
Chapter 4

Palynological studies af the organic matter

H. Nøhr-Hansen

Palynological studies of the kerogen in potential
source rocks and other sediments in petroliferous basins
provide important data on quality, quantity and type of
the organic matter. In addition the palynomorphs are
useful for biostratigraphic correlation. The colour and
preservation of palynomorphs and other kerogen parti
cles are of value in thermal maturity evaluation (Sta
plin, 1969; Burgess, 1974; Dow, 1977). The kerogen
composition, described as organic facies (Jones, 1987)
or palynofacies (Combaz, 1964; Batten, 1981; Tyson,
1987), is yet another powerful toni in source rock char
acterization and evaluation.

Although palynological kerogen analysis is frequently
used on Mesozoic and Cenozoic organic material and
many of the resulting data are published, this is not the
case in studies of Lower Palaeozoic sequences where
palynomorphs are used mainly for biostratigraphic pur
poses and only rarely in organic facies and environ
mental studies (Aldridge el al., 1979; Dorning, 1987) or
in source rock studies (Legall et al., 1981). The amor
phous kerogen in Palaeozoic sediments has only been
sporadically described from a palynological point of
view (Venkatachala, 1981; Batten, 1984).

The present chapter concentrates on providing a sys
tematic presentation of the results of palynological stud
ies of the organic matter from selected intervals of the
Lower Palaeozoic sequence in North Greenland. In ad
dition to the organic-rich potential source rock units,
most other lithological units from the Lower Palaeozoic
sequence in North Greenland have been investigated.

The organic content of 455 samples was isolated by
standard palynological preparation (Chapter 3). These
samples had previously forrned the basis for preliminary
thermal maturity studies (Christiansen et al., 1985,
1987), and were employed in a combined kerogen clas
sification and thermal maturity study of the Silurian
material (Christiansen & Nøhr-Hansen, 1989). The
MGUH numbers used in the figure captions indicate
that specimens are stored in the Geological Museum of
the University of Copenhagen.

Classificatian af arganie matter

The organic matter of the samples studied is dom
inated by amorphous kerogen without any structures
reminiscent of its precursor. The very sparse informa
tion obtained from the amorphous kerogen, combined
with a low palynomorph content and the absence of
terrestrial material, makes it impossible to carry out a
traditional kerogen facies analysis. Instead a tentative
classification based on content and relative composition
of the total kerogen was introduced (Christiansen &
Nøhr-Hansen, 1989). Three types of kerogen are dis
cerned: (1) large coherent particles of amorphous kero
gen, (2) finely disserninated amorphous kerogen, and
(3) palynomorphs. The total contcnt of kerogen was
cvaluated, employing for each sample both the slide of
unsieved organic material and the slide of sieved orga
nic material (Chapter 3), and classified as poor, moder
ate or richo

Samples dominated by finely disserninated amor
phous kerogen are generally those poor in kerogen
(Plate 1 A and B) and they display low TOC values «
1%). The kerogen from these samples often occurs in a
silica gel in the unsieved organic material (Plate 1 A).
Samples with a moderate kerogen content contain small
to moderate amounts of large kerogen particles (Plate 1
C and D) and display TOC values in the range l to 3%.
Samples rich in kerogen are genera Ily dominated by
large particles af amorphous kerogen (Plate 1 E and F)
and display high TOC values (> 3%).

Palynomorphs constitute onJy aminor amount af the
totalorganie material from North Greenland (com
manly 1-2% and never more than 20%). Chitinozoans,
graptolite fragments, scolecodonts, acritarchs and
spores were observed.

Solid bitumen is widespread in a number of samples.
This may present same problems in the TAI (Thermal
Alteration Index) evaluation since the migrated bitu
men has often been through a different thermal history
than the autochthonous kerogen. Another problem
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with solid bitumen is the resemblance of palynomorph
membranes to bitumen flakes which have been
squeezed between minerals. Examples of bitumen in
palynologically prepared samples are iIlustrated in Plate
10.

Cambrian shelf sequence

Organic matter from 86 Cambrian samples was ana
Iysed (fig. 13), the majority collected from the Henson
Gletscher Formation (Ineson & Peel, in press; Chris
tiansen et al., 1987).

The organic matter from lime mudstones and inter-

bedded shales is dominated by large particles of gran
ular to spongy amorphous kerogen, whereas finely dis
seminated amorphous kerogen only occurs in moderate
amounts. The relative kerogen content is moderate to
high. Palynomorphs were not recorded from the Hen
son Gletscher Formation. Most of the other Cambrian
units are dominated by fine1y disseminated amorphous
kerogen and have a poor to moderate kerogen content.

