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Abstract

The Fiskenæsset Complex is a deformed and metamorphosed, sheet-like, layered basic instrusion. It
is an exceptionally well preserved example of a suite of anorthositic rocks which are a widespread, but
fragmentary, component of the Archaean gneiss complex of Greenland. In the Fiskenæsset region these
rocks can be seen to be part of a single layered intrusion which consists of seven major lithostratigraphic
units. In ascending order, these units are the Lower Gabbro (50 m), Ultramafic (40 m), Lower Leuco
gabbro (50 m), Middle Gabbro (40 m), Upper Leucogabbro (60 m), Anorthosite (250 m) and Upper
Gabbro (50 m) Units.

The Fiskenæsset Complex crystallised from tholeiitic magmas which were probably emplaced in at
least 3 stages. It was intruded into basic vo1canic rocks (now amphibolites) and, together with these
rocks, was fragmented by the intrusion of granitoid sheets (now gneisses) associated with thrusting
2900-2800 m.y. ago. The Fiskenæsset Complex and metavolcanic rocks occur as thin layers and trains of
inc1usions within these gneisses which form about 80% of the region. All these rocks were folded to
gether into large recumbent, nappe-like, folds (Fl), and then refolded into dome-and-basin interference
patterns by two sets of folds with steep axial surfaces at high angles to each other (n and F3). De
formation was locally heterogeneous, and all stages can be seen from undeformed to very strongly de
formed rocks. Recrystallisation continued in amphibolite, and locally in granulite, facies during waning
tectonic activity, and most rocks have equigranular mosaic textures.

Although it is extensively recrystallised and deformed, the Fiskenæsset Complex locally preserves a
variety of little deformed igneous structures and cumulate textures which demonstrate the important in
fluence of both gravitational and current action during igneous crystallisation. Various kinds of igneous
layering provide primary way-up structures which can be used to interpret the facing directions of Fl
folds, and various stages of deformation of cumulate textures provide evidence of the tectonic and meta
morphic processes by which banded anorthositic gneisses and amphibolites were derived from igneous
rocks by progressive deformation.

Author's address:
Geological Survey of Western Australia,
66 Adelaide Terrace,
Perth,
Western Australia 6000,
Australia
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lee Cap

Frontispiece. The Majorqap gaya ollterop of the Fiskenæsset Complex Yiewed from lhe soulh-wesl from
an altilude of 2000 m. Majargap gaya (mountain) has an altitllde of 1049 ro and is about 40 km from the
inland ice capo A map af this outerop is shown in platc l.



T TRODUCTIO

Metamorphosed calcic anorthosites and associated leucogabbroic and gabbroic
rocks are widespread throughout the Archaean complex of Greenland as discontin
uous layers and trains of inc1usions in qllartzo-feldspathic gneiss (Bridgwater et al.,
1976). They are derived from layered basic intrusions with very coarse grained
cllmulate textures, which werc fragmented by the emplacement of enormous vol
urnes of granitoid magmas associated with thrusting 2900-2800 m.y. ago. They
wcre repeatedly deformed, folded into complex interference patterns, and recrys
tallised in amphibolite or granulite facies. They provide one of the best marker
horizons for tracing the regional tectonic structures of the Archaean gneiss com
plex. These rocks are most abundant in the Fiskenæsset region of southern West
Greenland (plate 2), where they also form large outcrops (frontispiece, fig. l) in
which a major igneous stratigraphy is well preserved, and small-scale igneous struc
tures, textures and minerals are better preserved than in other parts af the Green
land Archaean complex.

The main anorthosite outcrops of the Fiskenæsset region show stratigraphic de
tai Is which suggest that they form part of a single major intru ion, called the Fiske-

Qagsse

Fig. l. T he Fiskenæssel Complex belween Tasiusså and Qagsse showing sleeply dipping while layers of
anorthosite (A), black layers of gabbro (B) and grey graniloid gnciss (Gn). View to the north-cast from
near locality 35.
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næsset Complex. Because of the fragmentary nature of the complex and the lack of
diagnostic features in many small outcrops, it is impossible to delineate the real
boundary of the Fiskenæsset Complex. For convenience this name is applied to all
the outcrops of anorthosites and associated leucogabbros, gabbros and ultramafic
rocks which occur in the Fiskenæsset region between latitudes 63°30' and 62°45'
(plate 2). Within this region most of these rocks are concentrated in a belt 50 km
wide and 100 km long which extends in a north-east direction from Fiskenæsset
town to the inland ice capo The Fiskenæsset Complex occurs as sheets generally less
than 500 m thick with outcrop lengths of up to 25 km, and as trains of smaller in
clusions in granitoid gneisses.

This bulletin describes the igneous stratigraphy of the Fiskenæsset Complex, and
uses this stratigraphy to interpret the major tectonic structure of the region.

Regional geology

Most of the region consists of quartzo-feldspathic gneiss derived by deformation
and metamorphism from tonalite, granodiorite and granite (Myers, 1978a), em
placed as sub-concordant sheets into the Fiskenæsset Complex and older basic vol
canic rocks (now amphibolites). The granitoid sheets were intruded about 2880
m.y. ago (Moorbath & Pankhurst, 1976; Kalsbeek & Pidgeon, 1980) in a regime of
horizontal tectonic movements, and many were intruded along active thrust zones
or were themselves the sites of later thrust movements (Myers, 1981).

This layered sequence was folded into large recumbent isoclinal, nappe-like,
structures (F1). Sub-concordant sheets of porphyritic granite (Ilivertalik granite,
Kalsbeek & Myers, 1973) were intruded about 2800 m.y. ago (Kalsbeek & Pid
geon, 1980) and, together with their host rocks, were folded into large scale tight
folds (F2) with steep southward dipping axial surfaces, generally trending E-W.
These F2 structures form the main tectonic grain of the region (plate 2). They were
refolded by F3 folds with steep N-S trending axial surfaces which formed large
scale dome-and-basin interference patterns with the F2 structures (plate 2). Meta
morphism reached amphibolite facies throughout the region and locally, especiaIly
around Fiskenæsset, it reached granulite facies during and after F3 deformation
about 2800 m.y. ago (Pidgeon & Kalsbeek, 1978). Subsequently (perhaps about
2600 m.y. ago, Kalsbeek & Pidgeon, 1980) mineral assemblages were extensively
retrogressed to lower amphibolite facies and locally, in patches and along fault and
fracture zones, they were retrogressed to low greenschist facies. These altered
rocks are cut by undeforrned and unaltered dolerite dykes, probably of early Pro
terozoic age.

Previous work

In 1809 K. L. Giesecke collected a blue mineral, later identified as sapphirine
(see Bøggild, 1953), from the sheared upper contact of the Fiskenæsset Complex in
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Fiskenæsset town, but neither Giesecke nor Kornerup (1879), who first mapped
the outline of the regional geology, recognised the anorthosites. The latter were
discovered in the middle of the next century and mapped in a number of places in
the Archaean gneiss complex of West Greenland (Ellitsgaard-Rasmussen & M.
Mouritzen, 1954; Noe-Nygaard & Ramberg, 1961). They were thought to result
from regional 'basification' during high grade metamorphism at depth (Ramberg,
1952), or to be derived from calcareous sedimentary rocks (Sørensen, 1955; Ber
thelsen, 1957) or volcanic ash bands (Berthelsen, 1960).

The discovery of chromite in anorthosite near Fiskenæsset town in 1964 led to
the recognition that the anorthosites are part of a, now deformed and metamor
phosed, suite of layered igneous rocks (Ghisler, 1966; Windley, 1966). Molybde
nite from these rocks was found to have a Re/Os age of 3080 ± 70 m.y. (Herr et al.,
1967).

Igneous stratification was first recognised by Ghisler (1966, 1970) and Ghisler &
Windley (1967), who mapped some ofthe chromitite horizons in detail, and Gorm
sen (1971), who mapped layers of amphibolite, meta-anorthosite, metagabbro, ul
trabasic rocks and chromitite. The coarse grained relic igneous textures were
thought to be the result of high grade metamorphism (Windley, 1967).

Windley (1969a) proposed the name Fiskenæsset Complex for this suite of anor
thositic rocks and associated amphibolites near Fiskenæsset, and he further subdi
vided the complex into a sequence of 10 zones which were repeated as a mirror im
age about the centre of a 400 m wide layer on Qeqertarssuatsiaq (north) (plate 2)
(Windley, 1971). At the same time Bowden (1970) independently discovered that
the chemical differentiation trend shown by whole rock analyses of a suite of sam
ples collected across the same layer showed a similar repeated pattern. In addition,
the differentiation trend from mafic to felsic rocks, and the trend towards iron-en
richment shown by the geochemical results, were taken to indicate the primary
way-up of the layered intrusion. The outer, more mafic, parts of the layer were in
terpreted as the lower part of the intrusion, whereas the inner more leucocratic
parts were interpreted as the top of the intrusion, and the whole 400 m wide layer
was thus considered to represent an isoclinal syncline. Bowden (1970) also discov
ered that the amphibolites (zones 1 and 10 of Windley, 1971) were much richer in
iron than other parts of the complex and lay off the differentiation trend, and
therefore did not appear to be part of the same layered complex as the anorthosites
and gabbroic rocks.

