Chapter 3

Analytical programme and applied methods
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The laboratory phase of the ‘Nordolie’ project in-
cluded geochemical, microscopical and petrophysical
methods (fig. 9). These methods vary considerably in
approach and degree of sophistication. Laboratory
work has been carried out in Copenhagen at the lab-
oratories of the Geological Survey of Greenland
(GGU), the Geological Survey of Denmark (DGU),
and the Geological Institute, University of Copen-
hagen.

Sampling

Considerable time was devoted to stratigraphic, sedi-
mentological and structural studies of potential reser-
voir and source rock sequences with the highest priority
during field work given to sampling of fine-grained units
for analytical work. During the summers of 1984 and
1985 two teams carried out field work and sampling
from 33 camp sites in central and western North Green-

Fig. 9. Flow diagram for analytical procedures.
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land (Christiansen & Rolle, 1985; Christiansen et al.,
1986); approximately 70 localities were visited by hel-
icopter. In addition to the 989 samples collected by
geologists directly involved in the source rock study, a
limited number of samples (approximately 75) collected
by other geologists were also studied. The study of the
Peary Land region, which is only briefly treated in the
present work, is mainly based on 275 samples collected
by Flemming Rolle in 1980 (Rolle, 1981) plus approxi-
mately 50 samples collected by a number of other geol-
ogists in 1978 to 1980.

The samples collected were selected to be representa-
tive of the studied interval. Whenever possible, samples
were collected from unweathered intervals below the
surface, as weathering is known to influence the organic
geochemistry of surface samples (Leythaeuser, 1973;
Clayton & Swetland, 1978; Forsberg & Bjorgy, 1983).
All samples were wrapped in aluminium foil to avoid
contamination during transport and storage. So far no
contaminants have been detected in any of the analysed
surface samples.

Drilling programme

A drilling programme was carried out in order to
obtain unweathered and statistically representative
samples of the most interesting source rock units (see
Christiansen ez al., 1986 for details). The drilling unit,
which was constructed and later modified a number of
times by J. Boserup and A. Clausen at GGU, has been
successfully employed in Jameson Land, East Green-
land (Surlyk, 1983; Surlyk et al., 1984), in North Green-
land (Christiansen et al., 1986), and on Traill @, East
Greenland (Marcussen et al., 1987).

Thirteen holes were drilled to a maximum depth of 40
m. Approximately 345 cumulative metres were drilled
and except for the uppermost metres at each site the
recovery was close to 100%. All cores were described at
the drill site using a scale of 1:50 or 1:100 and most holes
were logged by gamma ray measurements (logs of the
Silurian cores are shown by Christiansen & Nghr-Han-
sen, 1989).

After logging, the core pieces were wrapped in alu-
minium foil and packed in standard core boxes made of
hard plastic. Unfortunately, the plastic seems to have
caused minor contamination with C,,, C,,, C,. Cys, Cy
n-alkanes in some of the analysed core samples (see fig.
11).

Handling and storage

All samples and core boxes were transported to
Copenhagen by air during or shortly after the two field

seasons. The sampled material is stored at GGU,
mostly in closed standard sample cases. During prep-
aration (e.g. cutting, crushing) contact with equipment
or containers made of organic compounds (e.g. rubber,
plastic) was avoided.

LECO and Rock Eval pyrolysis

The LECO and Rock Eval analyses were carried out
at the source rock laboratories at DGU and GGU.
More than 600 samples were analysed, mainly during
the months immediately following the two field seasons
with later supplementary analyses of a smaller number
of specific samples. Both types of analyses are based on
crushed whole rock material using 200 mg and 100 mg of
sample, respectively.

The total carbon content (TC), the total organic car-
bon content (TOC), and hence the total inorganic car-
bon content (TIC = TC — TOC) were determined by
combustion in a LECO IR 212 furnace before and after
treatment with hot concentrated HCI, respectively.

The Rock Eval pyrolysis method (Espitalié et al.,
1977) is universally applied by oil and service companies
in the characterization of source rock potential, types of
organic matter, and thermal maturity (Horsfield et al.,
1983: Horsfield, 1984; Tissot & Welte, 1984). However,
the method should be used with caution because of
variation due to differences in material type and mineral
matrix (Espitali€ et al., 1980, 1984; Evans & Felbeck,
1983; Katz, 1983) and presence of migrated bitumen
(Clementz, 1979). In order to reduce errors and misin-
terpretations the material from North Greenland was
analysed employing the same laboratory procedure and
the same instrumentation throughout.

