Systematic 1:500 000 mapping and regional geological studies in
central and western North Greenland

Niels Henriksen

The first season of the two-year field mapping programme in central and western North
Greenland was carried out from June to August 1984. The investigations are a continuation
of the 1978-1980 mapping programme in the Peary Land region, adjoining the present area
to the east. One of the main aims of the regional geological studies in the present pro-
gramme is the production of a 1:500 000 map sheet of the area between J. P. Koch Fjord
(c.40°W) in the east and north-easternmost Washington Land (65°W) in the west; the south-
ern boundary of the map sheet is latitude 81°N, although the Inland Ice in most of the region
forms the southern margin of the rock outcrop. A special source rock project (Christiansen
& Rolle, this report), financed by the Danish Ministry of Energy, was fully integrated with
the mapping programme.

Logistic preparations for the 1984 work were begun in 1980, with storage of equipment
used during the 1978-1980 expeditions to Peary Land, and continued in the summer of 1983
when fuel, equipment and provisions were flown into the Canadian Forces Station (CFS) Al-
ert in north-east Ellesmere Island, Canada (Dawes, 1984). Prior to the 1984 field season to-
pographic and photogeological maps were prepared photogrammetrically for the entire re-
gion using a Kern PG-2 stereoplotter instrument with a semi-automatic drawing table sup-
ported by a computer system (Dueholm, 1979). The photogrammetric work was based on
new wide-angle aerial photographs taken in 1978 at a scale of 1:150 000 and on control
points established by the Geodetic Institute, Copenhagen. In all 20 base maps at a scale of
1:100 000 have been constructed.

Logistics

A tent base camp was established in south-eastern Warming Land (fig. 3) at a site previ-
ously used in 1979 by the Geodetic Institute during their ground surveying programme. Two
chartered Jet Ranger helicopters and a Twin Otter aircraft were based here, and provided
transport, camp moves and helicopter reconnaissance for the geological field teams at inter-
vals of 4-6 days throughout the season. The operation area extended about 500 km from east
to west, and 150-200 km from south to north. In all about 130 camp sites were established by
the 12 geological teams.

The GGU group numbered 37, comprising 12 two-man geological teams and 13 support-
ing personnel, including seven aircraft crew members. Mobilisation and demobilisation was
carried out with the help of the Royal Danish Air Force who airlifted material and personnel
to CFS Alert. Here the expedition was given facilities for transit of equipment and person-
nel, and during the summer the Twin Otter maintained frequent connections between CFS
Alert and the base camp in Warming Land. All fuel had been flown in during the summer of
1983 and was stored in the main tank system at Alert, from where it was drawn regularly
throughout the season. In late July 1984 a fuel lift with the RDAF C-130 from Thule Air
Base brought in the 1985 supplies of Jet fuel to Alert where it is now stored in the main tank



10

Fig. 3. Tent base camp in Warming Land.

system. At the end of the 1984 season, provisions and some equipment for 1985 were flown
from Denmark to Alert where they are stored for the winter. The base camp was largely
dismantled after the 1984 season, and all equipment was stored in two huts ready for 1985
use.

Geological investigations

The 12 two-man geological teams each worked with specific topics or areas of re-
sponsibility. Most teams used this first season to obtain an overall view of their working
areas; many teams, however, had participated in one or more of the previous seasons’ field
work in Peary Land, and were thus well acquainted with the geological problems. Previous
reconnaissance investigations in the region by GGU afforded a gooed starting point for the
more systematic work. The general geological background was thus well known before the
work began, and the planning, distribution of working tasks and commitments of each field
party were thus established before the season. This has contributed greatly to the efficiency
of the field work, enabling each group to obtain maximum geological benefit from the short
field season.

