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Geographical subdivisions of Greenland
used by the Survey

Map showing the Survey’s geographical subdivisions of Green-
land, both onshore and offshore, used in this bulletin. Thus Nares
Strait, the seaway separating Greenland from Ellesmere Island,
Canada, borders North-West Greenland and western North
Greenland. However, the strict application of all subdivisions is
in places avoided in describing regional geology in order to avoid
unwieldy phrases.

It should also be noted that the names West Greenland and
East Greenland are used in two ways: in the sense as shown on
the map (each with two subdivisions, viz. central and southern)
and for the entire western and eastern sides of Greenland, respec-
tively. In this broader sense, West Greenland covers the four
western subdivisions, viz. North-West, central West, southern
West and South-West Greenland whereas East Greenland covers
the four eastern subdivisions, viz. North-East, central East, south-
ern East and South-East Greenland.

The subdivisions are used throughout the text and also in the
Legend explanation (pp. 79-81) and Index (pp. 87-93).

As mentioned in the Preface, this bulletin contains an extensive reference list designed as a key to the most
relevant sources to the explanation of the Geological map of Greenland 1:2 500 000 (printed in 1995). The
main text with reference list was compiled in 1998. Text revisions during 1999 included references to publi-
cations that were ‘in press’ in 1998. Subsequent additions in proof have been limited to results particularly rel-
evant to the documentation and interpretation of the geology as presented on the map. No references to
publications from 2000 have been included. For an update and listing of geoscientific Greenland literature
published in 2000 the reader is referred to Review of Greenland activities 2000, to be published as Geology

of Greenland Survey Bul

Editorial note

letin 189.
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Abstract

Henriksen, N., Higgins, A.K., Kalsbeek, F. & Pulvertaft, T.C.R. 2000: Greenland
from Archaean to Quaternary. Descriptive text to the Geological map of Greenland,
1:2 500 000.

Geology of Greenland Survey Bulletin 185, 93 pp. + map.

The geological development of Greenland spans a period of nearly 4 Ga, from the earliest
Archaean to the Quaternary. Greenland is the largest island in the world with a total area of
2 166 000 km?, but only ¢. 410 000 km? are exposed bedrock, the remaining part being cove-
red by an inland ice cap reaching over 3 km in thickness. The adjacent offshore areas under-
lain by continental crust have an area of ¢. 825 000 km?.

Greenland is dominated by crystalline rocks of the Precambrian shield, which formed during
a succession of Archaean and early Proterozoic orogenic events and which stabilised as a part
of the Laurentian shield about 1600 Ma ago. The shield area can be divided into three distinct
types of basement provinces: (1) Archaean rocks (3100-2600 Ma old, with local older units)
almost unaffected by Proterozoic or later orogenic activity; (2) Archaean terraines reworked during
the early Proterozoic around 1850 Ma ago; and (3) terraines mainly composed of juvenile early
Proterozoic rocks (2000-1750 Ma old).

Subsequent geological developments mainly took place along the margins of the shield.
During the later Proterozoic and throughout the Phanerozoic major sedimentary basins formed,
notably in North and North-East Greenland, and in places accumulated sedimentary successions
which reached 10-15 km in thickness. Palacozoic orogenic activity affected parts of these suc-
cessions in the Ellesmerian fold belt of North Greenland and the East Greenland Caledonides;
the latter also incorporates reworked Precambrian crystalline basement complexes.

Late Palacozoic and Mesozoic sedimentary basins developed along the continent—ocean mar-
gins in North, East and West Greenland and are now preserved both onshore and offshore. Their
development was closely related to continental break-up with formation of rift basins. Initial rif-
ting in East Greenland in latest Devonian to earliest Carboniferous time and succeeding phases
culminated with the opening of the North Atlantic in the late Paleocene. Sea-floor spreading
was accompanied by extrusion of Tertiary plateau basalts in both central West and central and
southern East Greenland.

During the Quaternary Greenland was almost completely covered by ice sheets, and the pre-
sent Inland Ice is a relic of the Pleistocene ice ages. Vast amounts of glacially eroded detritus
were deposited on the continental shelves offshore Greenland.

Mineral exploitation in Greenland has so far mainly been limited to one cryolite mine, two
lead-zinc deposits and one coal deposit. Current prospecting activities in Greenland are con-
centrated on the gold, diamond and lead-zinc potential. The hydrocarbon potential is confined
to the major Phanerozoic sedimentary basins, notably the large basins offshore East and West
Greenland. While proven reserves of oil or gas have yet to be found, geophysical data combi-
ned with extrapolations from onshore studies have revealed a considerable potential for offs-
hore oil and gas.

Authors' address
Geological Survey of Denmark and Greenland, Thoravej 8, DK-2400 Copenhagen NV, Denmark.
N.H.’s present address: Birkevej 9, 3460 Birkerod, Denmark.
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Fig. 1. Index map of the Geological map of Greenland, 1:2 500 000, showing segments 2—-13, so numbered in the atlas version of the
map (for atlas format, see p. 9). Segment 1 — the title page of the atlas — is not shown.



Preface

Greenland is the largest island in the world with a sur-
face area of more than two million square kilometres.
It is up to 1250 km from east to west and 2675 km from
north to south, extending over almost 24 degrees of lat-
itude; the northern extremity is the northernmost land
area in the world. The Inland Ice, the large central ice
sheet which covers ¢. 80% of Greenland, has a maxi-
mum thickness of ¢. 3.4 km. The ice-free strip of land
surrounding the Inland Ice, in places up to 300 km
wide, has an area of ¢. 410 000 km?; this is approxi-
mately 30% more than that of the British Isles. This ice-
free zone is generally very well exposed and yields a
wealth of geological information, notably in fjord walls
and in mountainous areas; lowland areas have only a
limited vegetation cover due to the arctic setting. The
area of Greenland’s offshore economic zone that is
underlain by continental crust is estimated to be approx-
imately 825 000 km?.

Geological observations in Greenland began with
the first scientific expeditions; these reached West and
East Greenland in the early 1800s and North Greenland
in the late 1800s and early 1900s. Systematic geologi-
cal mapping commenced in East Greenland with Lauge
Koch’s ‘Danish expeditions to East Greenland’, which
lasted from 1926 until 1958 and were mainly concen-
trated in the region 72°~76°N. In West Greenland sys-
tematic geological investigations began in 1946 with
the foundation of Grenlands Geologiske Underspgelse
(GGU - the Geological Survey of Greenland); work
was initially concentrated in West Greenland but was
subsequently extended to all parts of Greenland. Com-
prehensive investigations by GGU expanded to include
not only geological mapping, but a wide range of geo-
chemical, geophysical and glaciological studies both
onshore and offshore. In 1995 GGU was merged with
Danmarks Geologiske Undersogelse (DGU — the Geo-
logical Survey of Denmark) to form a new institute, Dan-
marks og Grgnlands Geologiske Undersggelse (GEUS —
the Geological Survey of Denmark and Greenland). The
broad range of geological activities in Greenland pre-
viously undertaken by GGU continue to be carried out
by GEUS.

When GGU published the first general geological
map of all of Greenland at scale 1:2 500 000 in 1970,
representation of the geology was restricted to onshore

areas; relatively little was then known of the offshore
geology. During the past 25 years the offshore areas sur-
rounding Greenland have been investigated by airborne
and shipborne geophysical surveys operated by the
Survey, other scientific institutions and commercial com-
panies, notably in connection with oil exploration activ-
ities. Sufficient is now known to enable an interpretation
of the offshore geology to be presented on the new map,
although it is emphasised that for some of the remote
areas offshore North Greenland knowledge remains
sketchy. There is considerable petroleum exploration
interest in many of the offshore sedimentary basins,
and geological knowledge of the offshore areas is
expected to be considerably augmented in the near
future as a result of commercial exploration.

The new Geological map of Greenland, 1:2 500 000,
printed in 1995, is available in three formats:

1. A wall map (sheet size 96 x 120 cm).

2. A folded map sheet (24 x 20 cm, as in pocket of this
bulletin).

3. An atlas of numbered segments (24 x 20 cm when
closed). Fig. 1 is an index to 12 numbered segments
of the map.

The description of the map has been prepared with
the needs of the professional geologist in mind; it
requires a knowledge of geological principles but not
previous knowledge of Greenland geology. Throughout
the text reference is made to the key numbers in the
map legend indicated in square brackets [ ] represent-
ing geological units (see Legend explanation, p. 79),
while a Place names register (p. 83) and an Index (p. 87)
include place names, geological topics, stratigraphic
terms and units found in the legend. The extensive ref-
erence list is intended as a key to the most relevant
information sources. The text has been compiled by N.
Henriksen. Principal contributors include: N. Henriksen
(several sections and illustrations); A.K. Higgins (Lower
Palaeozoic in North Greenland); F. Kalsbeek (Pre-
cambrian shield); T.C.R. Pulvertaft (offshore geology
and petroleum potential). In addition, information and
drafts for various sections were provided by colleagues
(see Acknowledgements, p. 67).



Introduction

A general overview of the geology of the whole of
Greenland in the form of a coloured map sheet, the
Tectonic/geological map of Greenland, was published
by the Geological Survey of Greenland (GGU) in 1970
at a scale of 1:2 500 000. Subsequently, a wealth of new
information has become available as a result of new sys-
tematic geological mapping in the ice-free land areas,
notably in North, North-East and South-East Greenland,
while offshore areas have been investigated by a series
of seismic, gravimetric and aecromagnetic surveys. The
Inland Ice has also been intensely studied over the past
25 years, by regional satellite and airborne radar sur-
veys as well as by ground studies and deep drilling
through the more than 3000 m thick central part of the
ice sheet. As a consequence of these developments the
new Geological map of Greenland, 1:2 500 000, includes
not only an up-to-date interpretation of the ice-free land
areas, but as a new element summarises current knowl-
edge of the geology of the offshore regions around Green-
land. For the Inland Ice completely new representations
of the upper and lower surface of the ice sheet are shown
by contours, together with its calculated thickness.

To relate the geology of Greenland to neighbouring
countries within the borders of the map sheet, the geol-
ogy of the adjacent areas of Canada and Iceland has
been included, based on recent published maps (see
map legend).

The geology of the ice-free land areas on the new
1:2 500 000 map has been compiled as a conventional
bedrock geological map, together with representations
of the major tectonic features in the orogenic belts. The
presentation of the geology of offshore areas follows a
different concept, as interpretations are based on geo-
physical information. Onshore superficial deposits of
Quaternary age have been shown only where exten-
sive areas of bedrock are covered. In many regions
dykes are a prominent element of the geology, but as
they form only a minor proportion of the exposures they
cannot generally be represented at the scale of the map.
A compilation of dykes of different ages is shown in
this volume as Fig. 18.

The Inland Ice and the many local ice caps and gla-
ciers are shown as one unit. The sea ice which covers
substantial parts of the oceans bordering North and
East Greenland for much of the year, is not depicted
on the map.
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The term ‘Tertiary’ and division of the Proterozoic into
early, middle and late, have been retained in the text
in order to be consistent with the map, which was pub-
lished before the new conventions of Palacogene/Neogene
and Palaeo-, Meso- and Neoproterozoic were estab-
lished. In the Precambrian descriptions the prefixes
‘early’, ‘middle’ and ‘late’ have generally been used for
subdivisions of both Archaean and Proterozoic time
and rock units.

Concept of the geological legend

Two different legend concepts have been used — one
for the onshore ice-free areas and one for the offshore
regions.

In the legend for the ice-free land areas a distinction
has been made between rocks older and younger than
1600 Ma. In the older group, which mainly comprises
crystalline rocks of the stable Precambrian Greenland
shield, the rock units are distinguished according to
their lithology and age; the extent of regional tectono-
metamorphic provinces is also depicted. Rocks younger
than 1600 Ma are shown in relation to the formation of
sedimentary basins and orogenic belts along the mar-
gins of the stable shield. The principal subdivisions
depicted on the map illustrate the general depositional
environment, age and extent of the main sedimentary
and volcanic basins and, in the Franklinian Basin in North
Greenland, the overall depositional setting. Younger
crystalline gneisses and plutonic rocks are distinguished
by lithology and age of orogenic formation and emplace-
ment. A schematic chronological representation of the
geological units shown on the map is included in the
map legend.

The structures and the age of deformation in the var-
ious orogenic belts are shown by structural trend lines
and major tectonic features by appropriate symbols.
Most orogenic belts are of composite origin and may
incorporate older crystalline rocks and structures. It is
often difficult, or impossible, to distinguish between
the older and younger structural elements, and there-
fore only the signature for the youngest orogenic event
has been used within a specific fold belt. Post-orogenic
undeformed rocks can be recognised by the absence
of overprints of structural symbols.



A schematic cartoon representation of the crustal the basis of fixed points established throughout

evolution of Greenland is incorporated in the legend. Greenland by Kort & Matrikelstyrelsen, Denmark (KMS
Six stages of evolution are shown from the early — the National Survey and Cadastre, which incorpo-
Archaean to the Tertiary. These show the distribution rates the former Geodetic Institute). The map is con-
in time and space of the orogenic belts and the step- structed as a UTM projection in zone 24 with WGS 84
wise growth of the stable crust. The post-orogenic devel- datum; the central meridian is 39°W. Photogrammetric
opment of sedimentary basins and volcanic provinces constructions by KMS and GGU have been combined
is also shown, together with the approximate extent of and co-ordinated to produce the first geometrically
continental crust around Greenland. correct topographic representation of all of Greenland.
The legend concept for the offshore areas is based All previous maps have suffered to varying degrees
on geological interpretation of the available geophys- from insufficient ground control, especially in North
ical data. Distinction is made between areas underlain Greenland where errors in the location of topographic
by continental crust and areas underlain by oceanic features of up to 25 km occur on earlier maps (Fig. 2).
crust; a transition zone is also recognised. Areas with Height contours have been omitted on the ice-free land
oceanic crust are further subdivided into time slices of areas to avoid obscuring the geological detail, but they
15 Ma based on magnetic anomaly patterns. Magnetic are shown on the Inland Ice.
anomaly lines with chron-numbers are shown, together Place names are indicated in both their Greenlandic
with spreading axes and transform faults. Major sedi- and Danish form, the Greenlandic names with the new
mentary basins are indicated by isopachs showing the orthography as approved by the Greenland Place Names
sediment thickness superimposed on a representation Authority. A register of place names used on the map
of crustal type. Volcanic rocks exposed on the seabed is given at the end of this work.
(mostly Tertiary in age) are also shown. The bathymetry of the offshore areas has been com-

piled from various sources. The available material is very
heterogeneous, ranging from very detailed navigation
maps by the Royal Danish Hydrographic Office (now

Topographn: base part of KMS) to generalised small-scale international
The topographic base for the new 1:2 500 000 geolog- oceanographic maps. Information from the ice-covered
ical map is completely new and it has been drawn on regions off North and East Greenland is limited; hydro-
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Fig. 2. Outline map of North Greenland showing misplacement of boundaries between land and sea on respectively old (black) and
new (red) topographic maps. The new map outline in red is based on ground control points measured in 1978. Data from Kort &
Matrikelstyrelsen, Copenhagen, Denmark.



graphic representations from these areas should there- Based on the digital data for the new topographic
fore be viewed with reservation. map, the size of Greenland and its ice cover has been

A new topographical map of Greenland at a scale of computed by Weng (1995). The new area figures are:
1:2 500 000 was published by KMS in 1994 (KMS 1994).

The new Geological map of Greenland at the same scale Ice-free land area 410 449 km?
uses an identical topographic base map with the same Ice-covered area 1755 637 km?
projection; the only significant topographical difference Total area 2 166 086 km?

is the omission of contour lines on the land areas.

Crystalline rocks older than 1600 Ma: the Greenland
Precambrian shield

About half of the ice-free area of Greenland consists of
Archaean and early Proterozoic crystalline basement
rocks, mainly orthogneisses with some enclaves of
supracrustal rocks. They belong to three distinct types
of basement province (Fig. 3): (1) Archaean rocks
(3100-2600 Ma old, with local older units), almost unaf-
fected by Proterozoic or later orogenic activity; (2)
Archaean terraines reworked during the early Proterozoic
around 1850 Ma ago; (3) terraines mainly composed of
juvenile early Proterozoic rocks (2000-1750 Ma old).
Terranes of categories (2) and (3) often contain high

grade early Proterozoic metasedimentary successions.

Nearly all unreworked Archaean gneisses occur within
the Archaean craton of southern Greenland (Fig. 3).
They are cut by swarms of basic dykes (see Fig. 18),
most of which belong to a ¢. 2000-2200 Ma suite; the

Inland Ice

* Rinkian i
mobile belt £

Nagssugtogidian
mobile belt
Fig. 3. Simplified map showing the distribution of Archaean
) and early Proterozoic basement provinces in Greenland.
Ammassalik

mobile belt Orange: preserved Archaean (southern Greenland). Yellow:
Archaean rocks reworked during the early Proterozoic (areas
dominated by early Proterozoic metasediments are dotted).
Pink: Dominantly juvenile early Proterozoic rocks. White:
Younger formations and ice. Large Dots and open circles
indicate schematically localities where the presence of,

400 km
ﬁ%tg;%abnen respectively, Archaean and early Proterozoic rocks have been
documented in poorly known areas, and in cases where these
ages are in contrast to the age of the surrounding rocks.
Slightly modified from Kalsbeek (1994).



dykes are undeformed and unmetamorphosed, so the
gneisses of the Archaean craton cut by the dykes can-
not have been significantly affected by early Proterozoic
orogenic activity around 1850 Ma ago.

Reworked Archaean gneisses are prominent in the
Nagssugtogidian and Rinkian mobile belts that occur
north of the Archaean craton in West Greenland, and
in the Ammassalik mobile belt of East Greenland (Fig.
3). Juvenile early Proterozoic gneisses and granitoid
rocks (2000-1750 Ma) make up most of the Ketilidian
mobile belt of South Greenland, and they also form a
large proportion of the crystalline basement within the
Caledonian fold belt of North-East Greenland; they are
also present in the Inglefield mobile belt in North-West
Greenland.

Before the opening of the Labrador Sea and Baffin
Bugt the Precambrian basement of Greenland formed
an integral part of the Laurentian Shield, and correla-
tions between tectonic units in Canada and Greenland
have been proposed (e.g. Hoffman 1989, 1990). However,
the pre-drift fit of Greenland to Canada is still not accu-
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Fig. 4. Map of the Godthabsfjord region, southern West Green-
land, showing different tectonic terranes (plates). 1: Akia terrane;
2: Akulleq terrane; 3: Tasiusarssuaq terrane. Modified from
McGregor (1993).

rately known and correlations are thus rarely straight-
forward; a detailed discussion of these relationships is
outside the scope of this map sheet description.

Archaean craton

Most rocks of the Archaean craton (Kalsbeek & Garde
1989) were formed during the late Archaean 3100-2600
Ma ago. Early Archaean gneisses and supracrustal rocks
(3900-3600 Ma old) have been found in the Godthabs-
fjord region of South-West Greenland, where three dis-
tinct tectonic terranes have been recognised (Fig. 4).
Each terrane has a characteristic rock association and
tectonic history (Friend et al. 1987) and they were
brought together by thrusting ¢. 2600 Ma ago; they are
separated by mylonite zones. It is likely that the Archaean
craton elsewhere is also built up of distinct terranes,
which may explain why gneisses and supracrustal rocks
in different parts of the Archaean craton often have dif-
ferent ages.

Fig. 5. Early Archaean banded iron formation comprising inter-
banded magnetite (dark coloured) and chert (light coloured).
Isua supracrustal sequence, Isukasia, inner Godthabsfjord, south-
ern West Greenland. Pen for scale. Photo: A.A. Garde.



Early Archaean supracrustal rocks

The Isua supracrustal sequence [69] (3700-3800 Ma old,
Moorbath et al. 1973), which occurs in the Isukasia area
at the head of Godthabsfjord (Nuup Kangerlua) in West
Greenland (Fig. 4), is the most extensive occurrence of
early Archaean supracrustal rocks known on earth. It
forms a zone up to 4 km wide and up to ¢. 35 km long
and has been investigated in considerable detail. A
recent review of earlier studies together with new data
is presented by Appel et al. (1998, see also Nutman
1986). The sequence contains: (1) Layered and massive
amphibolites with Fe-rich tholeiitic compositions, within
which pillow structures are locally preserved; (2) Meta-
cherts and a major body of banded iron formation
thought to have originated as chemical sediments (Fig.
5); (3) Biotite-muscovite schists, some of which preserve
graded bedding; (4) Units of talc schist, up to 100 m
wide, with relics of dunite; (5) Banded carbonate and
calc-silicate rocks, probably metasomatic in origin; (6)
Bodies of chloritic leuco-amphibolite (garbenschiefer)
up to 1 km wide which form c. 25% of the supracrustal
belt and probably represent metasomatically altered

metavolcanic rocks. All these rocks are strongly deformed
and at high metamorphic grade, and the nature of their
protoliths as well as their precise ages are under con-
tinuous debate.

Recent investigations have shown that the Isua
supracrustal belt consists of at least two temporally dis-
tinct and unrelated sequences of supracrustal rocks,
one about 3710 Ma and the other probably around 3800
Ma old, separated by thrusts (Nutman et al. 1997). Parts
of the belt were isoclinally folded before intrusion of
3750 Ma old tonalites, while the arcuate trend of the
belt as a whole is the result of at least two phases of
later deformation (Nutman 1986).

Outside the Isukasia area inclusions of supracrustal
rocks, mainly amphibolites of tholeiitic or komatiitic
composition, occur within early Archaean gneisses as
thin units. These supracrustal rocks have been collec-
tively termed the Akilia association [69], and are thought
to represent fragments of a disrupted greenstone belt
(McGregor & Mason 1977).

Studies of graphite particles in samples of Isua and
Akilia metasedimentary rocks have yielded evidence of
very early life on earth (Mojzsis et al. 1996; Rosing 1999).

Fig. 6. Heterogeneous, polyphase Amitsoq gneiss in the central part of northern Godthabsfjord, southern West Greenland. Fragments of
dark homogeneous amphibolite are interpreted as remnants of disrupted Ameralik dykes. The hammer is ¢. 45 cm long. Photo: A.A. Garde.
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Early Archaean Amitsoq gneisses

The early Archaean Amitsoq gneisses [76] (Fig. 6) occur
in an area stretching north-east from Nuuk/Godthab
to Isukasia. They are characterised by the presence of
abundant remnants of metamorphosed basic dykes,
known as the Ameralik dykes (see Fig. 18; McGregor
1973). The gneisses were formed during a number of
distinct intrusive events that occurred between 3900
and 3600 Ma ago (Moorbath et al. 1972; Nutman et al.
1993).

Two main types of Amitsoq gneiss can be recog-
nised: (1) Grey, layered to homogeneous tonalitic to
granitic orthogneisses of calc-alkaline affinity (com-
monly with secondary pegmatite banding) which form
at least eighty per cent of the outcrop; (2) Microcline
augen gneisses with associated subordinate ferrodior-
ites (¢. 3600 Ma old), which have been referred to as
the ‘Amitsoq iron-rich suite’ (Nutman et al. 1984). The
latter resemble Proterozoic rapakivi granites and were
intruded after the strong deformation in the surround-
ing grey banded gneisses. Most Amitsoq gneisses are
in amphibolite facies, but locally the rocks have been
affected by a ¢. 3600 Ma old granulite facies metamor-
phism possibly related to emplacement of the Amitsoq
iron-rich suite.

Late Archaean supracrustal rocks

Ten to twenty per cent of the Archaean craton is made
up of a variety of supracrustal rocks [68], mainly amphi-
bolites with subordinate paragneisses (often garnetif-
erous = cordierite + sillimanite) and ultramafic layers
and pods. No reliable age determinations for these
rocks are available, and they may belong to different
age groups. Amphibolites locally show well-preserved
pillow structures indicating a submarine volcanic ori-
gin. Intense deformation, however, has generally oblit-
erated all primary structures and produced finely layered
amphibolites. More massive amphibolites may represent
original basic sills within the volcanic pile. Chemically
the amphibolites range from low-K tholeiitic to komati-
itic in composition.

Major units of garnetiferous paragneisses occur only
locally, for example in the northern part of the Archaean
craton north of Maniitsoq/Sukkertoppen; while these
may be younger than most of the late Archaean gneisses,
they were intruded by younger Archaean granitoid
sheets. The late Archaean evolution of the craton was
evidently very complex.

Supracrustal units are usually folded, and as they
form good marker horizons they often reveal the intri-
cate structure of the enveloping gneiss complexes.
Primary cover—basement relationships with earlier
gneisses have not been observed.

Anorthositic rocks

Metamorphosed calcic anorthosites and associated leuco-
gabbroic and gabbroic rocks [85] form one of the most
distinctive rock associations in the Archaean craton.
They occur as concordant layers and trains of inclusions,
and provide some of the best marker horizons for map-
ping structures on a regional scale. Anorthositic rocks
are generally bordered by amphibolite units into which
they are believed to have been intruded.

Anorthosites and associated rocks are most spectac-
ularly developed in the Fiskenaesset area of West Green-
land where they form c. 5% of the total outcrop. Here
they appear to belong to a single stratiform intrusion,
the Fiskenaesset complex (Myers 1985), which has been
dated at c¢. 2850 Ma (Ashwal et al. 1989). The main rock
types are metamorphosed anorthosite (< 10% mafics),
leucogabbro (10-35% mafics) and gabbro (35-65%
mafics), together with minor amounts of ultramafic
rocks and chromitite. Magmatic structures are often pre-
served: cumulus textures with plagioclase up to 10 cm
in size are common and igneous layering can be
observed at many localities.

The Fiskenaesset complex has undergone complex
folding. The earliest major folds were recumbent iso-
clines; these were refolded by two later fold phases
producing structures with steeply inclined axial sur-
faces (Myers 1985).

Late Archaean gneisses

Most of the Archaean craton is composed of grey
orthogneisses [72, 73] which were mainly generated
3000-2600 Ma ago. In the Nuuk/Godthib region of
West Greenland they are up to 3100 Ma old, whereas
in the Fiskenzesset area to the south isotopic ages are
generally less than 2900 Ma. It is believed that the pre-
cursors of the gneisses were intruded as sub-concor-
dant sheets and larger complexes that penetrated and
disrupted (‘exploded’) pre-existing basic volcanic units
and anorthositic rocks; the gneisses commonly occupy
much larger volumes than the older rocks into which
they were intruded. Individual gneiss sheets range from
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Fig. 7. Amphibolite agmatite with numerous sheets of tonalite,
granodiorite, granite and pegmatite, dated at 3.0-2.97 Ga. South-
facing, c. 40 m high cliff in central Godthabsfjord, southern West
Greenland. Person in red anorak for scale. Photo: A.A. Garde.

a few metres to several kilometres in thickness (Fig. 7).
It has been suggested that intrusion of granitoid magma
took place during periods of thrusting (Bridgwater e al.
1974).

Most of the gneisses are tonalitic to granodioritic
in composition. In the Fiskenaesset area gneisses form
¢. 85% of the outcrop with tonalitic gneisses as the dom-
inant component. In amphibolite facies gneisses biotite
is the most important ferromagnesian mineral.

About half of the craton north of Fiskenaesset is occu-
pied by granulite facies gneisses [73]. Granulite facies
metamorphism, however, was not synchronous through-
out the area: north of Nuuk/Godthab it is 3000-3100 Ma
old (Garde 1990; Friend & Nutman 1994), whereas in
the Fiskenzesset area it is ¢. 2800 Ma old (Pidgeon &
Kalsbeek 1978) and north of Maniitsoq/Sukkertoppen
¢. 2750 Ma old (Friend & Nutman 1994). In granulite facies
terraines hypersthene is most common in amphibolites,
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whereas in the gneisses its presence depends on chem-
ical composition; parts of the amphibolite facies gneisses
in the northern part of the craton were formed by retro-
gression of granulite facies rocks (e.g. Garde 1990).

Commonly the gneisses show complex fold interfer-
ence structures (e.g. Berthelsen 1960; Fig. 8). Formation
of the gneisses by deformation and migmatisation of
their igneous precursors has been described in detail
by Myers (1978), and a detailed description of the com-
plex evolution of the Fiskefjord area, north of Godthabs-
fjord, was recently presented by Garde (1997).

