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Abstract.

The Nunarssuit complex intrudes the pre-Cambrian basement of South Green-
land. Measuring 45X 25 km it appears to be the largest pluton in the Gardar Alka-
line Province; abundance of augite syenite is an outstanding feature. Although the
complex has not previously been the subject of a detailed study it has been taken
in the past as providing evidence for ‘transformist’ views. In fact, however, it pre-
sents the features of an igneous intrusion and metasomatic replacement of older
rocks was not important in its formation. The boundary between the complex and
the basement is highly discordant and it abruptly truncates the numerous Gardar
dykes in the basement. Stoping of large blocks seems to have been the main means
of emplacement: ring fracture, if operative, was unimportant.

The chief members of the complex are as follows.

The Alangorssuaq Gabbro has a roughly arcuate outcrop mainly comprising
unaltered olivine gabbro, uralitized gabbro, and various hybridized rocks formed
under the influence of later granites.

The Helene Granite is clearly later than the gabbro and has much in common
with the Scandinavian rapakivis: disintegration to ‘moro’; occurrence of quartz
in two generations; accessory fluorite; scarcity of pegmatites and of preferred min-
eral orientation. ‘Rapakivi’ mantled K felspar ovoids are, however, lacking. The
granite is remarkably homogeneous considering its areal extent. For the most part
it is a coarse-grained rock chiefly consisting of perthite mainly as subrectangular
crystals 2-3 cm long, and quartz. Green hornblende and pale-green clinopyroxene
are the common coloured minerals but fayalite and biotite can occur.

The Kitsigsut Syenite resembles the larvikites of the Oslo region though its
felspars are not usually schillerized. It includes a dark variety essentially consisting
of perthite with some pale-green or -brown augite and olivine, and a pale variety
in which the felspars tend to be highly exsolved.

The Biotite-Granite, a stock-like body, contains both microcline perthite and
oligoclase or albite. Biotite is the chief dark mineral. There is some evidence that
the Biotite-Granite is slightly younger than the Helene Granite and it is undoubtedly

ounger than the gabbro and Kitsigsut Syenite.
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The Nunarssuit Syenite, a large monotonous mass of pyroxene-fayalite syenite,
resembles the Kitsigsut Syenite although apatite is not a common accessory and
quartz often occurs in small amounts. Towards much of its contact with the Helene
Granite and to some extent against the basement it passes into a marginal finer-
grained quartzose phase. Other varieties of minor extent occur within the intrusion.
The Kitdlavat Granite laccolith and various small bodies of aenigmatite-bearing
soda-granites were later intruded into the syenite. The Nunarssuit Syenite is younger
than the Helene Granite; in parts of Nunarssuit, however, the Helene Granite veins
the syenite and was probably not completely consolidated at the time of the syenite
emplacement.

The Malenefjeld Granite, a large independent mass of soda-granite, is nowhere
seen in contact with the main body of the complex but is plainly part of the latter.

Xenoliths are uncommon in the complex as a whole but are abundant at
certain localities, the most significant being a zone that approximately coincides
with the boundary between the Nunarssuit Syenite and Helene Granite in western
Nunarssuit. The inclusions in this and two other eastward-dipping zones in S.W.
Nunarssuit are largely metavolcanic rocks derived from the Kobberminebugt green
schists and measure up to 100 m in thickness. Many are lenticular: these lie with
their lengths in the plane of the zones. It seems likely that they are the remnants of
roof-pendant wedges disrupted more or less in situ. Unlike the Julianehdb Granite
and green schist country rocks of the complex the xenoliths have often suffered
high-grade thermal metamorphism.

Mafic mineral layering is well-developed at certain places in the complex.
In the gabbro it can be concordantly accompanied by felspar lamination and is
inclined towards a focus in the interior of the complex. In the Helene Granite it is
highly localized : remarkable sequences resembling the trough banding of Skergaard
occur and another type involves textural variants of the granite as well as mafic
bands; there are also planar successions and isolated bands in which cumulus fay-
alitic olivine is common. More or less planar rhythmic sequences generally unaccom-
panied by mineral parallelism are extensive in the Kitsigsut Syenite; as in the
Helene Granite layering, grading and cross-bedding can be present. Some banding
also occurs in the Biotite-Granite and Kitdlavat Granite. In the Nunarssuit Syenite
mafic layering is mainly confined to three zones in S.W. Nunarssuit. These and the
remaining occurrences are inclined towards a focus in central Nunarssuit. Numerous
spectacular structures faithfully mimic primary sedimentary features such as cross-
bedding, wash-outs, slumping and graded bedding.

The mafic layers are concentrations of cumulus minerals formed under the
influence of gravity in a cooling magma-chamber. Magmatic currents were also
effective in most intrusions, particularly the Nunarssuit Syenite. Their activity
indicates a high degree of mobility in the magmas concerned and this may be con-
nected with the fluorine content of the complex.



I. INTRODUCTION

(a) Scope of work.

he Nunarssuit pluton is a mildly alkaline intrusive complex on the

western seaboard of South Greenland, forming most of the large
island of Nunarssuit (Greenlandic—‘‘the big land”’), much of Alangor-
ssuaq (Greenlandic—‘‘the big dark side”’) and all the Indre and Ydre
Kitsigsut skerries on the edge of the open sea separating Greenland from
Labrador. Although its full extent under the ocean is not known, the
complex appears to be the largest ‘younger’ pluton in South Greenland,
its visible area 45 km long by 25 km wide far exceeding that of the
famous Ilimaussaq complex near Julianehdb about 120 km to the east.
Size, however, is by no means its main claim to interest. WeeMANN (1938)
has given it a niche in the literature of ‘transformist’ petrology along
with similar massifs in the region by asserting that the granitic members
of these plutons are transformation products in situ surrounding syenitic
nuclei and passing into the metamorphic country rock through a mar-
ginal zone of rapakivi. These statements have been quoted with approval
in several important publications by leading authorities. ReEap (1957
p- 35) for example, in a valuable analysis of the granite problem, men-
tions ‘“‘the beautiful replacement phenomena seen in the Southern
Greenland rapakiwi granite described by WEeMANN" and later remarks
(op. cit. p. 144) that “Weemann (1938 pp. 98-121) found that many
granitic massifs in S. Greenland are surrounded by a zone of rapakivi
granite which is transitional into the metamorphic country rock”.
Termier and TErMIER (1956) also write “WEGMANN a interprété les
rapakivis de la formation de Gardar comme un cas de migmatisation”
and quite recently WEaMaNN (1959 pp. 50-51) has referred without
reservation to his (1938 pp. 98-121) account of the South Greenland
granite plutons including the Helene Granite.

Such views need reconsideration in the light of fresh data given
below. As will be seen, WEGMANN’s transformist ideas appear inapplicable
to the Nunarssuit complex which seems best interpreted solely in mag-
matist terms: each of the present writers, it is emphasized, came to this
conclusion independently whilst working in separate areas. The present
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account is thus a contribution to the granite controversy as well as to
the study of alkaline rocks.

But not only for purely petrological reasons has the Nunarssuit
complex attracted recent attention. Since the Ilimaussaq batholith was
found to contain appreciable quantities of uranium and thorium all
alkaline ‘younger’ plutons in South Greenland acquired possible economic
significance. Thus for several reasons the Nunarssuit complex was selected
as the first object of study when the Geological Survey of Greenland
(Gregnlands Geologiske Undersogelse, G.G.U.) contemplated the geologi-
cal survey of the Nunarssuit map sheet extending from 47°00" to 48°30’
west and 60°30” to 61°00" north. The writers began this work in 1957
during a summer field season of three months duration and continued
it for a similar period from June to September in 1958, mapping on the
scale of 1:20,000 and collecting a total of about 1000 rock specimens.
Excellent base maps on this scale, contoured at 25 or 50 m intervals, and
aerial photographs were supplied by the Geodetisk Institut, Copenhagen.

Working independently the first author (W.T.H.) investigated the
northern portion of the complex in Alangorssuaq and the Indre Kitsigsut
whilst the second author (T.C.R.P.) examined the rest of the complex
in Nunarssuit and the Ydre Kitsigsut. The survey was extended to cover
the whole of the Nunarssuit map sheet which was completed in 1960;
the results, it is intended, will appear in a map of 1:100,000 scale ac-
companied by an explanatory memoir. Meanwhile, units of particular
interest are to be described in detailed special reports, the first major
contribution being the present paper. This is divided into three parts.
Part I, for which both authors share equal responsibility, provides a
general description and discussion of the Nunarssuit complex. Parts II
and TIT will be separate petrological accounts of the northern and
southern portions of the complex in which each author will bear sole
responsibility for his own particular area.

(b) Previous work.

No systematic detailed description of the geology of the Nunar-
ssuit district has appeared hitherto. Few geologists have visited the
area and fewer still have left a permanent record of their findings. Only
the following need be mentioned here. The earliest investigator appears
to have been GieseckE (1806, 1809) who recognized syenite in the Indre
Kitsigsut and discovered the zircon so abundant at certain localities in
those skerries The same islands were also visited by GaArpE (1896) and,
in the summer of 1908 the great pioneer N.V. UssiNG sailed extensively
in the Alangorssuaq-Nunarssuit area, accurately recording many geolog-
ical observations that owing to his untimely death in 1911 have unfor-
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tunately remained unpublished. His diaries, deposited with the Geolog-
ical Museum, Copenhagen, have been made available to us, however,
through the kindness of lektor H. SorENSEN. They contain sketch maps
showing the general distribution of syenite, younger granite and gabbro
in Alangorssuaq and the Indre Kitsigsut and record that the coarse
syenite forming the islands around Tulugartalik is cut by thin veins
comprising hornblende, zircon and magnetite. UssinG also remarked in
his diaries that the younger (micaceous) granite in the islands around
Uménanguaq contains fragments of syenite and 'gabbro, that in
Alangorssuaq the younger granite developes a contact facies which
veins the gabbro, and that arfvedsonite pegmatites cut the younger
granite near the syenite contact south of Helene Havn. In a sketch
of the view south from Mercurius Havn he indicated inclusions of
thermally metamorphosed sediments and diabase porphyries and the
approximate position of the contact between the younger granite and
syenite. Furthermore, he noted that the younger granite continues south
to Kap Desolation and forms the islands around Naujatalik where a
little ‘rapakivi’ (ring) structure occurs.

UssinG appreciated the wide extent of the Nunarssuit Syenite and
observed that its pegmatites consist of felspar, quartz and arfvedsonite
with occasional zircon, galena, molybdenite and a mineral like euxenite.
At two places in south-west Nunarssuit he noted ‘‘stratification” due to
parallel bands rich in magnetite.

In all these hitherto unpublished observations Ussing was remark-
ably accurate and by drawing attention to them the present writers
hope to pay some small tribute to their distinguished predecessor. Not
unnaturally, though, he was sometimes mistaken; for instance, in de-
scribing the pinkish rocks around Itivdliatsiaq as rapakivi and the
granite on the shore where he landed south of Malenefjeld as Older
(i. e. Julianehab) Granite.

