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The first systematic investigations of the central part of the Early Proterozoic Ketili-
dian orogen in the vicinity of Sgndre Sermilik in the early 1960s suggested that this
part of the orogen comprised a mixture of the Julianehéb granite, altered supracrustal
rocks and older orthogneisses. Recent field work has shown that the area consists only
of a variably deformed suite of granitic to dioritic plutonic rocks and a range of
hornblende-bearing dykes of the appinite suite which all belong to the Julianehib
batholith. Steep to vertical shear zones with widths from a few centimetres to more
than one kilometre are a significant element of the structure. The principal shear zones
trend north-east and they are paraliel to the schistosity and subhorizontal linear
structures in the granitoid rocks. Kinematic indicators in many of the shear zones
indicate sinistral transcurrent displacements. The relationships between granite fabrics,
shear zones and mafic dykes suggest that the Julianehdb batholith was emplaced during
subduction from the south towards the Archaean craton in the north-west in a sinistral
transpressional system.

Effects of hydrothermal alteration, mainly in the form of quartz veining, silicification,
chloritisation, epidotisation and pyritisation, are common within and adjacent to the
largest shear zones. These effects are believed to be related to late stages of the
evolution of the batholith. Gold anomalies appear to be closely tied to the hydrothermal
phenomena.
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This report describes the results of field work in the
area adjacent to Sgndre Sermilik, a major fjord north of
Nanortalik in South Greenland (Figs 1 and 2). The field
work, undertaken in 1993, was the second field season of
the project SuprasyD (Dawes & Schgnwandt, 1992;
Nielsen et al., 1993; Garde & Schgnwandt, 1994) which
is aimed at a reassessment of the geology of the Early
Proterozoic Ketilidian orogen of South Greenland, espe-
cially the economic mineral potential of the supracrustal
rocks. The field work in 1993 was concentrated in the
area north-west of Sgndre Sermilik which is dominated
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by the southern portion of the Early Proterozoic Juliane-
hab batholith. We use the term ‘Julianehdb batholith’ in
place of the terms ‘Julianehdb granite’ and ‘Granite
Zone’ used by previous workers (see Allaart, 1976) be-
cause of its size, geotectonic setting and wide variation in
composition. Our usage is broadly in accord with that of
Windley (1991) who described the batholith as “An 80-
100 km wide zone ... which varies from tonalite to gran-
ite”, although its structural setting appears to be different
from that proposed by Windley (see below). In this ac-
count we use the terms granite, granodiorite and diorite as
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Fig. 1. Geological sketch map of South Greenland with the position of the area discussed in this account (Fig. 2). A: Amitsoq. [
Danell Fjord, I: [galiko Fjord, K: Kobberminebugt, KI; Kangerluluk, N: Napasorsuaq Fjord, S: Saarleq, 55: Sendre Sermilik.

licld terms, based only on outcrop characteristics. The
arca south-east of Sgndre Sermilik is dominated by su-
pracrustal rocks and rapakivi granites of the Ketilidian
belt, but none were examined in detail apart from some of
the supracrustal rocks in coastal outcrops on the fjord
itself.

Previous work

The results of systemalic mapping by GGU during the
1930s and early 1960s in the Ketilidian orogen (1950~
1730 Ma) and the Gardar alkaline province (1300-1120
Ma) in the extreme south-west of Greenland were com-
piled in several published 1:100 000 geological map
sheets (sce Kalsbeek er el 1990, fig. 1). However, the
1:100 000 map sheet 60 V.3 N, which includes a large
area north-west of Sendre Sermilik, was not published,
although a substantial part was mapped in 1961-63 (Ayr-
ton & Weidmann, 1963; Berrangé, 1966: Buttet, 1963;
Muller. 1961; Persoz, 1969; Windley, 1966a, b). Our
survey in 1993 was largely restricted to the area of this
unpublished map sheet.

The results of the surveys of the Ketilidian belt in the
19508, 1960s and later vears were reviewed by Allaart

(1976) and Kalsbeek ef af. (1990). the latter as the de-
seriptive text to the 1:300 000 map sheet of South Green-
land (Allaart, 1975). These reviews showed not only that
the Ketilidian chronological terminology used by early
workers was unsatisfactory, but also that their interpreta-
tion of much of the lulianchab batholith and associated
mafic igneous rocks in terms of granitisation of supra-
crustal rocks or pre-cxisting basemenl was unlenable.
The legend of the 1:500 000 map sheel retains elements
of the granitisation theory, and parts of the map itself are
erroneous. for example, with relerence to certain amphi-
holites which were presumed to be granitised basaltic
rocks. Only very limited data from the Ketilidian outcrop
on the east coast were available for the compilation of the
1:500 000 map sheet (Allaart, 1975; Kalsheek er al.,
1990): the data were drawn [rom coastal reconnaissance
surveys by Andrews er al. (1971, 1973), Bridgwater &
Gormsen (1969) and Bridgwater er al. (1966). One of the
principal objectives of the project SUPRASYD is Lo survey
the Ketilidian belt on the east coast, especially the supra-
crustal rocks, in much greater detail than has been pos-
sible hitherto.