Preliminary results from the expedition will be published in a future publication (Report
on the 1984 geological expedition to central and western North Greenland, Rapp.
Grenlands geol. Unders.). The present article is based on an internal GGU report (*Express
Report, central North Greenland 1984’), to which all the participating geologists contributed
immediately after the end of the field season.
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The participating geologists and their main working objects and mapping responsibilities
were:

(1)J.S. Peel & S. C. Wright: Cambro-Ordovician platform; lithostratigraphy, palaeon-
tology and sedimentology. Freuchen Land - Warming
Land.

( 2) M. Sgnderholm: Lower and Middle Ordovician platform; stratigraphy and

sedimentology. Freuchen Land — Washington Land.

( 3) M. P. Smith & I. D. Bryant: Cambro-Ordovician platform; stratigraphy and sedimen-
tology. Freuchen Land — Washington Land.

( 4) J. C. Escher & P.-H. Larsen: Silurian turbidite sequence; stratigraphy and sedimentol-
ogy. Nyeboe Land — Wulff Land.

( 5) H. F. Jepsen: Late Proterozoic to Silurian stratigraphy and structural ge-
ology of Wulff Land: a detailed cross-section from the un-
folded platform to the folded trough. )

( 6) A. K. Higgins & N. J. Soper: Cambro-Ordovician slope and trough; stratigraphy and
structural geology. Nansen Land — Nyeboe Land.

( 7) J. D. Friderichsen & H. J. Bengaard: Deformed Cambrian trough sequence in Nansen Land.
Lithostratigraphy and structural geology.

( 8) A. Steenfelt & U. H. Jakobsen: Reconnaissance geochemical exploration. Nansen Land -
Warming Land.

( 9) M. Kelly & O. Bennike: Reconnaissance Quaternary geology. Nansen Land — Hallt
Land.

(10) N. Henriksen & H. F. Jepsen: Precambrian crystalline basement of southern Wulff Land.

(11) F. Rolle & Source rock investigations in the Cambro-Silurian plat-

(12) F. Getreuer Christiansen: form and trough sequence. Freuchen Land — Washington
Land.

Three major tectono-stratigraphic units occur in this part of North Greenland. The oldest
unit is the Precambrian crystalline basement which forms the northernmost exposed part of
the Greenland shield; this outcrops in a small area around the head of Victoria Fjord at the
rim of the Inland Ice. The second major unit is a sequence of stable platform sediments, up
to 34 km in thickness, which overlies the crystalline rocks. The platform sequence com-
prises shallow water epicontinental deposits dominated by carbonate deposits and spanning
a time segment from Early Cambrian to late Silurian (fig. 4); it is exposed in a broad east-
west belt in the southern part of the region. The third major unit is an up to 8-10 km thick
deep-water sequence of mainly clastic sediments deposited on the slope and trough to the
north of the platform. These deposits largely comprise Cambrian to Silurian turbiditic sed-
iments, dominated by shales and sandstones, but with important intercalations of carbo-
nates. Northwards this deep-water sequence is increasingly involved in Upper Palaeozoic
(Ellesmerian) deformation which gave rise to the North Greenland fold belt. These tectono-
stratigraphic units can be traced as E-W trending belts along the northern border of the
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Greenland shield. The eastern segments of the belts occur in the Peary Land region, and the
western continuation extends into Ellesmere Island and the Canadian archipelago. Many as-
pects of the geology of North Greenland and Ellesmere Island have recently been summar-
ised in the symposium volume concerning the possibilities of wrench displacements along
Nares Strait, the channel separating North Greenland and Ellesmere Island (Dawes & Kerr,
1982).

Investigations of the exposed areas of the Greenland shield were carried out by N. Hen-
riksen and H. F. Jepsen who mainly mapped the extent of this Precambrian crystalline area
and collected samples for Rb/Sr whole rock and zircon age dating studies. The crystalline
rocks outcrop at the head of Victoria Fjord over an area about 20 X 30 km in size, and are
exposed on three nunataks and two areas in southern Wulff Land at the rim of the Inland
Ice. Sediments of the late Proterozoic (?) Morznesg Formation and the Lower Cambrian
Portfjeld Formation (Jepsen, 1971; O’Connor, 1979) unconformably overlie the crystalline
rocks, and indicate a Precambrian age for the basement. The exposed rocks are dominated
by homogeneous, foliated, leucocratic biotite gneisses which locally grade into almost gran-
itic rocks. The gneisses include everywhere black amphibolite bands (sheets) and occasional
bands of supracrustal rocks. All units are migmatised to some extent, and are affected by at
least two phases of folding.