Up to 1970, only that part of the Fiskenæsset Complex in the western part of the
region close to Fiskenæsset town had been investigated. Between 1970-1975 the
whole region which contains the Fiskenæsset Complex was systematically mapped
by GGU. Bowden's (1970) opinion that the amphibolites were not part ofthe anor
thosite complex was substantiated as, firstly mica schists and calc-silicates of proba
ble supracrustal origin (see Kalsbeek, 1972; Kalsbeek & Myers, 1973), and then re
lie pillow lava and pyroclastic structures (Escher & Myers, 1975), were found in
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many of the amphibolites bordering the anorthosites. It was therefore suggested
that the name Fiskenæsset Complex be restricted to the anorthosites and associated
layered plutonic rocks (Myers, 1975a). As the systematic mapping of the region
progressed, much larger outcrops of anorthosite were discovered in eastem, inland
areas than those first described from the coastal area around Fiskenæsset. The ig
neous textures, structures and stratigraphy of the anorthositic rocks were found to
be much better preserved in many of these inland outcrops (Myers, 1973; Walton,
1973).

Aspects of the whole rock geochemistry of small parts of the Fiskenæsset Com
plex are described by Windley (1973), Windley et al. (1973), Hutt (1974), Myers
(1975b), Henderson et al. (1976), Morgan et al. (1976), Myers (1976a), Page et al.
(1980) and Weaver et al. (1981). The mineral chemistry of parts of the Fiskenæsset
Complex is described by Hutt (1974), Windley & Smith (1974), Myers & Platt
(1977), Steele et al. (1977) and Bishop et al. (1980), and aspects of isotope geo
chemistry are described by Gancarz (1976). Some of the chromite deposits are de
scribed in detail by Ghisler (1976).

A variety of origins have been proposed for the Fiskenæsset Complex. It has
been interpreted as a tectonic slice of lower crust (Windley, 1969b) and as an intru
sion similar to the Bushveld Complex (Windley, 1969a). It has been likened to lu
nar anorthosites, and thought to be part of the Earth's primordial crust (Windley,
1970), as well as to the Great Dyke of Zimbabwe (formerly Rhodesia) (Windley,
1971). It has been regarded as a sill intruded between metavolcanics and a gneissic
basement (Windley et al., 1973), and equated with modem deep ocean floor ophio
lites (Sutton & Windley, 1974) and with the early components of Cordilleran bath
oliths (Windley & Smith, 1976).

Scope of present work

This bulletin is based on a detailed study of one of the best preserved parts of the
Fiskenæsset Complex at Majorqap qåva between 1971-1974, followed by a survey
of all the main outcrops of the Fiskenæsset Complex in 1975. Most of these out
crops were mapped between 1970-1974 by a number of people in various degrees
of detail. The only detailed accounts of any of these outcrops are given by Windley
et al. (1973), Hutt (1974), Myers (1975a) and Ghisler (1976).

The survey in 1975 was aimed at correlating the stratigraphy of the Fiskenæsset
Complex throughout the region, and providing a consistent map of the main rock
units and regional structure. This involved various amounts of remapping some
areas and the measurement of 47 stratigraphic sections. A simplified map of the
Fiskenæsset Complex is given on plate 2, together with the location of the meas
ured sections. A selection of stratigraphic sections are shown on figs 7, 11,21, 34,
62 and 63. The Fiskenæsset Complex and the regional geology are shown in more
detail on the GGU 1:100000 scale coloured map sheets of Grædefjord (63 VI S),
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Sinarssuk (63 V2 S) and Bjørnesund (62 V1 N), which also contain insets naming
the geologists who first mapped various parts of the complex.

STRATIGRAPHY

Introduction

The names of various stratigraphic units of the Fiskenæsset Complex were
changed as the mapping progressed, and these changes are outlined below to avoid
confusion that may arise from reference to previous literature.

Windley (1971) divided a small part of the complex on the island of Qeqertar
ssuatsiaq (north) (plate 2) into 10 zones (table 1, a, column 1) which were slightly
modified by Windley (1973) (table 1, a, column 2). In this area the complex is gen
erally very strongly deformed and the thicknesses of the units given by Windley
(1971, 1973) are maximum thicknesses which are of only local significance. This
subdivision (table 1, a, column 2) was followed by Walton (1973), Windley et al.
(1973) and Windley & Smith (1974), and in essence (table 1, a, column 3) by Steele
et al. (1977), Bishop et al. (1980) and Weaver et al. (1981). However, as most of the
amphibolites, zones 1 and 9 (10), were found to be metavolcanic host rocks into
which the anorthosite complex was intruded (see Kalsbeek & Myers, 1973; Bridg
water et al., 1976) it was necessary to revise the zonal subdivision of the complex.
In addition, in many parts of the complex chromitite layers occur throughout a
large section of the upper part of the complex and the subdivision into zones 6, 7
and 8 (or zones LA, Ch and UA) made on Qeqertarssuatsiaq (north) was found to
be of only local significance. The rock names of some of the zones, such as zone 4,
were also found to be inappropriate.

Myers (1975a) therefore avoided using the zonal terminology of Windley (1971,
1973) and Windley et al. (1973) and divided the anorthosite complex at Majorqap
qava into 6 major lithostratigraphic units. The word unit was preferred to zone sim
ply to avoid further confusion with the variously used zonal names and numbers al
ready in the literature. During the 1975 regional study of the whole Fiskenæsset
Complex (Myers, 1975a, 1976b) an additional, seventh, unit was discovered above
the Anorthosite Unit (table 1, column b).

Fig. 2 shows the complete stratigraphic succession of the whole complex, con
structed from a large number of outcrops where the stratigraphy is best preserved.
The thicknesses are based on the general thickness of each unit where it is least de
formed, but because all the sections are to a certain extent deformed or disrupted,
the original thickness of the instrusion is unknown.

Mineral-graded layers occur within all the major units, but most layers are iso
modal, and the composition and colour index of most rocks fall into narrow ranges:
anorthosite < 5% mafics, leucogabbro 15-30% mafics, gabbro 45-50% mafics, and



Table 1. Previous stratigraphic subdivisions of the Fiskenæsset Complex

a. Qeqertarssuatsiaq (north) b. whole Fiskenæsset region
Windley (1971) Windley (1973) Steele et al. (1977) Myers (1975a)

Weaver et al. (1981)

Zones Zones Maximum Zones Maximum Units General
thickness thickness deformed
in metres in metres thickness

in metres
10 Pyroxene amphibolite 9 Pyroxene amphibolite 50
9 Ultramafic group
8 Garnet anorthosite 8 Garnet anorthosite 75 DA Upper Anorthosite 75
7 Hornblende chromitite 7 Major chromitite 20 Ch Chromitite 20 7 Upper gabbro 50
6 Anorthosite 6 Anorthosite 130 LA Lower Anorthosite 130 6 Anorthosite 250
5 Ophitic gabbro 5 Homogeneous leuco-gabbro 250 ULG Upper Leucogabbro 250 5 Upper

leucogabbro 60
4 Mafic gabbro 4 Dark gabbro 60 G Gabbro 70 4 Middle gabbro 40
3 Lower layered group 3 Lower layered zone 100 LLG Lower Leucogabbro 100 3 Lower

leucogabbro 50
2 Ultramafic group 2 Magnetite-rich layered 100 UM Ultramafic Rocks 100 2 Ultramafic 40

ultramafics
1 Pyroxene amphibolite 1 Pyroxene amphibolite 200 1 Lower gabbro 50
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Upper
Gabbro

Unit

Anorthosite
Unit

Middle
Gabbro

Unit

Lower
Gabbro

Unit

100m

Key to ornament on stratigraphic sections

D Granitoid gneiss

\_ - - -\ Anorthosite

D Leucogabbro

[EJ Leucogabbro with magnetite

1/..,\ M', ~/l Gabbro with magnetite
/ .... 1 II

r\>'I',; ~\~I Melanogabbro

[[I[llIill Pyroxene-hornblende rock

Peridotite

_Dunite

EJ Chromitite

B Magnetite rock

Inferred primary cumulus minerals

plagioclase + olivine

plagioclase + olivine

plagioclase + olivine + magnetite

plagioclase + olivine + pyroxene

plagioclase + olivine + pyroxene + magnetite

olivine + pyroxene + plagioclase

pyroxene

olivine + pyroxene

olivine

chromite + pyroxene + olivine

magnetite + pyroxene

Fig. 2. Simplified stratigraphic succession of the Fiskenæsset Complex compiled from a number of out
crops.

ultramafic rock> 95% mafics. The igneous textures and kinds of igneous layering
show that most rocks are cumulates, but most rocks were either partly or com
pletely recrystallised during metamorphic and tectonic events, which followed the
primary crystallisation of the igneous complex, and consist of metamorphic pla
gioclase and hornblende. Igneous mineral assemblages are completely preserved in
only a few places but, for simplicity in description, igneous rock names are used
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without the prefix 'meta', regardless of the degree of metamorphic recrystallisa
tion.

Because of extensive metamorphic recrystallisation, different kinds of cumulate
textures such as adcumulate, mesocumulate and orthocumulate, cannot be distin
guished. Equant plagioc1ase is the most widely preserved relic igneous mineral and
the textures shown by aggregates of these crystals fall into two groups. In one
group the igneous and relict igneous equant plagioc1ase crystals are separated by a
matrix of metamorphic hornblende, probably derived from igneous pyroxene.
These plagioclases may represent igneous primocrysts which were trapped in large
fast-growing pyroxenes, either on the floor of the magma chamber or in suspension
in the magma. In the latter case the plagioc1ase primocrysts would have settled as
inc1usions within giant pyroxenes and have accumulated on the floor of the magma
chamber as secondary cumulates. In a second group, igneous and relict igneous
equant plagioc1ase crystals are in contact with each other and so could either repre
sent similar secondary cumu1ates (which sank as inc1usions in larger pyroxenes) or
primary cumulates - that is plagioc1ase crystals which settled individually or as ag
gregates onto the floor of the magma chamber.