During the Rock Eval pyrolysis the powdered sam-
ples are heated at steadily increasing temperatures from
300°C to 550°C. The release curve of the pyrolysate
typically shows two peaks (fig. 10). The low temper-
ature peak. S1 (mg HC/g rock) at 300°C is due to
hydrocarbons already present in the sample. The sec-
ond, S2 (mg HC/g rock) between 410°C and 520°C,
correlates with hydrocarbons generated by thermal al-
teration of the kerogen. The CO, gencrated during py-
rolysis in the temperature interval 300°C to 390°C is
trapped and analysed by thermal conductivity detection
as a third peak S3 (mg CO,/g rock). With increasing
thermal maturity the area of the S2 peak decreases and
the peak is displaced towards higher temperatures. The
temperature of maximum generation (7,,,,) during py-
rolysis is used as a maturity parameter (fig. 10).
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Fig. 10. Selected pyrogrammes showing typical relations of S1,
§2,83. 71, and TOC for (A) immature to mature source rock
(sample 316775, Lafayette Bugt Formation. Washington
Land), (B) mature to postmature source rock (sample 324490,
Thors Fjord Member, Warming Land), (C) bitumen-impreg-
nated sandstone (sample 322205, Buen Formation, Wulff
Land).

Palynological studies

Palynological preparation and studies were carried
out at GGU. Kerogen from more than 455 samples was
examined optically in order to obtain information on
the Thermal Alteration Index (TAI), kerogen composi-
tion, relative kerogen content and content of palyno-
morphs.

The kerogen was separated from 20 g of each sample
by standard palynological preparation, in which miner-
als are dissolved by HCI and HF. The first slide was
made after this acid treatment. The second slide was
made of organic residue which had been sieved on a 10
micron nylon mesh. Occasionally a third slide was made
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after brief oxidation (3 to 5 minutes) with fuming HNO,
followed by washing with a weak KOH solution.

The organic residue was mounted in a permanent
medium Eukitt® (produced by O. Kindler, West Ger-
many). The first and second slides were used in the
evaluation of maturity and kerogen content, the third
for biostratigraphic purposes. The slides were studied
with translucent microscopy applying an Olympus BH-2
microscope. The S.E.M. observations were carried out
on Au-coated sieved and oxidized kerogen using a Cam-
bridge or a Phillips Scanning Electron Microscope at the
Geological Institute, University of Copenhagen.

Gas chromatography and gas
chromatography/mass spectrometry

Gas chromatography (GC) and gas chromatography/
mass spectrometry (GC/MS) analyses were carried out
at the source rock laboratories at DGU and GGU.
Following preliminary interpretation based on screening
methods (LECO/Rock Eval and palynological studies),
54 samples of source rocks and bitumen were selected
for GC analysis. Sixteen of these samples were analysed
using the GC/MS technique after evaluation of the gas
chromatograms (checking for ‘biomarkers’ in the C,,; to
C,, range) (@stfeldt, 1987b). About 115 samples from
Peary Land had been analysed prior to the initiation of
the Nordolie project (Rolle & Wrang, 1981). Many of
these samples are, however, postmature and lean in
organic material and provide only little information on
the petroleum geology of the region.

Crushed samples (50100 g except for the pure bitu-
mens) were extracted with methylene chloride for 24 h
in a Soxhlett extraction apparatus. The extract was fil-
tered, the solvent removed by evaporation, and the
amount of extract determined.

The extract (50-100 mg) was separated on an open
silica column by stepwise elution with n-hexane, methy-
lene chloride and methanol, yielding saturated, aro-
matic and polar (= hetero compounds) fractions, re-
spectively. Asphaltenes are retained on the column.
After evaporation of the solvent, the weight of the
individual fractions was determined, and the relative
distribution of saturate (sa), aromatic (ar) and polar
(po) compounds was calculated.

GC analyses of the total saturate fraction were car-
ried out on a Hewlett Packard 5840 gas chromatograph,
fitted with a 25 m x 0.3 mm (int. diam.) fused silica
capillary column coated with a cross-linked methyl sil-
icone stationary phase. The column was operated from
80° to 300°C at 6°C/min. and the effluent detected with a
FID detector. From the gas chromatogram, the pristane
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to phytane (Pr/Ph) and pristane to C,; n-alkane (Pr/
nC,;) ratios were calculated (see fig. 11).

