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INTRODUCTION

In May 1995 grgnArctic Energy Inc. and Platinova A/S were granted an exclusive
exploration licence for a 1692 km? area covering western Nuussuaq (Fig. 1). grgnArctic began
their exploration programme in July 1995 by drilling the three slim-core wells GANE#]
(grgnArctic Nuussuaq Eqalulik #1), GANK#1 (grgnArctic Nuussuaq Kuussuaq #1) and
GANT#1 (grgnArctic Tunorssuaq #1)(Figs 1-4).

Detailed results from the drilling are confidential but general information has been
released by grgnArctic Energy and the Mineral Resources Administration for Greenland
(MRA) (see Tables 1-3).

The Geological Survey of Denmark and Greenland (GEUS) carried out the well site
geological description followed by a major sampling and analytical programme for grenArctic,
based on an agreement between grgnArctic Energy and the MRA dated May 17, 1995. The
present report is a compilation of the organic geochemical work carried out by GEUS for
grgnArctic Energy. Results from this analytical programme and from continued studies of the
core material may be released from 1 April, 1997.

The technical data from the three wells are summarized in Tables 1-3 and the
preliminary sedimentological logs in Figs 2—4. Further details are given in the well completion
reports, see Bate (1995) for GANE#1 and Dahl ef al. (1995a, b) for GANK#1 and GANT#1
respectively. The well completion reports contain preliminary sedimentological logs and
descriptions as well as all technical information, sample lists and information on hydrocarbon
shows.

The organic geochemical data from all three wells are included in one single report

because:

* the analytical work on the sediments, oils and gases from the three wells was carried out

simultaneously and using the same techniques;

* there are strong geological similarities in the drilled succession between GANE#1 and
GANK#I, and also in the organic geochemistry of the sediments and oils;

* there are interesting similarities and variations in maturity between the three wells:
* the three wells together provide a good understanding of the variations in organic

richness, hydrocarbon potential and variations in depositional environment in the Upper

Cretaceous and Tertiary marine succession of the Nuussuaq Basin.



GGU (now GEUS) has carried out systematic petroleum-related investigations in central
West Greenland since 1990 with main emphasis on sedimentology, biostratigraphy and organic
geochemistry (Christiansen, 1993; Christiansen et al., 1992, 1994, 1995a, 1996, Dam & Nghr-
Hansen, 1995; Dam & Sgnderholm, 1994, 1996) and a large amount of both published and
unpublished data has been used for comparison in the present study. Although a large number
of samples from GANE#1, GANK#1 and GANT#1 have been or are presently being prepared
for palynological dating, systematic results have not yet been obtained. Therefore assumptions
on ages are based on the general knowledge from the area that has been reported and
published by Nghr-Hansen (1993, 1994a,b, 1996).

The present report should be read together with a report by Christiansen et al. (1994b)
which formed the background for a later paper by Christiansen et al. (1996). This paper gives
all information from previous studies of the Marraat oil, both from surface samples collected
in 1992-94 and from cores from the Marraat-1 hole drilled in 1993. Organic geochemical
results from the GANW#1 well (grgnArctic Nuussuaq West #1), which was drilled in 1994,
are also important for comparison of especially the thermal maturity level (Christiansen et al.,
1995b).



ANALYTICAL METHODS AND ORGANIC GEOCHEMICAL PROGRAMME

At the well site 'representative’ samples were taken out and canned at approximately
every 3 metres (see sample lists in the well complétion reports by Bate (1995) and Dahl ez
al. (1995a,b)). All other cores were wrapped in alumina foil and packed in core boxes in order
to avoid (or at least reduce) contamination.

Some cans and core pieces were air freighted or brought back as hand luggage to
Copenhagen during the drilling operation to allow quick analysis. The first results were
available already in August-September 1995. The next round of analyses was carried out on
the remaining cans that arrived in Copenhagen in early November. Results have constantly
been calculated, tabulated and evaluated, and additional canned samples were analysed from
intervals with interesting, missing or inconclusive data. _

Finally a new round of analytical work started after a detailed sedimentological logging
of the cores in late January, February and March, 1996; in this round several number of new
oil-impregnated zones were discovered (mainly by their smell) and documented by analysis,
and some of the thicker and darker shale beds with only few previous analyses were sampled
more closely.

The sample material was prepared and analysed at the source rock laboratory at GEUS;
details on some of the analytical methods are given by Bojesen-Koefoed (1989). The oil
isotope composition was measured by GEOLAB-NOR in Trondheim, Norway. The gas
composition and preparation for gas isotope composition was carried out at GEUS where the
gas isotope composition was measured at the University of Copenhagen.

The analytical programme for GANE#1, GANK#1 and GANT#1 respectively included
the following techniques:

1) LECO/Rock Eval pyrolysis (n= 83 + 49 + 45, total = 177);

2)  Total sulphur analysis (n= 17 + 29 + 38, total = 84);

3)  Vitrinite reflectance, R, (n= 10 + 6 + 15, total = 31);

4)  Extraction in a Soxtech apparatus with subsequent deasphalting and column separation
into saturated and aromatic hydrocarbons and NSO compounds (n = 28 + 14 + 18, total
= 60);

5)  Analysis of saturated hydrocarbons by gas chromatography (GC) and gas
chromatography/mass spectrometry (GC/MS) (n = 22 + 14 + 18, total = 54);

6)  C-isotope analysis of fractions of oils: total extract, saturated and aromatic hydrocarbons,
NSOs and asphaltenes (n = 6 + 0 + 0, total = 6);



7)  Head space gas composition (n = 20 + 8 + 13, total = 41), C isotopes of methane, in a
few cases also of ethanc and propane (n = 5 + 7 + 13, total = 25).

In addition to the organic geochemical analyses mentioned above a number of other

analyses are presently being carried out (not included in this report):

8)  Preparation of samples for palynological studies;

9)  Analysis of porosity, permeability, grain density, oil and water saturation of selected
potential reservoir rocks;

10)  Preparation of thin sections with subsequent description of petrography and diagenetic
history;

11)  Apatite Fission Track Analysis (AFTA) for basin modelling studies.



GANE#1

Penetrated interval

The GANE#1 (and the side track GANE#1A) penetrated 498 m of Tertiary volcanics and
209 m of underlying sediments of presumed Paleocene age (Fig. 2; Table 1). It is not yet
known whether the well terminated in lowermost Paleocene or Upper Cretaceous sediments.
With an altitude of the drill site of 114 m, TD is situated approx. 593 m below sea level.

Oil impregnation has been reported throughout the volcanics, and cores bleeding oil were
noted especially in intervals from 5 m to 20 m, from 150 m to 170 m, at 240 m and at 340 m
(Fig. 2). In the underlying sediments gas under pressure was recorded at depths from 670 m
to TD of 708 m (Fig. 2). Furthermore during relogging of the core, oil impregnation was
discovered in the interval from 635 m to 650 m.

Some of the hydrocarbons reported at the well site, either in the core or as a film on the
drilling fluid, seem to be contamination by diesel oil or other refined products (grease,
lubricants).

The main goals of the analytical programme on sample material from GANE#1 were:

* to analyse, document and interpret the various oils and gases in terms of origin, thermal
maturity and depositional environment of source rocks;

* to check the sedimentary succession for possible source rocks by dense screening
analyses;

* to interpret the depositional environment of the shales from organic geochemical data
and, if possible, find parameters applicable for correlation to the oils;

* to measure the thermal maturity of the sediments in order to model maturity history and
variation throughout the Nuussuaq Basin and to compare maturity parameters with the

analysed oils.

Screening of sediments (LECO/Rval and vit.ref.)

A large number of mudstones distributed throughout the core of GANE#1 were analysed
by LECO/Rock Eval pyrolysis (n = 83), for sulphur analysis (» = 17) and for vitrinite
reflectance (n =10). Data are given in Table 4 and shown graphically on the log in Fig. 5.

Generally the content of total organic carbon (TOC) is moderate with most values
between 2.5% and 4.5% (average 2.86% + 1.09%) (Table 4). The Hydrogen Index (HI) varies
from 50 to 265 (average 125 + 47). These values suggest a low to moderate source rock
potential for oil (Fig. 6). Total sulphur values (TS) of the mudstones range from less than



0.3% to more than 4% (average 1.45% = 1.40%) and suggest a marine depositional
environment for most of the sediments (Fig. 7).

Tax values range from 432°C to 443°C (average 437°C); generally a lot of scattering
is observed with only a limited increase in values from top to bottom of the sedimentary
succession. It should be noted that samples with HI >125 show distinctly lower values
(average 434°C) than samples with HI <125 (average 439°C). These values suggest a maturity
level corresponding to the early part of the oil window. This is supported by the vitrinite
reflectance measurements that range without a clear gradient from 0.58% to 0.75% (Table 4).

Several samples from the deepest part of the core (below ~660 m) show higher T hax
values and lower Hydrogen Index values compared to the general level of all other sediments
in the core indicating a local postmature interval. This is probably caused by the intrusion
recorded from 689.5 m to 696.5 m and possibly also from circulation of hot water in the

sandstones in this interval.

Bulk composition, GC and GCMS of sediments

A total of 10 mudstones from GANE#] were extracted and analysed by gas
chromatography (GC), and gas chromatography/mass spectrometry (GCMS). Three of these
mudstones show clear evidence of impregnation with crude oil (-369, -370, -373) and they are
described in the following section together with oil-impregnated sandstones.

Extraction data are given in Table 5 and shown in Fig. 8. The extracts are relatively
homogeneous with moderate extractabilities between 20 and 41 mg SOM/g TOC. All the
samples have a high concentration of asphaltenes (38-67%) and the deasphaltened extracts are
dominated by NSO compounds (43-79%). The ratio of saturated to aromatic hydrocarbons
ranges from 0.6 to 0.9 (Table 5). Such a bulk composition is common in mudstones with a
low thermal maturity and a high content of terrestrially derived organic matter.

All gas chromatograms of the saturated hydrocarbons are shown in Fig. 9 and the
calculated ratios given in Table 6. The samples are rather similar, all suggesting a significant
input of terrestrial organic matter and a relatively low thermal maturity. The terrestrial
fingerprint is especially evident from the high Pr/Ph values between 4.4 and 7.9 and the
distinct odd-even predominance (CPI between 1.22 and 1.38, Phillippi ratios between 1.54 and
1.82). The latter two ratios show a clear decrease with increasing depth as would be expected
with increasing thermal maturity.

The distribution of biomarkers in the saturated fractions has been studied by using m/z
217 (and 218, 355) mass fragmentograms for the steranes and m/z 191 (and 177) for the
terpanes. Generally the terpanes occur in much higher concentrations than the steranes. Fig.

10 shows the terpane and sterane distribution for all samples; some of the parameters



providing information on thermal maturity and depositional environment are listed in Tables
7 and 8.

The terpanes are dominated by pentacyclics (hopanes, moretanes and a few other
compounds), whereas tricyclic terpanes occur only in very low concentrations. The ratio of
H29/H30 varies from 0.81 to 1.26 and the extended hopanes show rapidly decreasing contents
with increasing carbon number. Both the H31 and H32 have reached equilibrium of
isomerization with 228/22S+22R values close to 0.6 (Table 7). The concentration of
moretanes is relatively high with ratios of off/of+Bo between 0.64 and 0.72. Ts occurs in
very low concentration compared to Tm. The ratio of Tm/Tm+17BTm is constant with values
of 0.94 and 0.95 (Table 7, Fig. 11). Both bisnorlupane and oleanane occur in varying
concentrations from low to high. The steranes are completely dominated by C29 steranes. The
steranes have not reached equilibrium of isomerization and 20S/20S+20R values range from
0.36 to 0.52 (Table 7).

Bulk composition, GC, GCMS and C-isotope of oils

Two different types of oils have been documented geochemically in the GANE#1 well.
The first type (7 samples analysed + 2 surface samples from the vicinity), which occurs
throughout the volcanics, is rather similar to the Marraat oil, whereas the second type,
‘previously unknown marine oil’, found in the depth interval of 635 m to 650 m is completely

different in composition (6 samples analysed). The two types are described separately below.

In volcanics — ‘Marraat type oil’

The samples of volcanics with bleeding oil or with oil impregnation yielded high
concentrations of extractable material, in particular hydrocarbons. Extraction data are given
in Table 5 and shown in Fig. 8. The content of asphaltenes is relatively low and ranges
between 0.9% and 12.7% (average 5.1%). The asphaltene-free extracts are dominated by
hydrocarbons with high ratios of saturated to aromatic hydrocarbons.

All gas chromatograms of the saturated hydrocarbons are shown in Fig. 9 and the
calculated ratios given in Table 6. The samples are rather similar, all suggesting limited
biodegradation and a source rock for this oil dominated by terrestrial organic matter and a
thermal maturity in the early part of the oil window. The terrestrial fingerprint is especially
evident from the high Pr/Ph values between 4.7 and 6.0 and the distinct odd-even
predominance (CPI between 1.13 and 1.23, Phillippi ratios between 1.51 and 1.69).

The distribution of biomarkers in the saturated fractions has been studied by using m/z
217 (and 218) mass fragmentograms for the steranes and m/z 191 (and 177) for the terpanes.
Generally the terpanes occur in much higher concentrations than the steranes. Fig. 10 shows

the terpane and sterane distribution for all samples; some of the parameters providing



information on thermal maturity and depositional environment of the source rock to the oil
are listed in Tables 7 and 8.

The terpanes are dominated by pentacyclics (hopanes, moretanes and a few other
compounds), whereas tricyclic terpanes occur only in very low concentrations. The ratio of
H29/H30 varies from 0.81 to 0.97 and the extended 'hopanes show rapidly decreasing contents
with increasing carbon number. Both H31 and H32 have reached equilibrium of isomerization
with 225/22S+22R values close to 0.6 (Table 7). The concentration of moretanes is moderate
with ratios of of/oB+Bow between 0.70 and 0.85. Ts occurs in low concentration compared to
Tm. The ratio of Tm/Tm+178Tm varies from 0.86 to 0.91 (Table 7, Fig. 11). Both
bisnorlupane and oleanane occur in relatively high concentrations with BNL/H30 ratios
between 0.44 and 0.77 (not quite certain due to coelution of bisnorlupane with bisnorhopane),
and O/H30 ratios between 0.44 and 1.03.

The steranes are dominated by C,, steranes. The steranes have not reached equilibrium
of isomerization and 20S/20S+20R values range from 0.36 to 0.42 (Table 7).

The carbon isotope composition was analysed for six oils of the Marraat type from
GANEH#1. In each sample, five fractions were measured: total extract, saturated hydrocarbons,
aromatic hydrocarbons, NSO’s, and asphaltenes. The samples are relatively constant in
composition, especially the uppermost four samples, whereas the two lowermost are slightly
different. The Galimov plots (Fig. 12) show a pattern with the saturated hydrocarbons being
the most 13C depleted fraction, and increasingly higher concentrations of '3C in aromatics,
asphaltenes, and NSO’s. The isotope composition is generally lighter (0.5-1) than the values
for the oil in the Marraat-1 core published by Christiansen ef al. (1996) (Fig. 12). Fig. 13
shows the crossplot of aromatic versus saturated hydrocarbons isotope composition that
traditionally has been applied to distinguish marine from terrestrial oils/source rocks (Sofer,
1984). All samples plot close to the line dividing the terrestrial and marine field, which is
typical of the deltaic oils.

In sediments — ‘Previously unknown marine oil’

The samples of sediments with oil impregnation have been recorded in the interval
between 635 m and 650 m. In some cases the impregnation is in sandstones with a distinct
smell of oil, in other cases the impregnation has also been noted analytically in shales. These
shales have high RockEval S1 values and very high extractabilities (> 60 mg SOM/gTOC,
compared to ‘normal’ values below 35). Extraction data are given in Table 5 and shown in
Fig. 8.

The content of asphaltenes is relatively low and ranges between 3.5% and 6.2% in

sandstones and between 19% and 33% in mudstones (mixture of migrated oil and indigenous



bitumen). The asphaltene-free extracts are dominated by hydrocarbons with high ratios of
saturated to aromatic hydrocarbons.

All gas chromatograms of the saturated hydrocarbons are shown in Fig. 9 and the
calculated ratios are given in Table 6. The samples are rather similar, all suggesting limited
biodegradation. Pr/Ph values range between 1.4 and 1.8 and suggest a marine source rock
deposited under anoxic conditions.The odd-even relation is difficult to measure due to high
concentrations of biomarkers in this retention time interval.

The distribution of biomarkers in the saturated fractions has been studied by using m/z
217 (and 218) mass fragmentograms for the steranes and m/z 191 (and 177, 355) for the
terpanes. Generally the terpanes occur in high concentrations whereas regular steranes are
virtually absent. Fig. 10 shows the biomarker distribution for all samples; some of the
parameters providing information on thermal maturity and depositional environment of the
source rock for this the oil are listed in Tables 7 and 8.

The terpanes are dominated by pentacyclics (hopanes, moretanes and a few other
compounds), whereas tricyclic terpanes only occur in very low concentrations. The ratio
H29/H30 is low with values ranging from 0.48 to 0.64. Bisnorhopane occurs in relatively high
concentration with H28/H30 values between 0.18 and 0.40. The extended hopanes occur in
rather high concentrations with a peculiar pattern where especially H33 is abundant. Both H31
and H32 have reached equilibrium of isomerization with 22S/22S+22R values close to 0.6
(Table 7). The concentration of moretanes is moderate with ratios of op/o+Bo between 0.80
and 0.84. Ts occurs in low concentration compared to Tm; Ts/Ts+Tm ranges from 0.14 to
0.30.