Most of the Cambrian succession is barren of palyno
morphs (fig. 13). It is remarkable that algae (Plate 2
A-F), which resemble the acritarch genus Leiosphaeri
dia, are only recorded from dolomite of the Sydpasset
Formation and from lime mudstone of the Ekspedition
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Bræ Formation; the latter also contains lumps of algae
or spore-like palynomorphs (Plate 2 G-I). Both forma
tions have a poor to moderate kerogen content. A few
scolecodonts were reeorded from the Tavsens Iskappe
Group, which spans the Cambrian-Ordovician bound
ary.

Ordovician shelf and trough sequence

Organic matter from 92 samples of Ordovician shelf
and trough deposits was analysed (fig. 14).

The organic-rich northern trough facies are postma
ture with regard to oil generation, whereas the shelf
carbonates have a low organic eontent dominated by
early mature finely disseminated amorphous kerogen.

Acritarchs (Plate 3 A and B) were recorded in 43
samples from the Ordovician succession and although
the flora is of low diversity, the acritarchs seem to be
biostratigraphically useful (K. J. Dorning, personal
communication, 1986). Chitinozoans oceur in 34 sam
ples with a generally low diversity, but a number of
biostratigraphically significant species have been ree
orded (Grahn & Nøhr-Hansen, 1989). Graptolite frag
ments (Plate 3 C) oeeur in 15 samples, and seolecodonts
(Plate 3 D) oceur in 47 samples.

The Troedsson Cliff Member and Aleqatsiaq Fjord
Formation yielded the largest numbers of palyno
morphs. The Troedsson Cliff Member is partieularly
interesting due to its content of presumed trilete spores
(Plate 3 G-L) described in detail by Nøhr-Hansen &
Koppelhus (1988). Two samples from the Aleqatsiaq
Fjord Formation contain algal structures (Plate 3 E and
F).

Silurian outer shelf and trough sequence

The organic matter of 277 Silurian samples from out
erops and shallow cores was systematically analysed
(fig. 15; Christiansen & Nøhr-Hansen, 1989). The ma
jority of the samples (259) are blaek shales from the
Thors Fjord Member (Iower part of the Wulff Land
Formation), the Wulff Land Formation and the age
equivalent Lafayette Bugt Formation. Loeally these
shales reaeh more than 400 m in thickness.

The Thors Fjord Member is dominated by large
amorphous kerogen particles and is tentatively charae
terized as rich in kerogen. The Lafayette Bugt Forma
tion has a moderate kerogen content with a weak dom
inance of large amorphous kerogen particles. In con
trast, the upper part of the Wulff Land Formation is
dominated by finely disserninated amorphous kerogen
and has a relatively poor kerogen content.

The Silurian shales in general have a low content of
palynomorphs compared to the Ordovician carbonates.
Chitinozoans (Plate 4 A and B) and graptolite frag
ments (Plate 4 C and D) are common. Seolecodonts are
less abundant and trilete spores oeeur in only a few
samples. Acritarehs have only been reported from one
Upper Silurian sample in western Hall Land (Arm
strong & Dorning, 1984). Chitinozoans were recorded
in 120 samples. The diversity is low, but the species are
stratigraphically distinct (Grahn & Nøhr-Hansen,
1989). A chitinozoan biostratigraphy combined with
biostratigraphic schemes on graptolites (Bjerreskov,
1986) and conodonts (Armstrong & Aldridge, 1982) are
useful for correlation of the source rock intervals.

The graptolite fragments recorded have no biostra-
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tigraphic value, but measurements of graptolite reflec
tance contribute to the evaluation of the thermal matu
rity (Stouge et al., 1988; Chapter 6).

The scolecodonts, which were observed in 40 sam
ples, have so far not proved useful in either biostra
tigraphic or maturity studies.

Degraded and disintegrated palynomorphs, probably
trilete spores having the appearance of degraded bitu
men, were recorded from a few samples from the La
fayette Bugt, Wulff Land and Nyeboe Land Formations
(Plate 4 E-H). The Lafayette Bugt Formation also con
tains spherical folded bodies (Plate 4 l) resembling the
acritarch-like algae from the Cambrian Ekspedition
Bræ Formation and rounded to drop-shaped palyno
morphs (Plate 4 L).