GC/MS analyses were carried out using a Finngan
1020 GC/MS system connected with an on-column in-
jector onto a 25 m X 0.22 mm (int. diam.) fused silica
capillary column coated with cross-linked methyl sil-
icone phase. The column was operated from 70° to
310°C at 5°C/min. The column led directly into the ion
source of the mass spectrometer operating at an ionizing
voltage of 70 eV.

The mass spectrometer was operated in the Multiple
Ion Detection (MID) mode, scanning 10 ions (m/e 82,
123, 177, 183, 191, 205, 217, 218, 231, and 259) every
second. From the integrated ion-chromatograms of m/e
191 (triterpanes), 217 and 218 (steranes and diaste-
ranes), several source, lithology and maturity-depend-
ent parameters were calculated (see @stfeldt, 1987a,b
for details). The other seven ion-chromatograms (not
integrated) were used to support the tentative peak
assignment.

Reflectance and fluorescence studies

Reflectance and fluorescence measurements of grap-
tolites, kerogen and bitumen were carried out at the
source rock laboratories of DGU and GGU. The grap-
tolite-rich samples were collected for initiation of a re-
search programme on graptolite reflectance (Stouge er
al., 1988) and about 45 samples were prepared shortly
after the two field seasons. About 75 samples were
selected for reflectance and fluorescence measurements
of kerogen and bitumen after initial evaluation of
screening data (Thomsen & Guvad, 1987). Only sam-
ples with relatively high TOC values or visible fluo-
rescence in the palynological slides were considered
further.

The investigations were carried out on whole rock
samples, either crushed to a grain size of 2 to 3 mm or
prepared as rock fragments orientated perpendicular to
the lamination. The samples were embedded in a cold
setting epoxy resin and then ground and polished using
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Fig. 11. Selected gas chromatograms of the saturated fraction. a: pristane, b: phytane, numbers are n-alkane carbon numbers. (A)
Mature source rock. Sample 315855, Henson Gletscher Formation, Freuchen Land. (B) Polluted bitumen rock, note anomalously
high values of C,. C,, and C,, n-alkanes. Sample 318003-57, Henson Gletscher Formation, Freuchen Land. (C) Extract of
core-box (brown plastic). Note the high contents of C,,, Cyy, Cy4, Cjy and Cy, n-alkanes. (D) Extract of core-box lid (yellow

plastic). Note the composition similar to the core-box.




1/4 micron diamond powder for the final polish. Two
microscope systems have been employed for measure-
ment, in both cases using oil immersion: A reflected-
light Zeiss photomicroscope equipped with an MP03
photometer and digital readout, using a 40X Epi-pol oil
immersion objective, working with a plane glass reflec-
tor. Data are collected and processed by an MPS 3000
microcomputer. A Leitz MPV-SP reflected-light micro-
scope equipped with a pol-opak illuminator, plane glass
reflector and a 32x oil immersion objective. Data are
collected and processed by an MPS 3000 microcompu-
ter.

[lumination for both systems was through a green
filter with peak transmission at 546 nm. The photomul-
tipliers were calibrated against standards with reflec-
tance values of 0.516 and 1.26% R,'. Quantitative
measurements of fluorescence were carried out using
the Zeiss microscope system, fitted with a continuous
filter monochromator and a 100W high-pressure mer-
cury lamp connected to a stabilized power supply. For
UV excitation the Zeiss F1 fluorescence reflected-light
illuminator is used with a 25X neofluar objective.

Carbon isotope studies

Carbon isotope measurements of kerogen, bitumen
and source rock extracts were carried out at the Stable
Isotope Laboratory at the Geological Institute, Uni-
versity of Copenhagen. This method was brought into
use in the later part of the project, mainly in order to
correlate observed migrated bitumens with the two
main source rock units but also to provide additional
information on the depositional environment.

Measurements were carried out on both kerogen and
extracts of the source rock (n = 16) and extracts of the
migrated bitumen (n = 25). The total extract (see previ-
ous section on GC) was employed, typically from the
same samples as used in the GC, GC/MS programme.
Kerogen was separated from rock samples by decalcifi-
cation with HCl followed by methylene chloride extrac-
tion to remove bitumen and dried at 90°C.