Intrusive rocks

Within the late Archaean gneisses a variety of homo-
geneous granitic to tonalitic rock units have been dif-
ferentiated on the map as felsic intrusions [80]. These
rocks were emplaced at various times during the tec-
tonic evolution of the areas in which they occur. Some
(e.g. the ¢. 3000 Ma old Taserssuaq tonalite north of inner
Godthabsfjord) represent late phases of the igneous
precursors of the gneisses in areas where deformation
was less intense than elsewhere. Others (e.g. the 2800
Ma old Tlivertalik augen granite north-east of Fiskenaesset)
are younger than the surrounding gneisses, but have
been strongly overprinted by later deformation. One rock
unit, the 2550 Ma old Qérqut granite complex [79]
(Friend et al. 1985), is clearly post-tectonic.

A distinct 2700 Ma old suite of very well-preserved
post-tectonic intermediate and mafic intrusions, includ-
ing gabbros and diorites [82] as well as syenites and gran-
ites [80], occurs within late Archaean gneisses in the
Skjoldungen district of South-East Greenland (Nielsen
& Rosing 1990; Blichert-Toft et al. 1995). It is associated
with older syenitic gneisses [80] and with a late nepheli-
nite body, the 2670 Ma old Singertit complex [83].

Small norite bodies [82] occur within an arcuate belt
east of Maniitsoq/Sukkertoppen (Secher 1983), and a
small carbonatite sheet ¢. 2650 Ma old [84] has been
found at Tupertalik, 65°30'N in West Greenland (Larsen
& Pedersen 1982; Larsen & Rex 1992).

Proterozoic orogenic belts

About forty per cent of the ice-free area of Greenland
is underlain by early Proterozoic orogenic belts (Fig. 3).
Several of these consist largely of reworked Archaean
rocks that underwent strong deformation and meta-
morphism during early Proterozoic (‘Hudsonian’) oro-
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Fig. 8. Structural stereogram of the western Toqqusap Nunaa area north of Atammik (c. 65°N), southern West Greenland, showing
complex fold structures in the late Archaean gneiss complex. Slightly modified from Berthelsen (1960).

genic events around 1850 Ma ago. Others are made up
of juvenile early Proterozoic crust.

Nagssugtoqidian mobile belt

The Nagssugtoqidian mobile belt (Fig. 3; van Gool et al.
1996, 1999) extends from Sendre Stromfjord to Disko
Bugt in West Greenland. It consists mainly of reworked
Archaean gneisses [74, 75] but also includes early Prote-
rozoic supracrustal and intrusive rocks [67, 78, 81]. Main
structures trend ENE-WSW. The peak of Proterozoic tec-
tonic and metamorphic activity was at ¢. 1850 Ma when
large parts of the belt underwent granulite facies meta-
morphism. Early Proterozoic orogenic activity is believed
to be related to collision of two Archaean continents,
with a suture present within the Nagssugtogidian mobile
belt (Kalsbeek et al. 1987).

Reworking of Archaean gneisses in the Nagssugto-
gidian mobile belt was first recognised by Ramberg
(1949); a swarm of basic dykes, the Kangamiut dykes

(2040 Ma, Nutman et al. 1999), which are well pre-
served in the Archaean craton to the south, become
increasingly deformed and metamorphosed on enter-
ing the Nagssugtoqgidian mobile belt (see Fig. 18).

Supracrustal rocks

Early Proterozoic supracrustal rocks are prominent in
the central part of the Nagssugtogidian mobile belt [67],
and are dominated by pelitic and semipelitic metased-
iments. Marble and calc-silicate rocks are common
within these metasedimentary units, and pelitic rocks
may be rich in graphite. While the metasediments are
cut by sheets of 1920 Ma quartz diorite, age determi-
nations on detrital zircons (Nutman et al. 1999) show
that deposition must have taken place later than ¢. 2000
Ma. Within the Nagssugtogidian mobile belt late
Archaean metasediments [68] are also present, for exam-
ple at the southern shore of Disko Bugt. They are not
easily distinguished in the field from Proterozoic rocks,

17



and since isotopic age determinations are few, it is not
certain that all supracrustal sequences shown on the map
have been assigned to the correct age category.

The involvement of early Proterozoic supracrustal
rocks in complex fold structures and shear zones in the
central part of the belt shows that the deformation was
of Proterozoic age.

Felsic and intermediate intrusions

There are only a few granitic and quartz dioritic intru-
sive bodies in the Nagssugtoqidian mobile belt. Some
are of Archaean origin [80], whereas others are of early
Proterozoic age [78]. A large sheet of quartz diorite [81],
dated at 1920 Ma, occurs close to the border of the
Inland Ice at 68°N (Henderson 1969; Kalsbeek et al.
1987); it is folded and strongly deformed at its margins,
but igneous textures and minerals are preserved in its
centre. Strongly deformed Proterozoic quartz dioritic to
tonalitic rocks (not shown on the map) also occur within

reworked Archaean gneisses south of the main quartz
diorite body, and have been interpreted as remnants
of an early Proterozoic island arc tectonically inter-
leaved with the Archaean rocks (Fig. 9; Kalsbeek et al.
1987; van Gool et al. 1999).

A large area (c. 30 x 50 km) east and north-east of
Sisimiut/Holsteinsborg is made up of early Proterozoic
hypersthene gneisses (Kalsbeek & Nutman 1996). In the
field these cannot easily be distinguished from Archaean
rocks that occur farther east, and on the map all rocks
in this region are shown as Archaean, overprinted by
Proterozoic granulite facies metamorphism [75].

Ammassalik mobile belt

The Ammassalik mobile belt extends from 64°30'N to
68°N in southern East and South-East Greenland (Fig.
3), and is probably an extension of the Nagssugtoqgidian
belt of West Greenland. The belt is dominated by
reworked Archaean gneisses [74, 75] which were tec-

Fig. 9. Rock face at south side of inner Nordre Stromfjord/Nassuttooq, southern West Greenland, showing tectonic contact between
pale Archaean tonalitic gneisses and overlying dark dioritic gneisses and supracrustal rocks of Proterozoic age. Thin slices of marble
and calc-silicates occur at the contact and within the Archaean gneisses. The height of section is ¢. 350 m. Photo: J.A.M. van Gool.
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Fig. 10. Ammassalik mobile belt.
Archaean gneisses reworked during the
early Proterozoic in granulite and
retrograde granulite facies, with
supracrustal layers consisting of amphi-
bolites and paragneisses. East of north-
ernmost Sermilik (¢. 66°30'N), South-East
Greenland. The prominent summit is
1750 m high; relief seen is ¢. 1500 m.
Photo: J.C. Escher.

tonically interleaved with metasediments during the
early Proterozoic (Fig. 10; Chadwick et al. 1989; Kalsbeek
1989). In the Ammassalik district early Proterozoic pelitic
metasediments [67] are prominent, and locally contain
abundant kyanite; thick marble units also occur. Archaecan
anorthositic rocks [85] are present in a few places.

Early Proterozoic plutonic rocks

A late tectonic suite (1885 Ma old) of leuconoritic and
charnockitic intrusive rocks [81], the Ammassalik Intrusive
Complex, occurs as a WNW-ESE-trending series of
intrusions at 65°30'N (Friend & Nutman 1989). This
suite was emplaced into gneisses and sediments, in
which it caused widespread anatexis and produced a
series of garnet-rich granitic gneisses [71].

Early Proterozoic quartz dioritic to tonalitic intru-
sions [81] occur locally; one is shown just north of lat-
itude 66°N. Their age is not precisely known, but may
be of the order of 2000 Ma. Early Proterozoic gneisses,
formed locally by deformation of such intrusive rocks,
are not distinguished on the map.

Scattered post-tectonic granite plutons [78] associated
with diorites and local gabbro occur over the central
part of the Ammassalik mobile belt. Their isotopic age
is about 1680 Ma, much later than the peak of tectonic
and metamorphic activity in the belt which was between
1900 and 1800 Ma ago (Kalsbeek et al. 1993a). Isotopic
data show that the granites are largely of crustal origin.

Rinkian mobile belt

The Rinkian mobile belt (Henderson & Pulvertaft 1987;
Grocott & Pulvertaft 1990) lies to the north of the
Nagssugtoqidian mobile belt in West Greenland between
latitudes 69°N and 75°N (Fig. 3). The mobile belt is
characterised by the presence of a distinctive early
Proterozoic sedimentary succession several kilometres
thick, the Karrat Group [62], which overlies reworked
Archaean gneisses [74]. It has not been possible to
define a natural boundary between the Nagssugtoqgidian
and Rinkian belts. Nearly everywhere north of the
Archaean craton effects of Proterozoic deformation and
metamorphism can be found. However, in the area east
and north-east of Disko Bugt the Archaean rocks appear
to have been less strongly affected by Proterozoic
reworking than in the areas to the north and south
(Garde & Steenfelt 1999).

Gneisses and intrusions

Reworked Archaean gneisses [74] in the Rinkian mobile
belt are similar to those of the Archaean craton. On
Nuussuagq, and farther north, they contain anorthosite
bodies [85] and several dioritic intrusions [82]. North of
Nuussuaq sheets of Archaean augen gneisses occur
locally (not distinguished on the map) and have been
used as structural markers to unravel the complex thrust
tectonics of that area (Pulvertaft 1986).
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Fig. 11. Schematic lithostratigraphic sections of the lower
Proterozoic Karrat Group in the Maarmorilik — Karrat Isfjord
region. The Nikavsak Formation consists of a flysch succession
of interbedded greywacke and mudstone, now metamorphosed
in amphibolite facies. Based on Garde (1978) and Henderson &
Pulvertaft (1987).

North-east of Disko Bugt/Qeqertarsuup Tunua a well
preserved 2800 Ma old tonalitic intrusive complex [80]
shows few signs of Proterozoic deformation. It was
emplaced into a late Archaean greenstone belt [68] and
earlier gneisses (Kalsbeek & Skjernaa 1999).

The 1860 + 25 Ma old Prgven charnockite [78]
(Kalsbeek 1981) in the Upernavik area (c. 72°30'N) con-
sists of charnockites and leucogranitic rocks. It was
emplaced into Archaean gneisses and early Proterozoic
metasediments (the Karrat Group), which are here of
granulite facies metamorphic grade. There may be a con-
nection between emplacement of the Prgven charnock-
ite and the high-grade metamorphism.
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Supracrustal rocks: Disko Bugt

North-east of Disko Bugt a well preserved c. 2800 Ma
old Archaean greenstone belt consists of basic metavol-
canic rocks [68] and acid [66] metavolcanic rocks. The
basic rocks, which are mainly greenschists and meta-
pillow lavas, contain a subvolcanic sill complex of gab-
bros and dolerites [82] (Marshall & Schgnwandt 1999).
The Archaean rocks are overlain discordantly by an
early Proterozoic succession [62] consisting of a lower
unit of marble and orthoquartzite overlain by thick shal-
low-water siltstones and sandstones. Early Proterozoic
deformation and metamorphism are at a minimum in
this area (Garde & Steenfelt 1999).

Supracrustal rocks: the Karrat Group

The Karrat Group [62] was deposited unconformably on
the Archaean crystalline basement, and is widely exposed
over a 400 km coastal stretch north of Uummannaq
(Fig. 3). U-Pb age determinations on detrital zircons
have shown that deposition of the Karrat Group took
place later than ¢. 2000 Ma ago (Kalsbeek et al. 1998a),
while it must have been deposited before the emplace-
ment of the Proven charnockite which has been dated
at ¢. 1860 Ma.

The Karrat Group is divided into three formations
(Henderson & Pulvertaft 1987). The two lowest for-
mations, the Marmorilik Formation (up to 1.6 km thick;
Garde 1978) and Qeqertarssuaq Formation (more than
2 km thick; Fig. 11), comprise shelf and rift type sedi-
ments, dominated respectively by marbles and clastic
sediments with minor volcanic rocks. However, these
two formations appear to be correlatives, originally sep-
arated by a basement high. The upper formation, the
Nikavsak Formation, with a minimum structural thick-
ness of 5 km, is a typical turbidite flysch succession.
Extensive tight folding makes reliable estimates of the
stratigraphic thickness of the Karrat Group uncertain.
Proterozoic sedimentary successions similar to the Karrat
Group occur in the Foxe fold belt on the west side of
Baffin Bugt in north-eastern Canada (the Piling and
Penhryn Groups; Henderson & Tippet 1980; Henderson
1983) suggesting correlation of the Rinkian mobile belt
of Greenland and the Foxe fold belt of Canada.

The Karrat Group and its underlying crystalline base-
ment are complexly interfolded into dome structures
and gneiss-cored fold nappes (Fig. 12; Henderson &
Pulvertaft 1987). Tectonic interleaving of cover rocks with
basement gneisses has also taken place, and the south-
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Fig. 12. Sketch of part of one of the characteristic nappes in the Rinkian mobile belt (Kigarsima nappe seen from the north). North
side of Upernivik @ (71°20'N), central West Greenland. Slightly modified from Henderson & Pulvertaft (1987).

ern part of the Rinkian belt is characterised by flat-lying
thrust sheets (Pulvertaft 1986). High-grade metamor-
phism at relatively low pressure characterises parts of
the Rinkian belt.

North-West Greenland and
Inglefield mobile belt

North of 75°N the Karrat Group has not been recog-
nised (Dawes & Frisch 1980). This region consists mainly
of reworked Archaean gneisses with banded iron for-
mation and supracrustral units [74]. The ¢. 2700 Ma old
Kap York meta-igneous complex [82] at 76°N is com-
posed of a suite of plutonic rocks ranging from gabbro
to granite in composition (Dawes et al. 1988). A major
anorthosite complex [85] is exposed at 77°30'N (Nutman
1984).

Inglefield Land (78°-79°N), is mainly composed of
high-grade supracrustal and granitoid rocks belonging
to the early Proterozoic Inglefield mobile belt (Dawes
1988). They are overlain by middle Proterozoic sedi-
ments with basaltic sills of the Thule Supergroup and
Cambrian deposits of the Franklinian Basin.

The oldest rocks recognised in Inglefield Land are
metasediments of the Etah Group [67], dominated by
marbles, calc-silicate rocks and quartzofeldspathic para-
gneisses. These are intruded by a variety of metaplu-
tonic rocks, mainly of intermediate to felsic composition,
which form the Etah meta-igneous complex. Most rocks
are strongly deformed, but less deformed syenitic and
monzonitic rocks are also present, and post-tectonic

granites occur locally (Dawes 1996; Thomassen & Dawes
1996). Reconnaissance SHRIMP U-Pb zircon analyses of
samples of granitoid rocks have yielded ages of
1900-1960 Ma with indications of high-grade meta-
morphism at around 1750 Ma (Dawes 1999; F. Kalsbeek
& A.P. Nutman, unpublished data). Archaean and
Proterozoic basement provinces in North-West Greenland
can be matched across Baffin Bugt with similar units
on Devon Island and Ellesmere Island in Canada (Dawes
et al. 1988; Frisch & Hunt 1988).

Ketilidian mobile belt

Gneisses at the southern margin of the Archaean cra-
ton are unconformably overlain by early Proterozoic sedi-
ments [64] and basalts [63]. Towards the south these
supracrustal sequences are progressively affected by
deformation and metamorphism as the Ketilidian belt
is approached (Fig. 3). The centre of the Ketilidian
mobile belt is largely built up of juvenile early Proterozoic
granitic rocks (the Julianehab batholith [70, 78]). Farther
south high-grade metasedimentary gneisses [67] are
prominent. Recent investigations of the Ketilidian belt
have been reported by Chadwick & Garde (1996) and
Garde er al. (1998, 1999).

Early Proterozoic supracrustal rocks

The best preserved Ketilidian supracrustal rocks occur
in Graenseland north-east of Ivittuut where they are
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Fig. 13. The basal part of the Ketilidian succession in central Graenseland, South-West Greenland, with the Archaean basement in the
left background, viewed towards west-north-west. The unconformity forms the red-brown slope in the middle distance, with spo-
radic sub-Ketilidian regolith and Ketilidian carbonate deposits. Relief is about 500 m. Orange coloured tent in the right foreground
indicates the scale. Photo: A.A. Garde.

locally almost unmetamorphosed and only superficially
deformed (Fig. 13); the precise age of deposition is not
known. They have been divided into a lower sedi-
mentary part, the Vallen Group, with ¢. 1200 m of shales
and greywackes with subordinate quartzite, conglom-
erate and carbonate rocks [64], and an upper volcanic
part, the Sortis Group [63], which consists mainly of basic
pillow lavas and contemporaneous basic sills (Bondesen
1970; Higgins 1970). Southwards these sequences
become strongly deformed and intruded by Ketilidian
granites.

High-grade (up to granulite facies) supracrustal units
[67] are prominent in the southern part of the Ketilidian
mobile belt. These are composed of pelitic and semi-
pelitic gneisses with local marbles, quartzites, meta-
arkoses, and basic metavolcanic rocks. The clastic
sediments are composed mainly of erosion products of
the Julianehab batholith produced more or less con-
temporaneously with its emplacement (Chadwick et al.
1994b; Garde & Schgnwandt 1995; Garde et al. 1998).
Acid volcanic rocks [65] occur in the inner fjord area
north-east of Qaqortog/Julianehab (61°30'N).
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Early Proterozoic granitoids and
basic—intermediate intrusions

The central part of the Ketilidian mobile belt is built up
mainly of granites, granodiorites and tonalites, com-
monly with porphyritic textures, which are collectively
known as the Julianehab batholith’ (Chadwick et al.
1994a; Garde & Schgnwandt 1995; Chadwick & Garde
1996; Garde et al. 1998; Julianehab granite’ in older pub-
lications; Allaart 1976). Large parts of the batholith were
emplaced between 1855 and 1800 Ma ago in a sinistral
transpressive setting. Major shear zones were formed
during emplacement of the batholith, giving rise to tec-
tonic fabrics of variable intensity. Strongly deformed parts
of the batholith are shown as gneisses [70] on the map,
less deformed varieties as foliated and non-foliated
granitic rocks [78]. Basic and intermediate intrusions [81]
of various ages are also present. These were commonly
emplaced simultaneously with felsic magmas, and may
occur as mixed rocks in ‘net-veined intrusions’. Many
of the basic and intermediate plutonic rocks are
‘appinites’ (see Fig. 18), i.e. they contain hornblende



Fig. 14. Upper part of the 1740 Ma post-
tectonic Graah Fjelde rapakivi granite
intrusion, with large rafts of older
Ketilidian country rocks (dark grey).
Outer coastal area north of Danell Fjord
(¢. 61°N), South-East Greenland; the
exposure is ¢. 600 m high.

Photo: A.A. Garde.

as the main primary mafic mineral. Isotopic data show
that the granites of the Julianehab batholith are of juve-
nile Proterozoic origin and do not represent reworked
Archaean rocks (van Breemen et al. 1974; Patchett &
Bridgwater 1984; Kalsbeek & Taylor 1985; Garde et al.
1998).

Rapakivi ‘granites’ [77] are a prominent constituent
of the southern part of the Ketilidian mobile belt (Fig.
14). The rapakivi suite rocks are characterised by man-
tled K-feldspar phenocrysts, high Fe/Mg ratios and high
levels of incompatible elements. Apart from granites
the suite includes norites, quartz monzonites and quartz
syenites. Isotopic ages between 1720 and 1750 Ma have
been obtained from these rocks (Gulson & Krogh 1975;
Garde et al. 1998).

Archaean — early Proterozoic basement in
the East Greenland Caledonian fold belt

The crystalline basement rocks within the East Greenland
Caledonian fold belt consist of polyorogenic quartzo-
feldspathic gneisses and granitoid rocks, which were
overlain by Proterozoic and Palaeozoic sedimentary
successions prior to involvement in the Caledonian
orogeny (Higgins et al. 1981). In the Scoresby Sund
region Archaean basement gneisses [74] are prominent.
Farther north the crystalline basement consists mainly
of early Proterozoic gneisses [70] (up to ¢. 2000 Ma old)
of tonalitic to granitic composition; some deformed
granite sheets have given ages of ¢. 1750 Ma.

The late Archaean basement gneiss complex (Fig. 15)
[74], which outcrops in the inner Scoresby Sund region
and areas immediately north (70°-73°N), consists of a
variety of migmatitic gneisses with scattered foliated gran-
itoid plutonic rocks [80]. Archaean ages of ¢. 3000-2600
Ma have been recorded (e.g. Rex & Gledhill 1974, 1981,
Steiger et al. 1979; see Fig. 31), but interpretation is
uncertain due to the complex geological history and
repeated disturbance of the isotope systems.

In the Charcot Land tectonic window in the north-
western part of the Scoresby Sund region (72°N) the
Archaean gneissic basement of the foreland is overlain
by an early Proterozoic supracrustal succession [67] of
low-grade metasediments and metavolcanics (Steck
1971); these are cut by two major post-kinematic gra-
nodioritic—granitic intrusions [78] emplaced c. 1840 Ma
ago (Hansen et al. 1980).

The basement gneisses in the central and northern parts
of the fold belt (north of 74°N), comprise rock units pre-
dominantly related to an early Proterozoic event of crust
formation (Kalsbeek et al. 1993b). Amphibolite facies
orthogneisses [70] are widespread, with occasional areas
of granulite facies [71]; supracrustal rocks [67] occur
locally. The gneisses comprise both older migmatitic
rocks and younger more homogeneous foliated granites.
The protolith ages indicate that crust formation took
place ¢. 2000 Ma ago. Late granite emplacement is dated
at ¢. 1750 Ma. Comparable granitoid rocks at ¢. 73°15'N
also give early Proterozoic ages (1700-2000 Ma, Rex &
Gledhill 1981). A few isolated intermediate and mafic intru-
sions [81] occur in the Dove Bugt region (76°~78°N; Hull
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et al. 1994). Archaean orthogneisses [74] have been doc-
umented at only one locality (76°40'N) in North-East
Greenland (Steiger et al. 1976) but their relationships
with the surrounding Proterozoic gneisses are uncertain.

Archaean — early Proterozoic basement
beneath the Inland Ice

Little is known about the geology of the area now
covered by Greenland’s central ice cap — the Inland

Fig. 15. Late Archaean gneisses with dark
amphibolite bands, affected by early and
middle Proterozoic orogenic events, and
subsequently reworked in the Caledonian
orogeny. South of inner Nordvestfjord/
Kangersik Kiatteq, Scoresby Sund region
(71°30'N), central East Greenland. The
profile height is ¢. 1000 m.

Ice. However, in 1993 one and a half metres of
bedrock was retrieved from beneath the highest part
of the ice cap (> 3000 m) at the GISP 2 ice core local-
ity (72°35'N, 38°27"W). The rock is a leucogranite, and
SHRIMP U-Pb zircon data on a few poorly preserved
zircons indicate that it is of Archaean origin, but
strongly disturbed by one or more later tectonometa-
morphic events, most likely during the early
Proterozoic (A.P. Nutman, personal communication
1995). These results have been confirmed by Sm-Nd,
Rb-Sr and Pb-Pb isotope data (Weis et al. 1997).

Proterozoic to Phanerozoic geological development
after formation of the Precambrian shield

The Greenland Precambrian shield is composed mainly
of crystalline gneisses and plutonic rocks older than
1600 Ma. Younger rock units, middle Proterozoic to
Phanerozoic in age, are in part related to the forma-
tion of sedimentary basins and fold belts along the
margins of the stable shield. Two major Palaeozoic
fold belts — the Ellesmerian fold belt of Ellesmere Island
(Canada) and North Greenland and the Caledonian
fold belt of East Greenland — developed along the
north and east margins of the shield respectively. In
the descriptions that follow the onshore Proterozoic
to Phanerozoic deposits and orogenic events through-
out Greenland are presented chronologically within the
framework of major depositional basins.
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Early-—middle Proterozoic
unfolded units

Independence Fjord Group,
North Greenland

The earliest recorded major depositional basin devel-
oped on the Greenland shield is represented by the
Independence Fjord Group [31] (Fig. 16a) which is
found over large areas of eastern North Greenland and
North-East Greenland between north-eastern Peary Land
(83°N) and westernmost Dronning Louise Land (77°N).
The group is more than 2 km thick, with its base only
exposed in western Dronning Louise Land. Strongly



Fig. 16. Lower to middle Proterozoic
Independence Fjord Group sandstones.
a: Undeformed succession cut by

¢. 1230 Ma Midsommersg Dolerite
intrusions on the south side of
Independence Fjord (c. 82°N), eastern
North Greenland. Profile height is

¢. 800 m.

b: Folded and metamorphosed sand-
stones and dolerites within the Cale-
donian fold belt (see text). North of
Ingolf Fjord (c. 80°30'N), Kronprins
Christian Land, eastern North Greenland.
Profile height is ¢. 1000 m.
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deformed representatives are found within the Cale-
donian fold belt in Kronprins Christian Land and areas
to the south (Fig. 16b). Radiometric dating by Larsen
& Graff-Petersen (1980) indicated a middle Proterozoic
age (about 1380 Ma) for the diagenesis, but more recent
SHRIMP U-Pb dates from intercalated volcanics in sim-
ilar sandstones occurring within the Caledonian fold
belt suggest that some of the sandstones were deposited
before 1740 Ma ago (Kalsbeek et al. 1999). The new
data post-date compilation of the map, where a mid-
dle Proterozoic age is indicated for the Independence
Fjord Group.

The succession has been studied primarily in the
type area around Independence Fjord in North Green-
land, where deposition took place in an intracratonic
sag basin. The Independence Fjord Group is dominated

by alluvial clastic deposits, mainly sandstones that
form three 300-900 m thick, laterally correlatable units.
These are separated by two laterally extensive, much
thinner (4-90 m) silt-dominated units that represent
deposition in ephemeral lakes (Collinson 1980;
Senderholm & Jepsen 1991). The rhythmic sedimentary
pattern forms the basis for the present lithostratigraphy.
The development of extensive lacustrine conditions
suggests that sedimentation was controlled by basin-
wide changes in subsidence rates (Collinson 1983).

The Independence Fjord Group sandstones are every-
where cut by numerous mafic sheets, sills and dykes,
the ‘Midsommerso Dolerites’ (Kalsbeek & Jepsen 1983),
for which ages around 1250 Ma have been obtained.
The dolerites are not shown on the map, but are depicted
with other important dyke swarms on Fig. 18.
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Zig-Zag Dal Basalt Formation,
North Greenland

This middle Proterozoic formation [30] consisting of
up to 1350 m of well-preserved tholeiitic flood basalts
is among the oldest well-preserved basalt successions
known; the main outcrops are south of Independence
Fjord in eastern North Greenland. A petrological and
geochemical investigation of the basalts has been car-
ried out by Kalsbeek & Jepsen (1984). The Zig-Zag Dal
Basalt Formation conformably overlies the Indepen-
dence Fjord Group and is itself disconformably over-
lain by the Hagen Fjord Group (see Fig. 22). South of
Independence Fjord the basalt succession outcrops
over an area of 10 000 km?, but the local occurrence
of similar basalts in eastern Peary Land indicates that
the formation once covered a very large part of North
Greenland. The basalts are probably related to the same
igneous event that produced the Midsommersg Dolerites,
and an age of ¢. 1250 Ma is therefore likely.

The Zig-Zag Dal Basalt Formation is divided into
three main units. A ‘Basal Unit’ of thin aphyric basalt
flows is 100-200 m thick and includes pillow lavas in
its lower part. The overlying ‘Aphyric Unit’ (¢. 400 m)
and the highest ‘Porphyritic Unit’ (up to 750 m) together
comprise 30 flows of mainly aa-type subaerial lavas. The
present distribution pattern of the flows shows a max-
imum thickness of the succession in the centre of the
area of outcrop south of Independence Fjord, imply-
ing subsidence of this central region during the extru-
sion of the basalts and prior to the peneplanation which
preceded deposition of the Hagen Fjord Group.

In Kronprins Christian Land basalts belonging to the
Zig-Zag Dal Basalt Formation have not been recog-

nised with certainty. However, deformed dolerites,
which probably correlate with the Midsommersg
Dolerites, are very common. North-west of Hovgaard
@ (c. 80°15'N) within the same region, basalts are pre-
sent interbedded with the Independence Fjord Group;
an age of 1740 Ma has been obtained on zircons from
associated rhyolitic rocks (Kalsbeek et al. 1999).