[sotopic age data from the Ketilidian belt which be-
came available after the account by Allaart (1976) were



reviewed by Kalsheek er al. (1990). The data suggest that
accretion of Ketilidian crust took place in the period
1850-1750 Ma, and isotopic compositions indicate that
the Ketilidian granites on the west coust are predom-
inantly I-type with insignificant traces of older sialic
crust. Isotopic age data of van Breemen er al. (1974) [rom
the batholith are of particular interest in terms of our
recent findings. Van Breemen et a/. analysed both a
‘gneissic granite’ from Akuliaruseq (Fig. 2) in the central
part ol the batholith, and “late granites’” from Qagortog/
Julianehab and between Sendre Sermilik and Tasermiut
(Fig. 2). The zircon U-Pb data (supported by less precise
Rb-Sr whole-rock data) published by van Breemen er al.
(1974) indicate a gap of about 70 Ma between the em-
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placement of the “gneissic granite” at 1805 + 25 Ma and
the “late granites” at 1740 + 20 Ma (we quote recalcula-
tions by Kalsbeek er af., 1990 of the original dala using
updated decay constants). The significance of this appar-
ent age difference is open 1o question on the grounds of
our lindings thal “gneissic granites’ in the principal sinis-
tral shear zone systems were derived by delormation of
granitoid rocks that have been correlated with the Juliane-
hab granite by previous workers, Further age determina-
tions are required to determine if the batholith was gener-
ated in two distinet stages or emplaced more or less
continually over a period in the order of 70 Ma.
Windley (1991) used the isotopic age data and the
results of previous surveys within the Ketilidian belt 1o
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Fig. 2. Part of the Julianehdb batholith and major shear zone systems mapped within the Sgndre Sermilik area (1:100 000 map sheet
area Sondre Sermilik 60 V.3 N; see Fig. 1 for location). Almaost the entire area consists ol granitoid rocks, but only areas studied on
the ground in 1993 are marked. The batholith contains several major NE-trending shear zone systems, most of which are located
along or in the vicinity of the largest fjords. The framed area is shown in greater detail on Fig. 7. The arrow shows the location of

Fig. 9.
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suggest a plate tectonic model similar to that proposed for
the Himalayas. Our observations in the area of Sgndre
Sermilik have several implications for the model pro-
posed by Windley, which are discussed below.

Exploration for economic mineral deposits in the area
has concentrated on graphite, uranium, copper, nickel,
platinum and gold. Surveys in the early part of this
century led to the opening of a graphite mine in pelitic
schists on Amitsoq island (Fig. 1) which lies south-west
of Sgndre Sermilik. The mine produced 6000 tons of
graphite before it closed in 1922 (Ball, 1923; Bondam,
1992). Small intrusions of hornblende peridotite (Ber-
rangé, 1970; Schonwandt, 1972; Karup-Mgller, 1974)
were examined for copper, nickel and platinum, but none
were of commercial interest (Turner et al., 1988). Re-
gional geochemical and geophysical surveys by GGU in
the period 1979-1984 demonstrated that the Ketilidian
belt and the younger Gardar terrain together include an
important uranium province (Armour-Brown et al., 1982,
1983; Armour-Brown, 1986; Steenfelt & Armour-Brown,
1988). Gold was first detected in the Ketilidian belt in
1986 by panning stream sediments (Nielsen, 1987) and a
regional distribution of gold was subsequently proved by
stream sediment analysis (Steenfelt, 1987, 1990; Steen-
felt & Tukainen, 1991). These findings led to detailed
exploration by mining companies (Appel et al., 1993),
and chip sampling by Nuna Oil A/S disclosed local gold
mineralisation in the parts per million range in the Sgndre
Sermilik area (J. L. Pedersen, personal communication,
1994). A significant auriferous quartz vein with visible
gold hosted by metabasalts was located in the Ketilidian
supracrustal rocks south of Sgndre Sermilik. The vein has
yielded an average of 51 ppm Au over a width of 0.46 m
(Gowen et al., 1993).

Supracrustal rocks adjacent to Sendre
Sermilik

The Ketilidian supracrustal rocks that are exposed on
the coast and high ground adjacent to Sgndre Sermilik lie
on the north-western margin of a regional zone of psam-
mites, pelites and metavolcanic rocks which extends
southwards towards the southern tip of Greenland
(Escher, 1966; Dawes, 1970). High temperature — low
pressure amphibolite and granulite facies metamorphism
during Ketilidian deformation and emplacement of rapa-
kivi granites gave rise to widespread migmatisation
within the zone of supracrustal rocks.

East of Sgndre Sermilik the supracrustal rocks occur
within a large syncline with an overturned north-east
limb dipping steeply north-east. The south-west limb is
shallow or flat-lying. Coastal outcrops on the south-east-
ern shore of Sgndre Sermilik display recumbent isoclines

with amplitudes tens of metres in size in semipelites and
pelites. Similar pelites on the opposite coast of the fjord
trend NE-SW and dip steeply north-west. Their relation-
ship with the isoclinally folded pelites on the south coast
is unknown. The supracrustal rocks overlie foliated grani-
toid rocks of the Julianehdb batholith in the mountains
south-east of Sgndre Sermilik. The contact as seen on
steep mountain faces in the valley Ippatit is sharp and
parallel to an intense foliation in both groups of rocks, but
extensive networks of white aplitic or pegmatitic sheets
occur locally along parts of the contact. Nielsen et al.
(1993) reported that the contact is intrusive, but our
observations suggest that it may be a thrust.

Strongly foliated, partly migmatised semipelites imme-
diately overlie the granitoid rocks of the Julianehdb bath-
olith. They are overlain by approximately 500 m of fo-
liated amphibolites. Boulders of deformed pillow-struc-
tured amphibolite found in talus indicate that much of the
amphibolite is metavolcanic. A small intercalation of
amphibolite with abundant leucocratic and mafic inclu-
sions occurs in the foliated amphibolites in the over-
turned limb of the major syncline in the mountains south
of Sgndre Sermilik. The inclusions are matrix-supported
and unsorted. They have rounded ellipsoidal shapes
which are the result of deformation and they range from a
few centimetres to 1 m in length. A thin section of a
leucocratic inclusion shows that it is dominated by pla-
gioclase and hornblende with minor quartz and accessory
titanite and an opaque mineral. The amphibolite matrix
comprises hornblende and plagioclase with subordinate
quartz and biotite. More detailed mapping is required to
establish whether the intercalation is volcanoclastic or
intrusive.