Combustion to CO, (of both carbon in kerogen and in
extracts) was carried out in an oxygen-helium atmo-
sphere at 900°C with copper oxide as catalyst. The
evolved gas was purified over copper and silver at 600°C
and transferred to a Finngan MAT 250 triple collector
mass spectrometer. The ratio between *C and “C is
reported as per mille deviations from the PDB-standard
using the d-function (Epstein et al., 1951). Reproduc-
ibility is better than 0.05%. on the d-scale.
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X-ray diffraction of kerogen

X-ray diffraction of kerogen concentrates was carried
out at the Laboratory of Clay Mineralogy, DGU (Koch,
1987). This method, rarely applied in source rock stud-
ies, was introduced in the final stage of the working
programme with the special aim of characterizing and
ranking thermally postmature samples.

Fifteen organic-rich samples were prepared, eight of
these represent a profile through the Cambrian-Ordo-
vician outer shelf and slope sequence with a known
systematic increase in thermal maturity. The remaining
Silurian samples have a known, but highly scattered,
thermal maturity.

Depending on the content of organic carbon 10-25 g
of powdered sample was treated with 15% HCI at a
temperature of 80°C (see details in Koch, 1987). Follow-
ing centrifugation, washing with destilled water and dry-
ing, the solid material was treated with concentrated HF
at 80°C for two days and finally dried.

The kerogen concentrate was investigated by X-ray
diffractometry using a Phillips 1050 vertical goniometer
equipped with a graphite monochromator in the dif-
fracted beam and using CoKa as radiation. In addition
to the kerogen study a semiquantitative evaluation of
the mineral content of the samples was made. The X-
ray diffractogram in fig. 12 illustrates the procedure for
determination of the two parameters d,;, and WHH,
(position and width at half height of the 002 ‘graphite
peak’). A number of other peaks show the presence of
mineral phases (either relicts or minerals formed during
preparation).

Fission track studies

Fission track studies of apatite and zircon from sand-
stones were carried out at the Geological Institute, Uni-
versity of Copenhagen. This method was included in the
later part of the ‘Nordolie’ project in order to obtain
chronological information on thermal episodes and his-
tory of uplift.

Fifteen samples representing two cross sections, one
in the area where the Henson Gletscher Formation out-
crops and one in the Silurian shales in Nyeboe Land,
were prepared. Sample material of 0.5 to 1.5 kg was
crushed and separated by magnetic and heavy liquid
methods (see details in Hansen, 1988). The separates
were mounted in epoxy or teflon, polished, and etched
to reveal spontaneous tracks.

Age determinations were carried out using the ex-
ternal detector method (Gleadow & Lowering, 1978)
with the Fish Canyon and Mt. Dromedary apatites and
zircons as age standards following the zeta calibration
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Fig. 12. X-ray diffractograms of samples
245327 and 315928 showing the procedure
for determination of dy, and WHH,,. The
sharp peaks indicate the presence of pyrite

and fluorides formed during preparation.
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procedure described by Hurford & Green (1983). NBS
SRM 612 and Corning CN1 and CN2 glasses were em-
ployed for monitoring the neutron fluence. The pol-
ished and etched apatites and zircons were irradiated
together with high quality low-uranium mica detectors
at the J1 facility of the HERALD reactor in Aldermas-
ton, U.K., or at the Risg National Laboratory, Den-
mark.

All measurements for calculating the fission track
length distribution in apatite were carried out on hori-
zontal, confined tracks as suggested by Gleadow er al.
(1986).

Fluid inclusion studies

Studies of fluid inclusions and stable isotopes of dia-
genetic calcite and dolomite associated with bitumen
were carried out at the Geological Institute, Copen-
hagen University. These methods were employed in the
later part of the project in order to obtain information
on the temperature and chemistry of pore waters at the
time of diagenetic growth and migration of hydrocar-
bons (Jensenius, 1987).

Only samples from four localities, all with macro-
scopically identified bitumen, were investigated.