Plant megafossils were reported from the Nyeboe
Land Formation of Ludlow age (Larsen et al., 1987).
The same samples contain, in addition to the above
mentioned degraded spore-like bodies (Plate 4 G and
H), tubular structures (Plate 4 J and K) comparable to
the material illustrated from Ordovician (Vavrdova,
1984), Llandovery (Duffieid, 1985) and Wenlock
(Strother & Traverse, 1979) successions elsewhere.

Amorphous kerogen

The state of preservation of the kerogen and the
dominance of large amorphous kerogen particles in
dicate that the shale-dominated units with a moderate
to rich kerogen content (figs 13 and 15) were deposited
in oxygen-poar environments. In contrast, the carbon
ate-dominated units with a relatively poor to moderate
kerogen content (fig. 14) represent more oxygenated
depositional environments.

The differentiation, c1assification, and origin of amor
phous kerogen are poorly known. Since most hydrocar
bon targets are within Mesozoic deposits, very few pa
Iynological publications present descriptions of Lower
Palaeozoic amorphous kerogen. Among the few Lower
Palaeozoic examples are Venkatachala's (1981) illustra
tions of Precambrian to Ordovician filamentous algae.
Yenkatachala interpreted these algae as remains of
blue-green algae (or cyanobacteria) which forrned algal
mats. Biodegradation of these filamentous algae leads
to the formation of flaky or granular organic matter
(Yenkatachala, 1981, p. 184).

Batten (1984) illustrated Lower Palaeozoic lumps of
amorphous kerogen with shapes interpreted as inher
ited from faecal pellets. He also mentioned that appar
ently amorphous masses occasionally prove to be com
posed largely of acritarchs.

Remains of blue-green algae were rarely identified in
the palynological slides although commonly observed in

thin-sections (Larsen, 1989). However, probably fil
amentous algae very similar to those reported by Ven
katachala (1981) were recorded from a single Upper
Ordovician - Lower Silurian sample (Plate 3 F).

Neither faecal pellets nor amorphous masses com
posed of acritarchs were recorded in the present organic
material. Biodegradation and thermal alteration have
destroyed any direct sign of the precursors of the amor
phous kerogen from North Greenland.

Palynomorph distribution - depositional
ar preservational control

Palynomorphs were recorded in 76% of the analysed
samples of Ordovician limestone, all of which were
deposited in relatively shallow water, and in 67% of the
Silurian shales which represent deeper water deposi
tion. Thus the Ordovician versus Silurian palynomorph
distribution illustrates a shallow to deep-water trend
which, despite the age difference, clearly indicates the
preferred habitat of the organisms.

Acritarchs, chitinozoans and scolecodonts were rec
orded from 38 to 54% of the analysed Ordovician sam
ples, whereas graptolite fragments occur in only 17% of
the samples (Table l).

Table 1. The distribution o/ palynomorphs in the
Ordovician limestone samples

Number Number
of of

analysed barren
samples Ae Ch Se Gr samples

Washington Land Gp 14 O I 2 O 12
Aleqatsiaq Fjord Fm 28 17 13 14 3 3
Cape Calhoun Fm 4 3 3 3 3 O
Troedsson Cliff Mb 14 12 11 11 7 l
Gonioeeras Bay Mb 10 7 5 9 2 O
Børglum River Fm 4 O O 4 O O
Steensby Giet. Fm 15 4 l 5 O 5

89 43 34 48 15 21
% of analysed
samples 100 48 38 54 17 24

Chitinozoans and graptolite fragments are repre
sented in 43% and 44% of the Silurian samples, respec
tively. Scolecodonts occur in only 14%, and acritarch
like palynomorphs in less than 1% of the Silurian sam
ples (Table 2).

The presumed benthic scolecodonts seem to prefer a
shallow-water and/or limestone environment in contrast
to the planktonic graptolites. The frequency of scoleco-



Table 2. The distribution olpalynomorphs in the
Silurian shale samples

Number Number
of of

analysed barren
samples Ac Ch Sc Gr samples

Chester Bjerg Fm 1 O O O O 1
Wulff Land Fm 63 O 32 12 20 26
Lafayeue Bugt Fm 128 O 56 19 64 37
LafayeUe Bugt Fm
back reef 15 O 9 O 5 3
Thors Fjord Mb 53 O 20 6 33 11
Cape Schuchert Fm 4 O 3 3 1 1
Amundsen Land Gp 13 O O O O 13