The admirable regional study of South Greenland by WEeGMANN
(1938) has already been mentioned. This work, which has provided a
basis and constant source of reference for all subsequent studies in the
region, briefly summarizes early investigations and comments upon the
Nunarssuit massif. It will frequently be mentioned and discussed in the
following pages. Whilst the writers cannot agree with WEGMANN’s in-
terpretation of the Nunarssuit complex they would like to record their
whole-hearted admiration for his achievements in unravelling the regional
chronology of South Greenland.

(c) Topography.
The area covered by the Nunarssuit map-sheet (60°30" to 61°00’
north, 47°00" to 48°30" west) differs in some topographical respects
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Fig. 1. View of the Kitdlavat mountains, looking south-east from outside the en-

trance to Torssukatak. The highest summit (left centre) is formed of Kitdlavat

Granite: otherwise the mountains consist entirely of Helene Granite. Kap Desola-
tion on the extreme right. (Photo G.G.U., T.C.R.P.).

from the rest of South Greenland. The strip of land separating the in-
land ice sheet from the sea is only 30 to 40 km wide—narrower than
anywhere else south of Disko Bugt—and furthermore of relatively low
altitude. Extensive tracts around Qagssimiut and the inner part of
Kobberminebugten do not exceed an elevation of 100 metres above sea
level and have been included with the strandflat of South Greenland
by WeemaNN (1938). Much cf the higher ground elsewhere attains a
summit level of only 270-350 metres in contrast with the extensive
700-800 metre level characterizing the area covered by the Ivigtut
map-sheet 40 km to the north. This 270-350 metre level rises gradually
E.S.E. to over 500 metres when traced to the north-west side of Brede-
fjord; but when followed northwards towards the Ivigtut plateau no
such gradual rise takes place. Instead there is a step between eastern
Sanerut and Kindlik separating the 270-350 metre level af the Nunar-
ssuit district from the 700-800 metre high plateau of the Ivigtut region.
These two surfaces are therefore separate and distinct erosion levels.

Only near their western seaboards do Nunarssuit and Alangorssuaq
surpass heights of more than 600 metres. Although never more than
800 metres high this ground presents mountain scenery as imposing as
any in South Greenland, rising steeply from the sea in an array of pin-
nacles which are generally unclimable because of the weathered nature
of the granite that forms them (see fig. 1).

(d) Access.

The inaccessibility which previously hindered investigation of the
region has become less pronounced today with the establishment of the
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airstrip at Narssarssuaq about 200 km away. A regularly-used shipping
route also connects Ivigtut with Copenhagen. It was indeed possible to
plan an excursion to the region as part of the XXI International Geo-
logical Congress in 1960, though this project unfortunately failed to
mature.

Ivigtut provided the main supply base for G.G.U. operations in
the region from 1955 until 1959 when it was supplemented by Dyrnees
near Narssaq. From these bases camps were set out and supplied by
motor cutters using the coastal waters and fjords that ramify through
the region. Torssukatak, the channel between the island of Nunarssuit
and Alangorssuaq, is an important sea-route for all vessels, especially
those small enough to employ Nyboes Kanal, the narrow waterway
which separates Alangorssuaq from the mainland at high tide. Motor
cutters of this type, the 16 tonners “‘Graah” and ‘“Koch”, were essential
for visiting the skerries and exposed western coasts of Nunarssuit and
Alangorssuaq, but within protected inland waters a 22 ft. cabin cruiser
“Uralit” proved more suitable and served each author in turn.

Access to the area by sea early in the summer field-season may be
hampered by ice. The West Greenland polar current which flows north-
west from the southern tip of Greenland, Kap Farvel, along the south-
west coast of Greenland is particularly fast off Nunarssuit where it is
confined to a stretch of sea no more then 18 km from the land. Conse-
quently in the spring ice floes transported to the region from north-
east Greenland by the current are often densely packed near the coast
and an on-shore wind may push them far into the fjords. Few are left
by about mid-July, however, and they do not usually trouble shipping
in the summer months.

(e) Exposure and general conditions.

As can be seen from the map, Plate 3, the complex is partly con-
cealed by either lakes or sea. Apart from this, however, it is exception-
ally well exposed (see fig. 2) and its western and southern parts would
be a continuous expanse of bed-rock but for occasional scree and gravel
patches. Even the Kitsigsut Syenite mass, which is visible only in numer-
ous small islands is, within the area of the skerries, probably as well
exposed as many parts of the Scottish Highlands since each island in
the skerries is entirely naked rock. All these exposures have, moreover,
been scoured clean. Moving away from the coastal belt, however, vegeta-
tion, particularly Empetrum and Vaccinium uliginosum heath, covers
an increasing area of ground and although rock outcrops are still abun-
dant they are often covered with lichen and in consequence are not so
readily examined as the clean coastal rocks.
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Fig. 2. View roughly south from the oval lake at the north-west corner of the Nunar-

ssuit Syenite in Alangorssuaq. Helene Granite in the foreground, Nunarssuit Syenite

in the middle distance. Torssukatak just visible in the centre of the picture, Nunar-
ssuit in the background. (Photo G.G.U., W.T.H.).

Since the Nunarssuit area projects out to sea its climate is distinctly
maritime. The south-east wind which frequently blows in summer
months brings much rain to the area and banks of sea mist often drift
in from the Davis Strait with an onshore wind. Snow, common in winter,
disappears from all but north-facing slopes by June.

The maritime nature of the Nunarssuit region is reflected in its
wild life. Seabirds are numerous, black guillemots and eider duck being
commonest. On many lakes divers and mergansers can be found especi-
ally where there are runs of arctic char, Salvelinus alpinus (the Green-
land ‘laks’). Among land birds, ptarmigan, snow buntings and wheat-
ears—the last a summer and autumn migrant—are most abundant. The
only land mammals, excluding rare polar bear visitants travelling from
east Greenland on ice floes, are the arctic fox and snow hare. Insects
are a major inconvenience for about seven weeks during the summer
when dense swarms of various gnats and mosquitoes hatch from the
many lakes in the region.

Alangorssuaq and Nunarssuit are uninhabited. The nearest settle-
ment is Qagssimiut, a Greenlandic hunting community about 30 km east
of Nunarssuit. A smaller Greenland village, Arsuk, lies about 40 km to
the north of Nunarssuit.
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II. THE REGIONAL SETTING OF THE COMPLEX

(a) General.

The Nunarssuit complex is situated in an extensive region of pre-
Cambrian rocks which Weeman~ (1938) has divided into two separate
and distinct cycles. These he termed Ketelidian and Gardar. Although
the pre-Gardar age nomenclature of the region is now under review, so
that the use of the term ‘“Ketelidian”” may need to be modified, WEG-
MANN’s work draws special attention to what is undoubtedly an out-
standing feature of greatest significance in South Greenland, the con-
trast between the early tectogenesis and metamorphism of the region
on the one hand and its subsequent history on the other.

In pre-Gardar times the Julianehdb Granite and an older geosyn-
clinal series of metasediments and metavolcanics were welded together
by tectogenesis and regional metamorphism to form a resistant block
which has reacted to later earth-movements only by fracture and
warping. After a long period of erosion following this ancient plutonism
the Gardar cycle was initiated in the Igaliko area by deposition of con-
tinental sandstones intercalated with lava flows. These strata, despite
their age still more or less horizontal, rest with marked angular uncon-
formity on folded migmatites in the down-faulted zone between Brede-
fjord and Tunugdliarfik, the only place where they are preserved.
Cutting them are dykes and plutons, the intrusive aspect of the Gardar
cycle. Similar dykes and plutons elsewhere in South Greenland outside
the area covered by Gardar supracrustal rocks are also assigned to the
Gardar cycle for field and petrographic reasons. Thus numerous dyke
swarms ranging from at least latitude 60 to 62 north on the west coast
of Greenland are confidently assigned to the Gardar cycle and a number
of plutons which puncture the basement between Ivigtut and Frederiks-
dal south of Julianehdb can also be classed as Gardar because of their
relationships to the regional dyke swarms. A map of the general geology
of the region is provided in Plate I.

(b) The pre-Gardar basement.

The oldest rocks shown on Plate I are those of low or medium
metamorphic grade occupying two areas, the Arsuk basin and a long
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tract of country stretching from Kobberminebugten through Kindlik
to Sermiligrssuk fjord. They include a lowermost predominantly
metasedimentary series overlain by a metavolcanic (Arsuk) series. The
metasediments display a wide range of rock types, pelitic and semipelitic
schists, quartzite, conglomerate, dolomite and various amphibolitic
rocks. The metavolcanics chiefly comprise a considerable thickness of
basic lavas, sometimes with pillow structures, and occasional tuffs,
agglomerates and metagabbro sills. The Arsuk group is succeeded by
the Qipisarqo group, comprising a series of metasediments containing
much pelitic schist and some conglomerate. The low-grade metamor-
phics in the southern arm of Kobberminebugten overlie the Qipisarqo
group and are of mixed sedimentary and volcanic origin. Their
stratigraphy has been outlined by WarTERsoN (in press). On the
northern shores of Alangorssuaq they form an impersistent nar-
row outcrop running north-eastwards along the coast, composed
of various rocks arranged in parallel layers striking north-east
and either vertical or dipping steeply south-east. Schistosity due
to preferred orientation of biotite and green amphibole is often devel-
oped and lies roughly parallel to the major lithological layering. The
following distinctive rock-types occur. Plagioclase porphyrites con-
tain abundant gray rectangular felspars up to a few c¢m long in a fine-
grained epidotic matrix. The phenocrysts tend to parallelism and are
sometimes highly deformed without rupture. They mainly consist of
andesine often recrystallized to a clear granular aggregate containing
stumpy epidote prisms apparently in equilibrium with the felspar. Some
microcline is present; brown biotite and green amphibole in the ground-
mass of the rock generally show a pronounced preferred orientation.
Uralite porphyrites are dark green schists consisting chiefly of green
amphibole which forms both the groundmass of the rock and sporadic
larger crystals or crystal aggregates a few mm long. Elongate vesicles
up to b em long lined with epidote and containing magnetite or haematite
occasionally occur. Pillow lavas are seen at several localities. The pil-
lows are gray elongate oval bodies up to 30 cm long in a dark schistose
matrix which may consist entirely of green amphibole. Banded schists
appear in the field as gray or green medium- or fine-grained schists with
a banding, visible on the scale of a hand-specimen, which is parallel to
the major lithological layering of the schist-belt. Some are obviously
mylonites due to shearing on steep planes striking N.E. In thin-section
the banded schists comprise quartz, microcline, plagioclase, brown bio-
tite, green amphibole and pistacite in various proportions together with
accessory sphene, apatite and ore. Epidote-rock: a fine-grained
granular pistacite-rock forms folia and numerous ovoids up to about
a metre long in the rocks described above.
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The Green Schist outcrop of Alangorssuaq has therefore obviouslybeen
folded and regionally metamorphosed under amphibolite facies conditions.

An area of gneisses in the Ivigtut district well to the north of
Alangorssuaq is believed to be the result of migmatization during the
folding of the lower groups of metamorphic rocks although there is a
possibility that these gneisses may possess a core representing a still
more ancient basement.