Fluid inclusion microthermometry was performed
with the aid of a Chaimeca heating and freezing stage
(Poty et al., 1976) calibrated from 96°C to 400°C. The
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stable isotopes were analysed by the following proce-
dure at the Stable Isotope Laboratory, Geological In-
stitute, University of Copenhagen. Approximately 30
mg of carbonate were crushed to a grain size between 64
and 150 um, treated with sodium hypochlorite to re-
move migrated hydrocarbons and kerogen, followed by
reaction in vacuum with concentrated H,PO,. The
evolved CO, was cleaned over dry ice isoproponal mix-
ture and subsequently admitted to the Finngan Mat-250
isotope mass spectrometer.

Porosity/permeability

Measurements of the petrophysical parameters (po-
rosity, permeability and grain density) were carried out
commercially by the Core Analysis Laboratory of
DGU. Approximately 60 orientated plugs (25 mm x 25
mm), mostly from Cambrian sandstones, were ana-
lysed. Following drying, the specific permeability is
measured by flowing nitrogen through the plug. The
porosity and grain density is determined applying a
double chambered helium porosimeter and a picometer
with calibrated mercury pump (Springer, 1987).

Thin sections of all analysed samples from the plugs
or nearby slabs have been stained for carbonate identifi-
cation by Dickson’s method (Allman & Lawrence,
1972) and studied in detail.
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Plate 1. Kerogen

A. Sample with a relatively low (0.21% TOC) kerogen content
and a dominance of finely disseminated amorphous kerogen
in a silica gel, Lafayette Bugt Formation, Nyeboe Land,
GGU 316490-1, unsieved organic material.

B. As A., Lafayette Bugt Formation, Nyeboe Land, GGU
316490-2, sieved organic material (on 10 zm nylon mesh).
C. Sample with a relatively moderate (1.15% TOC) kerogen
content and small to moderate amounts of large amorphous
kerogen particles, Thors Fjord Member, Nares Land, GGU

318007-18-1 unsieved organic material.

Plate 2. Cambrian palynomorphs

A. Acritarch-like folded alga. Middle Cambrian Sydpasset
Formation, Freuchen Land, MGUH 19334 from GGU
315873-2; 139.5-13.9.

B. Acritarch-like folded alga. Middle Cambrian Sydpasset For-
mation, Freuchen Land, MGUH 19335 from GGU
315873-2; 150.6-7.0.

C. Two acritarch-like folded algac. Middle Cambrian Sydpas-
set Formation, Freuchen Land, MGUH 19336 (large light
body), MGUH 19337 (dark small body), both from GGU
315873-2; 122.0-15.3.

D. Acritarch-like folded alga. Middle Cambrian, Ekspedition
Bra Formation, Freuchen Land, MGUH 19338 from GGU
324217-2; 139.2-14.9.

E. Acritarch-like folded alga. Middle Cambrian, Ekspedition
Brz Formation, Freuchen Land, MGUH 19339 from GGU
324300-2; 131.2-13 4.

Plate 3. Ordovician palynomorphs

A. Acritarch. Upper Ordovician Troedsson Cliff Member,
Washington Land, MGUH 19344 from GGU 316968-2;
145.3-17.8.

B. Acritarch. Upper Ordovician — Lower Silurian Aleqatsiaq
Fjord Formation, Washington Land, MGUH 19345 from
GGU 316085-4; 124.1-21.3.

C. Graptolite fragment, Upper Ordovician Troedsson Cliff
Member, Washington Land, MGUH 19346 from GGU
316968-2; 128.1-2.9.

D. Scolecodont, Upper Ordovician, Troedsson Cliff Member,
Washington Land, MGUH 19347 from GGU 316968-2;
148.8-15.1.

E. Alga. Upper Ordovician — Lower Silurian Aleqatsiaq For-
mation, Nyeboe Land, MGUH 19348 from GGU 316103-2;
135.0-15.0.

E. Filamentous alga. Upper Ordovician — Lower Silurian Ale-
gatsiag Formation, Washington Land, MGUH 19349 from
GGU 316058-2; 135.1-4.2.

Plate 4. Silurian palynomorphs

A. Chitinozoan, Angochitina cf. A. elongata. Upper Silurian
Wulff Land Formation, Wulff Land, MGUH 19350 from
GGU 315950-3; 136.9-17.2.

B. Chitinozoans, Linochitina erratica. Upper Silurian Wulff
Land Formation, Wulff Land, MGUH 19351 from GGU
315950-2; 154.3-9.6.

