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Preface

This monograph gives an up-to-date description of the
known mineral occurrences of central East Greenland.
The data presented are mainly the result of 30 years of
field activity by the Northern Mining Company but in-
clude also observations reported by the Lauge Koch ex-
peditions and more recent investigations made by the
Geological Survey of Greenland.

The monograph is the most comprehensive and de-
tailed regional description of mineral occurrences any-
where in Greenland. The ice-free part of the concession
area is bigger than Denmark, and the geological envi-
ronment spans from Archaean crust to Tertiary intru-
sions. Processes of mineralization occurred throughout
all stages of the geological history. The monograph con-
tains a detailed inventory of all known mineral occur-
rences. The book is however more than just an evalu-
ation of the mineral potential of this big area. It places
the hundreds of mineral occurrences in a modern geo-
logical context, both in a detailed, regional, and plate
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tectonic scale. It illustrates that ore formation is an inte-
grated part of the geological processes. In central East
Greenland, however, investigations have only led to the
operation of one mine, so far.

This monograph is an important contribution to the
understanding of the geology of East Greenland and the
North Atlantic region, and serves at the same time as a
guide for the future search for mineral resources in East
Greenland. Mineral exploration in this beautiful but in-
hospitable part of the world is arduous and expensive. It
is therefore important that the results of more than 200
man seasons in the area are made known to as wide a
public as possible, so that future exploration can be
planned so as to attain optimum efficiency.

Martin Ghisler, dr. phil.

Director of the Geological Survey of Greenland
Member of the Commission for Scientific Research in
Greenland
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Harpgth, O., Pedersen, J.L., Schgnwandt, H.K. & Thomassen, B. The mineral oc-
currences of central East Greenland. Meddr Grgnland, Geosci. 17: 139 pp. Copenha-
gen 1986-12-31.

The present monograph on the mineral occurrences of central East Greenland is the
result of an agreement between Nordisk Mineselskab A/S and the Mineral Resources
Administration of Greenland (Rastofforvaltningen for Grgnland) on compilation of
the mineral-exploration activity carried out in central East Greenland by Nordisk Mi-
neselskab A/S during the period 1952-1984. The main aim is to present geological de-
scriptions of all known mineral occurrences and to compile most of the existing geo-
chemical data in a manner applicable to future exploration in the area. More than 200
individual mineral occurrences are described and many in great detail. Geochemical
data are presented for scheelite and for 16 elements relevant to the evaluation of the
mineral potential of the area. The data are presented as single-element anomaly maps
for both rock samples and panned heavy-mineral concentrates and include data from
a file consisting of more than 10 000 rock samples and close to 4000 panned heavy-
mineral samples.

Mineralization in central East Greenland occurs in rocks of Archaean to Oligocene
age and has tentatively been grouped into several periods when mineralization took
place.

Mineralization hosted in Archaean-Lower Proterozoic rocks includes magnetite
and chromite accumulations and iron-sulphide segregations associated with ultra-
mafic and mafic igneous assemblages, volcanogenic massive-sulphide occurrences, ti-
taniferous magnetite and ilmenite occurrences associated with original plutonic anor-
thositic massifs, banded iron-formations, gold-bearing quartz veins, a complex cop-
per-skarn occurrence, and uranium and gold-uranium occurrences of unknown
origin.

I\g/lineralization hosted in Middle and Upper Proterozoic rocks is restricted to lead-
zinc and tungsten skarns and stratiform copper occurrences.

Mineralization hosted in Lower Palaeozoic rocks is in general believed to be asso-
ciated with Caledonian orogenic activity. It comprises tungsten skarn occurrences
mainly associated with granodiorite intrusions, base-metal and tungsten mineral-
ization associated with late-kinematic probably calc-alkaline granite, tin-tungsten-
arsenic quartz veins associated with late-kinematic probably mildly alkaline granites,
gold-bearing quartz veins associated with late-kinematic granite, uraniferous veins in
probably Devonian alkaline granite, tungsten-antimony-gold and silver-bearing base-
metal veins in low-grade metamorphic sediments, uranium-fluorite veins in Devonian
felsic volcanic rocks and strata-bound uranium occurrences hosted in Devonian clas-
tic rocks.

Mineralization hosted in Upper Palaeozoic sediments (Carboniferous - Permian)
includes base-metal quartz-baryte veins locally enriched in precious metals, gold-
bearing quartz veins, uraniferous veins, carbonate-hosted strata-bound baryte base-
metal occurrences, carbonate-hosted strata-bound celestite occurrences, stratiform
base-metal showings of Kupferschiefer type and strata-bound red-bed copper occur-
rences.

Mineralization hosted in Mesozoic sediments is represented by Triassic stratiform
and strata-bound base-metal occurrences of red-bed type and Jurassic placers rich in
zirconium and rare-earth elements.

Tertiary mineralization includes a major porphyry-molybdenum occurrence, gra-
nite roof-zone molybdenum mineralization, niobium mineralization associated with
alkaline intrusive rocks, lead-zinc skarn occurrences, a minor magnetite-skarn show-
ing, lead-zinc-bearing quartz veins and precious-metal, base-metal, molybdenum and
fluorite mineralization associated with fumarolic volcanic activity.

The location of all mineral occurrences is shown on a separate map: Mineral Oc-
currences in Central East Greenland.

O.Harppth, Nordisk Mineselskab AlS, Teknikerbyen 19, DK-2830 Virum, Denmark.
J.L. Pedersen, Nunaoil A/S, Gammel Mgnt 12, DK-1117 Kgbenhavn K, Denmark.
H.K. Schpnwandt, Geologisk Institut, Aarhus Universiter, DK-8000 Arhus C, Den-
mark.

B. Thomassen, GREENEX A/S, DK-3963 Maarmorilik, Greenland.
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The main aim of the present monograph on miner-
alization in central East Greenland is to present descrip-
tions of all known mineral occurrences and present most
of the existing geochemical data applicable to future ex-
ploration in the area.

The background for this compilation is to be found in
the change of concession for Nordisk Mineselskab A/S
(Nordmine) which came into force on the 6th of Decem-
ber 1984. In 1952, Nordisk Mineselskab A/S obtained
by law (No. 431 — December 17th 1952) a 50-years ex-
clusive exploration and exploitation concession for all
metals, coal, oil and minerals except cryolite and radio-
active minerals in an area of central East Greenland lo-
cated between 70°N and 74°30'N latitude and from
30°W longitude eastwards to the sea (Fig. 1). In 1984,
the original concession was relinquished and replaced
by six exclusive hard-mineral concessions and one ex-
clusive hydrocarbon concession lasting for the period
1985-1997 in the general area. As a part of this change
of concession Nordisk Mineselskab A/S agreed to pre-
sent a compilation of the mineral-exploration activity
carried out in the 1952-concession area during this 33-
years period. Moreover, in order to present as complete
a picture as possible, information from other sources on
mineralization in central East Greenland has been in-
cluded in the present work.

Although the mineral exploration history of central
East Greenland is relatively short, several authors have
at different times compiled existing data on mineral oc-
currences and presented their evaluation of the mineral
potential. The first systematic compilation and evalu-
ation of the mineral potential was done by Eklund
(1944). A more recent evaluation of the mineral poten-
tial was presented by Petrascheck (1971). In both evalu-
ations only the Tertiary intrusive complexes are attri-
buted a good potential, mainly for molybdenum and
base metals. Nielsen (1973), in his summary of mineral
occurrences in Greenland, included selected examples
from central East Greenland, and the same data are
presented in the monographs “Geology of Greenland”
(Nielsen 1976) and “Mineral Deposits of Europe”
(Sdrensen et al. 1978). A more comprehensive review,
which however only incorporates the mineralization
hosted in parts of the pre-Caledonian sediments, has re-
cently been published (Stendal & Ghisler 1984). Inter-
nally, Nordmine has prepared an inventory of the min-
eral potential twice (Hintsteiner 1972 and Geyti et al.
1979).

The 1952-concession area (Fig. 1) comprises a land
area of ¢. 118 000 km? of which ¢. 55 000 km? is covered
by inland ice and glaciers and c. 63 000 km? is ice-free.
Actually, it is one of the largest ice-free regions in
Greenland — 500 km long and up to 300 km wide.

The physiography of the area is dominated by inland
ice to the west and by mountainous terrain, varying
from glacier-dissected Alpine regions (Fig. 2) with
peaks nearing 3000 m, to less rugged plateau mountains
(Fig. 3) cut by deep U-shaped valleys, to relatively flat

8

low-lying areas of sedimentary rocks to the east. Nu-
merous long and deep fjords and valleys dissect the en-
tire area. In general the glacially eroded land surface is
very well exposed, but low-lying areas may exhibit ex-
tensive Arctic vegetation cover.

The climate is high Arctic with a mean annual tem-
perature varying from —7.5°C in the south (Scoresby-
sund), over -9.8°C in the central part (Mesters Vig —
Fig. 4) to —10.4°C in the north (Daneborg). The mean
annual precipitation varies from c. 460 mm in the south
to only 220 mm in the north.

A Greenlandic population of about 500 people is di-
vided between the settlements Scoresbysund (Ittogqor-
toormiit), Kap Hope (Ittaaijeme — c. 15 km west of
Scoresbysund) and Kap Tobin (Uunartoq - ¢. 7 km
south of Scoresbysund), all in the southeastern part of
the area (Fig. 1). Other permanent housing with a few
people exists at Constable Pynt, Mesters Vig and Dane-
borg, which is the headquarters of the military sledge-
patrol “Sirius”. Two gravel air strips are located at Con-
stable Pynt (1000 m runway) and at Mesters Vig (1800
m runway) respectively and provide the only access to
the arca cxcept for a 1-2 month period when the fjords
are navigable for ice-strengthened ships. The northern
part of the area forms part of the North Greenland Na-
tional Park established in 1974.

All East Greenland place names in the text and il-
lustrations are those authorized. Most can be found on
the 1: 250 000 topographical maps of the area. A few
place names, which have not yet been approved of-
ficially, are shown in quotation marks.

Exploration

History

The search for mineral occurrences in central East
Greenland goes as far back as the discovery history of
the area (Jameson 1823, Bay 1896 and Nordenskjold
1907). The most interesting find of the early period
(1822-1900) was by Nordenskjold (1907) on the Am-
drup expedition to Kong Oscar Fjord, where he repor-
ted calcareous quartzites with thin veinlets of chalco-
cite, cuprite and malachite in Pingel Dai, Fleming
Fjord. The early history of discovery is outlined in detail
by Rosenkrantz (1970) and Haller (1971), and the ear-
liest findings are summarized by Bgggild (1905, 1953).

Since this early period, the knowledge of mineral oc-
currences in central East Greenland has continuously
increased and the hope of finding commercial deposits
has been the most important reason for the geological
research performed and still going on. The exploration-
related activity is summarized in Table 1.

The first systematic mineral exploration work was
carried out in connection with the “Danske Trearseks-
pedition til @stgrgnland” from 1930 to 1934 (Eklund

Meddelelser om Grgnland, Geoscience 17 - 1986
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Fig. 1. Location map, central East Greenland.
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1944, Koch 1955). The major exploration activity was
directed towards gold-bearing pyrite veins on Clavering
@ (Fig. 5), but other finds from this period include cop-
per in Charcot Land, gold-arsenic at Drgmmebugten on
Traill @, and gold-copper and copper-lead-silver miner-
alization on Wegener Halvg.

After the Second World War, the expeditions to East
Greenland were continued from 1947 to 1958 under the
leadership of Lauge Koch (Koch 1963, Haller 1971). As
a spin-off from geological mapping two significant finds
were made. In 1948 lead-zinc-bearing quartz veins were
found in the Mesters Vig area (Witzig 1954), and in
1954 molybdenite mineralization was found at Malm-
bjerg (Bearth 1959). Other, but minor, finds include ga-

-

Fig. 2. Alpine terrain.
Berszrkerbre, Stauning
Alper.

lena-bearing quartz veins in Alpefjord (Friinkl 1951),
lcad-zinc-bearing quartz veins in Noa Dal on Ymer @
(Eha 1953), base-metal mineralization west of Schu-
chert Dal (Kempter 1961) and fluorite base-metal min-
eralization at Kap Franklin (Graeter 1957).

The lead-zinc mineralization in the Mesters Vig area
was investigated from 1949 to 1951 by the Lauge Koch
expeditions, and from 1952 the investigations were
taken over by the Danish mining company Nordisk Mi-
neselskab A/S (Nordmine) (Kampmann 1953, Brinch
1969). The company was established with the aim of in-
vestigating and if possible mining the Blyklippen lead-
zinc deposit, and it was granted an exclusive exploita-
tion concession in East Greenland from 70°N to 74°30'N

Fig. 3. Platcau mountains.
Revdal, Karstryggen, in the
foreground and northern
Jameson Land in the
background.
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Fig. 4. Summary of climatic data for Mesters Vig, 72°15'N, 23°54'W.

for a period of 50 years. From 1952-1954 deposit inves-
tigations were made, and mining was initiated in 1956
and lasted until 1962. A total of 545 000 tons of ore with
9.3% Pb and 9.9% Zn was mined (Nordmine annual re-
ports 1956-1962). At the same time as mining, explora-
tion was continued by Nordmine and in particular con-
centrated on similar lead-zinc-bearing veins in the Mes-
ters Vig and Schuchert Dal areas, which however failed
to demonstrate mineable tonnages. Major drilling pro-
grammes were performed on the east slope of Sorte-
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bjerg and in Pingo Dal. A limited and more regional ex-
ploration programme in the northern part of the conces-
sion area (72°-74°30'N) was also unsuccessful. After the
finding of the Malmbjerg molybdenum occurrence, the
activities were gradually concentrated there and from
1958 to 1962 major deposit investigations were made at
first by Nordmine, and from 1961 by Arktisk Minekom-
pagni A/S, which was owned equally by Nordisk Mine-
selskab A/S and AMAX Inc., New York (Brinch 1969).
Ultimately an ore body of 150 million tons with 0.23%
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Fig. 5. Exploration in the
thirties using ponies for
transportation of gcophysical
equipment on Clavering @.
From Koch (1955).

Table 1. Summary of mineral exploration related activities in central East Greenland. The cost estimate (1985-Dkr) is calculated

on basis of actual cost using the consumer price index.

Period Organization Activity Estimated cost of
mineral exploration
(million 1985 D.kr.)
1823-1907  The early expeditions Scattered observations -
1927-1938  Lauge Koch expeditions Scattered observations. 5
Detailed exploration — Clavering @
1947-1958  Lauge Koch expeditions Scattered observations. 30
Deposit investigation at Blyklippen
1952-1954  Nordisk Mineselskab A/S Deposit investigations at Blyklippen and 125
Sortebjerg
1956-1962  Nordisk Mineselskab A/S Reconnaissance exploration 15
1956-1975  Nordisk Mineselskab A/S Exploration and deposit investigation at 90
Arktisk Minekompagni A/S Maimbjerg
1968-1972  The Geological Survey of Greenland Mapping. Aeromagnetics. Scattered 5
observations
1963-1984  Nordisk Mineselskab A/S Exploration (mainly for base metals) 90
1971-1977  The Geological Survey of Greenland Uranium exploration 15
1979-1984  Nordisk Mineselskab A/S Tungsten-antimony exploration 15
Commission of the European
Communities
1978-1983 EGMO Drilling at Malmbjerg 10
1974-1975  IGCP project Reconnaissance 1
University of Copenhagen
1979-1986  The Technical University of Denmark Remote sensing projects 4
Commission of the European
Communities
The Geological Survey of Greenland
1979-1982  The Technical University of Denmark Geochemical project 1
Commission of the European
Communities
1983-1986  University of Aarhus Investigation of molybdenum porphyries 1
Commission of the European
Communities
12 Meddelelser om Grgnland, Geoscience 17 - 1986



Fig. 6. Preparation for
diamond drilling in north
Margeries Dal, Ymer @.

MoS, was outlined. The deposit is subeconomic and has
not yet been put into production. A new mineralization
model for the Malmbjerg deposit was tested in 1979 by a
1000 m deep drill hole (Fig. 9) below the known ore
body by the EGMO joint venture between Nordisk Mi-
neselskab A/S and AMAX Inc. Only low-grade mo-
lybdenum mineralization was intersected.

In the mid-sixties it was recognized by Nordmine that
the likelihood of bringing the Malmbjerg molybdenum
occurrence into production was decreasing, and it was
decided to continue the general exploration within the
concession area. On a discontinuous basis this explora-
tion has been going on since 1968. From 1968 to 1972
the exploration was concentrated in the southern part of
the concession area (70°N to 72°N) where it led to the
finding of fossil zirconium and rare-earth element pla-
cers on Milne Land, vein-type uranium in west Schu-
chert Dal, strata-bound baryte and base-metal miner-
alization at Bredehorn, strata-bound base-metal miner-
alization on Wegener Halvg, vein-type base-metal
mineralization on east Traill @ and vein-type niobium
and rare-earth-element mineralization on Traill @ and
in Werner Bjerge.

The next period with major field activity lasted from
1974 to 1976. It led to the finding of strata-bound
copper-silver-lead mineralization in east Jameson Land,
strata-bound copper-antimony-silver mineralization on
Strindberg Land, disseminated uranium and skarn-type
copper mineralization in the northern part of the Cen-
tral Metamorphic Complex and vein-type tungsten-ar-
senic mineralization at Randenas.

The last period with major exploration activity lasted
from 1979 to 1983 and led to the finding of strata-bound
celestite and base-metal mineralization at Karstryggen,
strata-bound baryte in Oksedal, red-bed type copper-

Meddelelser om Grenland, Geoscience 17 - 1986

silver mineralization on Traill @, vein- and skarn-type
tungsten and/or tin mineralization in Kalkdal, Milne
Land, North Stauning Alper, Blokadedal and Renda-
len, vein-type fluorite and base-metal mineralization on
Canning Land, vein-type precious- and base-metal min-
eralization at Sernander Bjerg, vein-type tungsten-anti-
mony mineralization in Margeries Dal (Fig. 6), vein-
type antimony-gold mineralization in Noa Dal and vein-
type gold-bismuth mineralization at Luciagletscher.

Simultaneously with the exploration activity of Nord-
mine, government institutions and scientific research
groups have also been working in the area.

From 1968 to 1972, The Geological Survey of Green-
land (GGU) mapped the area between 70°N and 72°N
and several mineral occurrences were reported in con-
nection with this activity. The findings include massive
iron-sulphide horizons in Charcot Land, gold-uranium
mineralization in Flyverfjord, massive chromite-magne-
tite lenses in Hinks Land and stratiform copper miner-
alization on Canning Land (Caby 1972).

In continuation of an aeroradiometric survey carried
out jointly by Nordmine and the research establishment
RIS® in 1970, GGU conducted an open-spaced aerora-
diometric reconnaissance programme in central East
Greenland in 1971 (Nielsen 1972 and Lgvborg & Niel-
sen 1973). A more comprehensive flight programme
was carried out in 1973 (Nielsen & Larsen 1974), and
the results from both years are summarized by Nielsen
& Lgvborg (1976). In continuation of the flight pro-
gramme, GGU conducted from 1973 to 1977 a uranium
exploration programme in the area betweeen 73° and
76°N. The findings include uranium-lead-zinc miner-
alization associated with Devonian volcanics in Gie-
secke Bjerge and Ritomsg (Secher et al. 1976, Steenfelt
1976, Steenfelt & Nielsen 1978).
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During and after the aeroradiometric programme,
aeromagnetic measurements were carried out by GGU
in 1973 and 1974 (Nielsen & Larsen 1974, Larsen 1975
and 1977). Strong magnetic anomalies were identified in
Gletscherland and at Schackleton Bjerg.

As part of an IGCP project (International Geological
Correlation Programme), the University of Copenha-
gen investigated the pre-Caledonian sedimentary se-
quence between 72°N and 74°N in 1974 and 1975. Tung-
sten-arsenic mineralization was located in the Alpefjord
area and additional strata-bound copper mineralization
was found north of 72°N (Ghisler et al. 1980a and b).

The investigations on tungsten mineralization by
Nordmine received support from the Commission of the
European Communities (CEC) from 1979 to 1984.
Similarly, the CEC has been supporting other research
groups also working in central East Greenland. The ac-
tivities include geochemistry and remote sensing pro-
jeuts at the Technical University of Denmark (Con-
radsen et al. 1982, Clausen & Harpgth 1983, Conradsen
& Harpgth 1984), a remote sensing project at GGU
(Thyrsted & Friedman 1982, Favard et al. 1982) and a
molybdenum project at the University of Arhus. None
of these projects has so far led to the finding of new
mineral occurrences, mainly due to lack of follow-up.

Methods and results

As extensive snow cover exists except in July, August
and part of September, geological field work is mainly
restricted to those months. However, steep fjord walls,
which are common in the western part of the area, often
remain snow-free. Such areas can be examined in Sep-
tember-October or, preferably, in April-May, when the
fjord ice is fit for travelling on by snow scooters.

A wide range of mineral exploration methods have
been applied in central East Greenland. The oldest and
most widely used method is reconnaissance in the ter-
rain with identification of alteration phenomena, struc-
tural features favourable for mineralization, mineral-
ized boulders and outcrops. The method only requires a
minimum of equipment (Polegeg 1971, Thomassen
1971). Special portable equipment which has been in
use includes portable X-ray spectrometer for direct
analysis in the field (Kunzendorf et al. 1971), scin-
tillometer for identification of radioactive minerals and
ultraviolet lamps for identification of fluorescent miner-
als (scheelite, hydrozincite, secondary uranium miner-
als) (Hintsteiner 1977). Most mineral occurrences in
central East Greenland including Malmbjerg and Bly-
klippen have been found in this way. Today, the method
is mostly used in connection with follow-up of geo-
chemical and/or geophysical anomalies.

The most basic exploration method applied — visual
reconnaissance by foot traversing — is unfortunately re-
stricted to smaller areas (Figs 7 and 8). However, the ef-
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Fig. 7. Traditional light-weight two-men tent camp suitable for
summer exploration.

fectiveness can be increased considerably by using boats
in the fjords during summer time, dog sledges and snow
scooter on the ice-covered fjords during spring, and
fixed-wing airplane or helicopterr during summer time
when the mountains are free of snow. The first two
methods were systematically employed by the Lauge
Koch expeditions and later by Nordmine, and for exam-
ple the uranium-gold mineralization in Flyverfjord and
copper mineralization in central Kejser Franz Joscph
Fjord were found in this way. Systematic air reconnais-
sance has only been performed in limited areas, but
this, in connection with observations during interior
land transport, has led to the finding of several mineral
occurrences such as baryte at Bredehorn (10 m thick
white horizon), lead in eastern Schuchert Dal (white
quartz vein) and copper-lead mineralization at Quensel
Bjerg (green malachite staining).

Visual interpretation of existing air photos covering
nearly the whole of central East Greenland (scale
1:50000) has not yet given any direct clues to mineral
occurrences, but serves as an indispensable background
for detailed field work. Visual interpretation of com-
puter enhanced, false-colour, multispectral scanner im-
ages both from aircraft (Favard et al. 1982, Thyrsted &
Friedman 1982) and from satellite (Conradsen et al.
1982, Conradsen & Harpgth 1984) is very efficient in
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Fig. 8. Modern two-men
helicopter-moveable field
camp.

delineating rust colour anomalies. Conradsen & Har-
poth (1984) identified 38 major rust-colour anomalies
(larger than 0.5 km?®) within the Central Metamorphic
Complex in central East Greenland. Most of these still
await ground follow-up.

Another widely used exploration tool is the applica-
tion of geochemical methods which has been instru-
mental in finding tungsten, tin, uranium, base metals,
precious metals, niobium and rare-earth element occur-
rences. Various sample types have been collected, in-
cluding stream-sediment samples from the drainage sys-
tem (Nielsen & Steenfelt 1975, Steenfelt et al. 1976,

Fig. 9. Diamond drilling of a
1000 m deep hole at
Malmbjerg in 1979.
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Kunzendorf et al. 1978, Steenfelt & Kunzendorf 1979,
Stendal 1979a, b), heavy-mineral concentrates (pan
samples) from the drainage system, from moraine and
from scree cones (Hintsteiner 1977, Stendal 1980b, Hal-
lenstein et al. 1981), water samples (Asmund 1974,
Nielsen & Steenfelt 1975, Asmund & Steenfelt 1976),
moraine and scree fines, soil samples (Reece & Mather
1961, Lehnert-Thiel & Vohryzka 1968, Cooke 1976),
rock samples (Stendal & Hock 1981, Steenfelt 1982,
Thomassen et al. 1982) and vegetation (Brooks et al.
1980). In regional exploration the most frequently ap-
plied methods are stream-sediment and heavy-mineral
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Fig. 10. Diamond drilling in 1983 in south Margeries Dal.

concentrate sampling from the drainage systems. Sten-
dal (1982a) has compared the two methods, and he con-
cludes, that they supplement each other. The entire
central East Greenland is covered with relatively sys-
tematically collected heavy-mineral concentrates. All
positional, descriptive and analytical data on these sam-
ples are stored in a data base (for additional informa-
tion. see the chapter on geochemistry). Hudson Land
and Gauss Halvg are covered by systematically col-
lected stream-sediment samples (Steenfelt & Kunzen-
dorf 1979). The different sample types have been ana-
lysed for a wide range of elements by different ana-
lytical methods. Advanced statistical methods have
been put into use in order to interpret the anomaly pat-
tern (Conradsen et al. 1976, Clausen & Harpgth 1983).
Geophysical exploration methods have also been
used in central East Greenland. The most commonly
used method has been aeroradiometric measurements
(Nielsen 1972, Nielsen & Lgvborg 1976, Nielsen &
Steenfelt 1977). Several uranium-mineralized localities
were found in this way. Aeromagnetic measurements
have also been obtained from large areas of central East
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Greenland (Larsen 1975 and 1977). They are a very
open-spaced line measurements, and only large features
can be recognized. On the ground, magnetic, EM, IP
and VLF methods have been in use during investi-
gations of specific mineral occurrences, for example the
pyrite veins on Clavering @ (Fig. 5) (Koch 1955) and
the lead-zinc-bearing veins in the Mesters Vig area.

More detailed prospect investigations have comprised
geological mapping, chip sampling, trenching, system-
atic sampling by percussion drilling and diamond dril-
ling. Shallow diamond drilling has been carried out at
Milne Land, Nedre Arkosedal, Brogetdal, Devondal,
Bredehorn, Oksedal and Panoramafjeld, and major
diamond drilling programmes have been performed at
Sortebjerg, Blyklippen, east Schuchert Dal, Malmbjerg
(Fig. 9) and south and north Margeries Dal (Figs 6, 10).

Exploration adits have been driven on Clavering @
(Fig. 49) (Koch 1955) and at Malmbjerg (Hintsteiner
1964), but Blyklippen is the only place where actual
mining has taken place (Astlind & Fahlstrom 1957,
Fischer et al. 1958).

Geological evolution and
mineralization — an overview

The complex geological history of central East Green-
land has been summarized in three monographs (Koch
1929, Haller 1971, Escher & Watt 1976) and in a series
of review papers (Maync 1942, Stauber 1942, Cowie &
Adams 1957, Donovan 1957, Biitler 1959, Haller 1970,
Surlyk et al. 1973, Perch-Nielsen et al. 1974, Birkclund
& Perch-Nielsen 1976, Henriksen & Higgins 1976, Hig-
gins 1976, Noe-Nygaard 1976, Surlyk 1977, Higgins &
Phillips 1979, Clemmensen 1980, Surlyk et al. 1981,
Friend et al. 1983, Surlyk et al. 1984, Bengaard 1985,
Henriksen 1985).

Basically, the geology of central East Greenland is
dominated by the East Greenland Caledonian fold belt,
with younger sedimentary basins of Lower Carbonif-
erous to Tertiary age, including important Tertiary vol-
canic and plutonic rocks. However, the geological cvo-
lution of the Caledonian fold belt in central East Green-
land seems to be more complex than in the classic model
proposed by Haller (1971); he had assumed the differ-
ent infracrustal and supracrustal rock units and asso-
ciated structures to have all been formed during the
Caledonian orogeny. More recent investigations point
towards a polyorogenic nature of the fold belt, including
large areas of pre-Caledonian basement rocks which
were only partly reworked during the Caledonian oro-
geny (Henriksen & Higgins 1976, Steiger et al. 1979,
Higgins et al. 1981, Bengaard 1985, Henriksen 1985).
The geological evolution is summarized in Fig. 11 and a
simplified geological map of central East Greenland is
presented in Fig. 12.
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Fig. 11. General chronological scheme of the geological evo-
lution in central East Greenland. Modified after Henriksen &
Higgins (1976) and Henriksen (1985).

Archaean — Lower Proterozoic

Archaean — Lower Proterozoic ages have been obtained
from various units of the crystalline basement in the so-
called gneiss and schist zone (Henriksen 1985). The old-
est recognized unit is the Flyverfjord infracrustal com-
plex (Henriksen & Higgins 1969) which occurs between
70°-72°N. This complex comprises banded biotite-horn-
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blende gneisses of granitic to quartz-dioritic composi-
tion. Inclusions of amphibolitic and ultramafic com-
position are common in the gneisses and several gener-
ations of amphibolite dykes also occur. Recognizable
metasedimentary sequences are extremely rare. The
complex is intensely folded with several superimposed
phases of folding. The amphibolite dykes post-date at
least two phases of deformation, but are themselves af-
fected by a younger (possibly c. 2500 Ma) phase. A
Rb-Sr isochron age of ¢. 3000 Ma on a biotite gneiss
(Rex & Gledhill 1974) indicates that the main devel-
opment of the complex extends well back into the Ar-
chaean. Gneisses and migmatites of the Flyverfjord in-
fracrustal complex can be traced northwards into the so-
called Gletscherland migmatite complex (Haller 1955
and 1971), where they have yielded a Rb-Sr whole rock
age of c¢. 2450 Ma (Rex & Gledhill 1981). Here they
were subsequently reworked during a Lower Protero-
zoic (Hudsonian) orogeny. Other Archaean — Lower
Proterozoic infracrustal basement units may occur
within the so-called Niggli Spids migmatite dome and
Hagar migmatite sheet (Haller 1955 and 1971), and in
central and southern Liverpool Land. At least two oro-
genic cycles occurred before the deposition of the first
recognizable sedimentary sequence (Fig. 11).

The Lower Proterozoic (Hudsonian) orogenic phase
(c. 2000-1700 Ma) is marked by deposition of sedi-
ments, volcanic rocks and the intrusion of mafic and fel-
sic rocks. The best known metasedimentary and vol-
canic sequence (greenstone) occurs in the Charcot Land
window and is known as the Charcot Land supracrustal
sequence (Henriksen & Higgins 1969). The sequence is
more than 2000 m thick, with a lower part consisting of
marble and amphibolite units, overlain by semi-pelitic
and quartzitic units with a pronounced lateral facies
variation (Steck 1971). In addition, there are thick units
of mafic extrusives which locally exhibit pillow struc-
tures. The supracrustals are cut by two post-kinematic
granodiorite and granitic intrusions, which were em-
placed c. 1840 Ma ago (Hansen et al. 1981). Lithologi-
cally similar supracrustal sequences of probable Lower
Proterozoic age are known from Gletscherland and
southern Liverpool Land (Bengaard 1985).

The Hudsonian orogeny affected the basement and
the Lower Proterozoic supracrustal sequences, which
were folded, metamorphosed and intruded by plutonic
rocks. The fold pattern of the Charcot Land window
and of the Gletscherland migmatite complex with E-W
to SE-NW structures suggests that north-south com-
pression occurred during the orogeny. The metamor-
phic grade decreases southwards in the Charcot Land
window, suggesting that the southwestern boundary of
the Hudsonian fold belt may be situated here. A mini-
mum age of ¢. 1840 Ma for the deformation in Charcot
Land has been suggested (Hansen et al. 1981). In south-
ern Liverpool Land a southwards thrust episode and
metamorphism of up to granulite facies grade are attri-
buted to the Hudsonian orogeny (Bengaard 1985).
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Fig. 12. Simplified geological map of central East Greenland. Modified after Bengaard (1985). Inset shows the North Atlantic in a

pre-drift configuration.

However, the connection with the western areas are un-
known. In other parts of central East Greenland the
Hudsonian orogeny is represented by radiometric ages
of 1975-1705 Ma. Whether these ages represent a single
or several orogenic episodes is not known. In summary,
it is believed that the Hudsonian orogeny is represented
in East Greenland by a north-south collision with exten-
sive east-west folding, southwards thrusting, metamor-
phism and plutonism.

Known mineralization hosted in Archaean — Lower
Proterozoic rocks in central East Greenland is relatively
sparse and partly confined to the greenstone belt, part
of which is exposed from Charcot Land to Gletscher-
land, and partly confined to crystalline basement units
of unknown origin. Minor occurrences associated with
mafic and ultramafic igneous assemblages include accu-
mulations of magnetite and chromite (no. 7) and iron-
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sulphide segregations with minor chalcopyrite, pentlan-
dite and sporadic enrichment in platinum-group cl-
ements (PGE) and/or gold (nos 1-3). Mineralization of
volcanogenic affiliation is represented by minor mas-
sive-sulphide occurrences (nos 8 and 9). Other observed
mineralization is titaniferous magnetite and ilmenite oc-
currences probably associated with original plutonic
anorthosite massifs (no. 10), banded iron-formation
(no. 11), a gold-uranium occurrence of unknown origin
(no. 5), gold-bearing quartz veins (nos 2 and 6), a com-
plex copper skarn occurrence (no. 12) and uranium oc-
currences of unknown origin (nos 13 and 14). In gen-
eral, the exposed part of the greenstone belt is charac-
terized by sulphide facies to the south (Charcot Land)
and oxide facies to the north (Gletscherland).

The observed Archaean — Lower Proterozoic miner-
alization pattern is in good accordance with that of base-
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ment areas in West Greenland (banded iron-formations
(Appel 1978), chromium in layered anorthosite (Ghisler
1976), gold-quartz veins in greenstones (Appel &
Secher 1984)) and Norway (banded iron-formations
(Bugge 1978)).

Middle Proterozoic.

Middle Proterozoic metasedimentary sequences are
widespread in the gneiss and schist zone, where they
overlie the Archaean — Lower Proterozoic basement
gneisses. The sedimentation is one element of the Mid-
dle Proterozoic (Grenvillian) orogenic phase (c. 1100-
990 Ma) (Fig. 11). In the migmatite and granite zone of
the Scoresby Sund region (Henriksen 1985) similar se-
quences are highly migmatized, but are believed to have
the same origin. An informal term — the Krummedal su-
pracrustal sequence — has been applied to the Middle
Proterozoic supracrustal rocks in the Scoresby Sund re-
gion (Higgins 1974). The sequence mainly consists of
pelitic, semipelitic and psammitic schists and gneisses,
which resemble flysch sediments (Bengaard 1985). The
contact to the underlying older rock units is often tightly
folded, and generally modified by shearing; occasion-
ally, a nearly undisturbed sedimentary contact may oc-
cur, for example in parts of Andrée Land (Higgins et al.
1981).

At about the same time as the deposition of the
Krummedal supracrustal sequence and comparable se-
quences south of 76°N, extensive extrusion of tholeitic
plateau basalts was taking place further north in eastern
North Greenland. The plateau basalts have been linked
with the continental break-up which resulted in a Gren-
villian ocean (Bengaard 1985). The Grenvillian fold belt
in East Greenland is oriented NNE-SSW and the ocean
is assumed to have had the same trend. The orogeny
seems to have been relatively short, occurring during
the period 1100-990 Ma ago (Fig. 11), and westwards
thrusting occurred at least in the southern part (Ben-
gaard 1985). Much of the extensive migmatization and
amphibolite facies metamorphism exhibited by the
Krummedal supracrustal sequence and similar se-
quences, probably took place during the Grenvillian
orogeny (Steiger et al. 1979). Plutonic activity is mainly
expressed as migmatization. It has been suggested that
the Grenvillian orogeny in East Greenland represents
an east-west collision with extensive westwards thrust-
ing and associated folding, metamorphism and migmati-
zation.

Mineralization hosted in Middle Proterozoic rocks in
central East Greenland is sparse and restricted to small
lead-zinc- and tungsten skarn occurrences (nos 16-18
and 21) and low-grade stratiform copper occurrences
(nos 19 and 20).

In the neighbouring areas, mineralization of that age
also seems to be relatively sparse, but large strata-
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bound copper deposits in clastic sediments (for example
Zaire-Zambian copperbelt and many deposits in North
America) characterize the Middle Proterozoic world-
wide (Meyer 1981).

Upper Proterozoic — Middle Ordovician

The Upper Proterozoic — Middle Ordovician sedimen-
tary sequences are well exposed in East Greenland, and
were deformed and metamorphosed during the Cale-
donian orogeny (560-380 Ma) (Fig. 11). The sediments
were deposited in a large north-south-trending basin
(Haller 1971) (Fig. 12). The lower part of the sequence
— the Eleonore Bay Group (EBG) - comprises a more
than 12000 m thick (composite) succession of shallow-
water sediments. It consists of a lower unit (the Lower
EBG) up to 9000 m thick of dominantly quartzites and
shales laid down on a wide subsiding and fluctuating
deltaic shelf. It is overlain by an upper unit (the Upper
EBG) up to 4000 m thick, comprising three main divi-
sions: the Quartzite Series, the Multicoloured Series
and the Limestone-Dolomite Series. The main rock
types are sandstones (mainly quartzites), siltstones,
mudstones, carbonates (often stromatolitic) and locally
evaporites (originally gypsiferous deposits). The age of
the lower part of the sequence is somewhat uncertain,
but the top is thought to be of Upper Riphean age (c.
800-650 Ma) (Vidal 1976).

After a considerable hiatus the Tillite Group was de-
posited probably during the mid-Vendian period (c. 600
Ma) (Vidal 1979) (Fig. 11). It is a 500-800 m thick se-
quence including two distinct tillite levels of regional ex-
tent, which rests with slight angular unconformity on
EBG sediments. Two tillite occurrences in the Gaseland
and Charcot Land windows (Phillips & Friderichsen
1981, Henriksen 1981) are possibly of similar age.

After another break in sedimentation, up to 3000 m
of shallow marine carbonates were deposited during the
Lower Cambrian to Middle Ordovician period (Cowie
& Adams 1957). Local occurrences of marble and chlo-
rite schist in the Gaseland tectonic window have been
interpreted as metamorphosed Cambrian-Ordovician
sediments (Phillips et al. 1973) (Fig. 12).

Mineralization hosted in Upper Proterozoic to Mid-
dle Ordovician rocks in central East Greenland com-
prises large but low-grade stratiform and strata-bound
copper occurrences (nos 22-43). Pan-sample anomalies
(see section on geochemical maps) also indicate the
existence of strata-bound barium and lead-zinc occur-
rences in the Upper Proterozoic — Middle Ordovician
sedimentary sequence.

In formerly neighbouring areas, stratiform and strata-
bound copper, lead-zinc and barium mineralization of
similar age is widespread. Examples are barium and
lead-zinc occurrences in th& Dalradian sequence of
Scotland (Coats et al. 1980) and Ireland (Williams &
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McArdle 1978), lead-zinc deposits in the Upper Pro-
terozoic —~ Lower Cambrian along the Caledonian front
of Scandinavia (Bjgrlykke & Sangster 1981) and copper
occurrences in the Raipas windows of northern Norway
(Bugge 1978).

Caledonian ‘period’

The Caledonian orogeny in central East Greenland is
associated with a Cordilleran type of mountain building;
however only the zone underlain by continental crust is
exposed (Henriksen 1985). Subduction below the
Greenland continental plate occurred somewhere east
of the present coast line and resulted in extensive calc-
alkaline plutonism and north-south folding. The main
phase of the Caledonian orogeny (c. Upper Ordovician)
affects both the Precambrian crystalline complexes and
the overlying Upper Riphean — Middle Ordovician sedi-
mentary sequence. The partly reactivated basement and
the overlying sediments are separated by a probable de-
collement zone. Gentle N-S folding of the sediments in-
dicates a limited lateral shortening of only 5-15 per cent
in the central part of the area. The intrusive activity cul-
minated during the Middle Silurian, but otherwise show
a big spread in time from 560-380 Ma (Henriksen 1985).
Between 72°-74°N the granites were mainly intruded in
the boundary zone between the EBG sediments and the
adjacent metamorphic complexes (Haller 1971), where-
as further south intrusions are widespread within the
crystalline complexes (Fig. 12). In general the granites
show a calc-alkaline trend (Bengaard 1985). However,
the Devonian granites may be alkaline (Steenfelt 1982).
During the Middle Silurian, low-grade metamorphism
affected the sediments whereas amphibolite facies/
lower granulite facies metamorphism occurred in the
eastern part of the granite and migmatite zone. During
the Upper Silurian — Lower Devonian the main Cale-
donian thrusting (at least 50 km westwards) occurred
and was locally associated with retrograde metamor-
phism (greenschist facies).

After the main phase of the Caledonian orogeny an
up to 7000 m thick sequence of continental clastic sedi-
ments was deposited during the Lower Devonian — low-
ermost Carboniferous in several intramontane basins
(Fig. 12) as a result of late-Caledonian tectonic activity.
Various phases of molasse sedimentation, tectonic ac-
tivity and volcanism have been distinguished (Friend et
al. 1983). The sediments mainly comprise continental
conglomerate and sandstone with subordinate shale.
The volcanics include rhyolite, rhyodacite, latite, basalt
and pyroclastic rocks. Sedimentation terminated during
the Lower Carboniferous and was followed by wide-
spread deformation of the Devonian sequence resulting
in north-south open folding and westwards thrusting
(Haller 1971). This last tectonic phase brings anend to a
long period of compressional tectonics and marks the
end of the late-Caledonian orogenic period.
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Mineralization in central East Greenland hosted in
Lower Palaeozoic rocks and in general believed to be
associated with Caledonian orogenic activity is wide-
spread. Three types are distinguished: 1) granite-related
mineralization, 2) structure-controlled mineralization,
and 3) strata-bound mineralization. The granite-related
mineralization is represented by tungsten skarn occur-
rences mainly associated with granodiorite intrusions
(nos 44, 45, 63 and 71), basc-metal and tungsten miner-
alization associated with late-kinematic granite (no. 46),
tin-tungsten-arsenic quartz veins associated with late-
kinematic probably mildly alkaline granites (nos 59, 61,
62, 64, 65 and 84), gold-bearing quartz veins associated
with late-kinematic granites (nos 66 and 72) and ura-
niferous veins in probable Devonian alkaline granite
(no. 80). The structure-controlled mineralization seems
to be related to deep-seated oblique strike-slip move-
ments in the basement from E-W compression during
the late-Caledonian period (Pedersen & Olesen 1984).
It is represented by tungsten-antimony-gold veins (nos
67-71 and 73-76) and silver-bearing base-metal veins in
sediments/Devonian felsic volcanic rocks (nos 47-56, 60
and 83) and uranium-fluorite veins in Devonian felsic
volcanic rocks (nos 77-79, 81 and 82). Finally, strata-
bound uranium occurrences are hosted in Devonian
clastic rocks (nos 57 and 58).

