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Sedimentological and structural studies of the Middle
to Upper Devonian deposits in East Greenland were
initiated in 1986 (Marcussen ez al., 1987) and continued
in 1987 (Marcussen et al., 1988) and in 1988. Field work
was carried out from late June to late August, but
during a three week period from late July to early
August it was hampered by bad weather in the region.
The 1988 activities were concentrated around Moskus-
oksefjord, on Gauss Halvg west of Gastisdal and in
Moskusokselandet. Shorter periods were spent in Ole
Regmer Land and in northern Hudson Land, with short
visits to Ymer @ and Geographical Society @ (fig. 1).
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Sedimentological and structural investigations of
the Devonian basin, East Greenland

P.-H. Larsen, H. Olsen, F. O. Rasmussen
and U. G. Wilken

Prior to the field work a 1:100 000 preliminary photo-
geological map was produced in GGU based partly on
previous observations and partly on new stereographic
studies of aerial photographs (1:150 000) of the area
north of Kejser Franz Joseph Fjord. The field work
benefited greatly from this map and from a series of
oblique photographs along Kejser Franz Joseph Fjord,
Nordfjord and Moskusoksefjord, taken in 1987.

Two teams operated in the field. One team (H. Olsen
& U. G. Wilken) studied the sedimentology of the
Devonian succession and the other (P.-H. Larsen & F.
O. Rasmussen) the structural evolution of the basin.
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Fig. 1. The study area with localities mentioned in the text. The outcrop of the Devonian rocks is shown by dots.

Material for source rock analysis and samples for deter-
mining reservoir rock properties were collected by both
teams.

Sedimentology

Four main lithostratigraphic units occur in the Devo-
nian outcrop areas north of Scoresby Land (fig. 2).
These are from the lowest upwards: Vilddal Super-
group, Kap Kolthoff Supergroup, Kap Graah Group
and Mount Celsius Supergroup (Friend et al., 1983).

The Vilddal Supergroup is the oldest unit outcropping in
the area. It represents the initial depositional phase of
the Devonian basin. The Vilddal Supergroup is exposed
in Moskusokselandet and on Gauss Halvg, and the ma-
jority of the Devonian strata in the Kap Franklin area
(not visited in 1988) also belong to this supergroup. It
starts with red conglomerates up to several hundred
metres thick. These sediments are overlain by green
sandstones which also attain several hundred metres in
thickness and pass up into interbedded green and red
sandstones and siltstones and locally black shales and
carbonates.

The sequence reflects infilling of the initial topog-
raphy by coarse sediments deposited by systems of east-
wardly flowing gravelly rivers. As denudation of the
landscape proceeded, the bedload changed from gravels
to sands, and systems of eastwardly flowing sandy
braided rivers deposited the thick pile of sand repre-
sented by the green sandstones. The valley gradients
continued to decrease and the braided river pattern was
replaced by a meandering river pattern represented by
the green and red sandstone and siltstone succession.
The meandering rivers flowed across huge flood basins.
These flood basins were characterised by overbank
sheet floods but locally lacustrine conditions were main-
tained for prolonged periods and black clays and car-
bonates were deposited.

The Kap Kolthoff Supergroup dominates in Hudson
Land, Moskusokselandet and on Gauss Halvg. It is
mainly composed of sandstones with subordinate con-
glomerates and volcanics. In Hudson Land sandstones
of braided river origin dominate. Alluvial fan deposits,
dominated by conglomerates, occur at the basin margin.
In Moskusokselandet and on Gauss Halvg sandstones
deposited by braided rivers dominate, but locally aco-
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Fig. 2. Devonian stratigraphy. The bio-
Groenlandaspis Series Mount Celsius Sp Grp| 1.2 km stratigraphical division is compiled from
Remigolepis Series ’ Save-Soderberg  (1934) and Jarvik
(1961). The lithostratigraphical division
U DEVONIAN | Phyllolepis Series Kap Graah Grp | 1.7 km | 18 from Friend et al. (1983).
Kap Kolthoff Sp Grp | 3.0 km
Lower Sandstone
complex
M DEVONIAN Vilddal Sp Grp 2.6 km

lian sandstones are important. Volcanoes, mainly acid,
apparently formed local topographic barriers, splitting
up the braidplains into segments. In this way sheltered
parts of the basin floor were formed and wind-blown
sands could be deposited and preserved.