The Lower Palaeozoic carbonate platform sequence was mapped and studied by three
two-man teams, co-ordinated by J. S. Peel. The general regional aspects were mainly stud-
ied by J. S. Peel (GGU) and S. C. Wright (Oxford University) who mapped the Cambro-Or-
dovician rocks between Freuchen Land and Warming Land. The Lower Cambrian clastic
Buen Formation (Jepsen, 1971; Peel, 1982) could be traced westwards from Peary Land to
Warming Land, whereas the Lower Cambrian to earliest Ordovician Brgnlund Fjord Group
and Tavsens Iskappe Group (Ineson & Peel, 1980) grade westwards into a shallow water,
marine, carbonate platform succession, which will be given new stratigraphical names. The
Ordovician carbonate sequence was studied by M. Sgnderholm assisted by P. H. Due (both
Copenhagen University) and by M. P. Smith and 1. D. Bryant (both Nottingham Univer-
sity). M. Senderholm and P. H. Due recognised two Lower to Middle Ordovician shal-
lowing-upwards sequences in Washington Land. Both begin with shallow subtidal carbo-
nates and end with intertidal deposits with evaporites. The two shallowing upwards cycles
are also recognised further east between Warming Land and Nares Land. However, the se-
quence thins eastwards and changes facies making a new stratigraphical nomenclature neces-
sary in part. In addition to studying the Morris Bugt Group (Peel & Hurst, 1980; Hurst,
1980) and the ‘White marker sandstone’ (Peel, 1980), M. P. Smith and I. D. Bryant collected
conodont samples from the whole Ordovician platform sequence, with particularly close
sampling around the ‘White marker sandstone’. This latter unit can be traced as a westerly
thinning bed into the uppermost part of the Middle Cambrian to Early Lower Ordovician
Cass Fjord Formation in Washington Land (Henriksen & Peel 1976). The Morris Bugt
Group with its four formations was recognised from Washington Land to Freuchen Land. To
the east, most of the group is equivalent to the Bgrglum River Formation (Christic & Peel,
1977; Peel, 1982). J. S. Peel and S. C. Wright also visited Hans @, a small island lying in
Kennedy Kanal between Greenland and Cananda, noting a Silurian carbonate sequence
comparable to that described from adjacent Washington Land by Hurst (1980).

The Silurian turbidite sequence was studied by J. C. Escher and P.-H. Larsen (both GGU)
who mapped the region between northern Nyeboe Land and northern Wulff Land, with the
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adjacent islands. In general the stratigraphical scheme described by Hurst & Surlyk (1982)
was followed, but two new conspicuous units were distinguished in the lower part of the Sil-
urian flysch. The flysch sequence thickens rapidly to the north where in the northern part of
Nyeboe Land it reaches a thickness provisionally estimated at 6 km. The lowest thick sand-
stone turbidite unit (Merqujéq Formation) conformably overlies Ordovician cherts; it is
overlain by a second thick sandstone turbidite unit (Lauge Koch Land Formation) which in-
terdigitates with two distinctive chert pebble conglomerate horizons. To the south, along the
margin between platform and trough, carbonate build-ups protrude through the flysch se-
quence. Here the Lauge Koch Land Formation onlaps the Silurian carbonate platform se-
quence, and is separated from them by a few hundred metres of platform/slope sediments —
dark shales and carbonates with conspicuous carbonate conglomerates and blocks. West-
wards the Lauge Koch Land Formation interdigitates and is overlain by the youngest
mapped unit of silty mudstones (Chester Bjerg Formation). From the south to the north the
flysch sequence is characterised by a progressive increase of deformation with E-W trending
structures. Five successive zones of different tectonic styles have been recognised. Near the
platform to the south the sequence is undeformed but farthest to the north prominent east—
west trending folds are conspicuous. '