Contrasting with the syn-kinematic development of the Ivigtut
gneisses is the late-kinematic migmatization to which the Julianehab
Granite owes its origin in the first place. The term Julianeh&b Granite
was introduced by Ussing (1912) to designate the basement granite
which extends for over 100 km from Kobberminebugten to the Juliane-
h&b area. The very varied character and history of this mass has only
recently become apparent. In Alangorssuaq and Nunarssuit it includes
many different rocks which, although separable in the field, are not
distinguished on the map, Plate 3, for reasons of scale. They range from
migmatitic hornblende-granodiorite to leucocratic quartz-rich granite
with occasional enclaves. Large bodies of metamorphosed basic to ultra-
basic rocks of massive appearance whose precise chronological status is
uncertain are enclosed and marginally migmatized by the granite which
also contains numerous areas of migmatized schists belonging to the
Kobberminebugt Group.

After this orogenesis and migmatization a great number of basic
dykes (the Kuéanitic swarm), were emplaced throughout the region.
In the north-west they remain relatively unaltered and retain their
fine-grained margins but south-east of a line running roughly north-
east from Kingnat near Ivigtut they are metamorphosed to amphibo-
lites. This later regional metamorphism increases in grade to the south-
east and east so that on some islands within Kobberminebugten and at
places in eastern Alangorssuaq and Nunarssuit the Julianehdb Granite
has been locally reactivated and has attacked the amphibolite dykes
which cut it. Further east, around Qagssimiut, a large area of Juliane-
hab Granite also shows evidence of reactivation during the same period
of regional metamorphism as does the granite in most of the Julianehab
peninsula and the ground between Tunugdliarfik and Igaliko Fjord.
Possibly contemporaneous with this reactivation are the granite intru-
sions on and north of Sanerut which post-date the Kuanitic dykes.
Following the reactivation more thin metamorphosed basic dykes were
emplaced in the Julianehdb Granite.

(c) The Gardar Period.
(i) Dykes.
Outside the Tunugdliarfik area of Gardar lavas and continental
sandstones the Gardar period is chiefly represented by dykes of which
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dolerites are by far the largest and most numerous. Three generations
of these can be discerned between Sermiligarssuk and Arsuk Fjord, the
first running E.N.E. or E.-W., the second E.N.E. and the third N.E.
In the country between Nunarssuit and the Inland Ice five generations
have been separated but in the region to the east of this area there seem
to be only three swarms. In addition to these dolerites dense swarms of
thin E.N.E.- or N.E.-trending trachytes occur around Narssaq and
Arsuk Fjord and many camptonites trending roughly at 70° are found
in the vicinity of Arsuk Fjord.

Considering the Alangorssuaq—Nunarssuit area in particular, the
abundance of basic dykes is most striking (Plate 3), especially north-
east of Bangs Havn. The oldest Gardar dolerites run E.-W. or E.S.E.
They are not very numerous but are rather more abundant than the
N.-S. or N.N.E. dolerites which cut them and in their turn are cut by
the main N.E. swarm. Some members of the last attain a thickness of
300 m and, as shown on the map, many present a complex outcrop
suggestive of lateral crustal displacement as well as tension normal to
the dyke walls during intrusion. The N.E. swarm is cut by a few E.-W.
dolerites, the latest basic Gardar dykes in the area.

Although the vast majority of dykes in the main N.E. swarm present
no outstanding features certain of them require special attention. For
example, at Bangs Havn a number coalesce in a small igneous complex
about 1 km wide and 6 km long trending north-east and comprising
dolerite, anorthosite, pyroxene-syenite and pyroxene-granite units grad-
ing into each other through narrow transitional zones. The anorthosite,
a coarse-grained rock mainly composed of plagioclase crystals up to
15 cm long, forms xenoliths up to 50 m broad in the dolerite. Related
to this is the occurrence of numerous anorthosite blocks and large
crystals of intermediate plagioclase up to about a metre long in certain
Gardar dolerites of the region. South-east of Bangs Havn, for instance,
a dolerite dyke 4-8 m wide contains numerous anorthosite blocks and
large plagioclase individuals up to 60 cm long. Another Gardar dyke
about 10-15 m wide that runs W.S.W. across northern Alangorssuaq is
choked with anorthosite blocks and giant intermediate plagioclase crys-
tals up to roughly a metre long.

A few members of the main north-easterly dyke swarm are com-
posite, comprising acid centres and dolerite margins. In central Nunar-
ssuit one of these 50 m thick has a centre of rather fine-grained por-
phyritic granite 10 m wide. Another, seen in the chain of small islands
running north-eastwards from Qeqertarssuanguaq near the south-east
coast of Aldngorssuaq, also possesses a rather fine-grained porphyritic
granite centre. On Qeqertarssuanguaq itself an E.~W. dolerite bears a
central portion of quartz-porphyry.
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Dykes of intermediate or acid composition are rare in the Alangor-
ssuaq-Nunarssuit area. A few thin trachytes occur; one which trends
W.S.W. cuts a N.E. dolerite and is cut by a post-Gardar dolerite.
Occasional quartz-porphyries up to 12 m thick running roughly north-
east transect the Gardar dolerites. Two thin ones cut and chill against
the Nunarssuit syenite east of Itivdliatsiaq. A thin felsite cutting the
Julianeh&b Granite of south-east Alangorssuaq can be followed for
several hundred metres. Acid dykes of E.S.E. trend found in S.E.
Nunarssuit are of uncertain age: one is cut by a N.E. dolerite, another
cuts a similar dolerite dyke.

(ii) Intrusive complexes.

The Gardar plutons of the region, with which the Nunarssuit com-
plex is to be reckoned for reasons given in a succeeding sub-section, can
be very briefly summarized as follows. In the Narssaq area lie the well-
known Ilimaussaq batholith, the Igaliko batholith and the central com-
plex of Tugtutoq. Ussing (1912) has described the first in some detail
and given a brief account of the second. Uprox (1963) has investigated
the third.

In the Nunarssuit area there is, besides the complex described in
the present paper, the small Puklen intrusion of syenite and soda-granite
dealt with by PurLverTarr (1961).

North of Nunarssuit there are the two complexes of Grennedal and
Kingnat. The former is a body of nepheline-syenite accompanied by
carbonatite. The Kungnat complex, consisting of pyroxene-fayalite
syenites and a gabbro ring-dyke, has been the subject of a detailed study
by Upron (1960).

In a later section of the present paper attention will be drawn to
certain similarities and dissimilarities between these plutonic intrusions.

(iii) Faulting.

The rigid brittle character of the South Greenland block after pre-
Gardar tectogenesis and metamorphism has already been alluded to,
and is evident in the numerous dyke swarms briefly described above.
A further testimony is the intense faulting the region has suffered, much
of which is Gardar in age. There are two major sets of faults, roughly
north-south dextral transcurrent faults, which considerably displace
many of the older Gardar dolerite dykes but have little effect upon the
youngest Gardar dolerites, and east-west faults with sinistral displace-
ments of up to 6 km. One of the latter has been shown by HENRIKSEN
(1960) to have been initiated long before Gardar times.

Faulting in the Nunarssuit area is much less pronounced than in
the other two main centres of Gardar igneous activity, the Narssaq



I The Nunarssuit Intrusive Complex. 19

region and the Ivigtut-Grennedal peninsula. Two north-south dextral
tear faults displace the Nunarssuit complex near Josvaminen as does
another in central Nunarssuit, and the complex is affected by east-west
faulting south of Mercurius Havn and between Bangs Havn and Emma
Havn (see Plate 2). The existence of a major fault along Ikerasagssuaq
is inferred from the intensely crushed nature of the granite on the islands
in the sound just south-east of Aurora Havn and along parts of the
shore east of this locality: this fault has no late Gardar displacement—
the N.E. dykes are undisturbed—but pre-Gardar boundaries have been
moved up to 2 km in a sinistral sense.

(d) Post-Gardar rocks.

Throughout the coastal districts of South Greenland as far north
as Frederikshab a swarm of regularly jointed dolerite dykes weathering
to a reddish-brown runs N.N.W. parallel to the coast. The swarm is not
dense but some of its members are highly persistent and have been
traced for more than a hundred kilometres. Since the dykes cut all
Gardar intrusions including the Nunarssuit complex and are never dis-
placed by faulting they are regarded as being post-Gardar and possibly
Tertiary in age (BERTHELSEN 1961).

In Nunarssuit and Alangorssuaq they contain intermediate plagio-
clase and a pink titaniferous augite with or without some olivine or
quartz and attain a thickness of 50 m, though many are much thinner
than that; the majority are inclined to the south-west and the dip of
some is as low as 50 degrees. They are cut by a later set of E.~W. dolerites
which differ from them chiefly in containing small zeolitic vesicles. At
two localities in Alangorssuaq, Sterkodder Havn and about !/, km
south-east of Redtop, the contacts of the later dykes are seen to be
chilled against the N.N.W. dolerites.

(e) The Age of the Nunarssuit complex.

Various members of the Nunarssuit complex transect and hornfels
Gardar dolerite dykes of all three main generations in the area. Although
the quartz-porphyry dykes of Gardar age have not been seen in actual
contact with the complex they, like the Gardar dolerites, are absent
from the complex, as shown by the map (Plate 3), with the exception of
two thin examples mentioned above. On the other hand, as already
remarked, Gardar faults and post-Gardar dolerite dykes cut the com-
plex. Thus the Nunarssuit complex is of late Gardar age. Its relations
towards Gardar dyke intrusion and faulting resemble those of the Ili-
maussaq, Kingnat and Puklen complexes but differ from those of the

2*
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Gronnedal complex which is intruded by Gardar dolerites and intensely
faulted (personal communication, C. H. EMELEUS).

MoorBaTH, WEBSTER and MorcaN (1960) have recently given
absolute ages for the Ilimaussaq and Kingnét intrusions. Using poly-
lithionite from Ilimaussaq they obtained a result of 1086 m.y. by the
rubidium-strontium method and 1180 m.y. by the potassium-argon
method. Biotite from Kingnit gave an age of 1240 m.y. by the K/A
method. It seems likely therefore that the Nunarssuit complex is roughly
between 1100 m.y. and 1250 m.y. old™.

1) Since this paper went to press, Dr. S. MoorBATH carried out a Rb/Sr age-
determination on biotite from the Biotite-Granite in Alangorssuaq, and obtained
a result of 1150 + 30 m.y. (taking 4.7 x 10 years as the half-life of Rb®?). The
authors are grateful to Dr. MoorBaTH for allowing them to publish this figure.



III. THE COMPONENT UNITS OF THE COMPLEX.

(a) The Alangorssuaq Gabbro.

A roughly arcuate outcrop of gabbro 5 km long forms low ground
occupied by numerous lakes in central Alangorssuaq at the northern
margin of the Nunarssuit complex. The intrusion can for general pur-
poses conveniently be described under three headings, unaltered olivine
gabbros, uralitized gabbros and hybridized gabbros, but it should be
noted that the extreme western outcrops of the gabbro include a variety
of basic rocks not described in this section of the present paper.

Unaltered olivine gabbros.