The metavolcanic rocks are locally overlain by finely
laminated, black pelites. These pelites are overlain by
pale to dark grey psammites with a minimum thickness of
¢. 1000 m. The psammites in the shallow limb of the
syncline are heavily migmatised, but those in the steep
overturned limb are less migmatised and preserve numer-
ous primary depositional structures. Coarse polymict
conglomerates are relatively common within the psam-
mites. Some are a few metres thick, but most of the
conglomerates occur as relatively thin basal layers to
graded psammite beds up to 1 m thick. The thick beds of
conglomerate include closely packed clasts which range
from boulders of granodiorite up to 1 m long to smaller
clasts of dark and pale, presumed metavolcanic rocks,
vein quartz, metadolerite and a variety of granitoid com-
positions including aplite. Conglomerates forming the
basal parts of graded beds of psammite are matrix-sup-
ported. The clasts are 5-20 cm in size, well rounded and
predominantly of granitoid rocks with subordinate clasts
of semipelite which may include abundant detrital mag-



Fig. 3. Cross-bedded psammites
south-east of Spndre Sermilik.
Subhorizontal exposure of
steeply inclined, SE-striking
rocks, truncated foreset beds
indicate right way up to the
south-west.

netite. The conglomerates are variably deformed, and the
clasts commonly have elongate ellipsoidal shapes.

The psammites have bedding thicknesses in the order
of 1-2 m and coarse trough cross-bedding is relatively
common (Fig. 3). Detrital magnetite, titanite and apatite
are concentrated on some foreset beds. The psammiles
consist largely of quartz, plagioclase and microcline with
accessory hiotite, muscovite and chlorite. The shapes of
most of the original detrital grains have been strongly
modified by metamorphic recrystallisation. The trough
cross-bedding and the well-rounded clasts suggest that

Fig 4. Granite with swarms of
thin, in part deformed,
amphibolite dykes. The cliff
face is about 100 m high.
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the psammiles were deposited in a high energy fluvial
svstem or marine deltaic environment.

The Julianehab batholith

We use the term ‘Julianehdb batholith® to describe the
large outcrop of granites, granodiorites, diorites and sub-
ordinate amphibolite dykes and metagabbros which ex-
tends from Kobberminebugt to Sgndre Sermilik in the
south-west of South Greenland and from Napasorsuag
Fijord to Kangerluluk on the south-cast coast. The total




area of the batholith, including that part beneath the
Inland Ice, is in the order of 30 000 km’. The batholith
formed by polyphase syntectonic and late kinemalic em-
placement of a range of acid and intermediate plutonic
rocks with subordinate swarms of amphibolite dykes
(Fig. 4). Detailed descriptions of parts of the batholith
have been reviewed by Allaart (1976). Systemaltic stream
sediment geochemical surveys covering the whole of
South Greenland indicate that the north-western part of
the batholith is generally the most leucocratic, and por-
phyritic granites with low strain arc more common here
than elsewhere (A. Steenfelt, personal communication,
1994). Bridgwater er al. (1973) drew attention o the
similarities of the Julianehab granite batholith with the
Andean batholiths. They pointed out that xenoliths in the
Julianehab batholith had a general horizontal elongation
which was consistent with transcurrent displacements

Fig. 5. Small-scale structures
and fabrics in the Julianehib
granites, illustrating dilTerent
stages of deformation during
granite emplacement and
sinistral transpression. (a)
Siistral SC fabric and
sigmoidal feldspar
porphyroclasts in moderately
deformed porphyritic granite
(horizontal surface: C planes
strike ¢, 50%). (b) L tectonite
with subhorizontal stretching
lineation and rootless isoclinal
folds (plunge 107 to 076°). ()
Strongly foliated granite (strike
50%) with a 10 em thick
conjugate dextral shear zone
irending 96°, Note the fold and
adjacent pressure shadow (right
of the pen), and normal slip
crenulation of the shear zone
mdicating dextral movement.
Further information about the
orientations of conjugate
sinistral and dextral shear zones
is shown on Fig. 7. (d)
Centimetre-thick layers of
mylonite and ultramylonite
separated by thin layers of
intensely foliated granite in a
shear zone.

suggested by fabrics in the Kobberminebugt belt on its
northern boundary (Watterson, 1965, 1968) and steep
shear zones in the Saarlog (Sardlog) area (mapped by
Windley, 1966a, b) and on the Akuliaruseq peninsula
(mapped by Persoz, 1969) in the south.

The batholith north-west of Sgndre Sermilik consists
of a complex range of porphyritic granites, granodiorites
and hornblende diorites with major swarms of amphibo-
lite dykes in which grey granodiorite predominates. Most
of the plutonic rocks have steeply dipping or vertical §
fabrics  (variably penetrative  schistosity) trending
NE-SW (Fig. 5a). Scattered inclusions of green horn-
hlende diorite which range from a few centimetres to 30
cm in size are common in some outcrops of granodiorite
(Fig. 6a-b). Many ol the inclusions include porphyritic
plagioclase and some contain coarse hornblende. Other
inclusions are uniform. coarse-grained hornblende dio-



rite. Net-veined dykes of diorite and concentrations of

dioritic inclusions in cross-cutting sheets suggest that the

scattered small inclusions formed by the disruption ol

immiscible injections of hornblende diorite were contem-
poraneous with their host granodiorite. The rounded
shape and the distribution of the inclusions may suggest
that they were injected in the form of a stream of glo-
bules; alternatively the inclusions may represent trapped
fragments of consanguineous diorite intrusions, as sug-
gested by the relationship shown on Fig. 6¢c. The original
shapes of the diorite inclusions have been modified by
deformation to prolate ellipsoids with their long axes
plunging gently NE parallel to linear fubrics in the plane
ol the S [abric in the host granodiorite (Fig. 6). In many
outcrops of granodiorite the linear fabric predominates
and the rock is an L tectonite (Fig. 5b).

