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Geochemical mapping and geological
reconnaissance in the Nagssugtoqidian

mobile belt, West Greenland

Agnete Steen/elt, Feiko Kalsbeek
and Hans F. Jepsen

The Early Proterozoic Nagssugtoqidian mobile belt is
geologically poorly known despite its location in the
more populated part of West Greenland (Fig. 1). A
detailed geological map (1:100000; Olesen, 1984) is
available for the western part of the Nordre Strømfjord
area, but the remaining areas have only been mapped at
1:500 000 scale with geological reconnaissance along the
coast and aerial photograph interpretation of inland
areas (Map· sheet 3: Søndre Strømfjord - Nugssuaq;
Escher, 1971).

The Nagssugtoqidian mobile belt has recently been
interpreted as an area of continent-continent collision
based on occurrences of Proterozoic calc-alkaline plu
tonic and volcanic rocks with isotope compositions re
flecting a juvenile origin (Kalsbeek et al., 1987).

The re-interpretation of the Nagssugtoqidian belt
from an ensialic (within-plate) feature to a suture zone
between two Archaean crustal blocks changes the per
ception of the area's mineral potential. Existence of an

Rapp. Grønlands geol. Unders. 159, 31-37 (1993)

early Proterozoic ocean and subduction zone would be
favourable for the genesis of a number of ore deposit
types, some of which might have survived later defor
mation and metamorphism. It is, therefore, important
to look for further evidence to confirm or reject the
collision model.

New geochemical data have been acquired and sup
plementary field observations made during GGU's re
connaissance geochemical mapping programme withjn
the mobile belt. The programme, based on stream sedi
ment and water sampling, covered the eastern part of
the Nagssugtoqidian belt in 1990 and 1991 (Steenfelt &
Dam, 1991; Steenfelt et al., 1992), while most of the
western part of the belt was sampled in 1992 (Steenfelt
et al., 1993). The 1992 season also included geological
field work at selected localities. In addition aeromag~

netic data from parts of the mobile belt (Thorning,
1984) have recently been re-processed by L. Thorning
to improve resolution.

© GGU, Copenhagen, 1993
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Geochemical, aeromagnetic and geological
features of the eastern Nagssugtoqidian belt

Stream sediment geochemical and aeromagnetic data
indicate the presence of several distinct domains, sep
arated by fairly sharp boundaries (Fig. 2). Based on
field observations, the latter have tentatively been in
terpreted as representing thrusts and shear zones
(Steenfelt & Dam, 1991). A clear division can also be
made between the northern and the southern segments
of the Nagssugtoqidian belt.

The southern region is dominated by brownish, gra
nulite facies, hypersthene or hornblende gneiss (Fig. 3).
It is characterised by high concentration levels of Cr and
Sc, a low levelof Th, and it has a strongly banded
magnetic pattern reflecting the thrusted nature of the
terrain (Fig. 2). The northern region is an amphibolite
facies terrain mainly consisting of granitic gneisses with
enclaves of garnet-bearing metasediments. This region
has high Th concentrations (Fig. 2D) reflecting the pres
ence of cross-cutting granite and pegmatite veins. Mag
netic pattertls are weaker and non-linear, except for the
anomalies over the central part of the Arfersiorfik
quartz diorite (A in Fig. 2a) and the magnetic lineament
folIowing the Nordre Strømfjord shear zone (NSSZ). In
the central part of the area in Fig. 2 the Th dorriain
overlaps the Cr-Sc domain. The data are interpreted as
reflecting an assemblage of small crustal blocks, pos
sibly representing different crustal leveis, which have
been juxtaposed by shearing and thrusting such as
would be expected in a continent collision environment.

Rock units of the pre-collision stage

Metasediments and ultramafic rocks at the head
of Arfersiorfik

GGU's 1:500000 map sheet 3 (Søndre Strømfjord 
Nugssuaq; Escher, 1971) shows extensive occurrences
of metasediments as synforms surrounded by quartz
diorite near the head of Arfersiorfik fjord (Fig. 3). As
major outcrops of Nagssugtoqidian (Proterozoic) meta
sediment are not common within the belt, it was hoped
that these occurrences might provide information on
early phases of development of the mobile belt.

