‘.ﬁ'.‘-ﬁ“lﬁlt\ﬁ“.mr.‘
188 268 388 408 533 833 208 88

_88_



m/z 142, 156, 170
M DM _— B 4627
B4627AR2 #1-888 D1:142 E1:156 F1:178 —— iy Core, sst THP
180 263 ' ' 1571.50 ~ .55m D: 32534880
' E: 30086888
W . F o 22l5age
68 | h i
48 278
2B
!
387 BBe 45
EB 0 R . 1 1& '\ h l by =
168 cee 68 488 768 g68 ,;o
MN ©
B4626RR $1-088 D1:142 E1:156 F1:178 —— DMN THP }
180, 264 — e Taz 196,170 D 13667808
s E: 15609000
P 1576.26 — .30m P+ 11118060
68 . .
28 Il
48
2 l |
A 41 aga 1B k. 5 1 649

-------------------------

168 208 320 @ 58 66 708 !




- m/z142, 156, 170

MN DMN TMN B 4629
B4629AR #1-008 Di:-142 EL:156 F1:178 —— P—— [—eeee——) Core, sst IH
100, 264 " 1580.65 —.69m 0: 671682809
E: 57688000
8 |28 F: 17121000
60
48 |
28 .
3 3eal
ol S | ¥ iliap bt ‘
_ 188 288 300 608 788 a8 '
N DMN S
B463BAR ¥1-868 D1:142 E1:156 F1:178 r— —y : " m/z 142, 156, 170 THP '
108, 261 B 4630 0: 3533008
, Core, sst E: 3583088
88 i 1587.75 — .80m F: 2224800
g8 276
.
48 J
28 é | t, 645
344 PRP40 5§
EB& _________________ X LW l: l.!'..&.-. ‘ AL ! A AR 95 T f >
168 208 68 488 588 688 7608 ge8




m/z 178, 192, 206

B 4631
B4GIIARS #408-1280 G1:178 HI:192 11:288  ~—— " DIiP 0il, DST 1A IHP
100, — 6: 11547808
H: 5784000
" I: 3781000
6.
4.
" 678 ‘
] M2 |
o S (R PR \‘1}3' i
Héa . U S WL, e LN v ’l'w‘rs'«f'- ‘ e R Rl o iodloustomn
408 588 588 78 868 988 1089 1188 1260 .
© B4G32AR  $480-1288 G1:178 H1:192 11:286 r—= WP 2P 178 192 206 - WP N
168, S Bag G: 1311088
Condensate H: 5154008
I: 3118860

1269



P mMp m/z 178, 192, 206

B4623AR2 #400-1268 G1:178 H1:192 I1:286 — — DMP B 4623 IHP
160 734 854 ' ! Core, silt 6: 3276068
1488.35 — 41m H: 25881888
. | I: 958808
l!
68 .
836
48 .
2 T ! il
683  4ad 4 1839
g 7% Eolil 1 s ol 1166
H& 8. A W UYL NV /L PV ababs /s K K 11 100 A0 | i o Y e 2 T
480 568 ) 780 oo 980 1088 1168 1288 .
P - 0
B4GP4AR? #408-1200 G1:178 W1:192 11:286  r—— — oMP_ /2178, 192, 206 (i N
168, %22 843 — B 4524 6 15292600 '
Core, sst H: 42161600
8 1517.79 — .86m I: 6821068
68 .
48 |
28 .
£64
H& a p‘\—.-_—ﬂ‘ _______ P Xl . e, sttt LAY Arded dlndie de s iy b A0
488 508 668 780 ) 980 1898 1188 1288




B4GPSAR? $488-1288 G1:178 H1:192 11:206 — — P B 4625 IHP
168, 238 658 Core, sst | G: 5835088
. 1527.46 - .50m H‘ ssg?aaa
%) I: 2626608
66 .
48
28 ]
' I L
488 508 608 1188 1288 |
P . . .
B4GPGARE $488-1288 G1:178 H1:132 11:285 — —— DMP THP S
1o, | 714 B35 — R8T (3ane0
Core s B 18515080
80 . 1546.90 —.93m I: 3336008
58
4
2 |
Hé B -—L R ———— i

450 "5t el o o A RRARRET 2RERRARET IS 1268




P MP  m/z 178,192, 206
B4627AR?  #408-1288 G1:178 H1:192 11:206 -y i DMP B 4627 IHP
1%1 718 Core, sst b:
1571.50 — .55m H:
]:
88
68
48 .
20
ol o i 7\ AR A e b e ol
400 508 6080 p) 808 " 908 1884 1108 1208
P p e
B4628AR $468-1268 G1:178 H1:192 11:206 — — DMP : IHP
180 - 838 — m/z 178, 192, 206 6:
: "B 4628 ‘ H:
Core, sst I:
80 . 1576.26 — .30m
60
l
1,
!
2 674 245
H& a ol v v " ' eyl J...;...- ;:\.M,-.Ma.- A PR AR «é"«“ LT 27 45 Wohatringh, s e iy Pt
400 568 588 788 988 1888 e 188

18338088
11847088
8862668

27213848
21368088
4373808

-6 - .