Fig. 5 cont.
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One of the objectives of the field work was (o examine
the large bodies of basic rocks which are shown on the
1:500 000 map sheet (Sydgrenland: Allaart, 1975) as
being of unknown origin. One of the largest of these
bodics occurs in the area north-west of Sendre Sermilik
and was mapped by Persoz (1969) as an amphibolite. He
interpreted the bady in terms ol the granitisation theory
that was current in the 19605, and suggested that much of
the finer grained amphibolite may have been volcanic,
whereas the coarser part may have been gabbroic. Conse-
quently, he believed that the large bodies ol malic rocks
were older than their host granodiorite. We found that the
malic bodies are hornblende diorites with variable de-

grees ol net-veining. They are identical in composition Lo
the small inclusions of diorite which are abundant in
many outcrops of the grey granodiorite. The large malic




bodies can thus be regarded as contemporaneous with the
granite and possibly immiscible phases.

Whereas the bulk of the batholith between Igaliko
Fjord and Sendre Sermilik is characterised by penetrative
linear and planar fabrics, there are a few major bodies of
vounger, undeformed, porphyrilic granites. lor example,
that mapped by Persoz (1969) on Akuliaruseq (sce
Fig. 2).

Structure

Most of the granodiorites and granites of the Juliane-
hib batholith visited by us north-west of Sendre Sermilik
are characterised by steeply dipping or vertical schistos-
ity trending NE-SW and coaxial mineral and shape fab-
rics plunging gently NE in the plane of the schistosity

Fig. 6 (a) and (b). Y-Z and X-Z
planes, respectively, of
deformed dioritic inclusions n
the Julianehdb granite.

(sce Fig. 5). Steep or vertical shear zones broadly copla-
nar with the schistosity in the granodiorites are signif-
icant elements of the regional structure. Many ol the
shear zones are anly a few centimetres wide, but some are
several metres wide. The largest shear zone oceurs in the
north-western part of the area visited in 1993, The zone is
approximately 1.5 km wide, can be (raced for at least 50
km along strike and appears to link with intensely de-
formed rocks in the Saarlog (Sardlog) area mapped by
Windley (1966a, b). He reported only Gardar mylonites
in this area. Bridgwater ef al. (1973) subsequently in-
terpreted the tract of high strain and complex folding in
the Saarloq area as a steep ENE-trending Ketilidian shear
zone. Based on descriptions by Bridgwater er al. (1973),
Windley (1991) defined the Sardloq shear zone as a “...
20-30 km-wide high deformation zone (separating) to-



Fig. 6 (c). Dioritie dyke hosted by granite and injected by thin
granitoid veins in several directions. Numerous inclusions in the

granite adjacent to the right margin of the dyke appear to have
been derived from the dyke by a combination of granite in-
jection and contemporancous ductle deformation. A yvounger
quartz vein is almost parallel to the dyke.

tally different geological terranes — an igneous batholith
1o the north from a thrust stack of ... supracrustal rocks ...
and rapakivi graniles to the south. The borders of the
zone consist of two 10-15 km-wide steep shear belts ...7".
Surveys north-west of Sgndre Sermilik have now made
this definition untenable. There are no shear helts as wide
as 1015 km, and the Sardlog shear zone does nol sep-
arate two different terranes bul is the largest of several
similar shear zones in the midst of the batholith. In
addition, the 20-30 km wide southern part of the batho-
lith is not a zone of uniformly high deformation. We
propose that the term Sédrdloq shear zone be applied only
to the 1.5 km wide steep belt of mylonites and ultramylo-
nites that we have mapped in the granodiorites north-west
of Sgndre Sermilik and their probable extension along
strike to the SW into the narrow belt of *veined gneisses’
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trending NE through Saarlog itself (Windley, 19606a,
Map 1). '

Mylonites and ultramylonites in the Sardlog shear zone
as we have defined it in the foregoing, and in the other
prominent shear zones in the batholith, were derived by
miense delformation of the adjacent granodiorites (Figs 5
and 7). S-C fabrics in the shear zone are steeply dipping
or vertical. The term 8-C fabric is used here in the sense
of the type I of Lister & Snoke (1984), i.e. § surfaces are
statistically penetrative foliations, whereas C surfaces are
spaced narrow zones of intense shear strain or displace-
ment discontinuities. The regional schistosity in the gra-
nodiorites is intensified within ¢, 100 m of the shear zone,
‘Within the shear zone the schistosity is intensified further
in the C fabric. The pre-existing S fabric appears to have
been obliterated completely in the ultramylonites (Fig.
5d). This relationship where a schistosity developed be-
fore localised vielding gave rise to shear zones and devel-
opment of a C fabric has been described hy Lister &
Snoke (1984), among others, in terms of plastic yielding
and concentration of strain in narrow zones of shearing at
a relatively late stage in the regional deformation of
granitic and orthogneiss terrains.