Granite-related and structure-controlled mineraliza-
tion are also well known from neighbouring areas of the
Caledonian fold belt. In the Scottish Caledonides, Plant
et al. (1983) suggest that metalliferous granite intrusions
are mineralized only where they are emplaced into cool
crust (low-grade metamorphic rocks) or where granites
are associated temporally with major faulting that con-
tinued after their intrusion. Mineralization thus de-
pends on the interaction between metalliferous magma
and epizonal water. In Ireland and Norway small, but
often high-grade, mineralizations are also related to
Caledonian granite intrusions (Williams & McArdle
1978, Bugge 1978). Structure-controlled mineralization
of clearly Caledonian age secms to be relatively sparse,
but the tungsten veins of Carrock Fell in England and
various gold-quartz veins of Wales seem to be of that
age. In northern Scotland strata-bound uranium occur-
rences are known from the Devonian Old Red Sand-
stone (Dunham et al. 1978).

Carboniferous — Permian

During the Upper Carboniferous the regional stress
field changed from the dominating compressional re-
gime of the Caledonian period to mainly east-west ten-
sion throughout the remaining cratogenic geological his-
tory of central East Greenland (Surlyk et al. in press).
Post-Caledonian sedimentation took place in various
NNE-SSW-oriented basins (Fig. 12) mainly as a result
of rifting, eustatic sea-level changes and basin subsid-
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ence. Sedimentation occurred during the Upper Car-
boniferous — Lower Permian in southwards-propagating
continental rift basins, which seem to have been filled
with fluviatile sediments (2-5 km) deposited by north-
wards flowing rivers (Surlyk et al. 1984). The syn-rift
sediments were deposited in a system of westwards-
tilted half-grabens bounded to the west by faults of the
Post-Devonian Main Fault System (Fig. 12). The whole
syn-rift sequence was further tilted, uplifted and sub-
jected to peneplanation before the Upper Permian
transgression.

The marine Upper Permian section (up to 400 m) was
deposited unconformably mainly on an extremely flat
Carboniferous — Lower Permian peneplain. The se-
quence comprises a basal, fluviomarine, sandy con-
glomerate unit, a marginal marine carbonate and evap-
orite unit, a more open marine carbonate unit, a black
basinal shale unit and finally a progradational shale and
sandstone unit (Surlyk et al. in press). The latest Per-
mian marks a phase of regression and probably renewed
tectonic activity along the boundary faults.

Mineralization hosted in Carboniferous — Permian
rocks in the area is typically of vein and strata-bound
nature and associated with a tensional regime as op-
posed to the late-Caledonian compressional regime.
The major fractures (for example the Post-Devonian
Main Fault System) probably opened to a deep level of
the crust and provided excess heat for the ore-forming
processes. Pan-sample anomalies of niobium, rare-earth
elements, uranium, thorium and zirconium (see section
on geochemical maps) along the Post-Devonian Main
Fault System indicate that an alkaline geochemical
trend is related to the tensional regime. Known miner-
alization includes base-metal quartz-baryte veins (nos
85, 86, 88-92, 96-101 and 125-127) locally enriched in
precious metals (nos 93 and 94), gold-bearing quartz
veins (no. 95), uraniferous veins (no. 87), carbonate-
hosted strata-bound baryte base-metal occurrences (nos
102, 103, 107-124 and 127), carbonate-hosted strata-
bound celestite occurrences (nos 104-106), stratiform
base-metal occurrences of Kupferschiefer type (nos 117
and 118) and strata-bound red-bed copper occurrences
(nos 128 and 129). As noted in the following section,
some of the veins and the strata-bound occurrences
might be of early Mesozoic or Tertiary age. Similar vein
deposits are in particular well known from the British
Isles, where important districts occur in Ireland, North-
ern Ireland, Wales, central and northern England and
Scotland (Dunham et al. 1978). According to Dunning
(1984), major periods of vein emplacement in England
occurred during the Upper Carboniferous and the Up-
per Permian-Lower Triassic. The important strata-
bound Irish base-metal deposits occurring in Lower
Carboniferous carbonates show many similarities with
the large occurrences in the Upper Permian carbonates
of central East Greenland. In particular, a striking simi-
larity exists between the strata-bound mineralization at
Quensel Bjerg (nos 117 and 118) and the Tynagh de-
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posits in Ireland (Boast et al. 1981). The strata-bound
celestite occurrences, stratiform base-metal mineraliza-
tion and red-bed copper occurrences are comparable
with minor occurrences in England and the important
stratiform and strata-bound copper deposits in Ger-
many and Poland.

Mesozoic

The area was again transgressed during the Lower Trias-
sic and for a relatively short period the basin was the site
of a shallow marine embayment (Clemmensen 1980).
Up to 500 m of sandstone and mudstone make up this
marine sequence. Continental deposition was resumed
already in Late Scythian time, when another phase of
rifting occurred and was responsible for locally more
than 500 m of coarse arkosic sediments. An almost con-
tinuous continental depositional environment was pre-
served during the remaining part of the Triassic when
300-800 m of alluvial fan, braided river, aeolian desert,
flood plain, saline playa lake and freshwater shallow
lake sediments were laid down (Clemmensen 1978a).

At the Triassic-Jurassic boundary a pronounced cli-
matic shift from arid to humid conditions occurred, and
the depositional environment changed from continental
to marine (Surlyk et al. 1981). During the Jurassic, the
rift opened from the south by progressive downfaulting
of blocks resulting in a stepwise basin extension and
submergence of the rifted basin (Surlyk et al. 1981).
The depositional environments changed from a tidal
bay over a shallow siliciclastic shelf sea to a wide muddy
shelf. About 1-2 km of marine sand, silt and mud was
deposited during the Jurassic. At the Jurassic-Cretace-
ous boundary important rifting, mainly characterized by
antithetic block faulting, occurred and submarine fan
sediments were laid down. During the remaining part of
the Cretaceous and the lower part of the Paleocene 1-2
km of mainly outer shelf mudstones were deposited dur-
ing several periods interrupted by phases of block fault-
ing.

Mineralization hosted in Mesozoic rocks are re-
stricted to stratiform and strata-bound occurrences in
the Triassic sequence of eastern Jameson Land (nos
130-158) and to Jurassic fossil placers (no. 159). The
Triassic mineralization, which is of red-bed type and is
due to diagenetic processes, includes stratiform copper-
lead-zinc occurrences in black mudstones, stratiform
copper mineralization in sandstones with mud flasers
and strata-bound copper-silver, copper-arsenic and lead
occurrences in sandstones and conglomerates. The Ju-
rassic placers are local and are rich in zirconium and
rare-earth elements. The strata-bound Mechernich-
Maubach lead deposits of West Germany (Bjeriykke &
Sangster 1981) resemble some of the Lower Triassic oc-
currences in central East Greenland.
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Tertiary

The Upper Palaeozoic and Mesozoic rifting never led to
active plate separation by sea-floor spreading in central
East Greenland. However, during the Tertiary the final
break-up of the North Atlantic occurred. During the
Paleocene extensive sheets of tholeiitic plateau basalts
were extruded in various parts of the area (Fig. 12). The
thickness of the lava sequence is locally more than 1 km.
Post-basaltic tectonism is expressed as reactivation of
the former Mesozoic faults and as numerous basalt
dykes and sills in the otherwise basalt-free basinal area
between Scoresby Sund and Kejser Franz Joseph Fjord.
The Upper Paleocene effusive volcanism was followed
by a period of intrusion of plutonic and subvolcanic
rocks during the Oligocene. A prominent NE-SW-
trending line of plutonic centres is traceable for approxi-
mately 100 km from northern Scoresby Land to eastern
Traill @ (Haller 1971, Noe-Nygaard 1976) (Fig. 12).
Geophysical investigations off East Greenland (Larsen
1984) indicate that the line of plutonic centres continues
for an additional 150 km towards the northeast, and
does not move towards NNE to link up with the Kap
Broer Ruys complex as proposed by Haller (1971) and
Noe-Nygaard (1976). The magnetic lineament forms a
natural continuation of the initial North Atlantic
spreading ridge north of Kong Oscar Fjord and prob-
ably represents a continuation of an oceanic spreading
ridge into the East Greenland continental crust. The
plutonic and subvolcanic rocks have a distinct alkaline
to peralkaline trend and comprise a variation from gab-
bro to alkali granite with important nepheline syenite
complexes. Locally, indications of effusive activity are
expressed as pyroclastic rocks and fumarolic activity.
The final phase of the Tertiary is marked by differential
vertical movements of the continental margin area
which started during the Oligocene - Miocene. The
coastal area was uplifted 1.5-2 km to its present posi-
tion. while subsidence in the order of 3-6 km occurred
offshore (Surlyk et al. 1981).

Tertiary mineralization in central East Greenland is
important and related to the final break-up of the North
Atlantic. Active rifting and sea-floor spreading with
melting in the lower crust governed mineralization
mainly related to alkaline — peralkaline plutonism, effu-
sive volcanism and tensional faulting. Mineralization in-
cludes a major porphyry-molybdenum occurrence (no.
160). granite roof-zone molybdenum mineralization
(no. 161), niobium mineralization associated with alka-
line intrusive rocks (no. 167), lead-zinc skarn occur-
rences (no. 162). a minor magnetite-skarn showing (no.
163), lead-zinc-bearing quartz veins (nos 162 and 166)
and precious-metal, base metal, molybdenum and fluor-
ite mineralization associated with fumarolic volcanic ac-
tivity (nos 164(?) and 165). Porphyry-molybdenum min-
eralization and base-precious metal veins are also
known further south in East Greenland (Geyti & Tho-
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massen 1984) in the same Tertiary alkaline magmatic
province.

In general the Phanerozoic mineralization in central
East Greenland is comparable with world-wide ore-
forming processes during this period. The Mississippi
Valley type lead-zinc deposits, hydrothermal tin-tung-
sten deposits and porphyry-molybdenum ores are char-
acteristic examples from this period.

Inventory of mineral
occurrences

This section presents geological and mineralogical de-
scriptions of all known mineral occurrences in central
East Greenland. Numbers in brackets in the headings
and in the text refer to the location of these as shown in
the attached map — Mineral Occurrences in Central East
Greenland. The chemical elements noted on this map
only include those of particular interest for a given min-
eral occurrence.

The various occurrences are related to the geological
evolution of the area and placed in the most probable of
seven major geological periods when mineralization
took place. The seven periods are:

Tertiary

Mesozoic

Upper Palaeozoic

Lower Palaeozoic (mainly Caledonian)
Upper Proterozoic

Middle Proterozoic

Archaean - Lower Proterozoic

For each period, occurrence descriptions arc presented
grossly from south to north and reflect the degree of in-
vestigation rather than the size or economic potential of
the mineralization. The big spread in the number of
mineral occurrences of the different periods is of course
a result of varying mineralization intensity, but also re-
flects the unevenness in exploration due to the remote-
ness and inaccessibility of some areas in central East
Greenland.

The age grouping of the various mineral occurrences
is of course a tentative one. It is to a high degree based
on host-rock age and for that reason in most cases ex-
presses maximum ages.

The analyses presented most frequently represent
semi-quantitative multi-element emission spectrogra-
phy data. However, other methods applied include
atomic absorption spectrography for base metals, X-ray
fluorescence spectroscopy for determination of tung-
sten, antimony, arsenic, barium and rare-earth el-
ements, neutron activation for determination of ura-
nium, thorium, gold, tungsten and antimony and fire-
assay for the determination of gold and silver.
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Concerning tonnage-grade estimates in non-drilled
occurrences, these are primarily based on calculations
of observed dimensions combined with chip sample re-
sults and the general geological information avaliable.

Archaean—Lower Proterozoic

Although Archaean-Lower Proterozoic (3000-1600
Ma) metamorphic complexes make up a very large area
in the western and southwestern part of central East
Greenland (Fig. 12) only nine areas with mineralization
are known. The main reason for this is probably that the
Precambrian terrain in general is quite remote and inac-
cessible and thus only limited mineral exploration has
been carried out.
The observed mineralization comprises:

Nickel-copper and gold in Vestfjord

Nickel in central Liverpool Land

Gold-uranium in Flyverfjord

Quartz-calcite veins in Nordvestfjord

Chromium in Hinks Land

Massive iron sulphides in Charcot Land

Iron-titanium in Gletscherland

Copper in Dickson Fjord

Uranium in Frznkel Land

Nickel-copper and gold in Vestfjord (1-3)

Mineralization in the Vestfjord area was first reported
by Backlund in 1934 (Eklund 1944). He mentions the
occurrence of a 2 million tons semi-massive pyrrhotite
mineralization within ultramafic rocks at “Kap Carita”
(Renodde). Geological mapping and prospecting was
carried out later by Nordmine in 1960, 1968 and 1969
(Dahlkamp et al. 1960, Frisch & Thum 1969, Kock &
Pogoschnik 1970). However, the occurrence reported
by Backlund was never found.

The area consists of two structural units (Fig. 13). In
inner Vestfjord, autochthonous Archaean gneisses
overlain by late Proterozoic or Lower Palaeozoic mar-
ble and Eocambrian(?) tillite occur below a major,
slightly east-dipping thrust plane. Above the thrust
plane are reworked Archaean gneisses (the Flyverfjord
infracrustal complex) and Middle Proterozoic metasedi-
ments (the Krummedal supracrustal sequence) (Wenk
1961, Phillips et al. 1973). Both the autochthonous and
the allochthonous gneisses contain a minor percentage
of mafic and ultramafic rocks which locally are cut by
pegmatite and aplite veins. Small amounts of dissemi-
nated pyrrhotite mineralization with minor chalcopyrite
and pentlandite and trace amounts of platinum group
elements (PGE) and gold are widespread in the mafic
and ultramafic rocks (Fig. 13).

At Kobberpynt (1) (Locality A, Fig. 13) scattered
small (<10 m?) titanomagnetite and pyrrhotite accumu-
lations occur in mafic to ultramafic rocks, which are also
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locally cut by up to 0.2 m thick asbestos veins. Analyses
of selected samples yielded up to 0.4% Ni, 0.4% Cu,
0.45% Cr, 500 ppm Co, 0.77 ppm PGE and 0.16 ppm
Au. At Renodde (Locality B, Fig. 13) similar scattered
occurrences exist. Analyses of selected samples show
contents of up to 0.05% Ni, 0.03% Cu, 0.3% Cr, 0.01
ppm Pt and 0.02 ppm Au. At locality C (2) (Fig. 13)
mineralization occurs in weakly altered amphibolite and
hornblendite which are cut by aplite dykes. In particu-
lar, mineralization is concentrated where the mafic
rocks occur in the core of a WNW-plunging fold. The
size of individual occurrences is comparable with that of
Kobberpynt. Magnetite, ilmenite and chalcopyrite are
the most abundant ore minerals. An analysis of a se-
lected sample revealed 1.25% Cu, 0.1% Ni, 2.2 ppm Au
and 6 ppm Ag. At Dgde Bra (3) (Locality D, Fig. 13)
pyrrhotite mineralization with subordinate chalcopy-
rite, pyrite and sphalerite is associated with the contact
zone between a quartz-feldspar pegmatite vein and an
amphibolite dyke. The occurrence is also of small size
(10 m’). An analysis of a selected sample gave 0.5% Ni,
0.18% Co and 700 ppm Cu.

In addition to small pyrrhotite occurrences, copper-
gold mineralization is also associated with a NNW fault
at locality E (2) (Fig. 13). The fault can be traced for at
least 4 km over a height of 1000 m and in an up to 8 m
wide zone. Widespread malachite staining occurs in the
fault zone and is in particular concentrated where the
fault cuts an amphibolite band. Chalcopyrite, pyrite and
subordinate pyrrhotite occur in amphibolite and in ap-
litic veins. No systematic sampling of the fault zone has
been performed, but analyses of selected samples show
contents of up to 1.1% Cu and 3.7 ppm Au.

In the general area neither gold nor platinum miner-
als have been identified in any of the known occur-
rences. However, native gold occurs in a pan sample
collected 10 km southwest of localities C and E (Fig.
13).

The observed element association is typical for sul-
phide segregations in mafic and ultramafic rocks. The
fault-associated mineralization probably represents mo-
bilization of the primary disseminated occurrences.

Nickel in central Liverpool Land (4)

The area was investigated for its tungsten potential in
1979 (Karup-Mgller 1979) and 1980 (Pedersen 1980a),
and in connection with this activity nickel-copper-bear-
ing sulphide lenses were found in west Kalkdal.

The area comprises probable Archaean — Lower Pro-
terozoic hornblende gneiss, garnet-biotite gneiss, bio-
tite gneiss and marble intruded by granodiorite of un-
known age and Caledonian granite (Coe & Cheeney
1972, Coe 1975). Disseminations and small accumula-
tions of pyrrhotite and pyrite are frequent constituents
of quartz-rich gneisses in contact with marble. A mas-
sive pyrrhotite lens up to half a metre thick and 3040 m
long occurs along a fault plane intersecting garnet-bio-
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Fig. 13. Simplified geological map of the Vestfjord arca with indicated mineralization.

tite gneiss on the north side of west Kalkdal (Fig. 20). In
addition to pyrrhotite, the lens contains minor chal-
copyrite and pentlandite.

Selected samples of semi-massive pyrrhotite contain
0.3-0.7% Ni, up to 1.5% Cu, c. 0.1% Co and up to 0.16
ppm Au.

A boulder of similar composition has been found in
Skarndal 50 km north of Kalkdal.

In Tvardalen, just west of Scoresbysund, Smith &
Cheeney (1981) have noted chromite-garnet lherzolite
lenses in gneiss of probable Archaean to Lower Pro-
terozoic age.

The semi-massive sulphide lens probably represents
mobilized sulphides from the gneisses. It is noteworthy
that the chemical composition is similar to nickel-
copper-bearing massive sulphides associated with mafic
and ultramafic rocks, although such rock types are only
known as small lenses in gneisses in the Kalkdal area.

Gold-uranium in Flyverfjord (5)

The mineralized locality is situated on the south coast of
Flyverfjord in inner Scoresby Sund. It was found by
GGU as a radioactive anomaly in 1968 and briefly
visited by Nordmine in 1970 and 1983 (Thomassen 1983).

The country rock is amphibolite-bearing gneiss of the
Archaean Flyverfjord infracrustal complex (Henriksen
& Higgins 1969, Higgins 1982).
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The mineralization is hosted in two southerly dipping
rust zones situated 1.5 km apart in the steep coastal
cliffs of Flyverfjord. The zones have only been visited
near sea-level. They are several tens of metres thick and
continue laterally for more than 500 m. The rust zones
consist of whitish, sericite-biotite-bearing siliccous
gneiss containing up to 20 cm thick, green fuchsite-rich
bands and up to 10 cm thick, conformable quartz lenscs
or veins.

In general, the zones contain less than onc per cent
sulphides (pyrrhotite and subordinate chalcopyrite) as
scattered blebs and disseminations. The sulphides and
biotite account for the rusty weathering of the rocks.
However, a 1 m thick massive, siliceous horizon with up
to 10% disseminated pyrrhotite, pyrite and chalcopyrite
occurs in both rust zones. Analyses of ten grab samples
from this horizon average 4.4% Fe, 3.1% S, 337 ppm
Cu, 113 ppm Zn, 78 ppm Pb, 111 ppm Th, 75 ppm U, 59
ppm Co, 40 ppm Ni, 2 ppm As, 0.6 ppm Ag, 0.34 ppm
Au and 0.01 ppm Pt. Gold seems to correlate with ura-
nium-thorium, but no discrete gold or uranium-thorium
minerals have been observed.

The origin of the mineralization is unknown. How-
ever, it could represent either a metamorphosed equiv-
alent of a quartz-pebble conglomerate type of gold-ura-
nium occurrence or a sulphide accumulation associated
with hydrothermally altered acid volcanic rocks.
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Quartz-calcite veins in Nordvestfjord (6)

A vein system discovered by GGU north of T-s¢ in
south Nathorst Land was briefly investigated by Nord-
mine in 1969 and 1983 (Thomassen 1983).

The plateau between Nordvestfjord and Frederiksdal
is underlain by Archaean gneisses separated from Mid-
dle Proterozoic supracrustals further east by a NNE-
trending, east-dipping thrust of presumed Caledonian
age (Henriksen et al. 1980). Some 6 km west of this
thrust a major NNE-SSW-orientated, sub-vertical vein
structure has been observed in the gneisses for a dis-
tance of c¢. 10 km across the plateau. The vein is hosted
in a fault of unknown age. It is a 10-15 m thick, quartz-
calcite cemented fault breccia with traces of pyrite and
chalcopyrite. Selected samples contain up to 0.2% Cu
and 0.038 ppm Au.

Galena-bearing veins have been reported from the
area by Henriksen et al. (1980).

All of the veins are of unknown origin.

Chromium in Hinks Land (7)

Chromite-magnetite-mineralized localities occur in
Hinks Land on the southeast side of Daugaard-Jensen
Gletscher (Fig. 14). They were found by GGU in 1968
and studied by Nordmine in 1969 (Frisch et al. 1970).
The area is divided into two separate units by a NNE-
SSW-trending, east-dipping thrust plane of Caledonian
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Fig. 14. Location of mineral occurrences in the vicinity of Dau-
gaard-Jensen Gletscher.
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age. The Lower Proterozoic Charcot Land sequence oc-
curs below the thrust plane and the Archaean Flyver-
fjord infracrustal complex and the Middle Proterozoic
Krummedal supracrustal sequence both occur above
(Henriksen & Higgins 1969, Higgins 1982).

The chromite mineralization is hosted in ultramafic
plugs of hornblenditic, dunitic or peridotitic composi-
tion, which intrude the Flyverfjord gneisses just east of
the thrust plane (Fig. 14). Two major plugs have been
mapped in the area, the largest one covering 0.5 km’.
Pods of chromite are up to 0.8 m in diameter and thin
massive layers up to a few cm thick can be traced over
several metres. However, the overall mineralization in-
tensity is very low.

Massive chromite and magnetite-bearing samples
contain 10-15% Cr, 15-20% Fe, max. 0.35% zinc, max.
0.2% nickel and max. 700 ppm cobalt. Microscopically,
the aggregates are made up of medium-grained,
rounded, intensely jointed chromite and magnetite
grains and subordinate sheared zones with very fine-
grained chromite and magnetite.

Ultramafic plugs have also been mapped in the area
between Hinks Land and Gaseland, and a few scattered
observations of associated mineralization exist. Ultra-
mafic plugs on the south-side of Martin Carlsen Dal
contain magnetite lenses (N. Henriksen, pers. comm.
1985), and a selected sample from a cluster of plugs a
few kilometres north of Rolige Bra contains one per
cent pyrrhotite with minor amounts of chalcopyrite and
pentlandite.

Massive iron sulphides in Charcot Land (8,9)

Copper mineralization was reported by Backlund and
Wenk on Charcot Land (Eklund 1944). In 1968 wide-
spread occurrences of iron-sulphide horizons were dis-
covered by GGU in connection with geological map-
ping. These findings were investigated by Nordmine the
following year (Frisch et al. 1970).

Massive iron-sulphide horizons are hosted in the
Lower Proterozoic supracrustal Charcot Land sequence
which crops out on both sides of Daugaard-Jensen
Gletscher (Fig. 14). The sequence consists of marble,
mica schist, quartzite, greenstone and amphibolite and
is intruded by Early Proterozoic diorite and granite
(Steck 1971, Higgins 1982).

Iron-sulphide mineralization is widespread and mas-
sive pyrite-pyrrhotite beds with trace amounts of chal-
copyrite occur concordantly in the marbles at several
stratigraphical levels. The largest occurrence described
(9) (Loc. A, Fig. 14) comprises a one to four m thick
horizon which outcrops over a length of 50 m. The lith-
ology from bottom to top is: marble, a few metres of in-
tensely altered felsic rock, massive pyrite-pyrrhotite and
on top of that marble with a few thin layers of felsic
rocks. Although massive sulphides in marble predomi-
nate, other types have been described as well. At lo-
cality B (8) (Fig. 14) an up to 2 m thick pyrite-pyrrhotite
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horizon occurs concordantly in magnetite-bearing
garnet-hornblende skarn and garnet skarn intersected
by aplite. Frisch et al. (1970) propose that the skarn de-
velopment is the result of the intrusion of nearby di-
orite.

The pyrite-pyrrhotite lenses contain up to 0.1%
nickel, up to 600 ppm copper, up to 20 ppm silver, up to
200 ppm tin and up to 100 ppm molybdenum. The zinc
and lead contents are <200 ppm and the gold content is
<10 ppb.

Genetically, the iron-sulphide formations may have
the same origin as the well-known massive sulphide de-
posits in Proterozoic volcano-sedimentary rocks.

Iron-titanium in Gletscherland (10,11)

Significant magnetic anomalies (up to 2000 gamma)
were detected in the Gletscherland area during an aero-
magnetic survey carried out by GGU in 1974 (Larsen
1975 and 1977). Scattered ground observations were
made during reconnaissance in the same area by Nord-
mine in 1975-1976 (Hallenstein 1977) and by GGU
(Larsen 1977).

Gletscherland is part of the Central Metamorphic
Complex (Haller 1955). It consists of different types of
gneisses folded together with amphibolites, granites,
mica schists, marble bands and ultramafic lenses and is
of Archaean to Lower Proterozoic age (Higgins et al.
1981).

The E-W-trending magnetic anomalies form several
hundred metres wide, 5-20 km long zones parallel with
the major fold axes of the area (Larsen 1977). Massive,
one metre thick magnetite beds have been cbserved as
up to 300 m long horizons in synorogenic granite/gneiss
in Dickson Fjord (11) and as several km long bands in
migmatite in Rghss Fjord (10). Samples collected by
GGU comprise massive intergrown hematite-ilmenite
and semi-massive magnetite with minor quartz and feld-
spar. The former type contains 52% Fe, 11% Ti, 0.8%
P.O; and 0.15% V and the latter type contains 53% Fe,
0.8% Ti and is low in phosphorus and vanadium (Lar-
sen 1977).

The chemical composition implies that the origin of
the former type is best explained as titanomagnetite as-
sociated with a basic magma. The latter type may be an
iron-formation.

Copper in Dickson Fjord (12)

During reconnaissance in the spring of 1976, Hallen-
stein (1977) discovered skarn-type mineralization at the
north side of Dickson Fjord southwest of Rdde
Stgvhorn.

The area belongs to the Gletscherland migmatite
complex (Haller 1955) and comprises mixed Lower Pro-
terozoic gneisses and supracrustals intruded by synoro-
genic leucocratic granites, most probably of Lower or
Middle Proterozoic age. A 10-30 m thick leucocratic
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granite sill intrudes an up to 100 m thick impure marble
bed, which is part of a supracrustal sequence also in-
cluding amphibolite, mica schist and quartzite (Fig. 15).
The marble is partly skarnified with development of py-
roxene-amphibole-garnet assemblages of more than 10
m thickness.

Irregular mineralization comprising massive lenses
and disseminations of magnetite, pyrrhotite, pyrite,
chalcopyrite, sphalerite, molybdenite and allanite is
widespread. The skarn sequence has been traced for
more than 500 m. The complex copper mineralization,
which has an average thickness of more than 10 m,
shows a copper content of up to 0.1%. In addition the
following maximum values have been recorded — 800
ppm molybdenum, 12% rare-earth elements, 70 ppm
silver, 0.5% zinc, 0.4% thorium, 200 ppm tungsten, 200
ppm cobalt, 0.1% chromium, 160 ppm uranium, 100
ppm beryllium, 0.1% niobium, 200 ppm nickel, 25%
iron, 0.85% manganese, 500 ppm vanadium, 50 ppm tin
and 300 ppm lead.

Similar mineralization is known from Skrentdal (Hal-
lenstein 1977).

The occurrence represents a contact mineralization to
a granite intrusion.

Uranium in Frenkel Land (13,14)

Uranium-bearing boulders were found by surveys made
with a portable scintillometer in two areas in Frankel
Land by Nordmine in 1975-76 (Hallenstein 1977).

The mineralized areas belong to the probable Lower
Proterozoic Hagar migmatite sheet of the Central Meta-
morphic Complex. The sheet consists of a variety of
gneisses, amphibolites and granites as well as subordi-
nate mica schists and discordant amphibolite dykes
(Haller 1955, Higgins et al. 1981).

The radioactive mineralization of the Hagar Sheet
has been observed in local boulders and outcrops of
migmatitic gneisses in Haredal (14), and in numerous
local moraine boulders of Lystergletscher (13), which
drains into Knzkdalen. The typical mineralized rock is
a fine- to medium-grained, two-mica leucogranite with
fine-grained pitchblende. Mineralized pegmatitic and
aplitic rocks were also observed, and one aplitic rock
sample contains blebs of uraninite. The uranium con-
tent of mineralized samples from the Hagar Shect is
from 100 to 500 ppm with a single value of 0.5% U.

In addition to uranium, the gneisses in the Knaxkda-
len area contain minor disseminated pyrite, pyrrhotite
and chalcopyrite, and quartz-calcite-ankerite vcinlets
with occassional galena and chalcopyrite. A selected
sample from a malachite-stained, calcareous amphibol-
itic band returned 600 ppm Cu and 0.19 ppm Au.
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Fig. 15. Geological and geochemical section through skarn mineralization in Dickson Fjord. Modified after Hallenstein (1977).

Each dot represents a rock sample.

Middle Proterozoic

Middle Proterozoic (1600-900 Ma) metamorphic com-
plexes comprise a large part of central East Greenland
of which the largest coherent area is the Gaseland-
Stauning Alper migmatite and granite zone (Henriksen
& Higgins 1976). Only six areas with mineralization are
known.

The observed mineralization comprises:

Uranium in Hinks Land

Tungsten at Roslin Gletscher, Stauning Alper

Zinc-lead at Damslottet, Nathorst Land

Lead-zinc-silver in Schaffhauserdalen, Nathorst
Land

Copper in northern Suess Land and southern An-
drée Land

Tungsten in Gemmedal, Andrée Land
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Uranium in Hinks Land (15)

A parautochthonous sheet of biotite granite occurs in
the Archaean basement of central Hinks Land. The gra-
nite is believed to have formed by anatexis of the adja-
cent gneisses during the 1100 Ma orogenesis (Henriksen
et al. 1980). However, an Archaean — Lower Protero-
zoic age is also possible (Bengaard 1985). The central
part of the sheet hosts a coarse-grained, pegmatitic
phase c¢. 100 m thick and 10 km long.

The pegmatite was briefly inspected by Nordmine in
1969. It was found to contain rusty parts with high scin-
tillometer readings and up to 595 ppm U and 60 ppm Th
in selected samples. Furthermore, scattered, up to 5 cm
large blebs of magnetite were observed in the pegmatite
(Frisch et al. 1970).

Tungsten at Roslin Gletscher, Stauning Alper (16)

Scheelite-mineralized boulders were found in the end
moraine of Roslin Gletscher in 1976. Heavy-mineral
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prospecting in 1979 led to the identification of a schee-
lite anomaly on the north side of the glacier 10 km from
the glacier front (Karup-Mgller 1979), and subsequent
foltow-up in 1980 led to the finding of many mineralized
skarn boulders within a restricted area (Pedersen 1981).

The area comprises Middle Proterozoic granitic mig-
matites with remnants of marble and amphibolite hori-
zons (Henriksen & Higgins 1970, Henriksen at al.
1980). Intrusive bodies, varying in composition from
granodiorite to syenite and in age from Proterozoic to
Caledonian, make up 20% of the south Stauning Alper.
The nearest intrusive to the Roslin Gletscher scheelite
occurrence is a granodiorite 10 km to the south.

White to yellow-fluorescent scheelite is found in dark
green, massive skarn, which occurs as 5-30 cm thin
bands in forsterite-bcaring marble. The skarn is com-
posed of diopside, plagioclase, scapolite and accessory
scheelite (up to 2% W), sphene and apatite (Hallenstein
& Pedersen 1982 and 1983).

It is assumed that the scheelite mineralization repre-
sents minor skarn development at the margins of marble
horizons probably formed during Middle Proterozoic
migmatization.

Zinc-lead at Damslottet, Nathorst Land (17)

The first report on lead-zinc mineralization at Dam-
slottet in inner Alpefjord was made by Frankl (Haller
1958). In connection with follow-up of scheelite anoma-
lies, Nordmine investigated the zinc-lead occurrence
(Fig. 23), which is associated with calc-silicate rocks
(Stendal 1980c).

The geology comprises intensely migmatized quart-
zite, biotite schist, gneiss and calc-silicate rocks of Mid-
dle Proterozoic age. The calc-silicate rocks consist of
garnet, hornblende, diopside, plagioclase and quartz
with subordinate sphene, pyrrhotite, scheelite and lead-
zinc sulphides. Scheelite is found as widely disseminated
grains. The richest zinc-lead mineralization observed is
confined to a 1x5 m calc-silicate lens. In addition to dis-
seminated galena and sphalerite a small semi-massive
sulphide lump with 10-20% sulphides occurs enclosed
in the lens. Galena and sphalerite predominates with
subordinate chalcopyrite and pyrrhotite. A selected
sample contains 7.2% Zn, 1.5% Pb, 0.1% Cu, 18 ppm
Ag. 0.03 ppm Au, 60 ppm Bi, 70 ppm Sn and 16 ppm
Sb.

The lithologies, the age and the chemical composition
could indicate the existence of lead-zinc-(precious
metal) massive sulphide mineralization in the general
area. In a similar geological setting at Roslin Gletscher,
lead and zinc anomalies are also abundant (Karup-
Mgller 1979).
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Lead-zinc-silver in Schaffhauserdalen, Nathorst Land
(18)

Lead-zinc mineralization associated with calc-silicate
rocks in the Alpefjord region was first noted by GGU
(Caby 1976a and c) and later investigated in detail
(mapping and chip sampling) by Nordmine (Rasmussen
1980 and 1982). The mineralization is located on the NE
slope of Schaffhauscrdalen 10 km upstream from the
delta in Alpefjord (Fig. 23).

The geological setting of the area comprises Middle
Proterozoic metasediments (quartzite, biotite schist,
biotite-muscovite schist, garnet-biotite schist, pyrrho-
tite-bearing quartzite and garnet-amphibole calc-silicate
lenses) of upper amphibolite facies intruded by syn- to
late-kinematic granite and bordered by low-grade meta-
morphic EBG sediments. During the Caledonian oro-
geny, another suite of granite intrusions was emplaced
and locally caused incipient retrograde metamorphism
of the Middle Proterozoic metasediments.

Lead-zinc-silver mineralization is associated with gar-
net-amphibole calc-silicate lenses in a vertical E-W fault
zone in the Middle Proterozoic metasediments. The
mineralized area covers approximately 100x75 m The
mineralizing solutions have altered and partly replaced
the cale-silicate lenses and precipitated galena and spha-
lerite with subordinate arsenopyrite, chalcopyrite, cu-
banite, pyrite, pyrrhotite and marcasite and the silver-
bearing sulphosalts pyrargyrite and freibergite. Ana-
Icime, natrolite, chlorite, epidote and zoisite are asso-
ciated with the sulphides and show a zonation around
millimetre-thick veinlets with epidote, zoisite, analcime
and sulphides surrounding a central zone with analcime,
natrolite, chlorite and sulphides.

Analyses of 83 chip samples show the following maxi-
mum values: Pb 3.6%, Zn 1.5%, Ag 270 ppm, Sb 170
ppm, B 500 ppm, Mn 0.7%, Li 300 ppm, Cu 140 ppm
and Ba 0.3%. The average grade is 1.1% Pb, 0.4% Zn
and 40 ppm Ag. The largest lens covers a surfacc arca of
approximatcly 100x40 m.

Lead-isotope studies indicate that the mineralization
is of Late Proterozoic age (900 Ma) (Rasmussen 1982).
This is further supported by structural evidence because
the mineralized fault zone does not continue into the
Caledonian granite. The mesothermal nature of the
mineralization is indicated from stability investigations
of analcime and microprobe investigations of sphalerite
in equilibrium with pyrrhotite and pyrite. These show
that the temperature of mineralization was 225°-265° C
and the maximum pressure 4.25 Kbar (Rasmussen
1982).

Copper in northern Suess Land and southern Andrée
Land (19,20)

During Nordmine reconnaissance exploration in the
spring of 1976 apparently strata-bound copper miner-
alization was found on the south and north coast of cen-
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Fig. 16. Copper-mineralized
quartzitic sections from
northern Suess Land (A)
and southern Andrée Land
(B). Modified after
Hallenstein (1977).
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beds.

tral Kejser Franz Joseph Fjord (Hallenstein 1977). The
occurrence in Suess Land is located in the coastal cliffs
c. 3 km west of Sonklargletscher (19) and the occur-
rence in Andrée Land is located c¢. 1 km west of Junc-
tiondal (20) (Fig. 31).

The geological setting of the area comprises Middle
Proterozoic metasedimentary sequences which overlay
and are interfolded with the infracrustal Niggli Spids
migmatite dome of presumed Lower Proterozoic age
(Haller 1953, Higgins et al. 1981). The metasediments
comprise a calcareous sequence overlain by garnet-mica
schists and quartzites. Primary bedding is often recog-
nizable in the metasediments.

Apparently strata-bound copper mineralization oc-
curs in bedded quartz-mica schists and micaceous quart-
zites (Fig. 16). Mineralization has been observed over a
composite thickness of 15-20 m with an unmineralized
interval of c. 10 m between two malachite stained hori-
zons (Fig. 16). The lateral extension is unknown, but
mineralization occurs for at least several hundred
metres. The metasediments are rather weathered, and
apart from malachite, only subordinate chalcopyrite is
seen. Analyses of selected samples yielded up to 0.4%
Cu and 3 ppm Ag, however the overall grade based on
section sampling is as low as 300-500 ppm Cu. In addi-
tion, zinc values of up to 500 ppm occur.

The strata-bound nature probably indicates that the
primary copper mineralization took place shortly after
the deposition of the sediments during the Middle Pro-
terozoic.
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Tungsten in Gemmedal, Andrée Land (21)

A pronounced scheelite anomaly in pan samples was
identified in Gemmedal in 1979 (Karup-Mgller 1979).
Follow-up the next year led to the finding of a skarn-
type scheelite mineralization at the southwest and
southeast side of a nunatak 8 km NW of Spejderhatten
at an altitude of 1400 m (Lind 1981a).

The area comprises Middle Proterozoic metasedi-
ments (Higgins et al. 1981), and it is possible to distin-
guish two structural units separated by a NE-dipping
shear zone. The area north of the shear zone comprises
folded migmatitic garnet-biotite schist, biotite gneiss
and garnet-bearing, two-mica granite. The area south of
the shear zone comprises intensely folded biotite-mus-
covite schist with sporadic garnet aggregates and quartz
sweats and subordinate calc-silicate and marble hori-
zons and lenses. The meta-sediments are intersected by
garnet-tourmaline-bearing, two-mica granite veins
which locally are rotated and sheared. Deformation is
presumed to be contemporaneous with the overthrust-
ing.

Scheelite mineralization is restricted to the calc-sil-
icate/marble lenses which show a wide compositional
variation. It is possible to recognize diopside-clinozoi-
site, diopside-idocrase and garnet-clinozoisite-diopside
assemblages. Quartz is always a major constituent and
plagioclase is locally abundant. Calcite, sphene, schee-
lite and apatite constitute accessory minerals. Charac-
teristically, scheelite occurs as inclusions in garnet and
quartz.

Analyses of a few selected samples show the fol-
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lowing maximum values: 3.4% tungsten, 400 ppm tin,
200 ppm bismuth and 0.5% titanium. Due to the irreg-
ular distribution of scheelite and the scattered occur-
rence of calc-silicate lenses the overall tungsten content
is low.

The scheelite mineralization does not represent a ty-
pical contact skarn. It may represent metamorphically
mobilized tungsten which has reacted with marble.

Upper Proterozoic

Upper Proterozoic (900-600 Ma) copper mineralization
is widespread in the Eleonore Bay Group (EBG). Al-
though the mineralization is known at several strat-
igraphical levels, a general description is given in the
following section.

Copper in the Eleonore Bay Group basin (22-43)

Stratiform and strata-bound copper mineralization was
found both in the Lower and Upper Eleonore Bay
Group at Canning Land by GGU in 1971 (Caby 1972).
These finds led to continued investigations throughout
the EBG basin located between 72°N and 74°N. In the
mid-seventies parallel investigations were carried out by
a group from the University of Copenhagen (Stendal
1979a and b, 1980b, Ghisler et al. 1980a and b, Stendal
& Hock 1981, Stendal 1982a, Stendal & Ghisler 1984)
and by Nordmine (Appel 1974, Moeri 1975, Gruner &
Probst 1976). Nordmine later investigated occurrences
on Ymer @ (Hallenstein 1982) and on Canning Land
(Harpgth 1982). A detailed description is given by Ghis-
ler et al. (1980b), from which most of the following de-
scriptions are adapted.

The EBG sequence shows a largely similar litholog-
ical development in a region 450 km from south to north
and 200 km from east to west (Haller 1971), but has
only been investigated for its mineral potential in some
detail in the central fjord region between 72°N and
74°N.

Stratiform and strata-bound mineralization has been
observed within a 3000 m thick stratigraphical pile com-
prising the uppermost part of the Argillaceous-Arena-
ceous Series of the Lower Eleonore Bay Group and the
Quartzite and Multicoloured Series of the Upper Eleo-
nore Bay Group.

The Upper Argillaceous-Arenaceous Series is domi-
nated by thin-bedded quartzites and shales. The Quart-
zite Series is divided into six numbered beds (1-6) and
consists of well-sorted sandstones (mainly quartzites),
sandy shales and shales. The Multicoloured Series is di-
vided into seven numbered beds (7-13) comprising
shales, mudstones, arenaceous dolomites, limestones,
dolomitic shales, sandstones and sandy shales occurring
in a characteristic sequence of alternating beds of vari-
able colours. The described sequence represents very

30

shallow water sedimentation. Eight different levels in
the stratigraphical columm exhibit stratiform or strata-
bound copper mineralization (Fig. 17). The approxi-
mate area distribution of the individual mineralized
stratigraphical levels south of 74°N is shown in Fig. 18.
A description of the various mineralized horizons is
given below.

Argillaceous-Arenaceous Series

Two strata-bound copper-mineralized levels occur
within the uppermost part of the Series: a lower level
some 150 m below the top and an upper level at the
transition to the Quartzite Series.

The lower level is mineralized at several localities, is
up to S m thick, but has a poor lateral persistency. The
pyrrhotite-pyrite-chalcopyrite-mineralized quartzite
beds in general contain less than 0.1% copper.

The upper and most distinctive copper-bearing hori-
zon is situated immediately above a rusty-weathered
bed which according to Katz (1952) defines the top of
the Lower Eleonore Bay Group. This pyrrhotite-pyritc-
bearing quartzite bed is recognizable throughout thc re-
gion, but copper mineralization is only found in Andrée
Land (Fig. 18), where it has been followed laterally for
more than 10 km in a region where the sediments have
been metamorphosed. Malachite staining makes the
0.2-1.5 m (max 5 m) thick horizon easily recognizable.
Microscopically, the quartzite rock contains minor
amounts of biotite, chlorite, muscovite, pyrrhotite, py-
rite, chalcopyrite, galena, sphalerite, cobaltite, molyb-
denite, rutile, ilmenite and graphite and the secondary
minerals malachite, covellite and goethite. Graphite is
always associated with the sulphides. The copper con-
tent of selected samples varies from 0.25 to 2.5%. The
average grade is estimated to be below 0.1% copper.