Olivine gabbros in which all the constituent minerals are fresh
compose the central sector of the gabbro arc. A conspicuous variety,
extending for about one kilometre along the northern extremity of the
gabbro outerop and for up to several hundred metres southward from
its contact with the Julianehab Granite, is a medium-grained regularly-
joined olivine gabbro, without lamination or banding, containing small
pegmatitic segregations at a few localities. In hand-specimen it resembles
certain diorites because of the abundance of white felspar. Thin-sections
of it vary slightly in grain-size and modal composition and closely
resemble many slices from the large W.S.W. Gardar dolerite dyke
running across east Alangorssuaq up to Naujat qaqat. Clear, well-
twinned, generally non-zoned plagioclase of intermediate composition,
about An 50 in several specimens, forms roughly 60-70 °/, of the rock.
Some crystals show slight continuous normal zoning; mild deformation
of the albite twin lamellae has been noted. Fresh olivine with a high
negative optic axial angle occurs in amounts up to about 16 °/, of the
rock.

Titanaugite is much less common than, and often encloses, olivine.
It makes up less than 1°/; of the total volume of some specimens.
Apatite and titaniferous iron ore are abundant accessories and lepi-
domelane is common as beards round the ore grains. A little interstitial
alkaline residuum is present.

A chemical analysis of a representative sample is given in
Table I.
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Table 1.

Chemical analyses of some members of the Nunarssuit complex.

1. 2. 3. 4.
SiOp . vvven 45.70 59.35 57.41 74.72
TiOg. oot 3.02 115 1.60 0.28
ALO; . ....... 18.85 18.10 17.22 12.55
Fe,O5........ 1.47 0.28 1.69 0.33
FeO ......... 11.44 4.85 6.25 1.61
MnO ........ 0.17 0.11 0.15 0.04
MgO......... 6.15 0.70 1.03 0.22
CaO ......... 743 2.85 413 0.87
Na,O........ 3.74 5.67 5.20 3.59
K,O......... 0.99 5.00 4.36 5.00
H.OQ= .. ....: 0.01 0.04 0.12 0.01
H,O0+ ....... 0.48 1.08 0.41 0.48
COp vvnnn. 0.06 0.55 0.14 0.19
PyOs.ovnn... 0.40 ‘ 0.35 0.49 0.09
F ... n.d. | n.d. n.d. 0.21
100.21 1 100.08 100.20 100.19
: NG 0.09
for F 100.10

Analyst: B. BRuun. Numbers in brackets refer to G.G.U. collections.

1. Olivine Gabbro, Alangorssuaq (30106) about 120 m from margin of the intrusion

and 800 m S.E. of the northern extremity of the outcrop of the intrusion.

2. Kitsigsut syenite (39415) pale variety. N.W. side of island 600 m long immediately

N.W. of Tulugartalik.

3. Kitsigsut syenite (39458) dark variety. Island 200 m long (8051-06 on Geod.

Inst. 1:20,000 map) about 1,800 m N.W. of anchorage at Tulugartalik.

4. Biotite-Granite (30173). Excavation near west side of large lake about 850 m
east of termination of Angnikitsorssip ata, the inlet on S.W. side of Angnikitsor-

ssuaq.

This variety, though not ubiquitous at the outer contact of the
gabbro as will be seen, appears to be a marginal phase of the gabbro
intrusion and in parts of its outcrop may correspond very closely in
chemical composition to the original melt. Followed southwards from
its contact with the Julianeh&b Granite country rock of the complex
it becomes coarser-grained and passes within a few hundred metres into
laminated and banded gabbros which will be referred to later in Sec-

tion VII.
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Uralitized gabbros.

The eastern outcrops of the Alangorssuaq Gabbro are largely ural-
itized up to their contact with the Julianeh&db Granite. Only at one
locality have unaltered rocks been found at the contact of the intrusion
with the basement granite in this sector of the gabbro arc and they
are intrusion breccias with a granophyric groundmass bearing hyper-
sthene.

Most if not all of the olivine and pyroxene in the altered rocks has
been replaced by biotite and amphibole; the felspar, about andesine in
composition, is saussuritized to varying degrees and sometimes shows
true clouding; apatite and some ore are common accessories.

The biotite is a dark brown variety distinct from the lepidomelane
of the unaltered gabbros. It tends to occur in aggregates of haphazardly
orientated crystals up to about a millimetre long sometimes with relict
cores of titanaugite. The amphibole (Z A ¢ 23° in one slice) is a pale green
colour, sometimes with blueish tint, and often forms feathery aggregates
which can in certain instances be made out to be pseudomorphs after
olivine.

The uralitized gabbros vary in grain-size. Many of them may be
derived from the unaltered medium-grained olivine gabbro just de-
scribed. At one place a metre from the Julianehab Granite such a medium-
grained uralitized gabbro contains rounded xenoliths of coarse uralitized
gabbro with cloudy andesine.

A few small fine-grained veins or lenses rich in epidote or sodic
plagioclase traverse the eastern outcrops of the grabbo intrusion. Some
of them may mark small shears, for shearing is not uncommon in this
part of the gabbro outcrop.

Hybridized gabbros.

In the extreme south-west of its outerop the Alangorssuaq Gabbro
has been intensely attacked by the Helene Granite over an area of
several hundred square metres with the resultant formation of a wide
variety of modified gabbros. This type of alteration is quite distinct
from that just described. The highly hybridized gabbros are quartz-
free rocks of intermediate composition, containing abundant micro-
perthite which has extensively replaced original plagioclase. Boundaries
between the two felspars are highly sutured and the plagioclase forms
relict areas in the perthite. The dark minerals in these rocks include
pale-green clinopyroxene (partly replaced by green hornblende mantles)
and brown biotite. Sphene, apatite and ore are common acces-
sories.

A poikiloblastic brown hornblende is sometimes developed especi-
ally at the margins of quartzo-felspathic veinlets cutting the gabbro
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where it weathers to small protuberances up to 1 cm in diameter giving
the gabbro a pimply appearance in the field.

(b) The Helene Granite.

(i) Distribution and field appearance of the normal granite.

The Helene Granite, named by WEeamany (1938) after Helene
Havn, a convenient anchorage for small ships passing through Torssuka-
tak, has an outcrop which extends from Kap Desolation northwards for
12 km to Alangorssuaq where it turns eastwards for 15 km across the
southern half of that island before returning to Nunarssuit in the vicinity
of Helene Havn. WeeMANN (1938 p. 101) remarks that it “extends
through the whole massif from Kobbermine Bay to the isthmus of
Malene Mountain” but in fact its outcrop terminates just east of the
251 m summit south of Bangs Havn.

Although the steep fantastic pinnacles that it forms between Mer-
curius Havn and Kap Desolation indicate that it was resistant to glacial
erosion the Helene Granite is most susceptible to present-day weathering
and much of its outcrop has disintegrated to yellowish gravei (‘“‘moro’).
Because of this and the smooth rounded surfaces that the solid granite
presents fresh samples of it—which are gray in colour—are difficult to
obtain.

In the field the Helene Granite shows little variation. For the most
part it is a coarse-grained rock, weathering to a yellowish brown colour,
with widely-spaced mural jointing and chiefly consisting of alkali felspar,
mainly as subrectangular crystals 2-3 cm long. In most outcrops these
felspars are randomly arranged but they show slight preferred orienta-
tion at a few localities, for example, the eastern shore of Helene Havn
where they are arranged roughly in planes striking N.E. and at the
south-west end of the lake south-east of Angnikitsorssuaq, near the
Biotite-Granite contact, where the planes dip east at 10°. Megascopically
many large felspars display pink cores surrounded by gray or white
rims, or vice versa, and occasional repeated colour zoning of this sort is
seen though no corresponding zoning is revealed in thin-section under
the microscope. Quartz is usually plentiful as clear or slightly milky
aggregates up to 1 cm wide but is sparse at a few localities. Smaller
quartz and felspar crystals are interstitial between the bigger units and
when this groundmass becomes appreciable in quantity the rock assumes
a porphyritic aspect. Some dark minerals are almost invariably present.

Aplite is rare but forms occasional thin sheets in the vicinity of
Helene Havn, western Nunarssuit and Aldngorssuaq. Pegmatites are
even less common; those originating from the granite are small bodies
consisting of quartz and felspar. The hornblende-bearing pegmatites
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which cut the Helene Granite near its contact with the Nunarssuit
Syenite are derived from the latter, with which they will be described.
A few druses occur; in the extreme west of Nunarssuit they measure up
to a metre wide and contain large crystals of quartz, cream-coloured
felspar, and biotite; one crystal of the last 15 ¢cm broad and 5 ¢m thick was
observed. In the same neighbourhood there are occasional lenses of white
quartz up to half a metre wide but quartz veins and lenses are not
common in the granite as a whole.

(ii) Distribution and field aspect of variants.

A slight textural variant which differs from the normal Helene
Granite only in the smaller dimensions of its felspars and hence com-
paratively even-grained appearance forms quite large areas passing into
the normal Helene Granite especially in the mountains south-west of
Mercurius Havn.

Another more significant variety forms a few relatively fine-grained
irregular bodies either passing into or bearing sharp irregular contact
against the normal granite which cccurs as cccasional vague inclusions
in the variant. The most interesting cf these finer-grained bodies lies
on one side in contact with the Nunarssuit Syenite at about 350 metres
altitude in the valley south of Mercurius Havn. It is a pale-pink to
gray rock, rather more radioactive than the other fine-grained granites.

In the same valley another variant is developed at two localities.
This lies in sharp contact with the normal granite from which it differs
in being even-grained and slightly finer-grained. It contains clear quartz
and prismatic green aegirine crystals sometimes arranged in sheaves.

A relatively even-grained phase on the north-west side of the small
island at Steerkodder Havn has a moderate content of fresh olivine and
bears occasional rectangular alkali felspar phenocrysts 1-2 cm long. It
contains small areas of normal Helene Granite and can be seen in con-
tact with the normal Helene Granite forming the south-eastern side of
the island. The contact has a steep or moderate south-easterly dip and
can be sharp or vague. Near the north-eastern end of the island one of
the large felspars of the normal granite at the (sharp) contact is almost
completely enclosed by the even-grained phase. The normal granite on
the island encloses and passes into a similar even-grained granite from
place to place.

The thin lenticular outcrop of granite separating the Nunarssuit
Syenite and normal Helene Granite in Alangorssuaq (see Pl. 3) is fairly
even-grained and contains feathery aggregates of a sodic amphibole.
Near the syenite it is rather coarse but it becomes fine-grained towards
the normal granite. Its contacts with both the syenite and normal
granite are sharp.



26 W. T. Harry and T. C. R. PULVERTAFT. 1

A marginal facies is often though by no means invariably developed
in the Helene Granite close to its contact with older rocks, and is well
displayed just east of Emma Havn where it sends intrusive apophyses
into the country rock. It can also be seen against the Julianeh&b Granite
of south-east Aladngorssuaq in the vicinity of Naujat atdt. In hand-
specimen it is pale pink with well-shaped felspar phenocrysts up to 3 cm
long and round quartz areas about 0.5 ¢cm broad set in a fine-grained
quartzo-felspathic matrix. White plagioclase may form rims to some
pink felspar phenocrysts but since the rims replace the potash felspar
such phenocrysts do not constitute ‘“‘rapakivi’’ felspars.

Rocks like the marginal phase near Emma Havn form areas in
the normal granite in Nunarssuit up to 3 m wide with slight marginal
concentration of dark minerals. Similar though gray coloured rocks form
scattered oval xenoliths in the normal Helene Granite of West Alangor-
ssuaq and Quiartorfik.