In the m/z 191 fragmentogram a homologous series of hitherto unknown compounds is
observed. These compounds are characterized by a base peak at 191 amu, and an important
fragment at m/z 355. These are 28-norhopanes, ranging from C,g to C33. Homologs larger
than C,q have apparently not been described previously (Schoell et al., 1992). Homologs
higher than C,q display several chromatographically resolvable isomers, the ratios of which
may be potentially useful for maturity estimation. The utility of these parameters is currently
being investigated and the results will be reported later. However, based on preliminary
correlation established by analyses of a large number of North Sea oils, the maturity of the
‘previously unknown marine oil’ may be estimated at ~0.4-0.45 20S/20S+20R regular sterane
isomerization. This estimate seems to agree well with the overall character of the oil. The
presence of C,g-bisnorhopane is generally supposed to indicate marine anoxic environments
and high bacterial activity.

Regular steranes are virtually absent, and traditional sterane isomerization ratios cannot
be measured (Tables 7 and 8). However, in the m/z 217 ion fragmentogram a series of

compounds is observed, tentatively identified as methyl-steranes. The series consists



exclusively of Cyg-compounds, showing molecular ions of 386 amu and base peaks at m/z 231
(232). Methylation is present in the A-ring of the sterane molecular skeleton, but the exact
position is not known. Mass spectra yielded by compounds belonging to this series appear
similar to, albeit not fully compatible with, published spectra of methyl-steranes. This is
currently being investigated. The significance of .methyl-steranes is not clear, since these
compounds are found in sediments deposited in a variety on settings, including marine,
lacustrine and hypersaline. However, the consensus seems to be that methyl-steranes in various
guises and configurations all originate from algae, although both synthesis by bacteria, and
renewed formation by early diagenetic processes have been proposed (Peters & Moldowan,
1993 and references therein; Huang Difan et al., 1994). The near total absence of steranes is
highly enigmatic, and neither a plausible explanation for, nor an evaluation of the significance
of this feature may be offered at present.

The carbon isotope composition was analysed in one sample of the ‘previously unknown
marine oil’ from GANE#1. Five fractions were measured: total extract, saturated hydrocarbons,
aromatic hydrocarbons, NSO’s, and asphaltenes. The Galimov plot (Fig. 12) shows a peculiar
pattern with the total extract and the aromatic hydrocarbons being the most '3C depleted
fractions, and increasingly higher concentrations of '>C in the NSO’s and the saturated
hydrocarbons and a much higher concentration in the asphaltenes. Fig. 13 shows the crossplot
of aromatic versus saturated hydrocarbons isotope composition that traditionally has been
applied to distinguish marine from terrestrial oils/source rocks (Sofer, 1984). The sample
clearly plots within the marine field.

Thermal maturity of sediments and oils

Although many of the recorded thermal maturity parameters from both GC and GCMS
data are partly controlled by the type of organic matter in the source rocks, there are some
clear indications of the maturity development in the sedimentary succession in GANE#1 and
of the maturity of the source rocks that generated the oils compared to the drilled sediments.

The sediments seem to have a maturity corresponding to the early part of the oil window
and there generally seems to be accordance between the screening maturity data (Thaxe
vitrinite reflectance), the GC parameters and the many different GCMS parameters. The drilled
sedimentary succession has a thickness of only a little more than 200 metres, and many of the
parameters do not show a clear gradient (Fig. 11).

The oil of the Marraat type seems to have a source rock with a maturity in the interval
between early mature and peak generation. A number of specific parameters suggest that the
oil has a higher maturity than any of the analysed sediments, e.g. CPI, Phillippi ratios,

H30/H30+M30, Ts/Ts+Tm, Tm/Tm+17p, whereas the hopane and sterane isomerization data

10



are less conclusive. Based on direct trends it is suggested that sediments with a maturity close
to the source rock of the oil would occur at a depth of ~1 km below sea level.

The previously unknown marine oil is very distinct in composition and it is very
difficult to compare maturity parameters directly with the drilled sediments. However,
generally a number of parameters suggest that the rhaturity of the marine source rock for this
oil must have been just before peak generation maturity, i.e. a higher maturity than both the
Marraat type oil and the known sediments.

11



GANK#1

Penetrated interval

The GANK#1 (and the side track GANK#1A) penetrated 115 m of Tertiary volcanics
and 283 m of underlying sediments of presumed Paleocene age (Fig. 3; Table 2). It is not yet
known whether the well terminated in lowermost Paleocene or uppermost Cretaceous
sediments.
With an altitude of the drill site of 91 m, TD is situated approx. 308 m below sea level.

Hydrocarbons were reported from the volcanics, where oil impregnation was especially
noted in the interval from 85 m to 100 m. In the sediments gas under pressure was recorded
at a depth of 384 m (Fig. 3). Furthermore during relogging of the core, oil impregnation was
discovered at a depth of 331.4 m. Some of the hydrocarbons reported at the well site,
especially in intervals from 158 m to 168 m, from 191 m to 197 m, at 270 m and from 380
m to 386 m seem to be contamination by diesel oil or other refined products (grease,
lubricants).

The main goals of the analytical programme on sample material from GANK#1 were:

* to analyse, document and interpret the various oils and gases in terms of origin, thermal
maturity and depositional environment of source rocks;

* to check the sedimentary succession for possible source rocks by dense screening
analyses;

* to interpret the depositional environment of the shales from organic geochemical data
and, if possible find parameters applicable for correlation to the oils;

* to measure the thermal maturity of the sediments in order to model maturity history and
variation throughout the Nuussuaq Basin and to compare maturity parameters with the

analysed oils.

Screening of sediments (LECO/Rval and vit.ref.)

A large number of mudstones distributed throughout the core of GANK#1 were analysed
by LECO/Rock Eval pyrolysis (n = 49), for sulphur analysis (n = 29) and for vitrinite
reflectance (n =6). Data are given in Table 10 and shown graphically on the log in Fig. 14.

Generally the content of total organic carbon (TOC) is moderate with most values
between 2.5% and 4% (average 3.33% + 1.41%) (Table 10). The Hydrogen Index (HI) varies
from 50 to 200 (average 117 + 44). These values suggest a low to moderate source rock
potential for oil (Fig. 15). Total sulphur values (TS) of mudstones are high and range from

12



less than 1% to 5% (average: 2.97% =+ 0.99%) which suggest a marine depositional
environment (Fig. 16).

T nax Values range from 421°C to 440°C (average 431°C), generally a lot of scattering
is observed with only a limited increase in values from top to bottom. It should be noted that
samples with HI>125 show distinct lower values (average 427°C) than samples with HI<125
(average 434°C). These values suggest a maturity level corresponding to immature or the early
part of the oil window. This is supported by the few vitrinite reflectance measurements that
show values between 0.55 and 0.62% (Table 10).

Bulk composition, GC and GCMS of sediments

A total of eight mudstones from GANK#l were extracted and analysed by gas
chromatography (GC) and gas chromatography/mass spectrometry (GCMS). Extraction data
are given in Table 11 and shown in Fig. 17. The extracts are relatively homogeneous with
moderate extractabilities between 28 and 38 mg SOM/g TOC. All the samples have high
concentration of asphaltenes (40-60%) and the deasphaltened extracts are dominated by NSO
compounds (75-95%). The ratio of saturated to aromatic hydrocarbons varies from less than
0.5 to 2 (Table 11). Such a bulk composition is common in mudstones with a low thermal
maturity and a high content of terrestrially derived organic matter.

All gas chromatograms of the saturated hydrocarbons are shown in Fig. 18 and the
calculated ratios given in Table 12. The samples are rather similar, all suggesting a significant
input of terrestrial organic matter and a relatively low thermal maturity. The terrestrial
fingerprint is especially evident from the high Pr/Ph values between 4.3 and 8.5, abundant
sesqui-terpanes in the C,3—C,5 range, and the distinct odd-even predominance (CPI between
1.56 and 1.84, Phillippi ratios between 2.26 and 3.04). The latter two ratios show a clear
decrease with increasing depth as would be expected with thermal increasing maturity. It is
remarkable that one of the biomarkers, bisnorlupane, occurs in such high concentrations that
it is observed in some of the gas chromatograms.

The distribution of biomarkers in the saturated fractions has been studied by using m/z
217 (and 218) mass fragmentograms for the steranes and m/z 191 (and 177) for the terpanes.
Generally the terpanes occur in much higher concentrations than the steranes. Fig. 19 shows
the terpane and sterane distribution for all samples; some of the parameters providing
information on thermal maturity and depositional environment are listed in Tables 13 and 14.

The terpanes are dominated by pentacyclics (hopanes, moretanes and a few other
compounds), whereas tricyclic terpanes only occur in very low concentrations. H30 dominates
over H29 and the extended hopanes show rapidly decreasing contents with increasing carbon
number. Neither H31 nor H32 have reached equilibrium of isomerization and 22S/22S+22R
ranges from 0.43 at depths of ~150 m to equilibrium values near 0.60 at TD (Table 13). The
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concentration of moretanes is relatively high with ratios of af/o+fo. between 0.56 and 0.61.
Ts occurs in very low concentration compared to Tm. 178Tm occurs in relatively high
concentrations and the ratio of Tm/Tm+173Tm generally increases from 0.84 to 0.92 down
through the core (Table 13, Fig. 27).

The most distinct biomarker is bisnorlupane which occurs in very high concentrations
in most samples. Two isomers, probably 17c(H)-23,28 bisnorlupane and 17B(H)-23,28
bisnorlupane (Rullkotter et al., 1982) are present. Oleanane has only been recorded in a low
concentration. The high concentration of bisnorlupane causes some problems since this
compound is also noted in the 217 mass fragmentogram where it coelutes with the oS Cyg
steranes. Therefore the ubiquitously applied sterane isomerization maturity indicator cannot

be calculated, with one exception. The steranes are completely dominated by C,q steranes.

Bulk composition, GC and GCMS of oils

Two different types of oils have been documented geochemically in the GANK#1 well.
The first type (one sample only analysed), which was found in the volcanics at a depth of 88
m, is rather similar to the Marraat oil. The second type, ‘Previously unknown marine oil’,
found in the sediments at a depth of 331 m, is completely different in composition (one
sample only analysed).

The two types are rather similar to the oils found in the GANE#1 well (see description
in the foregoing). Extraction data are found in Table 11 and Fig. 17, GC data in Table 12 and
Fig. 18, GCMS data in Tables 13 and 14 and in Fig. 19.

Thermal maturity of sediments and oils

Although many of the recorded thermal maturity parameters from both GC and GCMS
data are partly controlled by the type of organic matter in the source rocks, some
interpretations can be made concerning the maturity development in the sedimentary
succession and of the maturity of the source rocks that generated the oils compared to that of
the drilled sediments.

The sediments seem to have a maturity corresponding to before oil generation and there
generally seems to be accordance between the screening maturity data (T, Vvitrinite
reflectance), GC parameters and the many different GCMS parameters. The drilled
sedimentary succession has a thickness of only about 200 metres, and many of the parameters
do not show a clear gradient (Fig. 20). However, parameters like Tm/Tm+17f and hopane
isomerization seem to be applicable for ranking even within such a limited depth variation.

The oil of the Marraat type seems to have a source rock with a maturity in the interval
between early mature and peak generation. A number of specific parameters suggest that the

oil has a higher maturity than any of the analysed sediments, e.g. CPI, Phillippi ratios,
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H30/H30+M30, Ts/Ts+Tm, Tm/Tm+178 and hopane isomerization, whereas sterane
isomerization data cannot be used. Based on extrapolation it is suggested that sediments with
a maturity close to the source rock of the oil would occur at a depth of ~1 km below sea
level.

The ‘previously unknown marine oil’ is very distinct in composition and it is very
difficult to compare maturity parameters directly with the drilled sediments. However, a
number of parameters suggest in general that the maturity of the marine source rock for this
oil must have been just before peak generation maturity, and therefore has a higher maturity

than both the Marraat type oil source and the sediments drilled.
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GANT#1

Penetrated interval

The GANT#1 well penetrated 901 m of Uppet Cretaceous marine shales and sandstones
(Fig. 4, Table 3). The well starts very close to the Cretaceous—Tertiary boundary and it is
assumed that GANT#1 terminated in sediments of Campanian or Santonian age. With an
altitude of the drill site of 440 m, TD is situated approx. 460 m below sea level. Qil film was
noted in drilling fluids at a depth of 824 m, but analytical work suggests this to be caused by
contamination.

Gas under pressure was recorded at a number of levels in the deeper part of the hole
(Fig. 4). Impregnation of liquid hydrocarbons was not seen in the core at the drill site. During
relogging of the core oil-impregnation was observed in the centre of an ~2 m thick dolerite
sill at a depth of 610 m.

The main goals of the analytical programme on sample material from GANT#1 were:

* to analyse, document and interpret the various gases in terms of origin, thermal maturity
and depositional environment of source rocks;

* to check if any of the indicators of liquid hydrocarbons were caused by crude oil;

* to check the sedimentary succession for possible source rocks by dense screening
analysis;

* to interpret the depositional environment of the shales from organic geochemical data
and, if possible, find parameters applicable for correlation to oils known elsewhere on
Nuussuag;

* to measure the thermal maturity of the sediments in order to model maturity history and
variation throughout the Nuussuaq Basin and to compare maturity parameters with the

analysed oils.

Screening of sediments (LECO/Rval and vit.ref.)

A large number of mudstones distributed throughout the core of GANT#1 were analysed
by LECO/Rock Eval pyrolysis (n = 45), by sulphur analysis (n = 45) and for vitrinite
reflectance (n =15). Data are given in Table 15 and shown graphically on the log in Fig. 21.

Generally the content of total organic carbon (TOC) is moderate to high with most
values between 2.5% and 8% (average 4.86% + 1.87% ) (Table 15). Especially the interval
below 500 m is rich in TOC with most values above 5% (Fig. 21). The Hydrogen Index (HI)
varies from 50 to 140 (average 100 + 28). These values suggest a low to moderate source rock
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potential for oil (Fig. 22). Total sulphur values (TS) of mudstones generally range from 1%
to 5% (average 2.47% =+ 1.02%) and suggest a marine depositional environment (Fig. 23).

Thax values range from 431°C to 464°C, generally with a clear increase in values from
top to bottom (Fig. 21). This range of values suggests a maturity level corresponding to the
early part of the oil window in the uppermost part of the hole, reaching peak generation near
the base of the well. This is supported by the vitrinite reflectance measurements that range
from 0.63% to 0.96% with a clear gradient from top to bottom (Table 15).

Bulk composition, GC and GCMS of sediments

A total of 17 mudstones from GANT#1 were extracted and analysed by gas
chromatography (GC) and gas chromatography/mass spectrometry (GCMS).

Extraction data are given in Table 16 and shown in Fig. 24. The extracts are relatively
homogeneous with low to moderate extractabilities between 15 and 26 mg SOM/g TOC. All
the samples have moderate to high concentration of asphaltenes (16-57%) with the lowest
values near the base (Table 16). The deasphaltened extracts are dominated by NSO compounds
(51-80%). The ratio of saturated to aromatic hydrocarbons is quite variable from less than 1
to more than 3.5. Such a bulk composition is common in mudstones with a high content of
terrestrially derived organic matter.

All gas chromatograms of the saturated hydrocarbons are shown in Fig. 25 and the
calculated ratios given in Table 17. The GC data all suggest a significant input of terrestrial
organic matter. This is especially evident from the high Pr/Ph values between 3.9 and 5.9 and
the distinct odd-even predominance (CPI between 1.04 and 1.41, Phillippi ratios between 1.15
and 1.97). Both CPI and Phillippi ratios show a clear decrease with increasing depth as would
be expected with increasing thermal maturity. Also the envelope of n-alkanes distribution
changes with increasing depth; in the upper part a maximum is observed around C,, changing
to C,q in the lower part (Fig. 25).

The distribution of biomarkers in the saturated fractions has been studied by using m/z
217 (and 218) mass fragmentograms for the steranes and m/z 191 (and 177) for the terpanes.
Generally the terpanes occur in much higher concentrations than the steranes. Fig. 26 shows
the terpane and sterane distribution for all samples; some of the parameters providing
information on thermal maturity and depositional environment are listed in Tables 18 and 19.

The terpanes are dominated by pentacyclics (hopanes, moretanes and a few other
compounds), whereas tricyclic terpanes only occur in very low concentrations. H30 dominates
over H29 with ratios of H29/H30 between 0.54 and 0.83. The extended hopanes show rapidly
decreasing abundance with increasing carbon number. Both H31 and H32 have reached
equilibrium of isomerization with 22S/22S+22R values close to 0.6, with the exception of the
uppermost 100 m of the well (Table 18). The concentration of moretanes is relatively high
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with ratios of of/of+Ba between 0.63 and 0.93. Ts occurs in very low concentration
compared to Tm in the uppermost part of the well but higher ratios are noted near TD (Table
21). The ratio of Tm/Tm+17BTm shows a distinct increase fromn top to base with values from
0.88 to 1.00 (Table 18).

Bisnorlupane has only been recorded in low concentrations in one sample, whereas
oleanane occurs in relatively high concentrations in a number of samples scattered down
through the well, especially from 650 m to 900 m (Table 19). Bisnorhopane occurs in
moderate concentrations in a number of samples, especially in the deepest half of the well.

The steranes are completely dominated by C,q steranes. In most of the samples the
steranes have not reached equilibrium of isomerization and 20S/20S+20R values range from

0.27 to 0.55 with a general increase from top to base of the well (Table 18).