Quartzite Series — bed 3

Widespread copper mineralization (Fig. 18) occurs in

0.5-2 m thick horizons in the upper part of bed 3 which

is dominated by dark green quartzitic shales intcrbed-

ded with thin quartzites. According to lithology and sul-
phide mineralogy three types of mineralization are dis-
tinguishable:

— The first type of mineralization occurs in finely lami-
nated shales-siltstones with characteristic graded bed-
ding. The stratiform copper mineralization is strictly
associated with the more coarse-grained units which
contain chalcopyrite. Pyrite is the only sulphide in the
fine-grained laminae, whereas rutile/anatase and or-
ganic matter/graphite occur in both lithologies.

— The second type of mineralization concerns dissemi-
nated framboids of pyrite associated with subordinate
galena, sphalerite and chalcopyrite in shale. The py-
rite is always associated with organic matter or graph-
ite.

— The third type occurs in coarse-grained quartzites
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Fig. 17. Stratigraphical
section of the uppermost
part of the Argillaceous-
Arenaceous Series (Lower
Eleonore Bay Group) and
the Quartzite Series and
Multicoloured Series (Upper
Eleonore Bay Group).
Copper-mineralized levels
are indicated and are also
shown in Fig. 18. Modified
after Ghisler et al. (1980b).
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with a chlorite matrix and cemented by quartz and
minor chalcopyrite and pyrite. The quartzites typi-
cally have a spotted appearance.
The average copper grade of all the mineralized beds is
estimated to be below 0.1%.
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Quartzite Series — bed 5

Widespread copper mineralization (Fig. 18) occurs in
0.2-2 m thick intercalations of white quartzites and
green quartzitic shales in a sequence dominated by dark
red quartzitic shales. Chalcopyrite and subordinate bor-
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nite, chalcocite and pyrite occur partly in detrital quartz
grains (Ghisler et al. 1980b) and partly as cementing
phases associated with the more coarse-grained laminae
in the quartzitic shales.

Analyses of selected grab samples range from 0.1 to
1.25% Cu. The average grade is estimated to be below
0.1% Cu.

Quartzite Series — bed 6

Widespread but non-persistent copper mineralization
occurs in 0.2-1 m thick quartzite beds in the uppermost
part of this unit (Fig. 18). Disseminated euhedral pyrite
and chalcopyrite occur interstitially to coarse-grained
quartz. The average copper grade is low.

In Brogetdal epigenetic copper-antimony mineraliza-
tion occurs in the top of bed 6 (sec section on copper-
antimony in Brogetdal, Strindberg Land).

Multicoloured Series — bed 7

This stratiform copper mineralization is the most wide-
spread and persistent one in the EBG with an observed
distribution of 275 km from south (Canning Land) to
north (Strindberg Land) (Fig. 18). The host rock is a
monotonous red shale displaying mm- scale graded bed-
ding. The shales are calcareous and dolomitic with an
increasing carbonate content from 5% in the lower part
to some 50% near the top (Katz 1952). Mineralization
occurs in green intercalations of carbonaceous shale
ranging in thickness from a few cm to a few m. Two dis-
tinct mineralized horizons occur, one 10-15 m and the
other 60-70 m above the top of the white quartzite bed
6. In addition, traces of copper sulphides are found lo-
cally at higher levels in bed 7.

The copper sulphides generally occur as very fine-
grained disseminations of chalcocite and/or chalcopy-
rite, but locally discrete sulphide blebs (up to 5 cm
large) elongated parallel to bedding plane fissility domi-
nate. The blebs are characteristically rimmed by
graphite/organic matter and predominantly consist of
chalcocite with subordinate bornite and chalcopyrite.

The average copper content of the mineralized green
shales is estimated to be 200-1000 ppm over a thickness
of 1-2 m. In local areas (for example Strindberg Land),
average grades of 0.1-0.5% occur. Selected samples
yield up to 6% copper. The average silver content is low
(a Cu/Ag ratio of 1000-1500).

Multicoloured Series — bed 8

Thin (10-25 cm) stratiform copper-mineralized beds oc-
cur scattered but widespread (Fig. 18). Disseminated
chalcocite occurs in dolomite or dolomitic shale. The
copper content is low.
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Multicoloured Series — bed 10

Thin (10-15 cm) stratiform copper-mineralized beds are
scattered but widespread (Fig. 18). Disseminated chal-
cocite with subordinate bornite, chalcopyrite and pyrite
occur in dolomitic shale and dolomitic siltstone. The
grade is estimated to be 0.1% Cu over a thickness of
10-25 cm.

Genetically, the mineralized beds in the Eleonore Bay
Group are interpreted as being of synsedimentary-early
diagenetic origin. This is strongly indicated by the ce-
menting nature of the copper sulphides, by the selective
precipitation in the more coarse-grained laminae, and
by the occurrence of copper-mineralized boulders of
identical type in the overlying tillites. Organic matter
acted as the reducing agent for sulphide precipitation.

Lower Palaeozoic (mainly Caledonian)

Lower Palaeozoic (600-345 Ma) mineralization is very
widespread and in particular associated with late Cale-
donian granitic activity, with Devonian intrusive and ex-
trusive events and with late Caledonian-Upper Devo-
nian faulting. Until quite recently the Caledonian gra-
nites were believed to be more or less sterile with
respect to mineralization, but investigations during the
past decade have shown that the granites are often asso-
ciated with mineralization like in other parts of the
Caledonides.
The observed mineralization comprises:

Tungsten in Milne Land

Tungsten in Kalkdal, Liverpool Land

Base metals and tungsten at Kap Allen, Canning
Land

Base-metal veins on Wegener Halvg and Canning
Land

Uranium on Wegener Halvg

Tin at Berszrkerbrz, north Stauning Alper

Copper at Berszrkerbra, north Stauning Alper

Tungsten in north Stauning Alper

Tungsten at Trekantgletscher, Nathorst Land

Tungsten-arsenic in Alpefjord

Tungsten-tin at Randenzs, Forsblad Fjord

Gold in Forsblad Fjord

Copper-tungsten on Jigmistarens @, Segelsillska-
pets Fjord

Tungsten-antimony in Margeries Dal, Ymer @

Antimony-gold in Noa Dal, Ymer @

Tungsten at Knivbjerg, Andrée Land

Gold at Luciagletscher, Andrée Land

Tungsten at Panoramafjeld, Andrée Land

Copper-antimony in Brogetdal, Strindberg Land

Fluorite at Kap Franklin, Gauss Halvg

Uranium in Randbgldalen, Gauss Halveg

Uranium in Foldaelv, Gauss Halvg
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Fluorite and uranium in Moskusokselandet

Basc mctals and silver at west Sernander Bjerg,
Hudson Land

Tin-tungsten in Blokadedal, Hudson Land

Tungsten in Milne Land (44)

Heavy-mineral samples collected along the coast of east
Milne Land in 1969 and 1972 contain some scheelite.
On the basis of these samples and an assumed favour-
able geological setting for scheelite-skarn mineraliza-
tion a detailed heavy-mineral sampling program was
carried out in 1980 (Pedersen 1980a). Two scheelite-
anomalous areas were delineated at the northern and
southern contacts of a major granodiorite body. Subse-
quent UV traversing at the northern and most pro-
nounced anomaly identified in situ scheelite-bearing
skarn type mineralization (Fig. 19) (Hallenstein 1981,
Hallenstein & Pedersen 1982 and 1983).

East Milne Land is separated from the rest of Milne
Land by a prominent NNE-trending fault. The area east
of the fault comprises Middle Proterozoic metasedi-
ments intruded by a variety of post-kinematic granitoids
(Henriksen & Higgins 1971). The first intrusive phase
comprises a 120 km* large granodiorite body in the cen-
tral part of east Milne Land. The radiometric Rb-Sr
whole-rock age is 453 Ma (Hansen & Tembusch 1979).
At the northern border, the granodiorite is in contact
with a 100-200 m thick marble horizon, which in turn is
overlain by mica schist. The contact, which is concord-
ant with the foliation, strikes E-W and dips 80° N. A few
granodiorite veins which are parallel with the contact
occur in the marble up to 50 m from the contact. Skarn
formation has taken place up to 50 m from the contact,

cither at the contact between granodiorite (both main
body and veins) and marble or in joints in the marble.

Skarn, with or without scheelite, has been traced
along the contact zone for 2 km. In the eastern part
skarn is found as lenses, both at granodiorite-marble
contacts and enclosed in marble. Individual lenses can
be up to 2 m thick and 10 m long. In the western part
skarn is found only at the contact between granodiorite
and marble. It occurs as a 150 m long, continuous, 0.4 m
thick horizon with scheelite in the 20 cm closest to the
marble.

Skarn types without scheelite comprise diopside-mus-
covite skarn and epidote skarn rich in sphene and apa-
tite. Both rock types also contain 10-20% calcite. The
scheelite-bearing skarn is a tremolite skarn. It consists
of tremolite, quartz, idocrase, calcite and scheelite with
minor biotite, diopside, chlorite and native bismuth.
Scheelite was one of the first minerals to be formed, and
scheelite grains are either enveloped by aggregates of
prismatic tremolite, or together with diopside enclosed
in large euhedral idocrase grains. Late-formed quartz
and calcite enclose tremolite and idocrase and fill out in-
terstitial space. Selected samples of scheelite-bearing
skarns contain up to 3% W, 0.5% Bi and 0.6 ppm Au.
Systematic sampling in the eastern area across the skarn
lenses indicates an average tungsten content of 500
ppm.

The scheelite skarn is the result of late stage hydro-
thermal activity associated with the granitic intrusives.

Tungsten in Kalkdal, Liverpool Land (45)

Heavy-mineral samples from Kalkdal collected in 1970
and 1976 revealed high contents of scheelite. Additional
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Fig. 19. Geological map of scheelite-mineralized area in Milne Land. Modified after Hallenstein (1981).
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sampling during 1979 defined several anomalies and
subsequent follow-up with UV-lamp traverses in 1979
and 1: 10 000 scale mapping in 1980 led to the discovery
of in situ tungsten skarn mineralization at various lo-
calities (Karup-Mgller 1979, Pedersen 1980a and b,
Lind 1980 and 1981b, Hallenstein 1979, Hallenstein &
Pedersen 1982 and 1983).

The area comprises a belt of metasediments bounded
to the west by granite (The Hurry Inlet Granite) and to
the east by foliated Caledonian granodiorite (Fig. 20)
(Coe & Cheeney 1972, Coe 1975).

The metasediments are provisionally divided into
dolomite marble, biotite-hornblende schist, biotite-gar-
net gneiss and amphibolite. The K-Ar age of horn-
blende from a gneiss is 1183 Ma (Hansen et al. 1973).
The metasediments in general have an ESE strike and a
moderate dip to the south. Small-scale folding is wide-
spread, but it has not been possible to delineate any
larger fold structures. Most of the metasediments are
made up of biotite-hornblende schist alternating with
biotite-garnet gneiss. Major units of marble occur at the
base of the metasedimentary belt in contact with grano-
diorite in a large area of east Kalkdal, and at the top of
the metasediments in contact with the Hurry Inlet Gra-
nite in west Kalkdal. Furthermore, an up to 30 m thick
marble horizon enclosed in biotite-hornblende schist
can be traced from west Kalkdal to Bodal (Fig. 20).

The granodiorite is a grey, foliated, medium- to
coarse-grained rock composed of quartz, plagioclase,
alkali feldspar, chlorite and accessory sphene, clinozoi-
site and muscovite. It is in contact with both marble and
schist and intense interfingering between marble and
granodiorite is frequent. At such contacts formation of
various calc-silicate skarns is abundant.

The Hurry Inlet Granite is a biotite granite, locally
with feldspar megacrysts. In west Kalkdal a slightly dif-
ferent variety is developed with abundant pink feldspar,
a lower quartz content and with biotite altered to chlor-
ite. Radiometric dating of the granite has indicated an
age of 434 Ma (Hansen & Steiger 1971). The contact be-
tween the granite and the metasediments is irregular,
with xenoliths of marble, schist and gneiss floating in
the granite and granite veins penetrating the metasedi-
ments. The marble xenoliths have undergone intense
deformation and partial melting, but there is no rim of
mineralogical reaction (Coe 1975).

A few major faults are found in the area and some
have been intruded by pegmatites. A large, up to 200 m
wide fault zone striking 160° intersects the contact area
between the Hurry Inlet Granite and the metasediments
(Fig. 20). The block west of the fault zone is down-
thrown.

Tungsten mineralization is found in three different
settings.

The first is associated with skarn formation which oc-
curs where granodiorite is in contact with marble. The
width of the skarn horizons varies from a few cen-
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timetres to several metres. Different types can be re-

cognized in this setting and some contain scheelite.

— Diopside skarn is a medium-grained rock. It is
formed from forsterite-rich marble, and is character-
ized by its high proportion of diopside and its pla-
gioclase and/or scapolite content. Scheelite is never
found in this rock type.

— Actinolite skarn is formed from diopside skarn. It is a
dark green, medium- to coarse-grained rock. It con-
tains prismatic actinolite grains which replace diop-
side. Scheelite can be an accessory component and
has a white to pale-yellow fluorescent colour indica-
tive of a minor molybdenum content. Selected sam-
ples contain up to 1% W, but the overall content is
low.

— Epidote skarn is a grass-green, medium-grained rock.

It alternates with diopside and actinolite skarns. It is

composed of plagioclase and/or scapolite, equal

amounts of epidote, actinolite and diopside and mi-

nor amounts of quartz and calcite. Scheelite is not

found in this rock type.

Garnet skarn is a reddish-green, medium-grained

rock. It is only a subordinate skarn type and is irreg-

ularly distributed. Garnet skarn is characterized by its
content of garnet, epidote and augite, the absence of
actinolite, a high content of quartz, and in some sam-
ples the occurrence of humite and fluorite. Scheelite
is virtually always disseminated. The fluorescent col-
our is yellow, which indicates a high content of mo-
lybdenum in the scheelite. Pyrrhotite and chalcopy-
rite are minor constituents. Selected samples contain
up to 0.1% W.

A second type of scheelite mineralization is associated
with skarn formation in the up to 30 m thick marble
horizon which can be followed from west Kalkdal to Bo-
dal (Fig. 20). Most skarn is developed where faults in-
tersect the marble horizon and is seen as diopside skarn
or actinolite skarn with cross-cutting veinlets of pla-
gioclase and/or scapolite. Blue-fluorescent molyb-
denum-free scheelite occurs as parallel aggregates dis-
seminated in the plagioclase/scapolite-veined actinolite
skarn. It is characteristic that plagioclase and scapolite
are intensely altered to sericite in scheelite-rich sam-
ples. Large boulders with 1-2% W have been observed,
but the overall tungsten content is low, estimated at less
than 0.05%. The actinolite skarn is also enriched in be-
ryllium (max. 100 ppm).

Pegmatites and quartz veins with scheelite represent
the third type of tungsten mineralization. The main oc-
currence is 2-3 km north of the lake in central Kalkdal.
The pegmatites are up to half a metre thick, can be
traced over several tens of metres and show no prefer-
red orientation. They are composed of pale red, coarse-
grained alkali feldspar, quartz and accessory chlorite,
calcite, clinozoisite and muscovite. Scheelite, powellite
and molybdenite are found as scattered large blebs. The
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Fig. 20. Geological map of scheelite-mineralized area in Kalkdal. Modified after Hallenstein & Pedersen (1983). Star indicates lo-

cation of massive pyrrhotite lens (no. 4).

quartz veins occur in the same area as the pegmatites
and in some places intersect them. The width of the
quartz veins varies from <1 cm to 10 cm. They consist
of quartz and locally contain pyrite, scheelite, bismuthi-
nite and molybdenite. Selected samples show the fol-
lowing maximum values: 0.5% W, 0.6% Mo, 0.5% Bi,
300 ppm Pb and 30 ppm Be. Systematic sampling from a
limited area indicates a tungsten content of 100 ppm and
a molybdenum content of <10 ppm.

The tungsten skarn and vein mineralization is viewed
as contact mineralization to the granodiorite intrusion
in east Kalkdal.

Base metals and tungsten at Kap Allen, Canning
Land (46)

During reconnaissance exploration in 1980 and 1981
widespread fluorite-base metal, arsenopyrite-gold and
scheelite mineralization was located in the altered roof
zone of the Kap Wardlaw granite 1-2 km west of Kap
Allen (Fig. 21) (Thomassen & Schgnwandt 1981,
Harpgth 1982).

Northeast Canning Land displays a more than 4500 m
thick sedimentary sequence composed of parts of the
late Precambrian Eleonore Bay Group intruded by the
late-Caledonian (c. 410 Ma, Bengaard 1985) Kap Ward-
law granite. The roof zone of the granite intrusion exhi-
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bits irregular convex lobes and apophyses. A pro-
nounced contact-metamorphic aureole (up to 400 m
wide) surrounds the granite (Caby 1972).

Three types of mineralization have been observed:

— Lead-zinc mineralization occurs in a more than 100 m
wide and more than 10 m thick zone in the altered
granite roof. Inferred dimensions, mainly based on
scree-sediment anomalies, could be as much as
200x1000x100 m. Fluorite with minor galena, sphale-
rite, chalcopyrite and pyrite is found in cm-dm thick
veinlets and cavities. Analysis of a selected sample re-
vealed 2.5% Pb, 0.3% Zn, 200 ppm Cu, 50 ppm Bi
and 7 ppm Ag. Analysis of a pure galena-bearing
sample shows 2400 ppm As, 500 ppm Zn, 450 ppm
Ag, 440 ppm Cu, 140 ppm Bi and 20 ppm Sb. The
overall grade is however relatively low with an esti-
mated 1% combined lead and zinc.

— Arsenic-(copper-bismuth-gold) mineralization occurs
as small (typically c. 100 m?) scattered rust zones in
the granite. No connection between mineralization
and fracture pattern could be established, but some of
the mineralized bodies exhibit extensive jointing. Ar-
senopyrite, pyrite, chalcopyrite, sphalerite, pyrrho-
tite, native bismuth, bismuthinite and loellingite oc-
cur disseminated and/or in veinlets associated with
greisen type alteration. Analyses of selected samples
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reveal the following maximum values: 17.5% As,
0.6% Cu, 0.1% Bi, 500 ppm Sn, 500 ppm Zn, 400
ppm Pb, 400 ppm Co, 300 ppm Ni, 300 ppm Nb, 30
ppm Mo, 5 ppm Ag and 0.58 ppm Au. However, the
overall grade of the mineralized occurrences is much
lower.

— Scheelite mineralization is indicated from mineralized
boulders and from panned heavy-mineral concen-
trates in an area of more than 6 km’ around Kap Al-
len and southwest of Kap Wardlaw. Most of the min-
eralized boulders represent granite/granodiorite with
millimetre-thick joint coatings with quartz, scheelite
and pyrite. Microscopically, chalcopyrite, pyrrhotite,
marcasite, rutile and muscovite were also identified.
Hydrothermal alteration in the form of bleaching and
kaolinization occurs in mm-cm scale around the frac-
tures. Furthermore, a few boulders with coarse-
grained scheelite in quartz veinlets in granite were lo-
cated. A single boulder of scheelite-mineralized spot-
ted slate indicates that tungsten mineralization also
occurs in the sediments. Analyses of two selected
granitic samples reveal the following maximum val-
ues: 0.15% W, 0.35% B, 0.2% Ba, 0.15% Pb, 300
ppm Cu, 100 ppm Bi, 60 ppm Sn, 50 ppm Mo and 3

ppm Ag.

In summary, the observed mineralization pattern of the
granite roof west of Kap Allen combined with a pro-
nounced pan-sample anomaly pattern (B-F-As-Mo-
Sn-W-Bi-REE and Cu-Pb-Zn-Ag-Au-Ba) is typical of a
granite intruded in a shale sequence. The Lower EBG
shales acted as an impermeable seal for the metal-bear-
ing gases and fluids during the granite emplacement in
Upper Silurian time.

Base-metal veins on Wegener Halvg and Canning
Land (47-56)

Vein-type mineralization is fairly common in the pre-
Permian rocks of the two peninsulas Wegener Halvg
and Canning Land (Fig. 21). As early as the thirties a
gold-bearing boulder was found at the mouth of Tve-
kegledal and a silver-bearing “blue vein” was investi-
gated at Calamiteselv (Eklund 1944). Subsequent inves-
tigations by Nordmine were carried out mainly during
the period 1979-1981 (Thomassen 1980 and 1982, Tho-
massen & Schgnwandt 1981, Harpgth 1982).

The two peninsulas comprise a complex mosaic of
fault blocks. Due to different elevations of these blocks
a surprisingly comprehensive stratigraphical record is
exposed within this relatively small area. Sediments of
Upper Proterozoic (EBG), Cambrian, Devonian, Car-
boniferous, Permian and Triassic ages as well as Cale-
donian granite and Devonian volcanics are exposed
(Noe-Nygaard 1934, 1937, Biitler 1948, Grasmiick &
Trimpy 1969, Caby 1972 and 1976b, Perch-Nielsen et
al. 1972, Alexander-Marrack & Friend 1976).
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Mineralized veins that are clearly structurally control-
led by N-S to NW-SE oriented faults are hosted in Up-
per Proterozoic and Cambrian clastic and carbonate
rocks, in Devonian clastic sediments and intermediate
to felsic volcanics, and in Caledonian granite. The veins
may be massive and up to 6 m thick, but frequently they
form up to 100 m wide zones with abundant en echelon
mm to cm veinlets. Such zones are often accompanied
by silicification and argillization of the host rock. The
gangue consists of quartz, baryte, fluorite and calcite.
Drusy quartz with hematite coating is common. In gen-
eral, the sulphide content of the veins is less than one
per cent. Chalcopyrite, bornite, sphalerite, galena, py-
rite and hematite are the common ore minerals, with
subordinate chalcocite, tetrahedrite-tennantite, witti-
chenite, clausthalite and gold. A large scale zonation
occurs with a predominance of calcite, copper minerals
and gold on Wegener Halvg as compared with higher
contents of fluorite, galena and sphalerite on Canning
Land. Geochemically the veins are characterized by
scattered high contents of copper, lead and zinc (1-20%
in selected samples). Other analytical results include up
t0 0.35% Bi, up to 660 ppm As, up to 300 ppm Sb, up to
350 ppm Ag and up to 3.6 ppm Au.

Genetically, the veins are related to a set of conjugate
shear faults (sinistral 165°-180° and dextral 120°) result-
ing from approximately NW-SE maximum compress-
ion. As seen in Fig. 21, most of the veins have been em-
placed along the 165°-180°-striking sinistral shear faults
and occur as en echelon vein segments in areas of maxi-
mum tension and dilation. As the veins cut Middle De-
vonian rocks but not Carboniferous or younger rocks,
they are probably of Upper Devonian age.

Some of the more prominent vein systems are de-
scribed below.

Kap Brown (55, 56)

Two major vein systems are associated with the eastern
margin of the central graben of Wegener Halvg (Fig.
21). The easternmost system comprises quartz-calcite
veins with traces of chalcopyrite and bornite emplaced
in Devonian sediments. The 170°/80° W (subordinate
130°/subvertical) oriented veins occur intermittently due
to snow cover over c. 1000 m laterally and ¢. 125 m ver-
tically. The observed maximum vein thickness is 6 m.
The other vein system associated with the eastern fault
of the central graben of Wegener Halvg (Fig. 21) is the
so-called “blue vein” described by Eklund (1944). This
160° oriented vein system occurs in the Devonian sedi-
ments along the ridge east of Calamiteselv across the
whole width of the peninsula i.e. ¢. 2.5 km, and is ex-
posed 350 m vertically. The system consists of several en
echelon vein segments, each consisting of a number of
maximum 1 m thick, steeply westward-dipping veins.
The gangue is quartz with minor baryte and calcite.
Scattered blebs of chalcopyrite and hematite with sub-
ordinate bornite and galena occur. The maximum gold
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content of a few selected samples is 0.27 ppm. Eklund
(1944) reported maximum contents of 60 ppm Ag and
0.3 ppm Au from the southern part.

Tvekegledal (52, 53)

Along the western fault of the central graben of We-
gener Halvg a vein system occurs intermittently in De-
vonian sediments for a length of approximately 6 km in
a general NNE-SSW direction and for 300 m vertically
(Fig. 21). The quartz veins (10°-30%70°-80°E) occur in
an en echelon pattern typically with zones of cm-dm
thick veins. They contain minor bornite, chalcopyrite,
galena and sphalerite. The maximum gold content of se-
lected samples is 1.4 ppm.

Near the mouth of Tvekegledal, mineralization is also
known from numerous scree boulders along the steep
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northeastern slopes of Ravnefjeld (54) (Fig. 21). Thesc
boulders belong to the Devonian Kap Fletscher Forma-
tion and consist of brownish to greenish feldspar por-
phyries of rhyodacite-latite composition. Large, yel-
lowish-weathering zones of hydrothermal alteration (ar-
gillization, silicification, pyritization) occur. The gold-
bearing porphyry boulder described by Eklund (1944)
(5% copper and 5.7 ppm gold) originates from this arca
(A. Noe-Nygaard, pers. comm. 1981). Microscopy of
this sample reveals several up to 0.2 mm large inclusions
of intergrown gold-clausthalite aggregates in chalcopy-
rite. A check analysis returns 4% Cu, 21 ppm Ag and
3.7 ppm Au. A number of other mineralized scree boul-
ders from this area were examined. They contain a net-
work of mm-dm drusy quartz veins with scattered blebs
of chalcopyrite and pyrite, but only traces of gold (max.
0.1 ppm) were detected.
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Basisdalen (47)

A 1 m thick, 40°striking vein of massive baryte with an
estimated 5% combined sphalerite and galena is ex-
posed for some 200 m in Devonian volcanics (Fig. 21).
The sulphides (sphalerite and galena with minor chal-
copyrite, pyrite, marcasite and fahlore) occur as 1-2 cm
bands with comb-structure or as tiny linings around rock
fragments. Selected samples rich in zinc and lead con-
tain up to 27 ppm Ag and 0.55 ppm Au.

Hesteskoen (48)

Along the eastern slope of Hesteskoen, a vein zone oc-
curs for some 4 km laterally and 300 m vertically (Fig.
21). The veins, which generally strike 110°, occur along
a 170°-striking fault separating Eleonore Bay Group
shales from Devonian volcanics. The veins are mainly
hosted in the volcanics and are up to 1 m thick. They
consist of drusy quartz, fluorite and baryte with minor
chalcopyrite and pyrite. The gold content of selected
samples is below 0.06 ppm.

Porfyrdal (50)

In the southern slopes of Porfyrdal, a 3 km long E-W-
trending zone contains extensive fluorite-quartz veining
hosted in EBG shales for ¢. 300 m vertically (Fig. 21).
Individual veins (80°/subvertical) are of dm-m thickness
and contain traces of sphalerite, chalcopyrite, galena
and pyrite. The gold content of selected samples is low
(max. 0.02 ppm).

Kap Allen (49)

West of Kap Allen (Fig. 21), a NW-SE-oriented fault
zone separates Caledonian granite from EBG shales.
Five major veins occur along the fault in the sediments
and the granite. Early 75°striking and late ¢. 120°-
striking subvertical veins can be distinguished. The
mean thickness is 1-2 m and horizontal and vertical
dimensions of up to 1000 m and 300 m respectively are
exposed (Fig. 22). The veins consist of quartz, fluorite
and baryte with approximately 2% sulphides, mainly
galena and chalcopyrite. The silver content may reach
350 ppm in galena-rich samples whereas the gold con-
tent is negligible.

Kap Tyrrell (51)

Just south of Kap Tyrrell (Fig. 21) several c¢. 155°-
striking veins are exposed for a few tens of metres in
EBG quartzites. The thickness is 1-2 m and they consist
of quartz and baryte with 2% galena, mainly as cm-large
crystals concentrated in the central part of the vein. The
gold content is negligible.
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Fig. 22. Quartz-fluorite-baryte vein in Eleonore Bay Group
hornfelses, Kap Allen.

Uranium on Wegener Halvg (57, 58)

Uranium mineralization was found by Nordmine in the
Devonian red beds of southern Wegener Halvg in
1975-76 during follow-up of uranium anomalies in pan
samples (Hallenstein 1976, 1977).

The mineralization is hosted in the Upper Devonian
Quensel Bjerg Formation, which consists of fluviatile
sandstones and conglomerates (Alexander-Marrack &
Friend 1976).

Mineralization has been observed north of Lille Cir-
kusbjerg (58) in local scree boulders and four km to the
west (57) in three outcrops (Fig. 21). The intervening
Devonian sediments do not outcrop due to post Devo-
nian cover. Uranium is always directly associated with
either scattered brick-red, mm to dm sized phosphatic
clasts in conglomerates and coarse sandstones, or with
brick-red medium-grained, dm-thick phosphatic sand-
stone beds within thickly bedded conglomerates. It is
assumed that several thin horizons are mineralized, but
the detailed stratigraphy has not been studied. Analyses
of six selected samples gave 210-860 ppm U and 9-33%
P.O,.

The presence of phosphorite in the fluviatile Quensel
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Bjerg Formation is rather enigmatic, as most phospho- ;
rites are marine. The origin of the mineralization has North Stausing Adpes (57-62)

possibly involved diagenetic mobilization and concen-  Several types of mineralization including tin, copper
tration of both uranium and phosphate. and tungsten are described from this area (Fig. 23). The
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area comprises late Precambrian sediments (Lower
Eleonore Bay Group) intruded by late Caledonian gra-
nites (Frinkl 1953b, Haller 1958). The lower Eleonore
Bay Group is divided into: a) Lower Arenaceous-Ar-
gillaceous Series, b) Calc-Argillaceous Series and c¢) Up-
per Argillaceous-Arenaceous Series. The intrusive gra-
nite-sediment contact is situated in the upper part of the
Lower Arenaceous-Argillaceous Series. Tectonically,
the north Stauning Alper is divided into several major
structural units (Frinkl 1953b) which are dominated by
large-scale folding and N-S and NW-SE faulting and
thrust faulting.

Tin at Bers@rkerbrae (59)

Pronounced tin anomalies in panned heavy mineral con-
centrates led to the finding of two types of tin-miner-
alized quartz veins in the sediments two km northeast of
Harlech Fjeld, Berszrkerbra (Fig. 23) (Pedersen 1980b
and 1981). These were later investigated in detail by
Harpgth (1982).

Within the Lower Arenaceous-Argillaceous Series
along a 2-3 km NW-SE-striking belt more than 20 per-
sistent quartz veins have been observed 200-500 m ver-
tically above a granite/sediment contact. It is note-
worthy that no veins occur within the 200 m directly
above the contact. The strike of the quartz veins is simi-
lar to that of the bedding of the host sediments (about
150°), whereas the dip of the quartz veins (10° — 90°) is
much more variable than that of the sediments (60° -
70°). Some of the major veins could be traced in outcrop
for more than 1000 m and observed in the cliff for an ad-
ditional 2000 m. Individual veins are normally several
tens of metres apart, but a section of 75-100 m contains
10-15 quartz veins. The thickness of the veins varies
from 1-60 cm with an average of 15 cm (Fig. 24). The
quartz veins contain varying amounts of alkali feldspar,
coarse-grained cassiterite and chalcocite/bornite, and
exhibit minor marginal greisenization (muscovite + cas-
siterite) (Fig. 25). Some of the mineralized veins exhibit
strong late hydrothermal alteration and brecciation pos-
sibly resulting in redistribution of cassiterite and chal-
cocite/bornite. Microscopically, the primary ore mineral
phases are cassiterite (with various inclusions of ilme-
nite, columbite(?) and possibly other oxides), chalco-
cite, bornite, hematite and minor native bismuth, pyrite
and chalcopyrite. It is characteristic that single cassit-
erite crystals have many oxide inclusions in the early
precipitated parts of the veins (closest to the margin)
and no inclusions in the late precipitated parts of the
vein (closest to the centre). The average grade of the
veins, based on chip samples, is estimated to be 0.2%
Sn (range of 22 analyses is 0.001-1.3%) with minor cop-
per and silver. Most of the tin is hosted in the greisen
margins, which on an average contain 0.6% Sn.

The other type of quartz veins comprises irregular,
vertical NE-SW-striking veins, which occur in the partly
inaccesible cliffs formed by the Calc-Argillaceous Se-
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Fig. 24. Tin-mineralized quartz vein at Berszrkerbrz.

ries. The ore mineral paragenesis comprises cassiterite,
stannite, galena, chalcopyrite and sphalerite. The stan-
nite is a high-temperature precipitate because it con-
tains numerous minute sphalerite inclusions and some
galena inclusions as well (Ramdohr 1980). Microprobe
analyses give the following molecular compositional
ranges of stannite (S. Karup-Mgller, pers.comm. 1984):
Cuy 630 0F€0 6307720y 17.0 SNy 3s.005Ss- Galena is also a high-
temperature modification with very high bismuth and
silver contents. Microprobe analyses give the following
molecular compositional ranges (S. Karup-Mgller, pers.
comm. 1984): Pby ¢ 4sBiy s 11AZ0msonS- This equals up
to 9.46% Bi and 5.1% Ag in galena.

Genetically, there is no connection between the veins
and the directly underlying granite, because a thrust

MUSCOVITE + CASSITERITE £ CHALCOCITE
Fig. 25. Idealized sketch of tin-copper-mineralized quartz vein.
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fault occurs in between. The assumed source granite for
the vein mineralization is expccted to be situated to the
northeast as the general thrust fault movement of the
area is towards SW.

Copper at Berszrkerbra (60)

A copper-mineralized vein was found two km northeast
of Harlech Fjeld, Berserkerbra (Fig. 23) in connection
with tin exploration (Harpgth 1982). The mineralization
is located just 200 m below the tin-bearing quartz veins
described in the previous section.

The mineralized vein is located within contact meta-
morphosed sediments of the Lower Arenaceous-Argil-
laceous Series close to an intrusive contact to a late
Caledonian granite. It is a vertical, N-S-striking baryte-
fluorite vein exposed for 20 m laterally, but copper-
mineralized scree boulders indicate a minimum length
of 200 .n.

The vein zone has a central part consisting of coarse-
grained violet fluorite (10-20 cm) rimmed by massive
baryte (20 cm). Next to the baryte is a brecciated and
fractured zone (>1 m on either side of the vein) with
chalcocite and bornite in up to 5 mm thick veinlets in
the hornfelsic rock. Chalcocite contains numerous small
inclusions of galena.

Analyses of selected samples gave the following re-
sults: copper 8.5-35.5%, silver 150-540 ppm, molyb-
denum up to 150 ppm, lead up to 400 ppm and gold up
to 0.1 ppm. A very preliminary tonnage-grade estimate
is 100 000 tons with 2-3% Cu and 50 ppm Ag.

The vein was emplaced along a N-S-striking fault with
pronounced shear movement possibly succeeding the
granite intrusion.

Tungsten (61, 62)

Nearly all the end-moraines of the glaciers in north
Stauning Alper are scheelite-anomalous. Follow-up
work at Skjoldungebre and Bersarkerbra in 1979 and
1980 show that scheeelite is found in veins and veinlets
at both localities (Fig. 23) (Pedersen 1980b and 1981).
A description of the mineralization has been presented
by Hallenstein & Pedersen (1982 and 1983).

At Skjoldungebra (62), scheelite has been located in
outcrops within the Calc-Argillaceous Series (Fig. 23).
It is found in thin folded veins up to 2 cm thick and a few
metres long and on joint planes adjacent to the veins.
The frequency of veins is low. The veins are composed
of quartz, muscovite, fluorite and minor scheelite. Fur-
thermore, thicker veins up to 1 m composed of quartz,
fluorite and carbonates are abundant in the area.
Analysis of pure scheelite shows a zinc content of 500
ppm.

In the side-moraines, quartzitic boulders with schee-
lite in quartz veins have been observed. The source of
this mineralization has not been found.

At Bersarkerbra (61), several types of scheelite min-
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eralization have been found within and below the Calc-

Argillaceous Series (Fig. 23). They comprise:

— A few widely scattered, folded veins in limestone
beds of the Calc-Argillaceous Series. Individual veins
are 0.5-5 cm thick and can be traced for a few metres.
They consist of muscovite and quartz with accessory
fluorite, apatite and scheelite. Scheelite invariably oc-
curs in the vein margins and the tungsten content may
be as much as 1%.

- Discordant 1 to 5 cm thick quartz veins in the shaly
parts of the Calc-Argillaceous Series. In addition to
quartz the veins also contain scheelite, arsenopyrite
and pyrrhotite.

— Joints in shale with small, scattered scheelite grains.

— Calc-silicate rocks with disseminated scheelite. This
type is only known from scree boulders.

Tungsten at Trekantgletscher, Nathorst Land (63)

UV-light traversing by Nordmine along the coast be-
tween Schauffhauserdalen and Trekantgletscher in Al-
pefjord led to the finding of scheelite-mineralized skarn
boulders in 1975. Follow-up panning in 1979 led to the
discovery of in situ scheelite mineralization c¢. 2 km
north of Trekantgletscher (Fig. 23) (Hallenstein 1979,
Stendal 1980a). The mineralization is described in detail
by Hallenstein & Pedersen (1982 and 1983).

The area comprises the lowest preserved beds of the
Arenaceous-Argillaceous Series (Frankl 1951). The
rocks comprise metre-bedded, fine-grained, grey quart-
zite and quartzitic shale and subordinate calcareous
quartzite which is found in thin (30 cm) beds and as con-
cordant lenses up to 1 m thick and a few metres long. In-
trusive Caledonian granite occurs 0.1-1 km west of the
area. Xenoliths of the sediments occur in the granite
and discordant granite veins of up to a few mctres in
thickness can be found for up to several km in the sedi-
ments. Both the granite stock and the granitc veins are
leucocratic two-mica granite. Feldspar-muscovite peg-
matites with subordinate green mica, beryl and fluorite
as well as pyrrhotite-bearing quartz veins are typically
concentrated in areas with granite veining. Contact
metamorphism has transformed the quartzitic shales
into biotite schist and the calcareous quartzites into a
calc-silicate assemblage, a so-called skarnoid rock.

Scheelite mineralization is associated with the skar-
noid rock. The calc-silicate minerals and the associated
mineralization in the lenses often reveal a characteristic
zonal pattern (Fig. 26). Selected samples contain up to
0.8% W. A chip sample across a representative miner-
alized skarnoid lens yields only 100 ppm W. Other re-
sults include: Be max. 300 ppm, Bi max. 150 ppm, Sn
max. 200 ppm, Cu max. 150 ppm and Pb max. 200 ppm.

Similar scheelite mineralization associated with skar-
noid rocks has been indicated from boulders found in
north Stauning Alper (Skjoldungebrz and Bersar-
kerbra) and on the south coast of Forsblad Fjord. Ge-
netically, the zoned skarnoid assemblages are interpre-
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Fig. 26. Sketch of tungsten-
skarn mineralization in
Eleonore Bay Group
quartzite. Drawn from
photo. White areas are
scree-covered.
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ted as having been formed by a combination of meta-
morphism and metasomatism. The calcareous core
assemblage has later reacted with hydrothermal fluids,
and idocrase, scapolite, fluorite and scheelite were
formed. The timing of the mineralization is believed to
have been controlled by the intrusion of the granites.

Tungsten-arsenic in Alpefjord (64)

Galena-bearing quartz veins on the west side of Al-
pefjord (Fig. 23) were first described by Frankl (1951).
Later investigations by the University of Copenhagen
(Stendal 1979b, Ghisler et al. 1980a) and by Nordmine
(Thum et al. 1971, Stendal 1980a and c, Lind 1980, Pe-
dersen 1980b, 1981 and 1982) have revealed extensive
scheelite and arsenopyrite mineralization. The results
are summarized by Stendal (1982b), Hallenstein & Pe-
dersen (1982 and 1983) and Stendal & Ghisler (1984).

The area mainly comprises the lowermost EBG sedi-
ments — the Arenaceous-Argillaceous Series which con-
sists of interbedded quartzites and semipelitic quart-
zites, striking NW-SE and dipping 30°—40°NE (Frinkl
1951, Caby 1976c).

Jointing, quartz veining and associated scheelite and
arsenopyrite mineralization is abundant within a 15 km?
area (Fig. 27). The stratigraphic thickness of the se-
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quence containing mineralization is 1500-2000 m, and
from base to top three localities are described in detail.

The stratigraphically lowest occurrence is found at an
altitude of 1300 m (Locality A, Fig. 27). Large con-
cordant quartz veins fifty to several hundred metres
apart are enclosed in the quartzites. Individual veins are
up to 3 m thick and 500 m long. The contact between
the veins and the quartzite is sheared and broken and
sometimes rotated fragments of quartzite can make up
10-20% of the veins. In addition to coarse-grained
quartz, the veins contain aggregates of biotite, flakes of
ilmenite, minor coarse-grained arsenopyrite and rare
scheelite as cm-large euhedral crystals. The ore miner-
als are concentrated near the margins of the veins.
Scheelite is also found as scattered grains on joint
planes close to the veins.

At a higher stratigraphical level intense scheelite min-
eralization occurs south of Galenadal (Locality B, Fig.
27). In general, this area contains 1-2% quartz veins,
but three zones are characterized by 2-6 m wide E-W-
striking quartz vein swarms with 15% veins. At the top
of the scree cones, two quartz vein swarms, 100 m apart,
more than 150 m long and 6 m and 3 m wide occur. The
third occurrence is found just below the scree cones and
it probably represents the continuation of one of the
vein swarms located above. It is 2 m wide and rapidly
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Fig. 27. Outline of arca with scheelite-arsenopyrite quartz vein mineralization in Alpefjord.

fades away further east. The probable total length of

these vein swarms is more than 1000 m. Several gener-

ations of veins exist (Fig. 28), each with its own ore-
mincral assemblage. Four vein generations can be dis-
criminated. These comprise (youngest first):

— Concordant quartz veins 0.1 to 1 m thick and several
hundred metres long. They consist of quartz (90%),
biotite, epidote, arsenopyrite and galena. Their con-
tacts are sheared.

— Veins which strike 150° and are perpendicular to the
bedding. Individual veins are 5-50 cm thick and up to
100 m long. They consist of quartz (>80%) and car-
bonates with minor pyrrhotite, arsenopyrite, chal-
copyrite, bismuthinite, sphalerite and scheelite.

— East-west-striking veins perpendicular to the bed-
ding. These predominate within the vein swarms. The
thickness of individual veins is 0.5-5 cm. Splitting,
merging and en echelon displacement of veins are fre-
quent. In addition to quartz, the veins contain arse-
nopyrite, galena, bismuthinite and apatite. Analyses
of 15 arsenopyrite-rich samples (H. Stendal, pers.
comm. 1982) show a wide compositional variation
with anomalous lead, bismuth and silver and en-
hanced antimony, copper, zinc and gold.

— Thin veins up to 2 cm which strike E-W, SW-NE and
N-S and are perpendicular to the bedding. In addition
to quartz, the veins contain scheelite and apatite. This
vein generation contains most of the scheelite (Fig.
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29). The veins have reacted with the wall rock. Where
they intersect calcareous quartzites, the carbonate
has been replaced by quartz and occasionally schee-
lite up to 2 cm from the vein. Selected samples con-
tain up to 4% W.