p MP m/z 178, 192, 206
. . . DMP B 4629
B462SAR $488-1200 G1:178 H1:192 11:266 g P Core st Ihp
1600, ! ‘sincs_ o b 63534800
=T W 35225088

" I: 5677608

68 ]

4]

28 674

668
H&u-———&ﬂ* ........ A prtpomuspmopnnpanp oy Bpmakhpallilino ey Aoy A ” : /
468 588 668 760 e 988 1088 1198 1200
P ,
B43IBAR §488-1280 G1:178 Hi:132 11:286 — — P wai18 102,20 1P

188, M4 835 B 253D G: 11622008
Core, sst H: 64547800

88 1587.75 — .80m I 1650080

:
68 ]
8
4. _
2. . - k M
H& 8 -—LT _____ N . L A L et m At o }‘!,_! ..,,é*.!lﬁ.ﬁf.‘_ (i Sl PR N A WL VE

488 588 688 788 88e 968 1688 1188 | lﬂﬂ

..96..



mfz 231
- B4631
B4G3IAR2 #600-2008 M1:231 0il, DST 1A IHp
8o
na 1479
6 uge| flaspp 132 1488 {54
28 -
678 732 U3 M e |l 1| 14k 413
0| ol el g tes 03 NSRRI TR I R
8 I . ey e — NS —
660 868 1688 1268 148 1688 1680 2888
B4G3IAR2 $608-2000 N1:253 IHp
la& 1334 1444 m/z 253 N:
8 1389 o
88 :
% oot 1351
6. s I 148
‘ b 1853
“ ST A
" seafiiy 1158 13¢5 i
aguh 1182 1)58 |
8. g7q 4 1192 1285
822 | fo
N @ ' | o Ly , ,
608 808 1860 1200 1488 1688

2000

6e16ee

631880 8



mfz 231
B 4632
B463PAR 4600-2800 N1:231 Condensate IHp
18, 677 N: 556808
591
88 |
: 754 ,
o] 54 b 74,:““ 1444 1508 1916
JUARH I ) ST 1498 1562
BIRAN B 516 1628
i P kdd ¢ 1086 1149 1254 1317 4304 1448 679
48 | i -&,“. !:‘t: 54 327’ . A ‘.i i b 120
M .’?‘11' | Y T I’ ot : TR :’ : : : il
HEM
688 869 1888 1288 1488 1688 1688 2088
B4632AR #68B-2888 N1:253 m/z 253 IHp "
180, B 4632 N: 283688 ~
Condensate l
88 |
68
48
28 iy
N oo i
608 808

© 1208 1498 o160 188 2008




m/z 231

-86_

- H: . B 4623 THP
lﬂﬂ B4623AR2 #688-2008 M1:231 1585 Core. i . _—
. : 1488.35 — .41m
88 .
1654
68. 686
go1] | 1716
@ 2§ s (IR b % 1609
% TPt W uS e wm ML ST L R ey T 2 g 198
688 gaa 1888 1288 1408 1688 1868 20ae
B4B23AR2 ¥6808-2808 01:253 m/z 253 TP
188, B 4623 0: 8452608
Core, silt
88 1488.35 — .41m
68 |
48 .
20 .
0a S— A —
688 gea 1688 28se




m/z 231

B 4624 :
B4624AR? $668-20888 M1:231 IHP
180, | 1ee3 1232 {61779 - 86 M 332888
Be. 1146 {4pg
Hogd

68y 1186 o8

e still
49 §104 B i 12668

2 3 %7 1378

188¢ 1418 1%741 11

% ?
L T 1dl? 1686 1965 10
P M
1608 1688 ceae .
B4624AR2 #688-2808 01:253 , P ©
180 1843 m/z 253 0: 104993
B 4624
Core, sst
88 . 1517.79 - .86m
1410
68 162] 11ge
Med
4] , 1486
ef
08

) R 1888 18000 488 1688 188 2008




B4625AR2  #688-2880 M1:231

108.

88.

68

48

28

08

94 979
45 1oge 103

1237

1p48

1293

688

868

1280

" 1480

s

m/z 231
B 4625

Core, sst IHP
1527.46 — .50m N: 227939
1561
153
8g1
A 51 e 75 134% 1537 5
1aaa 2808 \
“THP S
15317 m/z 253 0: 267999
B 4625
Core, sst
1434 1527.46 — .50m
1367 1567
1 14
13§ slll 1558
13 y)
11
1688 1888 2880



m/z 231
B4626ARE 46882608 M1:231 1617 g 462; ;HP -
ore, :
16, 1546.90 — .93m
1263
88 . 1220 1566
66 ]
168
113 w ;313 1524 1408 1651
4] ed | U8 18 1427 b3 1855 1995
e85 i bl gt - YR &
h : .‘n;” v ;’»-:! . B Jhth BB ».w '  Joo £ 0 {1
v ¢ L B ﬂ*-llflnliiwa“%Hilmi: Jim“ | R AR I'i i 1 i | "llhl
560 864 1268 1268 1468 1688 19888 2888 N
B4626AR2 #508-2088 N1:253 | THP 2
168, 1445 m/z 253 N 496000
- B 4626
Core, sst
88 . 1546.90 — .93m
68 .
48 .
29 .
[ —