GC and GCMS of oil from sill

Only one type of oil has been documented geochemically in the GANT#1 well. This
type was found by its smell in the centre of a ~2 m thick dolerite sill at a depth of 610 m.
This oil, which is dark with a strong odour, is restricted to a mineral-filled fracture. Only
limited material was available for analysis after the core was washed with solvent (Sample
439101-805). This material was not separated into fractions but analysed as total extract by
GC and GCMS (see data for this single sample in Figs 25 and 26 and in Tables 17, 18 and
19).

The GC and GCMS data suggest limited biodegradation, a source rock dominated by
terrestrial organic matter and a thermal maturity late in the oil window. One unknown
biomarker (retention time close to n-C,g in GC, and a retention time of 42.3 minutes in the
GCMS data, noted especially in the m/z 177 and 191 but also in 217) occurs in a very high
concentration.

The terrestrial fingerprint is especially evident from the high Pr/Ph value, the distinct
odd-even predominance, low concentration of extended hopanes, dominance of C29 steranes.
It should be noted that both bisnorhopane (H28) and oleanane are present in the oil.

The relatively high thermal maturity is interpreted from hopanes and steranes that are
in thermal equilibrium, low concentrations of moretanes, lack of 178Tm.

The composition of the oil shares a lot of characteristics with the mudstones from the
deeper part of the GANT#1 well, although the thermal maturity is clearly higher. On the
present — but limited — data, it is assumed that the oil was generated locally in the vicinity of
the sill by the heat at the time of intrusion and that the oil later migrated into the centre of
the sill through fractures.

18



Thermal maturity of sediments

In contrast to the GANE#1 and GANK#1 wells a clear maturity gradient is observed in
the sediments penetrated in GANT#1, as would be expected considering it penetration through
a total thickness of 900 metres. There is, however,‘ some scatter of the maturity data, which
may be due to either variation in composition of organic material or the local effects of a
number of thin dykes and sills that have been recorded down through the hole (Figs 21 and
27). The data from GANT#1 are supported by outcrop data from the Annertuneq area on the
north coast of Nuussuaq (~7 km NE of GANT#1) where a clear gradient is also noted in
outcrop and shallow core samples from ~35 m below sea level to ~845 m above sea level
(immediately below volcanics) (GGU unpublished data, GEUS basin modelling in
preparation).

The general gradient in GANT#1 is observed in both screening, GC and GCMS maturity
parameters. T . ranges from below 430°C to more than 460°C, R, ranges from below 0.6%
to more than 0.9%, CPI decreases from more than 1.4 to less than 1.05, Phillippi ratios
decrease from close to 2 to less than 1.2. A similar increase in maturity is observed using
most of the GCMS parameters (Fig. 27). It should be noted that the hopanes have reached
equilibrium throughout the core whereas the steranes show a general increase in isomerization
values from 0.27 to near equilibrium values of 0.55. Generally there is good correlation
between the various parameters.

Most data are in accordance with a conclusion that the GANT#1 well represents the
variation from immature, through early mature to mature. The zone of oil generation is from

the middle of the penetrated interval with peak generation maturity just before TD.
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GAS GEOCHEMISTRY

Gas under pressure was recorded at several levels in all three wells. Previously gas has
also been recorded from the Marraat-1 and the GANW#1 wells and from several surface seeps
in the region (see results in the report by Christiansen et al., 1995a).

One of the major problems in the interpretation of data from the various sources of gas
1s the sampling technique. Natural gas easily becomes mixed with atmospheric air during
sampling, this is however not a problem for the interpretation of origin based on isotopes but
it can makes quantification difficult. More important problems are chromatographic separation
(relative loss of methane) and fractionation of gases (loss of light isotopes) may take place
during transportation and storage. In the present sample material these problems have been
limited although the time period from sampling to analysis varied from a few weeks to many
months.

A number of samples were collected and sealed for later gas analyses from all three
wells GANE#1, GANK#1 and GANT#1. However, the number of samples was less than
hoped for; one of the problems was limitations in available personnel. For logistic reasons all
well sites were not manned with geologists or technicians for 24 h per day. Therefore some
of the intervals with gas were not properly sampled.

Gas under pressure was sampled from the well head in specially constructed steel
cylinders. Furthermore a large number of gases from sealed core samples (cans with
mudstones, sandstones, volcanics and intrusions) were analysed and some gas from cans
containing drilling and/or formation fluids.

Analytical data on head space composition of a normal series of organic gases up to
pentane, and carbon isotopic compositions of methane and ethane are shown in Tables 20 to
22 together with details on sample depths, time of sampling and type of samples. Standard
plots showing compositional fields and possible maturity variation are shown in Figures 28
and 29.

GANE#1

Gas under pressure was encountered frequently in the deeper part of GANE#1 between
631 m and 641 m, and in the side-track GANE#1A in the intervals from 684 m to 689 m (gas
kick) and from 696.5 m to 702 m.

The analysed gas samples from GANE#1 include two steel cylinders, three canned cores
of volcanics, four canned cores of sandstone, two canned cores of dolerite, three canned cores
of mudstone, and six glass bottles of formation/drilling fluids (see Table 20).

The gas concentration of the samples varies from very low to very high. All the analysed
gases are very dry and completely dominated by methane. With the exception of one sample,
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the isotope composition of methane is relatively constant between -40.9%o and -45.1%o. These
values suggest that the gas is thermogenic in origin. The wetness data and the isotope data are
not in fully accordance, since the dry nature of the gas suggests a high thermal maturity

whereas the isotopic composition suggests a low to intermediate thermal maturity.

GANK#1

Records of gas from GANK#1 are limited to some observations of gas bubbles in the
drilling fluids between 244 m and 290 m and burning of gas from the flareline at a depth of
384 m.

The analysed gas samples from GANK#1 include only canned cores of mudstone (7) and
from one intrusion (see Table 21). Several of the samples have a high concentration of organic
gases that are relatively wet with C;/C,+C; values below 50 and C-isotope composition of
methane between -42%o and -49%o.. This is in accordance with gas generated from mudstones
with a relatively low thermal maturity like indicated by many of the recorded maturity
parameters from the screening data and GCMS.

GANT#1

Gas was recorded at many intervals in the GANT#1 wells Gas was circulated through
the flareline at 824 m, 895 m and 901 m (TD). Furthermore gas was noted as percolation from
the core from the following intervals: 576 m, 650 m, 714 m, 722 m, 728 m, 767-771 m, 774
m.

The analysed gas samples from GANT#1 include four steel cylinders, six canned cores
of sandstone, two canned cores of mudstone and one canned sample of fabric impregnated
with possible condensate (see Table 22).

Most of the samples show high concentrations of organic gases, although several values
suggest leakage of methane and isotopic fractionation of methane during transportation and
storage prior to analysis (see Table 22).

The gases show a wide range in composition and both wetness and isotopic values
suggest varying origins. Two samples (247.19 m and 901.29 m) are clearly microbial in origin
whereas all the other samples are thermogenic in origin but presumably with a varying
maturity representing low, intermediate and high maturity gases. The gases with low and
intermediate maturity values may have been generated within the drilled succession whereas

the gases with higher values probably have been generated in a deeper level of the basin.

Comparison of gas composition, thermal maturity
Generally the compositional pattern of the analysed gases is not as clear as hoped for.
This could possibly have been improved by increasing the number of analyses and a quicker
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procedure of transportation and analysis so the risk of leakage and fractionation would be
minimized. There is, however, clear evidence of three different types of gases in the analysed
material: 1) microbial gases (formed by bacteria in surface or groundwater); 2) low to
intermediate maturity gases that seem to have been generated in drilled succession (probably
associated with the observed oils); and 3) high maturity dry gases that probably have been
generated deeper in the sedimentary succession.

It is clear from the present pattern that gas generation in the Nuussuaq basin also took
place at relatively low maturity (Fig. 29), in some cases combined with petroleum generation
in other cases alone. The origin of the high maturity gases is not quite clear but the most
obvious possibilities are generation from a deep coaly non-marine succession (like the Atane
Formation) or from a deeply buried marine succession. It can not be excluded that some of

the high maturity gases have been generated in the vicinity of some of the recorded intrusions.
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DISCUSSION AND CONCLUSIONS

The 1995 drilling programme has given some very important and encouraging organic
geochemical results that fully justify further exploration in the Nuussuaq Basin. Although the
slim-core wells only reached depths of less than 1 km, three different types of oil and two
different types of gas can be demonstrated. Although good single source rocks have still not
been identified, the presence of the oils suggest that several good source intervals may be
present in the basin. Furthermore the general richness of organic material is so high
throughout the sedimentary succession that significant amounts of hydrocarbons may be have
been generated even though the individual samples only have a limited potential for liquid
hydrocarbons. Furthermore it is now possible to make a direct comparison of the maturity
variation and gradient in both the northern and southern area of Nuussuaq. The most important

conclusions for exploration are discussed below.

Thermal maturity, comparison of wells

The systematic use of the same analytical techniques and maturity parameters for a
number of years in West Greenland now provides a good basis for comparison of the thermal
maturity in a number of wells and outcrops.

It is possible to correlate most of the maturity parameters such as T R,, CPI,

Phillippi, various Ts, Tm and 17BTm ratios, and various hopane and sterane isomerization

max?

values. Although some of the parameters are clearly controlled by variation in composition
of the organic matter (especially the amount of terrestrially derived material) a correlation can
be suggested that seems to work for maturity ranking of the drilled intervals and outcrop
sections (see Fig. 30). The empirical relation between maturity and generation zones is
modified from a large number of published studies where especially relations for type II/III
kerogen are relevant. Single values of T_ .. and R should be used with caution, and it is
recommended to apply general trends.

It should be noted that no single parameter is applicable for detailed ranking throughout
the maturity interval from immature to postmature. Generally parameters based on CPI,
17BTm, moretane and hopane isomerization are very good for ranking at low maturities

(immature, early mature), whereas the sterane isomerization, T and R, are better for

max?
intermediate maturities (early mature, mature), whereas T, and especially R are better in
the late mature and postmature range (wet gas, dry gas zone).

In order to compare the maturity parameters of sediments directly Fig. 30 has been
constructed show the position of the drilled intervals. It should be noted that all depths are

relative to sea level.
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It seems clear from this figure that the minor difference in maturity of the sediments in
the GANE#1, GANK#1 and GANW#1 wells is controlled by depth alone. The implications
of this is that the now eroded succession of volcanics that was once present before uplift and
erosion had a constant thickness in this part of Nuussuaqg.

In contrast the GANT#1 well show considerébly higher maturity relative to sea level.
The difference corresponds to approximately 750 m and may be caused by differences in a
number of factors or combination of factors, e.g. thermal gradient (heat flow, underlying major
intrusions or zones of hydrothermal activity), major lithological variations with different
thermal conductivities, or tilting of the basin during or after uplift in the Tertiary. The
GANT#1 well seems to have a slightly higher maturity relative to sea level than the nearby
outcrop section at Annertuneq (corresponding to ~200 m).

These problems are presently being studied in a basin modelling project at GEUS.
Whatever the reason is for the maturity variation, it is very clear that the ‘oil window’ is
situated considerably deeper in the GANW#1-GANE#1-GANK#1 area than in the Tunorsuagq
valley and on the north coast of Nuussuagq.

Source rocks and source rock/oil correlation, mixing of oils

The present study in combination with extensive previous analytical work clearly
demonstrates that the Upper Cretaceous and Tertiary sediments in the Nuussuaq Basin are rich
in organic material, probably with an average between 3 and 4% (in weight) for the total
succession. Good single source rocks for liquid hydrocarbons have still not been identified,
although the documented oils clearly demonstrate that significant amounts of hydrocarbons
must have been generated.

By far the most of the analysed shales are dominated by terrestrially derived organic
material with only a limited generative potential. It should be noted, however, that many of
the shales have Hydrogen Indices between 100 and 200, and are likely to be composed of a
mixture of organic material without any potential (HI < 50) and a minor fraction of hydrogen-
rich material (HI>400?) that may generate liquid hydrocarbon. None of the shales have a
biomarker distribution that correlates closely with the Marraat-type oil, but many of the
compounds that are distinct for the Marraat oils are found in the sediments although with
highly varying ratios.

It is particularly interesting to note the distribution of bisnorlupane and oleanane in the
sediments. These two compounds which are diagnostic for the Marraat oil occur in relatively
constant quantities in the Marraat oil (BNL slightly more abundant than oleanane) whereas
they rarely are found together in the sediments (see Tables 8, 14, and 19). Especially the
Paleocene sediments often contain a high concentration of bisnorlupane (especially in

GANE#1 and GANK#1) whereas oleanane mainly occurs in the Cretaceous sediments
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(recorded from GANT#1). This distribution suggests that the Marraat type oil is of mixed
origin and was derived from several source intervals throughout the Cretaceous and Tertiary
succession. Such a model is very encouraging for exploration because this mixing must have
taken place in a reservoir that still may exist.

In the first analytical programme on the Marraat type oils the geochemistry was
generally described as very homogeneous (Christiansen et al., 1994) whereas in a later paper
(Christiansen et al., 1996) that also included analyses of surface samples farther to the north
and east, minor variations in maturity and depositional environment of the source rocks was
documented and discussed. There is a tendency towards a lower thermal maturity and more
terrestrial fingerprints towards east. This pattern is further enhanced by the present data from
GANE#1 and GANK#1. However, the samples from a single well or minor outcrop area still
look very homogeneous. Based on all data of Marraat type oils it is suggested that at least 45
different oil pools have leaked to the surface.

In contrast it has not been possible to recognize sediments that share any organic
geochemical characteristics with the ‘previously unknown marine oil’, an oil that has a very
distinct composition. Such a distinct composition should make it possible to recognize even
minor mixing (as low a 10%) with e.g. Marraat type oils. This has not been the case, but the
Marraat-type oils from GANE#] should be checked in more detail to look for any evidence
of the series of bisnorhopanes or methyl-steranes. Based on general comparison it is suggested
that the source rock for ‘the previously unknown marine oil’ was deposited in a deeper marine
environment with a much higher content of amorphous kerogen derived from marine algae or
bacteria and with a only a limited input — if any - of terrestrially derived material.
Alternatively the source rock could be lacustrine.

Based on general interpretation of the basin, it is most likely that such a source rock is
situated deeper in the succession, where it may be restricted to the centre of one or several
depocentres. The geochemical data do not set any limits to the age of the source rock; it may

be Early Cretaceous or even older.
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RECOMMENDATIONS FOR EXPLORATION

Position of well sites

Previously obtained data and the data preseﬁted in this report indicate that the most
encouraging area for future exploration is in the southwestern part of Nuussuaq. More shows
of oil and gas have been found here compared to the Tunorsuaq valley and the north coast of
Nuussuag, and the maturity gradient makes it possible in the southwest to explore in a deeper
part of the sedimentary succession without reaching thermally postmature sediments.

Based on the intensity of oil and gas shows and the interpretation of the geochemical
data, the best exploration possibilities seem to be in the area between Marraat-1 and GANE#1.
Based on present maturity data, postmature sediments (for oil or condensate) are probably
situated deeper than 1.5-2 km below sea level, whereas possibilities for dry gas generation
are likely considerably deeper.

Well site positions west of the GANW#1 well have a high risk of reaching postmature
sediments very early, this risk being higher the closer the position is to the Itilli valley. Well
site positions east of GANK#1 will have a higher risk of no sourcing due to less mature and
probably poorer quality source rocks.

It is, however, recommended that structural pattern and ideas on the position of the best
reservoirs combined with the logistical limitations govern decision-making at the present stage

of exploration.

Further geochemical studies

Further studies should be carried out on the present data and new analyses should be
obtained from cores from the GANE#1, GANK#! and GANT#!1 wells:

* the mixing problem should be studied by multivariate statistics based on GC and GCMS
parameters, additional C-isotope data of oils may be important in this context (presently
being considered by both GEUS and grgnArctic consultants);

* better characterization of the ‘previously unknown marine oil’, comparison with many
other oils (ongoing studies at GEUS);

* detailed coal petrography (with fluorescence) in order to characterize and quantify the
potential generative part of the organic material (presently being considered by GEUS);

* a more detailed correlation of maturity parameters (ongoing studies at GEUS);

* basin modelling aiming at oil and gas generation and uplift history (ongoing studies at
GEUS).
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Furthermore it is recommended that similar sampling programmes and analytical
methods should be used in future drilling programmes, both with shallow coring and with
conventional deep drilling. It is, however, important to obtain more and better samples of
fluids and gases.

In addition to sample material from the driliing it is also likely that systematic field
work and sampling with subsequent analysis will give further break-throughs for exploration.
Pingos and lakes should be systematically sampled for gases, and fracture zones should be
systematically studied throughout the region for evidence of liquid hydrocarbons .
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FIGURES
Geological map of Nuussuaq.
Preliminary sedimentological log of GANE#l (after Bate, 1995).
Preliminary sedimentological log of GANK#1 (after Dahl .et al., 1995a).
Preliminary sedimentological log of GANT#1 (after Dahl et al., 1995b).

Simplified log with LECO/Rval data (TOC, TS, S;, S,, HI and Tmax) and
vitrinite reflectance data for the GANE#1 well.

TOC versus S, for the GANE#1 well.
TOC versus TS for the GANE#1 well.
Extraction data from samples from the GANE#1 well.

Gas chromatograms of saturated hydrocarbons from samples from the GANE#1

well, a: pristane, b: phytane; the numbers are n-alkane carbons numbers.

Mass chromatograms of terpanes (m/z 191) and steranes (m/z 217) from
samples from the GANE#1 well. The compound assignment is explained in
Table 24.