277 O 120 40 123 92
% of analysed
samples 100 O 43 14 44 33

dont and graptolite fragments in the Silurian deep-water
deposited shales is the opposite of that in the shallow
water facies. The distribution of the supposedly plank
tonic chitinozoans indicates that this group tolerated
shaIIowas well as deep-water conditions.
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It is remarkable that acritarchs were not recorded
from the Silurian shales in North Greenland, since acri
tarchs have been reported in moderate to large numbers
in all marine lithologies except reef limestone, sand
stone and conglomerate, in the Silurian of Britain and
Ireland (Aldridge et al., 1979). In North Greenland
acritarchs are common in the Ordovician limestones,
whereas only one Silurian sample, also a limestone, has
revealed acritarchs (Armstrong & Dorning, 1984).
Likewise, the very few Cambrian acritarch-like palyno
morphs recorded from North Greenland were reco
vered from carbonates. The present distribution pattern
is in accordance with the observations of both Aldridge
et al. (1979) and Dorning (1987) who suggest that micro
fossiis are more diverse, abundant and well-preserved in
Palaeozoic platform carbonates than in graptolitic shale
and sandstone turbidite sequences.

The analyses of the Ordovician and Silurian samples
revealed 24 and 33% of the samples, respectively, to be
barren of palynomorphs. The deviation is small and
probably not significant. The Ordovician organic matter
is generally less mature than the Silurian.

Although the data have not been strictly treated sta
tistically, the palynomorph distribution clearly illus
trates environmentally controlied trends.
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Plate 1. Kerogen
A. Sample with a relatively low (0.21 % TOC) kerogen content

and a dominance of finely disserninated amorphous kerogen
in a silica gel, Lafayette Bugt Formation, Nyeboe Land,
GGU 316490--1, unsieved organic materia\.

B. As A., Lafayette Bugt Formation, Nyeboe Land, GGU
316490-2, sieved organic material (on lO,um 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 materia!'

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 algae. 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-Iike folded alga. Middle Cambrian, Ekspedition
Bræ Formation, Freuchen Land, MGUH 19338 from GGU
324217-2; 139.2-14.9.

E. Acritarch-like folded alga. Middle Cambrian, Ekspedition
Bræ 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. AIga. Upper Ordovician - Lower Silurian Aleqatsiaq For
mation, Nyeboe Land, MGUH 19348 from GGU 316103-2;
135.0-15.0.

F. Filamentous alga. Upper Ordovician - Lower Silurian Ale
qatsiaq 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 lO,um 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 lO,um nylon mesh).

Scale bar: 20,um.

F. Acritarch-like folded alga. Middle Cambrian, Ekspedition
Bræ Formation, Freuchen Land, MGUH 19340 from GGU
324217-2; 141.9-11.4.

G. Lump of algal or spore-like elements. Middle Cambrian,
Ekspedition Bræ Formation, Freuchen Land, MGUH 19341
from GGU 324300-2; 127.8-14.4.

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

I. Lump of alga or spore-like elements. Middle Cambrian,
Ekspedition Bræ 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 (Nøhr-Hansen & Koppel
hus, 1988).
G.-1. Besselia nunaatica, MGUH 17539 from GGU
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
mai 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. lnternal proximal view.

Scale bar: 20,um.

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,um.



Plate l. Kerogen
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Plate 2. Cambrian palynomorphs
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Plate 3. Ordovician palynomorphs
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Plate 4. Silurian palynomorphs..
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Plale S, Progressive coloration of amorphous kerogen with increasing Ihermal alteration

l'lale S, Progressive coloration of amorphous kerogen with increasing thermal alteration

Scalc bar: 50I,m

A. TAI: (2)-2'. GGU 211759-2. B. TAI: 2'-(3 l. GGU 324405-2. C. TAI: 4'. GGU 316475-1.



IlIate 6. Change in structure of amorphous kerogen wilh increasing thennal alteralion as observcd
in thc scanning electron microscope

Plate 6. Change in struclure of amorphous kcrogen with increasing Ihermal alteration as obscrvcd in
the scanning e1ectron microscopc

A TAI 2'-(J). T_.~. GGU 32~2. 'luk bar: IO pm.

Pl3te 7. Field appcarance of bitumen

A. Sccpmg asphalt from southern Wulfr Land (equl\'3lent to
GGU JU200I·

Plate 8. Macroscopic bitumen in slabs

A Asphalt from seep m dolomlte brcccla GGU 324200A.
D. Llke A. St;llncd. DO. Dl. 02, Cl. C2 correspond to gener

atlon~ of dolomitc and cakite.