In the folIowing description, the words cumulus and cumulate are used in a
broad sense to inc1ude crystals and crystal deposits which accumulated (on the floor
of the magma chamber) either individually or as monomineralic crystal aggregates,
or as inc1usions within other settling crystals (such as inferred pyroxenes). Igneous
pyroxenes, partly replaced by metamorphic hornblende, are only seen in a few of
the felsic rocks but, as will be argued later, most hornblende is considered to be de
rived by metamorphism from igneous pyroxenes and olivines. Identical textures to
those of undeformed Fiskenæsset leucogabbros can be seen in the Archaean Wind
imurra Intrusion of Western Australia (Ahmat & de Laeter, 1982) which has not
suffered high grade metamorphism. In the Windimurra Intrusion the equant pla
gioc1ases can be seen to occur as inc1usions within large pyroxene crystals.

This chapter concentrates on describing the succession of igneous rock types
from places where the stratigraphy is best preserved, that is where the stratigraphy
is least deformed and disrupted by granitoid intrusions. The effects of various
amounts of progressive deformation on the appearance of the main igneous rock
types are illustrated by photographs.

Volcanic host rocks

The Fiskenæsset Complex was intruded as a sub-concordant sheet into basic and
ultrabasic vo1canic rocks. Most of the vo1canic rocks are now massive amphibolites
with tholeiitic or komatiitic compositions showing geochemical affinities with
ocean floor basalts (Rivalenti & Rossi, 1975; Rivalenti, 1976; Friend et al., 1981),
but showing little field evidence of their origin. In some places, however, they show



Fig. 3. Deformed pillow lava
slruclure in alllphibolile
adjacenl IO lhe roof of lhe
Fiskenæ et Complex at
locality 41. The cores of
pillows are \eucocralic
amphibolile and the rims of
pillows and matrix belween
them are more Illelanocralic.

The hammer is 28 cm lang.

13

Fig. 4. More strongly
deforllled pillow lava
structure in amphibolite
north ast of localily 13.

Fig. 5. Very strongly
deformed pillow lava
stnlcture with Icucocratic
cares af pillO\vs streaked oul
to form banding, in
amphibolile. nonh-ea lof
locality 13.
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pillow lava, pillow lava breccia and pyroclastic structures (fig. 3), cut by dense
swarms of basic dykes. These rocks can be traced through zones of increasing de
formation (fig. 4) until they become banded or massive amphibolites (fig. 5).

Intrusive contacts of the Fiskenæsset Complex with these rocks are rarely seen.
No intrusive bottom contact has been recognised, but the roof contact is well pre
served at locality 41 (plate 2) (Escher & Myers, 1975), where the Anorthosite Unit
is in contact with amphibolite with pillow lava structure. The Upper Gabbro Unit
does not appear to have been developed at this locality. The anorthosite locally
veins the metavolcanics, and rafts of these rocks occur within the anorthosite up to
20 m below the roof contact (fig. 6). The metavolcanic rafts are progressively more
recrystallised the further they occur below the roof, and the associated anorthosite
appears to be progressively more contaminated. Volcanic structures are well pre
served in rafts up to 5 m below the roof, and garnet is absent, but below this level
the volcanic structures become fainter and are obliterated as garnet becomes more
abundant in both the anorthosite and amphibolite.

In some places (such as localities 4,34,41 and 47, plate 2) where the Upper Gab
bro Unit does not appear to have been developed, the top of the Anorthosite Unit
is in contact with ultramafic rocks adjacent to metavolcanic amphibolites or meta
sedimentary rocks (Herd, 1973). In these places a zone of metasomatic reaction oc
curs up to 2 m thick containing the rare minerals sapphirine and kornerupine, to
gether with plagioclase, hornblende, enstatite, gedrite, pargasite, anthophyllite,
spinel, ruby corundum and phlogopite (Herd et al., 1969; Herd, 1972, 1973; Wal
ton, 1973; Rivalenti, 1974; Friend & Hughes, 1977). These assemblages are inter
preted by Herd (1973) as the result of partial assimilation of host rocks by the anor
thosite during its intrusion, followed by the introduction of potash feldspar from
the granitoid gneisses during amphibolite facies metamorphism. Lenses of similar
rocks also occur as xenoliths within the Anorthosite Unit.

Lower Gabbro Unit (unit l)

This unit is poorly preserved, it is generally strongly deformed and thoroughly
recrystallised with a completely metamorphic texture, and is therefore difficult to
recognise. The lowest part of the unit, which is clearly distinct, is in contact with
younger granitoid intrusions (now gneisses). No clearly original contact with meta
volcanic amphibolites was observed.

The Lower Gabbro Unit is best preserved at localities 25 and 35 (plate 2). At 10
cality 35 near Tasiusså a 50 m thick sequence of this unit occurs below the lowest
dunite horizon of the Ultramafic Unit. Most rocks are massive amphibolite com
posed of plagioclase and hornblende in equal amounts with equigranular metamor
phic textures . The origin of these rocks alone is not clear, but they contain layers of
leucocratic and melanocratic amphibolite, they grade into less deformed layers
with coarser grained, relict igneous cumulate textures, and range in composition
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Fig. 6. Xenolith of

amphibolite Wilh banding
derived from deformed
pillow lava structures in
anorthosite wilh large

garnets (colour zoned from

paie pink cores lo dark red

rim ). 10 m below the roof
of the Fiskenæssct Complex
at localily 41.

from melanogabbro to gabbro and leucogabbro. These distinctly plutonic laycrs oc
CUf intermittently throughout the recognised sequence of the Lower Gabbro Unit
and suggest that most of the associated ma sive amphibolite is derived from gab
bro.

A similar sequence of rocks, 10 m thick occurs at locality 25 at Majorqap qåva
below the basalolivine hornblendite of the Ultramafic Unit. These rocks show
finer-scale layering than those near Tasiusså with thin layers of leucocratic and me
lanocratic amphibolitc a few centimetres ar less thick. Some layers show paody de
velaped relict igncous mineral-grading. Like the rocks of the Lower Gabbro Unit
near Tasiusså, they are interpreted as a sequence of mainly gabbro with layers of
mclanogabbro and leucogabbro.

Ultramafic Unit (unit 2)

The Ultramafic Unit consists of a number of cyclic mineral-graded sub-units of
dunite, peridotite and hornblende rock with a total thickness af about 40 m. Al
though many of these rocks are strongly deformed and have thoroughly metamor
phic textures, igneous textures, minerals and reliet igneous minerals have survived
to a mueh greater degree than in the Lower Gabbro Unit. The rocks are interpre
ted as mainly olivine, olivine + pyroxene + spinel and pyroxene + spine! ± horn
blende eumulates.

At locality 35 near Tasiusså (plate 2),15 eyclic sub-units occur (fig. 7c). The top
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and bottom contact af each sub-unit is sharp, but internally each sub-unit is differ
ent - some are massive whereas many show mineral grading upwards from dunite
to olivine-hornblendite to hornblendite. Many dunite layers preserve igneous cu
mulus olivines whjch are size-graded from S mm in diameter upwards to < 1 mm in
diameter.

At locality 2S at Majorqap qava (plate 2) the Ultramafic Unit consists of 9 cyclic
mineral-graded sub-units af dunite, olivine hornblendite and hornblendite (fig.
7b), similar to thase near Tasiusså. The Ultramafic Unit is also well preserved at 10
caJity 13 east of Uivfaup nOa (plate 2) (fig. 7a), where 9 cyclic mineral-graded sub
units occur an one side of an Fl downward-facing syncline. On the other side af the
fold care these sub-units are more disrupted by granitoid intrusions and so are less
distinct. Plagioclase also appears as a cumulus mineral at the top af some af these
sub-units in which ultramafic layers grade upwards into gabbro or thin anorthosite.

Some layers of dunite and olivine-hornblende rock show size-graded cumulus

b. Part of
Section 25.
Majorqap qåva

c. Section 35,
Tasillsså
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a. Part of
Section 13,
Uivfaup nua
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Fig. 7 a. Part of section 13
east of Uivfaup nOa of the
Ultramafic Unit on one limb
of a downward-facing Fl
syncline. b. Part of seetion
25 at Majorqap qåva of the
Ultramafic Unit s]JOwing 9
cyclie slib-units. c. Seclion
35 near Tasillsså of the
Ultramafic Unit showing 15
eyclic slib-units. Key to
ornament in fig. 2.



Fig. 8. Size-gradet! oli ville

cumulate dunite (paler)

abovc peridotite (darker).

Itramafic Unit. localily 25
al Majorqap qåva. Original

way up towards IOP of
photograph. The pen is 13

cm long.

Fig. 9. Ellip oidal aggregalcs

of l1letamorphic olivine

dcrived from dcforl1led large

cumulus olivines. Ultramafic

Unit. locality 13 easl of
Uivfaup n6a.

Fig. IO. Trough layers of

plagioclase cUl1lulatc

anortho ite (below hammer)

in peridotite of the

Ullramafic Unit below
leucogabbro (whilc) of the
Lower Lcucogabbro nit.
3 km nonh-east of locality

35. Original way up lowards

top of photograph.
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olivine (fig. 8), and in others two different cumulus grain sizes of olivine occur to
gether. Some relict cumulus olivines are very large, and individual cumulus crystals
are now deformed to ellipsoidal aggregates of metamorphic olivine with Iong axes
of 15 x 2 x 2 cm (fig. 9). Some lenticular trough layers of gabbro occur in olivine
hornblende rocks and these, together with lenticular anorthosite trough layers in
dunite 3 km north-east of locality 35 (plate 2, fig. 10), are interpreted as channel
deposits formed by current action, similar in structure and origin to ultramafic
channel deposits in leucogabbro described later from the lower part of the Upper
Leucogabbro Unit.