Simplified log with GC and GCMS maturity data from the GANE#1 well.

Galimov-curves showing the isotope composition of total extract, saturated
hydrocarbons, aromatic hydrocarbons, NSO compounds and asphaltenes from
oils in the GANE#1 core. For comparison data from the Marraat oils published

by Christiansen et al. (1996) is also shown.

Plot of C-isotope composition of saturated hydrocarbons versus aromatic

hydrocarbons with classification of Sofer (1984), see data in Table 9.
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Simplified log with LECO/Rval data (TOC, TS, S;, S,, HI and Tmax) and
vitrinite reflectance data for the GANK#1 well.

TOC versus S, for the GANK#1 well.
TOC versus TS for the GANK#1 well.
Extraction data from samples from the GANK#1 well.

Gas chromatograms of saturated hydrocarbons from samples from the GANK#1

well, a: pristane, b: phytane; the numbers are n-alkane carbons numbers.
Mass chromatograms of terpanes (m/z 191) and steranes (m/z 217) from
samples from the GANK#1 well. The compound assignment is explained in
Table 24.

Simplified log with GC and GCMS maturity data from the GANE#1 well.

Simplified log with LECO/Rval data (TOC, TS, S, S,, HI and T haxy and
vitrinite reflectance data for the GANT#1 well.

TOC versus S, for the GANT#1 well.
TOC versus TS for the GANT#1 well.
Extraction data from samples from the GANT#1 well.

Gas chromatograms of saturated hydrocarbons from samples from the GANT#1

well, a: pristane, b: phytane; the numbers are n-alkane carbons numbers.
Mass chromatograms of terpanes (m/z 191) and steranes (m/z 217) from
samples from the GANK#1 well. The compound assignment is explained in

Table 24.

Simplified log with GC and GCMS maturity data from the GANE#1 well.
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Fig. 28

Fig. 29

Fig. 30

Cl/C2+C3 (= wetness) versus C-isotope composition of methane. The
compositional fields are modified from Schoell (1984).

C-isotope composition of methane versus ethane. Maturity lines are calculated
from Faber (1987) for Type II kerogen and from Jenden & Kaplan (1989) for
Type III kerogen.

Compilation of maturity parameters from the Nuussuaq Basin (generally type
IV kerogen).
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Table 1. Technical data from the grgnArctic well GANE#1

Well name:

Operator:
Drill contractor:

Locality:
Coordinates:

Elevation:

Well spud date:
Termination:

Rig type:
Total depth:
Hole diameter:

Core diameter:

Status:
Main target:

Formations drilled:

Hydrocarbons:

grgnArctic Nuussuaq Eqalulik#1 (GANE#1)

grgnArctic Energy Inc., Regina, Saskatchewan, Canada
Petro Drilling Ltd., Halifax, Nova Scotia, Canada

Aaffarsuaq valley, Nuussuaq, West Greenland
70°28725" N, 54°0040" W
114 m as.L

July 10, 1995
August 6, 1995

Longyear 44 Diamond Core Drill, adapted mining rig

707 m, ~100% core recovery

0-202 m: 96.0 mm (HQ rods), 202-510 m: 75.8 mm (NQ rods),
510-707 m: 60 mm (BQ rods)

0-202 m: 63.5 mm, 202-510 m: 47.6 mm, 510-707m: 36.5 mm

Plugged and abandoned

Structural Marraat-type prospect (oil generated from Tertiary deltaic
source rock, Tertiary or Cretaceous sandstone reservoir)

Lower Tertiary volcanics (500 m), Lower Tertiary and ?Cretaceous
siliciclastic sediments (207 m)

Some oil bleeding from core in volcanics; some oil impregnation in

sandstones, some gas under pressure in sandstones



Table 2. Technical data from the grgnArctic well GANK#1

Well name:

Operator:

Drill contractor:

Locality:
Coordinates:

Elevation:

Well spud date:

Termination:

Rig type:
Total depth:
Hole diameter:

Core diameter:

Status:
Main target:

Formations drilled:

Hydrocarbons:

grgnArctic Nuussuaq Kuussuag#1 (GANK#1)

grgnArctic Energy Inc., Regina, Saskatchewan, Canada
Petro Drilling Ltd., Halifax, Nova Scotia, Canada

Aaffarssuaq valley, Nuussuaq, West Greenland
70°28725" N, 53°53"25" W
91 m as.L

August 11, 1995
August 28, 1995

Longyear 44 Diamond Core Drill, adapted mining rig

398 m , ~100% core recovery

0-168 m: 96.0 mm (HQ rods), 168-398 m: 75.8 mm (NQ rods)
0-168 m: 63.5 mm, 168-398 m: 47.6 mm

Plugged and abandoned

Structural Marraat-type prospect (oil generated from Tertiary deltaic
source rock, Tertiary or Cretaceous sandstone reservoir)

Lower Tertiary volcanics (115 m), Lower Tertiary and ?Cretaceous
clastic sediments (273 m)

Traces of oil in volcanics and sediments, some gas under pressure in
sandstones



Table 3. Technical data from the grgnArctic well GANT#1

Well name:

Operator:

Drill contractor:

Locality:
Coordinates:

Elevation:

Well spud date:

Termination:

Rig type:
Total depth:
Hole diameter:

Core diameter:

Status:
Main target:

Formations drilled:

Hydrocarbons:

grgnArctic Nuussuaq Tunorssuag#l (GANT#1)

grgnArctic Energy Inc., Regina, Saskatchewan, Canada
Petro Drilling Ltd., Halifax, Nova Scotia, Canada

Tunorssuaq valley, Nuussuaq, West Greenland
70°42770" N, 53°36'02" W
~440 m a.s.l.

July 14, 1995
August 11, 1995

Longyear 50 Diamond Core Drill, adapted mining rig

901 m, ~100% core recovery

0-249 m: 96.0 mm (HQ rods), 249-901 m: 75.8 mm (NQ rods)
0-249 m: 63.5 mm, 249-901 m: 47.6 mm

Plugged and abandoned

Structural Serfat-type prospect (oil/condensate generated from mid-
Cretaceous source rock, marine Upper Cretaceous or non-marine
Lower Cretaceous sandstone reservoir)

Lower Tertiary and Upper Cretaceous siliciclastic sediments (901 m)

Some gas under pressure in many sandstone units



Table 4. Screening data, Core 439001 (GANE#1)

Depth GEUS No.

TOC(%)

TS(%)

HI

s, S, TnaxCC) | Ry(%) n
497.7m 693 | 340 0.57 6.04 | 178 430
4995m  -692 |  3.69 0.33 428 | 116 437
501.8m  -691| 3.11 0.28 3.88 | 125 439
503.9m 429 | 194 0.21 119 | 66 438 0.70 | 68/68
5040m  -690 |  3.02 0.36 4.04 |134 439
505.3m  -689 |  2.35 0.14 122 | 52 439
507.9m  -688 |  2.30 0.20 182 | 79 441
510.0m  -687 | 3.84 0.77 6.76 | 176 432
5103m  -511| 381 3.38 0.87 5.58 | 146 436 0.66 | 68/81
5130m 686 | 3.65 0.56 488 | 134 438
5155m 684 | 3.33 0.41 3.82 |115 436
5180m 683 | 2.02 0.18 148 | 73 442
5200m 682 | 248 0.50 3.44 |139 432
5220m 681 | 3.87 0.83 6.60 | 171 434
5264m 512 |  4.83 3.42 1.14 9.53 | 197 432 0.69 | 175/75
526.7m  -680 |  3.86 0.72 752 | 195 433
530.0m 679 | 446 0.96 8.46 | 190 432
532.0m  -678 |  3.88 0.51 6.38 | 164 435
533.9m 677 | 271 0.40 3.90 |144 435
53¢.5m  -513 | 2.92 2.81 0.50 4.09 | 140 433 0.70 | 62/65
536.5m  -646 |  3.07 0.34 426 | 139 435
536.7m 676 | 5.45 0.87 9.56 | 175 430
537.3m 675 | 2.18 0.29 346 |125 436
540.0m 673 | 412 0.67 7.00 | 170 430
5419m 645 | 559 0.86 | 1036 |185 432
542.0m  -672 | 536 0.78 9.70 | 181 432
543.7m  -671|  2.95 0.35 4.40 | 149 436
553.3m 644 |  3.80 0.40 5.60 | 147 430
5644m 642 | 231 0.20 176 | 76 436
564.7m 514 |  2.09 4.25 0.36 3.20 |103 437 0.75 | 70/91




565.3 m -668 2.37 0.23 192 | 81 438
565.8 m -641 2.46 0.22 2.06 | 84 437
567.8 m -667 4.72 0.79 9.50 | 201 430
568.2 m -640 4.21 0.40 8.00 | 190 429
570.2 m -345 0.42 0.35 0.09 0.36 | 86 437
578.4 m -348 2.73 1.64 0.51 5.14 |188 433
581.5 m -349 2.22 0.37 052 | 23* 532%*
5820m  -636% 2.19 0.12 184 | 84 440
583.0 m -664 2.09 0.07 152 | 73 439
5840m 635" 2.04 0.12 154 | 76 439
584.4 m -350 2.73 0.22 0.51 5.14 |188 433
585.5m  -634" 2.03 0.11 146 | 72 439
585.5 m -663 2.14 0.12 154 | 72 438
587.1 m -662 1.98 0.10 152 | 77 440
588.1m 6332 1.88 0.08 136 | 73 441
588.6 m -352 2.09 0.24 0.10 148 | 71 440
580.0m  -6324 1.98 0.09 140 | 71 442
589.0 m -661 2.03 0.10 142 | 70 439
591.0 m -660 1.87 0.07 122 | 65 443
591.1 m -353 2.27 0.10 156 | 69 439
591.8 m -354 2.13 0.25 0.10 166 | 78 444
5921m  -6314 2.16 0.12 164 | 76 441
593.0 m -659 1.90 0.10 134 | 71 439
593.7m  -630% 2.11 0.11 162 | 77 441
594.7 m -658 2.56 0.19 2.62 | 102 434
5952 m  -629° 2.16 0.17 2.20 | 102 437
597.2m  -6274 2.17 0.08 192 | 89 439
597.4 m -657 2.88 0.28 3.22 | 112 436
599.1 m -356 1.56 0.26 0.16 1.56 | 100 440
600.0 m -459 2.23 0.13 146 | 67 439 0.67 | 56/65
604.9 m -358 0.60 0.37 0.10 052 | 87 442
607.1m  -626° 2.43 0.20 2.50 | 103 438




608.9 m -665
615.9 m -515 2.50 0.50 0.28 2.16 | 86 435 0.68 | 57/65
627.1m  -366% 1.88 0.27 2.02 | 107 434

633.4m  -621% 457 1.42 12.10 | 265 432

633.7m  -368% 2.88 0.38 0.40 422 | 147 434

6354m  -369° 3.95 2.36 1.36 760 | 192 431 058 | 40/62
6358m  -620° 5.69 1.15 7.14 | 126 433

6365m  -619° 3.45 0.50 3.64 | 105 438

637.6m  -618% 1.45 2.82 2.28 |157 438

6400 m  -6174 4.39 2.51 5.98 | 136 436

6414m  -370% 3.81 2.64 1.71 544 | 143 436 0.60 | 33/39
6420m  -616* 3.57 1.48 6.54 | 183 437

6435m  -615% 3.09 0.56 3.68 | 119 439

6446m  -371% 2.49 1.20 0.32 3.30 |133 433

6458 m  -6147 2.96 0.42 474 | 160 438

649.4m  -373% 2.05 0.40 0.33 2.72 | 133 436 0.71 | 37/49
649.8m  -613% 3.41 0.74 6.78 | 199 432

651.6m  -612% 3.23 0.73 6.32 | 196 437

663.5m  -520% 2.68 0.13 1.80 | 67* 457*

669.6m  -5228 0.30 0.01 0.04 | 13* n.d.*

678.7m  -607A 2.32 0.10 0.82 |35 485"

679.8m  -526°

6802m  -606" 2.41 0.15 074 |31 512"

*  elevated value due to thermal effect from dykes and sills or occasionally hydrothermal solutions (omitted

from calculations)
A, from sidetrack (GANE#1A)



Table 5. Extraction data, Core 439001 (GANE#1)

Depth GEUS No. | Extract! | Asph (%) | Sat (%)? | Aro (%)% | NSO (%)% | Sat/Aro
5.6 m 01°| naV 0.9 59.4 15.9 24.7 3.73
5.6 m -01°| naC 42 64.8 13.9 21.3 4.66
47.1m -55° | n.aVW 6.8 34.2 25.3 40.5 1.35
1478m  -128° | naVW 2.3 56.7 23.2 20.2 2.44
147.8 m -128° | naV¥ 2.1 57.6 23.2 19.2 2.48
152.9 m 1320 | naW 1.7 58.7 18.3 23.0 3.21
1529m  -132° | naVW 2.1 57.9 19.9 22.2 2.91
1582m  -107° | naW¥ 8.8 60.5 17.0 22.3 3.57
1582m  -107° | naW 9.2 60.5 17.3 22.2 3.50
241.0m  -477° | naVW 1.8 80.3 6.1 13.6 13.16
241.0 m -477° | na® 12.7 76.4 9.1 14.5 8.40
267.8 m 2000 | naW 49 | 676 9.2 24.7 7.35
267.8m  -200°| nalC 8.8 63.5 9.6 21.3 6.61
503.0 m -429 | 27E 53.0 9.1 12.1 78.8 0.75
510.3 m -511 418 37.9 26.1 30.9 43.0 0.84
526.4 m -512 36" 47.3 23.4 30.5 46.1 0.77
534.5 m -513 362 61.2 18.2 26.0 55.8 0.70
564.7 m -514 328 59.2 215 23.1 55.4 0.93
600.0 m 459 | 208 66.7 10.0 16.7 73.3 0.60
615.0 m 515 |  24F 60.8 16.7 22.2 61.1 0.75
6354m  -369° 93 19.7 335 22.0 445 1.52
6381m  -648° | naC 46 57.3 16.4 26.4 3.49
6385m  -647° | naC 3.5 62.1 14.1 23.8 4.40
6403m  -654° | naC 6.2 46.4 18.0 35.6 2.58
6414m  -370° 87E 22.2 30.1 24.2 45.7 1.25
6494m  -373° 618 33.2 21.8 20.3 57.9 1.07
surf. 439805° | n.aC 33.3 18.2 18.2 63.6 ~1

surf. 439905° | n.aC 2.8 85.3 3.8 10.7 22.42

n

=

H.a = 0m

a: not available

(mg SOM/g TOC)
relative concentration of asphaltene-free extract

oil

core washed only
core crushed and washed only
core crushed and extracted




Table 6. Gas chromatography data, Core 439001 (GANE#1)

Depth GEUS No. Pr/Ph Pr/n17 Ph/nC18 Iso/nC cpri! Philippi?
5.6 m -01° 5.17 3.31 0.65 1.03 1.19 1.55
47.1m -559 n.a. n.a. n.a. n.a. n.a. n.a.
1478m  -128° 5.16 3.47 0.62 1.00 1.18 1.52
1529 m  -132° 4.90 2.03 0.27 0.49 1.15 1.51
1582m  -107° 479 6.87 1.08 2.43 1.17 1.55
2410m  -477° 5.24 0.85 0.18 0.29 1.23 1.69
267.8m  -2000 5.96 2.90 0.55 0.89 1.13 1.57
503.0 m  -429 7.31 2.75 0.37 0.72 1.32 1.82
510.3 m -511 4.36 1.69 0.54 0.71 1.28 1.54
5264m  -512 7.03 6.06 0.90 1.62 1.38 1.63
5345m  -513 7.90 5.95 0.77 1.54 1.28 1.53
564.7m  -514 6.52 4.28 0.67 1.19 1.36 1.75
600.0 m  -459 7.17 2.08 0.24 0.48 1.26 1.71
6150m  -515 5.84 2.13 0.36 0.59 1.22 1.57
635.4m  -369° 2.65 1.44 0.72 0.65 n.a n.a
638.1m  -648° 2.62 1.74 0.69 0.70 n.a n.a
6385m  -647° 2.60 1.71 0.68 0.70 n.a n.a
6403m  -654° 3.42 1.80 0.57 0.80 n.a. n.a
6414m  -370° 4.76 1.69 0.47 0.83 n.a n.a
649.4m -373© 4.02 1.44 0.39 0.50 n.a n.a
surf.  439805° 3.29 1.69 0.20 0.08 1.20 1.51
surf.  439905° 481 1.60 0.15 0.08 1.20 1.51

n.a.: not available

1
2:

deﬁned as 2 X 029 / (028+C30)

oil




Table 7. GC/MS data on thermal maturity, Core 439001 (GANE#1)

H31 H32 H30 S29 S29
Ts/Ts Tm/Tm | 225/22S 225/228 af/op 20S/208 BB/oct
Depth  GEUS no. +Tm +178 +22R +22R +Bo +20R +BB
5.6 m 01° | o0.14 0.91 0.59 0.58 0.82 0.37 0.35
47.1m 550 | 0.12 0.90 0.58 0.60 0.81 0.39 0.40
147.8 m -128° | 0.15 0.91 0.60 0.62 0.85 0.39 0.34
152.9 m -1320 | 0.15 0.91 0.60 0.62 0.85 0.40 0.36
158.2 m -107° | 0.14 0.91 0.61 0.61 0.83 0.42 0.33
241.0 m 4719 | 0.34 0.87 0.57 0.58 0.73 0.36 0.36
267.8 m 2000 | 0.21 0.86 0.60 0.58 0.70 0.40 0.37
503.0 m -429 | 0.02 0.94 0.60 0.60 0.64 0.36 0.19
510.3 m 511 | 0.10 0.95 0.61 0.58 0.72 0.52 0.47
526.4 m -512 | 0.03 0.95 0.60 0.60 0.71 n.a. n.a.
534.5 m -513 | 0.02 0.94 0.60 0.59 0.68 0.50 0.37
564.7 m 514 | 0.02 0.95 0.60 0.60 0.70 0.49 0.49*
600.0 m -459 | 0.01 0.95 0.63 0.61 0.71 0.42 0.24
615.0 m 515 | 0.02 0.95 0.59 0.62 0.75 0.31 0.24
6354m  -3699 | 0.30 1.00 0.57 0.57 n.a. n.a n.a
638.1 m -6480 | 0.24 1.00 0.58 0.61 0.83 n.a n.a
638.5 m 6470 | 022 1.00 0.60 0.60 0.80 na n.a
640.3 m 6540 | 0.27 1.00 0.58 0.61 0.84 na. na
6414m  -3700 | 0.24 1.00 0.56 0.60 0.84 0.38 0.50
649.4m  -3739 | 0.14 1.00 0.60 0.60 0.80 0.30 0.45
surf. 4398050 | 0.27 0.85 0.58 0.59 0.82 0.35 0.36
surf. 439905° | 0.14 0.92 0.59 0.58 0.83 0.35 0.31

n.a.: not available

%K.