Mineral lineations with a shallow NE plunge in the C
fabric in the Sérdlog and related shear zones (Fig. 7c)
indicate a transcurrent displacement. Lateral displace-
ment of dykes and inclusions, textures of feldspar por-
phyroclasts, an extensional crenulation fabric (shear
bands in the general sense of White er al., 1980; normal
slip erenulation in the specific sense of Dennis & Secor,
1987) and rare asvmmetric S folds indicate a consistent
sinistral sense of shear. The amount of the displacement
in the shear zones is unknown, but in the Sérdloq shear
zome alone it was probably many kilometres on the
grounds of the width of the zone and the intensity of the
mylonitisation. Other small-scale, vertical or steeply dip-
ping, transcurrent sinistral and dextral shear zones trend-
ing approximately N-S and ESE-WNW uppear to have
been contemporaneous effects related to the major NE-
trending shear zones. The presence of hornblende and
biotite as integral parts of the S-C fubrics suggests that
the shear zones formed during amphibolite or upper
greenschist facies conditions.

Another variety of shear zone trends NE-SW through
the mountain Matorsuag. 1010 m. It is represented by a

steeply dipping or vertical belt of high-strain ortho-
gneisses . 500 m wide which can be traced along strike
for at least 10 km. The regional grey granodiorite, in
places with large clusions of dark grey Utanite-bearing
diorite, can be traced into the belt of high-strain gneisses
across a transition zone about 25 m wide. Thin concord-
ant seams and intrafolial ptygmatically folded veins of
aplile and pegmatite which are restricted to the shear zone
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Fig. 7. (a) Second-order shear zones, faults and breceia zones adjacent to the Sardlog shear zone in the north-western part of the
Sendre Sermilik area (location shown on Fig. 2). The sinistral transcurrent shear zones trend NE and rarely SE. whereas conjugate

dextral shear zones trend E o ESE. The narrow NE-trending breceia zones are all Jocated within previouosly developed shear zones.
(b Distribution of poles w shear planes measured in the field within the area shown on Fig. 7a (equal area density plot, lower
hemisphere, 5 classes at 4.5% intervals). The planes are steep to vertical, with two strike maxima at 557 and 757 which correspond o
the simistral shear zones. The smaller clusters at 95% and 1157 correspond o dextral shear zones.

{c) Wulff plot of lincar structures (mineral and stretching lineations as well as long axes of deformed inclusions) [rom the area of
Fig. 7a. The mean lineation vector for 12 of the 14 measurements plunges 22° in the direction 0707, approximately parallel to the

inferred movement along the Sirdlog shear zone.

appear 1o be the result of partial melting that was contem-
porancous  with the development of the high-strain
gneisses. The belt of high-strain gneiss appears o have
been contemporaneous with the regional shear zones
trending NE-SW. The purtial melting in the belt may
have been the result of localised shear heating like that
proposed by Brun & Cobbold (1980). The field relation-
ships show that the gneisses are not relics of a gneiss
complex older than the Julianchab batholith as indicated
on earlier maps. Other belts ol high strain gneisses oceur
within the area north-west of” Sendre Sermilik, but their
relationships with the regional grev granodiorites were

nol mapped in detail. Some shear zones north-west of

Sondre Sermilik were later reactivated as brittle faults in
the Gardar period (Nyegaard & Armour-Brown, 1980).

Amphibolite and diorite dykes

Amphibolitic and matfic dioritic dykes are common in
the granodiorites and related rocks of the Julianehib
batholith north-west of Sendre Sermilik (Fig. 4). The
dykes share many aspects in common with those de-
scribed by previous workers from further north in the
Tulianehdb batholith (Berrangé. 1966: Allaart, 1967; Ayr-
ton & Burri, 1967: Walton, 1965: Wallerson, 1963, 1968;
Windley, 1965). We regard the dykes as members of the
appinite suite in the sense of Pitcher (1993), i.e an associ-
ation of basic rocks with granite that are characterised by
... the dominance of hornblende and a range of modal
and textural diversity.” Pitcher showed that the suite may
range from ultrabasic compositions through diorites to
granodiorite.

Mafic hornblende-bearing dykes are found sporadi-
cally in the ground north-west of Henrik Lundip Qoorua,
and they oceur as a major swarm between this valley and



Sendre Sermilik as well as in the cliffs east of Sendre
Sermilik. Hornblende dioritic dykes and others with pure
hornblendite composition were noted in a few outerops,
but most of the dykes were recorded as undifferentiated
amphibolites. Most are fine- o medium-grained, but
some include coarse hornblende textures which appear o
have been the result of high water activity al the time ol
dyke emplacement. Some of the dykes are net-veined.
The dvkes are mostly 1-10 m wide, are steeply dipping or
vertical and have widely variable trends. The dykes cut
across Lhe regional schistosity in the host granitoid rocks.
but many have an internal schistosity oblique to that in
their host. Along the margins of some dykes we have
observed elongate. decimetre-sized dyke rafls incorpo-
rated into the host granite (Fig. 6¢). Dykes in the swarm
between Henrik Lundip Qoorua and Sgndre Sermilik
commonly curve into shear zones with NE-SW trends or
they may be displaced by a few metres. The curvature of
the dykes is compatible with the sense ol sinistral trans-

Fig. 8. Fine-grained dioritic dyke emplaced into the Sdrdlog
shear zone near its north-eastern end adjacent to the Inland lee
(607S4'N, 44°55'W). Part of the dyke (arrow, middle distance)
has almost straight margins which cut the previously sheared
host rocks. whereas in the foreground the dyke itself is cut into
numerous slices during subsequent shearing.
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current displacement in the zones. This consistent curva-
ture and the commonly unbroken passage of dykes along
the shear zones until they link with the principal parts of
the dykes outside the zones indicate that their emplace-
ment was contemporangous with the localised plastic
yielding that gave rise to the shear zones. An example of
such a dyke emplaced into an active shear zone is shown
in Fig. 8. At the time of emplacement of the dykes the
bulk of the host rock appears to have been failing in a
largely brittle condition to provide the {ractures for the
passage of the dyke magmas. bul it was yiclding plast-
cally in the shear zones.