Gardar Province, South Greenland

The middle Proterozoic Gardar Province (Upton &
Emeleus 1987; Kalsbeek et al. 1990) is characterised by
faulting, deposition of sediments and volcanic rocks, and
alkaline igneous activity. An approximately 3400 m thick
succession of sandstones and lavas referred to as the
Eriksfjord Formation (Poulsen 1964) accumulated within
an ENE-WSW-trending continental rift, preserved at
about 61°N. Within and outside the rift major central
intrusions and numerous dykes were emplaced (see also
dyke map Fig. 18).

The Gardar sediments [12] and volcanics [11] of the
Eriksfjord Formation rest uncomformably on Ketilidian
granites. The Eriksfjord Formation comprises ¢. 1800 m
sediments and 1600 m volcanic rocks. The sediments,
mainly found in the lower part of the succession, are
fluvial and aeolian arkosic to quartzitic sandstones and
conglomerates (Clemmensen 1988; Tirsgaard & Jxnevad
1998). The volcanic rocks are dominated by basaltic
lavas, with subordinate trachytes and phonolites in the
upper part and a carbonatite complex in the lower part
(Stewart 1970; Larsen 1977; Upton & Emeleus 1987).
The age of the Eriksfjord Formation is ¢. 1170-1200 Ma
(Paslick et al. 1993).

[ Pulaskite and foyaite
[ ] Sodalite foyaite

I Augite syenite
[ Alkali acid rocks

[ Naujaite \ | j
A Lujavrite/pegmatitic borders

Kakortokite/pegmatitic borders

Fig. 17. Diagrammatic cross-section of the Ilimaussaq intrusion west of Narsaq in South Greenland. The intrusion has an outcrop area
of 17 x 8 km and has been dated at 1143 + 21 Ma (see review by Kalsbeek et al. 1990). Slightly modified from Andersen et al. (1981).
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The Gardar intrusive complexes [56] range in age from
¢. 1300 to c¢. 1120 Ma and have been divided into three
age groups (Kalsbeek et al. 1990). These comprise cen-
tral ring intrusions, complexes with several individual
intrusive centres, and giant dykes (Emeleus & Upton
1976; Upton & Emeleus 1987). Petrologically the intru-
sive complexes are dominated by differentiated salic
rocks including syenites, nepheline syenites, quartz
syenites, and granites (Fig. 17); mildly alkaline gabbros
and syenogabbros are subordinate but are dominant in
the giant dykes. The intrusions were emplaced in the
middle part of the Gardar rift as well as in the areas
both to the north-west and south-east. Major swarms
of basic dykes of Gardar age occur throughout South
and South-West Greenland (see dyke map, Fig. 18).

Middle Proterozoic orogenic units
reworked in the East Greenland
Caledonian fold belt

A middle Proterozoic ‘Grenvillian’ event has been
recorded in the crystalline rocks of the Caledonian fold
belt between Scoresby Sund (70°N) and Grandjean
Fjord (76°N). A thick sequence of middle Proterozoic
metasediments, the Krummedal supracrustal sequence
[46], rests on early Proterozoic and Archaean basement
gneisses. During a tectonometamorphic event around
950 Ma ago the supracrustal rocks and the underlying
basement rocks were apparently reworked to form a
migmatite and paragneiss complex [52] containing gran-
ite and augen granite intrusions [55]. Zircon and Rb-Sr
whole-rock studies indicated some of the granites are
¢. 1000 Ma old (Steiger et al. 1979; Rex & Gledhill 1981),
and SHRIMP studies on zircons from a major granite
body (74°19'N) yielding an age of ¢. 930 Ma have
recently confirmed the Grenvillian age (Jepsen &
Kalsbeek 1998).

Supracrustal rocks

The Krummedal supracrustal sequence [46] consists of
a 2500-8000 m thick suite of pelitic, semipelitic, and
quartzitic rocks generally metamorphosed within the
amphibolite facies (Henriksen & Higgins 1969; Higgins
1974, 1988; Figs 19, 20). Lateral and vertical lithologi-
cal variations are considerable and correlation between
various local successions has not been possible. Contacts
with the underlying late Archaean [74] and early
Proterozoic gneisses [70] are generally conformable,

but rare discordances may reflect preservation of an orig-
inal unconformity (Higgins et al. 1981). The ‘Smallefjord
sequence’ [46], which crops out between Grandjean
Fjord (75°N) and Bessel Fjord (76°N) (Friderichsen et
al. 1994) is comparable in lithology and development
to the Krummedal succession. Age determinations on
zircons suggest deposition later than ¢. 1100 Ma and
high-grade metamorphism during a Grenvillian event
at ¢. 950 Ma (Strachan et al. 1995; Kalsbeek et al. 1998b).

Migmatites and granites

The middle Proterozoic supracrustal units in the south-
ern part of the East Greenland Caledonian fold belt
have been strongly migmatised and transformed into
paragneisses [52], and intruded by sheets of augen gran-
ites up to 1000 m thick as well as other granite bodies
[55]. In the Scoresby Sund region these rock units have

- Augen granite

N~ Migmatitic

2000 m
1

_A__a  Thrust contact

Fig. 19. Sections of the middle Proterozoic Krummedal supracrustal
sequence, north of inner Nordvestfjord/Kangersik Kiatteq
(71°30'N), Scoresby Sund region, central East Greenland. Based
on Higgins (1974).
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Dykesin Greenland

TP

Deformed and fragmented Archaean Ameralik metabasic dyke cutting early

Archaean Amitsoq gneisses, Godthabsfjord region, southern West Greenland.
Photo: A.A.Garde.

Undeformed Proterozoic dolerite dyke belonging
to the ‘MD’ dyke swarm, cutting Archaean ortho-
gneisses, northern Fiskefjord region, southern
West Greenland. Photo: A.A. Garde.

There are few areas in Greenland where the rocks are not cut by mafic dykes. The dykes range in age from
early Archaean in the Godthdbsfjord areato Tertiary in parts of North, East and West Greenland.

It is very difficult to date mafic dykes, especially where they have been deformed and metamorphosed, and
early K-Ar and Rb-Sr isotopic age determinations have proved to be imprecise and sometimes entirely
misleading. In many cases the age of the dykes is therefore imperfectly known. Moreover, in cases where
precise age determinations have been carried out, results show that dykes earlier believed to belong to asingle
swarm may have significantly different ages. The diagrams on the opposite page illustrate the history of dyke
emplacent in Greenland, based on the best age estimates available at present.

Among the best known dyke swarms in Greenland are the Ameralik dykes in the Godthabsfjord area, which
were intruded into early Archaean gneisses, but are cut by late Archaean granitoid rocks; this permits
distinction between early and late Archaean lithologies. The Kangémiut dykes in West Greenland are well
preserved in the Archaean craton, but deformed and metamorphosed in the Palaeoproterozoic Nagssugtogidian
orogen to the north; this makes it possible to monitor the influence of Nagssugtogidian metamorphism and

deformation.
Legend withonetrend  with two or deformed and
direction more trends metamorphosed
Dolerites and associated dykes | /> > |
Kimberlites, lamproites and
lamprophyric dykes o

Fig. 18. Above and facing. Diagrammatic representation of the major suites of mafic dykes and sills in Greenland. Compiled by J.C.
Escher and F. Kalsbeek 1997.
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been deformed into major recumbent folds of nappe
dimensions (Chadwick 1975) during a Grenvillian or
younger orogeny; isotopic age determinations show
that the later deformed augen granites and correlative
granites were injected around 1000 Ma ago (Steiger et
al. 1979; Rex & Gledhill 1981).

Middle-late Proterozoic sedimentary
basin in North-West Greenland and
Ellesmere Island

Thule Supergroup

The Thule Basin in North-West Greenland is one of
several middle-late Proterozoic depocentres fringing
the northern margin of the Canadian—Greenland shield.
The basin fill consists of undeformed sediments and
basaltic rocks assigned to the Thule Supergroup (Dawes
et al. 1982; Dawes 1997). The rocks are widely exposed
in the region between Inglefield Land (79°N) and Thule
Air Base/Pituffik (76°N) in Greenland and also crop
out in the coastal regions of Ellesmere Island in Canada.
The lower part of the basin fill shows many similarities
with the Independence Fjord Group and overlying vol-
canic rocks in eastern North Greenland [31-30]. The
Thule Supergroup has a cumulative thickness of at least
6 km and comprises continental to shallow marine sedi-
ments, basaltic volcanic rocks and a conspicuous num-
ber of doleritic sills; it accumulated between ¢. 1270 Ma
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Fig. 20. Krummedal supracrustal sequence
comprising rusty garnetiferous gneissic
schists and siliceous gneisses, inner Nord-
vestfjord/Kangersik Kiatteq (71°30'N),
Scoresby Sund region, central East
Greenland. Profile height is ¢. 1500 m.

and c¢. 650 Ma ago (for discussion, see Dawes 1997,
Samuelsson et al. 1999). The sediments rest with pro-
found unconformity on peneplaned Archaean — early
Proterozoic crystalline basement throughout the region.

The Thule Supergroup is divided into a lower part
comprising three groups [5] and an upper part of two
groups [3, 4]. When the map was compiled a Middle-Late
Proterozoic age was assigned (Dawes & Vidal 1985; Dawes
& Rex 1986) but reappraisal of the acritarch fauna sug-
gests a late Middle Proterozoic to earliest Late Proterozoic
age for the entire succession (Samuelsson et al. 1999). The
lower part comprises: (1) the Smith Sound Group of shal-
low marine sandstones and shales with stromatolitic car-
bonates; (2) the Nares Strait Group which at the base
consists of inner shelf mudstones and fluvial sandstones,
succeeded by terrestrial basaltic extrusive rocks and vol-
caniclastic sediments overlain by shallow marine sand-
stones; (3) the Baffin Bay Group of multicoloured
sandstones and conglomerates, mainly of mixed conti-
nental to shoreline origin. The upper part of the Thule
Supergroup comprises: (4) the Dundas Group [4] of deltaic
to coastal plain deposits, dominated by dark shales and
siltstones with some carbonate-rich units in the upper
part, and (5) the Narssarssuk Group [3], representing
deposition in a low energy environment, with a cyclic car-
bonate-red bed siliciclastic succession. The latter comprises
interbedded dolomite, limestone, sandstone, siltstone and
shale with evaporites. The Narssarssuk Group, the
youngest unit, has a very restricted occurrence in a graben
on the south-eastern margin of the Thule Basin (Fig. 21).
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Fig. 21. A cross-section through the Thule Basin, North-West Greenland, with the lower Thule Supergroup as basin fill, showing the
relationships of groups and their formations. The spatial relationship of the Dundas and Narssarssuk Groups superimposed on this
middle Proterozoic evolutionary stage is shown by the green bars. Vertical exaggeration x 25. Slightly modified from Dawes (1997).

Late Proterozoic sedimentary basins in
North, North-East and East Greenland

Hagen Fjord Group, North Greenland

Deposits in a late Proterozoic basin laid down between
800 and 590 Ma ago occur extensively in eastern North
Greenland, where they crop out over an area of 10 000
km? west of Danmark Fjord. These deposits, assigned
to the Hagen Fjord Group, overlie sandstones of the

lower Proterozoic Independence Fjord Group and basalts
of the middle Proterozoic Zig-Zag Dal Basalt Formation
(1250 Ma old; Sgnderholm & Jepsen 1991; Clemmensen
& Jepsen 1992). The easternmost occurrences of the suc-
cession are found in Caledonian thrust sheets with sub-
stantial westward displacement in Kronprins Christian
Land, indicating that the basin originally had a wider
eastwards extent (Figs 22, 23).

The Hagen Fjord Group [27] is an up to 1000 m thick
succession of siliciclastic and carbonate sediments
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Fig. 22. Schematic cross-section of the Proterozoic—Ordovician succession in eastern North Greenland between Wandel Dal (c. 82°N)
and Kronprins Christian Land (c. 80°N). It shows the relationships between the middle Proterozoic Zig-Zag Dal Basalt Formation, the
late Proterozoic Hagen Fjord Group with correlatives, and the underlying and overlying sequences. Colours correspond to those used
on the map. Bold lines represent erosional unconformities. Slightly modified from Clemmensen & Jepsen (1992).
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deposited on a shallow water shelf. In the lower part
it comprises mainly sandstones which are overlain by
a sandstone-siltstone association. The upper part is
characterised by limestones and dolomites with abun-
dant stromatolites, and these are capped by a sand-

stone unit. The age of the group is not well constrained,
but indirect and direct microfossil evidence points to a
Sturtian to Vendian age. A thin succession of correla-
tive sediments occurs in Dronning Louise Land at ¢. 77°N
(Strachan et al. 1992).

The Rivieradal sandstones [29] are confined to alloch-
thonous Caledonian thrust sheets in the Kronprins
Christian Land area, and are in part equivalent to the
Hagen Fjord Group (Clemmensen & Jepsen 1992). This
succession is 7500-10 000 m thick and comprises con-
glomerates, sandstones, turbiditic sandstones and mud-
stones. It probably accumulated in a major half-graben
basin, the bounding western fault being reactivated as
a thrust during the Caledonian orogeny.

A succession of diamictites and sandstones up to 200
m thick, believed to be late Precambrian (Varangian)
in age, forms isolated small outcrops in eastern North
Greenland; these are known as the Moraenesg Formation
[28] The formation is not included in the redefined
Hagen Fjord Group of Clemmensen & Jepsen (1992)
but is in part equivalent in age (Collinson et al. 1989;
Sgnderholm & Jepsen 1991).

Eleonore Bay Supergroup,
East and North-East Greenland

The Eleonore Bay Supergroup comprises an up to 16 km
succession of shallow water sediments which accu-
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Fig. 23. Hagen Fjord Group on the north-
west side of Hagen Fjord, eastern North
Greenland. A lower light coloured sand-
stone (Jyske As Formation, JA, 400 m) is
overlain by a multicoloured sandstone-
siltstone association (Campanuladal and
Kap Bernhard Formations, CD, 450 m),
with a light coloured limestone—dolomite
succession at the top (Fyns Se Formation,
FS, 170 m, and Portfjeld Formation, PF).
The fault has a displacement of ¢. 300 m
down to the right (north). The section is
¢. 600 m high.

mulated in a major sedimentary basin extending between
latitudes 71°40" and 76°00'N in East and North-East
Greenland (Sgnderholm & Tirsgaard 1993). Exposures
occur only within the present Caledonian fold belt, and
in general the sediments are moderately deformed and
weakly to moderately metamorphosed. The contact
with the underlying basement is structural, variously
described as an extensional detachment (Hartz &
Andresen 1995; Andresen et al. 1998) or dominated by
thrusting (Soper & Higgins 1993; Higgins & Soper 1994).
Sedimentation is constrained to the interval between c.
950 Ma and 610 Ma by Grenvillian ages on underlying
basement rocks and the Varangian age of the overly-
ing Tillite Group. Acritarchs from the three youngest
groups of the Eleonore Bay Supergroup indicate a
Sturtian age (Vidal 1976, 1979).

The lower part of the Eleonore Bay Supergroup
(Fig. 24) consists of up to 9000 m of sandstones, siltstones
and minor carbonates assigned to the Nathorst Land
Group [44]; these were deposited in a shelf environ-
ment with facies associations indicating outer to inner
shelf environments (Caby & Bertrand-Sarfati 1988; Smith
& Robertson 1999). The upper part comprises three
groups (Lyell Land, Ymer @ and Andrée Land Groups)
depicted on the map by a single colour division [43].
Alternating sandstones and silty mudstones of the Lyell
Land Group (Fig. 25) reflect deposition in marine shelf
environments (Tirsgaard & Senderholm 1997). Individual
units are 40-600 m thick with a total thickness of 2800
m. The overlying 1100 m thick Ymer & Group records
two significant phases of shelf progradation. Depositional
environments range from siliciclastic basinal and slope
deposits through carbonate slope and shelf deposits to
inner shelf siliciclastics and evaporites (Spnderholm &



Tirsgaard 1993). The latest stage of basin fill is represented
mainly by the up to 1200 m thick Andrée Land Group
of bedded limestone and dolomites, with 10-30 m thick
units of stromatolitic dolomite. Deposition took place
in a carbonate ramp system, with a steepened ramp
towards the deep sea to the north-east and with a shel-
tered inner lagoon behind an inner shallow barrier
shoal (Frederiksen & Craig 1998).

Tillite Group, East Greenland

The Tillite Group [42] consists of a 700-800 m thick suc-
cession of Vendian age (610-570 Ma) and includes two
glacigene diamictite formations (Hambrey & Spencer
1987). It crops out in East Greenland between latitudes
71°40" and 74°N where it overlies the Eleonore Bay
Supergroup, locally with an erosional unconformity.
The Tillite Group is subdivided into five formations
which include sandstones, shales and dolostones in
addition to the diamictite formations.

Isolated occurrences of diamictites comparable with
units in the Tillite Group overlie crystalline basement
complexes in the Scoresby Sund region (Henriksen
1986; Moncrieff 1989), and are shown on the map by
a special symbol [41].

Sediments of unknown age in the East
Greenland Caledonides

Two successions of low-grade metamorphic rocks occur
in the nunatak region between 70° and 74°N underly-
ing Caledonian thrusts. Their correlation with other
known successions is uncertain, and they have been
indicated on the map as of ‘unknown age’ [45].

One succession crops out in the Gaseland window
in the south-west corner of the Scoresby Sund region
(70°N), overlying Archaean crystalline basement rocks.
A thin sequence of weakly metamorphosed marbles
and chloritic schists, often highly sheared adjacent to
the thrust, overlies tillitic rocks [28] preserved in ero-
sional depressions in the gneiss surface (Phillips &
Friderichsen 1981). If the tillites can be correlated with
the Varangian tillites of the fjord zone as suggested by
Moncrieff (1989), then the overlying marbles and schists
are probably of early Palaeozoic age.

The second succession, traditionally known as the
‘Eleonore Sg series’, crops out in Arnold Escher Land
(74°N; Katz 1952). Field studies in 1997 have shown the
succession to occur in a tectonic window beneath
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Fig. 24. Schematic composite section of the late Proterozoic
Eleonore Bay Supergroup, central fjord zone (72°-74°N), North-
East Greenland. Units on the map: Nathorst Land Group [44]; Lyell
Land, Ymer @ and Andrée Land Groups [43]; Tillite Group [42].
Based on Senderholm & Tirsgaard (1993).
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Fig. 25. Part of the upper Eleonore Bay Supergroup, west side of Ymer @ (c¢. 73°N), North-East Greenland. Succession is approxi-
mately 2 km in thickness and includes from left to right: Lyell Land Group (apart from the two lowest formations) and to the right
of the black dashed line Ymer @ Group (the lowest five of seven formations). Photo: M. Senderholm.

Caledonian thrust units of metasediments and gneisses.
The Eleonore Sg series comprises low-grade meta-
morphic sandstones, shales and carbonates associated
with volcanic rocks (tuffs and pillow lavas). These are
overlain unconformably by a thick quartzite unit which
preserves abundant Skolithos, and is therefore latest
Precambrian to earliest Cambrian in age; the underly-
ing series must thus be older. Recent SHRIMP studies
on zircons from a quartz porphyry intruding the Eleonore
So series indicate an emplacement age of ¢. 1900 Ma
(F. Kalsbeek, personal communication 1998).

Carbonatite complexes in Archaean
gneisses of West Greenland

Two carbonatite complexes occur in the Precambrian
gneisses of West Greenland. The oldest is the ¢. 600 Ma
old Sarfartéq carbonatite complex [61] found south of
Sendre Stromfjord at 66°30'N (Secher & Larsen 1980;
Larsen & Rex 1992). It is an intrusive conical body with
a core of carbonatite sheets and a marginal zone of
hematised gneiss with carbonatite dykes. The intrusion
is surrounded by a 20 km radius coeval kimberlite cone
sheet swarm (see Fig. 18). The younger complex is the
173 Ma old (middle Jurassic) Qaqarssuk carbonatite
complex [59], found east of Maniitsoq/Sukkertoppen at
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65°23'N, which has a steep ring-dyke structure (Knudsen
199D).

The Palaeozoic Franklinian Basin of
North Greenland and Ellesmere Island

The Palaeozoic Franklinian Basin extends from the
Canadian Arctic Islands across North Greenland to
Kronprins Christian Land in eastern North Greenland,
an E-W distance of 2000 km (Peel & Sonderholm 1991);
only part of the Canadian segment of the basin is rep-
resented on the map. The preserved part of the suc-
cession shows that deposition in this E-W-trending
basin began in the latest Precambrian or earliest Cam-
brian and continued until at least earliest Devonian in
Greenland and later Devonian to earliest Carboniferous
in Canada; sedimentation was brought to a close by the
mid- to late Palaeozoic Ellesmerian orogeny. In the
Canadian Arctic Islands deposition continued more or
less continuously throughout the Devonian and prob-
ably into the earliest Carboniferous. Deposition of clas-
tic sediments of Middle and Late Devonian age in the
southern part of the Franklinian Basin in the Canadian
Arctic Islands reflects an early orogenic event with uplift
and erosion starting in latest Silurian time (Trettin 1991,
1998).
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and trough stages (T) are divided into time intervals. 1: late Proterozoic? — Early Cambrian; 2: Early Cambrian; 3: Early Cambrian; 4:
Late Early Cambrian — Middle Ordovician; 5: Middle Ordovician — Early Silurian; 6: Early Silurian; 7: later Silurian.

Units on the map: Portfjeld and Buen Formations [25] — stages 2-3 S; Bronlund Fjord, Tavsen Iskappe, Ryder Gletscher and Morris
Bugt Groups and Petermann Halvg and Ymers Gletscher Formations [23] — stages 4-5 S; Washington Land Group exclusive above
mentioned formations [21] — stages 67 S; Skagen, Paradisfjeld and Polkorridoren Groups [26] — stages 1, 2-3 T; Volvedal and Amundsen
Land Groups [24] — stages 4-5 T; Peary Land Group [22] - stages 6—7 T. Modlified from Higgins et al. (1991) and with information from

M. Sgnderholm (personal communication 1998).

Throughout the Early Palaeozoic, the basin in
Greenland was divided into a southern shelf and slope
area and a northern deep-water trough (Higgins et al.
1991). The shelf succession is dominated by carbonates
and reaches 3 km in thickness, whereas the trough
deposits are dominated by siliciclastic rocks and have

a total thickness of ¢. 8 km (Fig. 26). The shelf-trough
boundary was probably controlled by deep-seated faults,
and with time the trough expanded southwards to new
fault lines, with final foundering of the shelf areas in
the Silurian. The sedimentary successions in the North
Greenland and Canadian (Ellesmere Island) segments
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of the basin show close parallels in development,
although different lithostratigraphic terminology is
employed (Trettin 1991, 1998).

Cambrian=Silurian in North Greenland

The oldest shelf deposits of Early Cambrian age con-
sist of a mixture of carbonates and siliciclastic sedi-
ments [25]; they crop out in a narrow, almost continuous
zone extending from Danmark Fjord in the east through
southern Peary Land to southern Wulff Land in the west
(Ineson & Peel 1997). The southernmost outcrops far-
ther to the west in Inglefield Land rest on crystalline
basement. Three principal divisions are recognised: a
lower varied sequence of sandstones, dolomites and
mudstones (Skagen Group), a middle dolomitic unit
locally with stromatolites (Portfjeld Formation), and an
upper siliciclastic unit (Buen Formation). Total thick-
ness reaches 1-2 km. The Buen Formation in North
Greenland is noted at one location for its well-pre-
served soft-bodied fossil fauna (Conway Morris & Peel
1990).

Early Cambrian deep-water turbidite trough sedi-
ments [26] dominate the northernmost parts of Green-
land bordering the Arctic Ocean, and they also crop out
in a broad E-W-trending belt north of Lake Hazen in
Ellesmere Island. The lower part (Nesmith Beds in
Canada, Paradisfjeld Group in Greenland) comprises cal-
careous mudstones and dolomites with, in Greenland,
carbonate conglomerates at the top. The upper division
(Polkorridoren Group) is made up of thick units of
sandy turbidites and mudstones. The thickness of these
two divisions totals about 3—4 km (Friderichsen et al.
1982).

Carbonate sedimentation resumed on the platform
in the late Early Cambrian (Ineson et al. 1994; Ineson
& Peel 1997) and continued with minor siliciclastic
intervals until the early Silurian, giving rise to an up to
1500 m thick succession of carbonates (Brgnlund Fjord,
Tavsen Iskappe, Ryder Gletscher and Morris Bugt
Groups, and Petermann Halvg and Ymers Gletscher
Formations [23]). Throughout the period sedimentation
was influenced by differential subsidence and south-
wards expansion of the deep-water trough. Uplift in
eastern North Greenland led to erosion of the Cambrian
to late Early Ordovician succession in Kronprins Christian
Land, whereafter the Middle Ordovician to Early Silurian
platform succession was deposited. A broad zone of out-
crop can be traced from Danmark Fjord to Washington
Land, with outliers to the south-west in northern
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Inglefield Land. On Ellesmere Island extensive outcrops
are found on Judge Daly Promontory. The up to 1500
m thick succession (Fig. 27) of massive dolomites, car-
bonate grainstones, carbonate mass flow deposits and
evaporites reflects both progradation and aggradation
phases of platform evolution.

The Cambrian — Early Silurian starved slope and
trough deposits (Surlyk & Hurst 1984) are represented
by a condensed succession, dominated for the most part
by carbonate mudstones and carbonate conglomerates
in the lower part (Volvedal Group) and by cherts and
cherty shales in the upper part (Amundsen Land Group)
[24]. In central North Greenland thin-bedded turbidites
characterise both the lower and upper parts of the suc-
cession. In Greenland these deposits occur in thrust
slices and anticlinal fold cores (Fig. 28; Soper & Higgins
1987, 1990); in Ellesmere Island they occur mainly in
scattered anticlinal fold cores. Thicknesses vary greatly,
from a minimum of 50-150 m to a maximum of about
1 km.

Silurian carbonate ramp and rimmed shelf deposits
(Washington Land Group [21]) crop out in an almost
continuous narrow strip extending from Kronprins
Christian Land in the east to Washington Land in the
west (Hurst 1980, 1984; Senderholm & Harland 1989).
The comparable deposits of this age in Ellesmere Island
have been included in an extension of unit [23] — see
legend. Sedimentation on the platform was closely
linked to the dramatic increase in deposition rates in
the trough and was initiated in the Early Silurian (early
Late Llandovery) by a major system of sandstone tur-
bidites (Peary Land Group [22]) derived from the ris-
ing Caledonian mountains in the east (Hurst & Surlyk
1982; Surlyk & Hurst 1984; Larsen & Escher 1985).
Loading effects of the turbidites led to down-flexing of
the outer platform and expansion of the trough. With
progressive drowning of the shelf, carbonate deposi-
tion was only locally maintained on isolated reef mounds
up to 300 m high (e.g. Samuelsen Hgj Formation, Hauge
Bjerge Formation). Mound formation terminated over
much of the region during the Late Llandovery, but
persisted in western North Greenland into the Late
Silurian (Early Ludlow).

The Silurian turbidite trough deposits occur in a
broad belt traceable across North Greenland (Peary
Land Group [22]) and Ellesmere Island. They represent
the deposits of a major E-W-trending sand-rich tur-
bidite system. Palaeocurrent directions in North
Greenland indicate a source area in the rising moun-
tains of the Caledonian fold belt to the east, whereas
current directions in Ellesmere Island demonstrate an



Fig. 27. Cambro-Ordovician platform
margin sequence in the foreground and
Ordovician shelf sequence clastic rocks
in the middle distance. View from the
south, inner J.P. Koch Fjord, central
North Greenland. Profile height in the
foreground is ¢. 500 m.