0.

Value not reliable, coelution with other compounds

0il




Table 8. GC/MS data on depositional environment, Core 439001 (GANE#1)

Depth GEUS No. | BNL/H30 | H28/H30 | H29/H30 | O/H30 | S27! | s28! | s29! | s27/8292
56m -01° 0.56* 0.00 0.81 0.83 15 14 71 0.21
471 m -550 0.55% 0.00 0.88 0.95 14 13 73 0.19
1478 m -1280 0.56* 0.00 0.81 0.95 14 13 73 0.19
152.9 m 1320 0.53%* 0.00 0.87 0.97 12 13 75 0.17
158.2 m -107° 0.44* 0.00 0.83 1.03 13 13 74 0.17
241.0 m -4770 0.77* 0.00 0.92 0.44 31 13 56 0.54
267.8 m -2000 0.73* 0.00 0.97 0.65 29 14 57 0.51
503.0 m -429 0.03 0.00 1.07 0.01 24 11 65 0.17
510.3 m -511 0.23 0.00 0.81 0.05 24 11 65 0.38
5264 m -512 0.83 0.00 0.85 0.39 n.a. n.a. n.a. n.a.
534.5 m -513 0.15 0.00 0.85 0.05 12 10 78 0.16
564.7 m -514 0.29 0.00 0.95 0.01 11 8 81 0.13
600.0 m -459 0.09 0.00 1.26 0.02 13 10 77 0.17
615.0 m -515 0.02 0.00 0.87 0.00 8 6 86 0.10
6354m -369@ 0.00 n.a. n.a. 0.00 n.a. n.a. n.a. n.a.
638.1 m 6489 0.00 0.25 0.55 0.00 n.a. n.a. n.a. n.a.
638.5 m 6470 0.00 0.30 0.61 0.00 n.a. n.a. n.a. n.a.
6403 m  -654° | 0.00 0.29 0.48 0.00 na. | na | na. n.a.
641.4m -3709 |  0.00 0.40 0.60 0.00 | 36 8 56 0.63
649.4m -3739 |  0.00 0.18 0.64 0.00 | 16 6 78 0.20
surf. 439805° 0.37* 0.00 0.65 0.51 29 16 55 0.53
surf. 4399050 0.42* 0.00 0.57 0.80 16 14 70 0.23

n.a.:. not available

1: calculated as % of Cyy, Cog and Cyq for coR isomers in m/z 217

(2) g.;:lllculated as ratio of Cy; to Cyg of R isomers in m/z 217

*.

value not reliable, coelution with other compounds




Table 9. Carbon isotope data for total extracts and ﬁ‘actions, Core 439001 (GANE#1)

Depth GEUS No. Extr. Sat Aro NSO Asph

5.6 m -01° -28.57 -26.65 -26.57 -26.49
1478 m  -128° -27.24 -28.35 -26.19 -25.97 -26.29
1529m  -1320 -27.37 -28.50 -26.44 -26.04 -26.07
1582m  -107° -27.21 -28.12 -26.43 -26.38 -26.60
241.0m  -477° -28.06 -27.12 -26.93 -27.14
2678 m  -2000 -28.17 -27.13 -26.92 -27.15
538.1m  -648° -32.23 -31.49 -32.00 -31.92 -28.57

oil




Table 10. Screening data, Core 439201 (GANK#1)

Depth GEUS No. | TOC(%) | TS(%) S, S, HI Thax(°C) | Ry (%) n
1209 m -30 5.00 3.86 0.31 9.62 | 192 422

130.7 m -33 5.73 4.59 0.40 11.38 | 199 421

136.2 m -36 4.32 3.59 0.10 4.48 93 - 426

1441m  -38 2.15 3.05 0.04 1.56 73 — 434

1515 m -40 2.29 2.37 0.06 1.52 66 _. 434 0.58 41/61
157.6 m -42 2.98 3.81 0.12 3.22 | 108 _ 431

163.1 m -44 | 2.61 3.02 0.10 2.50 96 - 435

167.6 m -46 3.30 3.47 0.22 5.74 | 174 429

1747 m -48 1.00 0.24 0.03 0.76 76 — 434

180.8 m -50 0.31 0.32 0.00 0.12 38 — 430

188.9 m -52 3.18 2.92 0.15 3.32 | 104 - 433 0.57 50/50
198.7 m -54 2.53 2.87 0.12 264 |104 - 435

2294 m -66 4.45 4.86 0.20 4.76 | 107 - 432

240.3 m -70 2.59 2.71 0.10 2.26 87 — 432

2523 m -73 2.30 2.87 0.07 1.36 59 - 435

259.3 m -76 2.94 2.96 0.19 4.04 | 138 - 428

281.6 m -83 3.52 3.51 0.21 466 | 132 428

310.2 m -93 2.96 2.70 0.12 2.26 76 - 439

318.8 m -96 2.09 2.42 0.11 1.18 56 - 440

326.9 m -99 1.36 0.08 0.16 | 12* 521%

352.1m -108 3.53 2.73 0.34 4.73 | 134 435 0.56 41/61
359.8 m -111 2.94 3.89 0.24 3.07 | 104 - ’ 440

3659 m -113 3.28 4.20 0.33 423 | 129 434 0.62 65/65
371.8 m -115 2.97 3.12 0.27 296 | 100 - 435

379.5 m -118 2.87 2.72 0.26 3.03 |106 - 436 0.62 70/70
387.0 m -121 2.56 2.82 0.21 3.48 | 136 431

389.5m -122 1.88 2.24 0.11 254 1135 434

392.6 m -123 1.74 2.34 0.11 212 |122 - 434

395.8 m -124 2.36 3.09 0.18 3.64 | 154 431 0.55 41/58
396.5 m -125 2.53 2.81 0.15 2.40 95 — 438

¥ elevated value due to thermal effect from dykes and sills or occasionally hydrothermal solutions (omitted

from calculations)



Table 11. Extraction data, Core 439201 (GANK#1)

Depth GEUS No. | Extract! | Asph (%) | Sat (%)% | Aro (%)2 | NSO %)2 | Sat/Aro
88.4 m 5200 | naW 18.0 45.2 14.3 40.5 3.16
151.5 m -40 | 28F 55.9 2.5 25 95.0 1.00
158.6 m -545 | n.aP 405 10.3 9.5 80.2 1.08
164.2 m 549 | n.af 445 9.8 8.2 82.0 1.19
1889 m -52 31F 51.8 7.1 15.3 77.6 0.46
229.4 m 66| 21F 34.6 13.7 12.6 73.7 1.07
259.3 m 16| 46® | 386 9.5. 12.2 78.4 0.78
2702m  -206° | n.aC 13 73.4 13.1 13.4 5.60
310.2 m -93 358 39.8 10.8 15.7 73.5 0.69
3314m  -202°| naC 54.2 20.0 6.7 73.3 3.00
352.1 m -108 | 368 41.7 74 18.2 74.4 0.41
365.9 m -113 35 54.0 15.9 8.0 76.1 1.99
379.5 m -118 | 30F 48.8 12.3 7.7 80.0 1.60
395.8 m 124 | 38F 52.0 11.0 14.6 74.4 0.75

n.a: not available
(mg SOM/g TOC)
relative concentration of asphaltene-free extract

oil

core washed only

core crushed and washed only
core crushed and extracted

HOg0 e



Table 12. Gas chromatography data, Core 439201 (GANK#1)

Depth GEUS No. Pr/Ph Pr/nl7 Ph/nC18 Iso/nC cp1! Philippi2
884m  -5200 4.22 0.50 0.10 0.14 1.19 1.55
151.5 m -40 6.87 4.83 0.79 1.44 1.84 2.81
1586m  -545 5.80  6.06 1.10 1.66 1.80 2.90
1642m  -549 4.32 3.65 0.92 1.07 1.84 3.04
188.9 m -52 7.19 7.31 1.07 1.93 1.75 2.79
229.4 m -66 5.93 3.27 0.60 0.99 1.72 2.71
259.3 m -76 8.63 9.47 1.25 2.04 1.70 2.51
2702m  -206° 3.69 0.78 0.17 0.21 1.02 1.02
3102 m -93 8.94 7.78 1.00 2.04 1.73 2.64
3314m -202@ 1.47 0.82 0.72 0.45 1.35 1.79
352.1m  -108 8.51 7.51 0.99 2.04 1.68 2.59
365.9 m -113 6.66 6.56 0.98 1.66 1.70 2.56
379.5 m -118 7.49 6.70 0.95 1.72 1.71 2.67
3958m  -124 7.61 7.03 0.93 1.73 1.56 2.26

n.
1

2:
0.

a.: not available
deﬁned as 2x (Cz3+025+027+029+C31) / 022 + 2 X (CZ4+026+C28+C30) + 032
defined as 2 x Cyq / (Cyg+Cg)
oil




Table 13. GC/MS data on thermal maturity, Core 439201 (GANK#1)

H31 H32 H30 S29 S29

Ts/Ts Tm/Tm 228/228 228/228 ap/op 208/208 Bp/oor

Depth  GEUS no. +Tm +17B +22R +22R +Bo +20R +BB
88.4 m -5200 0.14 0.95 0.56 0.59 0.84 0.39 0.40
1515 m -40 0.04 0.84 0.46 0.44 0.56 n.a. n.a.
158.6 m -545 0.04 0.85 0.50 0.43 0.59 n.a. n.a.
1642 m -549 0.04 0.86 0.53 0.48 0.60 0.38 0.32
1889 m -52 0.03 0.83 0.47 0.45 0.57 n.a. n.a.
2294 m -66 0.04 0.83 0.54 0.43 0.61 0.17 0.30
259.3 m -76 0.02 0.87 0.55 0.50 0.61 n.a. n.a.
270.2 m -206° 0.20 n.a. 0.39 0.39 0.79 0.33 0.37
3102 m -93 0.02 0.85 0.57 0.49 0.60 n.a. n.a.
3314 m -202° 0.29 1.00 0.60 0.60 0.87 n.a. n.a.
352.1m -108 0.02 0.87 0.56 0.53 0.60 n.a. n.a.
365.9 m -113 0.02 0.91 0.56 0.57 0.58 n.a. n.a.
379.5m -118 0.02 0.90 0.56 0.59 0.58 n.a. n.a.
395.8 m -124 0.02 0.92 0.57 0.58 0.58 n.a. n.a.

n.a.. not available

0. 0il



Table 14. GC/MS data on depositional environment, Core 439201 (GANK#1)

Depth GEUS No. | BNL/H30 | H29/H30 O/H 30 sa27! s28! | s29! $217/3292
884m  -5200 0.37 0.82 0.57 13 12 75 0.17
151.5 m -40 1.81 0.69 0.00 17 7 6 0.22
1586m  -545 0.74 0.67 0.01 16 7 77 0.21
1642m  -549 0.16 0.70 0.11 21 11 68 0.30
188.9 m -52 1.07 0.74 0.01 20 5 75 0.26
229.4 m -66 0.05 0.61 0.03 18 13 69 0.26
259.3 m -76 0.62 0.67 0.02 18 9 73 0.24
2702 m -206(© 0.62 0.53 0.15 38 20 42 0.94
310.2 m -93 0.62 0.62 0.01 17 9 74 0.23
331.4m -2020@ 0.00 0.52 0.00 n.a. n.a na. n.a.
352.1m  -108 0.31 0.71 0.01 9 9 82 0.10
3699m  -113 0.55 0.76 0.01 13 8 79 0.16
3795m  -118 0.59 0.81 0.01 15 7 78 0.19
3958 m  -124 0.80 0.78 0.01 16 10 74 0.20

1: calculated as % of Cq;, Cyg and Cyq for aR isomers in m/z 217

2: calculated as ratio of Cy; to Cyg of R isomers in m/z 217

0.

oil




Table 15. Screening data, Core 439101 (GANT#1)

Depth GEUS No. | TOC(%) | TS(%) S S, HI | T,.CC | R@®) n
58.2 m .13 1.49 1.06 0.04 078 | 52 437

68.1 m 18| 2.02 1.36 0.06 0.84 | 42 436 063 | 16/29
75.3 m -20 1.60 126 | 0.06 0.84 | 53 436

88.0 m -23 2.90 2.82 0.08 155 | 53 431

97.2 m 102 | 2.42 1.16 0.10 1.26 | 52 431 066 | 29/40
121.9 m 26 | 3.8 2.26 0.12 2.56 | 83 437

2547m  -153 | 5.18 4.88 0.48 7.98 | 138 434

267.3m  -158 | 3.56 2.13 0.16 322 | 91 443 067 | 30/47
2772m  -161| 3.12 2.65 0.17 3.00 | 96 437

286.7m  -164 | 359 3.68 0.25 3.94 |110 434

295.1m  -167 | 2.67 2.03 0.12 2.18 | 82 437

3100m  -172| 3.64 2.76 0.23 3.26 | 89 437

3222m  -176 |  3.59 3.68 0.21 3.66 | 102 443 064 | 42/65
3315m  -179 | 430 3.26 0.36 486 |113 437

3400m  -182| 345 2.30 0.21 326 | 95 440

3545m  -187 | 458 3.66 0.37 510 |111 436

3749m  -193 5.07 1.52 0.40 7.00 | 138 438 064 | 53/58
3852m  -197 3.83 3.66 0.39 498 |130 435

401.1m  -202 | 2.82 2.29 0.32 3.36 |119 431

4169m  -207 |  4.07 3.75 0.45 4.34 | 107 437

4662m  -360 3.19 1.13 0.28 2.90 | 91 4317

4760m  -363 5.31 3.39 0.57 6.78 |128 437 071 | 4272
490.1m  -368 | 4.38 3.11 0.52 5.84 | 133 437

5068 m  -373 7.57 3.02 097 | 10.08 |133 440

519.1m  -378 | 6.0 2.14 0.87 6.18 | 95 442 076 | 36/48
5357m  -382 | 5.45 3.30 0.73 6.72 | 123 439

Continued at next page




Table 15. Screening data, Core 439101 (GANT#1) continued

Depth GEUS No. | TOC(%) | TS(%) S S, HI | T,.(°C) | R(%) n
551.2m  -388 | 5.64 0.72 7.00 | 124 440
5675m  -503 |  3.53 0.20 0.60 3.35 | 95 449
589.4m  -401 | 7.16 2.66 1.22 9.87 |138 442 0.71 | 85/90
5939m  -505| 5.78 2.20 0.89 6.15 | 106 446
6069m  -506 | 6.36 3.02 0.99 7.32 | 115 438
6080m  -407 | 586 2.99 0.87 6.84 | 117 444
6459m  -419 | 752 0.90 9.68 | 129 441 0.74 | 41/54
6712m  -425 |  6.69 0.96 8.30 |124 443
6916 m  -433 | 621 0.81 7.46 | 120 441 0.74 | 2122
7068m  -437 | 8.84 149 | 1216 |138 443 079 | 3518
7940m 465 |  4.79 0.54 0.33 470 | 98 444 076 | 9/63
7971m  -518 | 861 1.32 1.28 9.18 | 107 448 0.86 | 66/75
813.1m  -519| 658 2.99 0.91 3.16 | 48 467
8367m  -520 | 7.18 2.84 1.42 6.97 | 97 449 093 | 68/78
8503 m  -482 |  6.63 0.89 6.86 | 103 448
8592m  -487 | 6.64 0.81 632 | 95 450
8695m  -521 |  3.43 2.83 0.44 2.32 | 68 449
879.5m  -494 | 469 2.34 0.42 3.18 | 68 452
8945m  -522 |  6.46 1.15 0.88 3.90 | 60 464 0.96 | 4775




Table 16. Extraction data, Core 439101 (GANT#1)