Detailed sampling of the vein swarm at the top of the
scree cones by percussion drilling indicates an overall
content of 0.07% W, 0.2% As, 100 ppm Pb and -3
ppm Ag over a width of seven metres. The gold content
is <0.1 ppm.

The highest stratigraphical level with mincralization
occurs just south of the delta of Galenadal (Locality C,
Fig. 27). In this area semipelitic quartzites are abundant
and it is characteristic that whereas the quartzites con-
tain 1-2% quartz veins, the semipelitic quartzites only
display intense jointing with associated arsenopyritiza-
tion of the wall rock. Other opaque minerals include
pyrrhotite, ilmenite, rutile, sphene, magnetite, hema-
tite, pyrite, galena, chalcopyrite, sphalerite and cobal-
tite. Scheelite does not occur.

Fluid inclusion studies on quartz vein material from
Galenadal show a composition of moderately saline,
carbon-dioxide-bearing water (Stendal & Ghisler 1984).
The homogenization temperature was 225°-260° C. Sul-
phur isotope studies (Stendal 1982b) indicate that the
sulphur most probably originates from sulphate-rich
connate water.
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The veins and fractures are a result of folding and
large-scale deformation of the sediments, which prob-
ably took place at the same time as the rise of the Cale-
donian granites. Quartz and ore minerals precipitated
from a hydrothermal solution which may have been ac-
tivated by the granites.

Tungsten-tin at Randenas, Forsblad Fjord (65)

Outcropping scheelite and arsenopyrite vein mineral-
ization was found at Randenas in 1974 during follow-up
on scheelite-rich pan samples (Hopfengirtner 1974).
Further investigations including detailed panning and
UV-traverses were carried out in 1979 (Lind 1980).
Randenzs is situated on the south coast of Lyell Land
just east of the contact zone between Middle Protero-
zoic metasediments and Lower EBG (Fig. 23). The con-
tact zone is intruded by Caledonian two-mica granites
and by pegmatites. The oldest pegmatites are sub-con-
cordant to the easterly dipping Lower EBG sediments,
and are rimmed by mm-cm thick muscovite greisen
whereas the younger pegmatites are sub-vertical with-
out associated greisen. The metasediments comprise in-
terbedded quartzite, biotite schist and garnet-biotite
schist with small lenses of calc-silicate (skarnoid) rocks
(Sommer 1957, Higgins et al. 1981).
Four types of mineralization have been observed:

- The most frequent type is associated with the greisen
zones of the early generation of pegmatites. Fine-
grained disseminated scheelite occurs together with
sporadic coarse-grained cassiterite in the muscovite
greisen. The contact between the greisen and the wall
rock is locally mineralized with scattered decimetre-
sized lenses of massive arsenopyrite with aggregates
of tourmaline. Selected samples of the greisen con-
tain up to 0.3% W, 800 ppm Sn, 200 ppm lithium and
50 ppm beryllium. Selected arsenopyrite-bearing
samples contain up to 2 ppm Au.

— Joints near the mineralized pegmatites are locally
coated with scheelite, muscovite, tourmaline, calcite,
quartz and minor fluorite. The mineralized joints are
subvertical and occur in three principal directions:
20°, 145° and 170°. Hydrothermal wall-rock alteration
expressed as bleaching occurs. The overall grade and
size is negligible.

— A third type of scheelite mineralization is found in
some of the skarnoid lenses. They are often zoned
with an outer rim rich in hornblende and a core rich in
garnet. Quartz and in some cases plagioclase are the
predominant minerals. Other minerals are diopside,
clinozoisite, epidote, sphene, calcite and opaque min-
erals. Accessory amounts of scheelite and fluorite are
disseminated and are often associated with sericitized
plagioclase. The overall grade and size is negligible.

— Just east of Randenas, sporadic, irregular, N-S-
striking, subvertical quartz veins occur. The width of
the veins is up to one metre and they contain blebs of
arsenopyrite and galena. A galena-rich sample assays
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175 ppm Ag; however the overall grade and size is
negligible.

The observed mineralization is interpreted as contact
vein mineralization associated with the intrusion of
Caledonian granite.

Gold in Forsblad Fjord (66)

Gold-bearing boulders were found by Nordmine in the
deltas of two small adjacent rivers on the north coast of
Forsblad Fjord in 1975. This locality (Fig. 23) was
briefly investigated in 1983 (Thomassen 1983).

The gold-anomalous area is situated in a north-south
orientated décollement zone between Middle Protero-
zoic schists and migmatites of the Central Metamorphic
Complex, and Upper Proterozoic sediments of the
Eleonore Bay Group. The décollement is believed to
represent an original basement-cover unconformity
overprinted by Caledonain thrusting, metamorphism
and granite emplacement (Higgins et al. 1981).

Outcropping mineralization occurs in a few cm thick
quartz vein cutting a two-mica granite. The vein con-
tains cm’-dm? large arsenopyrite aggregates. Similar ar-
senopyrite-bearing boulders with occasional tourmaline
are found in the nearby river bed, both above and below
the outcrop. Microscopy reveals that small amounts of
gold, bismuth, bismuthinite and chalcopyrite are inter-
grown with arsenopyrite. The gold may form up to 40 u
long, interstitial grains (Fig. 30). Microprobe analysis of

Fig. 30. Photomicrograph (reflected light) showing native gold
filling cracks in arsenopyrite. Forsblad Fjord. Bar scale 50 mi-
crons.
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the gold yields 94.4% Au and 3.7% Ag (S. Karup-
Mgiller, pers. comm. 1983). The best mineralized sam-
ple contains 10% As, 0.5% Co, 0.07% Ni, 0.02% Bi, 26
ppm Au and 6.2 ppm Ag. Cobalt is supposed to sub-
stitute for iron in arsenopyrite.

Auriferous arsenopyrite is also known from a boulder
in the neighbouring river a few hundred metres further
east. Here the quartz-tourmaline-arsenopyrite vein is
hosted in garnet quartzite.

It seems that the granites of the décollement zone be-
tween the Central Metamorphic Complex and the Eleo-
nore Bay Group are critical for the location of this type
of gold mineralization.

Copper-tungsten on Jiagmistarens @, Segelsillskapets
Fjord (67)

Investigations by Nordmine in 1975 (Hallenstein &
Moeri 1975, Moeri 1975) at Jagmistarens @ (Fig. 23)
led to the finding of a copper-tungsten mineralization.

Jagmastarens @ comprises folded quartzites of the
upper Quartzite Series (Sommer 1957). A one metre
thick green, argillaceous quartzite bed hosts copper
mineralization of the type associated with Eleonore Bay
Group sediments. However, in addition to the copper
enrichment (up to 0.6%), selected samples also contain
up to 0.1% tungsten, up to 50 ppm silver, up to 0.1%
zinc and up to 150 ppm boron. A chip sample across the
1 m thick quartzite bed contains 0.15% Cu, 7 ppm Ag
and <100 ppm W.

The Cu/Ag ratio of ¢. 200 and the relatively high
tungsten and boron contents imply that the stratiform
copper mineralization at this locality has been overprin-
ted by hydrothermal mineralization of the type de-
scribed for example in Noa Dal.

Tungsten-antimony in Margeries Dal, Ymer @ (68,69)

Vein-type scheelite-stibnite mineralization was discov-
ered in north Margeries Dal on Ymer @ in 1979 during
follow-up of scheelite-anomalous pan samples (Peder-
sen 1980b) (Fig. 31). The first report of scheelite in pan
samples from Ymer @ is due to Appel (1974). Fol-
low-up in 1975 by Hallenstein (1976) was unsuccessful,
but in 1980 he located the south Margeries Dal occur-
rence (Stendal 1980c, Hallenstein 1981). Subsequent
prospect investigations in 1981 and 1983 include geolog-
ical mapping, surface sampling, VLF survey and dia-
mond drilling (total 2260 m) (Figs 6 and 10) (Hal-
lenstein 1982, Swiatecki & Damtoft 1980, Pedersen
1981, 1982 and 1984). Detailed descriptions of the oc-
currences have been prepared by Hallenstein & Peder-
sen (1982 and 1983) and Pedersen & Olesen (1984).

The mineralization is hosted in the Multicoloured Se-
ries of the late Precambrian upper Eleonore Bay Group
sediments. The Multicoloured Series is divided into 7
members (beds) (Eha 1953):
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- Bed 7 is 190 to 200 m thick and comprises thick-

bedded red dolomitic and quartzitic shales.

Bed 8 is 40 m thick and is a light grey shaly dolomite

which exhibits a characteristic yellow weathering col-

our.

— Bed 9 is 130 m thick and is a dark grey to black, mas-
sive, bituminous limestone with an intense network of
calcite veins. It contains minor pyrite. Most of the
scheelite- and stibnite-mineralized veins are hosted in
this bed.

— Bed 10 is 145 m thick and consists of alternating, 5 to
15 c¢m thin beds of red shale and yellow dolomite.
Near the base a 4 m thick, green shale unit,and a9 m
thick dolomite bed occur. Anhydrite/gypsum nodules
replaced by quartz are common at certain levels. In
fault zones a tectonic thinning is frequent.

— Bed 11 is 150 m thick and is a dark grey to black, mas-
sive to finely laminated, bituminous limestone. Cal-
cite veining is frequent.

~ Bed 12 is 130 m to 200 m thick and comprises white to
light grey dolomite.

— Bed 13 is 250 m to 300 m thick and comprises red and
green quartzites with rusty brown weathering colour.

Deformation in the area took place somewhere between
the Ordovician and the Devonian and is expressed as
large open folds with N-S axes. Contemporaneous with
the folding, 1-2 km wide graben-like fault structures
formed 10-15 km apart, perpendicular to the fold axes.
The mineralization is associated with these faults (Fig.
31).

In south Margeries Dal (68) scheelite mineralization
occurs in limestone breccia at two localities in the cen-
tral part of a 1-2 km wide E-W-trending graben-like
fault zone. The two occurrences are named the south
Margeries Dal vein and the “Colinedal” vein (Fig. 32).

The south Margeries Dal vein comprises scheelite-
mineralized, silicified breccia zones in the lowermost 60
m of the black limestone bed 9 and outcrops in a steep
valley wall which is partly scree-covered. The lime-
stones are oriented 163%/12° E. The breccia zones are
oriented 52°/89° NW, and are thus perpendicular to the
limestone. There is no apparent vertical displacement
along the breccia zones. Two breccia zones, 5 m apart
and both associated with scheelite mineralization, can
be distinguished. The major northern one has a thick-
ness of 1 to 3 m in outcrop, and 0.1 m some 200 m into
the mountain, and extends from top to bottom of the
limestone member. The smaller breccia zone is only up
to 0.5 m thick and has a more restricted areal extent.
The breccia consists of partly silicified fragments of
limestone enclosed in a matrix of fine-grained quartz,
dolomite, calcite and scheelite and coarse-grained cal-
cite and scheelite. The breccia is more light grey than
the enclosing limestone, and on weathering the dolo-
mite gives the rock a yellow colouring. Scheelite is
white. The breccia zone and the surrounding host lime-
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Fig. 32. Geological map of south Margeries Dal with scheelite-mineralized veins. Modified after Hallenstein & Pedersen (1982).

stone are intersected by a network of mm to cm thick
calcite veins. The proportion of calcite veins varies from
1 to 15%.

High-grade scheelite mineralization is restricted to
the thicker parts of the breccia zones. Individual half-
metre sections contain up to 24% W in drill cores. Scat-
tered scheelite is found in the thinner part of the breccia
zone, 1040 m away from high-grade mineralization,
and in calcite veins in the limestone at a distance of up
to 4 m from the breccia zones. The high-grade miner-
alization in the breccia zones seems to follow the base of
bed 9, and thus plunges 10° NE. The continuation of the
breccia zones into the underlying dolomite member —
bed 8 — is not well investigated. However, from the out-
crop it is known that scheelite mineralization disap-
pears, exept for minor scattered scheelite found in vein-
lets together with quartz, at the very top of the under-
lying dolomite.

Chemically the mineralizing event is characterized by
an increase in tungsten, silica, antimony and to a lesser
degree also magnesium, and a decrease in calcium and
carbon dioxide. Analyses show trace contents of anti-
mony up to 140 ppm, but stibnite has not been identi-
fied.

Diamond drilling at the south Margeries Dal vein
(Fig. 10) indicates a diluted tonnage of 82 000 tons with
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A

2.3% W. However, the confidence limits for this es-
timate are wide (Pedersen & Olesen 1984).

The “Colinedal” vein occurs 500 m west of the south
Margeries Dal vein (Fig. 32), and is similar. It is also
found in a vertical breccia zone developed near the base
of bed 9 limestone. The breccia zone strikes 55°. The
mineralization has a height of 15 m and a width of up to
2 m. Chip samples indicate medium grade (c. 0.5% W)
scheelite mineralization and the vein also contains mi-
nor stibnite. No drilling has been performed.

In north Margeries Dal (69) mineralization also oc-
curs within a | to 2 km wide E-W-trending graben-like
fault structure (Fig. 33). Mineralization has been lo-
cated at the southern edge of the graben structure
within a 800 m long, 150 m wide and 250 m high zone,
which consists of two en echelon faults dipping 70° N
(the northern and the southern fault). The en echelon
shift, which is 40 m, is situated where the faults intersect
beds 9, 10 and 11 (Figs 33 and 34). The vertical dis-
placement along the faults is 200 to 300 m, and the oc-
currence of sub-horizontal slickensides in the fault
planes indicates that horizontal displacement has also
occured. The zone with the en echelon shift is character-
ized by flattening of the major fault planes, the occur-
rence of many antithetic faults and very intense splay
faulting (Fig. 34).
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Modified after Hallenstein & Pedersen (1983).

Scheelite mineralization occurs where the fault planes
intersect the black limestones of beds 9 and 11 and brec-
cia formation has taken place. The breccia zones are 0.1
to 4 m thick, silicified and rich in calcite veins. Dolomi-
tization is less pronounced than in south Margeries Dal.
Scheelite occurs only within or very close to the breccia
zones. and only in limited areas, where the breccia
zones show maximum curvature — areas where the fault
planes change from steep to more flat lying. Within the
mineralized area, this type of mineralization is devel-
oped in both black limestone members (beds 9 and 11).
The size of individual lenses varies considerably. The
largest scheelite-mineralized lens (Lens A, Figs 33 and
34) is a subhorizontal elongated lens 150 m long, and 20
to 40 m high. It is oriented 83°/76° N, and the thickness
varies from 0.2 m to 3 m. Scheelite is very irregularly
distributed and occurs both as fine-grained impregna-
tion and as coarse-grained fissure fillings (Figs 35 and
36) with W contents in half-metre drill sections from
traces to 11%. A characteristic feature is the light
brown colour of the scheelite. Stibnite occurs sporad-
ically with the highest content confined to areas close to
the shale/dolomite — bed 10.
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Stibnite mineralization occurs within the shale/dolo-
mite, where intense fracturing, jointing and thin quartz
veinlets are frequent. Stibnite occurs predominantly in
massive to semi-massive veins 1-50 c¢m thick, and is as-
sociated with quartz. These veins are found along, be-
low and above the faults up to a distance of 8 m from the
fault planes, but only in areas where either the hanging
wall, the foot wall or both consist of bed 10 shalc or
dolomite. The largest stibnite lens is found along the
southern fault plane in continuation of the major schee-
lite lens (Lens A, Fig. 34). It is oriented 76°/63°N, is
more than 150 m long, 50 m high and is up to 13 m thick.
For a length of 60 m there is an overlap between the
scheelite and the stibnite mineralization. Another stib-
nite lens (93°38° N ) occurs 40 m to the north along the
northern major fault (Lens B, Fig. 34). Where the stib-
nite veins occur in shale or dolomite, there is no tung-
sten. Instead, trace amounts of arsenic (up to 100 ppm),
bismuth (up to 30 ppm), mercury (up to 3 ppm) and
gold (up to 0.1 ppm) occur.

In fractured limestone, fine-grained quartz, dolomite
and scheelite have replaced calcite (Fig. 35). In dolo-
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Fig. 34. Schematic profile of mineralized fault zone in north Margeries Dal. A and B indicate major ore lenses.

mitic shale and locally also limestone stibnite occurs in-
stead of scheelite (Fig. 36).

Diamond drilling at the north Margeries Dal vein
(Fig. 6) indicates diluted tonnages of 42 000 tons with
0.7% W and 108 000 tons with 3.5% Sb. As at south
Margeries Dal the confidence limits for this estimate are
wide (Pedersen & Olesen 1984).
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Genetically, it is proposed that the tungsten-anti-
mony mineralization is the result of precipitation from
circulating hydrothermal solutions. The occurrence
within the fault structures is due to the existence of
proper channels. The close association between schee-
lite and black limestone, and stibnite and dolomitic
shale respectively is supposed to reflect the fact that

51



e . v
Fig. 35. Photomicrograph (transmitted light) showing fine-
grained silicified limestone with overgrowth of prismatic quartz
and late-stage filling of scheelite (high relief). Bar scale 0.5
mm.

these rock types acted as chemical traps for the el-
ements in question. The mineralizing event was contem-
poraneous with the formation of the fault systems.

Antimony-gold in Noa Dal, Ymer @ (70)

Galena-bearing quartz veins were found in the EBG se-
quence in the Noa Dal area by Eha (1953). They were
investigated in the mid-fifties by Nordmine and later de-
scribed by Vohryzka & Vohryzka (1969). Pan samples
collected in the area by Nordmine in 1981 and subse-
quent follow-up in 1983 (Pedersen 1982 and 1984) led to
the finding of outcropping scheelite and gold miner-
alization as well as of stibnite-wolframite-gold-bearing
boulders (Fig. 31).

The area comprises EBG sediments belonging to the
Quartzite Series (Eha 1953). The Series comprises
1800-2000 m of red and white quartzites (beds 2 and 6),
black and green quartzitic shales (beds 1, 3 and S5) and
alternating layers of quartzite and quartzitic shales (bed
4). Structurally, the area is part of a major N-S-trending
anticline dissected by E-W mainly normal faults. In gen-
eral the bedding is dipping 10°-20° east.
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At least four different types of mineralization occur in
the Noa Dal area:

Four major sulphide-bearing quartz veins occur in the
quartzites of bed 3 within a limited area 2 km east of
the delta in Noa Sg¢. The largest one is 0.1-2 m thick
and 300 m long. It consists of quartz with subordinate
feldspar, 1 to 2% galena and lesser amounts of chal-
copyrite and sphalerite. Microscopically, pyrite,
bournonite and arsenopyrite also have been detected.
Analyses of selected samples yield in addition to high
lead, copper and zinc values up to 400 ppm Sb, 200
ppm Bi, 150 ppm Ag and <10 ppb Au.

— A second type occurs at the base of bed 4 approxi-
mately 1 km south of the delta in Noa Sé. Scattered
grains of scheelite occur on joint planes and in thin
quartz veins in calcite-bearing quartzites close to a
major E-W fault. The overall tungsten content is
however very low.

The third type of outcropping mineralization com-
prises brecciated quartzites impregnated with up to
20% pyrite, and locally with high gold contents (up to
5 ppm). This poorly investigated type is found in scat-
tered lenses close to major E-W faults in the arca 1-3
km east of the quartz veins described above, but at a
considerably higher stratigraphic level (200-600 m).

In addition, mineralized scree boulders from the

Fig. 36. Photomicrograph (transmitted light) showing euhedral
quartz crystals and stibnite (black). Bar scale 0.5 mm.
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south side of the valley indicate other types of miner-
alization. One type is stibnite-arsenopyrite-gold as
impregnation and veinlets in brecciated dolomitic
shale and in brecciated quartzite. Stibnite is parage-
netically later than arsenopyrite. The host rocks prob-
ably originate in a level near the top of the Quartzite
Series. Analyses of stibnite-mineralized scree boul-
ders average 5-10% Sb, 0.5% As, 0.5-2 ppm Au and
2-5 ppm Ag. A second type comprises boulders of
quartzite with wolframite-bearing fluorite-quartz
veinlets and impregnated with arsenopyrite and gold.
A few boulders contain up to 1% W, 2% As and 7
ppm Au.

The different types of mineralization are the result of
hydrothermal activity which took place at the same time
as the formation of the E-W-striking faults. On structu-
ral evidence this can be determined to have occurred
somewhere between Ordovician and Devonian. The
vertical zonation with silver-rich base-metal mineral-
ization at the deepest level and antimony-tungsten min-
eralization at a more shallow level is probably due to de-
creasing temperature. The hydrothermal solution may
have originated from deep-seated granites.

Minor galena-bearing quartz veins hosted in the EBG
bed 4 quartzites occurring at Magdalena Sg, Strindberg
Land (Moeri 1975) seem to be similar to the base-metal
veins of Noa Dal.

Tungsten at Knivbjerg, Andrée Land (71)

A scheelite-anomalous pan sample was first collected by
Nordmine in 1974 in the Rendalen delta. Later, detailed
investigations during the years 1979-81 revealed wide-
spread tungsten skarn mineralization just SE of Kniv-
bjerg (Figs 31 and 37) (Hallenstein 1979, 1981 and 1982,
Stendal 1980c). The mineralization is described in detail
by Hallenstein & Pedersen (1982 and 1983).

The geology is dominated by a prominent SE-striking
and easterly dipping late Caledonian thrust fault zone
which occurs along the northeast side of Rendalen. The
tectonic zone separates a Lower Proterozoic (1800-2000
Ma) basement in the southwest from a Middle Pro-
terozoic (950~1250 Ma) metasedimentary sequence in
the northeast (Higgins & Friderichsen 1979). The Mid-
dle Proterozoic unit is intruded by two generations of
granites of Grenvillian and Caledonian ages, respec-
tively (Higgins et al. 1981, Rex & Gledhill 1981). The
Middle Proterozoic metasediments of the Knivbjerg
area comprise a sequence of quartzites and a 100-200 m
thick schist and marble unit. Granites have reached
their highest intrusive level in the schist and marble
beds which now partly occur in the granite as large
lenses up to 1000 m long and 100 m thick and somewhat
rotated in relation to the quartzite (Fig. 37). The schist
consists of biotite, quartz, plagioclase as well as ac-
cessory sphene and apatite. To the north the schist is
more calcareous and also contains diopside, tremolite
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and/or clinozoisite. Irregular sweats of quartz and pla-
gioclase are abundant and occur concordant with the fo-
liation. The marble is a medium-grained, blue-grey
rock, which occasionally is recrystallized to a coarse-
grained white marble. It consists of calcite, diopside and
quartz. Skarn has been formed in the marble near the
contact between marble and granite and along joints.
Two distinct skarn types have been observed — a pale
brown, coarse-grained, massive zoisite/clinozoisite
skarn and a green, medium-grained, diopside skarn.
Cross-cutting quartz-feldspar-biotite -muscovite- tourma-
line-bearing pegmatites, aplites and quartz veins are
frequent in the granite zone.

Scheelite mineralization has been observed at several
localities within a 2x3 km area (Fig. 37). The most in-
tense mineralization occurs in the eastern part of the
arca along a N-S-striking, 500 m long zone, where
scheelite is found in both schist and in marble skarn.
The control of the zone is unknown. In the western part
of the area the scheelite occurrences are more scattered
and confined to the schist.

In mineralized schist, fine-grained scheelite occurs in
clinozoisite-rich layers, in cross-cutting shear zones, dis-
seminated in biotite-rich layers parallel with the schis-
tosity, and associated with quartz (-feldspar) sweats.
The most intense mineralization is seen as several up to
10 cm thick bands in a 2 to 3 m section. In individual
outcrops mineralization can be traced for 50 m before
disappearing below scree cover. Analyses show that the
overall tungsten content is less than 100 ppm. Selected
samples contain up to 0.3% W. Enrichment in beryl-
lium (max. 70 ppm) and tin (200 ppm) is ubiquitous.

The other scheelite-bearing rock type is the zoisite/
clinozoisite skarn. It is composed of zoisite and clinozoi-
site with minor amounts of diopside, quartz, plagio-
clase, fluorite, calcite, apatite and scheelite. The zoisite
skarn is developed together with diopside skarn, where
it forms a 1-50 cm thick zone in contact with the marble.
Scheelite is concentrated at the contact between marble
and zoisite skarn, but only in small amounts. Zoisite
skarn is also found as diffuse bands, up to 20 c¢m thick,
enclosed in marble. This type has only been found in
boulders in the N-S-striking zone in the eastern part of
the area. Compared with the first type of zoisite skarn
this type contains more scheelite, fluorite and quartz.
These minerals tend to be laminated on mm-scale, and
sometimes exhibit small-scale folding. Analyses show
that the average tungsten content in a 0.2 m thick band
is 1%. Selected samples contain up to 15% W, max. 700
ppm Li, max. 70 ppm Be, max. 400 ppm Sn, max. 50
ppm Bi and max. 200 ppm Cu.

Analyses of pan samples from the area also reveal dis-
tinct anomalies of tin, gold and bismuth. Tin mainly oc-
curs in cassiterite which occasionally is intergrown with
tourmaline, whereas gold is believed to be associated
with bismuth minerals and/or arsenopyrite which has
been identified in the concentrates.

The relationship between scheelite mineralization
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Fig. 37. Geological map of
Knivbjerg area with
scheelite-mineralized
localities. Modified after
Hallenstein & Pedersen
(1983).

[:] Moraine/scree cover

>~
%

.
~..Fault

Granite
Marble

§ Schist
Quartzite
Strike/dip

Scheelite locality

and granite intrusion is uncertain. No sign of schee-
lite-bearing skarn has been observed at the actual meta-
sediment-granite contacts, and the granite intrusion of
the area may postdate skarn formation and mineral-
ization. However, remobilization of skarn mineraliza-
tion by granite or pegmatite intrusion has not been ob-
served either.
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Gold at Luciagletscher, Andrée Land (72)

During 1983 and 1984 approximately 1500 pan samples
from the NM-file were re-analysed for gold with a de-
tection limit of 20 ppb (Thomassen 1984, Harpath &
Pedersen 1984). This led to the identification of a goid-
anomalous drainage system including Benjamin Dal,
Luciadal and Luciagletscher in the southeastern part of
Andrée Land. Limited mineral exploration activity per-
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formed by Nordmine in the Luciadal-Luciagletscher
area (Lind 1981b, Harpgth 1984) led to the findings of
locally derived gold-bismuth-mineralized boulders (Fig.
31).

The area around Luciagletscher comprises a Middle
Proterozoic metasedimentary sequence separated by
faults from the late Proterozoic EBG and intruded by
late Caledonian granites. The Middle Proterozoic meta-
sediments comprise well-bedded sequences of quartzite,
silicious gneiss, minor mica schist and occasional thin
beds of calc-silicate rocks. The general metamorphic
grade is amphibolite facies. Late Caledonian intrusive
activity is reflected by aplites, pegmatites and large gra-
nite bodies. There is a marked increase in intensity in
aplite/pegmatite veining towards the northwest where
migmatitic rocks occur. Apart from the major N-S to
NE-SW fault system which separates the two major
rock units, a prominent NNW-SSE-trending anticlinal
structure occurs in the upper Luciagletscher area
(Frinkl 1953a, Haller 1953, Higgins et al. 1981).

Outcropping gold-bismuth mineralization has not yet
been located, but is indicated from both microscopy of
pan samples and from significant boulder finds. Gold-
bismuth-mineralized, pyrrhotite-bearing quartz vein/
pegmatite boulders are widespread in the northeastern
side-moraine, whereas only few occur in the mid-mor-
aines and in the southern side-moraine. The main
source area is most probably located in the uppermost
part of the glacier valley. The boulders exhibit a wide
range of rock types from pegmatite and aplite to vein
quartz, but characteristically they represent vein mate-
rial occurring in both granitic and metasedimentary host
rocks. The veins have observed dimensions of up to
more than one metre in width. The ore minerals pyrrho-
tite and pyrite and subordinate chalcopyrite, galena, na-
tive bismuth, native gold and sphalerite have been iden-
tified. The gangue consists of quartz, alkali feldspar,
tourmaline and muscovite with minor garnet and beryl.
Microscpically, it is observed that there is an intimate
relationship between galena, bismuth and gold (Fig.
38). Galena is optically slightly different from normal
galena and is believed to have a high bismuth content.
In general, galena, bismuth and in particular gold occur
peripheral to large pyrrhotite aggregates. Native gold
seems to be late in the paragenetic sequence, occurring
as small (5-20 microns) individual grains or intergrown/
associated with galena and bismuth in microfractures in
quartz. Analyses of selected samples reveal the fol-
lowing maximum values: gold 8.3 ppm, bismuth 200
ppm, copper 0.1%, lead 200 ppm, and silver 2 ppm. Of
ten samples analysed for gold, seven were anomalous
and four had a gold content in the range of 1.4 ppm to
8.3 ppm.

Electrum and arsenopyrite with small (5 microns) in-
clusions of native gold have been identified by micro-
scopy of pan samples which indicate that other types of
gold mineralization occur as well.

More than one source area for gold occur in Lu-
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ciagletscher, but the major part of the free gold con-
tained in the northern side moraine is believed to orig-
inate in a limited area (0.5 km?) in the uppermost part of
the glacier valley. From helicopter reconnaissance a ma-
jor network of quartz veins/ pegmatites/aplites has been
located. Furthermore, a major fault zone/vein zone oc-
curs within the same limited area. The vein network is
assumed to be associated with the intrusion of late Cale-
donian granite. Concerning the fault zone, the orienta-
tion (60°-70°) is identical to mineralized Devonian
faults of for example west Ymer @.

Tungsten at Panoramafjeld, Andrée Land (73,74)

Anomalous scheelite content in the river sediments
south of Panoramafjeld was first noted by Stendal
(1979b). Follow-up investigations including shallow dril-
ling by Nordmine in 1980 and 1981 (Stendal 1980c, Pe-
dersen 1981, Hallenstein 1981, Pedersen 1982) revealed
the same type of scheelite mineralization as on Ymer @,
i.e. scheelite in brecciated limestone.

The area consists of slightly folded limestones and
shales of the Eleonore Bay Group (Beds 8-12). A ma-
jor, SE-striking normal fault, along which the north-
castern block is downthrown several hundred metres,
intersects the area (Frankl 1953a).

Outcropping scheelite mineralization has been lo-
cated 1 km south of Panoramafjeld (74) just west of the

Fig. 38. Photomicrograph (reflected light) showing intergrown
pyrrhotite (pr), galena (gal) and native bismuth (bi). From
gold-bismuth-mineralized boulder at Luciagletscher. Bar scale
50 microns.
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major fault (Fig. 31). Scattered grains and aggregates of
scheelite occur in joints and in thin 60°-80°striking
veins which are restricted to the black limestones of bed
9. The mineralization can be traced discontinuously in
outcrop for 200 m. Boulders from the same area contain
semi-massive, light brown scheelite in up to 10 cm wide
zones in dolomitized and silicified limestone.

A few km to the south of Panoramafjeld (73) scat-
tered scheelite has been located in bed 8 outcropping on
the cliff north of Eleonore Bugt (Lind 1981b) (Fig. 31).
Mineralization occurs in sub-vertical 60°-80°-striking
joints a few hundred metres east of a major SE-striking
fault. Scheelite is found in thin veins and as coatings on
joint planes. In addition a few dolomite boulders with
semi-massive scheelite have been found.

The mineralization is believed to have a genesis simi-
lar to that of the mineralization observed on Ymer @.

Copper-antimony in Brogetdal, Strindberg Land
(75.76)

Copper-antimony mineralization was found at Holmesg
in Brogetdal (75) during reconnaissance of the EBG
sediments in 1974 (Appel 1974). Prospect investigations
comprising geological mapping, geophysics and a single
bore hole (21.1 m) were commenced the following year,
but were never brought to a conclusion (Bruneau 1976,
Gruner & Probst 1976). Similar mineralization was
found at Laksesg (76), some 8 km further SE in Broget-
dal. during reconnaissance for scheelite in 1981 (Har-
poth 1982).

The geology of Brogetdal comprises Upper EBG, Til-
lite Group, Cambro-Ordovician and Devonian sedi-
ments which are block-faulted along abundant NNE-
SSW to E-W faults. The core of an open, SSE-NNW
anticline with intense faulting is situated southeast of
Holmesp (Katz 1952). Near the core of the anticline
malachite-azurite-stained outcrops of white quartzite
occur inside a 500 x 1000 m area (Fig. 39). The miner-
alized outcrops occur in the top of the ¢. 100 m thick bed
6 of the Quartzite Series and is overlain by red, silty
shales of bed 7 (Multicoloured Series). Geophysical in-

vestigations indicate a major fault which branches off in
a more northerly direction at the mineralized outcrops,
below the Quaternary cover.

Tetrahedrite-chalcopyrite mineralization occurs in the
uppermost metres of the malachite-stained, white
quartzite. The lateral extension in individual outcrop is
up to 50 m. The ore minerals occur as fine-grained dis-
seminations throughout the rock, as up to 5 mm large
blebs and as fillings of abundant, criss-crossing, few mm
thick veinlets and joints. Microprobe analyses give the
following molecular compositional ranges of tctrahe-
drite (S. Karup-Mgller, pers. comm. 1984):

(Cuy o0 A8y )(Feg 30,4520, 51 52)(SD3 623 5980 11.018)S -

Chalcopyrite with minor intergrown bornite replaces te-
trahedrite. Analytical data are presented in Table 2.

Minor copper-antimony mineralization also occurs c.
1 km south of Laksesg (76) (Fig. 39) in bed 5 quartzite.
The ore minerals comprise pyrite and chalcopyrite, and
tetrahedrite with a grossly similar composition to that
above. The mineralization occurs in hydrothcrmally al-
tered, mm-cm wide breccias, veinlets and joints with a
general orientation of 145°/80° W. This mincralization is
associated with a nearby NE-SW fault zonc.

The lack of lateral continuity, the geochemistry (high
Sb) and the tectonic control (Upper Devonian faults)
indicate an epigenetic origin comparable to that of the
W-Sb veins of Ymer @.

Fluorite at Kap Franklin, Gauss Halvg (77,78)

Fluorite was first reported from the Kap Franklin area
by Rosenkrantz in 1929 (Bgggild 1953). Geological
mapping in 1950 revealed widespread fluorite miner-
alization in Devonian rocks (Graeter 1957), and the
area was visited several times by Nordmine in the fiftics
and seventies (Kramers 1972, Hallenstein 1976). A sys-
tematic investigation of the Devonian felsic volcanic
and subvolcanic rocks for uranium was carried out by a
joint Nordmine/GGU party in 1975 (Ryan & Sandwall
1975) and a geochemical survey was carried out in

Table 2. Analytical results of various samples from the copper-antimony mineralization in Brogetdal, Strindberg Land.

Sample Cu (%) Sb (%) As (%) Zn (%) Pb (%) Ba (%) Ag (ppm)
Drill core section

(1.4 m)

Holmesg 1.33 0.67 - 0.06 0.003 - 28
Bulk sample

(35 kg)

Holmeso 1.35 1.07 B 0.14 0.004 0.36 24
Tetrahedrite chips

Holmesg 25 17.5 0.3 2.5 0.01 0.2 600
Selected sample

Laksesg 1.3 0.5 0.1 0.3 0.04 - 8
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Fig. 39. Geological map of Holmesg area, Strindberg Land, with copper- and antimony-mineralized localities. Modified after

Gruner & Probst (1976).

1974-76 by GGU/Risg geologists (Kunzendorf et al.
1978)

The area west of Kap Franklin comprises Middle (to
Upper?) Devonian continental clastics with intercalated
rhyolitic volcanics and intrusive shallow granite. These
rocks are unconformably overlain by Permian and
Mesozoic sediments and intruded by Tertiary dolerite
sills and dykes. Hydrothermal alteration of the volcanic
rocks is widespread (Graeter 1957, Alexander-Marrack
& Friend 1976).

North-south-trending, subvertical hydrothermal veins
are fairly common in the Devonian rocks along the
coast for some 15 km west of Kap Franklin. They ap-
pear as massive veins or as fillings of fault breccias and
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are typically of cm-dm thickness. The dominant miner-
als are fluorite and quartz with minor baryte, strontia-
nite, calcite, hematite and traces of galena, pyrite and
chalcopyrite. Fluorite is mostly white to faint purple,
but also green, yellow and black varieties exist. The lar-
gest known occurrence is an up to 1.8 m wide and 25 m
long lens of massive fluorite occurring in a 2 m-wide,
fluorite-cemented breccia zone. No significant contents
of base or precious metals have been found.

The hydrothermal veins, which are similar to those
occurring in the Devonian of Canning Land, intersect
Middle-Upper Devonian rocks, but not Upper Permian
or younger units. They are believed to be of Upper De-
vonian or Carboniferous age and to represent a late
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hydrothermal phase of the Devonian magmatism
(Graeter 1957).

Uranium in Randbgldalen, Gauss Halvg (79)

During a S-year regional uranium exploration pro-
gramme conducted by GGU from 1971 to 1976, out-
cropping uranium mineralization associated with Devo-
nian volcanics was located in Randbgldalen on Gauss
Halvg (Nielsen & Steenfelt 1977). The occurrence in
Randbgldalen is described by Secher et al. (1976) and
Kunzendorf et al. (1978).

The area comprises Devonian porphyritic rhyolites
locally overlain by pyroclastic rocks and Devonian mo-
lasse sediments. Small-scale faulting and shearing is
widespread.

Intensely altered and limonite-stained radioactive
mineralization is located within ¢. 1 km? of the rhyolites
close to the boundary of the overlying pyroclastic rocks.
Individual mineralized outcrops are concentrated along
faults and shear zones, can rarely be traced for more
than 20 m, and contain on the average 500-700 ppm
uranium. Selected samples contain up to 0.2% U,
whereas thorium contents are generally less than 50
ppm. Most of the uranium is hosted in uraniferous hy-
drocarbons (carburan) (Secher et al. 1976), which occur
disseminated and in veinlets. Other identified uranium
minerals are barian wolsendorfite (Beddoe-Stephens &
Secher 1982). Associated with the carburan occur minor
amounts of pyrite, pyrrhotite, chalcopyrite, covellite,
galena and sphalerite. Limonite/goethite is very abun-
dant as a secondary mineral and locally it contains ura-
nium.

Steenfelt (1982) advocates a genetic model in which
Devonian magmas enriched in uranium and fluorine re-
acted with circulating meteoric water. Precipitation oc-
curred at a more shallow level controlled by carbo-
naceous matter and limonite (Secher et al. 1976).

Uranium at Foldaelv, Gauss Halvg (80)

During reconnaissance in 1981 minor vein mineraliza-
tion was encountered at the mouth of the Foldaelv val-
ley, Giesecke Bjerge (Thomassen 1982). The miner-
alization is located some 8 km NNE of the uranium min-
eralization in Randbgldalen. The veins are hosted in
granite of probable Devonian age (Graeter 1957). The
granite has a tectonic contact against Devonian clastics
to the west and is unconformably overlain by Upper
Permian-Mesozoic sediments and Tertiary basalts.
Near the southern bank of Foldaelv several up to 0.5
m thick veins with lateral extensions of a few tens of
metres and directions of 040°-110° were observed in the
granite. The ganguc is predominantly quartz and fluor-
ite, and the larger veins contain dm-sized pockets of
massive pyrite. Other cm-thick veins display a zonation
with quartz at the margin followed by fluorite and cal-
cite in the centre. Minor disseminated chalcopyrite oc-
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curs throughout the veins. Grey mm-sized blebs of
pitchblende, chalcopyrite intergrown with galena, tetra-
hedrite, and minor amounts of sphalerite, pyrite, mar-
casite and gold occur in calcite. Pitchblende is found
partly as 0.5 mm large, rounded blebs with shrinkage
cracks (occassionally filled with sulphides) (Fig. 40),
and partly as larger aggregates. The gold occurs as up to
10 p inclusions in chalcopyrite. A selected sample con-
tains 0.23% Cu, 0.12% Pb, 320 ppm Zn, 100 ppm Bi, 45
ppm Ag, 0.5 ppm Au, 600 ppm U and S ppm Th, but in
general the grade is much lower.

The veins are probably associated with the Devonian
magmatic event.

Fluorite and uranium in Moskusokselandet (81, 82)

Widespread fluorite mineralization has been reported
from the coastal areas of Moskusokselandet by Fried-
rich (1974) and Ryan & Sandwall (1975). In addition,
minor uranium mineralization was discovered near
Hochwacht in the hinterland during the GGU regional
uranium exploration programme (Steenfelt 1976, Steen-
felt & Nielsen 1978).

The area is underlain by Middle-Upper Devonian
clastic sediments with scattered rhyolite and basalt
bodies. Among the rhyolites, Ryan & Sandwall (1975)
distinguish a 100-250 m thick unit of agglomerates,
lavas and tuffs, and a unit of probably volcanic pipes.
Brightly coloured alteration zones of inferred hydro-
thermal origin are common. The rhyolites locally con-
tain disseminated pyrite and magnetite. Minor fluorite-
quartz-baryte-calcite veins are common in the volcanic
rocks and in the neighbouring sediments. The largest
vein observed, which is situated 6 km from the coast
(81), is a more than 100 m long and 1-2.m wide breccia
zone in sandstone cemented with fluorite, quartz and
baryte. The mainly purple fluorite forms up to 15 cm
large, massive portions of the vein.

The uranium mineralization found near Hochwacht

-"

Fig. 40. Photomicrograph (reflected light) showing pitchblende
(grey) with cracks partly filled by chalcopyrite (white). From
quartz-fluorite vein at Foldaelv. Bar scale 100 microns.
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Fig. 41. Geological sketch
map of southeastern Hudson
Land with location of
selected mineral
occurrences.

(82) is also associated with Devonian acid volcanics.
Scattered pitchblende, carburan and beta-uranophane
occur in veinlets and disseminated in the volcanics at
several localities, but only in negligible amounts. Se-
lected samples contain up to 1% U (Steenfelt 1982).

Steenfelt (1982) relates the mineralization to the De-
vonian acid magmas (suppliers of F, U and heat) and to
the Post-Devonian Main Fault (structural control). She
proposes an epigenetic model in which uranium was re-
mobilized and introduced postmagmatically.

Base metals and silver at west Sernander Bjerg,
Hudson Land (83)

Follow-up of Pb-Zn-As-Au-Ag-Cu-Ba-anomalous pan
samples resulted in the discovery of a brecciated vein
zone in EBG sediments (Harpgth 1984).

The geological setting of eastern Hudson Land is
dominated by the pronounced NNE-striking Post-De-
vonian Main Fault System which brings old crystalline
complexes and late Proterozoic sediments (EBG) in
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fault contact with Devonian and younger sediments
(Figs 41 and 44). Late Caledonian granites intrude the
area (Bitler 1957).