Fig. 28. Middle Ordovician — Lower
Silurian sediments in the deep-water
sequence of the Franklinian Basin
(Amundsen Land Group dark unit;
Merqujoq Formation light coloured unit).
The sediments were folded into south-
facing tight folds during the Ellesmerian
orogeny. North-east cape of Victoria
Fjord, central North Greenland, view
towards the east. Profile height is ¢. 400 m.

additional source area in the north. The initial phase of
sandstone turbidite deposition in North Greenland laid
down between 500 and 2800 m of sediment within the
Early Silurian (Late Llandovery); this filled the deep-water
trough, buried the former shelf escarpment, and led to
deposition of black mudstone over extensive former shelf
areas. Renewed prograding fan systems built up and
turbidite deposition continued throughout the Silurian,
punctuated by an episode of chert conglomerate depo-
sition in the middle Wenlockian (Surlyk 1995). Palae-
ontological evidence from the youngest deposits in
North Greenland indicates a Late Silurian (Pridoli) to
Early Devonian age (Bendix-Almgreen & Peel 1974;
Blom 1999). In Ellesmere Island this phase of turbidite
deposition persisted into the Lower Devonian, farther

to the west in the Canadian Arctic Islands clastic sedi-
mentation associated with the advance of Ellesmerian

deformation continued through the Devonian into the
earliest Carboniferous.

Proterozoic-Silurian exotic terrane of
Ellesmere Island (Pearya)

The geological province of Pearya, now recognised as
an exotic terrane, is confined to northernmost Ellesmere
Island (Trettin 1991, 1998). On the geological map it is
represented by two divisions: middle Proterozoic crys-
talline rocks [52] and a late Proterozoic to Late Silurian
complex of undifferentiated metasedimentary and
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Fig. 29. N-S structural cross-section through the North Greenland (Ellesmerian) fold belt and its southern foreland in North Greenland
(¢. 39°W, westernmost Peary Land). Compiled from Soper & Higgins (1990) and Henriksen (1992).

metavolcanic rocks (the mainly exotic terrane [2] of the
map legend). The rocks of the latter division are strati-
graphically or structurally associated with the formation
of the Franklinian deep-water basin. The crystalline
rocks consist of granitoid gneisses and lesser amounts
of amphibolite, schist, marble and quartzite in several
outcrop areas with different structural settings and
trends. The later supracrustal complexes include var-
ied carbonate and clastic sediments together with var-
ied acid and mafic volcanic rocks. These supracrustal
rocks have been folded and constitute the Markham Fold
Belt, which is a complex region that fringes the Pearya
terrane on the south-east. The Pearya exotic terrane is
noted for emplacement of granite plutons associated with
the early Middle Ordovician M’Clintock orogeny, not
recorded elsewhere in Ellesmere Island.

Ellesmerian orogeny in North
Greenland and Ellesmere Island

The Palaeozoic Ellesmerian orogeny, which brought
sedimentation in the Franklinian Basin to a close,
involved compression of the Lower Palaeozoic trough
succession against the carbonate shelf to the south fol-
lowing collision with an unknown continent to the
north. The resulting Ellesmerian fold belts of both North
Greenland and northern Ellesmere Island are charac-
terised by E-W- to NE-SW-trending chains of folds,
broadly parallel to the main facies boundaries within
the Franklinian Basin. In the North Greenland fold belt
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deformation is most intense in the north where three
phases of folding are recognised and metamorphic
grade reaches low amphibolite facies. Deformation
decreases southwards, and the southern part of the fold
belt is a thin-skinned fold and thrust zone (Soper &
Higgins 1987, 1990; Higgins et al. 1991) that coincides
with the region which was transitional between the
platform and trough for much of the Cambrian (Fig. 29).
A prominent belt of major folds is traceable between
northern Nyeboe Land and J.P. Koch Fjord, and farther
east spectacular imbricate thrusts occur north of the
head of Frederick E. Hyde Fjord (Pedersen 1986). The
same general pattern of Ellesmerian deformation is seen
in Ellesmere Island, except that the southernmost belt
of folding propagated some 100 km southward into the
platform producing the large-scale concentric-style fold-
ing seen north-west of Kennedy Kanal.

Lower Palaeozoic of East Greenland

Cambrian—Ordovician sediments in the
Caledonian fold belt

Cambrian—Ordovician rocks [40] make up an approxi-
mately 4000 m thick succession within the East Green-
land Caledonian fold belt between latitudes 71°40" and
74°30'N (Haller 1971; Peel 1982; Henriksen 1985). The
sediments laid down in this Lower Palaeozoic basin are
disturbed by large-scale folding and faulting, but are non-
metamorphic. Limestones and dolomites dominate the
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succession which spans the period from the earliest
Cambrian to the Late Ordovician (Fig. 30); uppermost
Ordovician to Silurian sediments are not known in East
Greenland.

The Lower Palaeozoic succession begins with ¢. 200 m
of Lower Cambrian sandstones and siltstones with trace
fossils, interpreted as deposited in a tidal to shallow
marine environment. These are overlain by a ¢. 2800 m
thick Lower Cambrian — Middle Ordovician (Chazyan)
succession of alternating limestones and dolomites,
containing a diversified shelf-type Pacific fauna (Cowie
& Adams 1957; Peel & Cowie 1979; Peel 1982).

Stable shelf conditions prevailed throughout the Early
Palaeozoic, with the progressive lithology changes con-
sidered to reflect increasing isolation from detrital sources
(Swett & Smit 1972). The sedimentary and organic—sedi-
mentary structures indicate generally very shallow
depositional environments, implying that sedimenta-
tion and subsidence rates were roughly equal. The
absence of angular unconformities reflects a non-tec-
tonic environment. The Pacific fauna indicates that these
areas were developed on the western margin of the
proto-Atlantic (Iapetus) ocean.

Caledonian orogeny in East and
North-East Greenland

The Caledonian fold belts on both sides of the North
Atlantic developed as a consequence of collision between
the continents of Laurentia to the west and Baltica to the

S~ Thrust
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east following closure of the proto-Atlantic ocean (Iapetus).
The East Greenland Caledonian fold belt is well exposed
between 70° and 81°30'N as a 1300 km long and up to
300 km wide coast-parallel belt. Large regions of the fold
belt are characterised by reworked Precambrian base-
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Fig. 30. Schematic lithostratigraphic composite section of the
Cambro-Ordovician sediments in East Greenland (c¢. 71°30'—
74°30'N). Unit [40] on the map.
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ment rocks [74, 70, 52], overlain by middle and upper
Proterozoic [46—43] and lower Palaeozoic [74] sediments
(Fig. 31D). The deep-seated infrastructural levels are char-
acterised by superimposed fold phases of several differ-
ent ages, whereas the high level suprastructural levels
exhibit relatively simple open folds of Caledonian age.
Large-scale westward-directed nappes and thrust sheets
interleave different levels of the Caledonian fold belt with
one another and override the margin of the Greenland
shield. Extensional structures characterise some of the
late tectonic phases (Strachan 1994; Hartz & Andresen 1995;
Andresen et al. 1998). The southern and central parts of
the fold belt in East Greenland reveal mainly deep-seated
infracrustal basement (Fig. 32), whereas in the northern-
most part of the fold belt in Kronprins Christian Land
high level thin-skinned structures are preserved. Reviews
of the East Greenland Caledonides have been presented
by Haller (1971), Henriksen & Higgins (1976), Higgins &
Phillips (1979), Henriksen (1985), Hurst et al. (1985) and
Jepsen et al. (1994).

Caledonian intrusions and plutonic rocks

During the Caledonian orogeny widespread migmatisa-
tion took place in the crystalline complexes in the south-
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ern part of the fold belt and a suite of late to post-kine-
matic plutons [54] was emplaced in the region between
Scoresby Sund (70°N) and Bessel Fjord (76°N).

North of latitude 72°N the intrusions were emplaced
mainly in the boundary zone between the late Pro-
terozoic Eleonore Bay Supergroup sediments and the
adjacent metamorphic complexes (Jepsen & Kalsbeek
1998; Fig. 33), whereas in southern areas plutonic bod-
ies are widespread within the crystalline complexes.
Granodiorites and granites are the most abundant types
and these have yielded intrusive ages from 475 Ma to
¢. 375 Ma. Most ages occur in the range 445-400 Ma
(Hansen & Tembusch 1979; Steiger et al. 1979; Rex &
Gledhill 1981). The Caledonian granites in the north-
ernmost part of their region of occurrence (75°~76°N)
were emplaced about 400-430 Ma ago and these con-
tain a large proportion of crustally derived components
(Hansen et al. 1994).

The southernmost known ‘Caledonian’ intrusion is
the Batbjerg complex (Brooks et al. 1981) which occurs
in a late Archaean granulite facies terrain at Kanger-
lussuaq 68°40'N, ¢. 200 km south of the nearest exposed
part of the Caledonian fold belt. The Batbjerg complex
consists largely of pyroxenites including some leucite-
bearing types [60], and has been dated at c¢. 440 Ma
(Brooks et al. 1976).



Fig. 32. Major isoclinal fold in reactivated
Lower Proterozoic grey orthogneisses,
comprising units of darker banded
gneisses and lighter coloured more
homogeneous granitoid rocks. The
earlier structures have been refolded by
N-S-trending open folds with steeply
inclined axial surfaces. North side of
innermost Grandjean Fjord (c. 75°10'N),
North-East Greenland; ¢. 40 km south-
west of Ardencaple Fjord. The cliff is
approximately 1200 m high.

Devonian continental sediments in
East Greenland

Following the Caledonian orogeny a period of exten-
sional faulting led to the initiation of a Devonian sed-
imentary basin in central East Greenland (Larsen &
Bengaard 1991; Hartz & Andresen 1995). The Devonian
sediments unconformably overlie Ordovician and older
rocks, and are preserved in north—south trending graben-
like structures.

The basin fill is of Middle and Late Devonian age [39]
and consists of more than 8 km of continental siliciclastic
sediments with some volcanic intervals. Four litho-
stratigraphic groups have been established, each cor-
responding to a tectonostratigraphic stage (Fig. 34).
The earliest deposits (Vilddal Group) are interpreted as
laid down by gravelly braided rivers and alluvial fans,
which gave way to meandering streams and flood plains.
The overlying sandstones of the Kap Kolthoff Group
were deposited by extensive coalescing braidplain sys-
tems (Olsen 1993); this group commonly contains inter-
vals of basic and acid volcanic rocks. During the
following stage (Kap Graah Group) sedimentation took
place in transverse and longitudinal fluvial systems and
was dominated by fine-grained sandstones and silt-
stones; aeolian deposits occur locally. This was fol-
lowed by deposition of fluvial sandstones, flood basin
sediments and lacustrine siltstones of the Celsius Bjerg
Group. The basin fill was disturbed by a series of defor-

Fig. 33. Caledonian granite with large sedimentary xenoliths of
the late Proterozoic Eleonore Bay Supergroup. East of Petermann
Bjerg (c. 73°N), North-East Greenland. Summit about 2100 m high;
upper c. 700 m of cliff face shown.
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mation events both during and after sedimentation
(Haller 1971; Olsen & Larsen 1993). New palacomag-
netic and isotopic age data have been interpreted as
indicating a Carboniferous age for the younger part of
the succession (Hartz et al. 1997), but this view is dis-
missed by Marshall et al. (1999).

Carboniferous-Tertiary deposits of the
Wandel Sea Basin, central and eastern
North Greenland

The Wandel Sea Basin deposits were laid down along
the northern and north-eastern margin of the Greenland
shield (Figs 35, 36). Three main phases of basin for-
mation are recognised, commencing with a widespread
Carboniferous to Triassic event of block faulting and
regional subsidence. Later, during the Late Jurassic and
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Cretaceous, more localised basin formation took place
during two separate events in a strike-slip zone formed
at the plate boundary between Greenland and Svalbard
(Hakansson & Stemmerik 1989, 1995).

Lower Carboniferous fluvial deposits (Sortebakker
Formation [20)]) are restricted to an isolated half-graben
in southern Holm Land (c¢. 80°N; Stemmerik & Hakans-
son 1989, 1991). After mid-Carboniferous regional uplift,
rifting started in the late Carboniferous and more than
1100 m of Upper Carboniferous to Lower Permian shal-
low marine sediments were deposited (Mallemuk
Mountain Group [19]D (Stemmerik et al. 1996, 1998). The
Carboniferous succession is dominated by cyclic inter-
bedded shelf carbonates (with minor reefs) and silici-
clastic rocks. The Lower Permian is mainly represented
by shelf carbonates. Renewed subsidence took place
during the mid-Permian, and the Upper Permian suc-
cession is dominated by alternating shallow marine car-
bonates and sandstones and deep-water shales. A low-
angle unconformity separates these deposits from the
overlying Lower and Middle Triassic shelf sandstones
and shales (Trolle Land Group [18]) in eastern Peary
Land.

Sedimentation resumed in the Late Jurassic, and dur-
ing the Late Jurassic and Early Cretaceous shelf sand-
stones and shales (Ladegardsaen Formation [17]) were
deposited in a series of small isolated sub-basins
(Hakansson et al. 1991). Following a new episode of
strike-slip movements, renewed sedimentation took
place in six minor pull-apart basins during the Late
Cretaceous. Each basin is characterised by high sedi-
mentation rates, a restricted lateral extent and its loca-
tion along strike-slip fault zones (Hakansson & Pedersen
1982; Birkelund & Hakansson 1983). Depositional envi-
ronments range from deltaic to fully marine.

At Kap Washington, on the north coast of Greenland,
¢. 5 km of extrusive volcanic rocks and volcanogenic
sediments (Kap Washington Group [16]) of peralkaline
affinity are preserved (Fig. 35; Brown et al. 1987). They
are of latest Cretaceous age, and their extrusion may
be associated with intrusion of a dense swarm of alkali
dolerite dykes in North Greenland (see Fig. 18). The
volcanic rocks are preserved below a major, southward-
dipping thrust which transported folded Lower Palaeo-
zoic rocks northwards over the volcanic successions
(see Fig. 29).

All pre-Upper Cretaceous deposits in eastern North
Greenland were subjected to compressional deforma-
tion during the so-called ‘Kronprins Christian Land
orogeny’ (Hakansson et al. 1991). Subsequent to this
deformation event a thin succession of upper Paleocene

to lower Eocene fluviatile sandstones (Thyra @ For-
mation [14]) accumulated, the youngest deposits of the
Wandel Sea Basin succession (Hakansson et al. 1991).
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Late Palaeozoic and Mesozoic rift
basins in East Greenland

A series of Carboniferous—Mesozoic sedimentary basins
developed in East Greenland following initial post-
Caledonian Devonian deposition. The basins formed as
N-S-trending coast-parallel depocentres which reflect
prolonged subsidence. Important phases of block fault-
ing and rifting took place during the Early and Late
Carboniferous, Late Permian, Late Jurassic and Creta-
ceous, presaging the opening of the North Atlantic in
the late Paleocene (Surlyk 1990; Stemmerik et al. 1993).
There is a marked difference in post-Carboniferous
structural style and depositional history between the
basins south and north of Kong Oscar Fjord (c. 72°N).
The Jameson Land Basin to the south developed as a
Late Permian — Mesozoic sag basin, while the region to
the north was characterised by continued block fault-
ing and rifting (Fig. 37).

Initial rifting took place during the latest Devonian
to earliest Carboniferous, when fluvial sandstones and
shales were deposited in narrow half-grabens [38]
(Stemmerik et al. 1991). A pronounced hiatus marked
by non-deposition and erosion occurred during the
mid-Carboniferous (see Fig. 34), and active deposition
did not resume until the Late Carboniferous when up
to 3000 m of fluvial and lacustrine sediments were
deposited in active half-grabens [38]. Deposition ceased

sometime during the latest Carboniferous or earliest
Permian. During the Early Permian a new episode of
regional uplift and erosion took place.

Late Permian — Early Cretaceous deposits
of the Jameson Land Basin (70°%~72°N)

The Jameson Land Basin contains a stratigraphically
complete succession of Upper Permian to earliest
Cretaceous sediments (Fig. 38). Sediment infill was
derived from both the east and west during most of the
basin history. The first marine incursion into the area
since the Early Palaeozoic took place during the Late
Permian and earliest Triassic with deposition of more
than 900 m of shallow marine sediments [37] (Surlyk
et al. 1986). The Permian sediments include alluvial fan
conglomerates to marginal marine carbonates and evap-
orites in the lower part, and carbonate platform to basi-
nal shale deposits in the upper part. The latest Permian
and Triassic deposits were dominated by marine sand-
stones and shales. The next stage in basin develop-
ment began with deposition of ¢. 1400 m of alluvial
conglomerates and lacustrine dolomite and shale dur-
ing the Triasssic [36] (Clemmensen 1980a, b).

A major lacustrine basin [35] covered most of Jameson
Land during the latest Triassic — earliest Jurassic (Dam
& Surlyk 1993, 1998). Renewed marine incursions took
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place during the Early Jurassic (Dam & Surlyk 1998),
and during the remaining part of the Jurassic and ear-
liest Cretaceous shelf conditions persisted in the basin
(Surlyk 1990). During Middle and Late Jurassic time
sediment infill mainly comprised shallow water sand-
stones in the northern half of the basin while deeper
water shales occur in the southern part [34]. Latest
Jurassic and earliest Cretaceous sediments [33] are
restricted to the southernmost part of the basin and are
dominated by shallow marine sandstones (Surlyk 1991).

Late Permian — Cretaceous sediments in
North-East Greenland (72%76°N)

The sedimentary succession is stratigraphically less
complete in this part of East Greenland due to contin-
uous block faulting during the Mesozoic (Surlyk 1990;
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Stemmerik et al. 1993). Major hiatuses occur at around
the Permian—Triassic boundary and in the Triassic and
Early Jurassic.

The Upper Permian and Lower Triassic sediments [37,
36] resemble those in Jameson Land; continental Middle
Triassic sediments are restricted to the southernmost part
of the region. The Middle to Upper Jurassic sediments
[34] also resemble those in Jameson Land (Fig. 38), but
were deposited in a separate basin (Surlyk 1977).
Renewed rifting disrupted the northern part of the
region into a series of 10—40 km wide half-grabens dur-
ing the latest Jurassic and earliest Cretaceous (Surlyk
1978). These were infilled with more than 3000 m of
syn-sedimentary breccias and conglomerates that pass
upwards into sandstones and shales. The younger
Cretaceous sediments (upper part of [33]) were deposited
in a less active rift setting and are dominated by sandy
shales with minor conglomerates.
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Cretaceous—Tertiary sediments

Central West Greenland

Cretaceous—Tertiary sediments [8] outcrop in the Disko—
Svartenhuk Halvg region (69°-72°N) of West Green-
land, where they are overlain by Lower Tertiary basalts
(Fig. 39). The sediments were laid down in the Nuussuaq
Basin. Although now bounded to the east by an exten-
sional fault system, the sediments may originally have
extended both east and south of their present area of
outcrop (Chalmers et al. 1999). Recently acquired seis-
mic data indicate that the maximum thickness of sedi-
ments in the basin exceeds 8 km (Christiansen et al. 1995;
Chalmers et al. 1999), but the age and character of the
deepest sediments are not known.

The lower part of the exposed Cretaceous succes-
sion, which is of Albian — early Campanian age, was
deposited in a fluvial- and wave-dominated delta envi-
ronment (Atane Formation; Pedersen & Pulvertaft 1992).
The delta fanned out to the west and north-west from
a point east of Disko/Qeqertarsuaq island, reaching
into deeper-water turbidite-influenced environments in
the position of present-day western and northern
Nuussuaq and Svartenhuk Halvg. Pre- and syn-rift flu-
vial sandstones with minor mudstones and coal char-
acterise the southern and eastern parts of the outcrop
area. To the north-west these give way to stacked, typ-
ical deltaic, coarsening-upwards successions (Fig. 40),
each starting with interdistributary bay mudstones and
ending with coal, while farther west and north-west
dark mudstones and a variety of turbidites were
deposited in a purely marine environment (lower part
of Ttilli succession; Dam & Sgnderholm 1994; Dam 1997,
Christiansen et al. 1998). In central Nuussuaq there is
evidence of an early Campanian rift event, and shelf
deltaic sedimentation gives way to deposition from cata-
strophic mass flows.

At some time during the Maastrichtian the region
again became tectonically unstable. Phases of block-fault-
ing and uplift were followed by incision of both sub-
aerial valleys and submarine canyons into the underlying
sediments (Fig. 40). Conglomerates, turbiditic and flu-
vial sands and mudstones of late Maastrichtian to mid-
dle Paleocene age (Kangilia and Quikavsak Formations)
filled the valleys and submarine canyons (Dam &
Senderholm 1994, 1998).

The youngest Paleocene sediments are lacustrine
mudstones deposited in lakes that were dammed up
by volcanic rocks encroaching from the west (Pedersen
et al. 1998).
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Southern East Greenland

A c¢. 1 km thick Cretaceous to Lower Tertiary sedimen-
tary succession [50] occurs in East Greenland north-east
of the fjord Kangerlussuaq (¢. 68°30'N). The sediments
onlap crystalline basement to the east and north, but
elsewhere the base of the succession is not seen. The
sediments belong to the Kangerdlugssuaq and Blosseville
Groups (Soper et al. 1976; Nielsen et al. 1981).

The oldest exposed sediments are fluvial and estu-
arine sandstones of Late Aptian — Early Albian age. They
are overlain by Upper Cretaceous offshore marine mud-
stones interbedded with thin turbiditic sandstones. In
the early Paleocene sediment input increased and sub-
marine fan sandstones were deposited along the north-
ern basin margin whereas mudstone deposition con-
tinued within the basin. The offshore marine succession
is unconformably overlain by fluvial sheet sandstones
and conglomerates of ?mid-Paleocene age (M. Larsen
et al. 1996, 1999).

The succession records a basin history of mid-
Cretaceous transgression and Late Cretaceous — early
Paleocene highstand followed by extensive uplift and
basin-wide erosion in the mid-Paleocene. The uplift
was quickly followed by renewed subsidence and the
onset of extensive volcanism.

Tertiary volcanics, intrusions and
post-basaltic sediments

The early Tertiary lava regions of both West and East
Greenland represent major eruption sites at the edges
of the continent, from which lavas spilled over Mesozoic
— early Paleocene sedimentary basins and lapped onto
the Precambrian basement of the continental interior.
The volcanic products were formed during the initial
phase of continental break-up and initiation of sea-
floor spreading in the early Tertiary.

Tertiary basalts, central West Greenland

Tertiary volcanics crop out in central West Greenland
between latitudes ¢. 69° and 73°N. They are noted for
the presence of native iron-bearing basalts and the large
volumes of high-temperature picrites and olivine basalts
(Clarke & Pedersen 1976). The composite stratigraphic
thickness of the succession varies between 4 and 10 km,
with the smallest thickness on Disko and a maximum
on Ubekendt Ejland/Illorsuit (71°N).
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Eruption of the basalts began in a submarine envi-
ronment, and the earliest basalts, which occur to the
west (Fig. 39), consist of hyaloclastite breccias. When
the growing volcanic pile became emergent, thin sub-
aerial pahoehoe lava flows started to form. They flowed
eastwards into a deep marine embayment where they
became transformed into hyaloclastite breccias which
prograded eastwards in large-scale Gilbert-type deltas
with foresets up to 700 m high (Pedersen et al. 1993).
Blocking of the outlet caused the marine embayment
to be transformed into a lake, which was completely
filled in with volcanic rocks (Pedersen ef al. 1996, 1998)
so that subsequent lava flows lapped onto Precambrian
crystalline basement highs in the east.
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Fig. 40. Valley incised in Cenomanian
sediments (Atane Formation) and infilled
with upper Maastrichtian turbidites
(Kangilia Formation). Thickness of well-
exposed part of the section is approxi-
mately 250 m. Note the coarsening-
upwards cyclicity in the deltaic Atane
Formation sediments. Pale sandstone of
the Quikavsak Formation can be seen
high up on the ridge. The highest rocks
exposed are hyaloclastite breccias in the
Vaigat Formation. Summit of ridge is at
920 m. Locality: Ataata Kuua, south-west
side of Nuussuaq, central West
Greenland.

The lower part of the succession (Vaigat Formation)
consists almost entirely of tholeiitic picrites and olivine-
phyric to aphyric magnesian basalts [7] (Pedersen 1985a).
The upper part of the succession (Maligat Formation)
consists of tholeiitic plagioclase-phyric basalts [6] which
formed thick plateau lava flows of aa-type. Both the
Vaigat and Maligat Formations contain sediment-cont-
aminated units of magnesian andesite and, in the Maligat
Formation, also dacite and rhyolite, mostly as tuffs (e.g.
Pedersen 1985b). Some of the sediment-contaminated
rocks in both formations contain graphite and native
iron, formed by reaction with coal and organic-rich
mudstones.



The succession is mostly flat lying, but is cut by
coast-parallel faults in the western areas where the lavas
dip at up to 40° westwards.

The major part of the volcanic pile was erupted in
a short time span 61-59 Ma ago. In western Nuussuaq
there is a younger group of lavas dated at 52.5 Ma (first
recognised after the map was printed) which probably
also occurs on Ubekendt Ejland and the Svartenhuk
Halve peninsula (Storey et al. 1998).

Tertiary basalts, East Greenland

Early Tertiary volcanic rocks crop out in East Greenland
between latitudes 68° and ¢. 75°N. South of Scoresby
Sund/Kangertittivaq (¢. 70°N) plateau basalts cover an
extensive region of ¢. 65 000 km?, resting on Meso-
zoic—Tertiary sediments in the east and south, and on
Caledonian and Precambrian gneisses in the west
(Nielsen et al. 1981; Larsen et al. 1989). North of Scoresby
Sund lower Tertiary basic sills and dykes are wide-
spread in the Mesozoic sediments, and a further
sequence of plateau basalts is found between latitudes
73° and 75°N.

Blosseville Kyst region (68°-~70°N)

The earliest Tertiary volcanics are a ¢. 1.8-2.5 km thick
succession of tholeiitic basalts with subordinate picrite

[49], which occurs in the southernmost part of the vol-
canic province between 68° and 68°30'N (Nielsen ef al.
1981). The basalts are aphyric or olivine-pyroxene-
phyric, and the succession consists of intercalated sub-
aerial flows, hyaloclastites, tuffs and sediments. It is
interpreted as the infill of a shallow, partly marine,
basin with a source area to the south, along the pre-
sent coast or on the shelf.

The main part of the region 68°~70°N is made up of
a thick succession of tholeiitic plateau basalts [48] which
form 5-50 m thick subaerial flows of plagioclase-phyric
to aphyric basalt (L.M. Larsen et al. 1989, 1999; Pedersen
et al. 1997). The succession is at least 5.5 km thick in
the central Blosseville Kyst area and thins inland and
to the north to 2-3 km (Fig. 41). Four formations can
be followed over almost the whole area, representing
two major volcanic episodes. Eruptions took place over
the whole area, but accumulation was largest in the
coastal areas where the lava pile sagged during depo-
sition. The subsidence accelerated with time, suggest-
ing increased focusing of the magmas into a developing
rift zone beyond the present coast.

Along the present coast the lava flows dip seawards
at 10°-50° due to later flexing and faulting (Nielsen &
Brooks 1981; Pedersen et al. 1997). Intense injection of
coast-parallel dykes occurred in several episodes (Nielsen
1978; Larsen et al. 1989).

Younger alkali basalt lavas cap the plateau basalts in
some small inland areas; one of these occurrences is
of Miocene age (13-14 Ma, Storey et al. 1996).

Fig. 41. A major unconformity between Caledonian deformed Precambrian gneisses [52] and Lower Tertiary plateau basalts [32]. The
basalt section shown is approximately 800 m thick. North of Gasefjord/Nertiit Kangersivat (c. 70°N), Scoresby Sund region, central
East Greenland. Photo: W.S. Watt.
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Hold with Hope to Shannon region
(73°-75°N)

A succession of ¢. 1100-1200 m of plateau basalts [32]
occurs in the Hold with Hope to Shannon region in a
block-faulted area. The succession is divided into a
lower part of uniform tholeiitic lavas and an upper part
with variable tholeiitic and alkali basaltic lavas (Upton
et al. 1984, 1995; Watt 1994). Between the two there
are local occurrences of intervolcanic conglomerates.
The basalts on Shannon and the Pendulum @er, north-
east of Wollaston Forland, mainly occur as voluminous
sills. The reduced magnitude of volcanic activity in this
northerly area, compared to the region south of Scoresby
Sund, suggests that it lay peripheral to the main vol-
canic activity in the East Greenland Tertiary volcanic
province.