Lower Leucogabbro Unit (unit 3)

This unit mainly consists of leucogabbro, some gabbro and minor ultramafic
layers, and has a total thickness of 50 m. Igneous structures, textures and minerals
are well preserved in many places, and 3 major sub-units can be widely recognised,
called 3.1, 3.2 and 3.3 (fig. 2).

Near Tasiussa (plate 2, section 37; fig. 7c) and at Majorqap qava (plate 2, section
25; fig. 7b) the base of the unit is marked by a layer of dunite which grades upwards
through peridotite, hornblendite and gabbro to leucogabbro. East of Uivfaup nua
(plate 2, section 13; fig. 7a) it is marked by dunite which grades upwards through
hornblendite and gabbro to leucogabbro.

Although the basal contact is only locally preserved at Majorqap qava and the
lowest part of the unit is generally in contact with younger granitoid intrusions
(now gneisses), the rest of the unit together with the overlying Middle Gabbro and
Upper Leucogabbro Units are exceptionally well preserved and have been studied
in most detail at this locality. The summit cliff section at Majorqap qava (plate 2,
section 18) is therefore described as the type section of these units.

In this section (fig. 11) the lower and upper sub-units 3.1 and 3.3 mainly consist
of leucogabbro with equant igneous or relict igneous plagioclase 1-5 mm in diame
ter set in a matrix of hornblende (fig. 12). Most layers are massive and show a uni
form grain size (fig. 12), but some layers contain two or a variety of grain sizes of
igneous plagioclase up to 2 cm in diameter set in a matrix of uniform leucogabbro
with igneous or relict igneous plagioclase 1-5 mm in diameter (fig. 13). Some of
these layers show size grading of igneous plagioclase (fig. 14).

The lower sub-unit 3.1 contains a number of lenticular ultramafic layers. These
layers have sharp bases and show mineral grading from olivine-pyroxene lower
portions to hornblende-rich upper portions. Some layers are rich in spinel and mag
netite.

The middle sub-unit of gabbro 3.2 at Majorqap qava consists of fairly uniform
gabbro with equant relict igneous plagioclase 1-5 mm in diameter, similar in tex
ture to the main part of sub-units 3.1 and 3.3.

Leucogabbro of the upper sub-unit 3.3 is characterised by schlieren of anortho-
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Section 18, Majorqap qåva Summit cliff section

Sub-units GGU Sample
numbers

08

,'59430
159429

.159428

.159454

·159431

.,59441

-j.,.c.,.-c:-',..,,--'1.• ,59437
.159435 + 151102 03
.159434
·,51105·06

.,59432 33

-j~==-'1.'59439 40

Middle
Gabbro
Unit
4

4-1

Lower
Leucogabbro
Unit
3

Upper
Leucogabbro
Unit
5

Upper
Leucogabbro
Unit
5 5-1

Middle
Gabbro
Unit
4

Thrust-----F===1

Fig. 11. Section 18 at Majorqap qåva showing the Lower Leu
cogabbro, Middle Gabbro and lower part of the Upper Leuco
gabbro Units. A thrust near the top causes repetition of part of
the succession. Key to ornament in fig. 2.
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a

b

Fig. 12. Recryslallised leucogabbro wilh equalll reliet igllcous plagioclase, Iypieal of sub-unil 3.1 and
J.J of the Lower Leucogabbro Unit. Localily 18 at Majorq<lp qåva. a. Undeformed, nOle the clustering
uf piagiocIa e eryslals. b. Showing tile developmenl of schislO ily and boudinage af less dcformed

layers.

site, probably derived from sub-spherical clusters of equant igneous plagioclases
(originally enclosed in large pyroxenes). These rocks are generally deformed and
completely recrystallised, but they occur in a littie deformed state east of Uivfaup
nua (plate 2, section 13; fig. 15).



a

21

b

Fig. 13. Partly rccrystalliscd
leucogabbro with cquant
igncous plagioclase of two main
grain sizes. Sub-unit 3.3 of the
Lower Leucogabbro Unit,
locality 26 at Majorqap qåva.
li. Undeforl11ed. b. Moderatcly
deformed with migration of
plagioclase to form
metamorphic 'tails' to large
igneolls plagiocJascs. c. Strongly
deformed with tectonic banding
below, boudinaged deformed
mafic layer in the centre. and

associated conjugate fracturing
of less deformed layer above. c
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Fig. 14. lJndeformed, partly recrystallised size-graded plagioclase in leucogabbro, sub-unit 3.3 of the
Lower Leucogabbro Unit, localityl9 al Majorqap cp}va. Original way up towards the top right.

Fig. 15. Lillie deformed, recrystallised dusters of plagioclase in leucogabbro, typical of sub-unit 3.3 of
thc Lowcr LCllcogabbro Unit, hcrc associatcd with mineral-graded layers. Locality 13, east of Uivfaup
nlla. Original way IIp towards the bottom right. The hammer shaft is parallel with poody developed Fl
schistosity.
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Middle Gabbro Unit (unit 4)

The Middle Gabbro Unit mainly eonsists of gabbro 40 m thick which ean be di
vided into 3 main sub-units (fig. 2). In the ummit cliff ection at Majorqap qiiva
(plate 2, section 18; fig. 11) the ba'e of the unit is marked by 6 m of ultramafic
rocks: a layer of hornblende-orthopyroxene-spinel rock overlain by peridotite. The
rest of the lower sub-unit 4.1 consists of uniform gabbro with poorly defined min
eral-graded layers of great lateral extent. This is overlain by a fairly massive perido
tite layer l m thick enclosed by anorthosite, and then by another peridotite 50 cm
thick (fig. 11). These form the basallayers of the middle sub-unit 4.2 which mainly
consists of uniform gabbro with sporadic, well defined, mineral-graded trough
layers 25 cm thick arranged in vertical columns (fig. 16). The upper sub-unit 4.3
consists of uniform gabbro with scattered tabular plagioclase crystals up to 2 cm
long, rounded clusters, 20 cm in diameter, of cquant Ol' wedge-shaped plagioclase
either 1-5 cm in diameter Ol' up to 10 cm Iong (fig. 17), angul ar fragments of leuco
gabbro with hornblende-rich rims, and thick mineral-graded layers of melano
gabhro (fig. 18).

Fig. 16. Mineral-graded layers of gabbro in uniform gabbro. sub-unit 4.2 of the Middle Gabbro Unit.
Original way up towards top of photographs. a. Undeforrned mineral·graded layers (above) cut by
strongly marked tectonic schistosity (below), south-west af lacality 35 near Tasius å.
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Fig. 16 conto b. Little deformed vertical column of trough layers, locaJity 18 at Majorqap qava.

Fig. 16 conto c. Partly tIeformed igneous texture and mineral-graded layer with a moderately developed
tectonic schisto ily parallel with lhe pen. Locality 18 at Majorqap qava.



Fig. 17. 'Snow-flake' like

elustcrs of pl~gioclase Wilh

radial Slruclure in uniform
g~bbro, sub-unit 4.3 of thc
Middlc Gabbro Unit.
Locality 23 ~l Majorqap

qåva. plan view of a bedding

surfacc.

Fig. 18. Mincral-graded

layers typical of ub-lInit 4.3

of the Middle Gabbro Unit.
NOle the isolalcd elustcr of
plagioelase cryslals to the
lower lefl of lhe hammer.

Locality 43, original way up

towards lhe left.
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Upper Leucogabbro Unit (unit 5)

This unit camprises coarse grained leucogabbro with minor layers of ultramafic
rocks and chromitite. It is generally 60 m thick and can be divided into 4 sub-units
(fig. 2).

At Majorgap gava (plate 2, section 18; fig. 11) the lowest sub-unit 5.1 is 10 m
thick and consists of lenticular mincraJ-graded ultramafic trough layers (fig. 19) in
terlayered with plagiodase and plagioclase-duster cumulates. The latter consist of
20 cm diameter dusters of equant or wedge-shaped plagioclase crystals 5-20 mm in
diameter or up to 5 cm long in a matrix of hornblende or hornblende and pla
gioclase (fig. 20). The ultramafic layers are interpreted as deposits from turbidity
Cllrrents in scoured channels (Myers, 1976c). At Majorgap gava (plate 2, section
26; fig. 21a) many consist af massive peridotite llnderlain by zones rich in spinel,
and overlain by pJagiodase-chromite cumulate and hornblende chromitite (figs 19,
22), but further east (plate 2, section 31; fig. 21b) many of these layers are mincral
graded from dunite upwards through peridotite and hornblendite to leucogabbro

and anorthasite. Chramite is concentrated in thin layers in same af the dunites and
peridotites (fig. 23).

At Majorqap gaya (plate 2, sections 18, 19, 26) these deposits are overiain by

Fig. 19. Peridotite trough layer (centre) in leucogabbro, sub-unit 5.1 of the Upper Leueogabbro Unit,
overiain to Lhe right by sJumped bloeks of hornblende ehromitite (see map fig. 49). Note the 4 em thiek
dark hornblende rim around the peridotite. Loeality 26 at Majorqap qava. Original way up towards the
right.
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a

b

Fig. 20. Clusters of plagiocla c in Icucogabbro lypical of slib-unit 5.1 of thc Upper Leucogabbro Unit.
Locality 26 al Majorqap 'lava. Original way up towards top of pholographs. a. ndeformed. b. De
formed.

sub-unit 5.2, 5 m thiek, whieh eonsists of leueogabbro with equant igneous and re
liet igneous plagioclase 2-5 cm in diameter in a matrix of leueogabbro. This ha' a
sharp wavy eontaet (fig. 24) with sub-unit 5.3, 35 m thiek, in which igneous and re
liet igneaus plagioclase lies in a matrix af hornblende. Within sub-unit 5.3 there is a
steady upward inerease in the size af equant igneous and reliet igneous plagiacla 'e
fram 2-5 cm to la cm in diameter (fig' 25, 26). Above this, ehromite is a prominent
eumulus mineral in sub-unit 5.4, 10 m thick, with 10 cm diameter equant igneaus
plagioclase in a matrix of metamorphie hornblende and biotite.
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This sequence of sub-units is widespread throughout the eastern part of the Fi
skenæsset Complex, but in the west it is less distinct or absent, and the size of igne
ous and relict igneous plagioclase is generally less.

a. Sectian 26,
Majarqap qåva

51

b. Part af
Sectian 31

Fig. 21. Stratigraphic sections of sub-unit 5.1 of
the Upper Leucogabbro Unit. a. Section 26 at
Majorqap qåva. b. Western part of section 31.
Key to ornament in fig. 2.