The west Sernander Bjerg vein is associated with an
east-west-striking fault/shear zone in contact-metamor-
phosed Eleonore Bay Group sediments (Argillaceous-
Arenaceous Series). The vein zone (90°%70°N) is ex-
posed for a vertical distance of approximately 75 m
(Figs 42 and 43). The length is uncertain, but the miner-
alized trace of the zone has been followed for 50 m lat-
erally in the scree towards the west. The width of the
vein zone is up to 20 m at the topmost part decreasing to
less than one metre locally. Mineralized brecciated
quartz veins attain thicknesses of up to 6 m with an esti-
mated average thickness of 3.5 m for 75 m vertically.
Mineralization is characterised by a complex mixture of
galena, pyrite, sphalerite, chalcopyrite, arsenopyrite
and fahlore. At least two phases of mineralization have
occurred. An early phase comprises quartz, pyrite, arse-
nopyrite and chalcopyrite with subordinate galena,
sphalerite (with abundant chalcopyrite exolutions) and
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Fig. 42. The west Sernander Bjerg vein seen from east. Dashed
lines indicate vein zone. Scale cf. Fig. 43.

a later phase comprises quartz, galena, sphalerite, py-
rite, chalcopyrite and fahlore. Brecciation seems in par-
ticular to be related to the early mineralizing event.

Based on analyses of grab samples and chip samples
the average estimated grade of the exposed part of the
vein is 10.6% Pb, 285 ppm Ag, 1.5% Zn, 0.4% Cu and
0.2 ppm Au. It is noteworthy that a chip sample profile
over 6 metres width from the thickest part of the vein
averages 13.8% Pb, 400 ppm Ag, 2.1% Zn, 0.6% Cu
and 0.25 ppm Au. Microprobe investigation showed
that the average silver content in fahlore is 5.27% (aver-
age of 9 analyses) in one sample and 1.91% (average of
11 analyses) in another. The fahlore is an intermediate
phase inbetween the end members tennantite — tetra-
hedrite. The calculated formulae for the two samples
are:

(Cuy A ) (Zn, Feg19)(Sb, 3AS, )S s
(Cuy ;AL )(Zn, 2Fegg) (Sb, ASy57)S)

Preliminary ore reserve calculations of the exposed
vein, assuming the vein continues for 50-75 m into the
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mountain, indicate 50 000-80 000 tons with 12% com-
bined base metals and 300 ppm silver.

Similar vein mineralization in other locations in Hud-
son Land is indicated from ore microscopy of pan sam-
ples, and all are believed to represent Upper Devonian
hydrothermal mineralization.

Tin-tungsten in Blokadedal, Hudson Land (84)

Very pronounced tin anomalies in pan samples indicate
an area around Arve and Blokadedal with granitc asso-
ciated Sn-W-Mo-Bi-Nb-Ta-REE-F mineralization (Fig.
41) (Lind 1981b, Harpgth 1984). Investigations by
GGU also show that the late Caledonian (Devonian)
granites of this area are characterized by a high content
of incompatible lithophile elements including uranium
(Steenfelt 1982).

The granite exposed at Parkinson Bjerg in Blokade-
dal is the only intrusion studied in some detail. The late
Caledonian granite has intruded EBG shales which
have been transformed into hornfels in a thick aurcole
around the intrusion. The granite is a medium- to
coarsc-grained, leucocratic, biotite-hornblende granite
with local areas of feldspar-porphyritic phases contain-
ing abundant aplite fragments. Indications of hydro-
thermal activity are pronounced. First of all, the red

750 masl|

. 10m

L

700masl

Fig. 43. Sketch of the exposed west Sernander Bjerg vein. In-
terpretation of Fig. 42. Mineralized lenses are outlined (black).
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weathering colour is due to an overall hematization of
the intrusion. Secondly, epidotization and argillization
is widespread, in particular around minor faults and
fractures. Hydrothermal activity is also reflected as
widespread up to dm-thick quartz-fluorite veins and to a
minor extent as silicified breccia zones. No macroscopic
mineralization, except for the quartz-fluorite veins and
very subordinate quartz-tourmaline veinlets, was ob-
served. However, analyses of both altered (veined and
epidotized) and unaltered (only hematization) granite
confirm the high trace content of tin, which for unal-
tered granite averages 23 ppm. Furthermore, the ana-
lyses show enrichment in F-Rb-Li and depletion in Sr-
Ba-Mg, indicating that the granite is an exellent tin gra-
nite (Harpgth 1984).

Laboratory investigations of pan samples from the
scree cones of Parkinson Bjerg show that the concen-
trates contain abundant fresh black cassiterite grains
(200-300 ). Thus cassiterite is expected to occur dis-
seminated throughout the intrusion without any signifi-
cant enrichment.

Other evidence of granite-associated mineralization is
found in the end moraines of the glacier in Blokadedal
where scattered grey porphyritic granite boulders with
up to dm-thick tin-tungsten-bearing tourmaline-quartz
greisen veins occur (Fig. 41). The boulders are mainly
confined to the central part of the end moraine and it is
assumed that they originate in source areas of the up-
permost glacier valley. Macroscopically, the greisen
veins are composed of black fine-grained tourmaline
and quartz with minor feldspar, red garnet, and schee-
lite. Microscopic investigations also reveal fine-grained
(10-50 microns) cassiterite intergrown with tourmaline.
Analyses of mineralized samples average 0.3% Sn
(max. value 1.3%) and 0.2% W. Furthermore, sporadic
high values of beryllium (max. 1.5%) occur.

Further evidence of granite-associated mineralization
is seen at southwest Salévebjerg where abundant
quartz-muscovite greisen veins hosted in contact-meta-
morphosed EBG shales and quartzites occur in an area
of at least 2 km* (Fig. 41). The zone continues further to
the north for another 34 km and is assumed to give rise
to the tin anomalies observed just south of Arve. The
mainly vertical quartz-muscovite greisen veins attain
thicknesses of up to one metre, but on an average the
estimated thickness is 0.2 m. The length of individual
veins is at least several hundred metres. The distance
between the veins varies considerably (10-100 m), but in
general the veins occur with relatively wide spacing.
They consist of quartz, minor muscovite (mainly at the
margins) and very subordinate pyrite. Wall-rock alter-
ation is observed as abundant weathering around the
veins where they occur in shale. Analyses of six grab
and chip samples reveal values of 3040 ppm tin. One
sample representing mainly weathered muscovite from
the margins of a vein contains 250 ppm Sn and 30 ppm
Be.

The source of the very strong geochemical anomalies
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of Mo, Bi, Nb, Ta and REE occurring in the area has
not yet been identified, but the element combination
fits with the described types of mineralization.

Genetically, the different mineralizations are related
to the intrusion and late hydrothermal alteration of the
late Caledonian granites.

Upper Palaeozoic

Even though Upper Palaeozoic (345-225 Ma) rocks oc-
cur in a limited area principally just east of the Post-
Devonian Main Fault System, quite a number of min-
eral occurrences are known in these. Mineralization is
either in veins associated with faulting or strata-bound
and associated with the Upper Permian sequence.

The observed mineralization comprises:

Mineralization in the Post-Devonian Main Fauit Sys-

tem
Base metals in Gurreholm Dal area
Uranium in Nedre Arkosedal
Lead in west Schuchert Dal
Lead-copper in east Schuchert Dal
Lead at west Schuchert Gletscher
Baryte in Skeldal
Baryte at Rubjerg Knude, Traill @
Copper-lead-silver in Gastisdal, Gauss Halvg
Base and precious metals at Hggbom Bjerg, Hud-

son Land

Gold at Salévebjerg, Hudson Land
Base metals at east Sernander Bjerg, Hudson Land
Copper in Ngrlund Alper, Hudson Land
Lead-zinc on Clavering @
Lead-zinc in Karstryggen, Schuchert Dal
Celestite in Karstryggen, Schuchert Dal
Baryte-lead-zinc at Bredehorn, Scoresby Land
Strata-bound base-metals on Wegener Halvg
Lead-zinc at Mesters Vig, Scoresby Land.
Copper on Traill @ and in Giesecke Bjerge

Post-Devonian Main Fault System (85-101)

A very prominent NNE-SSW post-Devonian fault sys-
tem occurs for at least 400 km from Scoresby Sund in
the south to Grandjean Fjord in the north (Fig. 44).
Vischer (1943) named the part of the system occurring
north of Kong Oscar Fjord the Post-Devonian Main
Fault (“Postdevonische Hauptverwerfung”) and named
the prominent fault which separates Stauning Alper and
Jameson Land the Stauning Alper Fault (“Staunings Al-
per - Verwerfung”). Parts of the fault system had been
described before by Save-Soderbergh (1933, 1934) and
Biitler (1935). Later, Biitler (1955, 1957 and 1959),
Kempter (1961), Putallaz (1961), Stern (1964) and Hal-
ler (1970, 1971) investigated the fault system. Accord-
ing to Biitler (1957) the prominent faulting was initiated
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Fig. 44. The Post-Devonian Main Fault System with location of
vein occurrences. Modified after Biitler (1957) and Haller
(1971).

during the Lower Carboniferous and reactivated during
the Mesozoic and Cenozoic. The fault zone is several
kilometres wide and consists of subparallel, east-dip-
ping normal faults locally with a throw of up to 3-4 km.
A younger system of diagonal faults which branches off
in a southwesterly direction near Kejser Franz Joseph
Fjord, running through the eastern part of Ymer @,
Geographical Society @ and northwestern Traill @
forms the connection between the two north-south run-
ning major fault zones — the Post-Devonian Main Fault
to the north and the more westerly Stauning Alper Fault
to the south (Biitler 1957) (Fig. 44).

Mineral prospecting was performed in the thirties and
from the mid-fifties until the early eighties all along the
fault zone from Scoresby Land to Clavering @. In par-
ticular, the Stauning Alper Fault has been investigated
in detail. This exploration activity has revealed wide-
spread vein mineralization associated with tensional
regimes all along the zone. The veins, which may exhi-
bit brecciation or appear as wide stringer zones, arc ar-
ranged in an en echelon pattern indicative of a hori-
zontal sinistral component and individual veins may be
more than 1 km long and several metres wide. The
quartz-fluorite-baryte veins contain varying amounts of
base-metals, precious metals and locally uranium.

Genetically, all the veins are associated with tensional
regimes related to the post-Devonian faulting. The
more prominent veins (Fig. 44) are described in the fol-
lowing section.

Base metals in Gurreholm Dal area (85, 86)

Scattered base-metal-bearing veins were found between
Nordostbugt and Bjgrnbo Gletscher in Lower Permian
sediments during geological mapping in 1956 (Kempter
1961). Reconnaissance was carried out by Nordmine
mainly in 1980 (Jargensen 1980, Harpgth 1981).

The veins are hosted in the Lower Permian Gurre-
holm Dal Formation (Kempter 1961) and, in onc case,
in a Caledonian two-mica granite. To the west, the
Lower Permian is separated from the Caledonian crys-
talline basement by N-S-striking, normal faults, and to
the east, it is unconformably overlain by Upper Permian
sediments. A total thicknes of 600 to 2000 m has been
estimated for the formation. It shows a facies variation
with conglomerates near the main fault passing cast-
wards and downcurrent into arkoses and eventually into
micaceous sandstones with a northerly palaeocurrent.
Movements along the western boundary fault were
probably the cause of the rapid uplift needed to supply
the coarse sediments (Collinson 1972). The existence of
blind mafic intrusions below the central part of the area
is indicated by a pronounced aeromagnetic anomaly
(H.C. Larsen, pers. comm. 1979).

About ten mineralized localities are known in the
area. The more significant ones are located along a N-S-
orientated zone of approximately 20 km from @vre Ar-
kosedal to Konglomeratelv. The zone is supposed to
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represent a branch of the Stauning Alper Fault (Jgrgen-
sen 1980). Mineralization appears in Lower Permian ar-
koses as widely spaced mm- to few cm-thick, sulphide-
bearing, discordant veinlets surrounded by cm-dm-wide
bleached zones with kaolinized feldspar. The sulphides
are galena, sphalerite, chalcopyrite with minor chal-
cocite, bornite, pyrite and arsenopyrite in a gangue con-
sisting of baryte, calcite and fluorite. Irregular inter-
growths are common between the sulphides. Sphalerite
is iron-poor and often developed as schalenblende (Fig.
45). Some sulphide impregnation occurs in the altered
wall rock.

The best exposed mineralization occurs along Kulde-
dal (85). Here 160°-180°-striking and steeply dipping
veinlets are frequent in pink arkoses inside a ¢. 100 m
wide, 0°/65°E orientated fault zone. Some 4 km further
north, in @vre Arkosedal (86), mineralization mainly
occurs in brecciated granite along the fault contact to-
wards the sediments. This locality is situated 3 km south
of the uranium mineralization of Nedre Arkosedal.

Mineralized samples may contain several per cent
lead, zinc, copper and barium and up to 500 ppm silver
and molybdenum. A high silver content is associated
with chalcocite and in samples without this mineral the
silver content does not exceed 80 ppm. Chip samples
from a 15x25 m sized area in the fault zone of @vre Ar-
kosedal average 1.8% Ba, 0.8% Pb and 0.03% Cu.

Uranium in Nedre Arkosedal (87)

A lead-zinc-bearing fluorite vein was observed in the
western slopes of Nedre Arkosedal in 1956 during ge-
ological mapping carried out by the Lauge Koch Expe-
ditions (Kempter 1961). Reinvestigations by Nordmine
in 1970 revealed high uranium concentrations in the
vein (Hintsteiner et al. 1970). Subsequent prospect in-
vestigations in 1971 and 1975 included geological and
radiometric mapping, trenching, chip and channel sam-
pling and the boring of a 9.1 m drill hole (Hallenstein
1976). Furthermore, detailed airborne radiometry was
performed in the area by Nordmine in 1970 (Hintsteiner
et al. 1970) and by GGU in 1971-75 (Nielsen &
Lavborg 1976), but no significant new anomalies were
detected.

The prospect is located within the Stauning Alper
Fault zone, and the host rock is a post-tectonic Cale-
donian, red, two-mica microcline granite. Lower Per-
mian clastic sediments occur just to the east and are in
fault contact with the granite.

Uranium is found in a northern main vein and a
southern smaller vein some 400 m further SW (Fig. 46).
The veins are displayed as distinct yellow, limonitic
zones visible from a distance. In both cases, the miner-
alization is restricted to brecciated and mylonitized gra-
nite, although some hydrothermal activity has affected
the Permian sediments on the east side of the fault zone.
The vein minerals are fluorite, baryte, pyrite, and traces
of galena and sphalerite. Uranium occurs in the fluorite
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Fig. 45. Photomicrograph (reflected light) of sphalerite devel-

oped as schalenblende (light grey), and galena (white). From
vein in Gurreholm Dal area. Bar scale 0.5 mm.
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lattice and as fine-grained pitchblende. Secondary ura-
nium minerals have also been observed.

The main mineralization is located at the intersection
of two faults. The one fault (20°/65°E) is entirely within
the granite, and the other (170°/70°E) marks the contact
between the sediments and the granite. At the surface,
the total strike length is about 200 m and it varies be-
tween 5 and 10 m in thickness. The vein consists of a
breccia zone cemented by mm- to cm-thick veinlets of
mainly purple fluorite. A ¢. one metre thick central
zone contains semi-massive fluorite. Surface weathering
is extensive, and a 4 m deep trench failed to expose
fresh rock. 251 surface samples average 252 ppm U and
21 ppm Th with maximum values of 3427 ppm and 136
ppm respectively. The drill hole returned a 4.2 m inter-
section with 780 ppm U and less than 30 ppm Th.

The north-south-striking southern vein is c. 40 m long
and it exhibits less superficial weathering. Chip samples
representing 15 m accross the vein have been collected
at a depth of 0.5 m. The best 2 m of this section average
3100 ppm U (range 1050-8710 ppm). Selected samples
contain up to 2.25% U.

Lead in west Schuchert Dal (88)

A galena-bearing vein was discovered in 1956 on the
western slope of Schuchert Dal between Roslin
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t Schuchert Dal (89)

Lead-copper-bearing quartz veins were observed in the

th minor baryte and
eastern slopes of Schuchert Dal dur
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main sulphide is galena, which occurs as scattered, up to
pyrite and chalcopyrite occur. The richest parts of the
vein contain an estimated 5% Pb. A sample rich in ga-
lena contains 28% Pb, 0.07% Cu and 10 ppm Ag.
sance in 1955 (Pargeter 1955). Subsequent prospect in-
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(Reece 1957). The site was revisited in 1967 (Lehnert-
tently exposed for more than 1 km laterally and 300 m
vertically in a 30° direction. It dips 65° - 85° NW and is
up to 6 m wide with an average width of 2 m. The wall
rock is hydrothermally aitered. The gangue is quartz

tailed investigations the following year
Thiel et al. 1967).

Gletscher and Storgletscher (Lethbr




vestigations comprised detailed soil geochemistry
(Reece & Mather 1961), trenching (Lethbridge 1956),
geophysics (electromagnetic and self-potential tech-
niques — Strangway 1957) and diamond drilling (4 holes,
in total 358 drill metres — Reece 1957). A revisit was
made to the area in 1980 (Thomassen & Schgnwandt
1981).

Th)e east side of Schuchert Dal consists of continental
clastic sediments of Lower Permian age, unconformably
overlain by Upper Permian and Triassic, mainly marine
sediments (Henriksen et al. 1980). Tertiary alkaline in-
trusions occur in Werner Bjerge to the north, and mafic
dykes and sills of the same age intersect the sediments.
A N-S orientated, east-dipping normal fault with a
throw of some hundred metres follows the valley slopes
for c. 30 km.

Vein mineralization is known intermittently from the
snout of Schuchert Gletscher and 15 km southwards.
The prospect investigated in some detail is situated 2 km
SW of Lomsgen, upper Pingo Dal. Here a number of
galena-bearing quartz veins have been exposed after re-
moving 2 m of overburden over a 100x200 m area at
sites defined by soil geochemistry. Most of the veins
strike 45°-60°, dip 75°SE and are of dm thickness. One 3
m thick 160°/90°-orientated vein has also been observed.
In addition to dm-sized, massive pockets of galena, the
veins contain a little sphalerite and chalcopyrite. The ar-
kosic or shaly wall rock is bleached and silicified. A drill
hole intersected a c. 5 m wide quartz vein mineralized in
the hanging wall with galena over 0.5 m. A second 0.5 m
wide, galena-rich zone in arkose with quartz stringers
was intersected 5 m SE of this vein. Another bore hole
in the continuation of the mineralized vein 60 m further
SW intersected 9 m barren vein quartz. Two further drill
holes did not reveal any sulphides. Only faint geophys-
ical anomalies were outlined in this area.

The mineralized fault zone is exposed in a gully 2 km
north of the trench site. Here the 80-100 m wide, 10°/
70°E-orientated fault zone consists of silicified sand-
stone and shale breccia. In the centre it contains a
swarm of quartz veinlets up to 30 cm wide for a distance
of 10 m. These exhibit comb structures and contain
pockets of chalcopyrite, with minor galena and late cal-
cite.

The mineralized section of the fault also outcrops 1.5
km south of the trench site. Here it is 20 m wide and
consists entirely of quartz-cemented breccia with a gen-
eral orientation 0°-10°45°E. Galena is the main ore
mineral present in the form of irregular stringers up to
20 cm in thickness. Subordinate chalcopyrite occurs.
The estimated galena content is about 5%. Further
southwards, veining of quartz, baryte, minor calcite and
hematite occur over some 8 km. At one locality, dm-
thick quartz-baryte veins cut the Upper Permian Hule-
dal Formation.

Microscopic investigations reveal galena and chalco-
pyrite as the main ore minerals with minor sphalerite,
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sphalerite exsolution stars. From vein in east Schuchert Dal.
Bar scale 100 microns.

pyrite, marcasite and tetrahedrite. Tetrahedrite occurs
as relatively scarce inclusions in galena. Chalcopyrite
may contain sphalerite exolution stars (Fig. 47) and well
developed polysynthetic twins.

Some analytical results are presented in Table 3. It
appears that in addition to base-metals the mineral-
ization is enriched in silver and antimony.

Lead at west Schuchert Gletscher (90)

A large quartz vein was found west of the central part of
Schuchert Gletscher in 1967 (Lehnert-Thiel et al. 1967).
The vein is hosted in Caledonian migmatite and situated
4-5 km west of the Stauning Alper Fault. It is exposed
intermittently for more than 3 km, is 10-30 m wide and
has an orientation of 150°-170°/60°E. The wall rock is
hydrothermally altered for a width of several metres.
The vein consists of quartz and minor baryte. Pockets of
galena with traces of pyrite, chalcopyrite and sphalerite
occur near the foot wall. The estimated lead content is
less than one per cent.

Baryte in Skeldal (91)

Lead-copper-bearing boulders were found west of Skel-
bre during Nordmine reconnaissance in 1956 (Leth-
bridge 1956). Later, short visits to the area revealed
vein-type mineralization between Skelbre and Bersar-
kerbre on the west side of Skeldal (Knup 1958, Fried-
rich 1975, Pedersen 1980b).

The N-S-orientated Stauning Alper Fault passes
through the western slope of upper Skeldal and separ-
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Table 3. Analytical results of selected samples, east Schuchert Dal.

Locality/sample description Pb (%) Zn (%) Cu (%) Ag (ppm) Sb (%) Ba (%)
2 km north of trench site 0.04 0.35 20.0 50 <0.01 <0.05
2 km north of trench site 4.0 0.08 0.04 30 <0.01 <(0.05
Trench site 74.4 1.4 0.03 250 0.15 <0.05
0.5 m drill core. Vein quartz 11.7 0.8 - 36 - -
0.5 m drill core. Arkose 46.7 0.65 - 142 - -
1.5 km south of trench sitc 47.0 <0.05 0.03 211 0.09 <(.05
1.5 km south of trench site 0.7 <0.05 25 8 0.07 0.2
2.2 km south of trench site 0.003 <0.05 0.35 <2 0.15 <0.05
6 km south of trench site 0.003 20.1 0.002 <2 <0.01 14.5
7 km south of trench site 0.6 0.06 0.004 5 <0.01 12.5

ates EBG sediments to the west from Carboniferous—
Lower Permian sediments to the east. The observed
veins are up to 20 cm thick and hosted in crystalline
rocks and in EBG sediments. They consist of baryte
with minor galena and traces of chalcopyrite.

Baryte at Rubjerg Knude, Traill @ (92)

Baryte veining associated with a prominent fault in the
Upper Carboniferous was found by Nordmine in 1981
just west of Rubjerg Knude, central Traill @ (Harpgth
1982).

The complex fault pattern of central Traill @ as seen
in Koch & Haller (1971) was studied in detail only west
of Rubjerg Knude where a major NNE-SSW fault zone
postulated by Putallaz (1961) to cut the Upper Permian
was traversed for a strike length of 10 km. However, the
Upper Permian has been eroded, and the fault is ob-
served only in the Upper Carboniferous sediments.

Extensive but low-grade baryte mineralization occurs
for a length of four km including 500 m with intense
silicification at the northern end. Mineralization occurs
in a 50~-100 m wide zone where hydrothermal activity
has caused extensive bleaching and baryte veining. Bar-
yte veins range from mm to dm in thickness with an
average in the cm-range. The spacing between the veins
varies considerably, but the overall baryte grade is esti-
mated to be 5-10%. The sulphide content of the ex-
posed level of mineralization is very low with traces only
of chalcopyrite.

Copper-lead-silver in Gastisdal, Gauss Halvg (93)

During reconnaissance of the Upper Permian in Gie-
sccke Bjerge vein-type mineralization was observed in
older rocks in the Gastisdal area (Thomassen 1982).

Gastisdal is a N-S-orientated valley occupying a c. 1
km wide graben structure associated with the Post-De-
vonian Main Fault. The graben continues north of Mos-
kusoksefjord into Prospektdal. The Gastisdal graben
hosts Carboniferous, coal-bearing clastic sediments
downthrown against Devonian clastics and a wedge of
gneiss and granite.
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A number of quartz-fluorite-caicite veins sub-parallel
to the main fault cut the Devonian sediments in the
western slope of the valley. On the east side of the val-
ley, irregular dm-sized lenses and veinlets with traces of
galena and chalcopyrite occur in the granite. Further-
more, a ¢. | m thick vein has been followed for more
than 500 m in outcrops and boulders in a 120° direction
in Devonian sediments south of La Cours Bjerg. This
vein consists of dense quartz with coatings of man-
ganese oxides, hematite and minor malachite. It con-
tains scattered mm-sized blebs of chalcopyrite, chal-
cocite and bornite with minor galena, sphalerite and py-
rite. Selected samples return: copper max. 2.5%, lead
max. 0.35%, silver max. 250 ppm, and bismuth max.
150 ppm.

Base and precious metals at Hegbom Bjerg, Hudson
Land (94)

Base-metal-mineralized boulders were encountered in
Prospektdal east of Hggbom Bjerg during Nordmine
reconnaissance in 1955 (Lethbridge 1956), and outcrop-
ping mineralization was found in 1971. A crude radial
pattern of mineralized veins and a possible mineral zo-
nation was observed by a joint Nordmine-GGU tcam in
1975 (Ryan & Sandwall 1975). Subsequent investiga-
tions were carried out by GGU and Nordmine (Geyti
1982).

Hggbom Bjerg is underlain by Middle Devonian clas-
tic sediments intruded by a 2x3 km laccolith-shaped sub-
volcanic complex comprising granites, aplites and rhyo-
lites emplaced in several phases. The intrusive complex
is cut by rhyolite dykes and unconformably overlain by
Carboniferous clastic sediments. The N-S-striking Post-
Devonian Main Fault intersects the area.

Mineralized veins of cm-dm thickness are scattered in
both igneous and sedimentary rocks throughout the
area. They may be concentrated in 5-10 m wide
swarms. The veins consist of coarse-grained, vuggy
quartz along with fluorite, calcite, baryte and epidote.
Epidotization of the wall rock is common. Sulphide con-
tents are generally below one per cent. The ore minerals
are galena, bornite and chalcocite with minor sphale-
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rite, chalcopyrite, pyrrhotite and arsenopyrite. A se-
lected sample assays 3.5% Cu, 2.1% Pb, 0.7% Zn,
1.0% Fe, 460 ppm Ag and 1.3 ppm Au. Comparable
precious-metal values occur in other veins of the area.

Gold at Salévebjerg, Hudson Land (95)

A gold-bearing breccia boulder was found at Saléve-
bjerg by Nordmine in 1981 (Geyti 1982) and follow-up
investigation were carried out in 1983 (Harpgth 1984).

Gold-bearing breccia boulders occur in a stream bed
at the southern slope of Salévebjerg (Fig. 41). The boul-
ders all represent quartz-fluorite-pyrite-(arsenopyrite)--
gold-mineralized brecciated quartzite. Analyses of five
samples revealed: gold 0.05-3.2 ppm, arsenic max. 5%,
antimony max. 0.25%, silver max. 19 ppm, copper max.
200 ppm, and lead max. 200 ppm. The boulders could
not be traced to any outcropping mineralization.

However, chip sampling of a 2 m wide outcropping
N-S-striking pyrite-bearing breccia zone in EBG-horn-
fels approximately 500 m to the west of the boulder
finds, but without any relation to these, returned 70 ppb
gold, and thus indicates that the general area is gold
anomalous. Microscopy of the various breccias did not
reveal the occurrence of gold.

Base metals at east Sernander Bjerg, Hudson Land
(96)

GGU discovered minor uranium-oxide mineralization
associated with lead, zinc and copper in fractured Cale-
donian granite at Arve just north of east Sernander
Bjerg (Stenfelt & Nielsen 1978, Stenfelt & Kunzendorf
1979, Stenfelt 1982). Lead-zinc veins were discovered at
east Sernander Bjerg by Nordmine in 1981 (Fig. 41)
(Geyti 1982) and similar fault-associated vein miner-
alization was indicated from reconnaissance investiga-
tions and pan-sample anomalies 2-5 km to the north
(Lind 1981b, Harpgth 1984).

Both mineralized areas occur within the zone of the
Post-Devonian Main Fault which strikes ¢. 20°. The
fault zone is here characterized by extensive brecciation
and mylonitization, epidotization and hematization,
rhyolite and aplite dykes and widespread quartz-fluor-
ite-calcite veining. Vein dimensions in general are small
with cm-dm widths and m-sized lengths, but an up to 10
m thick massive calcite vein occurs in the steep cliffs of
east Sernander Bjerg. No sulphides have been observed
in the boulders from this vein.

Lead-zinc-mineralized vein-quartz scree boulders
from east Sernander Bjerg (Fig. 41) contain abundant
galena and sphalerite with minor pyrite. The gangue
consists of quartz which typically contains breccia frag-
ments of the host rock (metamorphosed EBG shales).
Analyses of selected scree boulders revealed: lead max.
20.8%, zinc max. 5.9%, bismuth max. 150 ppm, and sil-
ver max. 20 ppm. The average grade is estimated to be a
few per cent combined lead and zinc.
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Copper in Ngrlund Alper, Hudson Land (97)

A minor quartz vein occurs south of Toretinde in Ngr-
lund Alper (Stendal 1980c). The area is underlain by
Middle Proterozoic metasediments, Caledonian gra-
nites and Carboniferous clastics, and dissected by
branches of the Post-Devonian Main Fault (Stern 1964).

The vein is hosted in quartzitic gneiss with lenses of
amphibole-, diopside- and garnet skarns. It contains
scattered, mm-cm sized blebs of chalcopyrite. A se-
lected sample contains 0.35% Cu, 3.3 ppm Ag and 0.19
ppm Au.

Lead-zinc on Clavering @ (98-101)

Several rust zones on south Clavering @ (Fig. 48) were
found and investigated in the period 1929-34 by the
Lauge Koch expeditions (Backlund & Malmquist 1932,
Koch 1955). Two localities, Rustplateau and Auspicie-
dalen, were more closely investigated. At Rustplateau,
mapping, trenching and geophysics (Fig. 5) were carried
out in 1932 by H.G. Backlund and D. Malmquist. Due
to deep weathering and solifluction, no outcrops or
boulders with “ore” were found, apart from boulders
with pyrite and traces of chalcopyrite and galena. The
electromagnetic results indicated the occurrence of mas-
sive mineralization at depth. In Auspiciedalen (“Gold
Mine”), a pyrite vein was investigated in 1933 by surface
trenches and a 20 m long test adit (Fig. 49) with a 4 m
deep shaft (Eklund 1944). In 1957 part of south Clave-
ring @ was reconnoitered by Nordmine (Reece 1957),
and a limited re-investigation of Rustplateau comprising
mapping and geological sampling was accomplished in
1981 (Thomassen & Schgnwandt 1981, Thomassen
1982).

The central part of Clavering @ is underlain by a
metamorphic complex consisting of Middle Proterozoic
infracrustal migmatite gneiss and foliated granite, and
supracrustal schist and biotite gneiss (Mittelholzer 1941,
Higgins & Phillips 1979) (Fig. 48). These rocks are
folded along SW-NE-trending axes and intruded by
small bodies of Late Caledonian granite. The crystalline
rocks are nonconformably overlain by Carboniferous
continental clastics to the west, and by marine Upper
Permian — Mesozoic sediments to the east. The highest
peaks are capped by Tertiary basalts. The central part of
the island is intersected by numerable SSW-NNE and,
subordinate, NW-SE-trending faults.

Some of the rust-stained localities on Clavering @ are
shown in Fig. 48. Most of them are situated in the meta-
morphic complex. Ground information is avaible from
the four localities described in the following.

Rustplateau (98)

On Rustplateau, Carboniferous sediments rest with a
slightly SW-dipping depositional contact on a crystalline
basement consisting of banded and graphite-bearing
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POST DEVONIAN ROCKS lI‘ RUST ZONE

Fig. 48. Geological sketch
map of southern Clavering
@ with major rust zones
indicated. Framed area is
shown in Fig. 50.

garnet-biotite gneisses (Fig. 50). The basal ¢. 30 m of
the sediments consist of greyish quartz-pebble conglom-
erates and porous, coarse, arkosic sandstones. These
sediments often have a reddish weathering colour due
to minor disseminated pyrite. Above follows c¢. 100 m of
well cemented arkosic sandstones which are unconfor-
mably overlain by Tertiary plateau basalts. A set of ap-
parently contemporary post-Carboniferous, but pre-ba-
saltic, faults (40° and 140°) with throws of less than 50 m
exists in the area. The faults form distinct morpholog-
ical escarpments, especially along the 40° direction, and
host the mineralization. They are cut by minor N-S and
NNW-SSE faults.

Vivid red and yellow weathering colours characterize
Rustplateau. The basal part of the clastic sediments in
general exhibits a red colouration, but particularly
strong colours appear in the solifluction material from
the western fault-generated escarpment of the local
main river. This colour zone extends 5.5 km towards
SW from a local ice cap and reappears on some nuna-
taks further to the NE. Mineralized outcrops or boul-
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ders have been found over 3.3 km of the zone. Less in-
tense colouration with sporadic outcropping mincral-
ization exists along the 140° faults for some 2.7 km. Two
types of mineralization can be distinguished: 1) Silici-
fied and kaolinized fault-breccias rich in pyrite and lo-
cally containing minor fluorite, galena, sphaleritc and
traces of chalcopyrite. This type mainly occurs in gneiss,
but due to deep weathering it is only known from boul-
ders along the 40° faults. Two outcrops along the 140°
faults display faintly mineralized breccia with clay gouge
for a few metres thickness. 2) Quartz-fluorite veins with
galena, sphalerite and pyrite. The veins occur both in
gneiss and in the sediments. Outcropping veins in sedi-
ments are of cm-dm thickness and only locally rich in
sulphides. Boxwork structures are typical of both types
of mineralization and are believed to represent weath-
ered-out fluorite and pyrite.

Microscopic investigations reveal pyrite, galena and
sphalerite as main ore minerals with minor marcasite,
chalcopyrite and tetrahedrite. The sulphides often form
disseminations of anhedral, from mm-sized to sub-mi-
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Fig. 49. Entrance of adit to
the Auspiciedalen pyrite
vein on Clavering @. From
Koch (1955).

croscopic grains. Intergrowth is common among galena-
sphalerite-chalcopyrite and pyrite-marcasite. Tetrahe-
drite occurs as scarce, minute inclusions in galena.

Analyses of 16 mineralized samples show: lead max.
14.5%, zinc max. 2.5%, gold max. 0.05 ppm, silver
max. 60 ppm, copper max. 0.03%, and barium max.
0.35%. Selected analyses are given in Table 4.

Soil samples were collected along 4 lines parallel with
and downslope from the main mineralized faults in or-
der to detect a possible along-strike trend. The ¢. 200 g
large samples were taken 50 m apart at a depth of 15-20
cm, i.e. below the zone of possible organic influence.
Sample values are summarized in Table 5 and Fig. 50. It
appears that the high metal contents are concentrated
along the 40° fault zone. While high lead values occur
scattered all along this zone, high zinc and copper val-
ues are clearly concentrated along the NE half of the
sections. No significant metal enrichment is indicated at
the intersection of the faults. Silver was detected (2
ppm) only in two soil samples.

Auspiciedalen (100)

In Auspiciedalen the country rock consists of biotite-
garnet schists and gneisses which are cut by pegmatite
veins of metamorphic origin. A pyrite vein (15°/45°E) is
traceable for 1500 m as a distinct yellow gossan. It con-
tains ¢. 90% pyrite, has a mean thickness of 1.3 m and
near the contact, the gneisses are brecciated, silicified,
kaolinized and pyritized. Two generations of brecciation
and quartz-pyrite mineralization are distinguishable.
Minor galena and arsenopyrite (the postulated gold-
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bearer) have also been reported. The pyrite contains
max. 0.5 ppm Au and 25 ppm Ag. The area is estimated
to contain some million tons of massive pyrite (Eklund
1944).

North of Eskimonzs (99)

Several rust zones have been observed along the
NE-SW running rivers north of Eskimonas. These
zones seem to be controlled by the same set of faults as
on Rustplateau, i.e. 40° and 140°. A number of rusty
boulders were collected during a helicopter reconnais-
sance in 1981. They consist of brecciated, silicified
gneiss or of vein quartz and contain pyrite and minor ga-
lena and fluorite. Under the microscope, granulated py-
rite with tiny inclusions of marcasite, sphalerite, galena
and chalcopyrite together with some graphite have been
observed. Analyses of the samples show only low con-
tents of precious and base-metals (Table 4).

Brinkley Bjerg (101)

A rust zone north of Brinkley Bjerg was superficially
checked in 1980. It consists of a 30°-orientated belt of
reddish-coloured solifluction material in crystalline ter-
rain near the fault contact to Permian limestones. The
coloured belt contains blocks of limonite crusts, silici-
fied breccias of garnet gneiss with disseminations or
blebs of pyrite, garnet gneiss with pyrite on joints, and
minor breccia-fillings of white calcite with cm-sized
blebs of pyrite. Mineralized outcrops were not ob-
served. Microscopy reveals disseminated pyrite with mi-
nor marcasite and a few small grains of sphalerite and
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Fig. 50. Geological sketch map of the Rustplateau area, Clavering @. Soil sample values larger than the 90%-fractile valuc are
plotted.
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Table 4. Analytical results of selected samples from Clavering @. Note that all samples contain less than 0.1% As.

Locality/sample description Pb (%) Zn (%) Cu (%) Au (ppm) Ag (ppm)
Rustplateau - type (l; 0.015 <0.05 0.004 <0.02 <2
Rustplateau — type (2 8.5 0.6 0.02 0.05 60
Auspiciedalen 0.02 0.03 0.003 0.1 4
Auspiciedalen 0.15 <0.05 0.004 0.1 2
North of Eskimonzs 0.02 <0.05 0.03 0.02 <2
Brinkley Bjerg 1.4 <0.05 0.02 <0.02 8

chalcopyrite. Analysis shows low contents of precious
and base-metals (Table 4).

Lead-zinc at Karstryggen, Schuchert Dal (102-103)

Strata-bound lead-zinc mineralization was found in
Karstryggen by Nordmine in 1980 during reconnais-
sance exploration of the Upper Permian (Harpgth
1981). The following year more detailed investigations
were performed in the northern part of Karstryggen
(Harpgth 1982).

The geology of Karstryggen, which is situated close to
the Stauning Alper Fault, has been described by Kemp-
ter (1961), and recent investigations by GGU have
added important new information in particular on the
Upper Permian sequence (Surlyk et al. 1984 and Surlyk
et al. in press). The Upper Permian of the area com-
prises a basal fluvio-marine sandy conglomerate unit
(Huledal Formation) overlain by a marginal marine car-
bonate and evaporite unit (Karstryggen Formation)
with a more open marine carbonate unit on top (We-
gener Halvg Formation) (Surlyk et al. in prep.). The
Wegener Halvg Formation, which hosts most of the
lead-zinc mineralization, represents a carbonate plat-
form at least 30 km long and up to 10 km wide at Karst-
ryggen. The carbonate platform, which is dominated by
non-reef facies, is divided into an eastern and a western,
more rapidly subsiding, half by a N-S hinge zone. Intra-
Permian karsting is reflected as widespread karst brec-
cias in the underlying formation.

Lead-zinc mineralization has been found in both
northern and southern Karstryggen (Fig. 51).

In northern Karstryggen (102) strata-bound lead-zinc
mineralization occurs in a 1500x500 m area c. 1 km
south of Revdal (Fig. 51). Mineralization occurs

throughout all the different carbonate facies of the We-
gener Halvg Formation and in the karst breccia se-
quence of the underlying Karstryggen Formation, and a
vertical mineralized section of 40 m has been observed.
However, the estimated average thickness is 20-25 m.

Mineralization occurs partly as galena octahedra dis-
persed in micritic limestone and partly associated with
subvertical joints and fractures striking 20° and 160°.
The latter type contains galena octahedra (up to 1/2
cm), yellowish white sphalerite (hardly macroscopically
recognizable) and subordinate pyrite and marcasite in a
predominantly calcite gangue with subordinate celestite
and fluorite.

Analyses of selected samples revealed high contents
of lead (max. 10%), zinc (max. 42% - oolitic limestone
replaced by whitish sphalerite), cadmium (max. 0.15%)
and Ag (max. 150 ppm). A chip sample over 15 m re-
turns 0.15% Pb and 0.26% Zn which confirms the low
grade of the mineralization. A preliminary tonnage es-
timate indicates several tens of million tons (Harpgth
1982).

In southern Karstryggen (103), mineralization occurs
on the western bank of Schuchert Flod c. 10 km north of
Nordostbugt (Fig. 51). Lead-zinc mineralization which
occurs in a 50x50 m area and has been observed over a
height of 10 m is both lithologically and structurally con-
trolled. The most import control is a set of joints 160%/
subvertical (major) and 20°subvertical (minor). Ma-
croscopically, mm-cm thin veinlets of pyrite, galena,
sphalerite, marcasite and minor calcite (Fig. 52) occur
mainly in micritic limestone. Mineralization is concen-
trated in the uppermost part of the micritic limestone as
well as in limestone breccia below black shale which
represents a barrier of permeability. Analyses of se-
lected samples revealed lead max. 25%, zinc max.

Table 5. Summary of soil sampling results, Rustplateau. N = number. ¥ = mean. M = median. s = standard deviation.

Section N Cu ppm Pb ppm Zn ppm

Range X M s Range X M s Range X M s
PI 71 10-130 46 45 20 <5-110 26 25 18 15-260 94 95 41
PII 58 10-120 46 35 24 10-600 49 30 82 20-250 103 95 47
PIII 25 10-270 40 30 49 5-380 37 20 73 40-130 70 65 21
PIV 30 5-50 30 33 12 <5-85 21 15 17 20-130 63 65 22
PI-1V 184 5-270 43 35 27 <5-600 34 25 56 15-260 89 80 41
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Fig. 51. Location map of the Karstryggen area. Stippled line
surrounds area with celestite mineralization. Stars indicate
lead-zinc mineralization.

3.5%, and silver max. 70 ppm. The average grade is es-
timated to be 1-2% combined lead-zinc.

Genetically, both mineralized localities are believed
to be associated with the N-S hinge zone in Karstryg-
gen. This zone again is related to the Post-Devonian
Main Fault System of the area.
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Fig. 52. Galena-sphalerite-marcasite veinlets in micritic lime-
stone. Western bank of Schuchert Dal.

Celestite at Karstryggen, Schuchert Dal (104-106)

Strata-bound celestite (SrSO,) mineralization in Upper
Permian carbonates was first noted at Karstryggen by
Thomassen (1980) and later investigated by Harpgth
(1981). A detailed description is given by Harpgth et al.
(in prep.).

The Upper Permian sequence of Karstryggen com-
prises a basal fluvio-marine sandy conglomerate unit
(Huledal Formation) overlain by a marginal marine car-
bonate and evaporite unit (Karstryggen Formation)
with a more open marine carbonate unit on top (We-
gener Halvg Formation) (Kempter 1961, Surlyk ct al.
1984 and Surlyk et al. in prep.).

The Karstryggen Formation, which hosts the cclestite
mineralization, is dominated by limestone deposited in
hypersaline shallow marine and supratidal cnviron-
ments. The sequence comprises algal-laminated lime-
stone, homogenous and laminated lime mudstone,
oolitic grainstone and intraclast limestone. Subordinate
penecontemporaneous evaporite is interbedded with
these facies, but in localized areas (for example Revdal)
more than 100 m thick sequences of laminated gypsum
occur. In particular in the western part of Karstryggen,
widespread erosion and deposition of both polymict and
intraclast conglomerate is associated with intense karst-
ification before the deposition of the overlying Wegener
Halvg Formation (Surlyk et al. in press).

