Project SUPRASYD 1994 — Ketilidian supracrustal
rocks in South-East Greenland and gold-bearing
shear zones in the Julianehab batholith

Adam A. Garde and Hans Kristian Schgnwandt

The SUPRASYD project is a reassessment of the geo-
tectonic setting and mineral potential of the Lower Proter-
ozoic Ketilidian orogenic belt in southern Greenland (pre-
viously described by Allaart, 1976 and Kalsbeek et al.,
1990), and in particular its supracrustal rocks. During the
first field season in 1992 a geological and geochemical
reconnaissance programme was carried out in South-East
Greenland between approximately latitudes 60° to 62° N,
mainly in areas with supracrustal rocks (Steenfelt et al.,
1992; Nielsen et al., 1993; Chadwick et al., 1994a). The
second season in 1993 focused on the southern part of the
Julianehab batholith on the west coast of South Greenland,
as well as on shear zones with spatially associated gold
mineralisation (Garde & Schgnwandt, 1994; Chadwick et
al., 1994b; Stendal et al., in press). Field work from the
early 1960s was re-evaluated and supplemented with new
mapping with the aim of compilation of the 1:100 000
scale map sheet 60 V.3, Sgndre Sermilik.

This report presents a brief outline of the third season of
the project in 1994. Tworegions were visited, that between
Kangerluluk and Lindenow Fjord in South-East Green-
land, and the area around Sgndre Sermilik on the west
coast of South Greenland (Fig. 1). In the former region
systematic mapping of the area covered by the map sheet
Lindenow Fjord 60 .1 was initiated, and in the latter field
work for the Sgndre Sermilik map sheet was completed.
The geological reconnaissance was carried out in six weeks
of July and August, supported by a chartered helicopter.
Eight geologists from GGU, the University of Copenhagen,
the University of Exeter (U.K.), the Geological Survey of
Canada and the Geological Survey of Western Australia
participated in the project.

Supracrustal rocks between Kangerluluk and
Lindenow Fjord in South-East Greenland

The survey in 1992 of this area had revealed that the
published geological map at scale 1:500 000 (Allaart, 1975)
needed substantial revision. In addition, new interpreta-
tions of the Julianehab batholith and associated major
shear zones in the west arising from field work in 1993
indicated the need for further work in the eastern part of the
orogen. The aims of the 1994 work in South-East Greenland
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were to obtain comprehensive information about: (a) the
boundary relationships between the batholith and the supra-
crustal rocks; (b) the general stratigraphy and structure of
the supracrustal rocks; and (c) their economic potential. In
addition, an age determination programme was initiated in
order to gather new information about the evolution of the
Ketilidian orogen, especially the accretion of the batholith
and the provenance of the supracrustal rocks east of it.

Field work was concentrated between Kangerluluk and
Lindenow Fjord, an area that spans the boundary zone
between the batholith and the supracrustal rocks to the
south-east. The terrain is generally difficult of access and
hostile. Most of the region consists of elevated plateaus
covered by the Inland Ice, and the bedrock mostly crops
out as nunataks and on steep slopes along the fjords. Only
small areas in the vicinity of some of the fjords and near the
outer coast are walkable, and access by boat is often pre-
vented by ice conditions. One of the mapping teams was
entirely occupied with systematic helicopter-supported
mapping of the high ground. Another team made more
detailed observations on foot between Danell Fjord and
Paatusoq, and north of outer Lindenow Fjord, while a third
team operated by rubber dinghy, combining coastline map-
ping with surveys of rust zones and follow-up of gold
anomalies from the 1992 field season. A fourth team col-
lected geological specimens for age determinations.

The results of the field work in 1994 are best presented
within the framework of the recent reinterpretation of the
Ketilidian orogen by Chadwick & Garde (in press); it is
considered to be a collisional orogen formed in a sinistral
transpressional setting between a northern continent (the
Archaean block of southern Greenland) and a southern
ocean that was subducted towards the north. The orogen is
divided into four zones (Fig. 1): (1) a border zone to the
north-west, (2) the Julianehab batholith, and an accretion-
ary intra- and fore-arc basin to the south-east consisting of
(3) apsammite and (4) a pelite zone (Fig. 1); the batholith,
psammite and pelite zones proposed by Chadwick &
Garde replace the granite and folded migmatite zones of
Allaart (1976). The first preliminary results of the new age
determination programme are in agreement with the pro-
posed plate-tectonic model of the orogen, confirming that
both undeformed and gneissic parts of the Julianehab
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Fig. I. Sketch map of South Greenland (ice cap omitted), showing the areas of field work in 1994 within the two map shect arcas
Sendre Sermidik 60 V.3N and Lindenow Fjord 60 9.1N, and the principal divisions of the orogen. Much of the orogen is covered
by the Inland Ice. Mz: Matorsuaq high strain zone, Nz: Nanisiaq shear zone, sz: shear zone. The index map shows the Archacan
block (A) and the Ketilidian orogen (K). Simplified from Chadwick & Garde (in press).

batholith are of juvenile Proterozoic origin, and that detri-
tal zircons in the fore-arc basin are mainly Proterozoic in
age.