Most of the outcrops studied (at a in Fig. 3) proved to
consist of strongly deformed garnet-sillimanite para
gneisses. The paragneisses host numerous large lentic
ular bodies of ultramafic rock, up to hundreds of metres
in size. Large outcrops of amphibolite are also present.
It is estimated that c. 25% ofthe outcrop area visited (c.
10 km2

) consists of ultramafic bodies and c. 10% of
amphibolite. Contacts between these bodies and the

surrounding paragneiss are too strongly sheared to per
mit an interpretation of their original mutual relation
ships. Much of the surrounding quartzo-feldspathic or
thogneiss is very homogeneous. A correlation with the
Arfersiorfik quartz diorite, as suggested on the pub
lished map, would seem likely, although .the rock is
much more felsic than the quartz diorites north-east of
the head of Arfersiorfik.

The paragneisses form an east-plunging synform
within the surrounding orthogneisses. It is believed that
this synform is a late structure because the paragneisses
have a strong foliation, and it is this foliation that is
folded by the main synform. The contact between the
paragneisses and the surrounding orthogneisses is too
strongly sheared to yield evidence of the original rela
tionship between the two rocks.

There are few streams in the area near locality a (Fig.
3). The closest two stream sediment samples have been
collected to the west of the outcropping uitramafic
rocks, and they did not have the chemical signatures of
ultramafic rocks. By contrast, a strOIig multi-element
anomaly with high Mg, Ti, Cr, Co, Ni, Cu, Zn, As, Sb
and U was detected in 1991 at locality b (Fig. 3) on the
northern side of the Nordre Strømfjord shear zone
(Steenfelt et al., 1992). When inspected in the field in
1992 it was shown to reflect a large ultramafic body
(source of Mg, Ti, Cr, Co and Ni) in contact with rusty
biotite schist (source of Cu, Zn, As and Sb) and cross
cut by conspicuous pegmatite veins (source of U). On
the 1:500 000 geological map this ultramafic rock is
erroneously shown as marble.

Sarfartuup Nunaa, south-east of Søndre
Strømfjord

An outcrop at Sarfartuup Nunaa several km2 in area
and dominated by greenschists and amphibolites (S in
Fig. 1) has been interpreted as a klippe of Nagssugto
qidian supracrustal rocks by Diggens & Talbot (1974)
and Talbot (1979). Talbot (1979) recognised a sequence
of at least nine thrust sheets piled up on top of each
other, several of the sheets containing basement
gneisses with an unconformable cover of sediments and
basic voicanic rocks. During our visit in 1992 it was not
possibie to confirm this interpretation.

The Sarfartuup Nunaa outcrops lie on a plateau at c.
1200 m aititude, and aithough most rocks are probably
more or less in place, much of the outcrop is frost
shattered, and detailed observations are therefore com
monly impossible. All proposed thrust contacts shown
on Talbot's (1979) map are covered by debris and im
possibie to verify. Convincing evidence of an uncon
formable relationship between orthogneisses and meta-
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NAGSSUGTOQIDIAN BEL T

[:".3 Granites

f:'-'4i~ Quartz diQrite

_ SupracrustaJ rocks

~Gneisses

ARCHAEAN BLOCK

i~·~.~1 Charnockites and syenites

ll3J Gneisses

/ Thrus!

!IJIIT!] Phanerozoic cover

Fig. I. Location ol' tlle Nrtgssugtoqiclian mobile belt in WC:j( urccnland. T!le frame shows till' Mea af Fig:. 2. S illtlic<llcs lhe locality

Sarfartuup Nun;w which is disCllsscd in tlle texl.

sediments ar marie volc;mic rocks was nol found. Loosl:
blocks af leuCOCf,l1ic rine-grained gnciss on:ur at 10<":<.11

ities m<lppeel by Talbot (1979) as metascuimcnts. but thc
()J"igin ol' these rocks is not clear. Greenschists and am

phibolilic rocks do tocally 5hO\",· structurcs which may bc

interpretecl as poorly preserved pillows. but alsa h<.TC
there was 110 cvidcncc af an unconformahle relationship

\Vith the gneisses.
The Sarfartuup Nunaa area lies \vithin a major shear

zone. and 1110st of the rocks are very strongly deformcd.