Close to its northern margin in west Alangorssuaq the Helene
Granite becomes medium-grained and may contain biotite in conspicu-
ous amounts.

(iii) Microscopic Petrography.

Felspar is almost wholly perthite; discrete crystals of plagioclase
are scarce or absent. Sodic plagioclase, often with albite twinning,
usually constitutes roughly one third, occasionally about half (meso-
perthite) the volume of the perthite intergrowth; the potash felspar
component of the perthite not infrequently shows microcline twinning.
Purely as a means of describing their appearance in thin-section and
without precise genetic implications, the perthites can be said to be
mainly vein perthites with all gradations to string perthites on the
one hand and patch perthites on the other. The perthitic intergrowths
can be coarse enough to be megascopically visible or so fine-grained
that they are resolved only with difficulty under the microscope.

Many of the large subidiomorphic perthite units are composite,
consisting of several—often five or six—perthite crystals differing in
crystallographic orientation and the appearance of their perthitic struc-
ture. These sub-units have irregular boundaries against each other and
may be separated by very thin rims of sodic plagioclase. The last chiefly
consists of numerous minute crystals arranged in double rows but some
rims are optically homogeneous. Less commonly the boundary between
two sub-units is marked by two thin albitic films each optically
continuous with (and sometimes also connected to) the plagio-
clase component in the opposite, not the immediately adjacent,
sub-unit.
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Large individual perthite crystals that lie in contact with each
other display thin albite rims with a highly denticulate outer margin
resembling the textures shown by similar rims round perthite crystals
in certain Nigerian granites (JacoBson et al. 1958).

Quartz is rather variable in texture. In some specimens it solely
forms rounded areas up to 1 cm broad, consisting of several crystals
with very irregular or even sutured margins; undulose extinction is
almost ubiquitous, deformation (Bornm) lamellae are common and
trains of minute inclusions or cavities are occasionally present. In much
of the Helene Granite, however, especially its marginal facies, some of
the quartz forms equidimensional, rounded, subhedral or euhedral areas
5-7 mm broad usually with strain extinction and sometimes composite,
whilst the remainder of the quartz forms: (1) small subhedral or rounded
crystals less than 1 mm wide within the anhedral perthite in the matrix
of the rock, (2) irregular areas in the matrix of the rock moulded onto
felspar, (3) inclusions in large perthite units. The last mode of occurrence
deserves further comment. Many large composite perthites contain small
rounded quartz inclusions usually in their outer portions. These inclu-
sion zones are often well-defined, enclosing homogeneous cores with a sub-
rectangular outline congruent with that of the whole composite unit.
Very rarely two concentric zones of quartz inclusions are present.
Occasionally quartz inclusions in the margin of a composite unit are
vermiform and this can result in a delicate granophyric intergrowth
which becomes coarser towards the margin of the composite perthite
unit.

Hornblende. Almost ubiquitous, hornblende is anhedral and may
enclose quartz, felspar, pyroxene, olivine, ore, zircon, or fluorite. It is
pleochroic X: light-brown, Y: brownish-green, Z: green; a faint blue
tint is also shown by the marginal zones of some crystals.

Sodic amphibole. This occurs only in accessory amounts, occa-
sionally as thin borders to hornblende, more commonly as small acicular
crystals sprouting from hornblende crystals. It can also be based on,
or intergrown with biotite, and may be enclosed by quartz and felspar.

Clinopyroxene. Only about a third of the specimens examined
from Nunarssuit contain clinopyroxene but the mineral seems more
common in the Aldngorssuaq outcrops of the Helene Granite. Usually
it forms subhedral pale green crystals which may be feebly pleochroic
gray-green to grass-green. Crystals from near Helene Havn gave 2V
(+4) 59° in their centre, 2V (+) 63° at their margins. A sample from
the vicinity of Kap Desolation gave 2V (+) 70°. A more brightly col-
oured, presumably sodic, green clinopyroxene is not uncommon and
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acicular aegirine is present in the local variety of granite seen in two
places south of Mercurius Havn.

Olivine. Sporadically distributed and seldom in conspicuous quan-
tities, olivine occurs at Sterkodder Havn in the relatively even-grained
granite forming the north-west side of a small island. It is also seen in
west Alangorssuaq and at places in Nunarssuit where one specimen gave
2V (—) 47-48° indicating pure fayalite. Occurring as rounded grains
up to a few mm long, it is frequently altered to ore, colourless amphibole,
and a yellowish, probably serpentinitic, mineral.

Biotite. Frequently associated with sodic amphibole, biotite is a
common accessory and occasionally, as near the basement about 1!/, km
north of Graahs Havn in Aldngorssuaq, an essential constituent of the
granite. It usually forms ragged plates, pleochroic light yellowish brown
to dark brown, though greenish biotite has been observed. Sometimes
tiny biotite flakes are enclosed by felspar or compose small aggregates
in the body of the rock.

Other constituents. Fluorite, usually interstitial, is the next
most abundant and widespread accessory after biotite. Zircon as euhedral
grains often enclosed by mica is common, and is quite plentiful in the
radioactive fine-grained granite mentioned from Nunarssuit. Orthite
forms scattered grains. Iron ores are common accessories throughout
the intrusion and accessory apatite is common in the Alangorssuaq out-
crops of the granite.

(c) The Kitsigsut Syenite.

(i) The Indre Kitsigsut.

The north-western part of the Nunarssuit complex is occupied by
a syenite body forming the skerries around Tulugartalik. Much of the
intrusion lies under the sea and its full extent is unknown but it must
run for at least 14 km in an east to west direction. The syenite which
forms it is a massive coarse-grained rock, cut by regular widely-spaced
joints in sets roughly at right angles, weathering to rounded outcrops
coloured dark-brown in the vicinity of Tulugartalik, light-brown in the
northern part of the skerries. Because of their rather pale colour on
weathering the northern outcrops of the intrusion might indeed be
mistaken for granite when seen from a distance.

Preferred orientation of minerals is seldom seen although banding
due to concentrations of dark minerals is common (see Section VII).
Xenoliths are generally scarce but at some localities small rounded
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inclusions of more basic cognate material are abundant. Aplites and
pegmatites are scanty; some of the latter on and in the vicinity of
Tulugartalik are of particular interest in containing notable quantities
of zircon in tetragonal prisms several millimetres long. In the same
locality zircon prisms of similar size are abundant in widely-spaced
parallel steep planes marked by concentration of pyroxene in zones
a few cm wide and cutting the banding of the syenite.

Two main varieties of the syenite are apparent in the field. One,
a dark-gray rock weathering light-brown as in the northern islands or
dark-brown as in Tulugartalik, somewhat resembles in hand-specimen
the darker varieties of larvikite in the Oslo region though its felspars
often show no play of colours at all and those that do are only faintly
labradorized. The other is a pale gray or almost white rock sometimes
veined and enclosed by the darker variety into which it can often be
seen to pass.

The dark variety essentially consists of abundant perthite, some
pale green or brown augite and olivine. The felspar is often almost
cryptoperthitic and commonly the crystal boundaries are fretted as in
the Nunarssuit Syenite. Green or colourless amphibole may occur and
frequent accessories are biotite, apatite, and ore. In the pale variety,
on the other hand, the felspars tend to be highly exsolved. Coarse patchy
perthites in which the potash felspar may show typical microcline
twinning are common, and discrete crystals of sodic plagioclase are
frequently present. Intricate reaction textures involving albite and
microcline are characteristic and myrmekite-perthite, an intergrowth
of potash felspar and albite also found in the Ydre Kitsigsut and Nunar-
ssuit syenites, is common. Clinopyroxenes resemble those in the dark
syenite but are often partly replaced by amphiboles and biotite. Olivine
seems absent. Accessory apatite, ore and zircon are common.

A chemical analysis of each variety of the Kitsigsut Syenite is given
in Table I.

Compared with the Nunarssuit Syenite the Kitsigsut Syenite as
a whole differs in the following respects. Quartz is rarely present and
apatite is a relatively abundant accessory. The intrusion also differs from
the Nunarssuit Syenite in containing a number of mappable basic or
ultra-basic bodies of cognate origin. One, a xenolithic block about 100 m
long, seen on the island nearly !/, km north of the anchorage at Tulugar-
talik, displays a pronounced planar mineral layering dipping gently
north; some of the bands are essentially composed of titanaugite; others
consist largely of basic andesine and an augite pleochroic in green and
greenish-brown tints. Elsewhere in the skerries there are several dyke-
like bodies a few metres wide in the syenite, chiefly containing micro-
perthite, olivine and augite along with some biotite.
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(ii) The Ydre Kitsigsut.

The Ydre Kitsigsut are separated from the Indre Kitsigsut by some
8 km of open sea, and thus there can be no certainty that the syenites
of these two groups of islands belong to the same intrusion. However,
in view of the similarity between the material collected from the Ydre
Kitsigsut and the dark variety of the syenite around Tulugartalik, it is
quite probable that the two do belong to the same unit: accordingly
the Ydre Kitsigsut syenite is dealt with here.

Owing to heavy seas, it was only possible to land on the two largest
islands of the Ydre Kitsigsut group, Thorstein Isleender and its neigh-
bour immediately to the west. As the surrounding islands have the same
appearance it is most likely that they are formed of the same syenite
as these two. This syenite is a massive coarse-grained rock, dark greenish-
gray when fresh, weathering to rounded brown outcrops similar to those
of the Nunarssuit Syenite and the skerries around Tulugartalik. It is
made up predominantly of alkali felspar, together with clinopyroxene
and olivine; hornblende, ore and apatite are also present but in smaller
quantities. Quartz, biotite and zircon have been observed but are rare.

The felspars are usually complex on account of zoning. Clear
lamellar-twinned cores of plagioclase with marked zoning pass outwards
into cryptoperthite, chequered antiperthite or vein perthite. The potash
felspar component of the perthite is microcline frequently showing grid-
twinning. A striking feature of the felspar is the development of areas
of myrmekite-perthite, an intergrowth of potash felspar and albite
which simulates myrmekite and has apparently formed at the expense
of cryptoperthite. It has been described by SeperumoLm (1916 p. 133)
who also notes GEIJER’s account of it. OFTEDAHL (1948 p. 30) has illus-
trated its occurrence in nordmarkite in the Oslo region.

The pyroxene is a pale brown variety, 2V (+) 56°-59°, forming
subidiomorphic crystals up to 5 mm. Sometimes dark inclusions give
rise to schiller structure.

Olivine (fayalite) forms equant grains which reach 5 mm across
in the coarsest syenite. When fresh these are yellowish in colour, but a
greater or lesser degree of alteration has affected the mineral in most
slices with the formation of ore, iddingsite and amphibole. Minute
dendritic ore inclusions have been noted in a few crystals.

Hornblende, a greenish-brown variety, is not very plentiful; it
often has replaced or been moulded onto pyroxene.

In the otherwise normal syenite on the west side of Thorstein
Isleender a little steep banding is developed, and there are in addition
scattered lenses and wisps enriched in mafic minerals on both the islands



I The Nunarssuit Intrusive Complex. 31

visited. Occasional small dark clots up to 20 cm across were seen on
Thorstein Isleender, composed of brown biotite, pale green amphibole,
apatite and ore. In one of these a little molybdenite was found, a mineral
also occasionally present in the Indre Kitsigsut on Tulugartalik.