The ticld work in 1994 contirmed that the flat-lying low-
grade metavolcanic and clastic metasedimentary rocks in
the “Sorte Nunatak® area, found in 1992 west of Danell
Fjord, are separated from the Julianehab batholith by a
sinistral transcurrent shear zone. It was also contirmed that
the lowermost of these supracrustal rocks are intruded by a
granite batholith. Between Danell Fjord and Kangerfuluk
there are other broadly similar units of flat-lying metavol-
canic rocks. polymict conglomerates and cross-hedded
psammites, which are interleaved with marginal parts of
the batholith. Some of the metavolcanic units contain
excellently preserved agglomerates, flows, hyaloclastites.
slumped volcaniclastic conglomerates and cross-bedded
tuffites. The contacts between the batholith and supracrustal
rocks appear to be steep shear zones as in the *Sorte Nuna-

tak™ area, but outcrops are sporadic. The variety of rock
types found in the north-western part of the psammite zone
together indicate a tectonically unstable near-shore envi-
ronment with localised calc-alkaline volcanism (T. F. D.
Nielsen, pers. comm., 1994), and this part of the psammite
zone is therefore interpreted as proximal with respect 10
the Julianehdb batholith. The pelites, which are common
on both sides of inner Danell Fjord at some distance from
the batholith, are locally so well preserved in spite of tight
1o isoclinal folding that thick series of graded turbidites
can easily be recognised. The intensity of metamorphism
and degree of partial melting in the pelites generally
increases southwards, but andalusite and cordierite crys-
tals along axial plane cleavages of early folds (even in the
pelites most proximal to the batholith) indicate that the
high thermal gradient in the region was present from an
carly stage of deformation.

Arkosic psammites form the bulk of the psammite zone,



Fig. 2. Migmatised psammite with thin pelitic horizons north-
west ot outer Danell Fjord.

but their stratigraphic thickness has not been established
due to their uniform appearance, complex told structures,
and the increasing degree of migmatisation towards the
south (Figs 2 and 3). In this part of the psammite zone there
are white migmatitic granites. in which only thin, evenly
distributed wisps of recognisable psammite are left. Small
areas of psammite north of Danell Fjord, where anatexis is
less extensive, contain a variety of well-preserved sedimen-
tary structures, orientated right way up. Thin calcarcous
horizons occur in most of the psammite zone and can in
places be followed for many kilometres. Local. up to a few
hundred metres thick units of strongly deformed metavol-
canic rocks also occur, and syntectonic dykes of the appi-
nite suite are common throughout the psammite zone. as
well as in the batholith. In the central part of the psammite
zone south of Kutseq Fjord an inverted conglomerate bed
rich in vein quartz clasts of unknown provenance was
found, which has an outcrop area of several square kilome-
tres and presumably forms part of an early nappe which
cannot be completely defined. South of Lindenow Fjord
the psammites give way to extensive pelitic rocks, which
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gencrally appear to rest conformably on the psammites.
The structure of the psammite zone is as yet not properly
understood. but appears to consist of alternating structural
domains with respectively north-casterly and casterly trends.
Upright to north-vergent. tight folds with shallow north-
casterly to casterly plunges are very common. Although
many of the outcrops visited in 1994 seem to have been
affected by only one fold phase there is local evidence of
superimposced folding.

A number of localities of potential economic interest
were investigated in 1994, Analytical results are not yet
available. but will be published in due course in GGU's
Open File report serics. Localities at Danell Fjord and
Lindenow Fjord where stream sediments sampled in 1992
showed anomalous gold values were resampled and sup-
plementary chip and grab samples were taken. Agglomer-
atic amphibolites between Kangerluluk and Danell Fiord,
and south of Kutseg Fjord, were also investigated, as sam-
ples from an amphibolite horizon south of Kutseq Fjord
collected in 1992 indicated a potential for gold. Pelitic
rocks trom within the psammite zone containing graphite
and sulphides were also sampled. In addition, a major
north-east trending shear zone at the head of Danell Fjord,
which separates the batholith from supracrustal amphibo-
lites. was investigated. This shear zone hosts intense hydro-
thermal alteration over a width of hundreds of metres
across strike. Several cycles of hydrothermal activity may
have taken place. as only some of the hydrothermally al-
tered rocks are affected by shearing, whercas others were
sheared prior to alteration.