Small areas of basalts with alkaline chemistry occur
in the nunatak region (74°N) where they overlie Cale-
donian and older crystalline rocks (Katz 1952; Brooks
et al. 1979).

Tertiary intrusions, East Greenland

Numerous Tertiary intrusions are exposed along about
1000 km of the coastal region of East Greenland between
latitudes 66°30" and 74°N, in addition to the many dykes
and sills (see Fig. 18); approximately 20 of these intru-
sions are shown on the map, separated into felsic [53]
and intermediate and mafic [57] types (Fig. 42). They
reflect episodes of alkaline magmatism linked to the con-
tinental break up of the North Atlantic (Nielsen 1987),
and range in age from late Paleocene to Oligocene.
The oldest intrusions occur in the south, and have ages
between 57 and 47 Ma (Tegner et al. 1998), whereas
the more northerly intrusions (72°-74°N) are all younger,
with ages in the range 48-28 Ma.

Petrologically the intrusions can be divided into three
groups (Nielsen 1987): (A) alkaline inland intrusions;
(B) alkaline dyke swarms, and (C) syenitic to granitic
complexes and dykes. Most of the numerous intrusions
found along the coast belong to the third group; they
are central intrusions and intrusive complexes, often with
several rock types within the same complex. In size they
range from a few square kilometres to ¢. 850 km?. The
felsic complexes [53] are dominated by alkali granites,
quartz syenites, syenites and nepheline syenites. The
mafic to intermediate complexes [57] are dominated
by tholeiitic gabbros, whereas subordinate rock types
locally include monzonite and alkali gabbro. The 55 Ma
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Fig. 42. Major Tertiary intrusive centres in East Greenland (c.
66°30'=74°N). Slightly modified from Nielsen (1987).

old Skaergaard intrusion is a classic example of a lay-
ered gabbroic intrusion, and has been studied in great
detail (Wagner & Deer 1939; McBirney 1996a, b; Irvine
et al. 1998).

Post-basaltic Tertiary sediments,
East Greenland

Post-basaltic sediments [47] are preserved in two small,
down-faulted areas near the Atlantic coast south of
Scoresby Sund (Kap Brewster, ¢. 70°10'N and Kap
Dalton, ¢. 69°25'N). They comprise an 80-130 m thick
succession of Lower Tertiary (lower Eocene and lower
Oligocene) marine sandstones and siltstones with con-
glomerates (Soper & Costa 1976). At one of the locali-
ties these deposits are overlain by a ¢. 75 m thick
succession of probably Upper Tertiary (Miocene) marine
conglomerates and sandstones (Birkenmajer 1972).
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Fig. 43. Former extent of the Greenland Inland Ice during the
last glacial maximum. Green: c. 18 000 years before present;
red: c¢. 10 000 years ago; blue arrows: major glacier outlet
streams. Modified from Funder & Hansen (1996).

The Tertiary sediments preserved onshore are mar-
ginal exposures of an extensive and much thicker (5-6
km) Tertiary succession found on the adjacent shelf
areas (see p. 58).

Pliocene—Pleistocene sediments,
central North Greenland

The late Pliocene — early Pleistocene Kap Kgbenhavn
Formation [13] is a ¢. 100 m thick succession of uncon-
solidated sand and silt, which outcrops over an area of
¢. 500 km? in easternmost Peary Land, North Greenland
(Funder & Hjort 1980; Funder 1989). The sequence con-
tains well-preserved faunal and floral elements.

The base of the succession is not exposed. The lower
25 m comprises marine silt containing high Arctic mol-
luscs, whereas the upper sand-dominated part con-
taining tree trunks reflects nearshore environments. The
flora and fauna found in this upper unit point to a much
warmer climate than the present. The Kap Kgbenhavn
Formation shows disturbances caused by overriding
glaciers during the Quaternary glaciation, and is over-
lain by till.

Quaternary glacial sediments

During most of the Quaternary Greenland was com-
pletely, or almost completely, covered by ice, and sur-
ficial glacial deposits are widespread on the present
ice-free land areas and on the adjacent shelf (Funder
1989; Funder et al. 1998). As the map is a bedrock geol-
ogy map, Quaternary deposits are only shown in regions
where a thick cover of Quaternary superficial deposits
conceals the bedrock over large areas (valleys, interior
plains and some coastal areas). These areas have been
shown on the map as undifferentiated ‘Quaternary’.

Recent studies indicate that the onset of glaciation
may have occurred as early as the late Miocene (c. 7 Ma
ago) (Larsen et al. 1994a, b). Evidence from the shelf
areas shows that an early glaciation of Greenland at the
end of the Pliocene (c. 2.4 million years ago) was more
extensive than any succeeding glaciation, with an ice
sheet covering nearly the entire shelf region up to a few
hundred kilometres beyond the present coastline (Funder
1989). During the glaciation the land area was sub-
jected to extensive erosion, with much of the eroded
material being deposited on the offshore shelves.

The superficial deposits found on the ice-free land
areas are dominated by the late Quaternary develop-
ment of the past ¢. 130 000 years (Saalian/Illinoian —
Holocene). The last interglacial period (Eemian/Sanga-
monian) is recorded in both East and West Greenland.
During the late Weichselian/Wisconsinan c¢. 18 000 years
ago the maximum extent of the ice around the north-
ern parts of Greenland was close to the present coast-
line whereas in parts of West and South-East Greenland
the ice advanced onto the shelf area (Funder & Hansen
1996; Fig. 43).

The retreat of the Inland Ice after the last glacial
period began 14 000-10 000 years ago, and continued
with oscillations to a maximum stage of withdrawal
approximately 6000 years ago when the ice margin was
up to 10 km inside its present position. The position of
the margin of the Inland Ice where it abuts against land
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Fig. 44. Characteristic front of the Inland Ice abutting the ice-free land area, with moraines and small lakes. The distance from the
bottom of the picture to the land area in the background is approximately 5 km. The locality is about 75 km north-north-east of
Sendre Stromfjord airport, southern West Greenland, at ¢. 67°30'N. View is towards south. Photo: H. Hejmark Thomsen.

areas at present shows only minor fluctuations (Fig. 44).
Significant movements are almost restricted to major
drainage outlets where the Inland Ice flows into fjords

Glaciology

The present ice cover of Greenland is a relic of the
Pleistocene ice ages. It consists of the large continen-
tal ice sheet (the Inland Ice), and local ice caps and
glaciers (Weidick 1995). The Inland Ice has an area of
¢. 1707 000 km? and reaches an altitude of 3230 m with
a maximum thickness of 3420 m. The local ice caps
and glaciers cover areas of ¢. 49 000 km? (Weng 1995).
The volume of the Inland Ice has been estimated at 2
600 000 km?, based on ice thickness measurements by
airborne radio-echo sounding; a rough estimate of the
volume of local ice caps and glaciers is 20 000 km?.
On the map, surface contours, isopachs of ice thick-
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to form calving glaciers; the most active glaciers in

Greenland have velocities of up to 22 m in 24 hours.

ness and contours of the bedrock below the Inland Ice,
are shown.

Mean annual air temperatures on the Inland Ice range
from —30°C over a large region in the central and north-
ern parts to about —5°C in south-western marginal areas.
The temperature of the ice ranges between —32° and
0°C; with increasing depth, temperatures generally
increase due to geothermal heat flux and internal heat-
ing caused by ice deformation. In some locations, the
temperature at the base of the ice sheet may reach melt-
ing point.



Mass balance

The mass balance (budget) of the Inland Ice is the dif-
ference between accumulation (mainly snow in the
interior region) and ablation by melting and by calv-
ing of icebergs in the marginal areas.

Snow accumulation decreases from south to north
from more than 2000 mm water equivalent/year in
coastal areas in the south-west to 100 mm water equiv-
alent/year or less in interior north-eastern areas (Ohmura
& Reeh 1991). Melt rates also decrease from south to
north. Away from the coast in South-West Greenland,
annual melting of the ice at sea level probably reaches
values near 10 000 mm water equivalent. However,
even along the northernmost margins of the Inland Ice
significant melting occurs; melt-rate models predict val-
ues near 2000 mm water equivalent/year at sea level.
Calving glacier fronts producing icebergs are generally
located at the heads of fjords at some distance from the
outer coast. The most concentrated source region for
icebergs is central West Greenland (Disko Bugt and the
area between Nuussuaq and Svartenhuk Halvg) where
about 100 km? of calf ice are produced annually.

Past climate and environment

Up to 1998 five deep ice cores had been retrieved by
drilling through the Inland Ice (one drilling only to a
depth of 1400 m), and these have provided consider-
able information about climate and environmental vari-
ations during the past 150 000 years. The ice-core
records indicate that in central Greenland the Inland Ice
survived the last interglacial (the Eemian), which cul-
minated about 130 000 years ago, without disappear-
ing when the climate was several degrees warmer than
at present. However, during the Eemian the ice cover
in northern and southern Greenland was less extensive,
according to ice-dynamic model calculations of the evo-
lution of the Inland Ice (Fig. 45).

The ice-core records indicate dramatic temperature
fluctuations during the last ice age, which lasted from
about 100 000 years ago to about 10 000 years ago. In
the coldest parts of this period, temperatures in
Greenland may have been 10-12°C colder than now,
whereas temperatures in other periods of the ice age
were only about 5 degrees colder (Dansgaard 1997,
Hammer 1997).
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Fig. 45. Model of the Inland Ice with indication of thickness of the ice sheet in metres. A: The last interglacial (the Eemian) with a
temperature 4-5°C higher than the present. B: During the late glacial maximum (Weichselian) with a temperature 10-12°C colder than
present. C: Under the present climatic conditions. From model calculations by Letréguilly et al. (1991). The models do not include the
offshore extent of the ice, only that of present land areas. Colours depict the thickness of the ice sheet.
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Offshore geology

Interpretation of the offshore geology around Greenland
is based mainly on seismic surveys, supplemented by
aeromagnetic and gravimetric data and, in the case of
southern West Greenland, by data from five exploration
wells drilled in 1976-77. Offshore South-East Greenland
six holes have recently been drilled (three are shown
on the map) in connection with the Ocean Drilling
Project (ODP; H.C. Larsen et al. 1996). The coverage of
geophysical data in different areas is, however, uneven,
and is dependent on ice conditions. Off southern West
Greenland, where there are only scattered icebergs and
no pack ice in the late summer and early autumn, more
than 37 000 km of seismic data were acquired by indus-
try in the 1970s and a further ¢. 23 000 km of non-exclu-
sive data have been acquired in this area since 1990
(Christiansen et al. 1996). On the other hand, the often
ice-infested areas off East, North-East and North-West
Greenland are only covered by reconnaissance surveys,
principally as a result of the KANUMAS and North Atlantic
D (NAD) surveys. The KANUMAS project was a marine
seismic reconnaissance project financed by six major
oil companies, with the Greenland-Danish national oil
company Nunaoil A/S as operator (Larsen & Pulvertaft
1990; Pulvertaft 1997). In the 1990s KANUMAS surveys
acquired ¢. 7000 km of seismic data off North-East and
central East Greenland, and ¢. 4000 km of data off North-
West Greenland. The North Atlantic D project was a
combined aeromagnetic and seismic survey of the East
Greenland shelf carried out by GGU in 1979-83. During
this project c¢. 8000 km of seismic data were acquired
off central East and South-East Greenland (Thorning et
al. 1982; Larsen 1985). In Nares Straede (Nares Strait) and
off North Greenland, where no seismic data exist, inter-
pretation of the geology is based on aeromagnetic and
sparse gravity data alone. Aeromagnetic and shipborne
magnetic data constitute the main source of information
in oceanic areas.

The map is designed to show two general aspects
of offshore geology: (1) the extent of continental crust
[a], oceanic crust [c—g] and of the intervening, poorly
understood, transition zone [b], and (2) the distribution
of sedimentary basins and major faults. Where exten-
sive volcanic units are known to occur in areas under-
lain by continental crust, their distribution is also shown.

The general distribution of offshore and onshore
sedimentary basins is shown on Fig. 54.
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The continental margin off East and
North Greenland

In general terms, the continental margin off East
Greenland between latitudes 60° and 76°N can be
described as a volcanic rifted margin (Larsen 1990;
Larsen et al. 1994a). The position of the continent—ocean
transition was drawn on the basis of aeromagnetic data
supplemented by characteristic features in the NAD
reflection seismic data. The absolute seawards (eastern)
limit of continental crust cannot overlap areas where
linear magnetic anomalies characteristic of oceanic crust
can be identified. Along the entire volcanic rifted mar-
gin seaward-dipping reflectors can be seen in the seis-
mic data. These arise from subaerial lava flows or groups
of flows which were erupted in the early stages of sea-
floor spreading prior to differential subsidence below
sea-level. In connection with the seaward-dipping reflec-
tors buried volcanic escarpments may occur. These are
landward-facing escarpments formed at the landward
end of the dipping reflectors, where lava flows inter-
digitate with sediments (Fig. 46; Larsen & Jakobsdottir
1988; Larsen 1990).

The zone off East Greenland shown on the map as
underlain by transitional crust [b] was drawn in a rather
arbitrary manner, at least with regards to its width. This
zone is thought to consist of continental crust with
increasing numbers of dykes and other intrusions as
oceanic crust is approached. Much of the onshore
coastal area around and south of Kangerlussuaq (68°N)
is very intensely intruded by Early Tertiary coast-parallel

Sediments

Approx.
1km

Basalts

Sediment —§» <¢— Direction of
flow

lava flow

Fig. 46. Cross-section based on seismic section, illustrating the
formation of so-called pseudo-escarpments (PSE) at the landward
end of dipping basalts. Sediments: pale blue to light brown lay-
ers; basalts: dark green. Landward direction to the left. Slightly
modified from Larsen (1990).



dyke swarms (Nielsen 1978; not shown on the map).
Aeromagnetic data indicate that these dyke swarms
continue south-westwards under the shelf as far south
as 63°N (Larsen 1978). Such intense dyking suggests the
proximity of the continent—ocean boundary, i.e. the
outer edge of the transition zone.

Since the map went to press, intensive research has
been carried out off southern East Greenland along Leg
152 of the Ocean Drilling Program Transect (ODP sites
914-919, ¢. 63°N) (Larsen & Saunders 1998; Larsen et al.
1998). Results of this research indicate that the conti-
nent—ocean boundary, defined here as the point at which
thinned, intensely dyked continental crust finally gives
way to a sheeted dyke complex, is situated about 12 km

landwards of the shelf break (Larsen & Saunders 1998,
fig. 12). The shelf break here is the edge of a thick pro-
grading wedge of glaciomarine sediments. The inner
boundary of the continent-ocean transition zone, defined
as the point at which faulting and thinning of conti-
nental crust begins, lies 2540 km landwards of the con-
tinent—ocean boundary (Larsen & Saunders 1998, fig. 12;
Larsen et al. 1998, fig. 7). Thus the continent—-ocean
transition zone may be a little wider than shown on the
map, and the continent—ocean boundary probably lies
about 25 km north-west (landwards) of the position
shown on the map.

At about latitude 68°N the eastern margin of conti-
nental Greenland trends obliquely across the linear
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Fig. 47. Map of offshore regions around Greenland showing distribution of fracture zones (F.Z.) and ocean floor ridges. M.J.R.: Morris
Jesup Ridge; Y.PL.: Yermak Plateau; D.S.H.: Davis Strait High. The bathymetric contour shown is at 500 m.
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magnetic anomalies in the oceanic crust. This is not
regarded as the expression of a transform fault, but
rather as an oblique ocean—continent transition along
a former propagating spreading ridge. The presumed
continental crust north of this zone may be intensely
intruded by dyke swarms, but it is not thought to have
reached the stage of being true oceanic crust. The prop-
agating spreading ridge did not break through to the
Jan Mayen Fracture Zone (c. 72°N) until close to anom-
aly 6 time (¢. 22 Ma). A similar situation, but in much
less accentuated form, is seen north of the Jan Mayen
Fracture Zone where it seems that the spreading ridge
propagated towards the south-west (Fig. 47).

The north-east margin of continental Greenland,
north of 78°N, has a very different character. It is shown
as a former intracontinental transform plate boundary.
According to current interpretations of the history of the
opening of the Greenland — Norwegian Sea and Arctic
Ocean (e.g. Vogt & Tucholke 1989; Eldholm et al. 1990;
Kristoffersen 1990) a substantial dextral lateral dis-
placement of Svalbard relative to North-East Greenland
took place in the time interval corresponding to mag-
netochrons 24R—13 (earliest Eocene — earliest Oligocene),
prior to the opening of the Fram Strait between
Greenland and Svalbard. In the early Oligocene a spread-
ing ridge, the Knipovich Ridge, linking the Mohns Ridge
and the Nansen Ridge, developed along the site of the
earlier transform fracture, and since this time the flank-
ing continental margins have developed as passive mar-
gins separated by an obliquely spreading ocean.

What little is known about the continental margin and
ocean—continent transition off North Greenland has
been summarised by Dawes (1990). One particular out-
standing problem here is the nature of the crust under-
lying the Morris Jesup Ridge and its conjugate feature,
the NE-trending part of the Yermak Plateau, north of
Svalbard (Fig. 47). The most favoured interpretation is
that these are volcanic plateaus overlying oceanic crust
(Kristoffersen 1990, and personal communication 1993),
although Dawes (1990) argues that the Morris Jesup
Ridge has a complex structure and that it may contain
appreciable continental remnants below a thick cover
of volcanic rocks.

The continental margin off
West Greenland

The continental margin off southern West Greenland also
presents problems of interpretation, although more
reflection seismic data are available from this area.
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Distinct linear magnetic anomalies can be seen in the
Labrador Sea off South-West Greenland (Srivastava
1978). The earliest magnetic anomalies trend NNW-SSE,
while the younger anomalies (24 and younger) trend
NW-=SE, parallel to an extinct spreading axis roughly
midway between Canada and Greenland.

The oldest unambiguous magnetic anomaly in the
Labrador Sea is anomaly 27. The crust landward of this
is shown as transitional crust on the map, but the nature
of this crust is in fact not known. Srivastava (1978) and
Roest & Srivastava (1989) indicated that linear magnetic
anomalies could be identified much closer to the con-
tinental shelf than anomaly 27, suggesting 31 or 33 as
the number of the oldest anomaly. However, model-
ling of the magnetic data acquired by the Bundesanstalt
fur Geowissenschaften und Rohstoffe (BGR) during
seismic transects across the Labrador Sea has shown that
the data fit a model assuming oceanic crust with alter-
nating strips of normally and reversed magnetised crust
landwards as far as anomaly 26R or 27R (Chalmers
1991; Chalmers & Laursen 1995). Landwards of this a
model assuming thinned continental crust intruded by
reversed magnetised igneous material provides the best
fit with the observed data. South of 62°N it appears
that a serpentinised peridotite subcrops sediments in
the outer part of the transitional zone and that the rem-
nants of continental crust are very thin (Chian & Louden
1994; Chalmers 1997). Be this as it may, the transition
zone between typical oceanic and normal continental
crust is certainly much wider off southern West
Greenland than it is thought to be anywhere off East
and South-East Greenland. The seawards limit of nor-
mal continental crust off southern West Greenland lies
well to the south-west of the continental slope, at water
depths of more than 1500 m. This interpretation of the
distribution of crustal types is supported by the struc-
tural pattern seen in the seismic lines. Both the normal
continental crust and the zone of transitional crust show
large tilted fault blocks overlain by syn- and post-rift
sediments. The oldest sediments are most likely of Early
Cretaceous age (see later).

The crust under Davis Straede (Davis Strait) is esti-
mated to be 22 km thick (Keen & Barrett 1972), which
is intermediate between the thickness of normal oceanic
and continental crust. There is a basement high below
the strait (the Davis Strait High, Fig. 47), where the sedi-
mentary cover is thin and locally even absent. Tertiary
volcanic rocks have been penetrated by drilling on the
Canadian side of the high (Srivastava 1983), and it has
been suggested that the high is a volcanic plateau
formed by hotspot volcanic activity, for which there is



also evidence in the form of thick picritic lavas of
Paleocene age in the Disko — Nuussuaq — Svartenhuk
Halvg area in central West Greenland and at Cape Dyer
(Fig. 47) on the south-east side of Baffin Island in Canada
(Clarke & Upton 1971; Clarke & Pedersen 1976). How-
ever, on the Greenland side of the strait, sediments
interpreted as of Late Cretaceous age have been traced
on seismic lines westwards from the Ikermiut-1 explo-
ration well (66°56'N) onto the eastern flank of the high
(Chalmers et al. 1995), in which case the high is formed
of pre-Late Cretaceous rocks. The crust under Davis
Straede is therefore interpreted by the Survey as being
formed of thinned continental crust, in accordance with
the interpretation of the distribution of crustal types
farther south.

The nature of the crust underlying Baffin Bugt is not
obvious. There are no distinct sea-floor spreading mag-
netic anomalies in this region, so interpretation of crustal
types must be based on other geophysical criteria.

In the central, deep part of Baffin Bugt refraction seis-
mic experiments have shown that the crust is very thin,
the M (moho) discontinuity lying only 11 km below sea-
level. The cover of sediments exceeds 4 km in all but
the southernmost part of the bay. Seismic velocities in
the crust below these sediments are in the range 5.7-7.0
km/sec (Srivastava et al. 1981; Balkwill et al. 1990), in
agreement with those known from oceanic layers 2 and
3. Gravity and magnetic evidence is also consistent with
the interpretation of the central part of Baffin Bugt as
being underlain by oceanic crust (see Balkwill e al. 1990
for a review and further references), and this interpre-
tation is adopted on the map. Recently, however, geo-
physical evidence has been presented which indicates
that in north-western Baffin Bugt continental crust is
replaced oceanwards by a layer of serpentinised man-
tle, which would account for the lack of linear mag-
netic anomalies (Reid & Jackson 1997). The absence of
linear sea-floor spreading magnetic anomalies could
also be attributed to very oblique spreading (see Roots
& Srivastava 1984) and to the dampening effect of the
thick sedimentary cover.

In the absence of sea-floor spreading magnetic anom-
alies, the landward limit of proven oceanic crust can-
not be placed with any degree of confidence, and
existing geophysical data are not sufficient to allow any
interpretation of the position, width and nature of the
continent—ocean transitional zone. The area underlain
by continental crust has been delineated on the evidence
of crustal thickness and structural style (large exten-
sional faults and rotated fault blocks), the latter being
known from a recent reconnaissance seismic survey

conducted in the area by Nunaoil A/S as part of the
KANUMAS project (Whittaker et al. 1997).

The nature of the geological structure underlying Nares
Streede (Nares Strait), the linear seaway separating
Greenland from Ellesmere Island (Fig. 47), has for some
time been a controversial subject (Dawes & Kerr 1982).
Geophysicists have argued that the strait is the site of a
major transform fault with a left-lateral displacement of
more than 100 km that accommodated the opening of
the Labrador Sea and Baftin Bugt during the Early Tertiary,
and also of movement normal to the strait (e.g. Srivastava
1985). On the other hand geologists familiar with the sur-
rounding onshore geology find that the maximum net
lateral displacement of sedimentary facies belts and
Ellesmerian structural features across the strait is of the
order of 25 km (e.g. Okulitch et al. 1990).

Recent work in Baffin Bugt has diminished the like-
lihood that Nares Straede is the site of a major trans-
form fault, because the direction of transform fracture
zones and hence spreading movement in this area is
almost north—south, or at an angle of about 40° to Nares
Straede (see Fig. 47; Wheeler et al. 1996; Whittaker et al.
1997). It appears that Baffin Bugt spreading has been
accommodated to a substantial degree by a series of
rifts in the Canadian Arctic Islands together with com-
pression in the Eurekan orogen.

Offshore sedimentary basins

Reflection seismic surveys have shown that large sed-
imentary basins occur offshore East Greenland between
latitudes 67°~72°N and 75°-77°N, and offshore West
Greenland between 63°-68°N and 73°-77°N. In the
intervening areas off both East and West Greenland
there are extensive Lower Tertiary basalts below which
there are expected to be thick sedimentary successions,
but these cannot be resolved in the seismic data.

North-East Greenland shelf (72°-80°N)

The existence of thick sedimentary successions on the
North-East Greenland shelf was first suggested on the
basis of interpretation of aeromagnetic data (Thorning
etal. 1982; Larsen 1984). Judging from the known geol-
ogy of the Barents Sea, the Norwegian shelf and onshore
North-East Greenland, the age of these sediments is
likely to be Devonian to Recent, with unconformities
in the middle Permian and in the Cretaceous. From the
gravity data, combined with the structural style seen in
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East Greenland. Vertical exaggeration x 3.8. From Larsen (1990, plate 6, profile E).

some of the seismic lines acquired as part of the KANU-
MAS project, the presence of a widespread salt forma-
tion has been interpreted on this shelf. By analogy with
the known geology of the Barents Sea area, it is pre-
sumed that this salt is of Late Carboniferous — Early
Permian age.

On the shelf between latitudes 72°15" and 75°30'N
extensive volcanic rocks of presumed Early Tertiary age
have been interpreted from the aeromagnetic and seis-
mic data (Larsen 1990). In the near-shore area these are
exposed at the seabed; eastwards they become increas-
ingly deeply buried under younger sediments. It is con-
sidered almost certain that the pre-Tertiary sediments
interpreted to the north and south of this area continue
beneath the volcanic rocks.

Strong magnetic anomalies suggest the presence of
igneous intrusions in the sedimentary and volcanic
rocks at around 72°N.

Liverpool Land Basin,
central East Greenland (70%72°N)

A very thick succession of sediments can be recognised
in the seismic data offshore Liverpool Land. The sedi-
ments are particularly thick within the part of the area
underlain by continental crust, where the base of the
sediments cannot be identified on the existing data.
The upper part of the sedimentary succession is a vir-
tually complete Tertiary succession up to 6 km thick;
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this formed a large prograding wedge that spread out
across both continental and oceanic crust from the
mouth of present-day Scoresby Sund. In the part of the
area underlain by continental crust the Tertiary suc-
cession lies with angular unconformity on block-faulted
and tilted sediments of pre-Tertiary (Late Palaeozoic —
Mesozoic) age (Fig. 48), while where the Tertiary sedi-
ments have prograded into the area underlain by oceanic
crust, the subsurface consists of subaerial lavas seen as
seaward-dipping reflectors in the seismic data (Larsen
& Jakobsdottir 1988; Larsen 1990).

Blosseville Kyst Basin,
East Greenland (6 7% 70°N)

More than 4 km of post-middle Eocene sediments occupy
an elongate, coast-parallel sedimentary basin off the
Blosseville Kyst. The sediments lie entirely on a sub-
surface of Lower Tertiary basalts. In the area underlain
by continental crust there are almost certainly Mesozoic
and Paleocene sediments beneath the basalts, as there
are onshore and farther to the south (Ocean Drilling
Program well 917A; Larsen et al. 1994a). However, it is
not possible to interpret the geology underlying the
basalts on the basis of existing seismic data.

Locally, as for example off Kap Dalton (69°25'N), there
are pronounced positive features in the subsurface to
the sediments; these are believed to be buried volcanic
edifices.
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Southern West Greenland (60%-68°N)

The earliest sediments offshore southern West Greenland
are pre- and syn-rift sequences up to 3 km or more in
thickness, the Kitsissut and Appat sequences (Fig. 49);
by analogy with the better known Labrador Shelf, these
are believed to be Early Cretaceous (Barremian—Albian)
in age (Chalmers et al. 1993). These successions are over-
lain by a widespread Upper Cretaceous mudstone
sequence, the Kangeq sequence, the upper part of
which was penetrated in the Ikermiut-1 well (¢. 67°N) .
A major hiatus spanning the interval Campanian — early
Paleocene (Nghr-Hansen 1998) probably reflects the
same episode(s) of faulting, uplift and erosion as are
recorded in the succession in the Nuussuaq Basin.
Following these disturbances fan sands intercalated
with mudstones were deposited.