Palacocurrent directions in the Kap Kolthoff Super-
group are mainly southwards. A convergent pattern is,
however, apparent: in the eastern part of the basin
palaeocurrents are directed southwards whereas palaeo-
currents in the western part of the basin are directed to
the south-east. This indicates that the basin in Kap
Kolthoff time was elongated north-south, characterised
by a southward palaeoslope and dominated by infilling
from east and west.

Palacowinds are mainly from the south-east. This
wind pattern probably indicates that the Devonian basin
formed within an ancient trade wind belt characterised
by easterly winds that were slightly deflected by the
topography of the basin (elongation north-south).

The Kap Graah Group was studied in detail in Moskus-
okselandet, on Gauss Halvg and on Ymer @. It is
dominated by sandstones with locally important silt-
stones and conglomerates.

In eastern Moskusokselandet the exposed lower Kap
Graah Group is dominated by conglomerates deposited
as gravels on alluvial or terminal fans. In western
Moskusokselandet acolian sandstones dominate the ex-
posed lower part of the group, whereas sandstones of
braided river origin are subordinate.

The lower part of the Kap Graah Group on Gauss
Halvg also exhibits a general trend from fluvial deposits
in the east to aeolian deposits in the west. The fluvial
deposits are dominated by sandstones deposited by
braided rivers and ephemeral streams. The upper part
of the group exposed in the eastern and central part of
Gauss Halvg is dominated by fluvial sandstones, depos-
ited in a flood plain of braided-meandering rivers.

In eastern and central Gunnar Andersson Land on
Ymer @ the lower part of Kap Graah Group is dom-

inated by sandstones of braided river, ephemeral stream
and aeolian origin (fig. 3). In the western part of the
basin, meander belt deposits dominate with subordinate
terminal mudflat deposits. The upper part of the group
is almost missing. The exposed part consists, however,
of braided-meandering river and ephemeral stream de-
posits in the eastern and central part and terminal mud-
flat deposits in the western part of the peninsula.

Palacocurrents in the lower part of the Kap Graah
Group are directed towards the west-south-west in the
eastern and central part of the basin. In the western part
of the basin, exposed in western Gunnar Andersson
Land, palaeocurrents are southwards. This indicates an
asymmetric basin dominated by westwardly flowing riv-
ers along the eastern basin margin and a longitudinal
southwardly flowing meandering river close to the west-
ern basin margin.

Palaeocurrents in the upper Kap Graah Group are
directed northwards indicating a reversal of the palaeos-
lope compared to the lower Kap Graah Group. Infilling
of the basin continued, however, to be dominated by
rivers with source areas east of the basin. Palacowinds
are from the south-east.

The Mount Celsius Supergroup forms the uppermost
deposits in the Devonian basin. It is composed of a
lower part, the Remigolepis Group, and an upper part,
the Groénlandaspis Group. In the study area the super-
group is only exposed on Gauss Halvg and eastern
Ymer @. The latter locality has previously been as-
cribed to the Carboniferous.

The Remigolepis Group is dominated by siltstones
with subordinate sandstones of ephemeral stream ori-
gin, and associated overbank deposits. Near the base of
the group there is an interval composed of ephemeral
lake deposits and rare ephemeral stream deposits.

The Gronlandaspis Group is composed of alternating
sandstones and siltstones in the lower part and almost
exclusively of sandstones in the upper part. The lower
part of the group was deposited by meandering rivers



Fig. 3. Large-scale cross-bedded sandstone of aeolian dune
origin. Wind blew from left. Locality: Gunnar Andersson Land
(Kap Graah Group).

with associated overbank areas. The upper part was
mainly deposited by braided rivers. Lacustrine shales
and aeolian deposits occur locally.

Palacocurrents in the fluvial deposits are directed
towards the north, indicating that the northward palae-
oslope initiated in upper Kap Graah time was main-
tained during deposition of the Mount Celsius Super-
group. Palacowinds blew from the south-east, indicat-
ing a consistent palacowind pattern throughout the
depositional history of the basin.