The Julianchab batholith and supracrustal
rocks in the Spndre Sermilik area

In the Seandre Sermilik area the 1994 SUPRASYD party
completed the geological survey necessary for the compi-
lation of the 1:100000 map sheet 60 V.2. Studies initiated
in 1993 of gold mincralisation associated with shear zone
systems in the southern part of the Niagornarsuk peninsula
were also continued.

The 1994 survey supplemented the general picture of the
batholith obtained in 1993 (Chadwick er al., 1994b; Garde
& Schgnwandt, 1994). A regional boundary was located in
the vicinity of lgaliko Fjord between leucocratic granites
to the north-west and the main. predominantly granodior-
itic part of the batholith to the south-east. It was also
observed that the latter can be divided into three belts.
From north-west to south-east these are a belt of granodi-
orite with common decimetre-sized dioritic inclusions, a
belt of granodiorite with numerous syntectonic dioritic
dykes of the appinite suite, and a belt of granodiorite with
kilometre-sized and larger dioritic intrusives.

The south-castern part of the map sheet area consists of



Fig. 3. Halsbdndet mountain (‘the necklace™) north of outer Danell Fjord, consisting of migmatised psammite with pelitic
intercalations.

supracrustal rocks. The assembly of polymict conglomer-
ates, highly strained agglomeratic amphibolites. and pelit-
ic and arkosic psammitic rocks closely resembles succes-
sions in the proximal part of the psammite zone in the east.
The supracrustal rocks occur in a rugged area of alpine
relief, where geological photogrammetry (using the multi-
model method, Ducholm, 1992) greatly aided the tield work.

Gold-bearing shear zones within the
Julianehab batholith

An important outcome of the 1993 field work was the
recognition that the Julianehdb batholith contains several
major north-east trending, sinistral transcurrent shear zones,
several of which are more than 500 m wide. The most
prominentof these is the Sirdlog shear zone (Fig. 1),a 1.5
km wide, subvertical belt of predominantly mylonites and
ultramyionites described by Chadwick er al. (1994b) (sce
also Windley, 1991). The Matorsuaq high strain zone c. 4
km south-east of the Sardlog shear zone consists of or-
thogneisses formed by ductile deformation of batholith gran-
itoids. The major north-east trending shear zones (and asso-
ciated second-order shear zones in various directions) form
an integral part of the Julianehdb batholith and do not

separate different terranes as previously suggested by
Windley (1991) for the Sirdlog shear zone. The shear zones
commonly contain quartz veins and hydrothermal altera-
tion zones, which appear to have developed at high levels
during late stages of the emplacement of the batholith.

One of the larger north-east trending shear zones, the
Nanisiaq shear zone in the eastern part of the Niagornarsuk
peninsula (Stendal er al., in press), is located in the part of
the batholith generally characterised by granodiorite with
appinite dykes. This area contains enclaves up to a few
hundred metres in size of fine-grained, teldspar-phyric,
commonly strongly deformed felsic rocks of supposed
subvolcanic ongn, suggestng that this part of the batho-
lith represents some of its epizone. Stream sediment geo-
chemistry (Stendal er al.. in press) in the areas surrounding
the Nanisiaq shear zone indicates a general gold enrich-
ment along the shear zone. Across the Nanisiaq shear zone
there is a change in major and trace element patterns in
stream sediment, which may reflect the increased abun-
dance of dioritic rocks in the third of the above mentioned
batholith belts. A major magnetic gradient is also located
here (Thorning et «l.. 1994). with higher magnetic values
to the west.

Several stream sediment gold anomalies are located



along the Nanisiaq shear zone, and here the following
types of gold-bearing siliceous veins or shear zones have
been recognised (Stendal ez al., in press): silicified shear
zones with gold associated with galena and arsenopyrite;
gold-bearing quartz veins almost devoid of sulphides; and
molybdenite-bearing quartz veins with trace amounts of
gold. Of the larger shear zones in the Sgndre Sermilik area
only the Nanisiaq shear zone and associated second-order
shear zones show a combination of stream sediment gold
anomalies, hydrothermal alteration and gold mineralisa-
tion, indicating that this shear zone is a significant gold
exploration target.

Future perspectives

The current SUPRASYD project is a major step towards
a general re-evaluation of the Ketilidian orogen, and it is
intended to complete the ongoing investigations between
latitudes 60°30” and 61° N in South-East Greenland during
a field season planned for 1996. In the meantime the
Greenland Home Rule authority intends to carry out an
aeromagnetic survey of part of the Julianehab batholith in
1995. It is hoped that this will reveal a correlation of shear
zones across the ice cap and expand the shear zone related
exploration target for gold within the batholith. Several
other important aspects of Ketilidian orogeny, such as vol-
canism and the structural development of the border zones
in the south-west and north-east, an explanation for the
high thermal gradient in the fore-arc basin, and a reap-
praisal of the rapakivi suite of plutons, will have to be left
for future projects.
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