C. Retiolites, graptolite fragment. Upper Silurian, Wulff Land
Formation, Wulff Land, MGUH 19352 from GGU
315950-3; 155.1-11.1.

D. Graptolite fragment, Upper Silurian, Wulff Land Forma-
tion, Wulff Land, MGUH 19353 from GGU 315950-2;
127.3-5.7.

E.-H. Trilete spore-like bodies, figs E and F with a degraded
bitumen-like appearance.

E. Lower Silurian Lafayette Bugt Formation, Washington
Land, MGUH 19354 from GGU 211760-2; 143.3-17.2.

F. Upper Silurian Wulff Land Formation, Wulff Land,
MGUH 19355 from GGU 315950-3; 15950-3; 155.5-8.2.

D. As C., Thors Fjord Member, Nares Land, GGU 318007-
18-2, sieved organic material (on 10 #m nylon mesh).

E. Sample with a relatively large (5.09% TOC) kerogen con-
tent and a dominance of large amorphous kerogen particles,
Thors Fjord Member, Nares Land, GGU 318007-32-1, un-
sieved organic material.

F. As E., Thors Fjord Member, Nares Land, GGU 318007~
32-2, sieved organic material (on 10 #m nylon mesh).

Scale bar: 20 gm.

F. Acritarch-like folded alga. Middle Cambrian, Ekspedition
Bra Formation, Freuchen Land, MGUH 19340 from GGU
324217-2; 141.9-11 4.

G. Lump of algal or spore-like clements. Middle Cambrian,
Ekspedition Bra Formation, Freuchen Land, MGUH 19341
from GGU 324300-2; 127.8-14 4.

H. Diad-like lump of algal or spore-like elements. Middle
Cambrian, Ekspedition Brz Formation, Freuchen Land,
MGUH 19342 from GGU 314300-2; 138.5-17.8.

I. Lump of alga or spore-like elements. Middle Cambrian,
Ekspedition Br Formation, Freuchen Land, MGUH 19343
from GGU 324300-2; 157.7-14.7.

Scale bar: 20 um.

G.-L. Spores with trilete rays. Upper Ordovician, Troedsson
Cliff Member, Washington Land (Nghr-Hansen & Koppel-
hus, 1988).

G.-1. Besselia nunaatica,
316968-2; 125.5-8.3.

G. Distal view illustrating the minute ornamentation.

H. Equatorial view.

I. Internal proximal view.

J. Besselia nunaatica, two connected spores, internal proxi-
mal view, MGUH 17541 from GGU 316968-2; 155.1-11.9.
K.-L. Besselia nunaatica. MGUH 17542 from GGU
316968-2; 123.8-15.9.

K. Distal view illustrating the ornamentation.

L. Internal proximal view.

Scale bar: 20 gm.

MGUH 17539 from GGU

G. Upper Silurian Nyeboe Land Formation, Nyeboe Land,
MGUH 19356 from GGU 319234-2; 119.3-11.0.

H. Upper Silurian Nyeboe Land Formation, Wulff Land,
MGUH 19357 from GGU 319210-3; 130.6-21.4.

I. Spherical folded algae, acritarchs? Lower Silurian La-
fayette Bugt Formation, Hall Land, MGUH 19358 from
GGU 324157-2; 144.2-8.5.

J. Tubular structure. Upper Silurian Nyeboe Land Forma-
tion, Wulff Land, MGUH 19359 from GGU 319210-3;
146.6-16.5.

K. Tubular structure. Upper Silurian Nyeboe Land Forma-
tion, Nyeboe Land, MGUH 19360 from GGU 319234-2;
138.8-8.0.

L. Rounded drop-shaped palynomorphs. Lower Silurian La-
fayette Bugt Formation, Washington Land, MGUH 19361
from GGU 316061-2; 137.1-14.8.

Scale bar: 20 gm.
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Plate 5. Progressive coloration of amorphous kerogen with increasing thermal alteration

Plate 5. Progressive coloration of amorphous kerogen with increasing thermal alteration
Scale bar: 50 ym

A. TAL (2)-2*, GGU 211759-2. B. TAl: 2'—(3°), GGU 324405-2. C. TAIL 4*, GGU 316475-1.



Plate 6. Change in structure of amorphous kerogen with increasing thermal alteration as observed
in the scanning electron microscope

Plate 6. Change in structure of amorphous kerogen with increasing thermal alteration as observed in

the scanning electron microscope

T, 446, GGU 324405-2, scale bar: 10 um.

man

A. TAL 2°+3),

Plate 7. Field appearance of bitumen

A. Sceping asphalt from southern Wulff Land (equivalent to
GGU 324200)

Plate 8. Macroscopic bitumen in slabs

A. Asphalt from seep in dolomite breccia. GGU 324200A.
B. Like A. Stained. DO, D1, D2, C1, C2 correspond to gener-
ations of dolomite and calcite.