Vertebrate fossils were collected in the Mount Celsius
Supergroup on Gauss Halvg; these include finds of the
earliest known tetrapods, Ichthyostega. Taphonomic
and palaeoecologic investigations have been initiated in
connection with these discoveries as a supplement to the
palagontological studies being carried out on Upper
Devonian vertebrates by S. E. Bendix-Almgreen, Geol-
ogisk Museum, Kd@benhavn and J. A. Clack, University
Museum of Zoology, Cambridge (Bendix-Almgreen et
al., 1988).
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Structure

In accordance with Biitler (1959) und previous GGU
observations (Marcussen, et al., 1988), the 1988 struc-
tural work in the Devonian basin shows that the early
tectonic evolution and deformation during the Hudson
Land phases (Bitler, 1959) were synchronous with the
sedimentation. Lack of marker beds, especially in the
lower sequence, and the ‘non-layercake’ type of sedi-
mentation in the sandstone dominated continental envi-
ronment, make mapping and structural work very com-
plicated. Furthermore deformation outlasting the Devo-
nian (the Carboniferous Ymer @ phase (Biitler, 1959)
and probably even younger tectonic events) has left its
imprint on the older structures and therefore has to be
unravelled before the carlier Devonian structures can
be sorted out.

Gauss Halvg — Moskusokselandet. During the earliest
deformation of the area, which affected sediments re-
ferred to the Vilddal Supergroup, a large synclinal
structure was developed around the Vergys mountain
and Ankerbjergselv. The north-west flank of this fold
involves the upper parts of the Proterozoic Eleonore
Bay Group which is tilted to an almost vertical position.
Together with the uplifted basement of the Moskusok-
sefjord Inlier this flank became a positive topographic
clement influencing the subsequent sedimentation of
the Kap Kolthoff Supergroup. The basin was subdi-
vided into smaller segments which developed in sep-
arate ways. Volcanoes formed by acid magmatic activity
during the deposition of the Kap Kolthoff Supergroup
may also have added to the palaeotopography.

Just before the onset of deposition of the red-col-
oured Kap Graah Group sediments, the area around
Hogbom Bjerg — Sederholm Bjerg was uplifted and
tilted towards the west. A boulder conglomerate was
deposited along an angular unconformity on the older
sediments. During the deposition of the Kap Graah
Group renewed tectonic activity affected the Hogbom
Bjerg — Sederholm Bjerg area. The unconformity and
the lower Kap Graah Group were folded and the Hog-
bom Bjerg — Sederholm Bjerg upthrust developed. The
area became eroded again before sediments of the up-
per Kap Graah Group and Mount Celsius Supergroup
covered the area.

During the Ymer ¢ phase of deformation broadly
undulating or open N-$ trending folds developed on
Gauss Halvg. The structures cannot be followed across
Moskusoksefjord to the north. In Moskusokselandet
virtually no folding affecting the Upper Devonian sedi-
ments took place. except for a wide open syncline with
hingeline in the Forbindelsesdal area. This geometric
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anisotropy across the rather straight Moskusoksefjord
seems to indicate a different amount or mode of short-
ening on each side of the fjord. Moskusoksefjord is
therefore most likely the site of a NW-SE striking fault
that was active during the Ymer @ phase and possibly
also important in earlier deformation phases.

West of the ‘post-Devonian main fault’ (Biitler, 1959)
a narrow, westerly vergent syncline developed from
Obrutschew Bjerg in the south to Ramsay Bjerg in the
north. This fold, the Obrutschew Bjerg syncline, is bor-
dered to the west by an almost linear fault which can be
traced from Kejser Franz Joseph Fjord northwards to
Ramsay Bjerg where it disappears. To the east the
Obrutschew Bjerg syncline is cut by an angular uncon-
formity and overlain by Upper Permian strata. This
implies that the ‘post-Devonian main fault’ is not ex-
posed on southern Gauss Halvg (contrast with Biitler,
1954, 1957; Koch Haller, 1971).

An occurrence of possible Upper Permian conglom-
erates was discovered on top of ‘Mt Gunnbjgrn’ (of
Save-Soderbergh, 1934) in the Hjelmbjergene area ly-
ing uncomformably on slightly tilted Upper Devonian
sediments. The conglomerates occur at approximately
1500 m altitude, whereas the same type of sediment 10
km to the east is found close to sea level. This indicates
important Mesozoic or younger deformations in the
Hjelmbjergene area. -

In Prospektdal north of Moskusoksefjord new obser-
vations on the dark red and green coloured sediments
on the east flank of Hogbom Bjerg, which previously
have been considered of Carboniferous age (Biitler,
1959; Koch & Haller, 1971), indicate that these sedi-
ments are similar to Upper Devonian strata elsewhere
on Gauss Halvg. The sediments can be referred to the
Mount Celsius Supergroup, in which case they are the
youngest known Devonian deposits preserved north of
Moskusoksefjord.