Deposition of mudstones continued into the early
Eocene, but from the middle Eocene sedimentation was
dominated by coarser clastic sediments deposited in sim-
ple prograding sequences. There are hiatuses within the

Eocene in all of the West Greenland wells (Nghr-Hansen
1998). During the Eocene, compressional structures devel-
oped in the area west of the Kangamiut-1 (66°09'N) and
Tkermiut-1 wells as a consequence of transpression along
the transform system linking the sea-floor spreading axis
in the Labrador Sea with that in Baffin Bugt, west of the
map boundary (Chalmers et al. 1993).

Central West Greenland (68%73°N)

The Lower Tertiary basalts exposed onshore in the
Disko — Nuussuaq — Svartenhuk Halvg area continue
offshore where they have been mapped from seismic
and magnetic data over the entire area between latitudes
68° and 73°N. In the eastern part of this area the basalts
are exposed at the seabed and have been sampled by
dredging, but to the west they become increasingly
buried under a cover of Eocene and younger sediments.
While the upper surface of the basalts can be mapped
easily from the seismic data, the base of the basalts

w Structural lead E
1
0
2 E -
€
=
c 4 -
=
9
a
6 —
Y N\
- . . 0 10 20 30km Sl N
Fig. 50. Cross-section of offshore central s o ey - ~oo N
West Greenland at ¢. 69°30'N, west of GGU/90-2 al -
Disko. Drawn from depth-converted .
R m dep ) [ ]Quaternary  [] Eocene [ ] Paleocene volcanics
seismic data. Vertical exaggeration x 7. Early Eocene
From Whittaker (1996). l:l Neogene - ? late Paleocene I:l? Cretaceous — early Paleocene

59



SwW

Baffin Bugt Kivioq Kiviog

Ridge Basin

NE

Melville Bugt Melville Bugt Melville Bugt TWT
Ridge Graben Fault sec

? Oceanic crust/
Transition zone

0 25 km
— — —

Sediments
:] Glacial deposits |:| Break-up/syn-drift
:] Post-drift :] Late syn-rift

Crystalline rocks

|:] Basement

- Thermal subsidence
[ Early syn-rift

Fig. 51. Representative cross-section compiled from seismic reflection data from offshore North-West Greenland at ¢. 75°N, south-west
of Melville Bugt / Qimusseriarsuaq. Vertical exaggeration x 2.5. From Whittaker et al. (1997).

usually cannot be interpreted and there are seldom dis-
tinct reflections from the underlying formations. Locally,
however, as for example at ¢. 69°30'N, the basalts are
thinner, and reflections from underlying sediments can
be seen. In this area the basalts are only about 1300 m
thick, and the thickness of underlying sediments may
be as much as 5 km (Fig. 50; Whittaker 1996).

North-West Greenland (73%77°N)

North of 73°N the new seismic data acquired as part of
the KANUMAS project have confirmed the existence of

Mineral deposits

Mining activities have been carried out in Greenland
since the middle of the 19th century, with the cryolite
mine at Ivittuut as the only long-term mine; it was in
operation for a period of 130 years. The cryolite deposit
was associated with a granite intrusion in the late
Proterozoic Gardar Province of South Greenland (p. 26;
Fig. 52, locality 5), and represents an example of a very
rare type of mineralisation; there are only very few equiv-
alent deposits in the world (Pauly & Bailey 1999). Other
mining activities in Greenland have exploited more com-
mon types of mineralisation. The two most important
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a very deep graben or half-graben in the west and
south-west part of Melville Bugt (Fig. 51; Whittaker et
al. 1997). This had earlier been outlined from aero-
magnetic and gravity data acquired in the late 1960s and
early 1970s. The new data have also revealed several
other graben and half-graben structures extending to
the northern limit of the survey at 76°30'N. In the
Melville Bugt graben the thickness of sediments exceeds
13 km. By analogy with the onshore geology of West
Greenland and north-east Canada, the main phase of
rifting is thought to have taken place in the Cretaceous,
prior to sea-floor spreading in Baffin Bugt. Later, parts
of the area were subjected to marked inversion.

were both lead-zinc deposits — one at Mestersvig in East
Greenland was associated with quartz veins of proba-
bly Tertiary age, and the other at Maarmorilik in central
West Greenland was a stratabound mineralisation in the
Proterozoic Marmorilik Formation (p. 20).

Mining activities have so far been very limited in
view of the expected potential of such a large country.
However, systematic exploration did not commence
until the late 1950s and 1960s when new legislation
governing the mineral sector was introduced to encour-
age the mining industry to undertake exploration. This



was intensified with the introduction of Home Rule sta-
tus for Greenland in 1979.

In recent years exploration activities have concen-
trated on prospecting for gold, base metals and dia-
monds. Gold exploration has focused on the Archaean
and early Proterozoic Precambrian shield of West Green-
land and a layered Tertiary gabbro intrusion (Skaergaard
p. 50) in southern East Greenland (Andersen et al.
1998). A major new gold province in the early Protero-
zoic Ketilidian mobile belt forming the southern tip of
Greenland (MINEX 1997, 1998b) was first detected by
panning of stream sediments, and in 1992 visible gold
was found in quartz veins transecting mafic supracrustal
rocks. At present (1999) investigations of a gold pros-
pect are taking place in Kirkespirdalen (a valley north-
east of Nanortalik, Fig. 52, locality 4). Another find
substantiating the interpretation of the Ketilidian mobile
belt as a gold province has been made in southernmost
South-East Greenland, where gold mineralisation was
found in a quartz-bearing shear zone cutting a sequence
of mafic extrusives and intrusives and associated sedi-
ments. The promising gold mineralisations in southern
Greenland are situated at the southern border of the
Julianehab batholith, which is interpreted as the root
zone of a volcanic arc (Garde et al. 1998).

Exploration for base metals in recent years has focused
on finds in the Lower Palaeozoic Franklinian Basin and
Ellesmerian fold belt of North Greenland. A massive sul-
phide deposit with lead and zinc was discovered in
1993 at Citronen Fjord in Peary Land (Fig. 52, locality
7; van der Stijl & Mosher 1998). It occurs as stratiform
sheets in a folded sequence of dark argillaceous rocks
of the Upper Ordovician to Lower Silurian Amundsen
Land Group. The Citronen Fjord deposit is located at
the eastern end of the Franklinian Basin, which extends
across North Greenland into Arctic Canada where it is
known to be a prospective zone of wide significance,
and includes the Polaris zinc-lead mine. A further new
discovery of zinc-lead-silver mineralisation in the same
mineralisation province has been made in Washington
Land, western North Greenland, where the occurrence
is hosted in evaporitic Lower Ordovician carbonates in
the platform succession (Jensen 1998).

Diamond exploration has focused on the Archaean
and early Proterozoic crystalline shield areas of West
Greenland, where latest Proterozoic and middle Jurassic
kimberlite intrusions have been known since the late
1960s. The first finds of microdiamonds in stream sedi-
ments led to intensive prospecting, and more than 500
occurrences of kimberlite, lamproite and ultramafic lam-
prophyres have now been found, mainly as dykes and

sheets (MINEX 1998a). Diamonds and diamond indi-
cator minerals have been recorded in stream sediments,
boulders and in situ kimberlites. The recognised kim-
berlite province includes the Archaean block of West
Greenland and areas of Archaean rocks farther north
reworked during the early Proterozoic. Prospecting in
the Precambrian crystalline complexes of West Greenland
is expected to continue in the light of important dia-
mond discoveries in the Lac de Gras area of the North-
west Territories of Canada.

Significant occurrences of a broad range of metallic
and industrial minerals are present in all the principal
geological provinces in Greenland, ranging in age from
Archaean to Quaternary (Schgnwandt & Dawes 1993).
In broad terms these are related to five main groupings
which are:

Precambrian crystalline shield (Archaean — early
Proterozoic)

Middle Proterozoic intracratonic deposits

Palaeozoic orogenic belts

Upper Palaeozoic — Mesozoic sediments

Late Phanerozoic magmatic rocks.

The following description covers the principal former
mines and some significant prospects (Fig. 52); at the
present time (1999) there are no active mines. On the
printed map sheet the locations of only four abandoned
mines and one large Zn-Pb mineral occurrence are indi-
cated. Information with respect to a large number of
mineralised localities is available in the continually
updated Greenland Mineralisation Data Bank at the
Survey (Lind et al. 1994).

Precambrian crystalline shield

At Isukasia (Isua supracrustal sequence [69]; Fig. 52,
locality 1) north-east of Nuuk/Godthab, a major Archaean
iron formation has been outlined which is composed
of interlayered magnetite and chert (Fig. 5). The deposit,
which is partly covered by the Inland Ice, has been drill
tested and a minimum tonnage of 1900 million tons grad-
ing 32.9% Fe is estimated (Appel 1991).

A folded and metamorphosed Archaean anorthosite
complex [85] at Qeqertarsuatsiaat/Fiskenaesset, southern
West Greenland (the Fiskenaesset complex; Fig. 52, local-
ity 2) hosts widespread chromite mineralisation (Ghisler
1976). The complex, which has a strike length of more
than 200 km and an average thickness of 400 m, has a
potential estimated at 100 million tons of low-grade
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Fig. 52. Major mineral deposits of Greenland described in the text:
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Fe: iron; Mo: molybdenum; Pb: lead; PGE: platinum group ele-
ments; U: uranium; Zn: zinc.

chromium ore with a chromium/iron ratio of 0.9-1.0.
Enhanced precious metal values have been reported
from the ultramafic parts of the complex (Appel 1992).

At Maarmorilik, central West Greenland, the Black
Angel (Fig. 52, locality 3; Fig. 53) lead-zinc ore bodies
hosted in lower Proterozoic marble (p. 20; lower part
of [62]) were mined in the period 1973-1990. Production
totalled ¢. 11 million tons ore grading 4.0% Pb, 12.6%
Zn and 29 ppm Ag. The deposits are now exhausted,
but other marble-hosted lead-zinc prospects exist in
the area (Thomassen 1991). Prior to the Pb-Zn mining,
some 8000 tons of marble were quarried at Maarmorilik.

The Nalunaq gold deposit in Kirkespirdalen, north-
east of Nanortalik, South Greenland (Fig. 52, locality 4)
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displays visible gold in quartz veins within a lower
Proterozoic mafic volcanic sequence. Drilling and an
exploration adit have revealed the presence of a high-
grade, small tonnage gold deposit (MINEX 1998b).

Middle Proterozoic intracratonic deposits

Cryolite hosted in a Gardar granite stock (part of [56Dat
Ivittuut, South-West Greenland (Fig. 52, locality 5) was
worked from 1858 until 1987 and a total of 3.7 million
tons ore grading 58% cryolite were quarried from an
open pit. In addition to cryolite, galena and sphalerite
were extracted as by-products from the ore. The main
ore body is now exhausted, but there are indications
of deep-seated reserves in the area (Bondam 1991).

In the Gardar Ilimaussaq alkaline intrusion (part of
[56]; see Fig. 17; Fig. 52, locality 6) east of Narsaq in
South Greenland, a low-grade uranium deposit has
been outlined by diamond drilling, indicating a reserve
of 56 million tons of U with a grade of 365 ppm
(Nyegaard 1979). In addition, the intrusion has a poten-
tial for zirconium, beryllium, rare earth elements and
sodalite (Bondam 1995).

Late Proterozoic kimberlites, lamproite and ultramafic
lamprophyres are widespread as dykes and sheets in the
Archaean block of West Greenland; small pipes have also
been found. Diamonds and diamond indicator miner-
als have been found especially in the Maniitsoq/
Sukkertoppen region (65°N), in stream sediments, in
boulders and i situ kimberlites (MINEX 1998).

Palaeozoic orogenic belts

South of Citronen Fjord (Fig. 52, locality 7) in Peary Land,
North Greenland, a large gossan zone hosts a major lead-
zinc bearing Sedex-type massive sulphide deposit in
Ordovician black shales (part of [24]) (Kragh et al.
1997). Diamond drilling up to 1997, totalling 32 km of
core, indicated a resource of more than 20 million tons
grading 7% Zn and 1% Pb (van der Stijl & Mosher 1998).
The deposit is located north of a prominent palaeo-
escarpment separating carbonate shelf sediments to the
south from deep-water trough sediments to the north.

Upper Palaeozoic — Mesozoic sediments

At Qullissat (Fig. 52, locality 8) on Disko, central West
Greenland, Cretaceous sub-bituminous coal (part of [8])



Fig. 53. Sorte Engel (Black AngeD), the
locality which hosted the Maarmorilik
lead-zinc deposit at c¢. 71°N in central West
Greenland. The two small black spots
just beneath the left wing of the angel-
like figure (marked by the arrow) are
cable car entrances to the mine ¢. 500 m
a.s.l. Photo: B. Thomassen.

was mined during the period 1924-1972. A total of
about 570 000 tons of coal was shipped before the
mine was closed because it was unprofitable (Schiener
1976). On nearby Nuussuaq, more than 180 million
tons of sub-bituminous coal distributed in layers more
than 0.8 m thick have been indicated by surface inves-
tigations and limited drilling (Shekhar et al. 1982).

Late Phanerozoic magmatic rocks

The 55 Ma old Skaergaard layered gabbro intrusion [57]
(Fig. 52, locality 9) at Kangerlussuaq, north-east of
Ammassalik in southern East Greenland, hosts a major
deposit of palladium, platinum and gold (Bird et al.
1991). Initial diamond drilling has indicated a resource
of more than 43 million tons grading 2.4 ppm Au and

minor platinum group elements. Similar mineralisation
is known in other nearby intrusions.

Lead-zinc-bearing quartz veins (Fig. 52, locality 10)
are hosted in Lower Permian sediments near Mestersvig
in East Greenland. One of these, the Blyklippen deposit,
was mined in the period 1956-1962. After production
of 545 000 tons ore grading 9.3% Pb and 9.9% Zn the
deposit was exhausted (Harpoth et al. 19806).

A large porphyry-molybdenum deposit of Miocene
age occurs at Malmbjerg (Fig. 52, locality 11) south of
Mestersvig, East Greenland, hosted in an intrusive com-
plex [53]. Ore resource calculations based on 22 000 m
diamond drilling indicate a tonnage of 150 million tons
grading 0.23% MosS, and 0.02% WO, (Harpgth et al.
1986). Other less well investigated porphyry-molybde-
num occurrences exist in the East Greenland Tertiary
province (Geyti & Thomassen 1984).

Petroleum potential of Greenland

The petroleum potential of Greenland is confined to the
sedimentary basins of Phanerozoic age. Onshore, such
basins occur in North Greenland, North-East and cen-
tral East Greenland, and central West Greenland. Off-
shore, large sedimentary basins are known to occur off
both East and West Greenland (Fig. 54). No proven
commercial reserves of oil or gas have been found to

date (1999), but so far only six exploration wells have
been drilled, five offshore southern West Greenland
between latitudes 65°30" and 68°N, and one onshore, on
Nuussuaq at 70°28'N in central West Greenland (Pulvertaft
1997). The untested areas of Greenland are still very
large. A brief summary of the petroleum-geological fea-
tures of the main sedimentary basins is given below.
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Onshore basins

Franklinian Basin,
North Greenland (80%-83°N)

The Franklinian Basin of North Greenland is the east-
ern continuation of the Cambrian—Devonian Franklinian
Basin of the Canadian Arctic Islands. Good type II (oil-
prone) source rocks are known in both Lower-Middle
Cambrian and Lower Silurian outer shelf terrigenous and
carbonate mudstones. Potential reservoirs include Lower
and Middle Cambrian shelf sandstones and Lower
Silurian reef and platform margin carbonate build-ups
(e.g. Stemmerik et al. 1997). The most promising play
involves long-distance migration up-dip from Middle
Cambrian source rocks into Lower Cambrian shelf sand-
stones (Christiansen 1989).

Late Palaeozoic — Mesozoic rift basins,
North-East Greenland (72°-76°N)

The main source rocks in these North-East Greenland
basins are: (1) Upper Carboniferous type I-II (highly
oil-prone — oil-prone) mudstones with very high gen-
erative potential but restricted lateral extent; (2) Upper
Permian type II marine mudstones with wide areal
extent and high generative potential and (3) Upper
Jurassic mudstones which are gas-prone in onshore
outcrops but are likely to be oil-prone on the continental
shelf to the east.

Reservoir lithologies include Upper Carboniferous
fluvial sandstones, Upper Permian carbonates, Upper
Jurassic sandstones, and uppermost Jurassic — Lower
Cretaceous syn-rift conglomerates and sandstones. The
basins are partially fault bounded and tilted, and there
are both stratigraphical and structural plays. From
regional mapping and maturity considerations an area
of about 6000 km? is considered to have potential
prospectivity (Stemmerik et al. 1993), but at present
there are no seismic data on which to base a more
stringent evaluation.

Jameson Land Basin,

central East Greenland (70°30—72°N)

The Jameson Land Basin, which extends over an area
of about 10 000 km?, has been investigated by a 1798

km seismic survey carried out by Atlantic Richfield
Company (ARCO) in 1985-89, and hence is better
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known than the basins to the north. The structural his-
tory of the basin is also different in that rifting began
in the Devonian and ended in the mid-Permian; Late
Permian — Mesozoic deposition in the basin was gov-
erned by thermal subsidence. In addition to the source
rock intervals known to the north (Christiansen et al.
1992), an important lowermost Jurassic lacustrine type
I-1T source rock (highly oil-prone — oil-prone) occurs
in Jameson Land (Dam & Christiansen 1990). Potential
reservoirs are Upper Carboniferous (and possibly older)
fluvial sandstones, Upper Permian carbonates, and
Lower Jurassic deltaic sandstones. Apart from an Upper
Carboniferous tilted fault block play, play types are
stratigraphic. The main risk factor in the Jameson Land
Basin is a consequence of a Tertiary uplift of 2 km or
more (Mathiesen er al. 1995).

Cretaceous—Tertiary basin,
central West Greenland (69°-72°N)

Source rocks in outcrop are mainly gas-prone, but the
recent discovery of surface oil showings in vesicular
basalts over an area extending from northern Disko to
south-east Svartenhuk Halve, and the occurrence of oil
in three of the five slim core wells drilled in western
Nuussuaq in 1993-1995, proves that source rocks capa-
ble of generating oil occur in this region. Biomarkers
in the oils indicate that five types of oil are present, with
source rocks of Cretaceous—Paleocene age (Bojesen-
Koefoed et al. 1999). Reservoirs in the area may be
either Cretaceous deltaic sandstones or uppermost
Cretaceous — lower Paleocene turbiditic sandstones.

Offshore basins

North-East Greenland shelf (75~80°N)

An area of more than 125 000 km? offshore North-East
Greenland is believed to have considerable petroleum
potential. This view is based on extrapolation from the

Facing page

Fig. 54. Onshore and offshore sedimentary basins of Greenland.
Ellesmere Island (Canada) and Iceland are shown as grey: undif-
ferentiated. The bathymetric contour shown is at 500 m.
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adjacent onshore area, where oil source rocks are pre-
sent at several levels, and also from the northern North
Sea, West Norwegian shelf and south-west Barents Sea,
areas which were contiguous with the North-East
Greenland shelf before the opening of the Greenland—
Norwegian Sea. The KANUMAS reconnaissance seis-
mic survey of the shelf area has confirmed predictions
that thick sedimentary basins occur in the shelf, and indi-
cate furthermore that salt deposits of presumed Late
Palaeozoic age are widespread.

Liverpool Land Basin,
central East Greenland (70°-72°N)

Up to 6 km of Tertiary sediments unconformably over-
lie block-faulted Upper Palaeozoic — Mesozoic sedi-
ments in the inner (landward) part of the Liverpool
Land Basin and oceanic crust in the outer part (Larsen
1990). Source rocks are likely to occur at several lev-
els in the pre-Tertiary sediments, but are probably over-
mature. Nothing can be deduced about the nature of
mudstones in the Tertiary. Structures in the Tertiary sec-
tion are weak, and the best traps are likely to be strati-
graphic.

Blosseville Kyst Basin,
East Greenland (67%70°N)

Only the post-basalt Tertiary sediments in the Blosseville
Kyst Basin are considered likely to have any potential
for petroleum, since any sediments underlying the
basalts will be overmature. The outermost sediments
overlie oceanic crust. Trap structures occur where the
sediments drape buried volcanic edifices, and there is
a likelihood that there are also stratigraphic traps.
Submarine fan sandstones, fed from the land areas to
the north and north-west, are likely to be the best poten-
tial reservoirs in the area. Source rocks are most likely
to occur in the Eocene — lower Oligocene sediments,
which were deposited at a time when the area had
only limited connections with the early Atlantic Ocean,
a factor that would favour oxygen-deficient conditions
(Larsen 1985).

Southern West Greenland (c. 63°-68°N)

Southern West Greenland is the only offshore area where
industry has held exclusive licences for hydrocarbon
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exploration. About 37 000 km of seismic data were
acquired in the shallower parts of the area (water depths
<500 m) during exploration in the 1970s, and five wells
were drilled. One well (Kangdmiut-1, 66°09'N) struck
wet gas, but the others were dry. With hindsight it can
be seen that these wells did not test viable trap struc-
tures (Chalmers & Pulvertaft 1993). Since 1990 more than
23 000 km of new seismic data have been acquired,
mainly by the Survey, extending knowledge of the area
into deeper water areas which are apparently the most
prospective. Oil source rocks are interpreted as most
likely to occur at the base of a widespread Upper
Cretaceous (Cenomanian/Turonian — Campanian) mud-
stone, a level not penetrated by any of the wells. Another
possible source is in the Paleocene; much of the oil in
the live oil showings on the Nuussuaq peninsula is
believed to have been derived from lower Paleocene
source rocks. Reservoir is likely to be provided by syn-
rift Lower Cretaceous sandstones and by both fan and
deltaic Paleocene sandstones.

The main play type involves block-faulted and tilted
Lower — mid-Cretaceous sandstone reservoirs sourced by
Cenomanian/Turonian mudstones and sealed by both
Cenomanian/Turonian mudstones and Paleocene mud-
stones which drape the fault blocks (Chalmers et al.
1993). Direct hydrocarbon indicators in the form of flat-
spots have been observed in this type of structure in
seismic data acquired south-west of Nuuk/Godthab
(Bate et al. 1995). If these flat-spots represent gas-liquid
contacts, very large reserves of gas are present in this
area. Compressional structures west of the Tkermiut-1
well (67°N) may also provide good traps, and a major
delta has been identified which could provide strati-
graphic traps (Chalmers et al. 1995).

North-West Greenland (73%77°N)

The KANUMAS reconnaissance seismic survey carried
out in 1992 in the Melville Bugt area has shown that
there are both large sedimentary basins and also large
potential trap structures, both tilted fault blocks and
anticlines generated during inversion. The bulk of the
sedimentary fill is likely to be Cretaceous—Recent in
age, and older sediments can be expected in places.
The live oil showings on the Nuussuaq peninsula and
the oil seep reported from the Baffin Island shelf off
Scott Inlet (71°23'N; MacLean et al. 1981) point to the
likelihood that oil source rocks are present in the area.
Reservoir sandstones are likely to be present through-
out the syn-rift, presumed Cretaceous, sections.



Sedimentary basins concealed by
volcanic rocks

In two areas, one off East Greenland between latitudes
72° and 75°N and the other between 68° and 73°N off
West Greenland, there are extensive Tertiary volcanic
rocks which are known in places to overlie thick sedi-
mentary successions. It is difficult on the basis of exist-
ing seismic data to learn much about these underlying
sediments, but extrapolation from neighbouring onshore
areas suggests that oil source rocks are present.

Seismic data acquired west of Disko in 1995 have
revealed an extensive direct hydrocarbon indicator in
the form of a ‘bright spot’ with a strong AVO (Amplitute
Versus Offset) anomaly, which occurs in the sediments
above the basalts in this area. If hydrocarbons are indeed
present here, they could either have been generated
below the basalts and have migrated through the frac-
tured lavas into their present position (Skaarup &
Chalmers 1998) or, alternatively, be derived from a
source rock in the presumably upper Paleocene — lower
Eocene sediments above the lavas and down-dip from
the bright spot (see Fig. 50).
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Legend explanation

Geological units
Onshore: indicated by numbers [1]-[86] in the map legend.

Offshore: indicated by letters [a]-{g] and six ornamentations in the map legend.

Onshore

[1] Sverdrup Basin (undifferentiated). Unit occurs only on
Ellesmere Island, Canada.

[2] Pearya — mainly exotic terrane. Unit occurs only in north-
ernmost Ellesmere Island, Canada (p. 37).

[3H5] late middle Proterozoic/earliest late Proterozoic Thule
Supergroup (p. 30), North-West Greenland. Age shown on
map revised following new acritarch studies.

[3] Carbonate and siliciclastic sediments: Narssirssuk Group,
North-West Greenland.

[4] Shales and siltstones: Dundas Group, North-West Greenland.

[5] Sandstones and shales: Smith Sound, Nares Strait and Baffin
Bay Groups, North-West Greenland.

[6] Paleocene tholeiitic lavas, central West Greenland (p. 48).

[71 Paleocene picritic lavas, central West Greenland (p. 48).

[8] Cretaceous—Paleocene sediments: Kome, Atane, Kangilia,
Quikavsak, Atanikerdluk Formations and Itilli succession,
central West Greenland (pp. 40, 62).

[9] Ordovician limestone in fault block in Archaean gneiss.
‘Fossilik’ locality (Stouge & Peel 1979), southern West
Greenland (65°25'N).

[10] Phanerozoic limestones in fault block within reworked
Archaean gneiss (Peel & Secher 1979), southern West Green-
land (66°32'N).

[11] Basaltic lavas: Eriksfjord Formation, middle Proterozoic,
Gardar Province, South Greenland (p. 26).

[12] Continental sandstones and conglomerates: Eriksfjord
Formation, middle Proterozoic, Gardar Province, South
Greenland (p. 26).

[13] Pliocene—Pleistocene sand-silt deposits: Kap Kebenhavn
Formation, central North Greenland (p. 51).

[14] Paleocene—Eocene fluviatile sandstones: Thyra (3 Formation,
Wandel Sea Basin, eastern North Greenland (p. 43).

[15] Upper Cretaceous sandstones and shales: Herlufsholm Strand
Formation and correlatives, Wandel Sea Basin, central and
eastern North Greenland (p. 43).

[16] Uppermost Cretaceous basic volcanics and volcanogenic
sediments: Kap Washington Group, Wandel Sea Basin, cen-
tral North Greenland (p. 43).

[17] Upper Jurassic — Lower Cretaceous sandstones and shales:
Ladegardsaen Formation and correlatives, Wandel Sea Basin,
central and eastern North Greenland (p. 43).

[18] Upper Permian — Middle Triassic shales and sandstones:
Trolle Land Group, Wandel Sea Basin, central and eastern
North Greenland (p. 43).

[19] Upper Carboniferous — Lower Permian carbonates: Mallemuk
Mountain Group, Wandel Sea Basin, central and eastern
North Greenland (p. 43).

[20] Lower Carboniferous sandstones and siltstones: Sortebakker
Formation, Wandel Sea Basin, eastern North Greenland
(p. 43).

[21] Silurian carbonates deposited on shelf and slope areas:
Washington Land Group, Franklinian Basin, North Greenland
(pp. 35, 30).

[22] Silurian sandstones and siltstones deposited in deep-water
turbiditic trough: Peary Land Group, Franklinian Basin, North
Greenland and Ellesmere Island (pp. 35, 30).

[23] Lower Cambrian — Lower Silurian carbonates from shelf and
slope areas: Bronlund Fjord, Tavsen Iskappe, Ryder Gletscher
and Morris Bugt Groups, Franklinian Basin, North and North-
West Greenland and Ellesmere Island (pp. 35, 36).

[24] Upper part of Lower Cambrian — Lower Silurian mudstones
and shales: starved slope and trough deposits, Velvedal and
Amundsen Land Groups, Franklinian Basin, North Greenland
and Ellesmere Island (pp. 35, 36, 62).

[25] Lower Cambrian carbonates and siliciclastic sediments; shal-
low-water deposits: Portfjeld and Buen Formations,
Franklinian Basin, North and North-West Greenland and
Ellesmere Island (pp. 35, 36).