On Thorstein Isleender there are two areas of light-coloured mottled
syenite, about 35 and 80 m across respectively, with fairly well-defined
borders against the typical syenite. These bodies are composed of
perthitic alkali felspar with highly irregular mutual borders, and pale
brown clinopyroxene which is bordered or replaced by amphibole. Ore,
apatite and biotite are scanty accessories. Olivine was not observed in
thin section. Thus this rock type resembles the pale gray syenite of
the Indre Kitsigsut.

On the island west of Thorstein Isleender the coarse syenite is
transected by rarer dyke-like bodies of medium-grained syenite con-
sisting of perthite, augite (2V ca. 57°) and fayalite (2V 48°) with acces-
sory ore, apatite and quartz.

Late-stage leucocratic veins are very rare. One such vein, 50 cm
thick, is fine-grained and gray in colour. The component minerals are
quartz in two generations, sodic plagioclase, microcline and a little
colourless pyroxene. Another of similar thickness but with less well
defined margins is of variable grain-size. Its dominant constituent is
sodic plagioclase, in addition to which there is sodic pyroxene and
accessory ore, soda-amphibole and biotite, all associated with the
pyroxene.

(d) The Biotite-Granite.

A fairly coarse-grained pink granite forms north-west Alangorssuaq
including the mountain Angnikitsorssuaq (fig. 3). The total extent of
the intrusion is unknown, its outcrop being interrupted by the sea, but
its known breadth is of the order of 5 km. In the field it plainly differs
from the Helene Granite in being conspicuously biotitic and in bearing
numerous milky white quartz veins and lenses up to a metre or so wide
distributed throughout its outcrop. It displays little variation, and no
preferred orientation of minerals is visible in the field. The dark minerals
it contains often tend to be concentrated in areas up to 1 cm broad but
these are roughly equant and evenly distributed. Only at one locality
have mafic mineral layers been observed (see Section VII).

The appearance of the granite in thin-section is as follows.

Quartz is common in polycrystalline areas up to about 1 cm
across, often showing Boehm (deformation) lamellae.

Felspar. Microcline perthite, frequently with a coarse patchy
structure, is common as is also twinned oligoclase or albite in crystals
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Fig. 3. View of Angnikitsorssuaq (Biotite-Granite) from Quiartorfik. The smaller
hill to the left of and behind Angnikitsorssuaq is Redtop. Sanerut lies in the far
distance. The Helene Granite seen on the right-hand side of the photograph is sepa-
rated by the inlet in the centre foreground from the Biotite-Granite forming the
peninsula in front of Angnikitsorssuaq. (Photo G.G.U., W.T.H.).

up to one or occasionally two centimetres long. The discrete plagioclase
in many slices tends to idiomorphism.

Biotite in brown plates up to a few mm in length is a ubiquitous
and moderately plentiful constituent, occasionally intergrown with
green hornblende.

Hornblende is green in colour and may or may not occur. When
present it is generally subordinate to biotite.

Accessories. Iron ore is a common accessory. Fluorite, zircon,
sphene and apatite are also frequently present, the first often as inter-
stitial areas with a purple tint in hand-specimen. Orthite is scanty.

Near its boundary with the Helene Granite south of Angnikitsor-
ssuaq the Biotite-Granite grades into a minor marginal variant in which
biotite is less conspicuous and quartz forms smaller areas than in the
main mass of the intrusion.

Another marginal variety is seen in west Alangorssuaq on the north
shores of the inlet east of the northern tip of Quiartorfik. This contains
scattered oval or rectangular felspar phenocrysts in a comparatively
fine-grained base comprising quartz, felspar, and fine-grained aggregates
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In a few thin-sections which tend to lack quartz the felspar is almost
wholly cryptoperthite containing a few antiperthitic patches and sometimes
showing cores with faint plagioclase twinning. Examples from the Amit-
suarssuk neighbourhood are characterized by areas of myrmekite-per-
thite identical with that described from the syenite of the Ydre Kitsigsut.

Most of the normal syenite contains crystals of albite-oligoclase
practically always subordinate in quantity to perthitic felspar. Under
crossed nicols, due to polysynthetic twinning in two directions, they
present a “blocky” chequered appearance enhanced by antiperthitic
patches of potash felspar.

The potassic and sodic components of some alkali felspars have
been considerably exsolved to form vein perthite crystals which when
simply twinned show a striking herring-bone pattern in slices cut roughly
normal to the twin plane. Many felspars have been marginally replaced
by irregular areas of late, deuteric, clear twinned albite which sometimes
also fills the interstices between crystals.

Clinopyroxene together with the other dark minerals is often
gathered into glomeroporphyritic clusters up to 1 cm broad. It appears
to have been one of the first minerals to crystallize in the syenite and
accordingly can be more or less idiomorphic, though xenomorphic grains
filling interstices between felspars also occur. Individual crystals attain
4 mm in diameter in the normal syenite. In mafic concentrates (bands,
lenses, streaks) they tend to be smaller than elsewhere and idiomorphic.
In one mafic lens from south-west Nunarssuit they form highly elongated
prisms but this habit is unusual.

In most of the Nunarssuit Syenite the pyroxene is a slightly zoned
ferroaugite generally with schiller inclusions arranged in two sets of
planes. Under low magnification the inclusions form either distinct
parallelograms or impart a clouding which can be resolved under high
magnification into innumerable opaque rods.

Often the pyroxene crystals are a pale mushroom colour in their
centre and a paler brown or faint green at their margin; some are feebly
pleochroic; 2V (+) varies from 58° to 64°, the higher values obtaining
in the green margins of the grains. Similar high values occur in the
centres of those clinopyroxenes which are uniformly gray-green in colour.
The highest optic axial angles, 70°-72°, are shown by the brightly-
coloured grass-green, presumably sodic, rims around certain augites. It
is interesting to note that these crystals generally have a very irregular
outline, the green borders projecting into the interstices between felspar
crystals.

Augites from the vicinity of Amitsuarssuk are mainly a pale brown
tinged with purple and only show grayish-green colours in thin marginal
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zones. Schiller inclusions display particularly delicate patterns and optic
axial angles are lower than usual, being about 54-55°.

In the Itivdliatsiaq area the pyroxenes are even more unusual.
Besides subhedral grains between the felspars they form small amoeboid
inclusions in perthite. They are pale brown with rare and incomplete
green rims. Schiller inclusions are totally absent from them and their
optic axial angle is 51°.

The pyroxene in the quartz-rich syenite immediately east of the
metavolcanic inclusions zone south of Kitdlavat is pleochroic in pale
brownish-green to bright grass-green colours. It is absent from one
hand-specimen of this rock where the only dark mineral is an amphibole.

Amphibole. The amphiboles are obviously late minerals that can
be built onto other mafic constituents of earlier origin or form inde-
pendent anhedral more or less interstitial crystals up to 4 mm long.
Most, though not all, slices contain them. Their occasional absence or
scarcity in the Nunarssuit Syenite is not considered greatly significant
for they show no particular areal distribution pattern. In mafic bands
and lenses they are scarce.

The most widespread and abundant variety is a green hornblende
pleochroic X: light brown, Y: brown or greenish-brown, Z: olive- or
muddy-green. Slight zoning to margins with Z: blueish-green is quite
common. This amphibole typically forms an overgrowth on or a partial
replacement of pyroxene but often forms independent crystals. Less
commonly it constitutes thin incomplete rims round olivine and ore
minerals, sometimes separating olivine from pyroxene or opaque min-
erals.

The other amphibole, less widespread but nevertheless of fairly
frequent occurrence, is also green but displays a slight blueish tint; its
pleochroism is X: pale brown, Y: pale green with faint blue tint, Z: pale
green with definite blue tint, though the colours are sometimes rather
more intense. [t usually occurs in aggregates, often including an unusual
biotite, which may fill the interstices between other minerals or, together
with ore, constitute areas which judging from their outline represent
pseudomorphs of olivine, a conclusion strengthened by the observation
that this amphibole sometimes forms thin rims round olivine or definite
olivine pseudomorphs.

Both the amphiboles just described can develop thin bleached zones
against fresh or altered olivine and can either coexist as individuals in
the same thin-section or be combined in a single crystal as continuous
or discontinuous zones.

An apparently more sodic hornblende in the relatively quartz-rich
syenite south of Kitdlavat is pleochroic in pale slate-gray to green
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colours. It is accompanied by a pleochroic green, presumably sodic,
pyroxene.

Olivine. Small amounts of olivine occur throughout the Nunar-
ssuit Syenite except near the metavolcanic inclusion zone east of Kap
Desolation and in a biotite-syenite collected by Ussing at the northern
end of Eqatdliartarfik. In this connection it is significant that, as already
noted, the syenite south of Kitdlavat and east of Kap Desolation is
relatively quartzose and can lack pyroxene, amphibole being then the
sole dark mineral phase.

The olivine crystals when fresh are pale brown in hand-specimen
and frequently show cleavage. They measure up to 3 mm long and are
usually xenomorphic. Even in mafic concentrates they are less well-
formed than the associated pyroxene. Under high magnifications they
are occasionally seen to contain minute inclusions of dendritic ore which
have regular, parallelogram or lenticular form. Determinations from
eight slices gave 2V 48-51° indicating Fags_10,.

Most olivines, whether in the normal syenite or mafic concentrates,
are partly or wholly altered to other minerals. Perhaps the commonest
pseudomorphs consist of iddingsite, ore and colourless amphibole. Some
comprise ore and blue riebeckitic amphibole. Others consist of ore and
yellowish-green serpentine.

Mica. Biotite (lepidomelane) pleochroic X: pale brown or straw,
Y = Z: reddish-brown or dark brown, and with occasional marginal
zones showing slight greenish tints, is a common constituent, though
rarely exceeding 1 per cent of the syenite. It is virtually absent from the
syenite south of Kitdlavat and the mafic bands and lenses. Generally
it forms reaction rims round ilmeno-magnetite surrounded by felspar.
Some of these rims are single crystals. When, as occasionally happens,
an ore unit lies partly within felspar and partly within pyroxene it
developes a biotite rim against felspar but a thin hornblende rim against
the pyroxene. Thus it seems that ilmeno-magnetite will only develop
lepidomelane rims against felspar. This might explain the lack of biotite
in mafic streaks and bands though it must be pointed out that in such
concentrates hornblende rims between pyroxene and ore are also absent.

Biotite occurs as a essential mineral independent of ore in two
samples of Nunarssuit Syenite and in mafic clots within the syenite in
Alangorssuaq. One of the syenite samples, from west of Helene Havn,
contains biotite crystals up to 3 mm across. In the other, called “light
syenite” by UssiNg who collected it from the northern end of Eqatdliar-
tarfik, olivine is absent whilst pyroxene is subordinate to hornblende
and biotite, the last mineral forming large flakes with X: light brown,
Y = Z: reddish-brown or umber.
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Another dark mica is scantily present in many syenite specimens
containing the pale blueish-green hornblende described above. Its pleo-
chroism is X: reddish-brown, Y = Z: olive-green or brownish-green.
Absorption is roughly equal in all three optical vectors. This is the same
variety as that described from the Western Layered Syenite of the
Kiangnat Complex by Upronx (1960 p.72) who suggests it to be the
lithium mica cryophyllite.