Depth GEUS No. | Extract! | Asph (%) | Sat (%)% | Aro (%)?2 | NSO (%)% | Sat/Aro
68.1 m -18 15° 56.9 14.3 9.5 76.2 1.51
97.2 m -102 15% 51.0 10.5 10.5 78.9 1.00
267.3 m -158 27F 55.1 16.9 15.7 66.7 1.08
3222 m -176 25" 56.5 14.3 10.7 75.0 1.33
3749 m -193 29F 56.8 16.2 14.9 68.9 1.09
476.0 m -363 20" 53.3 14.6 7.3 78.0 2.00
519.1 m -378 178 50.5 13.5 21.3 65.2 0.63
589.4 m -401 19F 414 16.7 6.0 77.4 2.78
608.0 m -407 19F 37.5 19.1 9.6 71.3 1.99
610.6 m -805° naVW n.a. n.a. n.a. n.a. n.a.
645.9 m -419 18" 47.2 16.5 10.1 73.4 1.63
691.6 m -433 21F 40.4 35.3 10.1 54.7 3.50
706.8 m -437 26" 28.2 38.4 10.8 50.8 3.56
794.0 m -465 20" 32.6 14.7 5.9 79.4 2.49
797.2 m -518 16" 46.3 11.4 10.1 78.5 1.13
836.7 m -520 20" 32.3 17.2 8.6 74.2 2.00
869.5 m -521 18F 36.9 13.3 6.7 80.0 2.04
894.5 m -522 18F 16.2 18.1 5.6 76.4 3.23

n.a: not available
(mg SOM/g TOC)
relative concentration of asphaltene-free extract

core crushed and extracted
: core washed only

1:
2:
E.
W,
0. il



Table 17. Gas chromatography data, Core 439101 (GANT#1)

Depth GEUS No. Pr/Ph Pr/n17 Ph/nC18 Iso/nC cpr! Philippi?
68.1 m -18 4.78 2.38 0.36 0.52 141 1.97
972 m -102 4.86 2.16 0.34 0.49 1.34 1.87
267.3 m -158 4.71 2.57 0.44 0.62 1.43 191
3222 m -176 4.80 2.55 0.44 0.63 1.38 1.81
3749 m -193 5.64 3.11 0.49 0.77 1.25 1.60
476.0 m -363 5.91 2.71 0.45 0.73 1.20 1.58
519.1m -378 5.71 2.24 0.40 0.71 1.15 1.43
589.4 m -401 4.84 1.36 0.24 0.35 1.19 1.52
608.0 m -407 4.78 1.27 0.25 0.36 1.17 1.45
6106m  -805° 4.58 2.34 0.46 0.62 1.42 1.53
6459 m -419 4.84 1.80 0.38 0.56 1.11 1.41
691.6 m -433 5.67 1.38 0.23 0.43 1.04 1.35
706.8 m -437 4.44 1.53 0.31 0.47 1.19 1.48
794.0 m -465 4.84 0.71 0.14 0.20 1.09 1.27
7972 m -518 471 0.63 0.11 0.17 1.09 1.26
836.7 m -520 4.54 0.53 0.11 0.18 1.11 1.31
869.5 m -521 3.86 0.77 0.17 0.22 1.04 1.15
894.5 m -522 4.50 0.65 0.14 0.23 1.06 1.20

n.a.: not available

1: defined as 2 x (Cyg+Cos+Cor+Cog+Cyaq) / Cyy + 2 X (Cgy+Cog+Cog+Cyp) + Cgy
2: defined as 2 x Cyg / (Cog+Cgy)

0. il




~ Table 18. GC/MS data on thermal maturity, Core 439101 (GANT#1)

H31 H32 H30 S29 S29
Ts/Ts | Tm/Tm | 22S5/228 225/228 of/af | 20S/20S | Bploo

Depth GEUS no. +Tm +178 +22R +22R +Bo +20R +BB
68.1m -18 0.02 0.88 0.57 0.55 0.63 0.27 0.26
972 m -102 | 0.02 0.90 0.58 0.56 0.63 0.31 0.25
267.3 m -158 | 0.04 0.94 0.59 0.59 0.68 0.36 0.27
3222 m -176 | 0.03 0.94 0.60 0.59 0.68 040 | 025
3749 m -193 | 0.05 0.95 0.60 0.59 0.74 0.45 0.29
476.0 m -363 -] 0.06 0.96 0.60 0.62 0.78 0.51 0.40
5191 m -378 | 0.06 0.97 0.59 0.61 0.77 0.42 0.37
589.4 m -401 | 0.09 0.99 0.59 0.65 0.93 0.46 0.54
608.0 m -407 | 0.10 0.99 0.59 0.64 0.89 0.50 0.54
610.6 m -805° | 0.16 1.00 0.62 0.63 0.82 0.50 0.51
654.9 m -419 0.11 0.96 0.60 0.61 0.92 0.51 0.55
691.6 m -433 0.13 0.99 0.60 0.61 0.93 0.51 0.55
706.8 m -437 0.16 0.99 0.62 0.62 0.93 0.55 0.56
794.0 m -465 0.13 0.99 0.58 0.61 0.91 0.54 0.54
7972 m -518 | 0.10 0.99 0.59 0.63 0.89 0.48 0.51
836.7 m -520 | 0.21 1.00 0.60 0.64 0.93 0.49 0.55
869.5 m -521 0.16 1.00 0.58 0.61 0.90 0.51 0.52
894.5 m -522 0.43 1.00 0.57 0.63 0.88 n.a. n.a.

n.a.: not available
:oil




Table 19. GC/MS data on depositional environment, Core 439101 (GANT#1)

Depth GEUS No. | BNIL/H30 | H28/H30 | H29/H30 | O/H30 | S27' | s28! s291 | 827/8292
68.1m -18 0.00 0.00 0.75 0.01 25 18 57 0.45
97.2 m -102 0.00 0.00 0.82 0.02 26 17 57 0.47
267.3 m -158 0.00 0.00 0.71 0.02 26 16 58 0.45
322.2 m -176 0.00 0.00 0.72 0.02 21 17 62 0.34
374.9 m -193 0.04 0.00 0.80 0.26 19 16 65 0.29
476.0 m -363 0.00 0.36 0.83 0.26 21 17 62 0.33
519.1 m -378 0.00 0.11 0.78 0.03 16 12 72 0.22
589.4 m -401 0.00 0.11 0.73 0.01 17 11 72 0.23
608.0 m -407 0.00 0.02 0.62 0.01 21 16 63 0.34
610.6 m -805° 0.00 0.34 0.91 0.30 5 18 77 0.65
645.9 m -419 0.00 0.44 0.63 0.42 9 11 80 0.12
691.6 m -433 0.00 0.22 0.62 0.50 12 14 74 0.17
706.8 m -437 0.00 0.15 0.54 0.21 13 15 72 0.19
794.0 m -465 0.00 0.31 0.68 1.94 15 12 73 0.20
797.2 m -518 0.00 0.00 0.71 0.04 12 8 80 0.15
836.7m -520 0.00 0.05 0.56 0.14 14 13 73 0.19
869.5 m -521 0.00 0.02 0.55 0.01 29 14 57 0.51
894.5 m -522 0.00 0.08 0.71 0.66 n.a. n.a n.a. n.a.

1: calculated as % of Cyy, Cog and Cyq for aoR isomers in m/z 217.

2: calculated as ratio of Cy; to Cyg of coR isomers in m/z 217.

0. oil




Table 20. Gas data from the GANE #1 well

GEUS no. Depth (m) Time (d.m/h)  Type CH, CHs CHg iCH,, nCH, iCsH,, nCsH,, Wetness &°C 8"C R(® Comments
(ppm)  (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) CH, (o) CiHg (loo)  CsHy(fon)
439001-186 296.71 16.7/16:30 Core in can 5680 6.0 33.2 n.p. n.p. n.p. n.p. n.a. n.a. n.a.
Volcanics
439001-275  467.05 19.7/11:35 Core in can 36 2.3 n.p. n.p. n.p. n.p. n.p. n.c. n.a. n.a. n.a.
Volcanics
439001-283  490.47 19.7/17:45 Core in can 10 0.39 0.11 n.p. n.p. n.p. n.p. n.c. n.a. n.a. n.a.
~ Volcanics
439001-349  581.51 31.7/15:45 Core in can 106 2.93 1.91 n.p. n.p. n.p. n.p. n.c. n.a. n.a. n.a.
Mudstone
439001-353 591.12 31.7/23:15 Core in can 93 18.3 9.97 n.p. n.p. n.p. n.p. n.c. n.a. n.a. n.a.
Mudstone
439007 631.0 22.7/13:15 Steel cylinder 823000 28 8 n.p. n.p. n.p. n.p. 22000 -45.4 thermogenic,
low maturity
439001-368  633.73 1.8/23:20 Core in can 44400 333 330 673 144 28 18 67.0 -45.1 na. n.a. thermogenic,
Mudstone low maturity
439009 684.60 2.8/21:20 Steel cylinder 3060 n.p. n.p. n.p. n.p. n.p. n.p. 00 2.5 n.a. n.a. ?? (fractionated?)
439010 684.60 3.8/9:30 Bottle w. 183000 12 6 n.p. n.p. n.p. np. 10000 n.a. n.a. n.a.
water
439011 684.6 3.8/10:00 Bottle w. 44000 43 19 n.p. n.p. n.p. n.p. 710 n.a. n.a.
water
439012 684.6 2.8/24:00 Bottle w. 89000 5.6 n.p. n.p. n.p. n.p. np. 16000 n.a. n.a.
water
439001-528 B  686.07 Core in can 131 4.54 n.p. n.p. n.p. n.p. n.p. n.c. n.a. n.a.
Sandstone
439001-529 D 688.81 Core in can 102 n.p. n.p. n.p. n.p. n.p. n.p. n.c. n.a. n.a.
Sandstone
439001-530 A 689.79 Core in can 9100 4.02 n.p. n.p. n.p. n.p. np. 2260 -40.9 n.a. n.a. thermogenic,
Dolerite med. maturity
439001-531 C 694.59 Core in can 3460 2.41 n.p. n.p. n.p. n.p. n.p. n.c. n.a. n.a.
Dolerite
439014 695.00 4.8/9:00 Bottle w. 40000 32 16 n.p. n.p. n.p. n.p. 833 n.a. n.a.
water
439001-564  701.92 6.8/16:20 Core in can 908 5.01 6.59 n.p. n.p. n.p. np. 783 n.a n.a. n.a. thermogenic,
Sandstone low maturity
439001-565 704.26 6.8/21:25 Core in can 622 3.08 1.32 n.p. n.p. n.p. n.p. 141 -43.8 n.a. n.a. thermogenic,
Sandstone low maturity
439020 707.00 6.8/17:00 Bottle w. 286000 80 n.p. n.p. n.p. n.p. np. 3500 n.a. n.a.
water
439021 707.00 6.8/10:45 Bottle w. 100000 41 12 n.p. n.p. n.p. np. 2000 n.a. n.a.
water

n.p. not present
n.c. not calculated
n.a. not available



GEUS no.

439201-036

439201-046

439201-054

439201-099

439201-105

439201-113

439201-118

439201-125

Depth (m)

136.17
167.61
194.47
326.87
343.28
365.88
379.46

396.50

n.p. not present
n.c. not calculated
n.a. not available

Time (d.m./h)

14.8/17:25
15.8/05:00
16.8/22:25
18.8/20:10
19.8/02:00
19.8/12:00
19.8/16:10

20.8/10:20

Type

Core in can
Mudstone
Core in can
Mudstone
Core in can
Mudstone
Core in can
Mudstone
Core in can
Dolerite
Core in can
Mudstone
Core in can
Mudstone
Core in can
Mudstone

CH,
(ppm)

175
332
46700
57

286
230000
133000

5500

Table 21. Gas data from the GANK #1 well

C2H6
(ppm)

0.4
6.4
2110
38.0
1.83
5300
4630

1310

C3H,
(ppm)

n.p.
n.p.
384
123
n.p.

1920

1540

440

iC,H,,
(ppm)

n.p.
n.p.

54
16.5
n.p.
122
140

40

nCH,,
(ppm)

n.p.
n.p.
30.8
29.6
n.p.
152
122

44

iCH,,
(ppm)

n.p.
n.p.
10.4
n.p.
n.p.

11

24

54

nC;H,,
(ppm)

n.p.
n.p.

3.5
n.p.

n.p.

4.8

Wetness

438

51.9

18.7

n.c.

156

31.9

21.6

3.14

s°c
CH, (*/o0)

n.a.
n.a.
-49.5
n.a.
n.a.
-46.9
-41.9

n.a.

8¢
CHs (o)

n.a.
n.a.
na.
n.a.
n.a.

-32.3
na.

n.a.

5"°C .
C3H; (o0)

n.a.
n.a.
n.a.
n.a.

n.a.

n.a.

Comments

thermogenic,
low maturity

thermogenic,
low maturity
thermogenic,
low maturity



GEUS no.

439107

439111

439112

439116

439101-420

439101-447

439101-449

439101-450

439101-457

439101-458

439101-465

439101-472

439128

Depth (m)

247.19
608.08
608.08
608.08
649.42
737.03
743.68
747.06
769.31
774.01
793.96
816.19

901.29

n.p. not present
n.c. not calculated
n.a. not available

Time (d.m./h) Type

23.7/21:20

31.7/19:00

4.8/9:00

4.8/12:10

1.8/21:55

2.8

2.8

3.8

3.8

3.8/9:00

3.8

3.8/21:30

10.8/23:45

Steel
cylinder
Steel
cylinder
Steel
cylinder
Fabric in
can
Core in
can (S)
Core in
can (S)
Core in
can (S)
Core in
can (S)
Core in
can (S)
Core in
can (S)
Core in
can (M)
Core in
can (M)
Steel
cylinder

CH,
(ppm)

7600

26900

642000

37200

188900

82000

264000

5197

23000

107000

43200

38800

33900

C2H6
(ppm)

n.p.

240

410

36

3350

256

390

1196

1560

1910

632

193

n.p.

Table 22. Gas data from the GANT #1 well

C;Hy

iC,H,o

nCH,,

iCsH,,

nCH,,

(ppm) (ppm) (ppm) (ppm) (ppm)

n.p.

30

n.p.

16.3

562

40.2

1600

0.4

278

349

101

82

n.p.

1n.p.

n.p.

n.p.

1.2

68

n.p.

86

n.p.

8.8

3

4.1

5.68

np.

n.p.

n.p.

n.p.

39

192

n.p.

242

0.9

21.7

10.9

10.3

n.p.

n.p.

n.p.

n.p.

0.5

30

n.p.

28

n.p.

1.9

n.p.

0.9

0.9

n.p.

n.p.

n.p.

n.p.

1

18

n.p.

39

n.p.

2.6

n.p.

1.33

1.3

n.p.

Wetness

00

100

1566

711

48.2

277

133

n.c.

12.5

47.1

58.9

141

00

§°C
CH, /oo)

-65.4
-34.8
-35.0
-37.0
-46.0
-40.1
-40.4
248
-36.8
-39.7
-39.1
-20.8

-68.0

8¢
CoHy (o)

n.a.
n.a.
n.a.
n.a.

-30.4
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

n.a.

s"*C
C3H (/o)

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

n.a.

Comments

microbial

thermogenic,

high maturity

thermogenic,

high maturity

thermogenic,

high maturity

thermogenic,

low maturity

thermogenic,

med. maturity
thermogenic,

med. maturity

thermogenic, high maturity,
(leaked, fractionated?)
thermogenic, high maturity,
(leaked?)

thermogenic,

med. maturity
thermogenic,

med. maturity

thermogenic, high maturity,
(leaked?, fractionated?)
microbial



Table 23. Compound assignment of terpanes and steranes (Fig. 10, 19 and 26, Tables 7 , 8,13, 14, 18 and 19)

Terpanes

Ts Coy 18c(H) trisnorneohopane

Tm Cory 170(H) trisnorhopane

178 Cory 17B(H) trisnorhopane

BNL Cog 170(H) bisnorlupane

H28 Cog 170(H), 210(H) bisnorhopane

H29 . Cy  17a(H), 21B(H) norhopane

M29 Cog 17B(H), 210(H) normoretane

o} Csp 180(H) oleanane

off H30 Csg 170(H), 21B(H) hopane

Bo M30 Cso 178(H), 21o((H) moretane

H31 Cs; 170(H), 21p(H) homohopanes (22S + 22R)
H32 Csy 170(H), 21p(H) bishomohopanes (22S + 22R)
H33 Css 170(H), 21p(H) trishomohopanes (22S + 22R)
Steranes

S27 aoR Coy 50(H), 14o(H), 17(H) sterane (20R)

S28 coR Cog 50(H), 14o(H), 170(H) sterane (20R).

S29 aoR Cyg 50(H), 140(H), 170(H) sterane (20R)

S29 oS Cog 50(H), 14o(H), 170(H) sterane (20S)

S29 BBR Cyo 50(H), 14B(H), 17B(H) sterane (20R)

S29 BBS Cyg  5a(H), 14B(H), 17B(H) sterane (20S)

*. Note: In the m/z 191 ion fragmentogram, a peak eluting fractionally earlier than 170(H)21B(H)-hopane (peak
labelled O) is attributed to 18c(H)-oleanane. A related, but uncommon compound, lupane, is known to have a very
similar retention time on the type of column used. The mass spectra of oleanane and lupane are very similar, but
the lupane spectra comprises a m/z 369 fragment, related to loss of an isopropyl-sidechain from the E-ring. Oleanane
does not show such fragmentation due to lack of an equivalent sidechain, and accordingly, the mass spectrum does
not display a significant m/z 369 fragment. In a number of West Greenland samples, mass spectra of the compound
presently identified as oleanane show a minor m/z 369 fragment. Possibly, this indicates a contribution of lupane
to the peak attributed to oleanane. The relative proportions of oleanane and lupane cannot be evaluated from the
data available, but the problem is currently being investigated in collaboration with Dr. M. G. Fowler (Geological
Survey of Canada, Calgary). The possible presence of lupane is primarily scientific reasons, and is presently not
anticipated to be of major importance for the exploration in the area.
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16000 —
0]
12000 —
()
Tm M3o
8000 | H3
Ts s
E
H32
_ s
4000 P H33
0 T l T 1] 1§ ' T T | ] 1 L ] T T ' T T T l 1 1 T ' ¥ 1] T I T L] T ! L T T I ¥
10 q2 qq 48 50 52 54 56 58

Time (min.)