The similarity in composition between many of the
dykes, the large diorite bodies and the numerous small
enclaves ol hornblende diorite and gabbroic rocks in the
grey granodiorites suggests that they were consanguine-
ous. Figure 9 shows an example of the relationships
hetween the host granodiorite. gabbroic rocks and amphi-
bolite dykes with several directions (mainly around 10°
and 607) in the southern part of Niagornarsuk peninsula.

Ultramafic plugs

Two small Tayered ultramafic plugs occur on the coasts
ol Sendre Sermilik. A hornblende peridotite 5 km south
of the valley Ippatil has been described by Schonwandt
(1972). A second body of layered, hornblende-bearing.
mafic to ultramafic rocks measuring ¢. 200 by 300 m was
located 1 1993 on the north-western coast opposite to
that described by Schonwandt (1972). 1t is possible that
the vltramalic plugs are part of the appinite suite de-
scribed above.

Relative age of the supracrustal rocks and the
Julianehab batholith

Al this stage in our reappraisal of the Ketilidian orogen
we regard the supracrustal rocks as younger than the bulk
of the rocks in the Julianehab batholith, but much of the
field evidence is ambiguous. Gur view is based in the [irst
instance on the fact that granitoid clasts are common in
the conglomerates. Secondly. contacts at the head of
Danell Fjord on the east coast (Nielsen er af.. 1993) show
that whereas some plutonic complexes of the batholith
mtrude the overlying supracrustal rocks, others may have
[ormed their basement and the provenance of their meta-
sedimentary  components. Boundary relationships be-
tween the granodiorites of the batholith and overlying
supracrustal rocks high above the valley of Ippatit south
of Sendre Sermilik suggest comparable age relationships
(Niclsen et al.. 1993), although sheared contacts seen
[rom the air may be the result of thrusting. The greater
abundance of amphibolite dykes in the Julianchidb batho-
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lith compared with the supracrustal rocks suggests that
the batholith may be older, although syn- and late-tec-
tonic amphibolite dykes are relatively common in flat-
lying psammites on the east coast. Finally, xenoliths of
supracrustal rocks are extremely uncommon in the batho-
lith, although certain large bodies of pale quartzo-feld-
spathic rocks in the eastern part of the valley Niaqornar-
suk appear to be supracrustal xenoliths. Many of these
rocks are fine-grained, but in some outcrops they contain
numerous granitoid clasts. It is conceivable that the fine-
grained rocks are acid pyroclastic rocks which may be
remnants of a collapsed caldera system near the roof of
the batholith.

Plutonic setting of the Julianchab batholith

The widespread occurrence of the penetrative schistos-
ity and linear fabric (preferred orientation of minerals and
long axes of deformed enclaves), including L tectonites,
in the rocks of the batholith north-west of Sgndre Sermi-
lik suggests that these fabrics formed during late stages of
emplacement, not as the result of later superimposed
deformation. However, we have no thin section data to
indicate the extent to which these fabrics were pre-full
(igneous) crystallisation or crystal plastic in the sense of
Hutton (1988). On the grounds of the broad parallelism
between the regional L fabric and that in the NE-trending,
sinistral shear zones, and the fact that the regional schis-
tosity is intensified adjacent to the zones, it can be argued
that the localised plastic yielding that gave rise to the
shear zones and belts of high-strain gneisses also oc-
curred as part of the development of the batholith. Differ-
ent parts of the batholith were failing at different times in
a brittle condition during the ductile periods of deforma-
tion to facilitate the injection of the synplutonic mafic
dykes. Because of these relationships we conclude that
the Julianehdb batholith was emplaced in a regime of
sinistral transpression. We use the term transpression in
the general sense of Sanderson & Marchini (1984), i.e. to
include the more specific transpression and transtension
of Harland (1971). We regard the sinistral transpression
as an effect of oblique plate collision as new early Prote-
rozoic crust was accreted onto the Archaean craton of
South Greenland in accord with the isotopic age data
reviewed by Kalsbeek et al. (1990).

Our interpretation of the emplacement of the Juliane-
hab batholith during sinistral transpression is in accord
with the view of Bridgwater et al. (1973) that transcurrent
displacements were locally important, although they con-
cluded that “the dominant movements, at least in the
younger stages of the history of the (Ketilidian) mobile
belt, have been a mixture of vertical movements associ-
ated with the rise of large quantities of igneous material

17

and horizontal movements parallel to the border of the
belt resulting in the formation of transcurrent shear
belts.”

Our view that emplacement of the Julianehab batholith
took place during sinistral transpression contrasts with
the interpretation of the Ketilidian orogen belt in terms of
the Himalayan plate collision model proposed by Wind-
ley (1991). Drawing heavily on the summary of the
geology of the Ketilidian belt by Allaart (1976), Windley
argued that the belt could be subdivided into five princi-
pal zones comparable in type and spatial distribution with
those in the Himalayas and the contiguous Karakoram
region, which forms the uplifted western end of the Tibe-
tan plateau. Windley (1991) adopted the view of Bridg-
water et al. (1973) that the Julianehéb batholith compares
closely with the Andean batholiths. He proposed that the
batholith was intruded into an Andean-type continental
margin and may have incorporated a mature island arc of
volcanic and plutonic rocks that had already accreted
onto the margin. He based this proposal on the alleged
“many inclusions [in the early granites of the batholith] of
basic, acid, and intermediate metavolcanic rocks ranging
from amphibolites and hornblende schists to recognisable
lava flows and pyroclastic deposits, some of which were
certainly deformed before incorporation into the granitic
rocks.” Inclusions which were believed by previous
workers to have been supracrustal rocks (for example, the
large bodies of amphibolite and sheets of aplite mapped
as such by Persoz, 1969) are in fact of plutonic origin and
part of the batholith itself. The existence of a pre-existing
mature arc based on the composition of inclusions in the
batholith is thus open to question. Windley (1991, p. 4)
also interpreted the southern part of the Julianehab batho-
lith “... as a ductile shear zone in a back-arc position” on
the grounds of the presence of “rafts of basic meta-
volcanic rocks (Allaart, 1976)”, and he thought that the
structure was the result of direct collision without signif-
icant lateral slip.