Ole Rgmer Land — northern Hudson Land. The Nord-
fjord graben (Biitler, 1959) was mapped NNE of
Waltershausen Gletscher. The Devonian sediments are
here concentrated in a narrow N-S striking graben
10-15 km wide bounded by nearly vertical faults. The
base of the Devonian sequence, not hitherto known in
the area, was found just east of @stre Vibeke Gletscher
where red-coloured conglomerates interbedded by
sandstones overlie boulder conglomerates of the Eo-
cambrian Tillite Formation.

Ymer @ — Geographical Society (). Sediments on Ymer
@ and Geographical Society @ previously mapped as
Carboniferous (Koch & Haller, 1971) were remapped
on a helicopter reconnaissance as they proved to be

similar to Upper Devonian formations elsewhere in the
area.

White sandstones previously mapped as Carbonifer-
ous are exposed from Kap Wijkander to Kap Humbolt
and 15 km westward along the coastline of Dusén Fjord
and Sofia Sund, on Robertson @ and on Geographical
Society @ just east of Rudbeck Bjerg. These white
sandstones are now referred to the Upper Devonian
Sofia Sund Formation (Kap Kolthoff Supergroup). The
sandstones are overlain by sediments similar to the Up-
per Devonian Mount Celsius Supergroup exposed else-
where on Ymer @ and Geographical Society @ and are
now mapped as such. The Devonian deposits are over-
lain by Carboniferous sandstones and shales, but these
sediments only top the mountains and thus have a more
restricted areal distribution than previously supposed.
The Upper Devonian Kap Graah Group is missing in
these areas.

Reservoir properties and evidence of hydrocarbon
generation

The prediction of subsurface reservoir properties
from surface material is very difficult. The problem is
the timing of different. diagenetic events in relation to
hydrocarbon generation and migration. However, many
representative samples have been collected this summer
from the Devonian sediments in order to continue the
reservoir studies of the Upper Palaeozoic and Mesozoic
rocks of East Greenland (Stemmerik, 1988).

Black shales of potential source rock quality were
collected at two localities in Moskusokselandet and at
two localities on Gauss Halvg. These units attained
thicknesses less than 10 m individually. Evidence of
hydrocarbon generation was found as degraded bitu-
men at five localities, mainly in close association with
black shales. The bitumen commonly occurs as fracture
fillings in rocks, often associated with calcite growth. At
one locality, however, the bitumen was disseminated in
a sandstone. The black shale and bitumen occurrences
have a wide stratigraphic spread as they were found in
both the Middle Devonian Vilddal Supergroup and the
Upper Devonian Kap Kolthoff and Mount Celsius Su-
pergroups. The hydrocarbon source potential of the
Devonian sequence is regarded as restricted.
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Geological investigations of Prinsesse Ingeborg Halvg,
eastern North Greenland

Eckart Hakansson, Lena Madsen and Stig A. Schack Pedersen

Station Nord in Kronprins Christian Land has been
the gateway to North Greenland for most geologists
since the 1950s, yet little is actually known about the
geology of Prinsesse Ingeborg Halvg, the low, barren
stretch of land which surrounds the station. A major
objective of the Ingeborg Expedition in July and August
1988 was to fill this gap by following up work initiated
during the GGU expedition in 1980 (Hakansson et al.,
1981).

With a central position in the on-shore part of the
Wandel Hav Strike-Slip Mobile Belt (cf. Hakansson &
Pedersen, 1982), Prinsesse Ingeborg Halvg constitutes
an essential element in structural correlation across
eastern North Greenland. It is further located at the
hinge between the North Greenland — Svalbard Rift
Basin and the East Greenland — West Norway Rift
Basin, which governed deposition in the early phases of
the Wandel Sea Basin (cf. Hakansson & Stemmerik, in
press), thus enhancing the significance of this area for

Rapp. Grgnlands geol. Unders. 145, 113-118 (1989)

the understanding of the regional geology. Investigation
of the unique, partly silicified bryozoan fauna known to
abound from previous visits was an additional topic for
the expedition (cf. Madsen & Hékansson, in press).
Transport of samples and equipment within the area
was by three-wheeled Honda motorcycles equipped
with balloon-tires and a trailer, in much the same way as
during an expedition by two of the authors to Kilen in
1985. This type of ground transport provides an ade-
quate logistic background for smaller parties, provided
the terrain is suitable and the equipment up to standard.
However, the use of back-up units is advisable.

Physiography

Prinsesse Ingeborg Halvg (fig. 1) has a subdued to-
pography with altitudes scarcely exceeding 150 m above
sea level. The interior is made up of rolling plains
draped by a veneer of soliflucted till, while the coastal