Abundance
7000 —

6000

5000 —

4000 —

3000

2000 —

1000

lon 217.20 amu from 439001-477al.d 439001 -477 °©
GANE # 1

529

529

Time (min.)



lon 191.20 amu from 439001-429al.d L3900|- 429

Abundance ,
H29 GANE # 1
(ap)
H3o 503. 0 m

S00000 —

400000 —

Ten
H3|{
300000 — M3o
M2%
R
200000
H32
S
100000 —
R H33
s
np &
Ts
0 ¥ I T T T l ¥ T 1 I T ] T I 1 4 1 T l 1 1 T ! T T T ' 1 1 1 ‘ T ¥ 1 ’ 1 ¥
q0 q2 q4 a5 48 S0 52 59 56

Time {(min.)



lon 217.20 amu from 439001-429al.d H3900 |- 429

Abundance A4R
529 GANE # 1
E03.0m
30000
20000
AAR
S27
10000
0 Ll l 1 T T I ] ¥ 1 l L] T ¥ | 1 ] 1 ] T T T l ] i L§ l T L L] | L} 1
36 38 40 q2 44 46 48 S0

Time (min.)



Abundance
i
700000 -
600000 “
S00000 -
400000 -—
300000 “

200000 —

100000 —

BNL

lon 191.20 amu from 439001-511al.d

H29

M9

#8)
H30
(g} W31
M30
H32
S
g
WL

H39001 - 511

GANE # |

510. 32 ¢

Time {min.)




lon 217.20 amu from 439001-511al.d 439001 -511

Abundance
BBR GANE # |
529
510. 3 m
50000
IAS
Rd R
529
30000
20000 SR
527
10000

Time (min.)



lon 191.20 amu from 439001-512al.d H39001-512

%)
Abundance f-ffo CANE 4 1
400000 - 526 4 o
BN
H29
300000 -
H3!
s

200000 | Trm (o)

BA

oll m30

R
Mz9 H32
100000 —
S
H33
R s
R
Ts Mp
0 T ' T T T ] T T T l T T T l T T T ] T T T ‘ T T T ' T T 1 I 1 H L l 1

40 q2 q4 46 48 S0 S2 oS4 56

Time (min.)



lon 217.20 amu from 439001-512al.d L{ 39001 -512

Abundance +BNL _
529 GANE # 1
120000 —
526.4 v
100000 —
80000 —
+B8pnL
529
60000 —
40000
20000
AR il
527 58 %
0 T | T 1] ] I T T T l T T T l T T T l
36 38 q0 q2 44

Time (min.)



lon 191.20 amu from 439001-513al.d 43900 - 513

Abundance (4p)
H30 GANE # 1
L34 5 o
600000 —
H29
500000 —
400000 H31
T s
()
M29
300000 —
R
M29
200000 |
H32
)
BNL
H33
100000 R
Ay
g
| FE A ATRY

Time (min.)



lon 217.20 amu from 439001-513al.d

43900 - 5(3

Abundance
sas PR AR GANE # 1
591 529
534.5
30000
20000 —
10000
AR
s28
0 T I I l T T T l T T T I T T I T T T I T T T ] T 1
36 38 q0 q2 44 46 a8 S0

Time (min.)



lon 191.20 amu from 439001-514al.d 439001 - G5lH

Abundance (48)
H30 GANE # 1

800000 H29 564. 7 m

700000

600000

] H31
500000 s

400000 — (p)
] M30

300000 —

BNL M29

200000 H32

_ x  H3
100000 s

Ts e

:M nd UL Wi VU

Time (min.)



lon 217.20 amu from 439001-514al.d 439001— 514

Abundance poR
529 GANE # 1

S56H.7 m

90000
80000

70000

] oS oA R
60000 sool 529

S0000
40000

30000

20000

527 AdR

] 528
10000 M

Time (min.)




Abundance

600000 —

500000

400000 —

300000 —

200000 —

100000

T

e

BNL

lon 191.20 amu from 439001-459al.d

Hz9

M29

(@p)

H30

H3l

(Bat)
M30

43900 - 459
GANE # 1

600. Om

Time {(min.)



lon 217.20 amu from 439001-459al.d 439001 -459
AR

Abundance _
529 GANE # 1

GO0 .0 m

50000 —

dx G
529

40000 —

30000 —

20000 —

10000 —

Time (min.)



(2p) .
m/z 191 H3c L’BQOOI 515

GANE # 1
2000000 H29 615.0 w
1600000 —
T
1200000
() <
800000 | M30
R
H 34
M29
400000 — 5 H32
R
s
, e R
*e Wi
0 l_ﬁl‘hl WW T E‘\A|\M\: ‘Jl T T ‘ T T IW‘&—AT'-% T T ] T T
40 q2 44 46 48 50 52 54 56

Time (min.)



lon 217.20 amu from 439001-515al.d 439001 - 515

Abundance xR
529 GANE # 41
80000 — ©15.0m
70000 |
60000 |
50000 |
oS
: 529
40000 |
30000 |
20000
] olR
S2 oA R
10000 528
0 T 1 ¥ T T ] T T T I Ll T T T T T T ‘ T T T l T ] T ‘ 1 1 L l L L]
36 38 40 a2 a4 a6 a8 50

Time (min.)



(o)
lon 191.20 amu from 439001-369-0.d 439001 - 369
Abundance i _ ,
FHao GA NE 4
635 . 4 m
1400000 -
1200000 —
1000000 -
800000 - H29
600000 -
400000 - ” R s
1 Mi% S =
? H33
200000 -
= H34Y
| , [ ®
0 ; N /\__,i\,‘ LT - wl\_,_,;‘f'\nfl\”/}J J LAN me.. AA}L.J[ A)'l)\;\ ,‘. )\»_,L _i“ 'A ~

' T T T ‘ L T T I T 1 T ‘ 1

-

10 92 14 16 418 50 52 54 56 58
Time (min.)



Abundance

160000 —
140000 —
120000 ‘
100000 —
80000 “
'60000 -
40000 -

20000 -

fon 217.20 amu from 2GGU0101001.d

439001 - 369 (&

GANE # 1
635. 4 o

Time (min.)



o
lon 191.20 amu from 439001-648al.d H39 001 — 648

Abundance overflow GANE # 1
, H29 i (‘Mﬂa)
] H3o 638.1 py
6000000 —
] oA
5000000 — §§;§ H3)
7 H23 ; H32
4000000 — 5 H33
: R S
3000000 — — R
B {pn
7 R
2000000 -
7 Ts
1000000 —
1 L AVIRANE TWU
0 1 l i I ' ‘ 1 T T I T T 1 l i 1 I ’ i i 1 l 1 1 1 1 '
40 42 44 46 48 50 58

Time (min.)



[0}
lon 217.20 amu from 439001-648al.d H39001-646
Abundance GANE # 1

638. 1 m
1200000 -
1000000

800000 —

600000 —

400000 —

200000 —

Time (min.)



Abundance

6000000 -

S000000

4000000 —

3000000 -

2000000 —

1000000 —

H2B

lon 191.20 amu from 439001-647Al.d

H29

(4p)

H3e

GANE # 1

638 . 5

H31

(Bat)
M30

0

L3001 - GH7

Time (min.)



Abundance
600000 —

S00000 —

400000 —

300000 -

200000 —

100000

lon 217.20 amu from 439001-647Al.d

pin N

0
H3900! - 647

GANE # 1
638.5 n,

Time (min.)



lon 191.20 amu from 439001-654Al.d

Abundance *f
HIo

6000000 439001 - 654

GANE # 1

EHO, 2 m
5000000

4000000

HZ%
3000000

2000000 - H29

B o
30 H32

1000000 -

410 q2 44 46 a8 S0 S2 o4 S6 S8
Time (min.)



lon 217.20 amu from 439001-654al.d H3900]— 654 ’
Abundance GANE # 1

- 6['/0: 3 2]
2000000 —

1600000 —

1200000 —

800000 —

400000 —

MWWJ NN

36 38 40 42 44 46 48 50
Time (min.)




(o)

lon 191.20 amu from 2GGU0201002.d H39001 - 370
Abundance (4p)
H3zo GANE #
3000000 |
641, H w
2000000 |
H29
Ha8
1000000
H31
S
(B0 H32
T M30
™ M29 R
Is H 35
LJWUILA :
.
0 T l 1] ] 1 I L 1 T I L] 1 1 ‘ 1 3 ¥ T 1 1] L] I | | ¥ 1] ‘ 1 1 L]
40 92 94 46 48 54 56

Time (min.)



(e’
lon 217.20 amu from 2GGU0201002.d 43900i1-370

Abundance GANE B |

GHI. 4 m

240000 -

200000

160000 -

4R
120000 — 29

PUSS
527

80000 -

40000

Time (min.)




(o)

lon 217.20 amu from 2GGU0301003.d R 439001 -373
Abundance 2
. =29 GANE # 1
529

120000 0Bk 6H49. A
100000
80000 —

S
60000 529
40000
20000 - ;;‘g

0 ¥ ‘ L] ¥ ¥ I T 1] 1 I L] L] 1 I 1 T T ' | | ¥ L) I L L] 1] l ¥ 1 1 I L}

Time (min.)



lon 191.20 amu from 2GGU0301003.d

(o
439001 -373

)

Abundance (cp) _
H3o GANE # 1
649 -4 ™
S000000
4000000
Hz9
3000000 —
H3)
2000000 — s
Ten ( po\)
M30
R H32
H28 z
1000000 M2 H33
R S
R H3H
Ts s H35
AJ\LM W 1 2 R
0 1 Al l L] ¥ L § ] ] 1 1 l 1 L] ¥ L ¥ I I I 1§ ] JLI— 1|L o I ‘
q0 q2 44 46 48 S0 52 54 56 58

Time (min.)



lon 191.20 amu from 439805-ali.d

3

-

4393805

Se o CE. So MP;*Q}‘

neor GANE # |

Abundance ap

30000 - nee
1 H29

20000 —
- o}
] -

10000 — pa
_ M30
_ ;1
-M*mw% MM W ALY Wil

0+

' T T T l T T T I T T T ‘
42 44 46 48

WMM J\. Nrveroramdinsnteras
L B B

50 52 o4 o6 o8

Time (min.)



lon 217.20 amu from 439805-ali.d

Abundance AAR

- $29 SUr-FQC,Q. Samrle

12000 —

H39 805

near GANE # |

10000 —

AAR
sS27 Sl $

8000 —

6000 —

4000 —

2000 — M\W -PW"M\) i \/ / fJ\

Time (min.)



lon 191.20 amu from 432905-ali.d

Abundance ap 4399065
H3o

100000 Surfoce Sample

near GANE # |
90000
80000
70000
H29
60000
50000 BNL
40000
30000

20000

10000

l!lllllllllllllllllllllllllllll[lllllllll

<o

Time (min.)



lon 217.20 amu from 439905-ali.d

Abundance ?‘z*: 439905
. Suvrface Saﬂvplz

24000 ] neor GANE # |
20000 —
16000 AdS
A 529
12000 -
| ol
8000 — s27 SR
- 28
4000 — !
| f L
Tttt M ) W S
0 | l T ] 1 ] T T L) I T T T I 1 ) T | T T T | T i ) | 1 T T ] T 1
36 38 40 42 44 46 48 50

Time (min.)
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lon 191.20 amu from GGU0501005.d
439201-520-ali; Run at 10:06 PM PDT on Tue Sep 26, 1995

o)
Abundance (df;' “A3920|-520
H3o
T GANK # 1
60000
il 88. H m
] H29
S0000
40000
. O
30000 —
i BNL H3!
] 5
20000 ] Tw 0
_ (B H32
_ M3o
] S
10000 — Ts R H33
] } 1P L\ML S ° H34
. ,l‘/‘m S R
_WW \M v e N i
(0 S E E A AN R EN EN RN E ER SO R U RN SN U DU BN R N N AN I N A N SN RN I AU ERN R RN R R N
40 q2 44 a6 48 S0 52 54 56 58
Time (min.)

Fig. 19 continues



lon 217.20 amu from GGU0501005.d
439201-520-ali; Run at 10:06 PM PDT on Tue Sep 26, 1995 o
Abundance Aot R 439201 — 520
529
GANK 3 1
18000

881 L'( ™
16000
BPR

14000 dedS

529

529 |

12000

10000

8000

6000 iR

527,

4000

2000

[N TN N S T TN A T SO Y TN N N T T N T T T T O T I

Time {(min.)




lon 191.20 amu from 439201-40-al.d 439201 - HO
Abundance

BNC GANK H# A1
BAL 154. 5 rn
1000000
800000 —
(ap)
H30
600000 |
H3I
(ps)
M3o 14
H29
s
400000 —
Tm
MZ9

200000 | H32

] R

S H33
] 17p ?
| Ts s
] ‘ 1 T T l ] T T ‘ 1 ¥ ¥ l T T T I 1] ] Li l 1 ¥ 1] ‘ ¥ L} ¥ I I T ¥ I 1 1
40 42 44 46 48 50 52 54 56

Time (min.)



lon 217.20 amu from 439201-40-al.d 439201 — HO

Abundance
GANK # 1
Bps
pBR 151. 5 ~
- | s29
AAS
s29 | |-
+BNL
300000 -
ek
200000 529
100000
AR
s27
olkR
J 528
0 T I T T 1 “ T 1 ¥ ‘ T T T I ¥ T T
36 38 q0 q2

Time (min.)



Abundance

200000

150000

100000

50000

lon 191.20 amu from GGU0601006.d

439201-545-ali; Run at 11:18 PM PDT on Tue Sep 26, 1995

(dp) -
() /39201 - 545
GANK # 1
158. 6 ™
BN
(@p)
H29 M30
T H3|
BNL
SR
M29
H32
R
I7p s H32
wAN,J R
5
g A \Aﬂ UL

Time (min.)




lon 217.20 amu from GGU06010046.d

439201-545-ali; Run at 11:18 PM PDT on Tue Sep 26, 1995

Abundance 43920 -545
. 8BS <39 GANK 3 1
_ BRR
80000 - ETUI S 156.- 6 m
] 529
70000 E TBNC
60000
50000 E
E (k)
40000 ] <29
30000 E
20000 E R
n s2/
] (dtR)
10000 J 28
0 . T T T T T T T T 7 T T T T T T T ] T T T T 7
36 38 40 a2 a4 a6 a8 50

Time (min.)
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lon 191.20 amu from GGU0701007.d
439201-549-ali; Run at 12:30 PM PDT on Wed Sep 27, 1995
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20
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164.2 ™

Time (min.)
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|
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lon 217.20 amu from GGU0701007.d

439201-549-ali; Run at 12:30 PM PDT on Wed Sep 27, 1995
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529

pes
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$28

R _
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164. 2 ™

Time (min.)




lon 217.20 amu from 439201-52-al.d

439201 -652

Abundance GANK # 1
PR c29  188.9 m
pp R
500000 +BNL
ool S
529
400000 —
+BNC
300000 — AR
529
200000
100000 — )
0 | | T T T ]

Time {min.)




lon 191.20 amu from 439201-52-al.d L3920 52
Abundance

BNL GANK # 1
(ap)
1200000 — H 39 188. 9 m
1000000 ]
(e}
HZ‘? M3o
H31
800000 — R
BN
T 'I s
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M29
400000 —|
H32
R
5
200000 — 17p H33
1 R
=) W, |
WJ “U W W \ww W _
0 T l T 1 1 I T T T I ¥ 1] 1 I T ] ] l T

Time (min.)
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lon 191.20 amu from GGUab0101004.d

17@
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S
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Time (min.)
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s27
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GANKH |

229. 4

36 38 40 42 44 46
Time (min.)



Abundance
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ApB aoror e
1 GANK #
259.3 m
H29 ad
B M3
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[
'd
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H32
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| H33
LLJ Sk

44 46 48 50 J g -
Time (min.)



lon 217.20 amu from GGUab0201002.d

Abundance pp H439201- 76
29 GANK 3 }
] oaf | BN 259. 3 m
] 529
120000
] +BNC
100000 —
80000 — AR
] 529
60000 —
40000
j Adk.
] s27
20000 R
N s28
| W L u
o 1 l 1 ] | ' ] T T l T 1] ] ! 1 ¥ 11 ' 1] T
36 38 40 42 44

Time (min.)



lon 191.20 amu from 439201-206al.d

Abundance

14000

12000

10000 Bt

L i Il l 1 i 1 I i 1 1 l I 1.
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l
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lon 217.20 amu from 439201-206al.d o
Abundance 43920 -206¢

5000 — GANK # 1
iR
] 527 AR
7 sS29
4000

270, 2 m

3000

2000 —

1000 —

36 38 40 42 44 46 48 50
Time (min.)



lon 191.20 amu from GGUab0301003.d
Abundance ap 439201~ 3

H2o GANK # |
. F10.2 m
300000 -
| H29 pe
i Br M3 H3}
T@*» 4
200000 —
R
. A2
100000 -
) g
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o i l f 1 i I i ] ] l 1 1 l l 1 1 1 T T
40 42 44 46 48 50 92 54 6

Time (min.)
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|

llllllllilllltl‘lll

lon 217.20 amu from GGUab0301003.d

HAS
529

+BNC

poR
3529

+8ni

o R
529

{32920} -93
GANK # 1
310.2 m

42 44
Time (min.)




lon 191.20 amu from 439201-202al.d

O
Abundance (#p) 439201 202
H3o
GANK # 14

i 331 4 m

500000

400000 —

H29
300000 —

200000 —

i H29 H32

100000 —

Time (min.)