Celestite mineralization occurs in an approximately
80 km? area of Karstryggen (Fig. 51). Mineralization oc-
curs both in a lower 3-10 m thick algal-laminated lime-
stone unit and in an at least 50 m thick overlying karst
breccia sequence (Fig. 53). In the laminated limestone
sequence mineralization occurs in laminated sparite, in
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algal-laminated/stromatolitic limestone and in nodular
bedded limestone (Fig. 54) where calcite and gypsum is
partly replaced by celestite. The observed degree of re-
placement is up to 80%. This specific mode of celestite
occurrence is in particular widespread in the Revdal-
Huledal and in the Muslingeelv areas (Fig. 51) where a
SrSO, content of 15-30% is common over several
metres thickness. Locally, fibrous pale blue celestite-
crystal bands (1-2 cm) occur interbeddded with lami-
nated gypsum.

In the karst breccia sequence, mineralization has
been observed for more than 50 m vertically, but in gen-
eral the lowermost 20 m of the section are mineralized,
in particular in an area around Huledal-Revdal (c. 4
km?). Mineralization occurs as redeposited early di-
agenetic celestite from the underlying laminated lime-
stone sequence, as celestite cement and fillings in the
karst breccias and as pockets, lenses and veins of celes-
tite in karst fractures and caves. This mode of miner-
alization is by far the most important one and a common
feature is a large-scale veining superimposed on an in-
tense small-scale veining and/or breccia-filling. Vein
thicknesses of up to half a metre occur, but a thickness
in the range of 5-20 cm is dominant (Fig. 55). Celestite

— Celestite vein
Karst
breccia
sequence
g 5m
e
o9
z g l
[
-
28
Celestite/caicite filling
of karst cave
- Celestite pod
Algally TP =
laminated [T ~ T
limestone|[————— - Celestite in algally
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Fig. 53. Modes of celestite mineralization in the Upper Per-
mian Karstryggen Formation.
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Fig. 54. Nodular bedded limestone with celestite nodules, Rev-
dal.

commonly occurs as tabular euhedral crystals as much
as 15 cm in maximum dimension (Fig. 56). The larger
crystals are always associated with up to 25 cm long cal-
cite scalenohedra. The colour varies considerably with
colourless, white, pale blue, dark blue, orange and red
crystals. Chemically, the celestite crystals have an aver-
age barium content of 0.3%, thus pointing at the end
member celestite in the baryte-celestite solid-solution
series.

In general the intensity of mineralization varies con-
siderably both laterally and vertically. Preliminary es-
timates of tonnage and grade based on a combination of
visual evaluation of outcropping mineralization and of
scattered chip-sample sections indicate 25-50 million
tons with a grade of ¢. 50% SrSO; in the Huledal area
(104) (Harpgth 1981).

Strontium isotope data (Harpgth et al. in prep.)
from Karstryggen show that the evaporites (gypsum)
("Sr/**Sr 0.7074 to 0.7082) and primary precipitated cal-
cite (¥Sr/*Sr 0.7068 to 0.7076) stem from seawater
which was in equilibrium with the Upper Permian world
ocean (*Sr/*Sr 0.7070 to 0.7075 (Veizer & Compston
1974)). Analyses of both modes of celestite (¥Sr/*Sr
0.7131 to 0.7137) and karst calcite (*Sr/**Sr 0.7134) indi-
cate that they all have a common origin in water derived
from the western highlands (surface or subsurface wa-
ter). This means that an early diagenetic replacement of
gypsum/anhydrite with celestite occurred in the algal-
laminated limestones during interaction with Sr-rich ter-
restial ground water. The remaining celestite miner-
alization is associated with the karst episodes when
caves and fractures were filled with coarse-grained ce-
lestite originating in Sr-rich surface and subsurface fresh
water.
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Baryte-lead-zinc at Bredehorn, Scoresby Land (107)

Baryte-lead-zinc mineralization was found in Upper
Permian sediments 3 km south of Bredehorn, Scoresby
Land during Nordmine reconnaissance in 1971. Pros-
pect investigations in 1972 and 1975 included mapping,
chip sampling, trenching, geophysics (induced polar-
ization, resistivity, self potential and magnetic methods)
and shallow diamond drilling (10 holes; total 121 m)
(Paar 1974, Bruneau 1976). Continued investigations in
1980-82 comprised mapping at scale 1: 5000, chip sam-
pling and VLF geophysics (Thomassen & Schgnwandt
1981, Damtoft & Grahl-Madsen 1982, Thomassen et al.
1982, Harpgth 1983). The Permian host rocks were
mapped on a regional scale by GGU 1968-72 (Henrik-
sen et al. 1980) and sedimentological studics were car-
ried out in 1982-83 (Surlyk et al. in prep.).

Fig. 56. Coarse celestite crystals from cavity in Huledal.
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Fig. 55. Intensely celestite-
mineralized karst breccia.
Note larger celestite vein.
Western Schuchert Dal.

The Bredehorn area consists of a number of slightly
SE sloping plateaus situated 1000-1300 m a.s.1. and cov-
ered by scree and regolith. Good outcrops are restricted
to the nearly vertical cliffs towards Breithorn Gletscher
to the west. The local Upper Permian sequence consists
of 2040 m of fluviatile to shallow marine conglomer-
ates (Huledal Formation) followed by 50-60 m marginal
marine, gypsiferous, algal-laminated limestones and
open marine, dm-bedded lime mudstones (Karstryggen
and Wegener Halvg Formations), and 100-150 m of
shallow marine sandstones (Bredehorn Member of the
Schuchert Dal Formation). These sediments dip 5°-15°
SE, rest with an angular unconformity on Lower Per-
mian continental sandstones, and are overlain confor-
mably by Triassic marine shales and sandstones (Wordic
Creek Formation). The sediments are block-faulted and
slightly tilted by post-Triassic normal faults with mainly
N-S to NNW-SSE directions, easterly dips and throws of
up to 300 m (Fig. 57).

Mineralization occurs inside a ¢. 1 km? fault-bounded
area and appears both as sheets conformable to the bed-
ding and as cross-cutting veins. The conformable miner-
alization is hosted in a specific level of the basal part of
the carbonate sequence (Karstryggen Formation) and
spatially associated with vein-type mineralization hos-
ted in c. 160°-striking faults. It appears that the confor-
mable type occurs in up to 200 m wide belts along these
faults.

The conformable mineralization is known from excel-
lent exposures along the cliffs of Breithorn Gletscher
(“Zebra Klint™), and from a number of large block
fields. At “Zebra Klint” the uppermost Huledal Forma-
tion consists of S m of red and grey siltstones which are
overlain by 8 m of laminated, marly limestone of the lo-
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Fig. 57. Simplified geological map of the Bredehorn area with mi

wermost Karstryggen Formation. Above follows a c. 10
m thick baryte horizon, massive in the middle part with
transition zones of limestone/baryte beds in the upper
and lower parts. The uppermost 20-30 m of the cliff
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neralized localities.

consist of well-bedded limestones (20-30 cm thick units)
with a few intercalated baryte beds. The main baryte
horizon is exposed for 300 m along “Zebra Klint”. To
the south a lateral transition to porous, gypsiferous,
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laminated limestones occurs, and to the north the hori-
zon has mostly been eroded away, but remnants of con-
formable baryte beds exist for another 300 m. The bar-
yte horizon is characterized by rhythmically bedded
units consisting of alternating mm to cm-thick bands of
white and grey baryte, the so-called zebra structures
(Fig. 58). The baryte beds display a number of apparent
sedimentary structures as documented by Paar (1974).
Galena occurs partly as 5-15 cm thick layers and lenses
in the uppermost, silicified part of the baryte horizon,
and partly as disseminations together with sphalerite
(grain sizes 1-10 mm) in the whole baryte horizon. As
sphalerite weathers easily, it is scarcely recognizable in
the field. Oblique, cross-cutting, coarse-grained quartz-
baryte-galena veins of cm-dm thickness indicate partial
remobilization. The boulder fields on the plateaus fur-
ther southeast (Fig. 57) display the same mineralization
dominated by “zebra baryte”. Shallow bore holes (max.
18 m deep) on the intervening part of the plateaus did
not reach the baryte horizon.

The results of three chip sampling programmes along
the “Zebra Klint™ are summarized in Table 6. Based on
the 1982 results, approximately 300 000 tons of baryte

Fig. 58. “Zebra™ baryte,
Bredehorn.

ore with an average density of 4.0 ( 72% barytc) have
been proved along the cliff (Harpgth 1983), and the
overall reserves are probably in the order of several mil-
lion tons.

Baryte-quartz veinlets of cm-thickness are abundant
throughout the area. A 1-2 m thick baryte vein is ex-
posed in the cliff north of “Zebra Klint”. It occupies a
0°/70°E-orientated fault and has conglomerate of the
Huledal Formation as footwall and limestone of the We-
gener Halvg Formation as hanging wall. Other large
veins are mainly known from plentiful boulders of hy-
drothermally altered rocks and of galena-sphalcrite-
bearing vein quartz-baryte including up to 0.5 m large
blocks of massive galena. The boulders arc lincd across
the plateaus along the trends of mainly 160%/70° E oricn-
tated faults. These veins are also mappable as 1.P. and
VLF anomalies and have been followed as such for
more than 1 km along strike (Fig. 59). The veins appcar
in the entire Upper Permian sequence, although the
highest galena contents occur in the Bredechorn Mem-
ber. As the veins have not been observed in the over-
lying Triassic sediments, they are assumed to be of up-
permost Permian age.

Table 6. Chip-sample results from “Zebra Klint”, Bredehorn. *Analyzed by AA or XRF. **By specific gravity mcasurcments.
The average amount of soluble salts expressed as Ca-ion concentration is ¢. 200 ppm.

Weighted average values

Year Number of chip Total length of Length of Pb (%) Zn (%) BaSO, (%)
sections sections (m) section (m)

1972 19 129 6.8 2.7 0.3 65°

1980 9 75 8.4 1 0.4 55"

1982 5 31 6.2 - - 72*
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Fig. 59. Simplified VLF map of Bredehorn area. The anomalies express NW-SE and NNW-SSE-striking faults. Modified after
Damtoft & Grahl-Madsen (1982).

Silicification of the limestones is widespread and of- nomena. Dolomitization appears as brownish coloura-
ten overlaps or interfingers with the baryte horizons. As  tions of the limestones, especially along faults and
the silica often replaces baryte, it is a relatively late phe-  joints.
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Ore microscopy of mineralized samples from the Bre-
dehorn area reveals, in addition to galena, minor spha-
lerite, pyrite and marcasite along with traces of chal-
copyrite, tetrahedrite and stibnite. Galena is often
strained and contains abundant small inclusions of tetra-
hedrite, stibnite and pyrite, and rarely chalcopyrite and
sphalerite. Analyses of 21 samples rich in galena aver-
age 36% Pb, 632 ppm Sb, 181 ppm Ag and 0.1 ppm Bi,
with no significant difference in the trace element con-
tents between samples from conformable and vein min-
eralization.

The conformable mineralization is believed to have
formed by selective replacement of the porous lime-
stone/evaporite horizon at the base of the Upper Per-
mian sequence. The feeders are the 160°~180°-trending
faults now occupied by vein mineralization and the min-
eralizing episode is of uppermost Permian age.

Strata-bound base metals on Wegener Halvg (108-
124)

Signs of base-metal mineralization in the Upper Per-
mian limestones of Wegener Halvg were first observed

by members of “De Danske Trearsekspeditioner
1931-34” (Noe-Nygaard 1934, Eklund 1944). During a
Nordmine reconnaissance of the peninsula in 1968, min-
eralization was also found in black shales,and the fol-
lowing year a 20 m long trench was blasted and sampled
(Lehnert-Thiel & Walser 1968, Thomassen 1973). Fol-
lowing air observation of malachite staining of the lime-
stones of Quensel Bjerg on south Wegener Halvg, a re-
connaissance of this area was carried out in 1971-72
(Paar et al. 1972), and further observations were made
here during Nordmine investigations of the Triassic in
1973-76 (Thomassen 1977). Finally, the Upper Permian
of the whole peninsula was traversed and mapped at
scale 1:10 000 in 1979 (Harpgth 1980, Thomassen 1980,
Thomassen et al. 1982).

During the Lauge Koch expeditions, the geology of
Wegener Halvg was investigated and mapped by Noe-
Nygaard (1934) and Grasmiick & Triimpy (1969). GGU
geologists mapped the area at 1:100 000 in 1968-71
(Perch-Nielsen et al. 1972) and carried out scdiment-
ological studies of the Upper Permian in 1978 and
1982-83 (Surlyk et al. 1984, in press, in prep.).

The Upper Permian sequence of Wegener Halvg is c.
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HALVO

VIMMELSKAFTET £,

TVEKEGLEDAL
FAULT

QUATERNARY

=3 FAULT - UNDIFFERENTIATED

MINERALIZATION IN
WEGENER HALVQ FORMATION -
MAJOR/MINOR OCCURRENCE

o | HANERELD FORMATION
L] -
MAJOR/MINOR OCCURRENCE

TRIASSIC

UPPER PERMIAN

PRECAMBRIAN -LOWER PERMIAN

N
o] 5
- e .
km

Fig. 60. Simplified geological map of Wegener Halvg with indicated Upper Permian mineralization.
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300 m thick and rests with an angular unconformity on
continental Middle Devonian to Lower Permian sedi-
ments (Fig. 60). It is dominated by an up to 250 m thick
carbonate sequence (Karstryggen and Wegener Halvg
Formations) with local black shale basins (Ravnefjeld
Formation). These sediments are under- and overlain
by coarse, clastic rocks (Huledal and Schuchert Dal
Formations). The peninsula is dissected by numerous
Upper Palaeozoic and post-Triassic, mainly N-S-trend-
ing faults.

Mineralization occurs both in the black shales of the
Ravnefjeld Formation (the former Posidonia Shale, cf.
Maync 1961) and in the carbonates of the Wegener
Halvg Formation (upper part of the former Limestone-
Dolomite Member).

Ravnefjeld Formation (117,118)

The black shales are bituminous and micaceous, lami-
nated mudstones with a high content of calcareous con-
cretions and concretionary beds. Locally, calcareous
beds containing abundant brachiopods, corals and bryo-
zoans derived from the adjacent topographically higher
carbonate buildups occur. The shales represent basinal
and inter-buildup mud, whereas the bioclastic beds are
resedimented downslope from the carbonate buildups
of the Wegener Halvg Formation. The shales have a
good potential as oil source rocks (Surlyk et al. in press)
and have been compared with the European Kupfer-
schiefer (Maync 1961, Thomassen 1973).

Stratiform  fine-grained  mineralization  occurs
throughout the Ravnefjeld Formation. The sulphides
exhibit colloform textures and replacement of fossils is
widespread (Fig. 61). The main ore minerals are sphale-
rite and galena with minor chalcopyrite, pyrite and mar-
casite. Rare sulphides on joints indicate minor remobi-
lization.

Channel samples collected southwest of Vimmelskaf-
tet (118) through the lowermost 15 m of the formation
average 0.13% Pb, 350 ppm Zn, 200 ppm Cu, 79 ppm
V, 72 ppm Ni, 30 ppm Co, 11 ppm Th, 7 ppm U and
contain up to 80 ppm Mo and 30 ppm Ag (Thomassen
1973). In general, the metal content decreases upwards
in the sequence. A chip sample over 2.5 m of black
shale in Devondal averages 200 ppm Pb, 200 ppm Cu,
<500 ppm Zn, 350 ppm V, 70 ppm Ni, 50 ppm Co, 50
ppm Mo and 4 ppm Ag. Thin, richly mineralized beds
are known from several localities, for example south of
Vimmelskaftet (119). Here 1-3 cm beds of biosparite
contain c. 10% combined zinc and lead. These beds may
grade laterally into barren, silicified horizons. The min-
eralization is clearly of syngenetic character.

Wegener Halvg Formation

The Wegener Halvg Formation comprises eight lithofa-
cies of marine limestones representing a transgressive
sequence (Surlyk et al. in press). Mineralization is
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Fig. 61. Photomicrograph (reflected light) showing intergrown
galena and pyrite replacing fossil. Ravnefjeld Formation, We-
gener Halvg. Bar scale 0.5 mm.

mainly associated with up to 150 m thick buildups of
massive, bryozoan limestones and their surrounding
bedded flank sediments. Downslope from the carbonate
buildups, the flank deposits pass gradationally into the
black shales of the Ravnefjeld Formation. Mineraliza-
tion is scattered over the whole peninsula, but import-
ant base-metal concentrations are confined to the
Quensel Bjerg-Devondal area to the south. Pronounced
silicification and quartz veining is also restricted to the
same area, whereas calcite-baryte veining and minor ir-
regular dolomitization occurs all over Wegener Halvg.
The individual mineralized areas (Fig. 60) are described
below:

Quensel Bjerg (108,109). — At Quensel Bjerg, miner-
alization is known from a 2x7 km area (Fig. 62). Miner-
alization is concentrated in a 24 m thick quartz-baryte
zone at the contact between the limestones and the
overlying Schuchert Dal Formation. This zone is asso-
ciated with feeder-like, nearly vertical baryte veins cut-
ting the limestones along N-S-striking faults and joints.
Continuous mineralization is exposed for a distance of 2
km along the steep north slope of Devondal. A lateral
zonation seems to exist with dominance of baryte and
copper mineralization towards the southwest and quartz
and lead-zinc mineralization to the northeast. Tennan-
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Fig. 62. Mineralization and alteration pattern of the Upper Permian mineralization at Quensel Bjerg.

tite-tetrahedrite, galena and minor chalcopyrite and
sphalerite are mainly associated with baryte and only
subordinately with quartz. The mineralized zone of
Quensel Bjerg is estimated to host ¢. 10 million tons
with 2-4% sulphides and 30-40% baryte (Harpgth
1980).

Devondal (112,113). — On the south side of Devondal
mineralization occurs along the 5 km of Upper Permian
outcrops. In general, it is scattered and less pervasive
than on Quensel Bjerg. However, the intensity in-
creases going from west towards east. The copper-lead-
zinc-silver mineralization is associated with quartz and
baryte veinlets in the uppermost part of the carbonate
buildups and surrounding flank sediments. The largest
single vein which occurs in the easternmost outcrop is
up to 5 m wide and outcrops for 400 m along strike. In
addition to abundant drusy quartz it contains scattered
sulphides precipitated as open-space fillings. The sul-
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phides are tennantite, chalcopyrite, galena, sphalcrite
and pyrite. A lateral zonation exists with baryte-copper
to the west and a dominance of quartz-copper-lead-zinc
to the east. Twenty chip samples from this area covering
a 100x500 m area average 0.5% Cu, 0.2% Pb and 0.1%
Zn. However, these copper and zinc contents arc most
likely misleadingly low due to partial weathering out of
tennantite and sphalerite.

Depotg (115). — On Depotg and the neighbouring head-
land, massive cm-dm-sized lenses and veins with galena
and pyrite exist.

Central and northern Wegener Halvg (116 and 119-
124). — In the central and northern parts of Wegener
Halvg, widespread baryte-calcite-(fluorite) veining oc-
curs in the limestones, typically on the flanks of the
buildups, just below the covering Schuchert Dal Forma-
tion. These veins are irregular with thicknesses in the
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mm-dm range. Scattered sulphides occur in these veins
and also in several metres wide breccia zones, typically
striking 140°-160°. The ore minerals are tennantite-te-
trahedrite, chalcopyrite and galena with minor sphale-
rite and pyrite. The copper minerals are accompanied
by conspicuous malachite and azurite staining. The lead
and copper minerals tend to occur separately. Small
amounts of copper are scattered all over the area, but
lead is confined to the eastern part of the peninsula,
where the limestones contain ¢. 1% disseminated galena
over fairly large areas.

Microscopic and microprobe investigations of sam-
ples from the whole of Wegener Halvg confirm ten-
nantite-tetrahedrite, chalcopyrite, galena and sphalerite
as the main ore minerals with minor enargite, pyrite and
marcasite. The main ore minerals occur as mm-cm-sized
single grains and aggregates, whereas pyrite and mar-
casite form micron-sized colloform disseminated grains.
The relative age relationship of the sulphides is: pyrite,
marcasite (oldest) — galena, sphalerite, chalcopyrite -
tennantite/tetrahedrite (youngest). Tennantite/tetrahe-
drite typically replaces chalcopyrite. Over 160 micro-
probe analyses (S. Karup-Mgller, pers. comm. 1984) of
tennantite-tetrahedrite from 15 different localities show
a distinct compositional trend. Samples taken west of
the Tvekegledal Fault all represent the tennantite end
member whereas samples taken east of the fault repre-
sent intermediate phases of the tennantite-tetrahedrite
solid solution series. The western samples show rela-
tively high values of arsenic, iron and lead and relatively
low values of antimony, zinc and silver, whereas the op-
posite applies to the eastern samples. The composi-
tional molecular ranges are:

(Cuy 45.9.56A8001009) (Feq 374 39Z0Ng 551 5oPDog 1)
(Sby as.1 2085 61.3.56) 513

Chemical analyses of six galena samples only average
145 ppm Ag and thus indicate that silver is basically as-
sociated with tennantite-tetrahedrite which contains up
to 0.5%. Fluid-inclusion studies (P.A. Scholle, pers.
comm. 1985) on coarse-grained fluorite from upper De-
vondal and on coarse-grained quartz from Quensel
Bjerg, both associated with sulphide mineralization, in-
dicate formation temperatures of 115°~130°C (fluorite)
and 125°-150°C (quartz), with salinities of 16-22%. Fur-
thermore, both minerals contain abundant petroleum
inclusions. The mineralization probably originates from
hydrothermal solutions which percolated through the
major faults of Wegener Halvg. The metals may have
been supplied by the adjacent black shales.

Lead-zinc at Mesters Vig, Scoresby Land (125-127)

Mesters Vig is the only area in central East Greenland
where mining has taken place. Galena-bearing quartz
veins were discovered by members of the Lauge Koch
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expedition in 1948. Follow-up investigations in 1948 and

1949 led to the finding of most of the lead-zinc-miner-

alized occurrences known at present including the two

most important occurrences — Blyklippen and Sorte-
bjerg (Eklund 1949). Detailed mapping and deposit in-
vestigations were undertaken at Blyklippen by the

Lauge Koch expeditions in 1950 and 1951. From 1952 to

1954 the investigations were continued by the newly es-

tablished company — Nordisk Mineselskab A/S. The

company also conducted diamond drilling at Sortebjerg
in 1952 and continued the regional exploration. Mining

at Blyklippen was initiated in 1956 and lasted to 1962. A

total of 545 000 tons of ore with 9.3% Pb and 9.9% Zn

was produced (Table 7).

The detailed geology of the area was described by
Witzig (1954), Bondam & Brown (1955) and Perch-
Nielsen et al. (1972). Description of the Blyklippen de-
posit were given by Brown (1955) and Gross (1956).
Technical aspects of the mining were considered by
Kampmann (1953), Astlind & Fahlstrom (1957) and
Fischer et al. (1958). Recently, new field observations
and a compilation of all existing data have been made
by Swiatecki (1981 and 1983) (Fig. 63).

The Mesters Vig area consists of Carboniferous, Per-
mian and Triassic sediments and post-Permian, presum-
ably Tertiary, doleritic sills and dykes. Towards south
the area is intruded by the Tertiary, syenitic Werner
Bjerge complex, and towards west it is cut off by the
Stauning Alper Fault which exposes older rocks to the
west. Recent palynological studies by Piasecki (1984)
indicate that most of the sediments previously assumed
to be of Carboniferous age are actually of Lower Per-
mian age.

Continental Carboniferous and predominantly Lower
Permian sediments make up most of the area. They are
divided into five members:

- The Skeldal Member consists of arkose with minor
silty and carbonaceous intercalations. It only out-
crops in the Skeldal area along the Stauning Alper
Fault and most likely represents deposits of the up-
permost Carboniferous.

Table 7. Annual ore production from the Blyklippen lead-zinc
deposit.

Period (1/10-30/9) Tonnage Lead (%) Zinc (%)
1955-1956 45 000 8.2 10.5
19561957 87 400 8.5 10.7
19571958 90 200 10 8
1958-1959 92 500 12 10
1959-1960 86 200 8 12
1960-1961 101 500 10.7 8.7
1961-1962 41 800 3.8 10.3
Total 544 600 9.3 9.9
Concentrate production:
58 500 tons Pb-conc. (82.7% Pb, 115 ppm Ag)
74 600 tons Zn-conc. (63.7% Zn)

81



- The Blyklippen Member (the former Blyklippen Se-
ries) comprises 800-1000 m of cross-bedded sand-
stone with subordinate up to 3 m thick conglomerate
horizons. This and the succeeding members are all of
Lower Permian age.

— The Profilbjerget Member (the former Lebachia Se-
ries) comprises 1300-1500 m of fluviatile arkose and
sandstone with subordinate limestone, calcareous and
bituminous shale and mudstone.

- The Domkirken Member comprises 200 m of conti-
nental arkose and conglomerates.

— The Aggersborg Member consists of arkosic sand-
stones and siltstones with subordinate shale. The
member is preserved in the area southeast of Mesters
Vig.

Northwest of Mesters Vig the sediments are orientated
70°/10°-20° N whereas to the southeast the general ori-
entation is 25°20° E. The sequence is unconformably
(8°-12°) overlain by 250 m of Upper Permian marine
sediments, which northwest of Mesters Vig are flat-ly-
ing (0°-5" N) whereas they are orientated 25°10° E
southeast of Mesters Vig. The Upper Permian sedi-
ments south of Mesters Vig comprise a basal conglom-
erate unit (Huledal Formation), overlain by marginal
marine evaporites and carbonates (Karstryggen and
Wegener Halvg Formations), bituminous shale (Rav-
nefjeld Formation) and a variegated clastic sequence
(Schuchert Dal Formation). Lower Triassic silty shale
overlie the Permian sequence.

Igneous intrusions comprise lamprophyric and dole-
ritic dykes and doleritic sills with four distinguishable
groups:

— Lamprophyric dykes occur at Sortebjerg. They are up
to 5 m wide and are intersected by a quartz vein and
doleritic dykes.

— Subhorizontal doleritic sills up to 100 m thick are
widespread in the Mesters Vig area. Locally they in-
tersect quartz veins and they are faulted along N-S,
NNE-SSW and NNW-SSE directions.

— Subvertical doleritic dykes striking 160°-180° are
abundant within the whole Mesters Vig area. Their
thickness varies from 0.1-4 m and they intersect both
the sediments, the quartz veins and the doleritic sills.

— Subvertical doleritic up to 2 m thick dykes striking
20°-30° occur in the southeastern part of the Mesters
Vig area. Locally they intersect the 170%-striking
dykes.

Two fold structures have been outlined in the Mesters
Vig area. A small domal structure occurs just east of
Noret and is probably due to the igneous activity. The
other is a 15-20 km long, anticlinal structure along Mes-
ters Vig and Deltadal. Based on facies and thickness
variations of the Upper Permian sediments, Witzig
(1954) argues that the folding is pre-Upper Permian.
Faulting is widespread with the so-called Mesters Vig
graben as the most conspicuous structure (Fig. 63). It is

82

4 km wide and 12 km long, occurs at the northern flank
of the anticlinal structure and is approximately perpen-
dicular to it. Upper Permian and Triassic sediments are
only preserved inside the graben. The graben is outlined
by normal faults orientated 140°-160°70°-80° NE and
140°-160°/70°-80° SW at the western and castern side
respectively. Another frequent fault orientation is 0°-
25°/75° E-75° W. Faulting occurs within the entire sec-
tion, but obviously faulting has taken place at different
times, because the displacement of Tertiary sills is far
less than for the Permian sediments, which may be up to
1000 m.

Sulphide-bearing quartz-baryte veins are associatcd
with the major graben faults. Most vein outcrops occur
along the Sortebjerg-Blyklippen fault and the Deltadal-
Rungsted Elv fault, but other veins occur outside the
graben (Fig. 63). Descriptions of the individual occur-
rences and/or vein systems shown in Fig. 63 are pre-
sented below.

Blyklippen (125)

The Blyklippen lead-zinc deposit, which is now cx-
hausted, comprised a sulphide lens within a major
quartz vein zone occurring from 300 m to 490 m a.s.I.
The quartz vein zone, which is orientated 150°7/40°-90°
E, is developed along a normal fault which brings sand-
stones and arkoses from the Domkirken Member in
contact with similar rocks of the Blyklippen Member.
The quartz vein zone is at least 1000 m long. It is cut at
the northern end by a fault (40°%50° SE) and it gradually
disappears to the south. Due to pinching and swelling
the thickness varies from a few metres up to 50 m. The
pinch and swell axis plunges c. 40° S. The quartz vein
zone is sharply delineated to the east (along the hanging
wall) by a fault plane. The western limit (the footwall) is
less sharp, being a transitional zone with decrcasing in-
tensity of quartz veining and kaolinization. Small-scalc,
late-stage, west-dipping faults intersect and brecciate
the main quartz vein zone. Minor amounts of galcna,
sphalerite and baryte are invariably associated with the
quartz veins. However, the main sulphide lens occurred
close to the footwall of the quartz vein zonc within a
swell structure at the northern end of the vein. There is
no correlation between thickness of quartz vein zonc
and the sulphide lens. The mined-out sulphide lens was
2-10 m thick, 300 m long and 160 m high. It consisted of
65% quartz, 15% sphalerite, 10% galena, 5-10% baryte
and trace amounts of chalcopyrite and fahlore. The cop-
per and silver contents were 120 ppm and 15 ppm re-
spectively. Across the lens it is characteristic that ga-
lena- and sphalerite-enriched sections alternate. In gen-
eral, sphalerite is enriched in the lower and the northern
part of the lens whereas galena is enriched near the sur-
face and in the southern part of the lens (Fig. 64). The
40° transverse fauit also delimits the sulphide lens to the
north. Brown (1955) argues that the fault is later than
the ore formation due to the existence of sheared and
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Fig. 63. Distribution of quartz veins and faults in the Mesters Vig area. Modified after Witzig (1954).
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Fig. 64. Length section of the Blyklippen lead-zinc deposit. Modified after Brown (1955).

mylonitized ore lenses in the fault plane. Gross (1956)
assumed the ore lenses along the transverse fault to be
primary and argued that the transverse fault had acted
as a channel for mineralizing solutions.

Vein system 3 km southcast of Blyklippen
(“Langelinie Vein™)

Three km south of Blyklippen along the same graben
fault structure three quartz vein zones outcrop at 350—
480 m a.s.l.. The largest and only sulphide-bearing is 30
m long and up to 15 m wide. The sulphides include ga-
lena, chalcopyrite, sphalerite and pyrite. A single chip
sample of the vein yielded 9.0% Pb, 1.6% Cu, 0.04%
Zn, 28 ppm Ag, 0.02 ppm Au and 36 ppm Sb.

The Sortebjerg vein system (“Sorte Hjgrne”, “Pings
Elv” etc.) (126)

The vein systcm is found at the southern end of the fault
structure which also hosts the Blyklippen deposit at an
altitude of 10-300 m. For a distance of 4 km, five out-
crops occur where rivers or streams have removed the
overburden. The outcrops follow a line trending 150°.
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Individual outcrops are 20-200 m long and the silicificd
and quartz-veined zone is up to 20 m wide. The mean
orientation is 150°/70° E. Galena and sphalcritc arc
found as irregularly distributed pods and lenses, which
are generally concentrated along the hanging wall. The
largest lens, which consists of massive galena, is 13 m
long and 0.75 m wide. Diamond drilling at scveral of the
outcrops has confirmed the irregular distribution and
also demonstrated that sphalerite is morc abundant
than galena. Within the local area there is a tendency
for sphalerite to be the main sulphide at levels below
270 m a.s.l., with minor amounts of chalcopyrite and ga-
lena, whereas at higher levels galena predominates with
only trace amounts of sphalerite and chalcopyrite.
Based on a few diamond drill holes along one of the out-
crops, 220 000 tons with 9.3% Zn, 2.1% Pb and 0.7%
Cu is indicated over a vein length of 250 m (Swiatecki
1981).

Northern Nedre Funddal - lower Gefion Elv

One to three km west of the Blyklippen — Sortebjerg
fault a number of small barren quartz vein outcrops oc-
cur along a line trending 0°-5°.
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Deltadal — Rungsted Elv vein system (“Holberg
Vein”, “Rungsted Vein”)

This 8 km long discontinuous vein system is situated
along the eastern border fault of the Mesters Vig gra-
ben. At the southern end near Deltadal the vein is in
contact with sandstones of the Blyklippen and Profil-
bjerget members. Further north the veins are in contact
with the Blyklippen Member at the footwall and Upper
Permian limestone at the hanging wall.

The most southerly outcrop is situated 170-210 m
a.s.l.. Quartz veins up to 0.3 m thick and quartz string-
ers occur sporadically within a 100x20 m zone. Two vein
directions — 172°/65° W and 136°/86° W - exist in the
area. The latter intersects the former. Sphalerite and
galena are found in small amounts. A 5 m chip sample
profile contains 1.5% Zn, 0.3% Cu and 0.1% Pb.

The next outcrop to the north is situated 280-350 m
a.s.L.. Itis a strongly silicified up to 50 m wide zone with
massive quartz veins up to 1 m thick. Galena and spha-
lerite are concentrated in the southwestern part of the
zone and in addition veinlets with massive chalcopyrite
occur in the central part. The average base-metal con-
tent of five 10 m long chip sample profiles is 4.4% Pb,
0.8% Zn, 0.2% Cu and 10 ppm Ag.

Further north at altitudes of 460-560 m a.s.l. the vein
zone can be followed for 300 m. The diffuse vein zone is
up to 100 m wide. Quartz and baryte are the gangue
minerals and minor galena only occurs in the western
upper part of the outcrop. Chip samples yielded less
than 1% combined base-metals.

Other vein outcrops exist along several kilometres to
the north. The “Holberg Pass” outcrop is situated 760—
910 m a.s.l. and can be traced for 1000 m. It ranges in
thickness from 2 to 30 m. Quartz and baryte are the
gangue minerals. Galena occurs as up to 10 cm large ag-
gregates with subordinate sphalerite and chalcopyrite.
A chip sample contains 2.1% Pb and is low in zinc and
copper. At this level Upper Permian limestone occurs at
the hanging wall side although not in direct contact with
the vein mineralization. The limestone contains calcite
of the “zebra type” and locally cm-thick baryte veinlets.

At the northern end of the vein system a major out-
crop occurs in the upper reaches of Rungsted Elv at an
altitude of 490 m a.s.l.. The vein zone is 10 m wide and
can be traced for 50 m. It comprises up to 0.4 m thick
massive quartz veins, quartz stringers and minor baryte.
Two massive 0.3 m thick galena veins occur in the north-
ern part of the outcrop. Sphalerite and chalcopyrite are
subordinate. The average of analyses from two 10 m
long chip sample profiles shows 4.1% Pb, 0.5% Cu,
0.2% Zn and 14 ppm Ag.

Vein system 2 km east of Deltadal - Rungsted Elv
(“Nuldal Vein™)

From Mesters Vig to three km north five quartz vein
outcrops occur at altitudes from 100-730 m a.s.l.. The
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vein zone is up to 10 m wide and consists of silicified
sandstone, massive quartz veins and locally calcite
veins. The quartz veining is orientated 150°/75° E. Ga-
lena is the most common sulphide. The most conspic-
uous occurrence is a 1 m thick, 8 m long and at least 2 m
high lens of massive galena.

Veins in the area between Mesters Vig and Noret

Within this area scattered quartz vein occurrences exist.
Along the ridge south of Lille Blydal several small
quartz veins are found. The sulphide content is low.
Near the coast at the north side of the entrance to Mes-
ters Vig two quartz veins orientated 22°/76° E with
malachite staining and minor sulphide were the first
veins to be discovered in the area. A similar quartz vein
occurs just west of the Tunnelelv delta.

Veins in the area southeast of Mesters Vig (127)

A vein zone occurs on the western slope of Oksedal at
an altitude of 260-300 m a.s.l. The vein zone, which can
be followed for 500 m, is parallel to a normal fault
(160°/75° W) with a throw of ¢. 300 m. The hanging wall
comprises Upper Permian conglomerates and lime-
stones. The vein zone is up to 30 m wide and consists of
metre-thick massive quartz veins, silicified host rock,
baryte veins and dm-sized patches of galena and sphale-
rite.

Furthermore, the lower 5-9 m of the Upper Permian
limestone sequence is replaced by alternating mm-thick
layers of grey and white baryte (“zebra-baryte”). The
zone with replacement is parallel with the vein zone and
extends up to 150 m from the zone. Based on outcrops,
distribution of baryte floats and a few diamond drill
holes a near-surface area of 300 metres length is esti-
mated to contain 440 000 tons with 60% baryte, but only
trace amounts of galena and sphalerite. Of this tonnage,
260 000 tons represent high grade material with 90%
baryte (Swiatecki 1981). The replacement mineraliza-
tion is assumed to continue into the mountain. Boulder
finds indicate that baryte-replaced limestone may also
exist along the footwall of the vein. The mineralization
is identical to the Bredehorn baryte occurrence.

Two kilometres north of Oksedal another vein occurs
(“The Albis Vein”). It is a 3-5 m wide massive quartz
vein with minor baryte and traces of galena, sphalerite
and malachite. It is orientated 0°/70° E. Also in this area
the Permian limestone is replaced by baryte and minor
galena. A 2-3 m thick baryte horizon has been traced
for 100 m at 400 m a.s.l. 1.5 km to the north of the “Al-
bis Vein”, Permian limestone is silicified and barytized
for a thickness of 8 m. The altered section has been
traced for 200 m.

Based on field observations a paragenetic sequence
has been established for the Mesters Vig veins by Swia-
tecki (1983). The first and main mineralizing phase
comprises quartz veining with major concentrations of
sphalerite and galena. Succeeding the main mineralizing
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event shearing and brecciation took place. The next
mineralizing phase comprises silicification and quartz
cementing of the breccias and formation of baryte-bear-
ing quartz veinlets which intersect the main mineral-
ization. This vein generation contains only minor
amounts of sphalerite and galena. Finally, calcite vein-
lets were formed.

The mineralogy of the veins is dominated by quartz,
baryte, galena and sphalerite. In the early vein gener-
ation, quartz occurs as up to 5 cm large partly transpar-
ent crystals, or as fine-grained aggregates. Baryte oc-
curs as 1-2 cm large crystals at the centre of the early
quartz vein generation. Sphalerite and galena asso-
ciated with the early generation are rarely found to-
gether and their age relation is not known. Both sulphi-
des occur as up to m-sized massive coarse-grained
lenses, and in addition sphalerite and quartz often dis-
play rhythmic growth. Microscopy reveals that both ga-
lena and sphalerite have undergone deformation, in
some cases so intense that recrystallization with forma-
tion of fine-grained aggregates has taken place. The
younger veins consist, in addition to quartz, of baryte,
sphalerite, galena and chalcopyrite. Chalcopyrite also
occurs as coronar overgrowth on both sphalerite and ga-
lena and as inclusions in sphalerite. Swiatecki (1983)
showed that most chalcopyrite inclusions were not
formed as exsolutions but were precipitated at a late
stage in a three-dimensional network of thin pipes. Py-
rite and pyrrhotite are rare constituents, and galena
from the quartz veins has inclusions of tetrahedrite and
bournonite. In addition, galena from the limestone re-
placement mineralization has inclusions of pyargyrite
and stibnite. The Pb/Ag ratio varies from 2000 to 10 000
and there is a tendency for the ratio to decrease with in-
creasing copper content.

The age of the mineralization is generally assumed to
be Tertiary and the mineralizing event is correlated with
the formation of the alkaline Werner Bjerge complex
(Bondam & Brown 1955, Gross 1956). However, it may
be noted that the quartz veins have never been observed
in Triassic sediments and aeromagnetic measurements
(H.C. Larsen, pers. comm.) show that the Mesters Vig
mineralization is not related with the pronounced mag-
netic anomalies which otherwise outline the Tertiary in-
trusions. The lack of any zonation with respect to the in-
trusive complex indicates the same.

In general, all the post-Caledonian veins are difficult
to date. The more important ones include veins asso-
ciated with the Post-Devonian Main Fault System (nos
85-101), veins and strata-bound occurrences on We-
gener Halvg and Canning Land (nos 47-56 and 108-
124), the Bredehorn strata-bound occurrence (no. 107)
and veins in the Mesters Vig area (no. 125-127) with
host-rock ages ranging from Middle Devonian to Upper
Permian. Of these, only the Mesters Vig veins have pre-
viously been described and attributed a Tertiary age.
However, the Mesters Vig veins are closely related to
for example the Bredehorn strata-bound occurrence,
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which is believed to be of Upper Permian/Lower Trias-

sic age. Furthermore, many of the veins along the Post-

Devonian Main Fault System and on Wegener Halvg/

Canning Land might be even older (Upper Devonian—

Lower Permian). Specifically, arguments supporting an

Upper Permian/Lower Triassic age for the Mesters Vig

veins and strata-bound occurrences of Bredehorn and

Wegener Halvg include:

— Evidence of several tectonic phases, including a
prominent rifting phase.

— Pronounced veining and alteration occur in the up-
permost Permian deposits, whereas no sign what-
soever of hydrothermal activity is observed in the di-
rectly overlying Lower Triassic sediments. In fact, no
veins have been found in post-Upper Permian sedi-
ments exept in direct contact with Tertiary alkaline in-
trusives in Werner Bjerge (no. 162) and Traill @ (no.
166).

- Pb-isotope data (Coomer et al. 1974) show that the
isotopic composition of the Mesters Vig veins,
Schuchert Dal veins (nos 88-90) and the strata-bound
occurrences of Bredehorn and Wegener Halvg is
similar to that of a c. 420 Ma Caledonian granite from
southern Stauning Alper (B.T. Hansen, pers. comm.
1985), whereas two galena-bearing samples from the
Tertiary Malmbjerg occurrence (no. 160) have a
slightly different composition.

Arguments supporting a Tertiary age include:

- Important rifting has occurred.

~ A single lamprophyre dyke (of probable Tertiary age)
is seen to be cut by one of the Mesters Vig quartz
veins.

— Recent microscopic investigations of Upper Permian
carbonates from Wegener Halvg indicate that miner-
alizing ferroan calcite cements were precipitated at a
late stage of compaction (Surlyk et al. in press).

In summary, it is not possible to date these occurrences,
which in theory together could span the time from Up-
per Devonian to Tertiary.

Copper on Traill @ and in Giesecke Bjerge (128,129)

Strata-bound copper mineralization in the Upper Per-
mian Huledal Formation was first noted by Nordmine/
GGU in 1975 in Giesecke Bjerge on Gauss Halve
(Ryan & Sandwall 1975). This area was later investi-
gated by Thomassen (1981 and 1982) who also noted
minor occurrences in the Mesters Vig area (Thomassen
1980) and at Bredehorn (Thomassen & Schgnwandt
1981). Finally, Harpgth (1982) noted and investigated a
minor occurrence at Karstryggen and a major occur-
rence at Rubjerg Knude on central Traill @. Only the
occurrences at Rubjerg Knude and in Giesecke Bjerge
are described in some detail.
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Rubjerg Knude (128)

In the central Traill @ area, which has been described by
Putallaz (1961), the 80-110 m thick Upper Permian Hu-
ledal Formation unconformably overlies Upper Carbo-
niferous sediments. The formation consists of a 30-60 m
thick conglomerate unit dominated by conglomerate
with a high proportion of quartz and quartzitic pebbles
and cobbles, and abundant limestone/dolomite and gra-
nite pebbles. Locally, thin sandstone beds interfinger
with the conglomeratic beds. All the sediments are of
braided alluvial plain origin with NNE transport direc-
tion.