Our survey in 1993 has shown that these ‘rafts’ are
intrusive bodies of hornblende diorite that are integral
parts of the batholith, and we found no evidence of a
back-arc in this area as proposed by Windley. Further-
more, the major shear zones in this part of the batholith
were the effect of essentially sinistral transcurrent dis-
placements.

Hydrothermal activity and gold mineralisation
associated with sinistral transpression

The emplacement of the southern part of the Juliane-
hab batholith in a sinistral transpressional tectonic regime
was accompanied not only by the generation of pene-
trative regional S and L fabrics and localised intense



Fig. 10. Quartz vein system parallel to mylonitic rocks in the

central part of an E-W trending shear zone above the head of

Sendre Sermilik. The thickest mylonite-hosted quartz veins are
up o 30 m long and about 30—40 cm thick.

plastic yielding in the shear zones and belts of high strain
gncisses as described above. but also by signilicant
quartz veining. brecciation and hydrothermal alteration.
These effects ook place in P-T conditions of middle
amphibolite to Tow greenschist facies and in various rhe-
ological settings. A preliminary interpretation ol gold
analyses of rock samples collected in 1993 (see below)
sugeests that the lale stages ol batholith emplacement
were also accompanied by gold mineralisation.

As already mentioned several gold anomalies were
known (rom stream sediment surveys and local ¢hip sam-
pling programmes in the area prior to the present in-
vestigation. In order to evaluate the source and nature of
these anomalies a regional sampling programme was car-
ried out. A total of 297 chip and rock samples from the
area north-west of Sgndre Sermilik were collected and
subsequently analysed for gold. The major part of the

samples was collected in or adjacent to high-strain and
mylonite zones in the batholith, They fall into three
groups: (1) quartz veins and silicified rocks. (2) breccias,
and (3) hydrothermally altered rocks. The analytical re-
sults are presented in Table 1 and Fig. 1. Gold contents
above 100 ppb (equivalent to the 97% percentile), which
we consider anomalous, were found in all three groups of
samples (see below). and the highest gold values seem to
be concentrated along the NNE-trending shear zone sys-
tem in the eastern part of the Niagornarsuk peninsula, A
couple of other samples not related to the shear zones also
yielded interesting gold values (around 100 ppb). but will
not be discussed further here.

Quartz veins

Quartz veins occur widely in the Julianehdb batholith
and in the local enclaves of supracrustal rocks north-west
ol Sendre Sermilik. Most of the veins have steep dips and
widely variable strike. Quartz veins in the granitoid rocks
of the batholith are ¢ =30 cm thick, are commonly
traceable for 10-100 m and most are deformed. The vein
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Fig. 11. Distrtbution of gold in rock and ¢hip samples from three
groups of rocks in or adjacent to shear zones m the Sendre
Sermilik area.



Table 1. Summary statistics for gold in rock
samples in the Sendre Sermilik area

Hydrothermally
Quartz veins Breccias altered rocks

No of samples 128 35 104
No of samples

>100 ppb 7 1 6
Range <2-1000 <2-120 <2432
Median <2 <2 <3
Average 37 9 19

All values in ppb.
Analysis: instrumental neutron activation, ACTLABS, Canada.

quartz may be either vitreous or ‘milky’ and usually
barren of ore minerals, although disseminated pyrite may
occur locally.

The quartz veins are most abundant in the quartzo-
feldspathic supracrustal rocks in the vicinity of Niaqor-
narsuk valley. In one part they make up 20-30% of the
total volume in an area measuring 20 by 100 m. The veins
may be up to 1 m thick, they are sheared, and contain
minor amounts of pyrite.

Quartz veins are commonly associated with mylonites
and ultramylonites in shear zones and range from a few
millimetres to 40 cm in thickness. They are up to 30 m
long and are commonly concentrated in zones about a
metre wide in which the veins may constitute ¢. 50% of
the total volume (Fig. 10). Quartz veins in the mylonites
may contain epidote and chlorite, but pyrite is generally
present in only very minor amounts. Wall rocks are com-
monly impregnated with fine-grained quartz. The veins,
which are parallel to the mylonite fabric, are commonly
very fine-grained with a flinty aspect and fine-scale lami-
nation, indicating that the veins were deformed during the
mylonitisation. Some of the veins which are not parallel
to the mylonite fabric appear to have filled tensile frac-
tures that were contemporaneous with shear zone forma-
tion, whereas others appear to be younger. The latter have
vitreous quartz and may be full of micro-joints perpendic-
ular to vein boundaries. Figure 9 illustrates the setting of
gold-bearing quartz veins adjacent to a small shear zone
in a mafic body within the Julianehab batholith.

Many of the synplutonic amphibolite dykes, especially
the sheared dykes, include quartz veins as tensile fracture
fillings. These veins are up to 1 m thick, but normally less
than 10 m long. Quartz in these veins is white and
massive. Thinner quartz veins also commonly occur
along ome or both margins of the synplutonic dykes. An
exceptional vein about 1 m thick and traceable for at least
100 m was found along the margin of an amphibolite
dyke in the valley of Niagornarsuk. The vein branches
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away from the dyke boundary and extends into the host
granodiorite and supracrustal quartzo-feldspathic rocks.
Trace amounts of pyrite and occasionally base metal
sulphides occur within the quartz veins associated with
the amphibolite dykes, and greater concentrations of py-
rite are found in the margins of some of the sheared
dykes. Chalcopyrite may accompany pyrite in the veins
and dyke rock, although it is also found in the host
granitoid rocks adjacent to the dykes.