Ores. Ilmeno-magnetite occurs in small quantities in all slices
examined, forming grains—mostly up to 0.8 mm but occasionally at-
taining 1.5 mm in size—which can be interstitial or idiomorphic and
thus apparently of two generations. In pyroxene-rich bands and lenses
it tends to be interstitial. In the normal syenite it is usually associated
closely with other coloured minerals and sometimes forms lozenges in
parallelism within hornblende. A symplectic intergrowth of ore and
hornblende occurs in one thin-section.

Quartz occurs in about two-thirds of the slices examined as inter-
stitial anhedral areas up to 3 mm long of obviously late origin. Generally
it does not exceed 5 per cent by volume of the rock but slightly greater
quantities occur in specimens from just east of the metavolcanic inclu-
sion zone south of Kitdlavat. It appears to be totally absent from the
syenite around the inner part of Amitsuarssuk and from mafic concen-
trates but its absence in some slices from other parts of the intrusion
may be purely fortuitous owing to the coarse grain-size of the rock and
the small area of the slice.

Accessories. Apatite is ubiquitous as euhedral elongated prisms
up to 0.7 mm long usually embedded in coloured minerals, including ore.

Zircon, present in about a quarter of the rocks that have been
sliced, forms euhedral crystals which are usually small though some
2-3 mm long have been found. One zoned crystal has been seen.

Fluorite occurs in two samples. Carbonate ( ?siderite) and aenigma-
tite have been found only once.

(iii) Minor variants.
The minor variants of the Nunarssuit Syenite take up a dispropor-
tionately large section of this paper considering their small areal extent.

The marginal facies of the Nunarssuit Syenite.

Towards much of its contact with the Helene Granite, and to a
lesser extent near the Julianehdb Granite basement, the normal Nunar-
ssuit Syenite passes gradually into a marginal phase up to 100 m wide
with textural peculiarities slightly reminiscent of those shown by typical
hornfelses and perhaps induced by heat from the interior of the intru-
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a few mm wide of biotite and hornblende. It encloses a few oval or
rectangular xenoliths up to several metres long of a biotite-granite
slightly less coarse-grained than the Biotite-Granite on Angnikitsorssuag,
and passes gradually into coarse-grained Biotite-Granite well exposed
on the headland at the entrance to the inlet. The granite at that head-
land contains numerous felspars 1-2 cm long, quartz in areas 0.5 cm
broad and biotite in aggregates 0.5 cm in width; it encloses and veins
some xenoliths, which are variable in texture, resemble the nearby
marginal phase of the granite, have vague outlines and are aligned in
trains parallel to the general trend of the Biotite-Granite boundary in
the vicinity. Both they and their host are cut by aplite veins.

Aplite and pegmatite veins are not uncommon in the Biotite-
Granite of west Alangorssuaq but their greatest development is outside
and near the north-eastern margin of the intrusion in the higher parts
of the hills several hundred metres south-east of Redtop. Here, for a
few hundred metres from the contact of the Biotite-Granite, pegmatite
and aplite veins up to several metres thick presumably derived from the
Biotite-Granite penetrate the Julianeh&b Granite and green-schist coun-
try rocks of the intrusion. The veins dip gently, thin out with increasing
distance from the Biotite-Granite and often show a banding parallel to
their lengths due to the alternation of thin pegmatitic and aplitic layers
grading into each other. This is emphasized in places by slight concen-
tration of dark minerals in thin impersistent concordant folia.

The veins contain moderate amounts of quartz and abundant
well-twinned microcline. In hand-specimen the latter is often an ama-
zonite or rose-coloured; both varieties are frequently associated inti-
mately and grade into each other. Green mica occurs and fluorite is
common in small quantities. Zircon and occasional beryl crystals a few
mm long have been found.

(e) The Nunarssuit Syenite.
(i) Field Appearance.

The Nunarssuit Syenite is a remarkably uniform intrusion at least
24 km long and 13 km wide, the monotony of which is relieved mainly
by concentrations of dark minerals in either bands, streaks or clots.
Repeated banding is so strikingly developed in the south-west and west
of Nunarssuit that it will be described separately in a later section of
this paper. Throughout the rest of the outcrop of the intrusion there
are isolated streaks or bands up to 6 cm thick which vary considerably
in strike and dip and are often steeply inclined. Mafic clots have been
seen only along the Alangorssuaq shores of Torssukatak and at two
lecalities in Nunarssuit—the shore of Tasiussaq and the Iserfiluk pen-
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Fig. 4. Mafic clots with leucocratic rims. Nunarssuit Syenite, northern shore of
Torssukatak, about 1 km west of Graahs Havn. (Photo G.G.U., W.T.H.).

50cm.

- -

Fig. 5. Mafic “veins” in the Nunarssuit Syenite swelling into bulbous areas. East
of the entrance to Eqatdliartarfik. Drawn from a field sketch. (T.C.R.P.).

insula. They mainly consist of stumpy pyroxene crystals up to 1 cm
long, green amphibole and brown biotite in various proportions, and
vary between a few cm and about a metre in length. Their outline
which is rounded, oval or irregularly lobate may be vague or distinct.
Some possess a thin felspathic outer shell (fig. 4) and one near Steerk-
odder Havn shows repeated mafic and felspathic concentric shells. Mafic
concentrates of a different type occur east of the entrance to Eqatdliar-
tarfik where the syenite contains coarse-grained mafic ‘“‘veins”. These
occasionally swell into bulbous areas (see fig. 5) though for the most
part they are planar. Their origin thus seems late and controlled by
planes of structural weakness.
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Fig. 6. View south-east across Nunarssuit from 340 m summit south of Peru Havn.
Malenefjeld in the distant left. But for the top left-hand corner of the picture the
area is entirely Nunarssuit Syenite. (Photo G.G.U., T.C.R.P.).

Fig. 7. Exfoliation weathering. Due to expansion on weathering a large slab of
syenite has split away and arched upwards from the bedrock. (Photo G.G.U., T.C.R.P.).

For the most part the normal syenite is a coarse-grained massive
rectangularly-joined rock, devoid of any internal contacts, though locally
it grades—without compositional change—into medium-grained syenite.

3*
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Its uniformity is matched by that of the terrain it gives rise to within
the interior of Nunarssuit, low ground covered by grasses, moss and
Empetrum and slightly diversified by numerous syenite outcrops rising
gently above the concealed areas (fig. 6). Many of these exposures have
disintegrated to brown gravel in situ and much of the rock that still
remains coherent shatters readily into its constituent mineral particles
when struck with a hammer.

Large exfoliation domes due to expansion by weathering of uniform
massive syenite with widely spaced joints (see fig. 7) characterize inland
exposures but are absent from the areas nearest to the sea and from
exposures with closely-spaced jointing.

The intrusion is extensively weathered, usually to a brown colour
though reddish tints prevail on the coast of south-eastern Nunarssuit
near Itivdliatsiaq. Fresh rock is dark gray-green in colour and can only
be collected from water-worn exposures. A faint play of colours like
that typifying larvikite has been seen in the felspars of the syenite
around Amitsuarssuk.

(ii) Microscopic Petrography of the normal syenite.

Felspar. Because of its coarse grain-size modes of the syenite are
difficult to obtain but it can be fairly confidently said to consist of
about 85 per cent by volume of felspar, mostly as xenomorphic or roughly
rectangular crystals 0.4 to 0.7 cm long though some crystals measure
up to 3 or 4cm in length; these phenocrysts tend to occur near the
Helene Granite where they may be xenocrysts derived from the granite.

Almost invariably the syenite is massive and its felspars are arranged
haphazardly but sometimes they occur in parallelism when they are
more or less tabular and on the whole smaller than in the rest of the
intrusion.

All the felspar crystals whether megascopically idiomorphic or not
exhibit under the microscope irregular boundaries of variable complexity.

Most of the felspar is perthitic. Perhaps the commonest crystals
are those with a homogeneous or cryptoperthitic core of alkali felspar
(sometimes containing small blebs of grid-twinned microcline) passing
with concomitant slight zoning into a vein perthite margin. The potash
felspar in the marginal perthite can show microcline twinning and is
generally slightly turbid with alteration. The exsolved albite associated
with it may exhibit very thin polysynthetic twin lamellae and is clear
and unaltered. Where two alkali felspar crystals lie in contact each
may possess a thin albite rim continuous with the plagioclase in its
marginal perthite, the boundary between the two albite rims being
highly denticulate. Similar relationships have been described above
from the Helene Granite.
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Pyroxene is a bright green monoclinic variety, pleochroic from
yellowish-green to bright grass-green, sometimes surrounded by amphi-
bole.

Accessories. Zircon is ubiquitous; when enclosed by pyroxene it
can be anhedral. Small amounts of ore, astrophyllite, aenigmatite, car-
bonate, biotite, and apatite in minute grains may occur. Quartz in one
slice contains microscopic radiating aggregates of a pale brown moder-
ately birefringent mineral identical in thin-section with elpidite in the
Ilimaussaq granite according to Dr. E. HamiLtox who kindly examined
the material.

(f) Late-stage Acid Rocks within the Nunarssuit Syenite.

The late-stage acid rocks associated with the Nunarssuit Syenite
fall conveniently into three groups: (i) alkali granites, (ii) spotted soda
granite ‘dykes’, (iii) pegmatites. The first two are similar in mineralogical
composition but differ considerably in their mode of occurrence. Although
the spotted dykes and pegmatites are often also very similar mineralo-
gically the pegmatites are usually simpler than the granite dykes, and
their texture is altogether different from that of the dykes.

(i) Alkali Granites.

The Kitdlavat Granite and the soda-granites north-east of Itivdliat-
siaq are comparatively large bodies of alkali granite. A few smaller lenses
6-8 m thick, which are not shown in plate 3, also occur in the syenite,
e. g. 1 km south of Helene Havn, 3 km S.S.E. of Kangerdluluk and on
the north shore of Ilua.

The Kitdlavat Granite.

This forms the summits of the highest mountains in Nunarssuit,
Kitdlavat and the 728 metre high mountain to the north. It is laccolithic
in form, having a planar lower contact dipping gently east at 12-26°
and an upper contact which is much less regular, being steeper and some-
times vertical, except in the northern extention of the granite where it
narrows to form a thin sheet south of Mercurius Havn.

The granite is medium- to moderately coarse-grained light greenish-
gray when quite unaltered but normally gray. Weak layering, due to
the concentration of mafic minerals in layers 2-3 cm thick and 10-30 cm
apart, and slight felspar lamination are locally developed parallel and
near to the base of the laccolith east and north-east of the summit of
Kitdlavat. On the east ridge of the mountain the granite contains clots
up to 40 em across which are usually elongate and consist entirely of
stumpy amphibole crystals averaging 2 cm in size.
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The contact between the Kitdlavat Granite and the Nunarssuit
Syenite is always sharp and distinct. The granite sends only a few thin
veins into the syenite and does not develop a marginal phase against
the latter. A few isolated lenticular inclusions of hornfelsed metavol-
canics occur near the base of the granite.