Stratigraphical and structural investigations in the North Greenland fold belt were carried
out by two teams. A. K. Higgins (GGU) and N. J. Soper (Sheffield University) worked
mainly in the deformed Cambro-Ordovician slope and trough sequence between western
Peary Land and northern Nyeboe Land, while J. D. Friderichsen (GGU) and H. J. Ben-
gaard (Copenhagen University) worked in the more severely folded Cambrian trough se-
quence in the eastern part of Nansen Land. The outcrops of Cambrian Paradisfjeld Group
and Polkorridoren Group in Nansen Land represent the westward continuation of those de-
scribed from the Peary Land region (Higgins et al., 1981). In Nansen Land, the Paradisfjeld
Group is a thick succession of impure limestones, with a limestone olistolith horizon and a
light coloured upper sequence with associated conglomerates forming a good marker unit.
The overlying turbiditic Polkorridoren Group outcrops south and north of a major anti-
clinorium of Paradisfjeld Group rocks. South of the anticlinorium the sequence comprises
mainly siltstones with important levels of limestone olistoliths with dimensions up to several
hundred metres across. North of the anticlinorium the turbiditic sequence is thicker and gen-
erally more psammitic. From north to south a transition may be demonstrated between the
Lower Cambrian Polkorridoren Group of Nansen Land and the clastic Buen Formation
which covers the slope and platform areas to the south. Along strike facies changes can also
be recognised between the Cambro-Ordovician clastic rocks and cherts of the Vglvedal
Group and Amundsen Land Group in the east (Friderichsen et al., 1982) and carbonates and
cherts in the west.

To a large extent the pattern of deformation already known from reconnaissance work and
photogeological studies was confirmed. The platform strata in the south are essentially un-
deformed. Northwards deformation increases through zones of weak folding to a zone of
southerly overturned folds and north-dipping thrusts with southwards displacement. In east-
ern Nansen Land, north of the zone with south-verging structures, J. D. Friderichsen and H.
J. Bengaard recognised three E-W trending phases of Ellesmerian deformation. Folds from
the first deformation have steep north-dipping axial planes in the south but become over-
turned to the north in northern Nansen Land. Late minor local folds with generally N-S
trends are considered to be post-Ellesmerian.
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H. F. Jepsen has mapped parts of Wulff Land in connection with a more detailed survey
aimed at compiling maps at a scale of 1:100 000 accompanied by constructed profiles. This
work is based on combined field investigations and detailed photogrammetric mapping using
a computer aided Kern PG-2 stereoplotter instrument with a semi-automatic drawing table
(Dueholm, 1979). In southern Wulff Land specific investigations were made of the lower-
most part of the sedimentary sequence overlying the crystalline basement. Jepsen located
exposures of the Morznesg Formation with tillites, and equivalents of the Portfjeld Forma-
tion (Jepsen, 1971) with a spectacular olistostrome comprising blocks of dolomite, quartzite
and basement gneisses up to several tens of metres in size. H. F. Jepsen has also recognised
to major sets of east-west trending normal faults with up to several hundred metres vertical
displacement. In mapping the Silurian platform carbonates of the Washington Land Group
(Hurst, 1980) in central Wulff Land, H. F. Jepsen placed particular emphasis on identi-
fication of ‘ photogenic’ horizons or units, which can be recognised on black and white aerial
photographs and thus mapped with precision using photogrammetric methods.