[26] Lower Cambrian calcareous mudstones and sandy turbidites:
Skagen, Paradisfjeld and Polkorridoren Groups, deep-water
trough deposits in the Franklinian Basin in North Greenland
and on Ellesmere Island (pp. 35, 30).

[27] Upper Proterozoic siliciclastic and carbonate sediments:
Hagen Fjord Group, North Greenland (p. 31).

[28] Uppermost Precambrian (Varangian) diamictites and sand-
stones: Moraenesg Formation, central North Greenland (pp.
32, 33).

[29] Upper Proterozoic sandstones in Caledonian nappe units:
Rivieradal sandstones, in part equivalent to the Hagen Fjord
Group, eastern North Greenland (pp. 31, 32).

[30] Middle Proterozoic tholeiitic basalts: Zig-Zag Dal Basalt
Formation, central and eastern North Greenland (pp. 26, 31).

[31] Lower—-middle Proterozoic sandstones: Independence Fjord
Group, central and eastern North Greenland. Shown as mid-
dle Proterozoic on the map legend, but new age dating indi-
cates parts are older than 1740 Ma (pp. 24, 31).

[32] Tertiary (Paleocene—Eocene?) plateau basalts: North-East
Greenland (p. 50).

[33] Upper Jurassic and Lower Cretaceous shallow marine sand-
stones: Raukelv, Hesteelv, Lindemans Bugt and Palnatokes
Bjerg Formations and Aptian—Albian sediments, central East
and North-East Greenland (p. 45).

[34] Middle-Upper Jurassic marine sandstones and shales:
Vardeklpft, Olympen, Hareelv and Bernberg Formations,
central East and North-East Greenland (p. 45).
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[35] Upper Triassic — Lower Jurassic lacustrine sandstones and
shales: Kap Stewart and Neill Klinter Groups, central East
Greenland (pp. 44, 45).

[36] Lower-Upper Triassic alluvial sandstones and lacustrine
dolomites and shales: Pingo Dal, Gipsdalen and Fleming
Fjord Formations, central East Greenland (pp. 44, 45).

[37] Upper Permian — Lower Triassic shallow marine carbonates,
sandstones and shales: Foldvik Creek Group and Wordie
Creek Formation, central East Greenland (p. 45).

[38] Carboniferous — Lower Permian fluvial sandstones and shales,
central East and North-East Greenland (pp. 42, 44).

[39] Middle-Upper Devonian continental siliciclastic sediments:
Vilddal, Kap Kolthoff, Kap Graah and Celsius Bjerg Groups,
North-East and central East Greenland (pp. 41, 44).

[40] Cambro-Ordovician dominantly limestones and dolomites in
the East Greenland Caledonian fold belt: Kloftelv, Bastion,
Ella @, Hyolithus Creek, Dolomite Point, Antiklinalbugt,
Cape Weber, Narwhale Sound and Heim Bjerge Formations,
North-East Greenland (pp. 38, 39).

[41] Tillites of supposed Vendian age in isolated occurrences,
central East Greenland (p. 33).

[42] Diamictites, sandstones, shales and dolostones in succes-
sion of Vendian age: Tillite Group in East Greenland
Caledonian fold belt, North-East Greenland (pp. 33, 40).

[43] Succession of siliciclastic, calcareous and dolomitic sedi-
ments of late Proterozoic age: upper Eleonore Bay Super-
group including Lyell Land, Ymer @ and Andrée Land Groups,
East Greenland Caledonian fold belt, North-East Greenland
(pp. 32, 40).

[44] Sequence of sandstones and siltstones of late Proterozoic age:
Nathorst Land Group, lower Eleonore Bay Supergroup, East
Greenland Caledonian fold belt, North-East Greenland (pp.
32, 40).

[45] Middle-late Proterozoic to Early Palaeozoic? Mixed meta-
sediments and greenstones. Exposed in tectonic windows in
the East Greenland Caledonian fold belt, North-East Greenland
(pp. 33, 40).

[46] Middle Proterozoic metasediments in the East Greenland Cale-
donian fold belt: Krummedal supracrustal sequence and correl-
ative Smallefjord sequence, North-East Greenland (pp. 27, 40).

[47] Lower and Upper Tertiary siliciclastic sediments overlying
Eocene basalts, central and southern East Greenland (p. 50).

[48] Eocene tholeiitic plateau basalts in central and southern East
Greenland (p. 49).

[49] Paleocene—Eocene tholeiitic basalts with picritic intervals,
southern East Greenland (p. 49).

[50] Uppermost Cretaceous — Upper Paleocene sandstones and
shales. Pre-basaltic succession in Kangerlussuaq Basin, south-
ern East Greenland (p. 46).

[51] Uppermost Tertiary and Quaternary basic lavas on Iceland.

[52] Migmatites and gneisses of middle Proterozoic and older
origin in the East Greenland Caledonian fold belt, central East
and North-East Greenland (pp. 27, 40) and Ellesmere Island,
Canada (p. 37).

[53] Tertiary felsic intrusions in East Greenland (pp. 50, 63).

[54] Late to post-kinematic granitic s./. intrusions in the East
Greenland Caledonian fold belt, central East and North-East
Greenland (p. 40).
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[55] Middle Proterozoic augen granite intrusions, deformed dur-
ing the Caledonian orogeny, central East and North-East
Greenland (p. 27).

[56] Middle Proterozoic intrusive complexes, mainly syenites:
Gardar Province, South Greenland (pp. 27, 62).

[57] Tertiary mafic to intermediate intrusive complexes in East
Greenland (pp. 50, 63).

[58] Upper Cretaceous gabbroic intrusion. Pearya terrane,
Ellesmere Island, Canada.

[59] Middle Jurassic carbonatite complex: Qagarssuk, southern
West Greenland (p. 34).

[60] Silurian pyroxenitic intrusions in late Archaean granulite
gneisses: Batbjerg complex, southern East Greenland (p. 40).

[61] Uppermost Proterozoic carbonatite complex in Archaean
gneisses: Sarfartdq, southern West Greenland (p. 34).

[62] Early Proterozoic metasediments (marbles and siliciclastic
rocks) in the Rinkian mobile belt: Karrat Group comprising
the Marmorilik, Qeqertarssuaq and Nikavsak Formations, cen-
tral West Greenland (pp. 19, 20, 62).

[63] Early Proterozoic basic metavolcanics: Sortis Group in the
northern border zone of the Ketilidian mobile belt, South-
West Greenland (pp. 21, 22).

[64] Early Proterozoic metasediments: Vallen Group in the north-
ern border zone of the Ketilidian mobile belt, South-West
Greenland (pp. 21, 22).

[65] Early Proterozoic acid metavolcanics in the Ketilidian mobile
belt, South Greenland (p. 22).

[66] Archaean acid metavolcanics in the Rinkian mobile belt,
central West Greenland (p. 20).

[67] Early Proterozoic, high-grade supracrustal units (paragneisses,
marbles, quartzites and basic metavolcanics) in early
Proterozoic mobile belts (pp. 17, 19, 21— 23).

[68] Late Archaean supracrustal rocks (amphibolites and gneissic
metasediments) in the Archaean craton, West Greenland and
South-East Greenland (pp. 15, 17, 20).

[69] Early Archaean supracrustal sequence (Isua and Akilia
sequences) in the Archaean craton, southern West Greenland
(pp. 14, 6.

[70] Early Proterozoic amphibolite facies gneisses (generally
orthogneisses) dominantly of juvenile Proterozoic origin.
Ketilidian mobile belt, South and South-East Greenland (pp.
21, 22) and basement in northern part of Caledonian fold
belt in North-East Greenland (pp. 23, 27, 40).

[71] Early Proterozoic gneisses in granulite facies: Inglefield Land
mobile belt, North-West Greenland and Ellesmere Island,
Canada (p. 21); Ammassalik mobile belt, South-East Greenland
(p. 18) and Caledonian fold belt in North-East Greenland (p. 23).

[72] Late Archaean juvenile orthogneisses in amphibolite facies.
Archaean craton, southern West Greenland and South-East
Greenland (p. 15).

[73] Late Archaean juvenile orthogneisses in granulite facies.
Archaean craton, southern West Greenland and South-East
Greenland (pp. 15, 16).

[74] Reworked amphibolite facies Archaean gneisses in early
Proterozoic mobile belts in West and South-East Greenland
(pp. 17-19, 21) and in the basement of the southern part of
the East Greenland Caledonian fold belt, central East Green-
land (pp. 23, 24, 27, 40).



[75] Reworked granulite facies Archaean gneisses in early
Proterozoic mobile belts in central and southern West
Greenland (pp. 17, 18) and in South-East Greenland (p. 18).

[76] Early Archaean gneisses in the core of the Archaean craton
in southern West Greenland: Amitsoq gneiss (p. 15).

[77] Early Proterozoic rapakivi ‘granites’ in the Ketilidian mobile
belt, South Greenland (p. 23).

[78] Early Proterozoic juvenile granites of the Julianehab batholith’,
Ketilidian mobile belt, South Greenland (pp. 21, 22); also some
granites in early Proterozoic mobile belts of southern West
Greenland and South-East Greenland (pp. 17-20, 22) and
basement in the Caledonian fold belt in East Greenland (p. 23).

[79] Late Archaean post-tectonic granite complex: Qorqut gran-
ite, southern West Greenland (p. 16).

[80] Late Archaean granitic to tonalitic plutonic rocks; early—late
kinematic intrusions: Taserssuaq tonalite, Ilivertalik augen
granite, southern West Greenland (pp. 16, 18). In South-East
Greenland syenitic and granitic rocks (p. 16), and an intru-
sive complex in central West Greenland (p. 20).

[81] Early Proterozoic intermediate plutonic rocks: quartz dioritic
complex in Nagssugtoqidian mobile belt, central and south-
ern West Greenland (pp. 17, 18) and leuconoritic and
charnockitic complex in South-East Greenland (the
Ammassalik Intrusive Complex, p. 19), and in southern
Greenland (p. 22); also some units in the Caledonian fold
belt in North-East Greenland (p. 23).

[82] Late Archaean post-tectonic intermediate and mafic intrusions
in South-East and West Greenland (pp. 16, 19, 20) and North-
West Greenland (p. 21).

[83] Late Archaean alkaline intrusive complex: Skjoldungen alka-
line province, South-East Greenland (p. 16).

[84] Late Archaean carbonatite sheet: Tupertalik, southern West
Greenland (p. 16).

[85] Late Archaean anorthositic rocks in the Archaean craton:
Fiskenaesset complex and correlatives, southern West Green-
land (pp. 15, 61); also in central West Greenland (p. 19) and
in the Thule region (c. 77°30'N) North-West Greenland (p. 21).

[86] Early Proterozoic gabbro-anorthosite, East Greenland
Caledonian fold belt, North-East Greenland (76°N) (Stecher
& Henriksen 1994).

Offshore

[a] Areas underlain by continental crust with or without cover
of sedimentary rocks and Tertiary volcanics (p. 54).

[b] Transition zone between continental and oceanic crust. In
many areas thought to consist of continental crust with
increasing intensity of dykes and intrusions as oceanic crust
is approached (p. 54). Off South-West Greenland transition
zone is extremely thin, continental crust interspersed with
zones of serpentinised mantle peridotite (p. 56).

[cHf] Areas underlain by oceanic crust, divided according to
age, at 15 million year intervals. Oldest oceanic crust [f] was
formed more than 45 million years ago. Divisions based on
sea-floor spreading magnetic anomalies (p. 54).

[g] Oceanic crust of unspecified age (p. 54).

Ornamentations

Lower Tertiary volcanics at seabed or concealed; latter only
shown in areas underlain by continental crust, North-East
Greenland 72°-75°N; West and North-West Greenland
68°-73°N (pp. 58, 59).

Buried volcano with high relief, central East Greenland, 69°N
(p. 58).

Intrusions in sedimentary and volcanic rocks, East Greenland
(71°=73°N). Probably of Tertiary age (p. 58).

Areas with widespread salt deposits of supposed Late
Palaeozoic age, North-East Greenland shelf 76°30'-79°30'N
(pp. 58, 66).

Sedimentary basins with thicknesses over 4 km (pp. 58-60, 65).
Most sediments are of Late Palaecozoic — Tertiary age.
Little known basins with thick sedimentary successions (pp.

57, 60, 65).
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Place names register

Includes all place names shown on the geological map. The names in square brackets are some well-known alternative names that
do not appear on the map.

Map segment numbers refer to the index map on page 8 (Fig. 1).

In the alphabetical sorting the Danish letters /&, @ and A are treated as AE, O and A; for convenience @fjord also follows Z.

Place name Lat./ Long. Map Place name Lat./ Long. Map
N W segment N W segment
A Dove Bugt 76°37'/20°00 11
Aasiaat 68°43'/52°53" 6 Dronning Louise Land 76°30'/24°30' 11
Akia 64°24'/51°43' 7 Dye 3 65°11'/43°50' 10
Alert (Canada) 82°30'/62°09" 5
Alluitsup Paa 60°28'/45°34' 7 E
Ameralik [Lysefjord] 64°07'/51°00" 7 Egedesminde 68°43'/52°53' 6
Ammassalik 65°36'/37°38' 10 Eleonore Bugt 73°26'/25°23' 12
Anap Nunaa 69°57'/50°30' 6 Ella @ 72°55'/25°05' 12
Andreé Land 73°42'/26°25' 12 Ellesmere Island (Canada) 80°00'/80°00" 5
Ardencaple Fjord 75°20'/21°00' 12
Arfersiorfik 68°10'/52°28' 6 F
Arsuk 61°11'/48°26' 7 Fiskefjord 64°54'/51°33' 7
Atammik 64°48'/52°12' 7 Fiskenaesset 63°05'/50°41' 7
Attu 67°57'/53°38' 6 Frederick E. Hyde Fjord 83°10'/30°30" 8
Frederikshab 62°00'/49°40" 7
B Frederikshab Isblink 62°35'/49°55' 7
Bache Peninsula (Canada) 79°13'/76°50' 5 Freuchen Land 82°20'/43°30' 8
Baffin Bugt 73°00'/62°00' 6
Bessel Fjord 75°59'/21°00" 11 G
Bildspe Nunatakker 78°08'/23°48' 11 Gasefjord 70°04'/28°00" 12
Bjornesund 62°55'/50°10" 7 Geikie Plateau 69°56'/25°30' 12
Blosseville Kyst 68°49'/26°00' 12 Germania Land 77°06'/18°55' 11
Bredefjord 60°55'/46°25' 7 Giesecke Isfjord 73°306'/55°58' 6
Breitafjorur (Iceland) 64°25'/23°00' 13 GISP 2 72°35'/38°27" 9
Gletscherland 72°40'/27°00" 12
C Godhavn 69°15'/53°33' 6
Camp Century 77°11'/61°07' 5 Godthab 64°11'/51°45' 7
Canning Land 71°40'/22°15' 12 Godthabsfjord 64°25'/51°25' 7
Carey Qer 76°43'/72°58' 5 Graenseland 61°23'/47°53' 7
Charcot Land 71°53'/29°45' 12 Greely Fiord (Canada) 80°24'/83°00" 5
Christianshab 68°49'/51°11' 6 Grgnlandshavet 77°00'/10°00" 11
Clavering @ 74°18'/21°00' 12 Grgnnedal 61°14'/48°06' 7
Constable Pynt 70°45'/22°36' 12 Gunnbjorn Fjeld 68°51'/29°52' 12
D H
Daneborg 74°19'/20°14' 12 Hagen Fjord 81°35'/25°30 8
Danell Fjord [Tluileq] 60°53'/43°08' 10 Hall Bassin 81°30'/63°00 5
Danmark Fjord 81°10'/21°30" 11 Hall Bredning 70°54'/24°45' 12
Danmark Straede 66°10'/27°00" 12, 13 Hall Land 81°30'/60°00" 5
Danmarkshavn 76°46'/18°39' 11 Hans @ 80°50'/66°38' 5
Davis Streede 68°00"/57°00" 6 Hans Tausen Iskappe 82°32'/38°00" 8
Disko 69°45'/53°30' 6 Haregen 70°26'/54°55' 6
Disko Bugt 69°11'/52°45" 6 Hellefisk-1 67°52'/56°44' 6
Dome GRIP (Summit) 72°35'/37°38' 9 Herluf Trolle Land 82°30'/26°30" 8



Place name Lat./ Long. Map Place name Lat./ Long. Map
N W segment N W segment
Hochstetter Forland 75°30'/19°53' 12 [Kangerlussuatsiaq] see Lindenow Fjord
Hold with Hope 73°44'/21°10" 12 Kangersik Kiatteq 71°30'/26°00 12
Holm Land 80°26'/17°30" 11 Kangersuatsiaq 72°23'/55°34' 6
[Holm @] see Kiatassuaq Kangertittivaq 70°17'/23°00" 12
Holsteinsborg 66°56'/53°40' 6 Kangertittivatsiaq 66°21'/35°43' 10
Hovgaard ¢ 79°55'/18°30" 11 Kangikajik 70°09'/22°03' 12
Hudson Land 73°49'/23°00' 12 Kap Alexander 78°11'/73°02' 5
Humboldt Gletscher 79°30'/63°30' 5 Kap Brewster 70°09'/22°03' 12
Kap Bryant 82°20'/55°15" 8
I Kap Cort Adelaer 61°50'/42°06' 10
Ikaasakajik 70°55'/27°00' 12 Kap Dalton 69°25'/24°06' 12
Tkeq 64°56'/40°35' 10 Kap Edvard Holm 67°51'/32°11" 9
[Ikerasassuaq] see Prins Christian Sund Kap Eiler Rasmussen 82°35'/19°45' 8
Ikermiut-1 66°56'/56°35' 6 Kap Farvel 59°47'/43°55" 10
Ikersuaq 60°55'/46°25' 7 Kap Franklin 73°15'/22°10' 12
Ikertivaq 65°29'/39°35' 10 Kap Gustav Holm 66°34'/34°20' 10
fle de France 77°49'/17°50' 11 Kap Kgbenhavn 82°23'/20°57" 8
Ilimananngip Nunaa 70°43'/26°48' 12 Kap Morris Jesup 83°39'/33°25" 8
Illogqortoormiut 70°29'/21°58' 12 Kap Mosting 63°41'/40°31' 10
Mlorsuit 71°09'/53°40' 6 Kap Parry 77°01'/71°23' 5
[Mluileq] see Danell Fjord Kap Ravn 68°26'/28°16' 12
Tulissat 69°13'/51°07' 6 Kap Tordenskjold 61°24'/42°23' 10
Independence Fjord 82°05'/29°30" 8 Kap Washington 83°33'/38°40' 8
Inglefield Land 78°44'/69°00" 5 Kap York 75°55'/66°28' 5
Ingolf Fjord 80°30'/18°00" 11 Karrat Isfjord 71°34'/52°25' 6
Innaanganeq 75°55'/66°28' 5 Keflavik (Iceland) 64°00'/22°30 13
Inuit Qeqertaat 83°40'/30°35" 8 Kejser Franz Joseph Fjord 73°21'/23°30" 12
Isafjorour (Iceland) 66°05'/23°10' 13 Kennedy Kanal 80°40'/68°00' 5
Island (Iceland) 65°00'/18°00' 13 Kialiip Tmaa 66°55'/33°45' 10
Isukasia 65°11'/49°48' 7 Kiatassuaq [Holm @] 74°30'/57°00" 6
Ittertivaa 69°25'/24°06' 12 Kilen 81°11'/13°25' 11
Ivisaartoq 64°49'/49°58' 7 Kitsissut 76°43'/72°58' 5
Ivittuut 61°12'/48°10' 7 Kobberminebugt 60°55'/48°17' 7
Koge Bugt 64°56'/40°35' 10
J Kong Oscar Fjord 72°22'/24°00' 12
Jakobshavn 69°13'/51°07' 6 Kronprins Christian Land 80°40'/21°00" 11
Jakobshavn Isfjord 69°10'/50°30" 6 Kuhn @ 74°50'/20°20' 12
Jameson Land 71°10'/23°15" 12 Kullorsuaq 74°34'/57°10" 6
J.C. Christensen Land 81°40'/29°30" 8 Kulusuk 65°34'/37°11' 10
Johannes V. Jensen Land 83°20'/32°00" 8 Kuummiut 65°52'/37°01" 10
Jokelbugten 78°38'/20°00" 11
J.P. Koch Fjord 82°45'/44°30 8 L
Julianehab 60°43'/46°03' 7 Lake Hazen (Canada) 81°47'/70°50" 5
Lambert Land 79°19'/20°48' 11
K Lauge Koch Kyst 76°20'/60°00" 5
Kaffeklubben @& 83°40'/30°35' 8 Lincoln Hav 83°25'/57°00' 8
Kane Bassin 79°30'/69°00' 5 Lindenow Fjord [Kangerlussuatsiaq] ~ 60°30'/43°30' 10
Kangaamiut 65°50'/53°21' 7 Liverpool Land 70°55'/22°00" 12
Kangaarsugsuaq 77°01'/71°23' 5 Lyell Land 72°38'/25°35' 12
Kangaatsiaq 68°19'/53°28' 6 [Lysefjord] see Ameralik
Kangamiut-1 66°09'/56°11" 7
Kangeq 61°50'/42°06' 10 M
Kangerlussuaq (East Greenland) 68°22'/32°12' 9, 12 Maarmorilik 71°08'/51°18' 6
Kangerlussuaq (West Greenland) 66°24'/52°30 7 Mallemukfjeld 80°10'/17°04' 11
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Place name Lat./ Long. Map Place name Lat./ Long. Map
N W segment N W segment
Maniitsoq 65°25'/52°52' 7 Qagqortoq 60°43'/46°03' 7
Melville Bugt 75°45'/60°50' 5 Qasigiannguit 68°49'/51°11' 6
Mestersvig 72°14'/23°55' 12 Qeqertarsuaq (Disko) 69°45'/53°30 6
Midternaes 61°37'/47°56' 7 Qeqertarsuaq (Godhavn) 69°15'/53°33' 6
Milne Land 70°43'/26°48' 12 Qeqertarsuatsiaat 63°05'/50°41' 7
Mont Forel 66°56'/36°49' 10 Qegqertarsuatsiaq 70°26'/54°55' 6
Mylius-Erichsen Land 81°00'/26°00' 8 Qegertarsuup Tunua 69°11'/52°45' 6
Qimusseriarsuaq 75°45'/60°50" 5
N Qullissat 70°05'/53°01' 6
Nakkehoved 81°42'/13°03' 11 Qunaranaaq 61°24'/42°23' 10
Nanortalik 60°09'/45°15' 7
Nansen Fjord 68°17'/29°50" 12 R
Nansen Land 82°56'/44°20' 8 Ravn Storg 62°43'/50°23' 7
Nansen Sound (Canada) 81°00'/90°00" 5 Red Head 75°04'/58°05" 6
Nares Straede 80°00'/69°00' 5 Renland 71°20'/26°45' 12
Narsaq 60°55'/46°03' 7 Reykjavik (Iceland) 64°10'/22°00' 13
Narsarsuaq 61°10'/45°25' 7 Rink Isbree 71°47'/51°23' 6
Nassuttooq 67°45'/53°00' 6 Robeson Kanal 81°53'/62°00' 5
Neriap Nunaa 61°23'/47°53' 7
Nertiit Kangersivat 70°04'/28°00" 12 S
Niagornaarsuk 68°14'/52°52' 6 Saqqisikuik 63°22'/41°35' 10
Niaqorsuaq 75°04'/58°05' 6 Sarfartoq 66°25'/51°23' 7
Nioghalvfjerdsfjorden 79°34'/21°00" 11 Scoresby Land 71°45'/25°00" 12
Nordatlanten 62°00'/29°00' 13 Scoresby Sund 70°17'/23°00" 12
Nordlandet 64°24'/51°43' 7 Scoresbysund 70°29'/21°58' 12
Nordostrundingen 81°21'/11°20" 11 Sermersuaq (Humboldt Gletscher) 79°30'/63°30' 5
Nordre Strgmfjord 67°45'/53°00" 6 Sermersuaq (Steenstrup Gletscher) — 75°17'/57°53' 6
Nordvestfjord 71°30'/26°00' 12 Sermiligaarsuk 61°30'/48°40' 7
Norske @er 79°07'/17°50" 11 Sermilik 66°11'/37°30' 10
Nukik-1 65°31'/54°45' 7 Shannon 75°08'/18°15' 12
Nukik-2 65°38'/54°46' 7 Sherard Osborn Fjord 82°05'/52°05' 8
Nunakuluut [Nunarssuit] 60°46'/47°57' 7 Sisimiut 66°50'/53°40' 6
Nunap Isua 59°47'/43°55' 10 Skaerfjorden 77°30'/19°30" 11
[Nunarssuit] see Nunakuluut Skaergardshalve 68°09'/31°45' 12
Nuuk 64°11'/51°45' 7 Skjoldungen 63°22'/41°35' 10
Nuup Kangerlua 64°25/51°25' 7 Skraekkens Bugt 60°55'/33°45' 10
Nuussuaq 70°35'/52°55" 6 Smith Sund 78°30'/74°00" 5
Nyeboe Land 81°45'/57°00" 8 Sneefellsnes (Iceland) 64°50'/23°37' 13
Sendre Stremfjord (airport) 66°58'/50°57" 6
O Sgndre Strgmfjord (fiord) 66°24'/52°30" 7
Gfjord 70°55'/27°00" 12 Station Nord 81°35'/16°41" 11
Stauning Alper 72°00'/25°00" 12
P Steenstrup Gletscher 75°17'/57°53' 6
Paamiut 62°00'/49°40' 7 Store Koldewey 76°30'/19°00' 11
Peary Land 82°35'/31°00" 8 Storstrgmmen 76°53'/22°50 11
Petermann Bjerg 73°05'/28°37' 12 Suess Land 72°58'/25°35' 12
Petermann Gletscher 80°35'/59°35" 5 Sukkertoppen 65°25'/52°52' 7
Pituffik 76°33'/68°15' 5 Sullorsuaq 70°16'/53°25' 6
Prins Christian Sund [Tkerasassuaq] ~ 60°07'/43°30' 10 Svartenhuk Halve 71°45'/54°50" 6
Prinsen af Wales Bjerge 68°56'/32°30" 9 Sydproven 60°28'/45°34' 7
Proven 72°23'/55°34' 6
T
Q Taartoq 61°25'/48°50 7
Qaanaaq 77°28'/69°14' 5 Tasiilap Karra 66°34'/34°20' 10
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Place name Lat./ Long. Map Place name Lat./ Long. Map
N W segment N W segment
Tasiilaq 65°36'/37°38' 10 w
Thule 77°28'/69°14 5 Waltershausen Gletscher 74°09'/25°30 12
Thule Air Base 76°33'/68°15' 5 Wandel Dal 82°14'/33°30" 8
Traill @ 72°40'/23°43' 12 Wandel Hav 82°30'/12°00" 11
Tuttut Nunat 71°20'/26°45' 12 Ward Hunt Ice Shelf (Canada) 83°08'/75°00" 5
Warming Land 81°34'/52°50" 8
U Washington Land 80°30'/64°00" 5
Ubekendt Ejland 71°09'/53°40' 6 Watkins Bjerge 68°51'/29°30' 12
Ullersuaq 78°11'/73°02' 5 Wollaston Forland 74°26'/19°35' 12
Umiivik 64°16'/40°35' 10 Wulff Land 81°51'/48°30" 8
United States Range (Canada) 82°00'/72°00 5
Upernavik 72°47'/56°10' 6 Y
Upernavik Isfjord 72°55'/55°30' 6 Ymer @ 73°11'/24°30' 12
Ussing Isfjord 73°54'/56°00' 6
Uummannaq 70°41'/52°08' 6 %]
Bfjord 70°55'/27°00° 12
\
Vaigat 70°16'/53°25' 6
Victoria Fjord 82°09'/47°45' 8
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Index

In the listing the Danish letters /&, @ and A are treated as AE, O and A.

For the use of the geographical subdivisions see the map on page 4.