The surrounding gneisses cOlltain T1umerous dykes ol"

the Kang{l1niut dykc swarlll. Similar basic intrusivc

rods Oll Si:lrfartuup Nunaa were interpreted by Tdbot
(1979) as late merabasie intrusions cmplaced into the
Nagssugroqidi<lJl supracrust<ll pile before southward tee
tonic transport of the \vhole mass into its present posi

tion. HO\vever. ' ....e ravour the interpretation that parts

of the grecllschist-<l1l1phibolitc scqucnce arc ol' Ar
(haean age and c01l1parablc with Archacan amphibo

liles elsewherc. and that others are strongly deformed

intrusive boclies belonging to the Kang~lIniut swar1l1.
indeed, same of these bodies are massive in their cen
tres, but transformed inw grccnschist along their mar

gins.

Rock units and strudures uf the ('ollision stage

Granilic rocks in tlle eastem pan af l\/ordre
Slrv!rnfjord

In the eastem part of Nordre Strølllfjord lhe

500 000 geological map shows large OlltCropS ol' grani
toid rocks. Some of these (gi and g2 in Fig, 3) ilre ol'
tJ"Ondhjemitic affinity: thcy have low lcvcls af gamma
radii.ltion as mcasured with a scintillolllctcr (Stccnfelt &
Dam, 1991) and are grey co white in colour. Others (gJ

anu g4) are pink pOlassiurn-rich granites \Vith higher

gamma-radiation. Thc latter have bcen interpretcd as
syn-collision granites by Kalsbeek et al. (1l)l:j7). Large

outcrops of granitc have also been found lo bc present
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in areas indicated ~s gneiss on the 1:500 000 published
map.

The granite outcrop at g4 was studied in some detail.
It is surrounded by metasediments (quartzite, marble
and paragneiss), and is full of rafts and inc1usions of
gneiss and amphibolite, commonly well preserved but
sometimes half-digested. Only parts of the outcrop,
rarely larger than tens of metres in extent, consist of
homogeneous granite.

The metasediments that overlie the granite at g4 are
well preserved. To the north-east the contact is sharp
and concordant on outcrop scale. A few metres thick
quartzite layer, in direct contact with the granite, is
overlain by several tens of metres of marble, and this is
in turn overlain by semipelitic paragneisses. The contact
is reminiscent of the basal unconformities seen else
where in West Greenland where Proterozoic sediments
overlie Archaean basement (e.g. Henderson & Pulver
taft, 1987). However, on a larger scale the granite is
discordant with respect to the metasediments; to the
south the granite is in direct contact with pelitic meta
sediments. The granitecannot, therefore, represent Ar
chaean basement rocks, but it may have been emplaced
along the contact between Archaean basement gneisses
and the Proterozoic sedimentary cover.

Structures in the eastern part of the area between
Søndre and Nordre Strømfjord

The intense deformation affecting the area between
Søndre Strømfjord and Nordre Strømfjord can be as
cribed to the collision phase of the Proterozoic orogeny.
In the southern part of the investigated region ENE
WSW structural trends are very pronounced, and there
are several steep, subparallel zones of intense shearing.
The mostpronounced have been traced as topograph
icai lineaments on aerial photographs (lines 1 to 3 in
Fig. 3) and they coincide with magnetic linear trends in
the strongly banded pattern on the aeromagnetic map
(Fig. 2a). Line 1 runs through amphibolite facies
gneisses with Kangåmiut dykes and coincides with a

. very distinct boundary between highly magnetised rocks
north of the line and less magnetised rocks south of it.
Line 3 coincides largely with the thrust indicated on
GGU's 1:500 000 map as folIowing the southern bound
ary of the hypersthene gneiss terrain. Towards the west
the three major and some intermediate minor linea
mentsappear to merge into the Ikert6q shear belt (Gro
cott, 1979; Korstgård, 1979). Within the belt these au
thors recognised pre-Kangåmiut dyke transcurrent
shearing overprinted by post-dyke ductile thrusting in
the northern part. In the area north of Kangerlussuaq
(formerly Søndre Strømfjord) Airport, Kangåmiut

dykes are affected by displacements along lineaments 2
and 3 whereas the relationship of line 1 with the dykes
has not been verified.