Analyses of quartz veins and adjacent silicified rocks
from shear zones show the highest average (37 ppb) and
maximum (1000 ppb) gold content of the three sample
groups (Table 1, Fig. 11). However, the gold content of
most samples is below the detection limit of 2 ppb.

Breccias

Narrow zones of breccia and coarsely fractured cata-
clastites occur locally within the major belts of Ketilidian
mylonite and in other younger fracture zones. The brec-
cias are cut by Gardar dykes and most of them are
presumed to be effects of brittle deformation very late in
the Ketilidian sinistral transpression. Most of the breccias
appear to be concentrated in a 1-2 km wide belt along the
south-eastern margin of the Sardlog shear zone (Fig. 7a).
Early stages of brecciation appear to be represented by
the distortion and fracturing of parts of the mylonitised
granitic rocks. Voids formed by this distortion are filled
by quartz with local minor pyrite. Other breccias older
than the Gardar dykes include abundant hematite and
chlorite with the matrix quartz.

Post-Ketilidian E-W fractures which commonly give
rise to persistent topographic lineaments have been de-
scribed by Nyegaard & Armour-Brown (1986). They
include locally abundant, coarsely fractured cataclasites,
although displacements on the fractures appear to be
insignificant in the areas we have surveyed.

Gold values obtained from breccia samples are lower
than in the two other analysed groups, with an average of
less than 10 ppb and only one out of 35 samples above
100 ppb (Table 1, Fig. 11).

Hydrothermal alteration zones

Localised hydrothermal alteration in the area adjacent
to Sgndre Sermilik occurred both during and after the
emplacement of the Julianehab batholith and was mostly
coupled with the development of shear zones, intrusion of
mafic dykes and aplites, and quartz veining and breccia-
tion as described in previous sections. These alteration
zones are commonly less than 1 m wide, but some are
5-10 or even up to 100 m wide. Another type of hydroth-
ermal alteration occurs sporadically in low-strain areas
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within the batholith and is visible as rusty, few metres
long zones with numerous sulphide-bearing ‘hairline’
fractures and veinlets. The hydrothermal alteration gave
rise to silicification, feldspathisation, chloritisation, epi-
dotisation and pyritisation. New phases are quartz, pla-
gioclase (albite?), alkali feldspar, epidote, chlorite, car-
bonates (calcite, dolomite, siderite, ankerite), pyrite, pyr-
rhotite, magnetite and hematite. Copper sulphides, galena
and sphalerite have also been found. Post-Ketilidian brit-
tle fracture zones are commonly marked by reddening of
feldspar but rarely contain other signs of hydrothermal
activity.

The most intense hydrothermal alteration observed oc-
curs in a north-east-trending vertical brittle-ductile fault
situated c. 2 km south of the Sardloq shear zone: the fault
appears to be a second-order structure related to the shear
zone. The zone of alteration is at least 300 m long and
6-15 m wide, and it affects both the regional granodiorite
and an amphibolite dyke older than the lineament. The
alteration and deformation increase towards the centre
where the original rocks can no longer be recognised.
Here a 3-8 m wide zone of intense carbonatisation, silic-
ification and chioritisation occurs, which appears to have
been subsequently affected by brecciation and devel-
opment of vugs partly filled by quartz. The final result is
a quartz-carbonate-chlorite breccia accompanied by a
zone of intense silicification up to 1 m wide. The alter-
ation zone is mineralised with a few per cent of pyrite,
which varies from fine-grained disseminations to euhe-
dral crystals ¢. 1 mm in size. In addition, up to ¢. 5% fine-
to coarse-grained galena and chalcopyrite were found
over a strike length of 65 m, both in the breccia and the
silicified rock. The sulphides occur disseminated and as
veinlets up to 8 cm long. The iron and copper sulphides
are variably altered to iron oxide and copper carbonates.
Manganese oxide and platy barite were noted on fracture
surfaces.

Hydrothermally altered rocks occupy an intermediate
position with respect to gold mineralisation when com-
pared with the two other sample groups (Table 1 and
Fig. 11).

Conclusions

Recent field work in the central part of the Early
Proterozoic Ketilidian orogen, which was previously be-
lieved to comprise the Julianehdb granite, highly meta-
morphosed supracrustal rocks and older orthogneisses,
has shown that this part of the orogen consists of an
I-type granite batholith. Steeply dipping, NE-SW trend-
ing shear zones with sinistral displacement are a signif-
icant element of the regional structure and formed under
amphibolite and greenschist facies conditions. Syntec-

tonic mafic dykes of the appinite suite were intruded
during the evolution of the batholith, especially in its
southern part. We propose that the Julianehib batholith
was emplaced during subduction from the south towards
the Archaean craton in the north in a sinistral transpress-
ional system.

Effects of hydrothermal activity, mainly in the form of
quartz veining and silicification, are widespread and es-
pecially common in and adjacent to the shear zones.
Quartz veining has taken place throughout the devel-
opment of the shear zones, but some of the veins also
postdate them. Most of the hydrothermal activity was
related to the late stages of the evolution of the batholith.

A close link between gold mineralisation and shear
zones, especially in the southernmost part of the batholith
on the Niaqgornarsuk peninsula, is indicated by the distri-
bution of gold anomalies. Regional chip and grab sam-
ples in the structural lineament zones gave a wide range
of gold values in a skewed distribution with up to 1000
ppb Au and 14 samples in excess of 100 ppb.
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