Fig. 22. Layers of chromite

cUl1lulate showing irregular
bases (Iode casting) and

smooth tops, in leucogabbro

above massive peridotite.

Suh-unit 5.1, locality 26 at
Majorqap qava. Original
way up towards the botloJll
right.

Fig. 23. Layer of chromitc
in a peridolite trough layer

in sub-unit 5.1 of the Upper

Lellcogabbro Unit. Note the

smoolh sharp hase and
irregular l1lineral-graded top
of the thickest layer. These
layers contain the highesl
concentration of platinum

yet founel in the Fiskenæsset

Complex (Page et al., 1980).
Locality 31. original way up
towarcls top of photograph.

Fig. 24. Sharp wavy contact

between sub-unit 5.2, with
partly recrystallised large
igneous plagioclase in a
matrix of fine grained

hornblende and plagioclase

(right), and sub-unit 5.3,

with large igneous and relic!

igneolls plagioclase in a
matrix of metamorphic
hornblende (Ieft). South
west of locality 26, original

way up towards the bottoJll

left.
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a

b

Fig. 25. Undeformed. partly rccrystallised equant igneous plagioclase in sub-unit 5.3 of the Upper Leu
cogabbro Unit at Majorqap qava. ote lhe large plagioclase c!usler with radial structure IO lhe right of
lhe hammer in b, indicating rapid growth.
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Anorthosite Unit (unit 6)

The Anorthosite Unit, 250 m thick, dominates the upper part of the intrusion. In
spite of its relatively great thickness it lacks any marked internal stratigraphy and
the most prominent layering within the unit is tectonic rather than igneous in ori
gin. Overall, the Anorthosite Unit is much more strongly deformed than the Lower
Leucogabbro, Middle Gabbro and Upper Leucogabbro Units. Where it is least de
formed at Majorqap qava and in the large anorthosite outcrop between localities 43
and 44 (plate 2), it consists of irregular sub-spherical patches of leucogabbro ty
pically 30 cm in diameter in a matrix of anorthosite (fig. 27). A smaller number (10
cally up to 20%) of the mafic patches consist of an equigranular mosaic of pla
gioclase and garnet. Where the rocks are least recrystallised both the leucogabbro
patches and anorthosite matrix are seen to consist of a variety of grain sizes of
equant igneous plagioclase 1-10 cm in diameter dispersed between even grained
metamorphic plagioclase 1-5 mm in diameter (fig. 28). With increasing deforma
tion, the leucogabbro and garnet-plagioclase patches are seen to become ellipsoidal
schlieren (fig. 29) which are then streaked out into a fine banding (fig. 30). Large
igneous plagioclases are seen to be recrystallised to finer grained aggregates. Re
crystallisation outlasted deformation and most anorthosite has a polygonal mosaic
texture.

In the central and eastern part of the complex, chromitite occurs in discontinu
ous layers and lenses throughout most of the Anorthosite Unit. Locally it forms
massive mafic layers or lenses of chromite-hornblende-biotite rock up to a metre
thick, but chromite generally occurs evenly distributed with hornblende and biotite
between igneous and relict igneous plagioclase 1-2 cm in diameter, in layers or
lenses 1-2 m thick where cumulus plagioclase makes up about 80% ofthe rock (fig.
31). The regularity with which chromite occurs with igneous or relict igneous pla
gioclase, which is coarser grained than the adjacent anorthosite, suggests that this
association is primary (fig 32). Some of these lenticular chromite-bearing rocks are
trough shaped and are interpreted as deposits formed from currents in scoured
channels (Myers, 1976c; and discussed later).

In the western part of the complex, chromite appears to be restricted to a smaller
number of more continuous and thicker layers in the upper part of the Anorthosite
Unit (Ghisler & Windley, 1967; Windley et al., 1973; Ghis1er, 1976). These layers
are typically 1-2 m thick and, as elsewhere in the complex, contain igneous and re
lict igneous cumulus equant plagioclase 1-2 cm in diameter, larger than in the adja
cent anorthosite, with equant cumulus chromite 0.1-0.5 mm in diameter. In some
places, especially on Qeqertarssuatsiaq (north) and near Tasiussa (plate 2) these
layers were disrupted by magmatic slumping and, on a regional scale, were pulled
apart into trains of tabular blocks or piled up into a chaotic jumble of chromitite
blocks (fig. 33).

Metamorphic garnet occurs in the upper 50 m of the Anorthosite Unit (Walton,
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c

d

Fig. 26. Deformed, rcerystallised equant igncous plagioc!ase in sub-unit 5.3 of the Upper Leucogabbro
Unit at Majorqap qåva. Melamorphic aggrcgates after large igneolls plagioclases are pro)ate ellipsoids

in a, and oblate ellipsoids in b and in the right of c in a shear zone clltting undeformed lellcogabbro to

the left. d. Brittie deformation of reliet igneous plagioclase during amphibolite facies metamorphism.
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Fig. 27. Undcforl11ed, reeryslallised sub-sphericai palches of ieucogabbro in anorlhosile, Iypicai of Ihe
leasl deformed anorthosile of Ihe Anorthosite Unit at Majorqap qava.

Fig. 28. Undcformed, partly
reerystallised palches of
ieucogabbro in anorthosite
in tlle Anorthosite nit near
Qagsse summit. The least
recrystallised part of the
Anorthosite Unit showing a
variety of grain sizes of
igneous piagioclases in both
the lelleogabbro patehes and
anorthosile matrix.



Fig. 29. Rccryslallised,
deformed anorthosile wilh
chliercn of Icucogabbro

deri ved from sub-spherical

patches, in the Anortho. ite

Unit at Majorljilp qilva.

Fig. 30. Recryslallised,
strongly deformed
anorthosite with
Ieucogabbro patches
slreaked out lo form a
leclonic banding in a, which

is folded in b. The
Anorthosile Unit at
Majorqap qåva.

a

b
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Fig. 31. Layers af chromite
hornblendc-biotitc and
plagiaclase- chromite
hornblende in a 2 m thick
chramite-bearing layer in
anorthosite af the
Anortho ite Unit, 8 km west
of loeality 4l. The thickest
mafie Jayers are 6 em thick.

1973; Windley et al., 1973). At locality 41 (plate 2) the occurrence of garnet is asso
ciated with the recrystallisation and partial assimilation of rafts of basic vo1canic
roaf rocks, and thus the presence of garnet in this part of the unit may be the result
of eontamination (fig. 6). At this same loeality and elsewhere (plate 2, loealities 32,
33,42,44,46) the uppermost 5-30 m of the Anorthosite Unit is leueogabbro with
chrome-green eoloured hornblende.

Upper Gabbro Unit (unit 7)

This unit is best preserved in the central and eastern part of the eomplex (plate 2,
localities 32, 33, 42, 45; fig. 35) and occurs up to 50 m thick. It consists of gabbro
with layers of peridotite, dunite, melanogabbro, leucogabbro and anorthositte.
Magnetite and ilmenite are prominent and locally form massive layers up to 1 m
thick, or occur with equant reliet igneous plagioclase in magnetite-rieh leucogabbro
(fig. 34). Where the rocks are strongly deformed and reerystallised, they consist of
massive equigranular amphibolite or layers of melano- and leuco-amphibolite in
which garnet is generaIly prominent. Some of the ultramafic and magnetite-rieh
leueogabbro layers show mineral-grading, which provides the best evidence of the
primary way-up within the unit. The top of the unit is in contaet with amphibolite
with deformed reliet pillow lava structure on the nunatak 12 km south-east of 10
caJity 29 (plate 2).



Fig. 32. a. ndeformed,
lillie recryslallised igneous
plagioclase wilh igneous
ehromile and metamorphie

biotite and hornblende in a

2 111 thiek ehrol11itite layer in

anorthosite of the
Anorthosite Unit, west of

Oagsse SUllll11it. a

Fig. 32 b. Shear zone with

pronouneed sehistosity

culting partiy deformed

reliet igneous plagioclase
wilh ehromite and
hornblende in a l m thick

ehromitite layer in
anorthosite, locality 15 an

Qeqertarssuatsiaq (norlh). b

Fig. 32. c. Dcformed and
recrystallised, reliet 5-10 cm

diameter igneou plagioclase
and ehrol11ite-hornblende
layers in a I 111 thick

chromite-bearing layer with

folded igneous layering and
sehislosity. in anorthosite of
the Anortho ite Unit at
Majorqap qava. c

37
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Fig. 33. Fragments af a chramitite layer disrupted by slumping in anarthasite af the Anarthasite Unit,
east af lacality 16 an Qeqertarssuatsiaq (north). The map case is 28 cm square.

Fig. 34. Layers of magnetite-ilmenite-hornblcnde and plagioclase-hornblende rock in the Upper Gab
bro Unit at locality 32. Original way up towards thc right.
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b. Part ol Section 33Fig. 35. a. Stratigraphic

cctions 44 and 45 of thc
Uppcr Gabbro Unit. b. The
western part of stratigraphic
scclion 33 of the pper
Gabbro Unit in a fold core
of a downward-facing F1
syncline.