Scattered outcrops of low-grade copper-silver and
lead mineralization occur in the conglomerates in a 6x2
km ENE-WSWe-striking belt (Fig. 65). Mineralization is
confined to yellowish weathering conglomerate beds
(representing slightly reducing conditions), which domi-
nate in the mineralized belt. Outside this belt brownish
red colours (representing oxidizing conditions) domi-
nate the conglomerate unit. In general mineralization is
associated with palaeochannels (70°) in the central part
of the unit. At some localities, a vertical thickness of up
to 20 m is mineralized, but on the average the out-

cropping thickness is 5-10 m. Continuous mineraliza-
tion has been observed laterally for 200-300 m. The ore
minerals are chalcocite with minor bornite, chalcopyrite
and galena disseminated within the cement and in the
coarser beds typically as encrustations on the pebbles
and cobbles. In more fine-grained sandstone beds the
sulphides occur disseminated and as blebs. Secondary
malachite and azurite occur only in minor amounts.
Vertical zonation is observed as copper at lower and
lead(-zinc) at higher stratigraphic levels. Possible lateral
zonation is observed as copper-mineral zoning. In the
easternmost mineralized outcrops of the belt (Fig. 65)
chalcopyrite is the dominant ore mineral, whereas chal-
cocite-(bornite) is the only primary copper mineral else-
where.

Microscopically, the primary ore minerals chalcocite,
bornite, chalcopyrite, galena and pyrite occur as ce-
menting phases together with quartz and rutile/anatase.
The cementing sulphide aggregates are often sur-
rounded by fine-grained organic mattter. Authigenic
quartz overgrowths on clastic grains often contain minor
sulphide-phase inclusions. Secondary ore minerals com-
prise blaubleibender covellite, covellite, chalcopyrite,
native copper, malachite, azurite and cerussite.
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Based on 13 chip-sampled sections from a 1300x2500
m area with the highest mineralization intensity (Area
A, Fig. 65), a tonnage-grade of c. 5 million tons with
0.3% Cu and minor Ag (c. 5 ppm), Pb and Zn has been
suggested (Harpgth 1982).

An early diagenetic precipitation of copper and lead
sulphides from silica-saturated mineralizing ground wa-
ters is suggested on the basis of microscopic observa-
tions of authigenic quartz overgrowths with sulphide in-
clusions. The sulphide precipitation could be explained
by reducing conditions provided by the observed or-
ganic matter.

Giesecke Bjerge (129)

The Huledal Formation is only developed in the central
and northern part of Giesecke Bjerge, where it has an
average thickness of 10 m (Maync 1942). The con-
glomerates of the formation unconformably overlie
Caledonian/Devonian granites, Devonian acid volcanics
or Devonian—Carboniferous clastic sediments. The
braided alluvial plain conglomerates consist of well-
rounded quartzite pebbles/cobbles with a sand matrix
and carbonate cement.

Scattered strata-bound copper and lead mineraliza-
tion occurs in the Huledal Formation at several lo-
calities in Giesecke Bjerge. The most significant miner-
alization occurs in a 1000x400 m area SE of Ladder-
bjerg.

A pronounced lateral metal zonation is observed with
copper in the southeastern part and lead in the north-
western part. In the transition zone a distinct vertical
zonation exists with copper in the lower part and lead in
the upper part of the formation. The copper miner-
alization is observed as irregular malachite and sub-
ordinate azurite stain with malachite and azurite coating
the larger clasts and forming part of the cement together
with goethite and chalcopyrite. The lead mineralization
is barely noticable with scattered mm-sized galena
spots.

Preliminary tonnage-grade estimates are based on
eight chip-sample sections throughout the area. The
copper mineralization, which extends over a thickness
of ¢. 10 m, is estimated to contain a minimum of 2.5 mil-
lion tons with a grade of 0.15% Cu and minor Ag (8
ppm), Pb and Zn. The lead mineralization, which on
the average extends over a thickness of ¢. 8 m, is esti-
mated to contain at least 2.5 million tons with a grade of
0.1% Pb.

The mineralization is believed to have a similar carly
diagenetic origin as that of central Traill @.

Mesozoic

In the Mesozoic (225-65 Ma), mineralization is mainly
restricted to the Triassic of eastern Jameson Land,

Table 8. Triassic lithostratigraphy and mineralization in the Jameson Land Basin. Modified after Thomassen et al. (1982).

Series Formation = Member Beds Max. Dominant lithology Miner-
thick. alization
Upper Fleming Drsted Dal Tait Bjerg 70 m Light-coloured carbonate rocks and
Triassic Fjord variegated mudstones
150 m  Red mudstones and light grey Cu
sandstones
Malmros Klint 200 m Red mudstones and fine sandstones (Cu)
Pingel Dal 35 m Variegated cyclic-bedded sandstones and  Cu
mudstones
Edderfugledal  Sporfjeld 35S m Yellowish cyclic-bedded dolomitic
sediments
Middle Gipsdalen  Kap Seaforth 160 m Variegated cyclic-bedded gypsiferous Cu, Pb, Zn
Triassic sediments
Solfaldsdal 150 m  Red gypsiferous sandstones
Graklint 30 m Dark grey limestones and mudstones Pb, Zn, Cu
Kolledalen 180 m  Yellowish gypsiferous sandstones
Lower Pingo Dal  Klitdal and >450 m  Pink arkoses and conglomerates Cu, Ag, Pb,
Triassic Paradigmabjerg (Zn)
Rgdstaken 330 m Dark red sandstones
Wordie 500 m  Greenish silty shales and sandstones (Cu), (Pb),
Creek (Zn)

Cu = major mineralization; Cu = minor mineralization; (Cu) = trace of sulphides
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where numerous stratiform and strata-bound occur-
rences exist.
The observed mineralization comprises:
Base metals in east Jameson Land
Zirconium and rare-earth elements on Milne Land

Base metals in east Jameson Land (130-158)

Prior to 1972, mineralization in the Triassic was virtually
unknown. Malachite-stained boulders of Triassic sand-
stone had been observed in Pingel Dal in 1900 (Nor-
denskjold 1907) and traces of galena had been noted in
Triassic limestone on Wegener Halvg (Grasmiick &
Trimpy 1969). During Nordmine reconnaissance of the
Upper Permian limestones in 1972, copper- and lead-
bearing boulders were collected in Devondal and in the
following year mineralization was found in outcrop in
Lower Triassic arkoses (Thomassen 1974). This find led
to a semi-regional reconnaissance of the Triassic of the
Jameson Land Basin, as well as detailed investigations
of the Devondal area in 1974-76 and 1979-80. The ex-
ploration programme comprised stream, soil and rock
geochemistry, lithostratigraphical mapping of selected
areas as well as chip sampling and shallow diamond dril-
ling (4 holes - total 41 drill metres) (Thomassen 1975,
1976, 1977 and 1979, Harpgth 1977, 1979, 1980 and
1981, Schgnwandt 1980). The results have been sum-
marized by Thomassen et al. (1982) (Table 8).

The Triassic geology of the Jameson Land Basin has
been studied by Stauber (1942), Grasmiick & Triimpy
(1969), Perch-Nielsen et al. (1974) and Clemmensen
(1977, 1978a and b, 1980) (Fig. 66). It comprises a c.
1700 m thick sequence of shallow marine to continental
and lacustrine clastics with intercalations of evaporites
and thin carbonates as summarized in Fig. 67. Miner-
alization of stratiform or strata-bound character occurs
at six stratigraphical levels (Figs 67 and 68):

Wordie Creek Formation

The formation comprises marine silty shales with minor
coarse, fluviatile arkoses. Insignificant mineralization
occurs as scattered galena, sphalerite and pyrite (often
replacing fossils) in calcareous concretions in the shales,
and as occasional chalcocite, bornite, chalcopyrite and
pyrite, rimming clay galls in the arkoses.

Pingo Dal Formation

Along the eastern border of the Jameson Land Basin,
the Lower Triassic Pingo Dal Formation is developed as
a belt of alluvial fan deposits (Klitdal Member) grading
into and interfingering with braided river deposits and
floodplain sediments (Paradigmabjerg Member) to-
wards the west and north (Fig. 67). The alluvial fan
sediments comprise pink and red, crossbedded con-
glomerates and pebbly arkoses with subordinate fine
sandstones and mudstones. The braided river-flood-
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Fig. 66. Simplified Triassic geology of east Jameson Land.

plain facies comprise finer sediments dominated by dark
red arkoses and abundant silt- and mudstones. Caliche
horizons occur locally in the Devondal area.

In the Devondal area (Fig. 69) where the most signifi-
cant mineralization occurs, a general trend in the direc-
tion of sediment transportation from southeast towards
northwest is observed. A characteristic SE-NW de-
crease in the formation thickness from more than 500 m
to 50 m and a pronounced colour shift from pinkish to
dark red, i.e. from slightly reduced to oxidized condi-
tions, also occurs.
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head of Carlsberg Fjord. Modified after Thomassen et al. (1982).

Copper-silver and lead mineralization is confined to a
belt of distal alluvial fan sediments along the southern
and eastern borders of the elevated, fault-bounded
block of southwest Wegener Halvg — the Devondal area
and the Paradigmabjerg area (Fig. 69). Mineralization
occurs at several stratigraphical levels in 0.5-3 m thick
pinkish-whitish arkose and conglomerate beds in both
areas. The sulphides occur as irregular blebs, as mm-
thick stratiform layers in the most coarse-grained fore-
sets (Fig. 70), or as disseminations in m-thick beds. Sub-
ordinate, remobilized sulphides occur in cm-thick,
cross-cutting, massive veins and lenses. The intensity of
mineralization varies considerably both vertically and
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laterally. In particular, copper mineralization is erratic
whereas lead-mineralized beds generally show much
greater persistency. Within the mineralized levels, cop-
per and lead mineralized beds occur separately, where-
as both copper and lead sulphides occur in the remobi-
lized veins. A vertical zonation with copper dominance
in the lower part and lead in the upper part of the for-
mation is observed throughout the area, and a lateral
zonation with predominance of copper to the southeast
and lead to the northwest exists for a distance of 6 km in
the Devondal area.

The primary ore minerals are chalcocite and galena
with minor bornite, chalcopyrite, pyrite, sphalerite, ten-
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nantite and betekhtinite. Secondary minerals include

“blaubleibender” and normal covellite, cuprian galena

(Clark & Sillitoe 1971), malachite, azurite, cerussite

and goethite. Intergrowths are common among the cop-

per minerals, but rare between the copper and lead min-
erals except in the remobilized veins. The ore minerals
form the cement of the arkoses together with authigenic
quartz, calcite and traces of albite, baryte and anatase.

Replacement of clastic feldspar, especially by the cop-

per minerals, is common in the remobilized parts. The

relative age relationship of the cementing phases is:
quartz (oldest) — lead and copper sulphides — calcite

(youngest). The occurrence of small sulphide inclusions

in authigenic quartz overgrowths on clastic grains indi-

cates a certain overlap between the precipitation of
quartz and sulphides. Geochemically the copper miner-
als are characterized by high silver contents. Micro-

probe analyses show an average silver content of 0.38%

in chalcocite (32 analyses), 0.42% in bornite (13 ana-

lyses), 0.40% in covellite (10 analyses) and 1.05% in
blaubleibender covellite (7 analyses). Other elements
which show sporadic raised values in the copper-domi-
nated paragenesis are in addition to lead and zinc, mo-
lybdenum (max. 1500 ppm), bismuth (max. 300 ppm)
and cobalt (max. 300 ppm). In particular molybdenum
is often anomalously high, although molybdenite has
never been observed. The lead-dominated paragenesis
is always low in silver with an average Pb/Ag ratio of

15 000. Zinc and to some extent copper are the only

other metals which are enriched in these beds.

Due to the poor exposure of the easily weathering
Pingo Dal Formation, only limited systematic sampling
of the mineralization has been carried out. The existing
data are compiled in Table 9. It appears that the lead-
mineralized beds in the Devondal area have an average
grade of 2-2.5% Pb with minor zinc and subordinate sil-
ver. The average grade of copper-mineralized beds is
0.1-1.0% Cu and 5-80 ppm Ag.

The observed mineralized localities (Fig. 69) are de-
scribed below:

— In south Devondal, mineralization occurs 60-70 m
below a marker horizon - the Graklint Beds. The
mineralized sequence is exposed at four localities
(A-D, Fig. 69) for a lateral distance of 1.6 km. As the
local end-moraines in between these exposures carry
abundant mineralized boulders (Loc. E, Fig. 69), the
level is assumed to be more or less continuously min-
eralized. Additional minor copper-bearing beds occur
some 150 m stratigraphically below the Graklint
Beds.

— South of Kassen (Loc. F, Fig. 69) a sequence compris-
ing several mineralized beds 5-20 m below the Gra-
klint Beds is deduced from sub-outcrops. Lead domi-
nates and the highest copper content occurs in the ba-
sal part. Tennantite is the main copper mineral. The
lateral extension is more than 200 m as evidenced by
scree boulders. Systematic sampling indicates 2.4%
lead for 17 m vertically and 0.44% Cu for 2 m. Fur-
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Fig. 68. Distribution of Triassic mineralization in east Jameson
Land.

thermore, another copper (chalcocite)-mineralized
level (Loc. G, Fig. 69) is indicated by mineralized
boulders 50 m below.

— North Myalinadal (Loc. H, Fig. 69) is dominated by
sub-outcropping, metre-sized mineralized arkose
blocks from 30-60 m below the marker beds. Again
lead is dominant with copper restricted to the lower
parts. Scattered copper- and lead-bearing boulders
represent a lateral continuation for some 400 m to-
wards the northeast. Systematic sampling indicates
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Fig. 69. Distribution of mineralization in the Triassic Pingo Dal Formation in the Devondal area.

1.1% lead for 27 m vertically and 0.23% copper for 8
m. Another copper-mineralized level 50 m below is
indicated by boulder findings.

~ In the Paradigmabjerg area (Fig. 69), copper and lead
mineralization is similar to that of the Devondal area.
At Paradigmabjerg proper, an up to 5 m thick cop-
per- and lead-mineralized arkose sequence outcrops
for 500 m. It displays a distinct lateral zonation with
chalcocite-galena to the south and chalcopyrite-pyrite
to the north. Similar mineralization exists on nearby
smaller erosional remnants to the north.

As most exposures of the Pingo Dal Formation are cov-
ered by a thin blanket of scree or regolith, visual re-
cognition of the mineralization is often impossible. To
overcome this problem, and to gain systematic informa-
tion about metal trends, a geochemical “soil” sample
survey was carried out in the Devondal area. Samples of
the loose surface material were collected with 10 m ver-
tical spacing in 46 sections through the formation, giving
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a total of 717 samples. Based on statistical trecatment of
the analytical results, threshold values of 50 ppm Cu
and 50 ppm Pb were selected to define anomalous sam-
ples (Harpgth 1980). These samples outline two anoma-
lous areas: The c. 4 km’ large Devondal-Arenprisdal
belt, and the 0.2 km* large Myalinadal belt (Fig. 69).
The two belts are orientated SW-NE, i.e. perpendicular
to the palaeotransport direction.

In summary the following picture of the Pingo Dal
Formation mineralization emerges: In alluvial cones
with transport directions towards northwest sulphides
are hosted in permeable beds at the transition zone be-
tween distal alluvial fan sediments and braided river de-
posits. The zones are orientated perpendicular to the
transport direction and characterized by interfingering
of reduced and oxidized beds. It is assumed that the sul-
phides were precipitated in palaecochannels inside the
zones by percolating ground-water during diagenesis
(Fig. 71). Subsequently, some of the sulphides have
been remobilized into cross-cutting fractures.
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Fig. 70. Lead-mineralized, cross-bedded arkose boulder from
the Triassic Pingo Dal Formation. Galena (dark grey) occurs as
mm-thick stratiform layers in the most coarse-grained foresets.
Devondal.

Graklint Beds

This unit is 5-30 m thick in northeastern Jameson Land
from where it wedges out towards both west and south.

Direction of flow
+———— from apex of

alluvial fan

"

Zone with pronounced calichification
and jasperschert beds,
No mineralization below.

Zone with incipient calichification,
Mineralized palaeochannels below,

Fig. 71. Sketch with indicated zonal pattern of calichification
and mineralization in the Triassic Pingo Dal Formation.

The beds are typically cliff-forming and display a vari-
able lithology of grey, calcareous sandstone and lime-
stone with intercalated black limestone and shale. The
sediments represent a short marine episode in the con-
tinental-lacustrine Middle Triassic sequence.
Stratiform mineralization occurs over a c¢. 500 km?
large area between Fleming Fjord and Carlsberg Fjord
(130, 131) (Fig. 68). Disseminated, fine-grained sulphi-
des are hosted in one or more dm-m thick beds of black
shale/limestone and in the uppermost 10-50 cm of un-
derlying grey, calcareous sandstone or limestone. The
mineralized horizons are continuous for several hun-

Table 9. Summary of chip-sample and drill-core analyses from the Pingo Dal Formation, Devondal area. Localities refer to Fig.

69.
Locality Sample type Total length  Average true Average
(m) width
Cu (%) Pb (%) Zn (%) Ag (ppm)

A Chip samples 26.05 1.63 0.07 0.13 0.00 3

A Drill core - 2.22 0.18 1.31 - 3

B Chip samples 17.90 1.49 0.28 0.00 0.00 11

E Chip samples (Cu- 5.80 0.83 0.94 0.05 0.00 81
boulders)

E Chip samples (Pb- 9.35 1.34 0.05 2.52 0.24 5
boulders)

F Chip samples - 16 0.09 2.39 - 3

H Chip samples (upper - 8 0.00 1.84 - 2
beds)

H Chip samples (lower - 10 0.23 0.27 - 4
beds)
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dreds of metres laterally, but metal contents are rela-
tively low — typically 1-2% combined lead-zinc-copper.

Galena and pale sphalerite are the main sulphides,
pyrite and chalcopyrite occur in varying amounts, and
bornite, chalcocite and marcasite are subordinate. Ir-
regular intergrowths are common among the sulphides
which often exhibit colloform textures.

A synsedimentary-diagenetic origin is presumed.

Kap Seaforth Member

The member is composed of cyclically-bedded sand-
stones, mudstones, carbonates and gypsum beds of shal-
low lake, sabkha and aeolian origin (Clemmensen
1978a). Mineralization is restricted to a c. 100 km’ large
sub-basin south of Carlsberg Fjord (130 and 131) (Fig.
68). The unit is here up to 100 m thick and poorly ex-
posed.

Lead-zinc-mineralized mudstones and dolostones oc-
cur at several stratigraphical levels. Below the lower-
most mudstone bed, a 20-50 cm copper-bearing, grey,
calcareous sandstone horizon occurs. Chalcocite and co-
vellite with subordinate bornite, galena and sphalerite
form part of the cement together with calcite and
quartz. The horizon also contains relatively abundant
plant fragments, and plant cells may be replaced by sul-
phides. The black mudstones and dolostones contain
disseminated, fine-grained galena, sphalerite and minor
pyrite, typically with colloform textures. Although an
cxtremely base-metal-rich sample (50% Cu, 9% Pb and
0.7% Ag) has been found, base-metal contents are gen-
erally below one per cent in the mineralized layers.

A synsedimentary-diagenetic origin is presumed.

Pingel Dal Beds

This 20-40 m thick unit comprises cyclically bedded
grey quartz sandstone, red sandstone and siltstone, yel-
low dolostone, green mudstone, flat pebble conglomer-
ate and stromatolitic limestone. Ripple marks, dessica-
tion cracks and non-marine trace fossils are common. A
fluctuating shallow lacustrine depositional environment
has been proposed for this Late Triassic unit (Clemmen-
sen 1978b. 1980).

Copper mineralization is known over a ¢. 1000 km’
large area from northwest of Fleming Fjord to the head
of Carlsberg Fjord (Fig. 68). Three lithofacies with min-
eralization can be distinguished: (1) a 0.5-1 m thick,
black, silty mudstone with sand lenses which laterally
interfingers with (2) 1-2 m thick beds of alternating light
grey, flaser-bedded sandstone and black, silty shales.
The two types occur in the upper part of the unit and are
overlain by red mudstones, whereas type (3) is situated
15 m higher in the sequence where it forms two 0.2-1.3
m thick, yellowish weathering dolomitic mudstone hori-
zons interbedded in red mudstones. It appears that the
mineralization is controlled more by the chronostra-
tigraphical position than by lithofacies. Type (1) is
mainly known south of Passagen, type (2) in the arca
between Passagen and Fleming Fjord, and type (3)
northwest of Fleming Fjord.

The copper minerals form stratiform, very fine-
grained disseminations in the whole thickness of types
(1)-(3) and the mineralized horizons show an extreme
latcral persistency. The clay-silt laminae in the miner-
alized sediments are characterized by relatively abun-
dant microscopic plant fragments. The ore minerals arc
mainly located in coarse-grained laminac, and espe-
cially concentrated along the contacts of finc-grained
laminae and in mud cracks and burrows. The main
sulphide is chalcocite, accompanied by minor bornite,
blaubleibender covellite, chalcopyrite and pyrite. Bor-
nite, with orientated chalcopyrite needles, is locally the
main sulphide (Fig. 72).

A lateral mineral zonation can be distinguished with a
chalcocite-bornite paragenesis in the central part of the
palaeobasin surrounded by a chalcocite paragnesis. The
Cu/Ag ratios indicate a similar lateral zoning, with the
highest relative silver contents (Cu/Ag <1000) along the
basinal axis (cf. Thomassen et al. 1982). Chip sample
values are summarized in Table 10.

A synsedimentary-diagentic origin is presumed.

Malmros Kliint and @rsted Dal members

Overlying the Pingel Dal Beds are ¢. 200 m of red mud-
stones of playa flat origin of the Malmros Klint Mcmber
which grade upwards into the more sandy, distal flood-

Table 10. Summary of average chip-sample results of the copper-mineralized Pingel Dal Beds. Ranges in brackets.

Mineraliza-  Locality Number of  Thickness (¢cm) Cu (%) Zn (ppm)  Pb (ppm) Ag (ppm)

tion type sections

(N South of Passagen 10 45 0.22 - -

(30-100) (0.015-0.48)

(2) South-east of 13 165 0.12 90 30 1.2
Fleming Fjord (140-190) (0.06-0.22)

3) North-west of 6 120 0.24 100 15 2.4
Fleming Fjord (100-130) (0.05-0.52)
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Fig. 72. Photomicrograph (reflected light) showing bornite
with orientated chalcopyrite needles and rimming chalcocite.
Pingel Dal Beds, east Jameson Land. Bar scale 50 microns.

plain deposits of the c¢. 130 m thick @rsted Dal Member.
Copper mineralization is located in the transition zone
between the two members and has approximately the
same areal distribution as in the Pingel Dal Beds.

Mineralization is hosted in two or more 10-100 cm
thick, grey, pale-yellowish weathering beds intercalated
with red mudstones. The beds consist of fine-grained,
muscovite-bearing, carbonate-rich sandstone with con-
spicuous cross-lamination. Thin intraformational brec-
cias, septarian nodules and plant fragments up to 30 cm
long occur locally. The ore minerals appear partly as up
to 10 cm long plates and blebs of native copper and cop-
per arsenides, and partly as more fine-grained dissemi-
nations in few cm thick zones. Native copper, often
rimmed by secondary cuprite, is the main mineral. Va-
rying amounts of chalcocite with minor intergrown bor-
nite and chalcopyrite, native silver (Fig. 73), and miner-
als of the domeykite-algodonite group also occur.

A lateral mineral zoning exists, with chalcocite domi-
nating west of Fleming Fjord, native copper and domey-
kite-algodonite between Fleming Fjord and Passagen
and domeykite-algodonite south of Passagen (Fig. 68).
Chip samples from 21 sections collected for 650 m later-
ally in the uppermost mineralized bed at Nordenskigld
Bjerg show an average of c. 500 ppm Cu (range 27-3500
ppm) and 1.3 ppm Ag (range 0.8-4.8 ppm) over a thick-
ness of 38 cm (range 25-60 cm). Maximum values of sil-
ver (787 ppm) and gold (0.5 ppm) stem from a sample
with 27.5% Cu and 5% As. Furthermore, scattered
raised vanadium values (max. 0.25%) are characteristic
of this mineralization.
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Fig. 73. Photomicrograph (reflected light) showing native cop-
per (grey) with inclusions of native silver (white) in sandstone
from the @rsted Dal Member, east Jameson Land. Bar scale
100 microns.

A genesis involving metal precipitation from perco-
lating ground water during diagenesis is assumed.

Zirconium and rare-earth elements on Milne Land
(159)

The first indication of fossil placers in Milne Land came
from pan samples highly anomalous in zirconium, rare-
carth elements and thorium, collected in 1968. In 1970,
a number of thorium anomalies were detected over the
Mesozoic sediments of east Milne Land during an air-
borne radiometric survey carried out by Nordmine and
the Research Establishment Risg (Hintsteiner et al.
1970). Subsequent ground follow-up was carried out by
Nordmine in 1971-72. The investigation of the most
anomalous locality included geological mapping, sur-
face grid sampling, measurements by scintillometer (U,
Th) and portable X-ray spectrometer (Zr, Ce+La) as
well as trenching and shallow diamond drilling (8 holes,
total of 127 drill metres) (Schatzlmaier et al. 1973).

The Mesozoic sediments of east Milne Land have
been divided into three formations, all of clastic com-
position and of Middle Jurassic to Lower Cretaceous
ages (Birkelund et al. 1984). They rest on a basement of
kaolinized, Middle Proterozoic migmatitic granite
which forms an irregular erosional surface with a pro-
nounced palacorelief. The sediments represent a ma-
rine transgression from the east over a deeply eroded
part of the Caledonian Fold Belt.

The basal part of the lowermost formation — the 100—
200 m thick Charcot Bugt Formation — displays a vari-
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Fig. 74. Log of drill core from the basal unit of the Charcot
Bugt Formation. Zirconium values were recorded on location
by portable XRF. Total core loss (white areas in core log) of
approximately 30% is probably due to unconsolidated sands
and heavy sands.
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able lithology (Callomon & Birkelund 1980). In some
areas it commences with up to 25 m thick beds of con-
glomerates. In other areas conglomerates are subordi-
nate, while intraformational breccias and cross-bedded
sandstones are common. Near hill tops in the under-
lying basement, fossil-rich beds (mainly corals and bi-
valves) may be intercalated with coarse sandstones. The
middle and upper parts of the Charcot Bugt Formation
mainly consist of laminated and cross-bedded sand-
stones and gravelstones.

The thorium anomalies are associated with the basal
part of the Charcot Bugt Formation which crops out in
the western and northern parts of the sediment area.
The most anomalous locality, an isolated outlier situ-
ated on an 800 m high hill-top west of Bays Fjelde, was
investigated in some detail. It is 500 m in diameter and
40-50 m thick. The sequence has tentatively been di-
vided into three units based on colour and grain size.

The basal unit is c. 20 m thick and comprises: (1) sedi-
mentary breccias normally immediately above the con-
tact to the basement, with up to 10 cm large fragments
of crystalline rocks. (2) Coarse-grained arkosic sand-
stones with accessory garnet, mica and plant debris.
This sequence is well sorted, often finely bedded and
cross-bedded, with abundant trace fossils. 3) Mainly un-
consolidated, violet, heavy mineral sands rich in garnet,
ilmenite, rutile, zircon and monazite, which interfinger
with the arkosic sandstone. The heavy mineral sands oc-
cur as irregularly distributed 10-40 cm thick lenses
within the unit (Fig. 74).

The middle and upper units of the outlier mainly con-
sist of arkosic sandstones with only accessory zircon or
monazite.

Various analytical results from the heavy sands arc
presented in Table 11. Thorium, uranium and rarc-carth
elements are mainly hosted in monazite. The Th/U ratio
is ¢. 10 and cerium constitutes approximately half of the
rare-earth elements. The 20 m thick basal unit is esti-
mated to contain 5 million tons with 1-3.8% Zr and ().5-
1.9% REO (Schatzimaier et al. 1973).

The sediments described are assumed to have been
laid down in a coastal to deltaic depositional cnviron-
ment with the continent to the west and the sca to the
east. The heavy mineral lenses are thus regarded as
coastal or fluviatile placers. The migmatites adjacent to
the sediments have an unusually high radioactivity and
are locally enriched in garnet, zircon and monazite
(Nielsen & Lgvborg 1976). The immediate hinterland
therefore forms an obvious source area for the heavy
minerals.

Tertiary
The Tertiary (65-1.8 Ma) consists mainly of plateau ba-

salts. Furthermore felsic igneous intrusions occur in
Scoresby Land, Traill @ and Hold with Hope (Fig. 12).
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Table 11. Analytical results of heavy-mineral sands from Milne Land. All values given in per cent.

Sample Fe Ti Zr Hf 8} CeO, La,0, Nd,0, Y,0, Gd,0, Eu,0,
Drill core.

9 samples.

Weighted average 4.8 cm 6.8 3.6 4.7 0.09 <0.1 <0.05 1.2 0.6 0.6 0.06 0.04 0.005
50 kg bulk sample of

heavy sand from

trenches 3.5 12.5 14.4 0.15 063 0.064 3.5 1.75 1.75 0.1 0.1 0.02
Heavy sand from trench

No. 2 9.3 135 5.5 0.08 0.17 0.019 3.0 1.5 15 0.07 009 0.02
Composite sample from

surface grid.

24 samples 5.0 25 0.5 <0.02 <01 <0.05 0.4 0.2 0.2 0.03 <0.01 0.05
REO CeO, La,O, Nd,O, Pr,0, Y,0, Sm,0, Yb,0, Gd,0, (Dy, Ho, Eu),0,
100% 48.0 17:7 16.7 4.9 2.7 2.0 2.0 2.0

Widespread and important mineralization is associated
with the intrusives.

The observed mineralization comprises:
Molybdenum at Malmbjerg, Werner Bjerge
Molybdenum at Mellempas, Werner Bjerge
Lead-zinc in Werner Bjerge
Magnetite skarn at Oksehorn, Scoresby Land
Base metals in Slugtdal, Scoresby Land
Molybdenum on Traill @

Lead-zinc at Kap Simpson, Traill @
Niobium on Traill @
Gold on southern Hold with Hope

Fig. 75. The Malmbjerg
molybdenum deposit seen
from the west. The granite
cupola is outlined against
darker sediments. Schuchert
Gletscher in the foreground.
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Molybdenum at Malmbjerg, Werner Bjerge (160)

Malmbjerg (Fig. 75) is a porphyry-molybdenum deposit
of the Climax type. The deposit was discovered in 1954
during systematic mapping of the Werner Bjerge com-
plex by members of the Danish East Greenland Expedi-
tions (Bearth 1959).

The finding was followed up by Nordmine in 1955-56
by surface sampling (Pargether 1955). Deposit investi-
gations were initiated in 1958, when a total of 1200 m
was drilled and 28 m of adit (Schuchert Adit) excavated
(Purdy & Hurd 1958). In 1959 a further 900 m of dia-
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mond drilling was performed. During the winter 1959-
1960 a consortium mostly comprising shareholders in
Nordisk Mineselskab A/S agreed to pay on behalf of
Nordmine for the continued exploration and evaluation
of the prospect. From 1960-62 the consortium drilled
9961 m, extended the Schuchert Adit 182 m and fur-
thermore excavated the 477 m long Arcturus Adit.

In 1962 Arktisk Minekompagni A/S, a subsidiary
company equally owned by AMAX and Nordisk Mine-
selskab A/S, was formed and all rights to the Malmbjerg
prospect were transferred to this company. An intense
exploration programme followed. A third adit, South
Adit, was excavated for 277 m and again the Schuchert
Adit was extended — this time by 365 m. From the adits
a total of 9844 m was drilled. During the period 196369
mainly logistic and feasibility studies were undertaken.
In 1970 a rock mechanics survey was performed and a
surface alteration map produced in 1971 (Werneck et al.
1971).

In 1974 a relogging programme involving 10 300 m of
drill core was undertaken to investigate the possibility
of a second ore body at depth at Malmbjerg. The pro-
grammme resulted in a comprehensive report on the ge-
ology of Malmbjerg and the hypothesis of a deeper ore
body was further substantiated (Schassberger & Galey
1975).

Encouraged by this report a joint venture (EGMO)
was formed by AMAX Inc. and Nordisk Mineselskab
A/S in 1978 to continue exploration since the concession
of Arktisk Minekompagni had expired. This joint ven-
ture drilled in 1979 a 972.3 m deep hole from the en-
trance of the Schuchert Adit (Fig. 9). No deep ore shell
was found; only a weakly mineralized zone was intersec-
ted from 420 m to 530 m (Schassberger & Newall 1980).
As a consequence Amax withdrew from East Green-
land.

From 1954 to 1979, 147 bore holes totalling 22 877 m
(including c. 1000 m through ice) were drilled and 1329
m of adits excavated to investigate the Malmbjerg de-
posit. An ore body of 150 million tons with a grade of
0.23% MoS, and 0.02% WO, at a cut-off of 0.16% MoS,
has been proven (T. Schassberger, pers. comm. 1977).

Lately, three research projects partly sponsored by
the Commission of the European Communities have
dealt with various aspects of the Malmbjerg occurrence.
These include two remote sensing projects carried out
in 1979-81 by GGU and the Technical University of
Denmark (Thyrsted & Friedman 1982, Conradsen et al.
1982, Conradsen & Harpgth 1984) and a project on por-
phyry-molybdenum deposits associated with rift envi-
ronments started up in 1983 at the Geological Institute
at the University of Arhus.

The Malmbjerg porphyry-molybdenum deposit is as-
sociated with a composite alkali granite stock. The gra-
nite stock is part of the subvolcanic Werner Bjerge alka-
line complex and is situated in the northwestern part of
the complex (Fig. 80) (Bearth 1959). The Werner
Bjerge complex is roughly circular with a diameter of
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about 17 km. Bearth (1959) subdivided the complex
into three lithological units: 1) a mafic subcomplex in
the southeastern part of the area, 2) a nepheline syenite
subcomplex in the southwest and 3) an alkali syenite-
granite subcomplex, to which Malmbjerg belongs, in
the northern part of the complex (Fig. 80).

The mafic subcomplex is the oldest unit, whereas the
age relation between the other two units is uncertain.
However, nepheline syenite inclusions in the lower part
of the Malmbjerg stock indicate that the syenite-granite
subcomplex is younger than the nepheline syenite sub-
complex.

Radiometric dating of syenites yields whole rock
Rb-Sr ages of 302 Ma (Rex et al. 1979). K-Ar ages of
the Malmbjerg granite stock range from 26.0£1.1 Ma to
21.1%0.9 Ma indicating that the granite stock belongs to
the youngest events in the Werner Bjerge complex. The
lithogeochemistry of the Werner Bjerge complex
(Bearth 1959) and its mineralogy (Brooks et al. 1982)
point towards a comagmatic origin for the units of the
complex.

The Malmbjerg granite stock, which is isolated from
the other Werner Bjerge intrusives, is exposed for 1 km
along the Schuchert Gletscher (Figs 75 and 79). The
stock intruded Carboniferous to Lower Permian sedi-
ments (arkose, shale and conglomerate) which dip mod-
erately towards NE. At the southern contact the stock
clearly cuts the sediments whereas along the northern
part of the contact the granite is subparallel to the bed-
ding of the sediments. Evidence of assimilation of sedi-
ments occur in the southern part of the stock. The con-
tact relations indicate that the stock intruded from south
towards north (Kirschner 1964). Schassberger & Galey
(1975) described the granite stock as a passive intrusion.

As mentioned, the granite intrusion is a compositc
stock. It consists of three lithological units, cach of
which can be further subdivided into two texturally dif-
ferent subunits. The three main lithological units domi-
nate successively lower levels of the stock (Figs 76 and
77; unit 3 not shown). The uppermost part of the stock
consists of unit 1), a perthite granite with a quartz-
feldspar porphyry roof phase. This is underlain by unit
2), a very heterogeneous porphyritic aplite. Part of the
aplite, which is characterized by the occurrence of “cye-
like” quartz phenocrysts, has been termed the Schuch-
ert porphyry. The Schuchert porphyry subunit cuts the
perthite granite. In the lower part of the stock unit 3)
occurs. It comprises two texturally different porphyritic
granites. The upper one has an equigranular to slightly
porphyritic texture with rounded quartz whereas the
other has plagioclase and orthoclase phenocrysts in a
fine- to medium-grained groundmass. Dykes of differ-
ent composition (basalt, trachyte, lamprophyre) post-
date all units of the granite stock.

Three types of mineralization are associated with the
Maimbjerg granite stock: 1) molybdenite mineraliza-
tion, 2) greisen mineralization and 3) base-metal miner-
alization. Molybdenite mineralization occurs in a large
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inverted bowl-shaped body (Sugden 1963) and repre-
sents the major mineralizing event. Greisen mineral-
ization appears as flat-lying veins of up to 1 m thickness
and locally makes up more than 10% of the volume.
Base-metal mineralization occurs as vertical up to 30 cm
thick argiilized fracture zones, but represents only a mi-
nor mineralizing event.

Molybdenite mineralization is mainly located in the
perthite granite and its equivalent roof phase. In addi-
tion, sediments immediately above the granite cupola
are also mineralized (Fig. 77). Scattered mineralization
occurs in the heterogenous porphyritic aplite subunit. It
is a characteristic feature that the Schuchert porphyry
part of the porphyritic aplite is only weakly mineralized.
A weakly mineralized zone, only encountered in the
deep hole from 1979 and now believed to represent a
seperate mineralization, occurs below the Schuchert
porphyry in the top of the porphyritic granite.

Molybdenite occurs in veinlets ranging in thickness
from hairline up to about 5 cm. The veinlets form a net-
work of mutually offsetting veins. Four mineral assem-
blages can be distinguished in the network: 1) biotite-
molybdenite-quartz-magnetite tfluorite tsiderite,  2)
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biotite-molybdenite, 3) molybdenite-quartz, and 4)
fluorite-molybdenitetquartz. In the molybdenitc-
quartz veins, molybdenite generally occurs along the
contact with quartz filling the central part of the vein;
however, veins with the opposite zonation arc also
found in the network. Veins with repeated quartz-mo-
lybdenite bands (ribbon type) also form part of the net-
work. Molybdenite is generally fine-grained in the bio-
tite and quartz-molybdenite assemblages whereas it is
more coarse-grained in the fluorite assemblages. Pyrite
occurs only as an accessory mineral in the orc with an
overall content of less than one per cent. Age relations
between the four assemblages are not well established.
However, the biotite assemblages are often cut by the
other assemblages. This indicates that the biotite as-
semblages in general are the older ones. Molybdenite
mineralization of lower grade than the 0.17% MoS, cut
off shown in Figs 76 and 77 extends outwards for at least
150 m.

Greisen mineralization occurs as flat-lying up to one
metre thick veins, which individually can be followed
for several hundred metres, occurring both in the gra-
nite stock and in the surrounding contact-metamor-
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phosed sediments. Horizontal greisen veins are abun-
dant in the upper contact zone of the heterogeneous
porphyritic aplite subunit, where they locally make up
more than 10%. Very few greisen veins occur in the up-
permost 100 m of the granite cupola. Generally, the
greisen veins appear as open-space fillings dominated
by columnar quartz. Other minerals are: topaz,
wolframite, fluorite, coarse-grained molybdenite and
locally beryl, cassiterite, siderite, pyrite, sphalerite,
chalcopyrite, bismuth and bismuthinite. Locally, the
greisen veins show a complex paragenetic development
with up to three generations of topaz and pyrite
(Kirschner 1964). In general the veins cut the network
molybdenite mineralization; however, quartz-molybde-
nite veinlets cutting greisen have been noted. This
places the greisen event at the final stage of the network
molybdenite formation.

Base-metal mineralization occurs in subvertical ar-
gillized fracture zones mostly outside the network mo-
lybdenite mineralization. Two assemblages can be dis-
tinguished: 1) quartz-biotite-sphalerite-chalcopyrite-ga-
lenatpyrite +siderite and 2) dolomite/ankerite-fluo-
rite-sphalerite tpyrite. The base-metal mineralization
cuts both the greisen and the network mineralization
and is clearly the youngest mineralizing event. No age
relation has been established between the two base-
metal assemblages, however the carbonate-fluorite as-
semblage is believed to represent the lower temperature
of formation of the two assemblages (Kirschner 1964).

Pronounced alteration is associated with the miner-
alization. Alteration occurs both inside, below and
above the network molybdenum mineralization. A bio-
tite-magnetite-quartz alteration zone is entirely con-
fined to the network mineralization (Schassberger &
Galey 1975). The zone is irregular in shape and roughly
located along the upper surface of the porphyritic aplite
subunit (Fig. 77). It extends for about 300 m (N-S), 120

m (E-W) and is up to 70 m thick. The alteration zone is
characterized by quartz veining and flooding (up to 40%
of the volume), by disseminated biotite (up to 40% of
the volume) and by magnetite (up to 20% of the vol-
ume). In the most intensely altered part of the zone the
original rock textures are destroyed. Below the ore zone
a high silica zone (Schassberger & Galey 1975) is lo-
cated in the central part of the stock (Fig. 77). It meas-
ures 130 m (N-S) by 90 m (E-W) and is up to 45 m thick.
The zone is characterized by an almost complete re-
placement of the primary rock phases by massive as well
as vein quartz. The high silica zone is further character-
ized by a sharp decrease in both molybdenum and po-
tassium content.

Above the ore zone three alteration zones have been
distinguished at surface (Geyti 1981). Closest to the gra-
nite the surface is intensely black-stained due to man-
ganese oxides. In this zone veins and veinlets of quartz
are abundant, whereas molybdenite, fluorite and pyrite
only occur in minor amounts. Qutside the manganese-
oxide zone a prominent yellowish and reddish-coloured
zone occurs in the sediments. In this zone sericitic/ar-
gillaceous alteration and quartz veining occur in up to
metre-wide envelopes around fracture zones. Pyrite, as
disseminated grains and in cross-cutting veinlets, invar-
iably occurs in the zone with' an estimated overall con-
tent of one volume per cent. Within this more or less
homogeneously stained area a zone of more intense al-
teration known as “Gelbe Rinne” (Fig. 79) occurs. The
outermost alteration zone is characterized by epidot-
ization of the sediments. Epidote is found in small vein-
lets, but also as a more penetrative alteration of the
shales.