) © o8 T R




B4627AR2  #680-2008 H1:231

lﬂ&.1

88 .
68
48

el

1224 1286

m/z 231

IH
B 4627
1358 Core, sst N:
1571.50 - .55m

Ke Ld LRV e : ey — e
608 6ag 1898 1280 1438 1600 1888 2060
B4G27ARE 4606-2888 01:253 THP
188. 1838 m/z 253 0:
B 4627
Core, sst
88 40 1485 1671.50 — .55m
6.
1868 3% 1 0
4. B
st i) - 1lee 4k
W B 1535
2, W1 114 i
848 , 12821048 R
0g A — e e AL —
608 868 1828 1288 1490 1638 1688 2900

1383688

1477888

- ¢0l -



m/z 231

B 4628
B4G2BAR $606-2088 M1:231 Core, sst IHP
180, 1563 157626 —.30m I
88
1683
60 12p4 1267 - 8281882
197 124 1468
) oy 14 348 thas |
Kililbda dhgo | 1335 | Jhisedn 1872
2 i Wik SLL, 1957 | 1444 s TR om0
1 7B ooy 18710 | . 55 1849
1 B34 940982 ol 1927
H B LAaRne ‘eﬁgll?i)“h'il t”"kil‘l‘ A TYR T Y . ' . . . . . : . ' ; i !
668 888 1088 1298 1408 1688 1688 2888
B4G2BAR $686-288 N1:253 IHP
188. 1449 ;1/4:622583 N:
Core, sst
88 . 1576.26 — .30m
1838 1331 40
66 - 1897
' 1354 A} 1440
4. joc) 1613 1 ikas
975, A8 367 %43
B8 528 g
o —l I — . : 4T I ,
£68 888 1088 1288 1408 1688 1680 2008

1158008

——

1230000 8



m/z 231
B4GPSAR $680-2880 M1:231 B 4529 I
164, 1184 Core, sst LB
1154 1580.65 — .69m
b | 41226
88 . 1”8 A 137
1893 |} ‘
’ 53- i f EGB |
“. a1 el | 1568
1k i :
10648 1118 i K317 1662
2. 183 343 1403 1535 AR U7 W
648 6o5 728 791 peseRrsis 35 | 4 Jik \ ALK 1740 1681 (g™ 1841
Hﬁ. ] d L i b 1] "‘!éi-‘liﬂl | ' - . : . . . . . v (“i“‘l’“li“lﬁ““
568 868 1800 1289 1489 1608 1680 2808
B4629AR #696-2088 N1:253 m/z 253 IH
1886. 1449 B 4629 N:
Core, sst
1580.65 — .69m
88
1484 | 1
68 - 139 1458
1354 l 4
4] g} 1897 it
M e i iy 1938
k | w" !' l'
2. % WL T e I 1Tk 63 1626
o 162 I BLR, 1678
No . i — TR dah g Y : . I“J%‘;‘“w‘ i — ey
608 888 1868 1288 1489 1688 1608 2908

833866

845800

- v0l -



m/z 231

B 4630
B46I0AR  #688-2008 M1:231 Core, st IHP
108. 1566 1587.75 — .80m B: 852668
- 1661
1682
68 e 1658
1 17 1434 1525
M AP g Ve o 1 L 18] e 1932
38 i'i ': " 1 "'v | 1?93
8] s ! My 1p7e At [liBsst 1856
b : o Mo, P Msollbelt 1 RAN 1731 1708 1951
| 685 730 772 817 o4 g 967 1823} Tl [ PR R R VIS LB T A R
688 868 1809 1288 1489 1680 1688 2668 .
B4638AR  #680-2600 N1:253 | IHP =
188, 1446 miz 263 N sveme
B 4630
08 1482 1 1483 Core, sst
J 1587.75 — .80m
68 .
4]
2
N8 _ \ — —m
68 888 1600 2088




e IKU

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 C27 and C29—C35 homologs are ubiquitous, while the C28
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 C31 17a(H)-hopanes (H). In
the sterane mass chromatograms, m/z 217 and m/z 218, the molecular weight
distribution of the C27-C29 regular steranes is believed to be represen-
tative of the original input of organic matter. The highest molecular
weight compounds, the C29 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), 218(H)-hopanes, under-
go structural changes during the maturation process. The isomerisation
reactions are thought to be prodiiced via the 178(H), 21a{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 aB/af+Ba is used to describe

this reaction. In the extended hopanes (2£31), 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 225 configuration.
Another ratio that is known to change with maturity is the Tm/Ts
(Seifert et al., 1978) of the C,, hopanes. The maturable 18a(H)-tris-
nornechopane (Tm) is reduced in intensity relative to the more stable
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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 tricyclic terpanes is also to a certain extent seen to be
maturity dependant. 4

Two isomerisation reactions taking place in the steranes are most common-
1y 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), 17g(H)-steranes, the %gg
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 (Mackénzie et al., 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 %CZO/CZG, 27 and %CZI/C28,29 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 14g(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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