Section 45
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Petrography

The mineral assemblages and textures of most rocks are rclatively simple, and
the rocks are much more spectacular at outcrop scale than in thin section. The pe
trography of the rocks is, howcver, briefly discussed because of the importance of
distinguishing betwecn igneous and metamorphic minerals and textures in the in
terpretation of the Fiskenæsset Complex.

Most anorthosite and leucogabbro consists of plagioclase and hornblende with
post-tectonic equigranular metamorphic textures (fig. 36a). Gabbros consist of
metamorphic plagioclase + hornblende ± diopside with similar metamorphic tex
ture, and most ultramafic layers contain largely metamorphic olivine-orthopy
roxene-clinopyroxene-hornblende-spinel-magnetite assemblages. The general pe-
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Fig. 36. a. Anorthosite with
post-tectonic metamorphic
texture. b. Partly
recrystallised ignenus
plagioc1a e from
leucogabbro, notc the
inc1usions of hornblende in
the igneous plagiodase.
Both viewed with crossed
nicols. The narrow
dimension of each
photograph represents 2 cm.

a b

trography af a large number af main ly metamorphic textured samples has been de
scribcd from Ocqcrtarssuatsiaq (north) by Herd (1972) and Windley et al. (1973),
and from the eastern part of the complex by Hutl (1974). These descriptions in
clude most af the main metamorphic textures and mineral assemblages, and so only
a few examples af the main rock types are illustrated here by photomicrographs
(figs 36, 37) and are not described in detail. The petrography of chramite-bearing
rocks has been described in detail by Ghisler (1976) and briefly by Stccle et al.
(1977), and Garman (1980) has given a detailed account of deformation textures in
Jcucogabbros and thc mechanisms of formation af these textures. Modal and whole

a b c

Fig. 37. a. Gabbro with igneous or early metamorphic corona Slructure. b. Melamorphic gabbro wilh
deformed relict igneous texture. c. Metamorphic hornblende peridotitc. Sca1c as in fig. 36.
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Table 2. Modal and whole rock chemical compositions of typical rock types

Anorthosite Leucogabbro Gabbro Peridotite
125763 159452 159448 151012

Plagioclase 98 85 50
Hornblende 1 15 45 30
Biotite 1
Olivine 60
Pyroxene 5 4
Magnetite 4
Spine! 2

SiO, 48.97 47.30 48.44 39.55
TiO, 0.12 0.11 0.20 0.14
Al,O, 31.41 29.11 15.82 2.68
Fe,O, 0.25 0.65 1.55 3.92
FeO 0.75 2.09 5.65 16.89
MnO 0.03 0.05 0.16 0.39
MgO 0.90 2.70 10.20 32.60
CaO 14.63 14.57 13.80 2.67
Na,O 1.79 1.78 0.95 0.27
K,O 0.46 0.19 0.24 0.16
P,O, 0.10 0.10 0.11 0.09
H,O 0.44 0.64 1.32 0.56

99.85 99.28 98.44 99.92
Li 16 44 52 20
Ba 33 19 26 22
Rb 26 4.3 2.1 14
Sr 83 82 30 0.8
Pb 5 1 1 1
Th 3 1 1 1
U 0.53 0.73 0.16 0.02
Zr 6 3 1 6
Nb 0.05 1 1 1
Mo 2 2 2 2
Sn 0.05 10.5 0.5 1
Y 2 4 5 4
La 11 3 2 10
Ce 18 2 6 6
Nd 6 2 2 2
Se 3 10 51 26
V 28 48 171 56
Cr 232 55 1490 312
Co 13 24 51 174
Ni 25 100 273 1370
Cu 17 11 27 107
Zn 8 12 70 93
Ga 21 19 13 1
Ge 0.9 1.2 1.8 1.7
Pd 7.4 ppb
Pt 7.8 ppb
Rh 0.2 ppb
S 190 10 60 2400
Cl 25 90 180 180

Modal and major element analyses in percentages; major elements by XRF, L Sørensen.
Trace elements in ppm by XRF, J. C. Bailey; except for U by DNA, R. Gwozdz, and Pd, Pt, Rh in ppb
from Page et al. (1980). Analyses were selected from over 150 whole rocks analysed.
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rock compositions of typical rock types are shown on table 2. In the folIowing de
scription and discussion emphasis is placed on the surviving igneous mineral as
semblages and textures.

The most completely preserved igneous or very early metamorphic assemblages
occur in gabbros of the Middle Gabbro Unit at Majorqap qåva and elsewhere
throughout the eastern part of the complex. These rocks show corona structures
forrned by the subsolidus reaction of plagioclase and olivine (Myers & Platt, 1977;
fig. 37a). The coronas consist of a core of remnant primary olivine enclosed by a
zone of orthopyroxene. This in turn lies within a thin, in some places discontinu
ous, zone of clinopyroxene, and beyond this is a zone of paIe amphibole and a
spinel-amphibole symplectite. This latter intergrowth is interpreted by Myers &
Platt (1977) as marking the site of primary igneous plagioclase.

A complete gradation is seen between plagioclase-bearing gabbros and pla
gioclase-free ultramafic rocks with corona structures. The latter appear to be de
rived from gabbros or melanogabbros in which all the igneous plagioclase has re
acted with olivine to form pyroxene and amphibole. Therefore all hornblende-rich
ultramafic layers in the Fiskenæsset Complex did not necessarily originate as ultra
mafic cumulates. The gabbros of the Middle Gabbro Unit contained olivine and
plagioclase as the main cumulus minerals, and pyroxenes and amphiboles forrned
during either a post-accumulation magmatic, or early metamorphic phase.

The early microscopic textures of other rocks are not well preserved. Surviving
igneous minerals, mostly plagioclase, are recognised as relatively large crystals in
finer grained metamorphic mineral assemblages (fig. 36b). In rock sequences
which show progressively greater amounts of deformation, it can be seen that in
creasing deformation was accompanied by the recrystallisation of large igneous
crystals to aggregates of similar crystals with smaller grain size. Both the shapes of
whole crystal aggregates derived from single igneous crystals, and individual grains
within the aggregates, assumed tectonic fabrics. In general recrystallisation out
lasted deformation and individual metamorphic grains are equigranular. The inten
sitYof previous deformations is then only recorded by the shapes of the crystal ag
gregates derived from each igneous crystal.

Igneous plagioclase is paIe green in colour because it contains numerous tiny in
clusions of green hornblende (and a smaller number of inclusions of diopside and
rutile). When large igneous plagioclase recrystallised to aggregates of smaller me
tamorphic plagioclase, it purged itself of inclusions, and metamorphic plagioclase is
clear and white (fig. 38). The inclusions recrystallised forming larger crystals of
hornblende and biotite.

Igneous plagioclase in the Lower and Upper Leucogabbro and Anorthosite
Units shows little significant variation in composition (in the range AnS'l--79) with
stratigraphic height, but igneous plagioclase in the Middle Gabbro Unit is consis
tently more calcic (An98-94) (Myers & Platt, 1977). Some crystals show normal zon
ing from cores of AnS'I--85 to rims of An84-79 and, within single large plagioclases,
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Fig. 38. CUl11ulu
piagiocla es in a matrix or
metamorphic hornhlende in
leucogabbro, sub-unit 5.3 of
the pper Leucogabbro
Unit at Majorqap qava,
showing grey remnants of

igneous plagiocla e and

while metamorphic

plagioclase around the
margin of cumulus ery tals
and aiong fraelure zones
within them.-The pen-knife

is 9 cm long.

these igneolls variations are generally preserved uuring metamorphic recrystallisa
tion (Myers & Platt, 1977). However, in whole rock samples where igneous pla
gioclase does not survive there appears to be a relation between the composition of
coexisting metamorphic plagioclase and hornblende with the modal com position of
the rock, plagioclase being more sodic with increase in modal hornblende. The
composition of metamorphic plagioclase in whole rocks also changes during de
hydration with assemblages of hornblende and bytownite being replaced by c1ino
pyroxene-anorthite-magnetite-ferropargasite (Gorman, 1980).

Green hornblende is the second main component of the Fiskenæsset Complex,
but textures indicate that most is metamorphic. 19neous hornblende has only been
recognised in some uItramafic rocks by Windley et al. (J 973) and Hutt (1974), and
in late magmatic gabbro pegmatite pipe (Myers, J978b). Thus there is no direct
eviuence whether most hornblende was derived from igneous hornblende or pyrox
ene or both.

Windley et al. (1973) followed by Winuley & Smith (1974) interpreted the abun
dance of metamorphic hornblende as indicative that hornblende was original1y a
major igneous phase, and that the magma had a high water content. Hutt (1974),
however, recognised that part of the Fiskenæsset Complex further east originally
crystallised under anhydrous conditions. At Majorqap qåva hornblende in some
undcformed leucogabbros encloses older cores of pyroxene, and rims of horn
blende occur around peridotite layers (fig. 19), suggesting that locally metamorphic
hydration occurred. I consider it Iikely that most hornblende in the Fiskenæsset
Complex is a metamorphic derivative of igneous pyroxene, but cannot disprove the
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contrary interpretation of Windley et al. (1973) and Windley & Smith (1974) that
most hornblende is derived form igneous hornblende.

During amphibolite and granulite facies metamorphism recrystallisation is
clearly related to deformation, with igneous minerals surviving in zones of lowest
deformation. Some parts of the Fiskenæsset Complex, however, suffered post-tec
tonic hydrothermal alteration which affected all the rocks cqually. This metamor
phism in low greenschist facies, although locally associated with faulting and brec
ciation, is gcnerally widesprcad and patchy and does not appear to be structurally
controlled. It post-dates latc Archacan granulite facies metamorphism and pre
dates the intrusion of early Proterozoic do1erite dykes. All rocks affected by this al
teration are reduced to assemblages af mainly quartz-chlorite-epidote-prehnite
muscovite.