Between line 4 and an observed brittie fault (5 in Fig.
3) light brown gneiss is overridden by sheared grey
biotite gneiss containlng disseminated sulphides and
graphite. The sheared gneiss is very gently inc1ined (100

to 200 N) and line 4 is believed to represent a flat-Iying
thrust.

North of line 6 in Fig.3the regional strain weakens
and the terrain is characterised by open folds in the grey
gneiss with extensive enc1aves of supracrustal rocks.
Line 6 was mapped as a thrust with northward dis
placement on the 1:500 000 geological map. The thrust
has not been studied on the ground, but appears impor
tant as it coincides with a magnetic lineament (Fig. 2a)
and in its easternmost part with a geochemical boundary
seen as a sharp change in background level for Sc (Fig.
2c), as well as for Ba and Ca (Steenfelt & Dam, 1991).

Indications of mineralisation

Observations of zones of rusty weathering were made
routinely in connection with the geochemical sampling
and plotted on aerial photographs. Rust colouring is
widespread and is typically associated with supracrustal
rocks in shear and thrust zones, particularly in the
Nordre Strømfjord shear zone. Ground inspection
showed that the hosts of the rust zones are commonly
mica schist or gneiss, and occasionally amphibolite.
Non-weathered sulphide minerals are rarely seen but
graphite is common to abundant.

The geochemical data show that enrichment in Cu,
Zn and As has occurred in the shear zones and also that
the concentration of fluoride is higher in the water of
streams draining such zones. The observations indicate
that the zones have been subjected to hydrothermal
water flow, and mineralisation may have taken place
where conditions were favourable (Steenfelt et al.,
1992). The distribution of Au, As and Sb anomalies
indicates possibie gold mineralisation in supracrustal

Fig. 2. Aeromagnetie map (a) and the distribution ofehro
mium (er), scandium (Se) and thorium (Th) eoneentrations in
stream sediments in the eastern part of the Nagssugtoqidian
mobile belt. The shaded relief map (illuminated from the
north) of the total magnetic field is based on reproeessing of
measurements from 3000 feet altitude and 1.5 km line spacing
(Thorning, 1984). The map emphasises the linear trends but
does not show the levels of magnetisation. The element distri
bution maps are based on instrumental neutron aetivation anal
ysis of the < 0.1 mm fraction of stream sediment.
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Evidence for hydrothennal <!Iteration ....vas alsa found
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Conc!usions

Thc 1992 sampling has t:omplcted tht: gcochemical
low-dcnsity coverage ol' thc Nagssugtoqidian mobile
helt, and the analyticai data wnlribute to all ovcrvicw



of the mineralisation potential as well as providing a
basis for recognition of crustal domains involved in the
Nagssugtoqidian mobile belt.

Geologieal reconnaissance has shown that the south
em part of GGU's 1:500000 map sheet 3 (Søndre
Strømfjord - Nugssuaq; Escher, 1971) is unreliable in
important respects. This is mainly due to lack of suffi
cient ground control in large parts of the area prior to
map compilation. Further study of the Nagssugtoqidian
belt is thus justified. Although strongly deformed and
metamorphosed, the metasediments east of Arfersiorfik
may provide possibilities for a study of the earliest
stages of evolution of the Nagssugtoqidian mobile belt.
It is still an open question whether these outcrops repre
sent early Proterozoic sediments, whether the ultra
mafie bodies are obducted parts of early Proterozoic
ocean floor and whether the early stages of plate con
vergence were associated by formation of ore bodies.
The rocks at Sarfartuup Nunaa, where it was hoped to
gain an insight into early Nagssugtoqidian sedimenta
tion and volcanism, do not appear to be suitable for this
kind of study.

Acknowledgernents. The Mineral Resources Administration
for Greenland contributed financiaIly to the geochemical map
ping programmes in 1991 and 1992. Leif Thorning kindly gave
permission to present the aeromagnetic map in Fig. 2.
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