Plate 9. Bitumen in thin section

A. Bitumen in coral. GGU 3241308, Lafayette Bugt Forma-
tion, Nyeboe Land. Plane light, stained, C: calcite, Fe-C:
Fe-rich calcite, B: bitumen, scale bar: 1 mm,

B. Bitumen in coral. GGU 316067, Lafayette Bugt Formation,
Washington Land. Crossed nicols + gypsum plate. Q:
quartz, C: calcite, B: bitumen, scale bar: 1 mm.

C. Bitumen-filled fracture in calcarenite. GGU 31801309,
Lafayette Bugt Formation, Nyeboe Land. Plane light, scale
bar: 2 mm.

B. TAIL: 4°, T_..: n.d., GGU 316475-2, scale bar: 10 um

B. Hard solid bitumen in dolomite vug in the Sydpasset Forma-
tion (equivalent to GGU 324287-324299, core GGU
JIRIN3)

C. Asphalt from seep in dolomite breccia. Stained. Same gen-
erations of carbonates as A and B. GGU 324200E.

D. Hard sohd bitumen in vugs and vemns in dolomite grain-
stone. DO: dolomite grainstone, D1: saddle dolomite. Core
GGU 318003,

D. Two-phased bitumen (black and yellow) (B1, B2) in saddle
dolomite veins (D1) cross-cutting dolomite grainstone (D0).
See close-up (arrow) in Plate 11. GGU 318003-53, Henson
SEIctschcr Formation, Freuchen Land. Plane light, scale bar:
2 mm.

E.-F. Saddle dolomite vein (D1) in dolomite grainstone (D0).
Bitumen occurs as impregnation in DO (B1), as residual
matter in the contact between DO and D1 (B2, R, 0.92%)
and in the centre of the vein (B3, R, 1.21%). GGU
318003-21, Sydpasset Formation, Freuchen Land. Plane
light, scale bars: 1 mm.

Plate 10. Bitumen in palynologically prepared samples observed in microscope or in SEM

A. Bitumen with flaky appearance (note crystal impressions).
GGU 315172-1. Ryder Gletscher Group Fm 6, Wulff Land.
Scale bar: 25 um.

B. Globular bitumen. GGU 315865-2. Aftenstjernese Forma-
tion, Nares Land, scale bar: 50 um.

C. Globular bitumen which has been extruded during and after
sample preparation by the xylene-containing mounting me-
dium. GGU 315199, Ryder Gletscher Group Fm 6, Warming
Land. Scale bar: 12.5 um.

D. Bitumen with flaky appearance (note crystal impressions).
GGU 315172-1, Ryder Gletscher Group Fm 6, Wulff Land.
Scale bar: 10 um.

E. Bitumen mirroring imprints of crystals from coral space.
GGU 316067-2, Lafayette Bugt Formation, Washington
Land. Scale bar: 10 gm.

F. Thread-like bitumen. GGU 324433, Buen Formation, Wulff
Land. Scale bar: 25 um.



Plate 7. Field appearance of bitumen




Plate 8. Macroscopic bitumen in slabs

L il
.




Plate 9. Bitumen in thin section




Plate 10. Bitumen in palynologically preparedsamples observed in microscope or in SEM




Plate 11. Bitumen in polished section

Plate 11. Bitumen in polished section

GGU 318003-53, Henson Gletscher Formation, Freuchen B. Normal reflected light photograph of same field. The yel-
Land. low-fluorescent low-reflecting bitumen (B2) has a R, of
Scale bar: 50 gm 0.08% and the dark non-fluorescent high-reflecting bitumen
(Bl) a R, of 1.17%
A. Fluorescent light photograph of two-phase bitumen.

Cover picture
Cambrian and Ordovician strata at Blue Cliffs, Wulff Land, North Greenland. Photo: J. Lautrup, GGU.
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