Plate 9. Bitumen in thin section

A. Bitumen in eoral. GGU 32~I30B. utfayene Bug! Forma
tion. Nychoc L:ll1d. Plane light. st:lined. C: e:Ileite. Fe·C:
Fe-rich ealeite. B: bitumen. scak bar: I mm.

B. Bilumen in eoral. GGU 316067, LafayeIle Bugt Formalion,
WashinglOn Land. Crossed nicols + g}'psum plate. O:
quarlz. C: eakile. B: bitumen, scale bar: I mm.

C. Bltumen·rilled fraeturc in ealcarcnite. GGU 318013-09,
Lafa)'ctlc Bugt Fonnation. Nycboe Land. Plane: light. scalc
bar: 2 mm.

il TAI ~'. T_. nd., GGU JI6475-2. SC'3le bar 10pm

(J Hard ~id bllumcnLll dolomllc \ug Ln thi: S)dpassct Fonna·
1I0n (et(uI\alenl to GGU 32~287-J2-1299. rore GGU
318003)

C A~phalt from seep lil dolomltc brcccla. StaLncd Same gen
cr.lILons of carbonalc-s as A and Il GGU n-l200E.

D lIard solid bilumen il} vugs and ,'ems lil dolomile grain.
~tone. DO: dolomile grainstonc. Dt: saddle dolomltc. Corc
GGU J 18003.

D. Two.pha~d bitumen (black and yellow) (Ill, B2) in s..ddle
dolomile vcill~ (DI) cross-cuning dolomile grainstonc (DO).
See dosc·up (;Irrow) in Plate 11. GGU 318003-53.I-Icnson
Gletscher Form;uion. Freuehen Land. PI;LIle light. se;tle bar:
2 mm.

E.·F. Sadtlle dolomitc vein (DI) in dolomilC grainstonc (DO).
Billllllen occurs as impregnation in DO (BI). as residual
maller in the contacl bclwccn DO lind DI (B2. R,,: 0.92%)
and in the centre uf tlle "ein (B3. R,,: 1.21%). GGU
318003-21. S)"dpassct Fonnation. Freuchcn Land. Plane
light. seale bars: I mm.

Plate IO. Bitumen in palynologically prepared samples obscrved in microscope or in SEM

A. B,tumen ....'th flak) appcaraocc (nolC C1')'Slal imprC5Sions).
GGU 315112-1. Rydcr Glclscher Group Fm 6. Wulff Land.
Scalc bar: 25 Jim.

B. Globular bItumen. GGU 315865-2. AftenSlJcrnes00 Fonna·
1I0n. Nares Land. SC'3lc bar: 50 pm.

C. Globular bllumen .. hich has bccn eXlrudcd dunng and afler
sample preparalion by the x)'lene<onlamlllg moullting me
dium. GGU 315199. Rydcr Glelscher Group Fm 6. Warming
bnd. Scale bar: 12.5 Jlm.

D. BLtumen "'Ith flak)' appc:araocc (nolc Cf)'Slallmpressions).
GGU 315112-1. R}'dcr Gletscher Group Fm 6, Wulff Land.
Scalc bar: IO pm.

E. Illlumcn mirroring imprinls of cl)'Stals from coral space.
GGU 316067-2. Lafayette Bugt Formation. WashinglOll
Land Scalc oor: 10 pm.

F. Thread-hke bllumcn. GGU 324453. Buen FormalIon. Wulff
Land Scale oor: 25 pm.



Plate 7. Field appcarance ol bitumen
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Plate 8. Macroscopic bilUmcn in slabs
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Plate IO. Bitumen in palynologically prepared samples observed in microscope or in SEM
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Plale II. Bitumen in polished section

82

81 /

Plale I J. Bitumen in polished seclion

GGU 318003-53. Henson Gletscher Formation. Freuchen
Land.

Scalc bar: 50 11m

A. I-luorcscelll light photograph of Iwo·phase bitumen.

B. Normal reneeted light photograph of ~me fieId. 11le ye!.
low-nuorescent low·rcnecling bitumen (82) has a Ru of
0.08% and the dark non·fluorcsccnt high.rcflccting bitumen
(BI) a R"of 1.17%.

C(/\'I'" pie/I'"
C:lmbrian and Ordovid:m strata at Blue aars. Wulff Land. NOrlh Greenland. Photo: J. Lautrup. GGU.
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