A reconnaissance geochemical exploration programme was carried out by A. Steenfelt
(GGU) assisted by U. H. Jakobsen (Copenhagen University). Earlier sampling of drainage
sediments was carried out in the Peary Land region in 1979-1980 (Henriksen, 1980, 1981).
In 1984 about 500 stream-sediment samples were collected at a density of one sample per 30
km? in the region from Nansen Land in the north-east to Warming Land in the south-west.
The aim of this survey is to outline large geochemical provinces and give indications of pos-
sible mineralised districts. At selected localities representing different types of geological
setting detailed sampling of stream sediments, heavy mineral concentrates, soil and various
plants was carried out. As in the previous investigations from the Peary Land region (Ghis-
ler & Stendal, 1980; Steenfelt, 1980) the stream sediment samples will be analysed, the
heavy mineral concentrates studied under the microscope, and the soil and plants analysed
for selected elements. Mineralisations were located in several areas. The most significant
was the occurrence of Zn, Cu and possibly Pb sulphides in a 5-7 m wide calcite vein in north-
ern Freuchen Land; the calcite vein occurs in an E-W trending fault zone on the south side
of a prominent anticline and can be traced for more than 1 km.

A reconnaissance of the Quaternary geology was undertaken by M. Kelly (Lancaster Uni-
versity) and O. Bennike (Copenhagen University) in order to establish a general strat-
igraphic scheme, and to obtain ground control data for photogeological interpretation. A re-
gional relative chronology of six glacial events has been established. The events reflect, with
decreasing age, ice sheet margin features from beyond the present coast to a stage where the
margin was close to or behind the present margin of the Inland Ice. A major readvance
probably reached its maximum in historic time. Deposits of marine sediments reflect marine
limits between 120 m and 50 m above sea level and can be related to the later glacial stages.
Several distinct marine faunas are present in the sediments and a large number of samples
were collected for a C* age determination programme.

The source rock project carried out by F. Rolle and F. Getreuer Christiansen (both GGU)
was aimed at a systematic sampling of possible petroleum source rocks, and continues the
previous investigations in the Peary Land region (Rolle, 1981); this work is described else-
where in this report. The investigations revealed that potential source rocks occur in a
Lower-Middle Cambrian carbonate and shale formation in the platform succession and in a
black shale and lime mudstone succession along the Silurian trough margin.

Oblique aerial photography, in both black and white and colour, was undertaken along
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many coast and valley sections by N. Henriksen and J. Lautrup using the chartered Twin Ot-
ter aircraft. The main part of the region to the east of Nyeboe Land has been systematically
covered. Routes were selected to give as much geological information as possible along the
well exposed sections. The black and white photographs were taken with approximately 20
per cent overlap and give as far as possible total coverage. Colour photographs were taken at
intervals, as an aid to identifying features on the black and white films. In all ¢. 1400 black
and white photographs in 4.5 X 6.0 cm format and c. 700 colour photographs in 24 X 36 mm
format have been taken.

Future work

The 1984 systematic field work in the central and western parts of North Greenland was
completed according to plan, and more or less detailed maps of more than half of the region
have been prepared. Some activities have been completed, e.g. the Quaternary investi-
gation, but most activities will continue in the 1985 season. New activities in 1985 will in-
clude investigations in the Silurian platform carbonates, and geomagnetic and palaeomag-
netic investigations. The source rock project will be expanded to include a shallow drilling
programme to obtain unweathered samples.
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Project ‘Nordolie’: hydrocarbon source rock investigations in
central North Greenland

F. G. Christiansen and F. Rolle

The project ‘Nordolie’ was initiated under the Danish Ministry of Energy’s Research Pro-
gramme 1983. The aim of the project is to obtain general knowledge about the source rock
geology of central North Greenland. Similar investigations have previously been carried out
in eastern North Greenland (Rolle, 1981; Rolle & Wrang, 1981).

The main purpose of the project is to study the presence and distribution of potential hy-
drocarbon source rocks in the region and to evaluate the thermal maturity pattern. Studies
of reservoir properties, trapping possibilities, and other aspects of petroleum geology will
accordingly have a much lower priority.

Field work was carried out by two geological field teams from June to August 1984 and
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