MAGMATIC STRUCTURES

The Fiskenæsset Complex contains a great variety of magmatic structures and,
although many af the rocks are completely recrystallised, many structures and re
lict igneous minerals survive in an undeforrned or Iittle deformed state. Some of
these structures are well known from other layered intrusions, but same are not.
The most prominent structures are summarised beJow.

Fig. 39. Mineral-graded
trough layers in sub-unit 5.1
of the Upper Leucogabbro
Unit at locality 31. They
range upwards aeross thc
photograph from peridotite
(grey). grading up into
hornblende rock (black)
wilh a sharp 10p, to
peridotite which grades up
through melanogabbro and

gabbro to anorthosite

(white). Above thi there is
a similar graded [ayer
followed in the distance by
leucogabbro and
anorthosite.
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Mineral-graded layers

These are the most abundant kind of igneous layering and occur in most rock
types. In many ultramafic layers there is an upward gradation above a sharp basal
contact from mainly olivine cumulates to olivine-pyroxene cumulates and pyroxene
cumulates, and same grade further into felsic cumulates to melanogabbro, gabbro,
leucogabbro and anorthosite within a total tbickness of 1-5 m (fig. 39). Some 1-2 m
thick peridotite layers grade both upwards and downwards from cores af peridotite
to pyroxene-hornblende and hornblende rocks to melanogabbro, gabbro and leu
cogabbro. Other peridotitc layers are massive (fig. 19).

Fig. 40. Mineral-graded
laycrs in uniform gabbro,

sub-unit 4.2 of the Middle
Gabbro Unit, locality 18 at
Majorqap qiiva. Original
way up towards top of
photograph.

Fig. 41. Cross-bcddcd
mineral-graded layers in
gabbro, sub-unit 4.2 of the
Middle Gabbro Unit,
locality 26 at Majorqap
qava. Original way up
towards the right.
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Fig. 42. Mincral-gradcd chromitc-pla
gioda e-pyroxene (now hornblende)
cUlllulatc from a 50 cm thick chrolllilile
layer in anorthosile of lhe Anorthosite
Unit. IO klll Ilorth of locality 39. Origi
nal way up towards bottom of photo
graph.

Mineral-graded layering is widespread in gabbros of /he Middle Gabbro Unit. In
dividuallayers are typically 10-15 em thiek and are spaeed at intervals of 50-100 cm
in uniform gabbro. They have a sharp basal contact above which hornblende rock
grades upwards through gabbro to leucogabbro or anorthosite, bounded by a sharp
top contact with uniform gabbro (figs 16, 40). Some mineral-graded layers occur in
continuous succession without intervening uniform gabbro, and some show cross
bedding (fig. 41). In general, mineral-graded layers in the lower sub-unit 4.1 are
poorly defined (with less distinct contacts) and are of great lateral extent, whereas
in sub-unit 4.2 mineral-graded layers are more clearly defined, tend to be of short
lateral extent, and occur in vertical columns. Similar mineral-graded layers are well
known from the Skaergaard Intrusion from which they have been described and
discuss d at length (Wager & Deer, 1939; Wager & Brown, 1968; MeBirney &

oyes, 1979).
Mineral-graded layering al o occurs in plagioclase-chromite-pyroxene (now

hornblende) cumulates in the Upper Leucogabbro and Anorthosite Units (fig. 42),
and in plagioclase-magnetite-pyroxene (now hornblende) eumulates in the Upper
Gabbro Unit. It is also prominent in many trough layers af either peridotite, gab
bro ar chromitile which are described below.
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Size-graded layers

These are less abundant than mineral-graded layers but occur in a variety of
rocks. Size-graded olivines occur in dunitc (fig. 8) and peridotite layers, especiaily
in thc Ultramafic Unit where they range in size upwards from 10 cm to 2 mm in di
ameter. Size-graded plagioclases oecur in leucogabbro in the Lower and Upper
Leucogabbro Units, and in plagiocJasc-chromitc cumulates in the Anorthositc
Unit. In different places, plagioclases either decrease (fig. 14) or inerease (fig. 43)
in size upwards. On a larger scale, the whole of the 35 m thick sub-unit 5.3 of the
Upper Leucogabbro Unit shows size grading in whieh equant igneous or reliet igne
ous plagioclase inereases upwards from 2-5 cm to 10 cm in diameter.

Fig. 43. Size-graded relict
igneous plagioclase with size
or relicl igneous plagioclase
increasing upwards (lowards
the bollom of the
pholograph) in sub-unit 5.1
of the Upper Leucogabbro
Unit al Majorqap qåva.

Trough layers

Trough layers are widespread throughout the intrusion and occur in a variety of
rocks. They are described in more detail by Myers (1976c) and are only summa r
ised here. Most of these layers are interpreted as dcposits in channels which wcre
excavated and fillcd in by turbidity currents. These currents were important con
centrators of olivine, pyroxene and chromite, and led to the intermittent deposition
of ultramafie layers in leueogabbro and gabbro throughout the Lower Leuco
gabbro, Middle Gabbro and lower part of the Upper Leucogabbro Units.

Most peridotite trough layers in sub-unit 5.1 are 1-3 m thick, 100-500 m wide and
of great but unknown length, but some are only a few centimetres thick and a few
metres wide. Thc edges af some of these layers interfinger with plagiocIase cum
ulates (figs 19, 44b left), and in some places the plagioclase layers are only onc Ol'

two erystals thiek (individual plagiocIases being about 2 cm in diameter). These
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Fig. 44. Schematic profile ection of
trollgh layers inlerpreted æ channel de

posits. o. Columns of mineral-graded
gabbro layers in gabbro of the Middlc
Gahhro Unit, sub-unit 4.2. b. Peridotite
layers in leucogabbro of the Uppcr LCll

cogabbro Unit, ub-unit 5.1. c. Chromit

ite layers in anorthosite of the Anortho

sile Unit.

eontaets appear to indieate loeal spreading of the ehannels from their initial sites.
The edges of other ultramafic trough layers are sharp and steep (fig. 44b right).
They cut across mineral-graded layering in leueogabbro, as if depressions were ex
cavated by strong eurrents that immediately prcecded the deposition of the ultra
mafie laycrs. They are most abundant in the lowest sub-unit 5.1 af the Upper Lcu
eogabbro Unit and this sub-unit marks an episode of unusual physico-ehemieal in
stability.

o
o 2em
L....-!--J

Fig. 45. Selecled plagioclase xenocrysts from a peridotite trollgh tayer in Jeucogabbro, sub-unil 5.1 of
the Upper Leucogabbro Unit, 3 km south-east of Jocality 29. Thick lines mark igneous crystal faces, thin
lines are twin lamellae. ote igneous erystal shapes A, conchoidal fractures B, fractures along twin
plane C, rounding caused by mechanical abrasion D, and chemical overgrowth of hornblende E over
corroded plagioclase crystals.
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The main part of many of these trough layers consists of massive peridotite, oli
vine-pyroxene-spinel-chromite cumulates (fig. 37c), but some are mineral-graded
from olivine-rich (dunite) lower portions to pyroxene-rich (peridotite) upper por
tions which grade upwards to gabbro and anorthosite (fig. 39). Most of these ultra
mafie layers are enclosed by a 10-20 cm thick shell of hornblende which is probably
the result of metamorphic hydration (fig. 19).

Some of the massive peridotite trough layers contain irregularly distributed xe
nocrysts of plagioclase, generally 5 cm Ol' less in diameter. Many xenocrysts show
evidence of both mechanieal abrasion and chemical reaction (fig. 45), similar to
rock and crystal fragments in ignimbrites and f1uidized plutonic intrusions (fig. 11
of Myel's, 1975c). Many of the xenocrysts are broken along c1eavage planes and
conchoidal fraetures. Both angular and rounded fragments occur together, and
some angular fragments of plagioc1ase have secondary overgrowths of pyroxene
and hornblende which fill irregularities in their surfaces. These features suggest
that the xenocrysts were in vigorous motion prior to their deposition, and were de
posited from fluidized systems with olivine and pyroxene crystals which inter
mittently descended as a coherent mass through the more slowly settling pla
gioclase cumulates.

Larger and more comp/ex sequences of trough !ayers also occur, such as in a sub
unit of leucogabbro within the Middle Gabbro Unit at Majorqap qava (fig. 46).
This complex trough is both underlain and overlain by more extensive trough
layers of peridotite, but cuts across layering within the intervening leucogabbro.

LAYERED CUMULATES

INTRUSIVE VEINS

Q Granite and pegmatite

Hornblende rock

Direction of mineral-grading
from mafic to felsict

D Anonhosite

[TI Leucogabbro

~ i:-::1 Gabbro

•
Mineral-graded gabbro
to leucogabbro layers

iii Peridotite

10m
L..-_~_-J'

Fig. 46. Map showing a near profile cction of an unusually large trough with mineral-graded layers in a
local sub-unil of leucogabbro within the Middle Gabbro Unit at Majorqap qava, localily 21.
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Fig. 47. Mineral-graded layers of plagioclase and hornblende in the large trough shown in fig. 46. Note
the slumped layer above the hammer shah in the centre of the photograph.

Many individual layers within the trough are mineral-graded and they range in
compostion from hornblende rock upwards through melanogabbro and gabbro to
leucogabbro and anorthosite, and the mineral-grading varies in detail from one
layer to another (fig. 47). The uppermost layers af the trough extend eastward (fig.
46) beyond the confines of the initial trough. Some layers show slump structures
which face inwards towards the centre of the trough (fig. 47).