Two granitic sheets belonging to the spotted dyke group cut the
Kitdlavéat Granite. Both trend N.N.E. and dip steeply west. The larger,
in which the spotted texture is only weakly displayed, is 4-6 m thick
and can be traced for 2 km.

Only one small area of pegmatite was seen in the granite. This
contains large crystals of intergrown aegirine and amphibole, and small
clusters of zircon.

The Kitdlavat Granite is the least sodic of the alkali granites. Its
normal constituents are alkali felspar, quartz, amphibole and pyroxene:
aenigmatite is quite plentiful in one specimen. Ore, zircon, fluorite and
very small radiating aggregates of elpidite have been observed as acces-
sories, but none of these is widespread. Small serpentinous aggregates
in one slice are highly reminiscent of olivine pseudomorphs.

Felspar, cryptoperthite or microcline vein-perthite, forms xeno-
morphic or subidiomorphic crystals with roughly rectangular outlines
and occasional denticulate boundaries between adjacent grains. A little
deuteric albite sometimes occurs.

Quartz occurs both interstitially and as small round inclusions in
perthite and—Iless frequently—amphibole. Intersecting trains of minute
pores often traverse the grains.

Amphibole was late in crystallizing. It forms anhedral grains up
to 5 mm across which are pleochroic X: light brown, Y: brown, Z: olive
or brownish-green and sometimes surrounded by a deep blue rim. In
addition interstitial aggregates of duck-egg blue amphibole occur in
some slices and in others microlites of sodic amphibole are enclosed by
felspar.

Pyroxene is found in specimens from the basal part of the Kitdla-
vat Granite, especially in the mafic layers. It is normally a primary
precipitate, occurring in subidiomorphic crystals surrounded or even
replaced by hornblende, and has been extensively altered along cracks
to red-brown material. It is strongly coloured, pleochroic from yellowish-
green to strong grass-green, and generally zoned. The pale brown centres
of some grains have 2V (+) 59° but the green crystals have 2V (+)
70-78°. Occasionally a little late sodic pyroxene is present in slices
lacking pyroxene as a primary precipitate. One such slice contains about
40, aenigmatite in deep red pleochroic crystals up to 4 mm across.
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Soda-granites of south-east Nunarssuit and elsewhere.

Two types of soda-granite in south-east Nunarssuit can be dis-
tinguished by their appearance in both hand-specimen and under the
microscope. One type, a medium- or medium-coarse-grained gray aenig-
matite granite, forms a steep-sided oval body about 1 km x450 m in
the syenite north-east of Itivdliatsiaq, another smaller mass seen on the
shore nearby, and many thin veins around these localities. The small
lenses elsewhere in the syenite are of a similar but finer-grained granite.

The other type is a rather fine-grained granite studded with small
equant amphibole grains measuring 2-3 mm across: It contains a few
syenite inclusions and also one aenigmatite-granite xenolith showing
that the aenigmatite-granite is the older. All these soda-granites have
sharp contacts against the surrounding Nunarssuit Syenite.

Under the microscope the aenigmatite-granite is rather similar to
the Kitdlavat Granite, but is seemingly more sodic. Aenigmatite, often
the main dark mineral in the rock, is always present in subhedral grains
up to 3 mm long which have crystallized later than the felspar but
earlier than the other coloured minerals. The pyroxene, when present,
is aegirine of late development, and is frequently intergrown with soda
amphibole or associated with aenigmatite. No primary precipitate
hedenbergitic pyroxene is seen. The amphibole is a sodic variety, pleo-
chroic from light lilac-gray to deep blueish-green. The accessories are
astrophyllite, zircon, fluorite, biotite, ore and apatite, the first two
being the most widespread. The astrophyllite is usually associated with
the aenigmatite.

In the fine-grained granite of the younger sheet numerous sodic
plagioclase laths form a felt around larger perthite grains. Quartz occurs
as xenomorphic crystals up to 3 mm across and also as much smaller
equant grains in the matrix. The sodic amphibole crystals are roughly
square or subrectangular in outline, but their margins are indented and
they enclose many small inclusions of quartz and felspar. There are also
abundant small microlites of blue amphibole in the felspars. The margins
of the amphibole crystals are intergrown with a little aegirine. In con-
trast with the aenigmatite granite, this granite contains no accessories.

(ii) Spotted Granite ‘Dykes’.

These granitic dykes are particularly prominent in south-west and
south Nunarssuit, where they sometimes attain a thickness of 10 m and
can be traced for as much as 2 km. Elsewhere they are sparsely dis-
tributed.

The spotted granite dykes are generally steep. They have distinct
sharp contacts against the syenite except where pegmatite has developed
along the margin of the dyke.
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The granite forming the dykes is a rather fine-grained gray rock
characterized by round black poikilitic amphibole crystals up to 1.5 cm
across giving a spotted appearance to the rock. Its microscopic petro-
graphy is as follows.

Felspar. Microcline vein perthite forms rather well-shaped rectan-
gular crystals up to 4 mm long, which sometimes show ‘herring-bone’
twins. There is some deuteric albite as replacement patches around the
margins of perthites and as small lath-shaped crystals.

Quartz. Although anhedral crystals reach 3 mm across, most of
the quartz is in equant grains up to a mm in size. Rarely a coarse inter-
growth with felspar is developed. Undulatory extinction is sometimes
shown.

Amphibole is sodic, being pleochroic from light greenish-brown
to deep indigo or nearly opaque in the maximum absorption position,
and is poikilitic, enclosing both felspar and quartz. In one slice the
enclosed perthite, although superficially idiomorphic, proves to have an
uneven boundary against the amphibole which extends into the felspar
as small peg-like protuberances. The felspar in this specimen contains
microlites of blue amphibole.

Aegirine is generally associated and intergrown with amphibole
or aenigmatite. When independent of these minerals it is interstitial.

Aenigmatite, although not always present in slices, may be quite
plentiful. It forms subhedral or anhedral crystals up to 2 mm long, and
is sometimes enclosed in amphibole.

Accessories. Of these only zircon is ubiquitous. Astrophyllite is
quite common and occurs in close association with aenigmatite when
the latter is present. Fluorite, ore and biotite have also been found.

(iii) Pegmatites.

Pegmatite veins occur throughout the area of the Nunarssuit Sye-
nite although they are scarce in the south-east part of the massif. Similar
veins are found cutting the Helene Granite and also cut the Julianehéb
Granite south of Kangerdluluk as far as 2 km from the margin of the
syenite. The pegmatite veins trend in all directions and vary from
vertical to horizontal in attitude. They reach a thickness of 4 m but
there are in addition large bodies of pegmatite, one east of Eqatdliar-
tarfik and the other in the country rocks 3.5 km south-east ¢f Kan-
gerdluluk, which reach 400 m x 150 m in size.

The pegmatites are characteristically very coarse-grained assem-
blages of felspar (sodic plagioclase and microcline perthite), quartz and
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Fig. 8. Diagrammatic cross-section of one of the pockets of leucocratic syenite,
illustrating its form and relations with the normal Nunarssuit Syenite. (T.C.R.P.).

sion. It contains phenocrysts (with vein perthite margins and cores of
cryptoperthite or, sometimes, faintly twinned plagioclase) that in the
field appear idiomorphic. But microscopic study reveals that what
appears to be their outline in hand-specimen is in fact only the boundary
between a kernel virtually free of inclusions and an irregular rim con-
taining numerous pyroxene blebs. The medium- or rather fine-grained
matrix of the rock is largely anhedral microcline-perthite; some anti-
perthitic plagioclase occurs together with pyroxene and a little anhedral
or even interstitial olivine. Biotite is very scanty. Quartz, commonly
present and often distinguishable in hand-specimen, can slightly exceed
5 per cent by volume of the rock. Ore, apatite and zircon are accessory.

Leucocratic syenites.

At two inland localities, north-east of Agdlertissat avangnardlit and
2 km south of Peru Havn, there are small pockets of leucocratic syenite
between 60 and 150 m wide which are particularly interesting on account
of their form (see fig. 8). Their upper surfaces are arched but generally
dip eastwards and bear sharp contacts against the normal syenite.
Downwards they grade into the normal syenite. Within a metre from
their tops they show a faint but nevertheless definite banding due to
concentrations of dark minerals in thin bands 25-40 ¢cm apart dipping
eastwards roughly parallel to upper boundaries of the pockets.

In thin-section the rock composing these bodies is seen to be mainly
chequered antiperthitic albite. There is some microcline perthite and the
coloured minerals, which compose about 5 ¢/, by volume of the rock,
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Fig. 9. Rounded-oval inclusions of porphyritic Nunarssuit Syenite in the upper part
of the leucocratic sheet north of the entrance to Tasiussaq. Drawn from a photograph.
(T.GR-P:):

comprise colourless pyroxene, a little green hornblende, biotite, ore and
aggregates of secondary brown mica and blueish-green amphibole

Another sort of leucocratic syenite occurs in the normal syenite.
On the west coast of Nunarssuit, between Amitsuarssuk and Tasiussaq,
a relatively fine-grained pale gray weakly laminated syenite mass 10—
20 m thick with a sharp uneven upper contact dipping eastwards cuts
and sends veins into the surrounding normal syenite which here is por-
phyritic. Inclusions of the latter within the leucosyenite (fig. 9) seem
from their form to have been plastic when enveloped.

East of Mercurius Havn a rock indistinguishable from that in the
upper part of the mass just mentioned forms a sheet 10-15 m thick with
sharp lower contact dipping east at about 25°. This sheet is traceable
inland from Torssukatak for nearly a kilometre and bears lenticular
inclusions of hornfelsed metavolcanics up to 5 m thick (fig. 10) in its
lower parts; towards its top it contains faint mafic bands 2-10 ¢m thick
concordant with the general form of the body. Like the mass described
in the previous paragraph it lies structurally below the main level of
layering in the Nunarssuit Syenite. Both leucosyenite bodies are also
very similar in thin-section under the microscope, containing perthite
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Fig. 10. Eastward-dipping sheet of leucocratic syenite containing metavolcanic in-
clusions. In the Nunarssuit Syenite on the southern shore of Torssukatak 500 m
east of Mercurius Havn. (Photo G.G.U., T.C.R.P.).

85 9/y, quartz 6-8 °/,, coloured minerals 7-9 °/, and accessory zircon and
pale blue-green amphibole. The felspar is exsolved vein perthite in
crudely rectangular crystals up to 3 mm long with highly denticulate
mutual contacts and often simply twinned to show a ‘“herring-bone”
perthite pattern. From textural relations and its weak lamination felspar
seems to have been the first mineral to crystallize. Quartz forms small
equant grains either in the interstices of the rock or set along the
boundaries between felspar crystals. The pyroxene is a pale brown fre-
quently zoned monoclinic variety with 2V (4) 56-66° in anhedral
crystals up to 1 mm wide displaying pale green margins. Fayalite forms
subhedral equant grains up to 0.7 mm across, partly or wholly pseudo-
morphed by serpentine and ore. Primary ore is ilmeno-magnetite.
Medium- or rather coarse-grained leucocratic syenite occurs within
the metavolcanic inclusion zone of south-west Nunarssuit and around
metavoleanic inclusions between Helene Havn and Eqatdliartarfik. It may
either partly or wholly enclose the metavolcanic inclusions, sometimes
forming a fairly thin sheath around the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>