Abbreviations

Fm
Gp
SGp

cEG

Formation
Group
Supergroup

central East Greenland

Aptian—Albian (Cretaceous)
NEG
SEG

Archaean
craton: SEG, sWG, SWG
gneisses, late: sSWG

c¢NG central North Greenland intrusive rocks, late: SEG, sWG
cWG central West Greenland mineral deposits
EG  East Greenland (includes cEG, NEG, ,sEG, SEG) reworked
eNG eastern North Greenland cEG, NEG
NEG North-East Greenland SEG, SEG, WG
NG North Greenland supracrustal rocks
NWG North-West Greenland early: sSWG
SEG southern East Greenland late
SEG  South-East Greenland cWG
SG South Greenland SEG, sWG
sWG  southern West Greenland terrane boundaries
SWG South-West Greenland ARCO
WG West Greenland (includes cWG, NWG, sWG, SWG) Arctic Ocean
wNG western North Greenland Ataata Kuua: c€WG
Atammik: sWG
Atane Fm (Cretaceous): cWG
A Atanikerdluk Fm (Tertiary): cWG
Aegir Ridge 55 Atlantic Richfield Company

Aeromagnetic data 10, 54, 57, 58, 60

Agpaitic rocks, see Alkaline rocks

Augite syenite (Gardar): SG

Akia terrane (Archaean): sWG 13 B

Akilia association (Archaean): sWG 14 Baffin Bay Gp (Proterozoic): NWG
Akulleq terrane (Archaean): sWG 13 Baffin Bugt: NWG
Albian—Campanian (Cretaceous): cWG 460 Baffin Island (Canada)

Alkali acid rocks (Gardar): SG 26 Baltica

Alkaline rocks 16, 27, 29, 50
Ameralik: sWG 13

Banded iron formation
Isua supracrustal sequences: sSWG

Ameralik dykes (Archaean): sWG 14, 15, 28, 29 NWG
Amitsoq gneiss (Archaean): sWG 14, 15, 28 Barden Bugt Fm (Proterozoic): NWG
Amitsoq iron-rich suite (Archaean): sWG 15 Barremian—Albian (Cretaceous), offshore: sWG
Ammassalik Intrusive Complex (Proterozoic): SEG 19 Basalts
Ammassalik mobile belt (Proterozoic): sEG, SEG 12, 18, 19 Cretaceous: cNG
Amundsen Land Gp (Ordovician): NG 35-38, 61 Proterozoic
Andrée Land Gp (Proterozoic): cEG, NEG 32,33 early: SWG
Anorthositic rocks middle
c¢WG (Rinkian mobile belt) 19 NG, SG
NEG (Proterozoic), see Legend explanation [86] 81 NWG
NWG (Archaean) 21 Tertiary
SEG (Ammassalik mobile belt) 19 cWG
sWG (Archaean) 15, 61 EG
Antiklinalbugt Fm (Ordovician): NEG 39 offshore
Appat sequence (Cretaceous): sSWG 59 Base metals, exploration
Appinites (Proterozoic): SG, SEG 22,29 Basic dykes, see Dykes and sills

45, 46
46

12-16

15

16

61

13

23
16-19, 21

14

20
15
13
64
56
48
17
46-48
47
64
26

30, 31

55, 57, 60, 65
55

39

14
21
31
59

43
21

26
30

46-49
49, 50
54-59

61

87



Basins, see Sedimentary basins

Bastion Fm (Cambrian): NEG 39
Batbjerg complex (Caledonian): SEG 40
Bathymetry 11
Bernbjerg Fm (Jurassic): NEG 45
BGR (Bundesanstalt fiir Geowiss. und Rohstoffe) 56
Black Angel (Sorte Engel) lead-zinc deposit: cWG 62, 63
Blosseville Gp (Tertiary): SEG 46
Blosseville Kyst Basin: ¢EG, SEG 58, 65

petroleum potential 65, 66
Blyklippen lead-zinc deposit (Mestersvig): cEG 63
Borgtinderne intrusion (Tertiary): SEG 50
Brgnlund Fjord Gp (Cambrian): NG 31, 35
Buen Fm (Cambrian): NG 31, 35, 36, 39
C
Caledonides, East Greenland

Archaean — middle Proterozoic basement: cEG, NEG 23

fold belt units: cEG, eNG, NEG 40

intrusions: cEG, NEG 40, 41

orogenic belt: cEG, eNG, NEG 24, 3840, 65
Cambrian

carbonate sediments: NG 35-37

deep-water trough: NG 35, 360
Cambrian—Ordovician sediments: NEG 38, 39
Cambrian-Silurian sediments: NG, NWG 36, 37
Campanuladal Fm (Proterozoic): ¢cNG, eNG 32
Cape Camperdown Fm (Proterozoic): NWG 31
Cape Combermere Fm (Proterozoic): NWG 31
Cape Dyer (Canada) 55
Cape Weber Fm (Ordovician): NEG 39
Carbonatite complexes

Gardar (Proterozoic): SG 26

Upper Proterozoic / Jurassic: sWG 34

Carboniferous—Permian salt formation, offshore: NEG 58, 66

Carboniferous sediments

cEG, NEG

cNG, eNG
Celsius Bjerg Gp (Devonian): NEG
Charcot Land sequence (Proterozoic): cEG
Charcot Land tectonic window: cEG
Charnockitic intrusive rocks

NWG (Prgven)

SEG (Ammassalik Intrusive Complex)
Chazyan (Ordovician): NEG
Chromite mineralisation: sWG
Citronen Fjord lead-zinc deposit: cNG
Clarence Head Fm (Proterozoic): NWG
Climate, past
Coal deposit (Cretaceous): cWG
Continental crust, offshore
Continental drift, Tertiary
Continental margin

EG, NG

wG
Cretaceous, sediments

cEG

88

42, 44
42, 43
41, 42
23, 40

23

20
19
39
61, 62
61, 62
31
53
62
54
46

54-56
56, 57

44, 45

cNG, eNG
cWG
NEG
offshore: sWG, SWG
SEG
Cretaceous, volcanics: NG
Cryolite mine: SWG

D
Danell Fjord: SEG
Danmark Streede: sSEG
Danmarks Geologiske Undersggelse (DGU)
Davis Straede
sWG
offshore cross-section
Davis Strait High
Deep drillings,
in Inland Ice
offshore
SEG
sWG
through Inland Ice
Devonian sediments
NEG
wNG
Diamictites (Proterozoic)
Morznesg Fm: cNG
Tillite Gp: NEG
Diamond exploration: sSWG
Disko Bugt: cWG
Dolerite dykes, see Dykes and sills
Dolomite Point Fm (Cambrian): NEG
Dove Bugt
Drill holes
Inland Ice
offshore: sWG
onshore: cWG
Dundas Gp (Proterozoic): NWG
Dykes and sills
Ameralik (Archaean)
Archaean
Gardar (Proterozoic): SG
Kangamiut (Proterozoic): sWG
MD': sWG, SWG
Midsommersg (Proterozoic): ¢NG, eNG
Phanerozoic
Proterozoic
Tarssartdq (Archaean): sSWG
‘TD’ (Cretaceous): SG, SWG
Tertiary
Umivik (Proterozoic): SEG, SEG

E

East Greenland escarpment: cEG

Eemian (Quaternary)

Eleonore Bay SGp (Proterozoic): cEG, NEG
Eleonore So series (Proterozoic): NEG

42,43
46
44, 45
59
46
42,43
60, 62

56, 65

N
N

55, 58
64-66
24

41, 42, 65
37

31, 32
32, 33
61, 62

12

39
23

53
65, 66
64
30, 31
28, 29
29
15, 29
26, 27, 29
29

29
26, 29
29

29

29

29
29, 49
29

58

51,53
32, 33, 40
33



Ella @ Fm (Cambrian): NEG
Ellesmere Island (Canada) 37,
Ellesmerian fold belt: NG
Eocene sediments
offshore
cEG
cWG
sWG
onshore: SEG
Eriksfijord Fm (Gardar): SG
Etah Gp (Proterozoic): NWG
Evaporites
offshore (Carboniferous—Permian): NEG
Ordovician: NG
Proterozoic: NWG
Silurian: eNG
Exotic terrane, Ellesmere Island (Canada), see Pearya
Exploration wells: sWG 54,

F
Faeringehavn: sWG
Finnefjeld: SWG
Fiskefjord: sWG
Fiskenazesset complex (Archaean): sWG 15,
Flat-spot (on seismic profiles): sWG
Fleming Fjord Fm (Triassic): cEG
Foldvik Creek Gp (Permian): cEG
‘Fossilik’ (Ordovician): sWG, see Legend explanation [9]
Foxe fold belt (Canada)
Foyaite (Gardar): SG
Fracture zones, oceanic: £G, WG
Fram Strait: NEG, NG
Franklinian Basin (Cambro-Silurian)
NG, NWG
petroleum potential: NG
Fyns Sg Fm (Proterozoic): cNG, eNG

G
Garbenschiefer: sWG
Gardar Province (Proterozoic): SG
intrusive complexes
sediments
sills and dykes
volcanics
Gas
Gasefjord: cEG
Gaseland window: cEG
Geodetic Institute (GI)
Geological Survey of Denmark (DGU)
Geological Survey of Denmark and Greenland (GEUS)
Geological Survey of Greenland (GGU)
Geophysical surveys
Gipsdalen Fm (Triassic): cEG
GISP 2: NEG
Glaciation
Proterozoic
Moranesg Fm: cNG

39
55, 65
24,38

58
59
59
50
26
21

30, 61
30
35
37, 38
03, 65

13
13
13

66
45
45
79
20
26
55
55, 56

34-38
04, 65
32

14

27
26
29
26
03
49
33

o O

10
45
24

31, 32

Tillite Gp: NEG
Quaternary
Glaciers
Glaciology
Glaciomarine sediments, offshore
Godthab: sWG
Godthabsfjord: sWG
Gold deposits
Nalunaq: SG
Skaergaard: SEG
Gold exploration
Graah Fjelde: SE
Graenseland: SW
Granulite facies
NEG
NWG
SEG
SG
WG
Gravimetric data
Greenland
geological map
size
economic zone, offshore
ice-free land areas
Greenland Mineralisation Data Bank
Greenstone belts (Archaean)
Disko Bugt: cWG
Isukasia: sSWG

Grenvillian: cEG, NEG 27,

Gronlandshavet: NEG

H
Hagen Fjord: eNG
Hagen Fjord Gp (Proterozoic): ¢cNG, eNG
Hall Land: wNG
Harder Fjord fault zone: ¢cNG
Hareelv Fm (Jurassic): cEG
Hauge Bjerge Fm (Silurian): NG
Hecla Rise: sWG
Heimbjerge Fm (Ordovician): NEG
Herlufsholm Strand Fm (Cretaceous): ¢NG, eNG
Hesteelv Fm (Cretaceous): cEG
Hold with Hope: NEG
Holocene (Quaternary)
Hudsonian (Proterozoic)
Hyaloclastite (Tertiary)
WG
SEG
Hydrocarbons
Hyolithus Creek Fm (Cambrian): NEG

|

Tapetus

Ice-core records

Tkermiut-1 well: sWG

Ilimaussaq intrusion (Gardar): SG

32,33

51

51-53

52

55

13

13, 14, 16

62
063
61
23
22

23

20

19

22

16-18

10, 54, 57, 60

8,9
9,12
9

12
61

20
14
30, 32, 33, 40

31, 32, 40

48
49
63-67
39

39
53

57, 59, 66
26, 62

89



Ilivertalik augen granite (Archaean): sWG
Illinoian (Quaternary)
Imilik intrusion (Tertiary): SEG
Independence Fjord: cNG
Independence Fjord Gp (Proterozoic): ¢cNG, eNG
Inglefield mobile belt (Proterozoic): NWG
Ingolf Fjord: eNG
Inland Ice

bedrock below

former extent

GISP core

mass balance

size

thickness

volume
Iron deposit (Archaean): sWG
Isua supracrustal sequence (Archaean): sWG
Isukasia: sSWG
Itilli succession (Cretaceous): cWG
Ivigtut cryolite deposit (Gardar): SWG

J
Jameson Land Basin: ¢cEG
petroleum potential
Jan Mayen Fracture Zone: NEG
Josephine Headland Fm (Proterozoic): NWG
Julianehab batholith: SG
gold mineralisation
granite
Jurassic, sediments
cEG
cNG, eNG
NEG
Jyske As Fm (Proterozoic): cNG, eNG

K

Kakortokite (Gardar): SG

Kangamiut dykes (Proterozoic): sWG
Kangamiut-1 well: sWG

Kangeq sequence (Cretaceous): sSWG
Kangerdlugssuaq Gp (Cretaceous—Tertiary): SEG
Kangerdlugssuaq intrusion (Tertiary): SEG
Kangersik Kiatteq: cEG

Kangilia Fm (Cretaceous—Tertiary): cWG
KANUMAS

Kap Alexander Fm (Proterozoic): NWG
Kap Bernhard Fm (Proterozoic): ¢cNG, eNG
Kap Edvard Holm intrusion (Tertiary): SEG
Kap Graah Gp (Devonian): NEG

Kap Gustav Holm intrusion (Tertiary): SEG
Kap Kgbenhavn Fm (Plio-Pleistocene): ¢cNG
Kap Kolthoff Gp (Devonian): NEG

Kap Parry intrusion (Tertiary): NEG

Kap Simpson intrusion (Tertiary): NEG
Kap Stewart Gp (Triassic—Jurassic): cEG
Kap Trautwine Fm (Proterozoic): NWG
Kap Washington: ¢cNG

90

16

51

50

25

24, 25, 31
12, 21

25

52,53

24

24

53

12

9, 24, 52
52

13, 14, 61
13, 14
12-14, 61
46, 47
60, 62

44
64
55, 56
31
21,22
61
22

44, 45

45
32

26
17,29
59, 66

59

46

50
24, 27
4048

54, 57, 58, 60, 66

31
32
50
41, 42
50

41, 42

Kap Washington Gp (Cretaceous): cNG 38, 42, 43
Kap York meta-igneous complex (Archaean): NWG 21
Karrat Gp (Proterozoic): NWG 19-21
Karrat Isfijord: NWG 20
Ketilidian mobile belt: SEG, SG 12, 21
gold mineralisation: SG 61
Kialineq intrusion (Tertiary): SEG 50
Kigarsima nappe: NWG 21
Kimberlite: sWG 29, 34
diamond exploration: sWG 61, 62
Kirkespirdalen gold deposit (Nalunaq): SG 61, 62
Kitsissut sequence (Cretaceous), offshore: sWG 59
Kivioq Basin: NWG 60
Kivioq Ridge: NWG 60
Kloftelv Fm (Cambrian): NEG 39
Knipovich Ridge 55, 560
Kolbeinsey Ridge 55
Kome Formation (Cretaceous): cWG 47
Kort & Matrikelstyrelsen (KMS) 11
Kronprins Christian Land: eNG 35
Kronprins Christian Land orogeny: eNG 43
Krummedal supracrustal sequence (Proterozoic):
cEG, NEG 27, 30, 40
L
Labrador (Canada) 55
Labrador Sea 55, 56, 65
Ladegardsaen Fm (Jurassic): cNG 43
Lady Anne Basin: sWG 59
Lamproites: cWG 28, 29
Lamprophyres: sSWG, SWG 28, 29
Laurentia 39
Laurentian Shield 13
Lead-zinc deposits
Citronen Fjord: cNG 61
Maarmorilik (Sorte EngeD: ¢WG 60
Mestersvig: NEG 60
Washington Land: wNG 61
Legend concept 10
Lilloise intrusion (Tertiary): SEG 50
Lincoln Hav: NG 65
Lindemans Bugt Fm (Jurassic— Cretaceous): NEG 45
Liverpool Land Basin: cEG 58
petroleum potential 66
Llandovery (Silurian): NG 36, 37
Ludlow (Silurian): NG 36
Lujavrite (Gardar): SG 26
Lyell Land Gp (Proterozoic): NEG 32-34
M
Maarmorilik: cWG 20, 60, 62
lead-zinc deposit 62, 63
Maastrichtian (Cretaceous): cWG 46
M’Clintock orogeny (Ordovician), Canada 38
Magnetic data 11, 54, 56-58, 60
Magnetochrons 56, 57
Maligat Fm (Tertairy): cWG 47, 48



Mallemuk Mountain Gp (Carb.—Permian): ¢cNG, eNG

Malmbjerg molybdenum deposit: cEG
Markham Fold Belt (Ordovician), Canada
Marmorilik Fm (Proterozoic): ¢WG
Mass balance of Inland Ice
‘MD’ dykes (Proterozoic): sSWG, SWG
Melville Bugt Fault: NWG
Melville Bugt Graben: NWG
Melville Bugt Ridge: NWG
Merqujoq Fm (Silurian): NG
Mesoproterozoic
Mesozoic sedimentary onshore basins
EG
NG
WG
Mesozoic sediments, offshore basins: EG, WG
Mestersvig: NEG
lead-zinc deposit
Midsommersp Dolerites (Proterozoic): ¢NG, eNG
Mineral deposits
chromium
coal
cryolite
diamonds
gold
iron
lead
molybdenum
PGE (platinum group elements)
platinum
silver
uranium
zinc
Mines
Miocene (Tertiary),
glaciation
offshore: cEG
onshore sediments: SEG
Mohns Ridge
Moho
Molybdenum deposit: cEG
Moraznesp Fm (Poterozoic): cNG
Morris Bugt Gp (Ordovician-Silurian): ¢cNG, wNG
Morris Jesup Ridge: cNG

N

NAD Project

Nagssugtoqidian mobile belt (Proterozoic)
cWG, sWG

Nalunaq gold deposit (Kirkespirdalen): SG

Nansen Ridge

Nares Land: ¢cNG

Nares Straede (Nares Strait): NWG, wNG
geological structure

Nares Strait Gp (Proterozoic): NWG

Narsaq: SG

Narssarssuk Gp (Proterozoic): NWG

60,

25,

13,

12,

42, 43
62, 63
38
20
53
29
65, 66
60
60
37
10

44, 45
42,43

46
58-60
60, 63
62, 63
26, 29
60-64

61

62
60, 62
61, 62
61-63
14, 61
60-63
62, 63
62, 63
62, 63

62

62
60-63
60, 61

57, 65
57
29-31
26
30, 31

Narwhale Sound Fm (Ordovician): NEG
Nathorst Land Gp (Proterozoic): NEG
National Survey and Cadastre (KMS)
Naujaite (Gardar): SG
Neill Klinter Gp (Jurassic): cEG
Neogene (Tertiary)
Neoproterozoic
Nertiit Kangersivat: cEG
Nesmith Beds (Canada)
Net-veined intrusions (Proterozoic): SG
Nordlandet: sWG
Nordvestfjord: cEG
North Atlantic D surveys (NAD project)
Northumberland Fm (Proterozoic): NWG
Nualik intrusion (Tertiary): SEG
Nukavsak Fm (Proterozoic): cWG
Nunaoil A/S
Nuuk: sWG
Nuussuaq Basin: cWG

core wells

offshore

(o]
Ocean Drilling Project (ODP)
Ocean floor ridges
Oceanic crust
Ocean-to-continent transition
ODP (Ocean Drilling Project)
Offshore
economic zone, size
geology
sedimentary basins
Oil
Oligocene sediments: cEG
offshore: EG
Olympen Fm (Jurassic): cEG
Onshore sedimentary basins,
see Sedimentary basins, onshore
Ordovician
carbonate sediments: NG
clastic sediments: NG
deep-water trough: NG
‘Fossilik’: sWG, see Legend explanation [9]
sediments: NEG

P
Pacific fauna
Palacogene (Tertiary)
Palaeoproterozoic
Palaeozoic
fold belts: NEG, NG
sedimentary basins, see Sedimentary basins
Paleocene sediments
cWG
offshore: WG
SEG
Palnatokes Bjerg Fm (Jurassic): NEG

39
32, 33
11
26
45
10
10
49
36
22
13
24, 27
54
31
50
20

13
46, 47
64

54, 55, 58
55

54-60
57-60, 65
63-67

50

58

45

35, 36
35, 36
35, 360

79
38, 39

39
10
10

24

46, 47
59, 60
46

91



Pandora Havn Fm (Proterozoic): NWG
Paradisfjeld Gp (Cambrian): cNG
Passive margins: EG
Peary Land: cNG
Peary Land Gp (Silurian): NG
Pearya (Canada)
Peralkaline rocks
Ilimaussaq intrusion (Gardar): SW
Kap Washington Gp (Cretaceous): cNG
Peridotite
Permian sediments
cEG, NEG
cNG, eNG
Petermann Halvg Fm (Silurian): NG
Petroleum potential
Picrite (Tertiary)
cEG
cWG
Pillow lavas
Archaean
cWG
sWG
Proterozoic
NEG
SWG
Pingo Dal Fm (Triassic): cEG
Place names
Pleistocene (Quaternary)
Pleistocene sediments (Quaternary): cNG
Pliocene sediments (Tertiary): cNG
Polkorridoren Gp (Cambrian): cNG
Portfjeld Fm (Cambrian): ¢cNG, eNG
Precambrian Greenland shield
Pridoli (Silurian): wNG
Proterozoic orogenic belts
Ammassalik mobile belt: SEG, sEG
Basement in Caledonian fold belt: cEG, NEG
Inglefield mobile belt: NWG
Ketilidian mobile belt: SG, SEG
Nagssugtoqidian mobile belt: cWG, sWG
Rinkian mobile belt: c€WG, NWG
Proterozoic sediments in Caledonian fold belt
late: cEG, NEG
middle: cEG, eNG, NEG
Proterozoic unfolded units
late
sedimentary basin: NWG
sedimentary basins: NG, NEG
middle
basalts: NG, SG
Gardar Province: SG
sedimentary basins: NEG, NG, NWG, SG
Proven charnockite (Proterozoic): NWG
Pseudo-escarpment (PSE): EG
Pulaskite (Gardar): SG
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35, 30, 38
56

35

35, 36, 38
37, 38

26
43
56, 81

42, 44
42, 43

35
63-67

49
40, 48, 57

20

15

34
22
45
11, 83-80
52
51
51
35, 36, 38

31, 32, 35, 30, 39

10, 12
37

18, 19
23, 27, 30
21

21-23

17, 18
10-21

32,33
25, 27,29

30
31, 32

26

26
24-26, 30
20

54, 58

26

Q

Qaanaaq Fm (Proterozoic): NWG 31
Qagqarssuk carbonatite complex (Jurassic): sSWG 34
Qeqertarssuaq Fm ((Proterozoic): cWG 20
Qimusseriarsuaq: NWG 60, 65
Qorqut granite (Archaean): sWG 16
Quaternary 10, 51, 52
Quikavsak Fm (Tertiary): cWG 46-48
Qullissat coal deposit (Cretaceous): cWG 62
R
Rapakivi granite (Proterozoic): SEG, SG 15, 23
Raukelv Fm (Jurassic): cEG 45
Rensselaer Bay Fm (Proterozoic): NWG 31
Reservoir rocks 64, 66
Reykjanes Ridge 55
Rift basins
EG 44
NG 42
Rinkian mobile belt (Proterozoic): cWG, NWG 12, 19-21
Rivieradal sandstone (Proterozoic): eNG 31, 32
Robertson Fjord Fm (Proterozoic): NWG 31
Ryder Gletscher Gp (Cambro-Ordovician): NG 35
S
Saalian (Quaternary) 51
Salt formation, see Evaporites
Samuelsen Hgj Fm (Silurian): cNG, eNG 36
Sangamonian (Quaternary) 51
Sarfartdq carbonatite complex (Proterozoic): sWG 34
Sea-floor spreading 46
Seaward-dipping reflectors 54
Sedex-type sulphide deposit: cNG 62
Sedimentary basins
offshore 4, 65
Blosseville Kyst: cEG, sEG 58, 65
Kivioq: NWG 60
Lady Anne: sWG 59
Liverpool Land: cEG 58
onshore 65
Franklinian: NG 34-38, 64, 65
Jameson Land: cEG 44
Kangerlussuaq: SEG 80
Nuussuaq: cWG 46, 47, 59
Palaeozoic: EG 38, 39, 41-43
Wandel Sea: cNG, eNG 42,43, 65
Wollaston Forland: NEG 44, 45
petroleum potential 63-67
Seismic data 10
offshore 54, 56-60
onshore 64
Senja Fracture Zone 55
Sermilik: SEG 19
Sills, see Dykes and sills
Silurian: NG
carbonate sediments 35, 30
turbidite trough 35, 36



Singertat complex (Archaean): SEG

16

Skaergaard intrusion (Tertiary): sEG 50, 62, 63
gold and platinum deposit: SEG 62, 63
Skagen Gp (Cambrian): NG 35, 36, 38
Skolithos: NEG 34
Smallefjord sequence (Proterozoic): NEG 27
Smith Sound Gp (Proterozoic): NWG 29-31
Sodalite foyaite (Gardar): SG 26
Sonntag Bugt Fm (Proterozoic): NWG 31
Sorte Engel (Black Angel) lead-zinc deposit: cWG 62, 63
Sortebakker Fm (Carboniferous): eNG 42, 43
Sortis Gp (Proterozoic): SWG 22
Source rocks
offshore 66, 67
onshore 64
Spreading axis 11, 56
Spreading ridge 56
Structural trend lines 10
Sturtian (Proterozoic): NEG 32
Svalbard (Norway) 55, 56
T
Tarssartdq dykes (Archaean): sSWG 29
Taserssuaq: sSWG 13
tonalite (Archaean): sWG 16
Tasiusarssuaq terrane (Archaean): sWG 13

Tavsen Iskappe Gp (Cambro-Ordovician): ¢cNG, wNG 31, 35
‘TD’ dykes (Cretaceous): sWG, SWG 29
Tectono-metamorphic provinces 10
Terranes
Archaean 12,13
Palaeozoic 37
Tertiary 10
basalts
WG 4049
EG 49, 50
offshore: EG 58, 65
offshore: WG 59, 65
dykes and sills: EG 49, 54-56
intrusions: EG 50
sediments
WG 46
eNG 43
offshore 57-60
SEG 46
volcanics: EG, WG 46-50
Thule SGp (Proterozoic): NWG 30, 31
Thyra @ Fm (Tertiary): eNG 43
Tillite Gp (Proterozoic): cEG, NEG 33
Tillitic rocks
cNG 32
NEG 32, 33, 40
Topographic base 11
Toqqusap Nunaa: sWG 17
Transform faults 11
Transition zone, offshore 54
Tre Brodre: sWG 13

Triassic sediments

cEG

cNG, eNG

NEG
Trolle Land fault zone: ¢cNG, eNG
Trolle Land Gp (Permo-Triassic): cNG
Tupertalik, carbonatite (Archaean): sWG
Turbidite flysch

Cambro-Silurian: NG

Proterozoic: ctWG

V)

Umivik dykes (Proterozoic): sEG, SEG
Ungava Fracture Zone

Upernavik: NWG

Upernivik @: cWG

Uranium deposit: SG

Uummannaq: cWG

\4
Vaigat Fm (Tertiary): cWG
Vallen Gp (Proterozoic): SWG
Varangian (Proterozoic): NEG
Vardeklgft Fm (Jurassic): cEG
Vendian (Proterozoic)
NEG
NWG
Vilddal Gp (Devonian): NEG
Voglvedal Gp (Cambro-Ordovician): ¢cNG, wNG

w

Wandel Dal: ¢cNG

Wandel Hav strike-slip mobile belt: NG
Wandel Sea Basin: ¢cNG, eNG

Wandel Valley Fm (Ordovician): NG
Washington Land: wNG

Washington Land Gp (Silurian): NG
Weichselian (Quaternary)

Wells, exploration, offshore
Wenlockian (Silurian): NG

Werner Bjerge complex (Tertiary): cEG
Wisconsinan (Quaternary)

Wollaston Foreland, (Jurassic—Cretaceous): NEG
Wolstenholme Fm (Proterozoic): NWG
Wordie Creek Fm (Triassic): cEG

Wulff Land: wNG

Y

Yermak Plateau

Ymer @ Gp (Proterozoic): NEG
Ymers Gletscher Fm (Silurian): ¢cNG

z
Zig-Zag Dal Basalt Fm (Proterozoic): ¢cNG, eNG
Zinc deposits

44, 45
42,43
45
42
42,43
16
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20

29
55
12
21
62
12

47, 48
22
32,33
45

32, 33

30

41, 42
35, 36, 38

31
42
42, 43, 65
31
35

51,53
54, 59, 66
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32-34
35

31
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