Abundance

60000 —

50000 —

40000

]

30000

l H 1 A

20000

l 1 1 i

10000

L

lon 217.20 amu from 439201-202al.d

o
H43920]|- 202

GANK # 1
331, 4 m

Time (min.)



lon 191.20 amu from 2GGU0801008.d 439201 - |08

(#p)
Abundance Hoo CANK # 1

SN
0
IS
3

1600000 -

1400000 -

Hz9 (o’

1200000 Ten M3e  H3)
] s

1000000 -

800000 M29

600000 BHG
] BL

400000 ' H32

200000 f7p H33

Time (min.)



lon 217.20 amu from 2GGU0801008.d 439201 - 108
Abundance

GANK # 4
Ads | PPR
529|529 352.1 m
200000 —
160000 - AR
$29
120000 -
80000 —
40000
daR
528
0 1 I ¥ 1 1] l 1 1 1 l ¥ T ¥ l T L] 1 |
36 38 40 42 44

Time (min.)



lon 181.20 amu from GGU0801009.d
439201-113-ali; Run at 02:50 AM PDT on Wed Sep 27, 1995

Abundance :«:5) L39201-1]3
30
7 GANK # 1
200000 365 9 m
] Hzg (pd\) H3)
M3o
-] 5
150000
B T
1 BNL R
100000 M2
| B
| H32
s
S0000 —
i R "
| 7P 33
i s b >R
i ' ’\JL\,N
¢ S I Y N N O U T N O O D A T N I I A AN N TN R N NN R
40 q2 44 46 48 S0 S2 59 56 58

Time (min.)




lon 217.20 amu from GGU0901009.d
439201-113-ali; Run at 02:50 AM PDT on Wed Sep 27, 1995

Abun_dance saR 43920 - (13

|

60000 $29 CANK #

365. 9 m

_ AS
50000 — 527

40000 —

daR
i 29

30000

20000 —

10000

Time (min.)




lon 217.20 amu from GGU1001010.d
439201-118-ali; Run at 04:04 AM PDT on Wed Sep 27, 1995

Abundance H439201- 118
] GANK # 1
| AdsS Pﬁi 529
7] HBNL +BNC
40000
30000 -
| AR
i 529
20000 —
106000
0 T T T T T T T | I — L B A
36 38 q0 q2 44

Time (min.)




lon 191.20 amu from GGU1001010.d

439201-118-ali; Run at 04:04 AM PDT on Wed Sep 27, 1995

Abundance (AB) H30201- 118
H3o
180000 - GANK # 1

3791 5 iy
160000

H29

() 43

140000 M30

T
120000

BNL
100000 M29
80000
60000

40000

20000

L by by e b b v by b b by

WWUWWW%W L,

40 42 44 46 48 S0 52 54 56 S8
Time (min.)




lon 191.20 amu from 439201-124al.d

Abundance (dp) H39201- 124
H39
GANK # 1
395, 8 m
H31
120000 - ]
M30
100000
T R
80000 By
M29
60000
H32
s
40000
- R
H33
20000 - Sg
] I7p
Ts ||
MLMMWWWMMM
0~ e A L L L B
40 92 a4 a6 48 50 52 54 56 58

Time (min.)



lon 217.20 amu from 439201 -124al.d
H39201-124

Abundance
S GANK # 1
- S
40000 29 395, 8 ~
+BNC
PBs
BBR
S29
+BnC
30000 —
(o(o(z)
529
20000
10000 R
Sz7
A oo R
L ! 528
0

Time {(min.)
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POLARS (Asph. + NSO)

Fig. 24
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Abundance

300000

200000

100000

{ 7p

lon 191.20 amu from 439101-18al.d

3
3o

H29

M5

(3
M329

WL

H3]

H3910| -8
GANT # 1
68. 1 m

Fig. 26 continues

,

Time (min.)



lon 217.20 amu from 439101-18al.d

Abundance = R 43910 -8
529
- 68.1 m
24000
20000 —
AcR
sS27

16000 -

Ad 5

ddR 529

12000 528
8000 l' ]

ﬁ | ! \
4000 — M \ i

M}\HLM Lw J \A

1

0 T ‘ T T T l T T T ‘ T T 1 I T T T I T T T I ¥ 1] T I T T T l T 1
36 38 40 q2 44 a6 a8 50

Time (min.)



lon 191.20 amu from 439101-102al.d

Abundance AP L3910 - 102
H30
GANT # 1
97.2 ™
500000 T
H29
400000 | H3!
B s
M3o
300000
R
M29
200000 |
H32
Ly
100000 .
1 17p H33
I Y L AV
T l T T T I T T T | T T ¥ l T T T l T T T l L T T l T T T | T T T l T T
a0 a2 a4 a6 a8 50 52 59 56

Time (min.)



lon 217.20 amu from 439101-102al.d

Abundance olet R 4439j01 - 102
529

GANT #1
28000

97. 2 p

24000 —

20000
] AR

527

16000 | da S
] 529

HES
529

12000

8000 —

4000 —

Time (min.)



lon 191.20 amu from 439101-158al.d

Abundance AP 39101 -158

) H30

240000 — GANT # |
] 267.3

200000 —
7 H29
] H31

160000 — )
: T
i po

120000 — | m3o .

80000 — M29
] H32
- S
40000 — R H33
E <
- Ts || 7P )
0 —MWMWLN\}MMJLW P v e an e . . .
T l I T 1 I T T 1 I T 1 1 ‘ T ] 1] I T 1 I l 1 T T l 1 T T I T T 1 l T T 1 I 1
40 42 44 46 48 50 52 54 56 58

Time (min.)



lon 217.20 amu from 439101-158al.d

Abundance Aot R H439101-158
629
. GANT # 1
y 267. 3
20000
16000 — S
| ";’; 528
12000 —
i B3R
] Aol -
. 528
8000 — m
4000 - |
11l MMM a b‘ U“v
-wJL.,N‘L‘\ L‘»

38 40 42 44 46 48 50
Time (min.)



lon 191.20 amu from 439101-176al.d

Abundance 4@ H39101 - 176
H3o
400000 GANT # 1
322,2 ™
300000 H29
H3|
S
200000 M3o F~
M2 H3z
100000 7
R H33
5 . H3Y
Ts ' T e
0 M Ll A \jL L) W v VWA
T ‘ l 1 T ¥ I 1 T T l 1 T ] ‘ T T T I T T | I 1 T T I ] T 1 I 1 T l
40 42 44 46 48 50 52 54 56 58

Time (min.)



lon 217.20 amu from 439101-176al.d

Abundance AdR H39101 - 176
529 ,
30000 — GANT #
] 322 2 ™
AdS
. 529
20000 —
: > R |
529 i
10000 ulf | "
L/ \ LT
™ M WMM«
0 T l T T T l 1 ] I 1 ) T I ) T ] l I T ] ' T T T I 1 T T I T 1
36 38 40 42 44 48 50

Time (min.)



lon 191.20 amu from 439101-193al.d

Abundance o H39101-193
H3o
i GANT # 1
| 374H.9 m
500000 —
1 H29
400000 — H3|
1 s
300000 — Ton
— ﬁd R
| M30
200000 —
i 0 H32
n s
100000 — R H33
| s
0 .jl. A LAMWWLJ WW‘\.J N |
P

Time (min.)



Abundance

50000 —

40000 —

30000 —

20000 —

10000 —

lon 217.20 amu from 439101-1923al.d

AdR
929

Ao 5
529

ddR
s27
AkR
528

432101 - 193

GANT # 1

374. 9 m

Time (min.)



lon 191.20 amu from 2GGU0401004.d

Abundance AB3 H43910]~ 3263
H30
GANT # 4
1200000 Y. O o
H29
1000000 -
800000 H!
S
600000 - T
H28 R
pak
400000 Q| m30 H32
' | s
200000 R H33
s
_ . M3
5 || P s
R
0 M M L;w\Jl L] l L :\AA]L\’\‘:'A"U i | 4 T l i L 1 I ¥ L] 1 Ai—ﬁl‘ ] 1 | 1 )

Time (min.)



lon 217.20 amu from 2GGU0401004.d

Abundance ddS AR 439jc|— 363
528 529
60000 GANT # 1
476. O pn
ppR
S0000
. 529
40000
30000 —
20000
10000 u
R
e I B B L e L B
36 38 10 92 44 48 S0

Time (min.)



lon 191.20 amu from 439101-378al.d

Abundance AP H433101-378
H3o
i GANT # 1
1200000 - 519, 1 m
] H29
1000000
800000 - W31
] s
] Tem
600000
- R
400000 ] Bﬂl H32
. M30
] s
200000 Hag R 433
| 17p s
] Ts |y Uil J h
0 ;‘I. 3 nﬂ,\I)L“; LJJLW; y ] N \f'Ju LA lJ~ 'y U\ MNTJUL,_N_JF__M - [
T T T T T T T T T T T T T T T T ! T T T T T T T T
40 42 44 46 48 50 52 54 56 58

Time (min.)



lon 217.20 amu from 439101-378al.d

Abundance

50000

40000

30000

20000

10000

1

527

ddS
529

peR

529

(3PS

daR
$29

A439101-378

GANT # 1
519,11 m

Time (min.)



lon 191.20 amu from 439101-401al.d
95044-22 ali; Run at 11:49 AM PDT on Tue Sep 26, 1995

Abundance AB H3910-4o|
H320
_ CGANT # |
200000 589. H
A H29
150000 —
: H31
. s
100000 —
| T .
T H32
] s
50000 84
| M3o H33
. H28 R c
H3
] = ’ !
Lo VIR NN 2
Aen o ne o
O— 7T 7 1 T 1T T T T T T T I T 7T T T T 1T 7T T T 7T 5T 1 I

Time (min.)




Abundance

18000

16000

14000

12000

10000

8000

6000

4000

2000

[T NN W AN U U0 NN A TN TN N N T T Y T (T T T T T T O S v O O

lon 217.20 amu from 439101-401al.d
95044-22 ali; Run at 11:49 AM PDT on Tue Sep 26, 1995

H439|01—-40]
(3@'2
GANT # |
S29
Y 539.4 ™
$29
AxS |5
629

SR

1

Time (min.)




lon 191.20 amu from 439101-407al.d
95044-23 ali; Run at 01:53 PM PDT on Tue Sep 26, 1995

Abundance dp 439101 -~ 4O77
H30

180000 — GANT # 1

608.0 m
160000

140000

120000 H29

100000 H31

80000

60000
T H32

40000 Bol

M3o R H33
20000

YR NS OO SN S SRS YO UNN VNN WO U N NN NN NN U OO UOUS TN Y N NN (NN N U UG W UUN SUS O SUO SN B W |

Time (min.)




Abundance

14000

12000

10000

8000 —

6000

4000 —

2000 —

lon 217.20 amu from 439101-407al.d
95044-23 ali; Run at 01:53 PM PDT on Tue Sep 26, 1995

%14
LYo

aas |5 xar
529 529

S

|

439101 - 4077
GANT # 1

608. O m

Time (min.)




lon 191.20 amu from 439101-805-X.d

4]
Abundance 5 H3G 10| - 8§05
I | GANT # |
80000 —
i 610. 6 my
70000 -
60000 y
50000 —
40000
30000
: T G
: H28 0
20000 — i |
i M3o ‘
i S
10000 — Ts R
. u i s o S
:W\MUWW L..«J LJ"fu*'w”"\J \A“n NJ W
0 1 ' T 1 i l T T 1 | T T 1 I 1 T H ' T T T I T 1 1 | I T 1 I 1 T 1 l 1] l_""-;_ ] 1 1
40 42 44 46 48 50 52 54 56 58

Time (min.)



Abundance

30000

lon 217.20 amu from 439101-805-X.d

]

PR
$
5297 519

L{3%|ol—- 805

GANT H |

616. 6 o

|
42 44

Time (min.)

o



lon 191.20 amu from 2GGU0501005.d

Abund AR -
undance nes ) H39 10| - HI9

GANT # |
1000000 -

654, 9 m
800000

H29
600000 -
H28 0
s
400000 —
[ R
s
200000 —
0 T _l_,'\ T | i | T T T
54 56

Time (min.)



Abundance

140000 "
120000 “
100000 —
80000 —
60000 '-
40000 “

20000 -

lon 217.20 amu from 2GGU0501005.d

N &

R
528

AR

529

PPS’

529 cldR
529

43910 - H19
CANT # |
654, 9 m

Time (min.)




lon 191.20 amu from 2GGU0601006.d

Abundance :(g H3Q10] —433
)
GANT # 1
691. 6 m
400000
300000 — HZ?
O
200000
H3!
s
T HZ8
- (&
100000 H32
S
(3
M30 R h33
s
- A i AAJELNM\MM '\AM i
b Py
0 | T LA R i B LA A A L
92 44 46 48 S0 32 54 56 S8

Time (min.)



lon 217.20 amu from 2GGU0601006.d

Abundance B 43910 — 433
GANT # 1
529
691.6 ™
pps
oleAS
30000 s28
A% R
529
20000
10000 — PR
iR
527 p29
e T B e B e L L

Time (min.)



lon 191.20 amu from 2GGU0701007.d

Abundance f}go H3IF 01— 4H37
GANT # |
706. 8
300000
H29
200000
H31
5
100000 —
T
H28
] Ts
0 W Y T I Y T AT"—T T ¥ ] T Y Y
40 q2 44 34 56

Time (min.)



fon 217.20 amu from 2GGU0701007.d '
Abundance L3910 -437

PR
24000 — GANT # [
29 706. 8 m
Ao .
20000 s29 | PP
/ AR
16000 — 529
12000
8000 -
AekR
S28
4000 - J
0 T I ¥ T T l T 1] L] I L 1 ¥ l 1 ] 1] l 1 1 ¥ I 1 L] ¥ I ¥ L v l 1§
36 38 40 a2 a4 a6 48 50

Time (min.)



Abundance
140000

120000 —

100000

80000 —

60000

40000 —

20000 —

Tm

95044-24 ali; Run at 03:09 PM PDT on Tue Sep 26, 1995

H28

lon 191.20 amu from 439101-465al.d

0

AP
H30

H29

L3910 -HeE5
GANT i |

794 . 0 m

Time (min.)




lon 217.20 amu from 439101-465al.d
95044-24 ali; Run at 03:03 PM PDT on Tue Sep 26, 1995

Abundance 8ok H39(0|- 465
i ol §
12000 s29 || 794. O ™
1 ARR
10000 529
8000 —
6000 —
4000 — SR
a 5271 S
i s28
2000 V
_LW l"
0 | N N O A N AN N EOA A R E EE RN SN S R R S R R SR S na
36 38 a0 a2 a4 a6 a8 50

Time (min.)




lon 191.20 amu from GGU0401004.d
439101-518-ali; Run at 08:55 PM PDT on Tue Sep 26, 1995

Abundance o3 439101 -518
H3o
_ GANT 4 |
200000
| 797.2 o
7] H29
150000
B H3)
100000 <
= T
] R
] H32
S0000 S
i po
Y L,
i T 0 H3¢/
ﬂwwm v r
O T T 17T T I T 1 T T T T T T T T T T T T T T T T T T o T T T T
40 q2 44 46 48 S0 52 34 56 58

Time (min.)




lon 217.20 amu from GGU0401004.d
439101-518-ali; Run at 08:55 PM PDT on Tue Sep 26, 1995

Abundance 439101— 518
P at _
_ 529 529 GANT % |
- il L) 797, 2 m
529
12000 —
10000 —
8000
6000 —
4000 — i;; ‘
. AR
N 8
2000 u
-Mwwfb\n\m
0 — 71T 1 v T 1T T 1t 1 1 T 7 1T 7T T T 7T [ " T T 7T T 7 T 7 T T T/ 07T
36 38 40 a2 a4 46 a8 50

Time (min.)




Abundance

120000

100000

80000

60000

40000

20000

Tm

lon 191.20 amu from GGU0101001.d
439101-520-ali; Run at 05:21 PM PDT on Tue Sep 26, 1995

Ap H39101-520
H30
GANT # |
836. 7 ™
H29
H3!
S
Y
S
Ol pa R H33
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Hz8 ~ > H3Y
R S .
o TR

Time (min.)
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9000
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7000
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5000

4000
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lon 217.20 amu from GGU0101001.d
439101-520-ali; Run at 05:21 PM PDT on Tue Sep 26, 1995
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ﬁ;g
S AAR
529 529

e —

H39101-520
GANT # |

836 7 m

Time (min.)




Abundance

160000 —

140000 —

120000

100000

80000

60000

40000

20000

lon 191.20 amu from GGU0201002.d
439101-521-ali; Run at 06:31 PM PDT on Tue Sep 26, 1995
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Time (min.)




Abundance

6000

5000

4000

3000

[N S VSN NN VNN O WU (NN N NN NS NS U N AN NN N

2000

1000

O O |

,_L |
%
i__
;

=
-

lon 217.20 amu from GGU0201002.d
439101-521-ali; Run at 06:31 PM PDT on Tue Sep 26, 1995
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529 GANT # |
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Time (min.)
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C13 isotopic data of methane and ethane
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