In summary, the relation between the various intru-
sive phases, the mineralizing events and the alteration
episodes are shown in Fig. 78. The perthite granite and
its roof phase predate the network molybdenum miner-

HIGH SILICA ZONE 2
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BIOTITE - MAGNETITE - QUARTZ ZONE @
BASE - METAL VEINS - - <
GREISEN VEINS ——
MINERALIZATION FLUORITE ASSEMBLAGE -4
STOCKWORK | MOLYBDENITE - QUARTZ ASSEMBLAGE ~ -
BIOTITE ASSEMBLAGE .
PORPHYRITIC APLITE =
T
PERTHITE GRANITE == TIME
Fig. 78. Paragenetic development of the Malmbjerg porphyry-molybdenum deposit.
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alization, whereas the porphyritic aplite subunit (the
Schuchert porphyry) both cuts and is cut by all as-
semblages of the network mineralization. The biotite
assemblages are generally older than the other veins of
the network mineralization and the biotite-magnetite-
quartz alteration zone is associated with the miner-
alizing biotite assemblages. The formation of greisen
took place during and mainly after the latest stage of the
network mineralization. The high silica zone invades
the biotite-magnetite-quartz zone and the porphyritic
aplite subunit. This indicates that the high silica zone is
associated with the formation of greisen and probably
was formed during the beginning of greisen formation.
The base-metal mineralization postdates not only the
Malmbjerg stock and the network mineralization, but
also some of the dykes cutting the network. As no dyke
chronology has been established it is impossible to con-
clude if only a part of the base-metal mineralization is
related to the porphyry mineralization and the remain-
ing part is associated with the intrusion of the dykes.
However, some dykes have been affected by greiseniza-
tion (Schassberger & Galey 1975), which shows that the
dyke activity started at the final stage of the molyb-
denum mineralizing event.

Molybdenum at Mellempas, Werner Bjerge (161)

Molybdenite-bearing moraine boulders were discovered
in 1949 in Deltadal by members of the Danish East
Greenland Expeditions (Eklund 1949). In 1952 E.
Kvale (working for the newly founded Nordisk Minesel-
skab A/S) located in situ disseminated molybdenite min-
eralization in a large area of the northwestern part of
Rgde Mur (Brown 1953). Kvale also reported in situ
molybdenum mineralization at Kolossen (Brown 1953).
Following the systematic mapping of Werner Bjerge in
1953-54, Bearth (1959) reported several findings of
molybdenite-bearing moraine boulders at Mellem-
gletscher. In 1958 Nordmine geologists located in situ
molybdenum mineralization just northwest of Mellem-
pas, on the northern slope of Mellemgletscher and in
the eastern part of Rgde Mur (Polesnig & Vohryzka
1958). Finally, the area was investigated in 1980 by
Geyti (1981).

Mellempas is situated 5 km northeast of the Malm-
bjerg porphyry-molybdenum occurrence (Fig. 79). In
Mellempas an approximately 15 km’ large (surface
area) biotite granite stock has intruded syenites, por-
phyries and volcanic breccias of the alkali-syenite-gra-
nite subcomplex of the Werner Bjerge complex (see
previous section on Malmbjerg). The biotite granite
stock is genetically related to this subcomplex (Bearth
1959). The biotite granite intrusion is a composite stock
dominated by medium- to coarse-grained granite. In the
western part of the intrusion the coarse-grained granite
has been intruded by quartz-feldspar-porphyry and ap-
lite (Geyti 1981). The age relation between the aplite
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and the quartz-feldspar porphyry has not been estab-
lished. Belonging to the granite stock is also the so-
called black aplite which occurs in the extreme north of
the granite intrusion (Fig. 79). The black aplite intrudes
sediments and syenites, but show no other contact rela-
tions. Intense manganese-oxide coating on the highly
fractured rock is responsible for its black appearance.
All the granites in the stock are metaluminous alkali
granites. The average molybdenum content of the en-
tire stock is 14 ppm, however a faint distribution pat-
tern, with the highest content (20-30 ppm) occurring in
the quartz-feldspar porphyry and the black aplite, is in-
dicated (Geyti 1981).

Mineralization occurs as disseminated grains of mo-
lybdenite in the coarse-grained granite. Furthermore it
occurs in vugs and pegmatites in the coarse-grained gra-
nite and especially in the quartz-feldspar porphyry. The
minerals in the vugs and pegmatites are: molybdenite,
quartz, K-feldspar, fluorite, and pyrite. Bearth (1959)
also reports wolframite. In addition, molybdenite has
been observed in a few localities in the aplitc mass as
moly-paint and fine-grained molybdenite in veinlets oc-
casionally with quartz-sericite-pyrite alteration. The ob-
served overall grade is very low. The location of in situ
molybdenum mineralization is shown in Fig. 80.

Prominent alteration in the Mellempas arca is re-
flected as colour anomalies. These include a reddish-
brown iron-oxide staining due to decomposition of py-
rite and a black staining of manganese-oxide. The two
alteration zones are roughly centered around the aplite
mass (Fig. 79). The black staining form a ring-like pat-
tern within the reddish-brown stained area. The man-
ganese-oxide staining mainly occurs in the quartz-feld-
spar porphyry and the black aplite (Geyti 1981). The
reddish-brown staining occurs partly as homogencous
staining, especially in the coarse-grained granitc and
partly as metre-wide subvertical clay-pyritc-quartz
zones enveloped by argillaceous and/or scricite alter-
ation. The subvertical clay zones occur over the entire
granite intrusion, but are more frequent near the aplite
mass.

The distribution and occurrence of the mincralization
in the Mellempas area indicate a roof-zonc mincral-
ization, which is also supported by the lithology of the
stock.

At Jernhatten, 8 km ESE of Mellempas, pyritc-bear-
ing fragmental felsic rocks of vent-like character occur.
Chip samples indicate a moderate molybdenum content
(13-85 ppm); however one sample returned c. 600 ppm
Mo without visible molybdenite.

Lead-zinc in Werner Bjerge (162)

The first finds of galena-bearing moraine boulders in
Werner Bjerge were made in 1949 by members of the
Danish East Greenland Expeditions (Eklund 1949).
The finds were followed up in 1950-51 by Berglund and
Ljungren (Bearth 1959), but the first in situ lead-zinc
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mineralization was observed by Bearth in 1954 at Malm-
bjerg, where sporadic veins are associated with the mo-
lybdenum mineralization (Bearth 1959). Later investi-
gations by Nordmine in 1957-1958 confirmed the exist-
ence of scattered lead-zinc vein mineralization (Young
1957, Polesnig & Vohryzka 1958) in the northern part of
Werner Bjerge (Fig. 80).

Three types of lead-zinc occurrences are known: a)
veins in granite, b) veins in Carboniferous — Lower Per-
mian arkoses and c) skarn in Upper Permian carbo-
nates.

In the eastern part of Rgde Mur (Locality A, Fig. 80)
several small NW-striking quartz-fluorite veins occur in
biotite granite of the Mellempas granite stock. The
veins contain abundant pyrite and locally, massive ga-
lena-sphalerite bodies of up to 0.5 m thickness and up to
2 m length occur. However, the overall grade is be-
lieved to be a few per cent combined lead-zinc.

At locality B (Fig. 80) a WNW-striking 1-4 m wide,
300 m long and 150 m high vein zone occurs in Car-
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boniferous-Lower Permian arkoses. The vein zone oc-
curs in a fault where mylonitization is widespread. The
vein is not observed in outcrop, but as semi-outcropping
scree boulders along the fault. The gangue consists of
quartz and carbonate (mainly ankerite) with minor
fluorite. Galena (up to 0.5 cm crystals), sphalerite (up
to 2 cm aggregates) and chalcopyrite (small grains) oc-
cur in varying amounts. At locality E (Fig. 80) a ver-
tical, NNW-striking vein zone occurs. It is 5 m thick and
is exposed for a length of 250 m and a height of 200 m.
The zone comprises a vertical fault with a basalt dyke
intruding the eastern part. Mineralization occurs as
veins and veinlets of pyrite, sphalerite and galena. Py-
rite is the most abundant sulphide mineral, but locally
fine-grained sphalerite may form up to 50% of the infil-
ling material. Sphalerite is also replacing shaly intervals
near the basalt dyke and the fault plane. Galena is
found mainly near the top of the zone. The zone is esti-
mated to contain at least 300 000 tons with 1-2% zinc.
Similar but minor occurrences are located in the west-
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ernmost part of Werner Bjerge (Localities C and D,
Fig. 80).

Skarn development with associated lead-zinc miner-
alization has been found at five localities within the Up-
per Permian sequence of northwestern Werner Bjerge
(Localities F-J, Fig. 80). In gencral skarn development
occurs along faults or associated with quartz-porphyry
dykes in the carbonates of the Wegener Halvg Forma-
tion and the overlying clastics of the Schuchert Dal For-
mation. The vertical, NNW-NNE-striking skarn lenses
are locally up to two metres wide (Locality H, Fig. 80),
200 m long and 75 m high (Locality G, Fig. 80). The
skarn consists of varying amounts of quartz, calcite, di-
opside, brown garnet and tremolite. The ore minerals,
which occur as disseminated grains or as small massive
lenses, comprise galena and sphalerite with minor pyrite
and chalcopyrite. The estimated grade is a few per cent
combined lead and zinc.

The veins and skarns are genetically associated with
Tertiary late intrusive and tectonic events.
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Magnetite skarn at Oksehorn, Scoresby Land (163)

A magnetite skarn occurrence was found at the south-
ern contact of the Oksehorn complex by Kapp (1960)
and investigated in 1971 by Nordmine (Paar et al. 1972,
Paar 1975).

The Oksehorn alkali syenite intrudes slightly dipping
mainly clastic Triassic sediments, and thermal overprin-
ting close to the intrusive contact is widespread. Magne-
tite-skarn formation occurs within a 1-2 m thick horizon
of calcareous and dolomitic sediments, and outcrops for
a length of 20 m. Individual beds of massive or semi-
massive magnetite skarn are 0.1-0.2 m thick. Magnetite
is intergrown with calcite, epidote and andradite.
Quartz, mica, apatite, pyrite and chalcopyrite are minor
constituents. Other minerals of restricted and more lo-
calized occurrence include ferrosalite, prehnite, babing-
tonite, chabasite and heulandite (Paar 1975). Analyses
of selected samples gave the following maximum values:
lithium (300 ppm), beryllium (30 ppm), copper (300
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ppm), zinc (0.1%), molybdenum (50 ppm) and tin (50
ppm).

Paar (1975) interprets the occurrence as a contact
skarn formed during the intrusion of the alkali syenite
and later overprinted by hydrothermal processes at
gradually decreasing temperatures.

Base metals in Slugtdal, Scoresby Land (164)

Hydrothermal alteration and mineralization was found
in 1957-58 in a restricted area in syenitic rocks on the
west slope of Slugtdal in the Theresabjerg complex
(Kapp 1960). Reconnaissance exploration for rare-earth
elements was carried out in the general area by Nord-
mine in 1969 (Frisch et al. 1970) and for molybdenum in
1977 (Geyti 1977, Schassberger & Spieth 1978).

In the Theresabjerg complex the petrographic vari-
ation ranges from gabbro, gabbro-diorite and monzo-
nite to several modifications of syenite. The variation
from mafic to felsic rock types is thought to be a product
of fractional crystallization. Furthermore, volcanic brec-
cias and felsic and mafic dykes and sills are widespread.

According to Kapp (1960), widespread late-magmatic
hydrothermal activity occurs as red, brown, yellow and
black staining of both intrusive and sedimentary rocks.
This is due to disseminated limonite and manganese ox-
ides. In particular the syenites exhibit pronounced al-
teration of the mafic components.

Analyses of 40 hydrothermally altered grab samples
from Oksehorn, Theresabjerg, Kap Syenit and Pictet
Bjerge complexes return persistently anomalous values
of lead (max. 1%), copper (max. 0.1%) and silver
(max. 130 ppm), whereas molybdenum (max. 0.1%)
and tungsten (max. 800 ppm) occur sporadically (Kapp
1960).

No further description of the mineralization in Slugt-
dal exists.

The exploration for rare-earth elements and molyb-
denum showed no positive indications.

Genetically, the mineralization is associated with Ter-
tiary late-magmatic hydrothermal activity.

Molybdenum on Traill @ (165)

The first report on mineralization in the Kap Simpson
complex, excluding pyrite mineralization associated
with intense alteration, were made by Eklund (1944),
who mentions impregnations of gold-bearing arsenopy-
rite in volcanic rocks in the vicinity of Drgmmebugten.
The exact locality has never been located by Nordmine.
Since then, exploration has been carried out during the
years 1955, 1968-70, 1972, 1977, 1979 and 1981 by both
Nordmine and Amax (Brown 1956, Lehnert-Thiel &
Walser 1968, Paar & Punzengruber 1970, Paar & West-
erholt 1971, Martens 1973, Geyti 1977, Schassberger &
Spieth 1978, Geyti 1980, Schassberger & Newall 1980,
Damtoft & Grahl-Madsen 1982, Geyti 1982). The first
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signs of molybdenite mineralization were noted in 1977
in Fgndal (Geyti 1977, Schassberger & Spieth 1978).

The Kap Simpson complex comprises a northwestern
alkali syenite part and a southeastern zone consisting of
sedimentary, volcanic and intrusive rocks surrounded
by a syenite ring-dyke system (Fig. 81). The entire
southeastern part (the “Dreibuchten” zone) probably
represents a caldera (Schaub 1938, 1942). The caldera-
related igneous activity can be divided into three epi-
sodes: 1) an early volcanic episode, 2) an episode of sye-
nite and granite intrusion and 3) a late volcanic episode.
In the early volcanic episode quartz porphyries, rhyol-
itic flows (often spherolitic), rhyolite ash and lapilli-ash
tuffs, ignimbrites, intermediate ash and lapilli-ash tuffs
and feldspar-porphyry stocks were formed. During the
intermediate episode medium- to coarse-grained syenite
and subordinate granite and quartz-syenite intruded the
early volcanic rocks. In the contact zone the syenite of-
ten shows a feldspar-porphyritic texture. There is no
lithological difference between syenites of the north-
western intrusion and the syenites of the caldera. Dur-
ing the late volcanic episode rhyolite dykes and plugs
(with flow banding) and intrusive feldspar porphyries of
intermediate composition were formed.

Pronounced alteration in the form of large colour-
anomalous areas is widespread in particular in the
southern part of the caldera between Kap Simpson and
Drgmmebugten (Schaub 1942, Conradsen et al. 1982,
Thyrsted & Friedman 1982, Conradsen & Harpgth
1984). Rocks within the colour-anomalous areas are ty-
pically pyritized, argillized and silicified and the occur-
rence of fluorite is a characteristic feature (Fig. 81).
Fluorite mainly occurs in cm-thick veinlets and veins
with minor quartz and locally pyrite. However, a single
massive fluorite vein more than 0.3 m in thickness and
250 m in length has been found in Fluoritdal. Fluorite in
vugs has also been reported. Molybdenite mineraliza-
tion has been found at four localities (Fig. 81). It occurs
as scattered grains in quartz veinlets and disseminated
in granite. The size and grade are however insignificant.
High molybdenum contents (65-645 ppm) have also
been encounted in fluorite veins, although molyb-
denum-bearing minerals have not been identified.

The mineralization and alteration pattern observed
suggests that fumarolic activity was responsible for the
major part of the alteration. Locally, mineralization and
alteration are clearly related to granite intrusions, with-
out however any signs of porphyry-type mineralization.
If porphyry-molybdenum mineralization is present, it
must be deeply buried.

Lead-zinc at Kap Simpson, Traill @ (166)

Sulphide-bearing veins at Kap Simpson were found and
investigated by Nordmine in 1969 and 1970 (Paar &
Punzengruber 1970, Paar & Westerholt 1971).

At Kap Simpson, only a thin strip of land along the
coast consists of Jurassic/Cretaceous shales intruded by
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Tertiary basaltic sills and acid dykes whereas the Kap
Simpson complex occurs inland (Schaub 1938, Stauber
1938). Normal faults 40°-55°/60°-75° SE are frequent
within the mixed sedimentary-subvolcanic sequence.
Where the faults intersect the basaltic sills, shale has
been mylonitized and dragged into the fault planes and,
locally, formation of sulphide-bearing calcite veins has
occurred.

The largest occurrence is found at the northeastern
entrance of Fgndal (Fig. 81). Itisac. 20m long and 2 m
wide vein hosted in pyrite-bearing mylonized shale. The
vein (43°/75°SE) consists of calcite, galena, chalcopy-
rite, sphalerite and pyrite with minor fluorite. The over-
all sulphide content is estimated at 30~50%.

Approximately one km further to the northeast an-
other vein of similar mineralogy occurs (Fig. 81). This
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vein has a strike length of ¢. 30 m and is up to .5 m
thick. Chemically the mineralization is characterized by
high contents of lead, zinc and copper. Other analytical
results include: titanium max. 2.5%, mangancse max.
1.8%, vanadium max. 0.4%, cobalt max. 250 ppm,
nickel max. 400 ppm, cadmium max. 0.19%, silver max.
125 ppm, gold max. 0.4 ppm, bismuth max. 200 ppm,
molybdenum max. 100 ppm, and tin max. 50 ppm.

In addition, minor lead-zinc occurrences are known
from Forarsdal, Forchammer Dal and Bredgletscher
(Fig. 81) (Paar & Punzengruber 1970, Paar & Wester-
holt 1971, Damtoft & Grahl-Madsen 1982, Geyti 1982).

The veins arc assumed to have formed formed con-
temporaneously with the intrusion of the alkali syenite
complex.
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Niobium on Traill @ (167)

The first rock samples with high contents of rare-earth
elements from the Kap Simpson complex were collected
by Nordmine in 1969 (Paar & Punzengruber 1970). Sub-
sequent investigations in 1970 (Paar & Westerholt
1971), 1971 and 1972 (Martens 1973) led to the identi-
fication of various Nb-REE-bearing types of mineral-
ization, mainly along the western contact of the intru-
sive complex.

In situ niobium mineralization has only been located
at one place on the southeast side of Bjgrnedal (Fig.
81). Here a few hundred metres from intrusive alkali
syenite, the sediments contain mineralized quartz veins
intermittently for a distance of 400 m. The sediments
comprise thermally overprinted shales, siltstones and
sandstones dipping 10°-20° E. The veins are sub-vertical
and strike 50°~100°. The largest vein is 30 m long and up
to 15 cm wide. Coarse-grained quartz predominates
with minor oligoclase, chlorite, biotite, carbonate, zir-
con, leucoxene and various Nb-bearing minerals. Lo-
cally, the contact is enriched in mica. Tentatively, the
following niobium and rare-earth element-bearing min-
erals have been identified: columbite, euxenite, samar-
skite, fergusonite, monazite and bastnaesite (Martens
1973). Selected samples contain up to 3.2% Nb and 3%
REE and in addition beryllium (max. 0.15%), yttrium
(max. 0.3%), zinc (max. 0.35%) and barium (max.
0.3%). The overall content is not reported, but the nio-
bium content of the veins is estimated to be <0.2%.

In the side and end moraines of Langgletscher and in
the eastern side moraine of Bredgletscher various types
of niobium-mineralized boulders have been found (Fig.
81). Niobium-mineralized boulders have also been
found in Forchammer Dal. They comprise alkali granite
and syenite and quartzites with up to 0.3% Nb. Nio-
bium enrichment is associated with quartz aggregates.

Similar types of niobium contact mineralization have
also been reported from the Werner Bjerge complex
(Sgrensen 1971). The most frequent mineralized type
met is alkali syenite with quartz aggregates with asso-
ciated enrichment in niobium and rare-earth elements.
Further, niobium-rich pan samples from the Kolossen
area (Fig. 80) contain up to 50% perowskite. In situ per-
owskite mineralization has never been found.

Gold on southern Hold with Hope (168,169)

Southern Hold with Hope was briefly visited and
mapped during (and before) the Lauge Koch Expedi-
tions (Koch & Haller 1971), and a coherent investi-
gation was accomplished in 1976 by GGU geologists
(Upton & Emeleus 1976, Upton et al. 1984 a,b). On this
occasion, sulphide mineralization was discovered at
Kap Broer Ruys, and the following year the survey per-
formed follow-up work at this locality (Nielsen & Jo-
hansson 1977). In 1981 the Kap Broer Ruys and Mygg-
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bukta areas were reconnoitred for porphyry-type miner-

alization by Nordmine (Geyti 1982).

The area comprises Cretaceous shales and sandstones
overlain by a c. one km thick pile of Tertiary plateau ba-
salts. The basalts are intruded by a SW-NE-striking,
10-15 km wide dyke swarm and, to the south, by two
shallow igneous complexes at Myggbukta and Kap
Broer Ruys.

Myggbukta central complex occupies a subcircular
area 10-12 km in diameter and represents a collapse
structure related to a caldera. The complex comprises a
succession of extrusive rocks penetrated by shallow in-
trusions. Although dominantly mafic, the complex con-
tains a range of compositions from mafic through inter-
mediate rocks to potassic rhyolites and granophyres.
These rocks exhibit pervasive propylitic alteration of
probably fumarolic origin.

The Kap Broer Ruys complex is situated some 30 km
east of the Myggbukta complex. It consists of a subcir-
cular area of plateau lavas and underlying sediments
and sills, approximately 12 km in diameter, which have
been affected by contact metamorphism. Several felsite
sheets and the upper part of one ¢. 1 km wide gra-
nophyre stock are exposed. The metamorphism is be-
lieved to have been caused by a blind intrusion at shal-
low depth.

Mineralization occurs at Myggbukta (169) in the form
of common quartz-calcite-hematite-fluorite veining.
Pyritization is frequent, but mostly of limited areal ex-
tent and of weak intensity. A scree boulder of felsite
with 3-5% disseminated pyrite returned 0.26 ppm Au.

Three types of mineralization exist at Kap Broer
Ruys (168).

- Massive pyrrhotite or magnetite lenses and layers,
5-15 cm thick and conformable to bedding in horn-
fels. The lenses, which may contain minor pyrite,
chalcopyrite, sphalerite and ilmenite, are probably of
pre-intrusive, sedimentary origin.

- Intense pyritization in local areas, often associated
with felsic intrusions. The pyritized rocks are
bleached and argillized. In addition to rare quartz-py-
rite-fluorite veinlets, pyrite occurs disseminated and
in amygdales together with magnetite, ilmenite and
minor pyrrhotite, sphalerite, cobaltite and arsenopy-
rite. This mineralization was probably formed by fu-
marolic activity.

— Tourmaline-bearing breccias at several localities. The
breccias are mainly known from scree boulders and
their origin is uncertain, perhaps both tectonic and in-
traformational. They consist of hornfels fragments ce-
mented by vuggy quartz and minor tourmaline. The
cement may also contain pyrite, fluorite and, in one
case, 5-10% bismuthinite. The last mineral occurs as
irregular, up to 3 mm large grains, typically rimmed
by fluorite (Nielsen & Johansson 1977). The breccias
may also be enriched in antimony (max. 1500 ppm),
silver (max. 20 ppm) and gold (max. 0.6 ppm).
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The whole Kap Broer Ruys complex forms a distinct
boron anomaly as reflected both in rock samples (max.
700 ppm B) and in pan samples (max. 300 ppm B). This
common occurrence of boron and tourmaline indicates
a widespread pneumatolytic activity, which may be re-
sponsible for the gold-bismuth mineralization.

Geochemical maps

In connection with the exploration activity of Nordmine
a large number of samples of different types have been
collected during the period 1967 to 1983.

Rock samples (10 298 samples) include various types
of mineralized samples from outcrop (selected hand
samples, grab samples, chip samples and drill cores),
and boulders, and unmineralized samples.

Pan samples (3823 samples) or more correctly panned
heavy mineral concentrates, have been collected and
prepared according to the scheme presented in Fig.
82.

- Stream sediment samples and soil samples (2812 sam-
ples) represent the fine fraction after sieving at 80
mesh.

Only a portion of the samples has been analyzed (Figs
83-99), most frequently by semi-quantitative multi-el-
ement emission spectrography. Other methods applied
include atomic absorption spectrography for base
metals, X-ray fluorescence spectroscopy for the deter-
mination of tungsten, antimony, arsenic, barium and
rare-earth elements, neutron activation for determina-
tion of uranium, thorium, gold, tungsten and antimony
and fire-assay for the determination of gold and silver.
A few interesting boulder finds not described in the pre-
vious section are summarized in Table 12.

Because different laboratories were used, different
analytical methods applied, with different detection lim-
its and different levels of accuracy and precision, it is
not strictly correct to compare the analytical values.
However, in geochemical exploration it is often the con-
tent within an order of magnitude that is of interest, and
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Table 12. Summary of interesting boulder finds not mentioned in the section on mineral occurrences.

Locality

Sample description/reference

Analytical results

East of Hjgrnedal, Géseland

Moraine boulder of hydrothermally altered
ultramafic rock with pyrrhotite, chalcopyrite,
pentlandite and scheelite. (Kirchner 1968)

Cu (0.4%), Ni (0.2%), Cr
(0.25%), W (700 ppm), Ag (10
ppm)

Borgbjerg Gletscher,
Nordvestfjord

Moraine boulder of vein quartz with chalcocite
(Lind 1980)

Cu (1.75%), Zn (0.2%), Pb (500
ppm), Bi (100 ppm), Sn (100
ppm)

North Klitdal, Liverpool Land

Moraine boulder of brecciated granite with
chalcocite (Thomassen 1975)

Cu (7%), Ag (20 ppm), Au
(0.014 ppm)

Southwestern Eremitdal, Andrée
Land

Moraine cobble of semi-massive pitchblende.
(Lind 1980)

U (32.2%), Pb (6%), Cu (5%),
V (0.25%)

East of Granitelv, Geologfjord

Local boulder of vein quartz with arsenopyrite and
pyrite. (Thomassen 1984)

Au (3.5 ppm), Ag (24 ppm), As
(0.6%), Mo (700 ppm)

East of Granitelv, Geologfjord

Local boulder of vein quartz with arsenopyrite,
galena, sphalerite, pyrite and pyrrhotite. (Stendal
& Ghisler 1980)

Pb (3.5%), Zn (4.0%), Ag (73
ppm), As (8.5%), Au (0.2 ppm)

Wiman Bjerg, Gauss Halve

Plate of native copper in Devonian sandstone.
(Boggild 1953).

Ag (0.11%), As (0.2%), Bi (80
ppm)

Table 13. Summary statistics for the sixteen elements considered. Number of original samples includes 10 298 rock samples and
3823 pan samples. The detection limits shown are mainly for emission spectrographical analyses.

Sb As Ba Bi Ce Cu Au Pb Mo Ni Nb Ag Sn w U Zn
% % % % % % ppm % % % % ppm % % % %
Rock samples
99%-
fractile 0.85 85 348 005 05 125 1.8 427 0.05 0.16 0.35 460 0.1 26 003 5.0
95%-
fractile 0.05 025 35 0.003<DL 1.3 0.12 24 0.008 0.03 0.05 90 0.01 0.01 0.0005 0.6
90%-
fractle <DL <DL 0.5 <DL <DL 035 003 0.3 0.005 0015 0.03 20 0.003 <DL <DL 0.1
75%-
fractile <DL <DL 0.1 <DL <DL 0.03 <DL 0.02 0.002 0.007 <DL 3.3 <DL <DL <DL <DL
Average
crust
(ppm) 0.2 1.8 425 0.17 60 55 0.004 12.5 1.5 75 20 007 2 1.5 27 70
Pan samples
Max.
value 0.15 6 175 0.08 69 0.25 50 1.0  0.15 0.1 35 30 50 4.0 011 035
99%-
fractile <DL 0.2 3.0 0.015 20 005 0.13 02 0.009 003 05 5 0.07 02 0.005 0.1
95%-
fractile <DL <DL 035 <DL 0.3 0.02 0.02 0.05 0.005 002 0.1 <DL 0.02 0.0l 0.002 <DL
90%-
fractile <DL <DL 0.15 <DL 0.2 0.015 <DL 0.04 0.003 0.02 0.05 <DL 0.005 <DL 0.0008<DL
75%-
fractile <DL <DL <DL <DL <DL 0.007 <DL 0.02 0.003 0.01 0.03 <DL 0.002 <DL <DL <DL
Median <DL <DL <DL <DL <DL 0.005 <DL 0.01 0.002 0.007 <DL <DL <DL <DL <DL <DL
Detection
Limit
(DL) 0.02 0.1 0.05 0003 0.1 0.0005 10/ 0.001 0.001 0.001 0.03 0.00020.001 0.01 0.05/ 0.05
0.02 0.0002
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to obtain as detailed coverage as possible, this lack of a
consistent approach is accepted in the following.

The geochemical data for rock samples and pan sam-
ples are presented in two ways, as simple statistical par-
ameters in Table 13 and as grid maps (Figs 83-99). Indi-
vidual grids are 4x4 km large, and only grids which con-
tain one or more analyzed samples are shown. All
analysed samples are grouped into three classes, and de-
pending on the element in question the group with the
highest values represents between 1% and 5% of the
analysed samples. The next group includes 5 to 10% of
the analysed samples, and the third group includes the
remaining, lowest values. Each grid is attributed an ana-
lytical value corresponding to the highest value within
the grid of the element in question, classified according
to the grouping mentioned above, and presented in
black, grey or white respectively. For a selected range
of elements both the rock sample and pan sample maps
are presented. Each element will be briefly commented
on.

Antimony (Fig. 83)

Antimony in rock samples seems to originate from
either stibnite or tetrahedrite. The major findings on
Ymer @ are due to stibnite, and minor amounts of stib-
nite also occurs at Bredehorn and in the Mesters Vig
area. The anomalies on Wegener Halvg, Strindberg
Land and Hudson Land are due to tetrahedrite. Un-
explained anomalies exist on Lyell Land and on Hold
with Hope.

The pan sample anomaly pattern is due to stibnite,
whereas areas with tetrahedrite are not reflected. The
anomalies on Ymer @ are well explained, but on Lyell
Land in situ mineralization remains to be found. Micro-
scopy of the concentrates from the latter locality has
confirmed the existence of stibnite grains. It should be
noted that the detection limit for antimony (Table 13) is
relatively high.

Known antimony mineralization is of Caledonian to
Tertiary age.

Arsenic (Fig. 84)

Arsenic in rock samples reflects the occurrence of arse-
nopyrite, which is known from Canning Land, north
Stauning Alper, Alpefjord, Randenas, Noa Dal, Hud-
son Land and Geologfjord, and of fahlore (mainly ten-
nantite), which occurs on Wegener Halvé and in Hud-
son Land. The occurrence in Geologfjord represents ar-
senopyrite-bearing quartz veins in granite, which also
are anomalous in gold (Table 12). Finally, anomalies oc-
curring both south and north of Wegener Halvg are due
to domeykite-algodonite.

The pan sample anomaly map only reflects some of
the known arsenopyrite occurrences. Arsenic anomalies
not investigated exist on central Traill @, north Lyell
Land, Hudson Land, Rendalen and on Hold with
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Hope. It is characteristic that gold is associated with ar-
senopyrite at several localities. The very restricted dis-
tribution of arsenic both in rock samples and pan sam-
ples is probably due to a high detection limit for the ana-
lytical method applied (Table 13).

Known arsenic mineralization is of Caledonian to
Tertiary age.

Barium (Fig. 85)

Known barium occurrences exist along the Post-Devo-
nian Main Fault System and on Wegener Halvg and
Canning Land and are of vein type or replacement type.

The pan sample anomaly map reveals all of these oc-
currences, but in addition indicates that extensive areas
on Lycll Land, Suess Land, Ymer @, Andrée Land and
Strindberg Land are anomalous in barium. The areas
consist of late Precambrian, Cambrian and Ordovician
sediments, mainly dolomites and limestones, and baryte
mineralization must occur within this sequence.

Known baryte mineralization is most probably of Up-
per Proterozoic and Upper Palaeozoic ages.

Bismuth (Fig. 86)

Several types of mineralization show enrichment in bis-
muth. The highest contents are associated with skarn
and contact vein mineralization around Caledonian in-
trusives (Kalkdal, Milne Land, Canning Land, Bers®r-
kerbre, Randenas, Luciagletscher and Gemmedal) and
around Tertiary intrusives (Werner Bjerge, Kap Simp-
son and Hold with Hope). Enhanced values of bismuth
are further associated with precious-metal-bearing,
base-metal veins as on Wegener Halvg, Galenadal, Noa
Dal, Brogetdal and Hudson Land.

Bismuth in pan samples is due to either native bis-
muth or bismuthinite. Most of the known occurrences
are reflected by pan samples, and in addition anomalics
exist in Hasdal on Lyell Land and at Knivbjerg. It is
noteworthy that bismuth is a good pathfinder for tung-
sten and gold mineralization.

Known bismuth mineralization is of Lower Palaco-
zoic to Tertiary age.

Cerium (Fig. 87)

The distribution of cerium corresponds to the distribu-
tion of other rare-earth elements. Mineralization is pri-
marily known from southeastern Milne Land in fossil
Jurassic placers. Other occurrences are allanite-bearing
pegmatite and skarn in Gletscherland and veins asso-
ciated with the Tertiary intrusives in Werner Bjerge and
at Kap Simpson.

The known occurrences are all reflected by the pan
samples. Pronounced anomalies which have not been
followed up exist in the Gurreholm Dal area and in
Hudson Land. The latter locality — Blokadedal - is fur-
ther commented on in the section describing niobium.
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Known cerium mineralization and rare-earth element
mineralization are in general mainly of Caledonian to
Tertiary age.

Copper (Fig. 88)

Copper mineralization is found in east Jameson Land,
Wegener Halvg, Canning Land and along the Post-
Devonian Main Fault System. Furthermore, scattered
high copper values are associated with nickel in Vest-
fjord and Kalkdal, with strata-bound chalcocite miner-
alization in the Eleonore Bay Group basin, with skarn-
type mineralization in the Gletcherland area and with
the Tertiary intrusive complexes of Werner Bjerge,
Traill @ and Hold with Hope.

High copper values in pan concentrates are mainly
due to chalcopyrite. The known occurrences are all re-
flected in the anomaly pattern. However, it is evident
that the Archaean-Middle Proterozoic metamorphic
complexes — especially Gaseland and Gletcherland —
and the Eleonore Bay Group basin are much more
anomalous than indicated by investigations made so far.

Known copper mineralization is of Archaean to Terti-
ary age.

Gold (Fig. 89)

Gold is associated with Archaean-Lower Proterozoic
rocks (Vestfjord and Flyverfjord), Caledonian intru-
sives (Milne Land, Kalkdal, Canning Land, north
Stauning Alper, Alpefjord, Randenas, Forsblad Fjord,
Noa Dal, Luciagletscher, Geologfjord and Hudson
Land), Devonian volcanics (Wegener Halvg and Can-
ning Land), the Post-Devonian Main Fault System
(Hudson Land) and the Tertiary intrusives (Werner
Bjerge, Kap Simpson and Hold with Hope).

The pan samples reflect nearly all known occurrences
and in addition show many other gold anomalies for ex-
ample on Gaéseland, Liverpool Land, Andrée Land,
Strindberg Land and Hudson Land.

Known gold mineralization is of Archaean to Tertiary
age.

Lead (Fig. 90)

The distribution of lead is comparable to that of copper,
except that lead mineralization is rare within the meta-
morphic complexes. Most occurrences are located on
Wegener Halvg, Canning Land and along the Post-
Devonian Main Fault System. In addition mineralized
samples originate from the Eleonore Bay Group basin
and the Tertiary intrusive complexes.

The pan sample anomaly pattern is a good mirror of
the known mineralization. Additional anomalies exist in
the northern part of Hudson Land, where Cambrian-
Ordovician carbonates obviously have a potential for
lead mineralization.

Known lead mineralization is predominantly of
Lower Palaeozoic to Tertiary age.
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Molybdenum (Fig. 91)

The rock sample map reflects the molybdenite occur-
rences associated with the Tertiary intrusives — Malm-
bjerg, Mellempas and Kap Simpson. The high values on
Wegener Halvg and east Jameson Land originates from
strata-bound Triassic base-metal mineralization. In the
Gurreholm Dal area molybdenum is associated with ga-
lena-bearing veins, in Kalkdal powellite occurs in quartz
veins, on Lyell Land molybdenite occurs in pyrite ag-
gregates, and molybdenite also occurs in Dickson
Fjord.

The pan sample anomaly pattern reflects most of
these occurrences. Additionally, pronounced anomalies
exist in Blokadedal, and on Canning Land. At the for-
mer locality molybdenite has been identified in the con-
centrates.

Known molybdenum mineralization is mainly of
Caledonian to Tertiary age with a clear maximum dur-
ing the Tertiary.

Nickel (Fig. 92)

Contrary to most other described elements, enhanced
nickel values originate in the Archaean-Lower Pro-
terozoic part of central East Greenland, for example in
the Vestfjord area.

Compared with the copper, lead and zinc, the nickel
content of the pan samples is very low. This probably in-
dicates that pan samples are a poor sampling medium
for nickel exploration. Anyhow, high values seem to be
correlated either with the metamorphic complexes (for
example Suess Land) or with the Tertiary basaltic flows
and sills (for example Hold with Hope). The high values
from the latter locality could be due to a high content of
olivine in the concentrates.

Known nickel mineralization is mainly of Archaean
to Proterozoic age.

Niobium (Fig. 93)

Rock samples with a high niobium content are restricted
to the Tertiary intrusive complexes of Werner Bjerge
and Traill @. In addition, enhanced values are asso-
ciated with cassiterite veins in north Stauning Alper and
skarn mineralization in Dickson Fjord.

The pan sample anomaly pattern reflects the occur-
rence of the Tertiary intrusive complexes (including Pic-
tet Bjerge and Kap Parry). However, the most pro-
nounced anomaly occurs in Blokadedal in Hudson
Land. This area is anomalous in a wide range of other
elements including tin, molybdenum and rare-earth el-
ements. All these anomalies are unexplained. Less pro-
nounced anomalies such as those on Milne Land and in
Alpefjord are probably associated with fossil placers
and tin mineralization, respectively. Other anomalies
on central Traill @, Clavering @ and Rendalen are not
well understood.
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Known niobium mineralization is mainly of Caledo-
nian to Tertiary age with a clear maximum during the
Tertiary.

Silver (Fig. 94)

Silver in rock samples reflects several types of miner-
alization. The most common type is galena-bearing
quartz vein mineralization of Caledonian to Tertiary
age. Other types are strata-bound lead-zinc-baryte oc-
currences of Upper Permian age and chalcocite miner-
alization in the Upper Permian and the Triassic.

Silver anomalies in pan samples are very scattered,
and correlation with known occurrences is difficult. The
reason is not well understood. Several anomalies which
have never been followed up in the field, for example in
south Liverpool Land, Frederiksdal, Skeldal and Pictet
Bjerge, exist.

Known silver mineralization is mainly of Caledonian
to Tertiary age.

Tin (Fig. 95)

Known tin mineralization is associated with the Cale-
donian or Tertiary magmatic activity. Cassiterite is
found in greisen veins at Malmbjerg, at Bers@rkerbra
and at Randen@s. Enhanced tin content occurs in tung-
sten skarn at Trekantgletscher, Knivbjerg and Gemme-
dal, and in tourmaline fels in Blokadedal.

The pan sample anomaly map reflects the known
mineralization, with Hudson Land as the most anoma-
lous area.

Known tin mineralization is of Caledonian or Tertiary
age.

Tungsten (Fig. 96)

High tungsten values are mainly due to the different
types of scheelite mineralization associated with Cale-
donian intrusives (Milne Land, Kalkdal, Canning Land,
north Stauning Alper, Alpefjord, Forsblad Fjord,
Knivbjerg, Ymer @ and Blokadedal). The occurrences
at Roslin Gletscher and Gemmedal are interpreted as
being of Middle Proterozoic age, and minor scheelite is
also associated with the Tertiary Kap Simpson complex.
Tungsten anomalies which are due to wolframite have
been identified at Malmbjerg and in Noa Dal.

The pan sample anomaly map is a very good re-
flection of the known tungsten occurrences. Anomalies
which remain to be investigated exist in Frederiksdal,
on Canning Land and in Hudson Land. The detection
limit for tungsten is relatively high (Table 13) and the
scheelite grain content of pan samples generally gives a
more detailed picture of the tungsten distribution (Fig.
99).

Known tungsten mineralization is mainly of Caledo-
nian age.
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Uranium (Fig. 97)

Except for a single moraine boulder rich in pitchblende
from Andrée Land (Table 12), no samples contain
above one per cent uranium. However, it must be noted
that samples collected by Nordmine do not reflect all
known uranium occurrences. High uranium values orig-
inate from fossil placers on Milne Land, fluorite miner-
alization in Arkosedal, Devonian phosphorite mincr-
alization on Wegener Halvg, allanite-bearing skarn in
Dickson Fjord, and from two-mica granites in the inner
fjord zone and on Gauss Halvg. Raised uranium values
are also known from various parts of the Archacan and
Lower Proterozoic basement.

As uranium oxides are very soluble the pan sample
anomaly map reflects either uranium-bearing silicate
minerals resistent to erosion or samples collected close
to outcropping mineralization. In addition to the anom-
alies in Hudson Land, which have been investigated by
GGU, anomalies exist on central Traill @, north Stau-
ning Alper and in the Luciagletscher area.

Known uranium mineralization is of Archaean to
Mesozoic age.

Zinc (Fig. 98)

The location of most high zinc values is the same as for
copper and lead.

The pan sample anomaly map displays a different pic-
ture. The known occurrences are only reflected by a few
anomalous samples. Instead, zinc anomalies exist in
north Hudson Land (see lead), in west Andrée Land,
on Ymer @, in Forsblad Fjord, in Renland and in Gase-
land. Stendal (1980b) showed that pan samples arc not a
good sample medium for zinc as most sphalcrite scems
to go into solution, and furthermore the detection limit
is high.

Known zinc mineralization is of Proterozoic to Terti-
ary age.

Scheelite grains (Fig. 99)

Counting of scheelite grains in UV-light has served as
the principal exploration method in the scarch for
scheelite occurrences (Hintsteiner 1977, Hallenstein ct
al. 1980). The method is not as exclusive as could be de-
sired, because several other minerals may have a fluor-
escence colour quite similar to scheelite. These include
diopside, hydrozincite, quartz, alkali feldspar and po-
wellite. With this uncertainty in mind it is recognized
that, except for the Mesozoic basin, scheelite occurs in
all parts of central East Greenland. Only major and
easily accessible anomalies have been followed up, and
the occurrences located are mentioned in the section on
tungsten. Significant anomalies which have not yet been
investigated exist in Gaseland, Canning Land, Stauning
Alper and on Hudson Land.
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Fig. 99. Geochemical map of
scheelite grains in pan samples,

central East Greenland. oa
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MINERAL OCCURRENCES

IN

CENTRAL EAST GREENLAND

@125Pb Zn

"

= 720

LEAD - ZINC OCCURRENCE. TEXT DESCRIPTION NO. 125

MAJOR FAULT/ THRUST - UNDIFFERENTIATED
INLAND ICE/GLACIER
QUATERNARY SEDIMENTS

TERTIARY IGNEOUS ROCKS

UPPER PERMIAN - LOWER TERTIARY
SEDIMENTARY ROCKS

UPPER CARBONIFEROUS - LOWER PERMIAN
SEDIMENTARY ROCKS

DEVONIAN SEDIMENTARY AND VOLCANIC ROCKS

CALEDONIAN PLUTONIC ROCKS

UPPER PROTEROZOIC - MIDDLE ORDOVICIAN
SEDIMENTARY TO LOW - GRADE METAMORPHIC ROCKS

MIDDLE PROTEROZOIC (& CALEDONIAN)
METAMORPHIC / PLUTONIC ROCKS

ARCHAEAN - LOWER PROTEROZOIC
METAMORPHIC / PLUTONIC ROCKS

GEOLOGY MODIFIED AFTER BENGAARD (1985)

20°
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