Many plagioc/ase-homblende chromitite layers in the Anorthosite Unit in the
central and eastern part of the complex also appear to be trough layers, but they

Fig. 48. Hornblende

ehrornitite trough layer
interfingering Jaterally with
plagioclase eUl11ulates in
anorthosite of the
Anorthosite Unit, 8 km west
of loeality 41. Original way
up towards thc botlom right.
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are generaIly poarly defined. Most form lenticular deposits from a few centimetres
to 2 m thick, and from tens af centimetres to hundreds af metres wide. The smaller
layers are anly a few metres lang, whereas the thicker layers are af great but un
known length. Many of these layers occur in narrow vertical columns, and individ
ual layers interfingcr Iaterally with plagioclase cumulates (figs 44c, 48). Same
trough layers cut across layering in the adjacent anorthosite, and same show inter
nal cross-layering. Some layers show mineral- and size-grading of plagioclase and
chromite (fig. 42) but most are uniform with cumulus plagioclase 2 mm to 2 cm in
diameter and equant chromite 0.1-0.5 mm in diameter with interstitial hornblende
and biotite.

Slump structures

Slump structures occur in a variety of stratigraphic positions in a variety af rocks,
but seem to bc most abundant in chromitite horizons. A chromitite layer above a
peridotite trough layer at Majorgap gava is fragmented whereas the plagioclase

c ---------------

-------- ------------ -... _----

Nonh

_______________________ ._.'5- - - --- .:~

-'0 ..;!.s -- .. --- ooo :~~.-.-.::

- - - - -- - - - - - - - - -- - - -- -- - - - - --- ------ --- ----- --- ---- ~ ----- --_.- .-- - ------. ------ -- - - - - -----

D Leucogabbro • Chromitite 1::1 Peridotite []]]J Hornblende rock

Fig. 49. Map of a ncar profilc scction of a sJumpcd and fragmented chromitite Jayer above peridolite
(oJivine cumuJate) trough layers in sub-unit 5.1 of lhe Upper Leucogabbro Unit al Majorqap qava, 10

cality 26. Original way up towards the top of the map. Dashed lines indicate compositional layering in
leucogabbro. Textures indicate that, except for the slumped chromitite Jayer, the rocks are undeformed
and the interfingering of olivine and plagiocJase cumulates is a primary feature and not the result of fold
ing. The hornblende rock is a metamorphic hydrat ion product of the peridotite (ser photograph fig. 19).



52

Fig. 50. Hornblende
chromilile layer disrupled by
slumping in Icucogabbro
sub-unit 5 l of the Upper
Leucogabbro nil at

Majorqap qåva. locality 26.
and located near A on fig.
49. Original way up towards
thc right.

eumulates above and below are not (figs 49,50). The ehromitite layer therefore ap
pears to indieate loeal slumping of this partieular horizon before the overlying pla
gioclase eumulates were deposited. The ehromitite layer was torn apart at A (figs
49,50) and segments slid to the left and piled up at B (fig. 49). Chromitite is absent
at C, but ehromitite fragments oeeur again to the left of C. Fragments to the left of
B therefore appear to have slid to the right from C.

Slumped ehromitite layers are most abundant in the western part of the eomplex
on Qeqertarssuatsiaq (north) and near Tasiusså where the thickest chromitite
layers oceur (fig. 33).

'Snow-nake' structures

'Snow-f1ake' struetures are sub-spherieal c1usters, 20 cm in diameter, of equant
plagioclase crystals 0.5-5 em in diameter, and radiating tabular wedge-shaped pla
gioclase erystals up to 10 em long (figs 51, 52). They oecur in the upper sub-unit 4.3
of the Middle Gabbro Unit, either in isolation (fig. 18) or as layers ranging from
one cluster to 5 m thick in uniform layered gabbro (fig. 17), and in leucogabbro of
the lowest sub-unit 5.1 of the Upper Leucogabbro Unit with peridotite trough
layers (fig. 20). In places where they are assoeiated with mineral-graded layers, it
ean be seen that they aeeumulated by sinking onto the f100r of the intrusion.
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Fig. 51. 'Snow-nakc' structures. clusters of both large equant plagioclase crystals in radial chains and
largc radial wedge-shaped piagiocIa cs. in gabbro sub-unit 4.3 of thc Middlc Gabbro nit al Majorqap
qava, locality 23. Original way up toward. top of photograph.

The wedgc-shaped crystals radiate from the centre of the c1usters and thicken
outwards (fig. 52), showing thal lhey grew outwards from cenlral nucleii. Similar
but smaller 'snow-f1ake' like c1usters of plagioclase have been described from troc
tolite in the Hettasch intrusion of Labrador and interpreted as the produets of rapid
growth during supercooling (Berg, 1980). As in the Fiskenæsset Complex, these
structures occur in a transition zone between medium grained and very coarse
grained rocks.

Fig. 52. Selectcd plagioclase c1usters from sub-units 4.3 and 5.1 showing radiating tabular wcdge-shaped

plagioclasc cryslals which grcw outward from a cenlral c1uster of nucleii.
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Pipes

Pipe-like bodies of mafic pcgmatite cut across the igneous layering in the Lower
Lcucogabbro, Middle Gabbro and Upper Leucogabbro Units. They are especially
abundant and well preseryed at Majorgap gaya (plate 1) (Myers, 1978b). Some
pipes form cylindrical bodies between 10 cm and 100 m in diameter (fig. 54), but in
detail most pipes have irregular outlines and are interconnected by an irregular net
work of veins (fig. 53). The margins of the pipes are generally sharp and cut
through igneous layering without dilation (fig. SS). Some pipes contain angular and
rounded fragments of adjacent host rocks (fig. 56) or rocks transported from differ
ent stratigraphic leyeJs, such as leucogabbro fragments in pipes cutting gabbro (figs
53,55), but fragments are not generaIly abundant. ane of the fragments are dis
tinct enough rock types to indicate their direction of transport.

The pipes comprise both yertical and horizontal portions. All vertical parts of
pipes contain an irregular infill of hornblendc-rich pegmatite which is generally
structureless (fig. SS). In contrast, horizontal parts contain mixtures of structure-

Majorqap qåva summil

I TRUSIVE VEINS and PIPES

D Leucogranile

• Hornblende pegmalile

LAYERED CUMULATES

D Anorthosile

~:.:·:·:.:.:i Leucogabbro

D Gabbro

IHH Ullrarnafile

--'""-'- Mineral·graded layer

_._. Faull

Fig. 53. Map of the upper part of the norlh-wesl facing summit cliff of Majorqap qåva (Iocality 18)
showing hornblende pcgmatite pipes in longitudinal seetion in lhe upper part of the Middle Gabbro
Unit. a. Localion of fig. 55. b. Location of fig. 16a in which lhe pipe al b is just beyond the hammer.
BOlh photographs are views IO lhe left (north). NOle the fragmented bloeks of leueogabbro in some
pipes.
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Fig. 54. Profile ection of a
horizontal hornblende
plagioclasc pipc in gabbro of
the Middle Gabbro Unit at
Majorqap qaya, locality 23.

less hornhlende-rich pegmatite and mineral-graded layers (fig. 57). Pegmatite
form the upper portion af most horizontal pipes, and in some cases different epi
sode of pegmatite growth ean be distinguished in the walls (fig. 56).

Mineral-graded layers occur in the lower and central parts of horizontal pipes
(fig. 57). Most of this layering grades upwards from gabbro to leucogabbro to anor
thosite by increase in the ratio of plagioclase to hornblendc. Each mineral-graded
layer is overlain by a hornblende comb layer which consists of tabular hornblendc
crystals generally between 1-5 cm long, but in same piaces up to 25 cm long,

Fig. 55. Pipe of hornblende pegmatite (P) cutting sharply across mineral-gradcd layering in gabbro of
the Middle Gabbro Unit, sub-unit 4.2, at Majorqap qaya, locality 18, and located atli on fig. 53. ote
the displaccd blocks of leucogabbro (L) within the pipe.
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L''':',':>I Hornblende

D Plagioclase

I:::·; ·1 Gabbro

o,

rubble

ig. 56. Oblique cross-section of a
horizontal hornblende pegmatile
pipe in gahbro of the Middle

Gabbro Unil. ub-unit 4.2, at

Majorqap qåva. loealily 25. Tlle
arrow indicate the original way up.

Ole the fragments of gabbro al tlle
bottoJll of the pipe (IOp of llle
figure) endo ed by plagioclase
cumulates, the comb layering. and

upward sequenee of pipe infilling
from comb layering to massive
pegmatite.

aligned perpendicular to the layering (figs 57, 58). All the e layers arc onc cry tal
thick, and the growth pattern shown by inc1usions within the hornblende' indicates
that the crystals grew upwards from a number of nucleii scattered on the surfacc of
the graded cumulate layer below.

Mo t af the pegmatite pipe infills are melanocratic and comprise more than 95%
hornblende ar hornblende-diopside, with less than 5% plagioclase. Most mineral
show polygonal mosaic tcxtures and appear to be metamorphic, but some of the

Fig. 57. Oblique view of a cross-section of a horizonta! hornblende pegmalite pipe in gabbro of the Mid·
dIe Gabbro Unit, sub-unit 4.1. al Majorqap qåva, locality 21. The arrow indicates tlle original way up.

ole lllal tlle lower part is layered whereas tlle upper part is massive Ilornblende pegmalite (P). ote
mineral-graded layering (M) and comb layering (C).



57

Fig. 58. Comb tayering marked by large reliet igneous hornblendes in horizontal hornblende pegmatite

pipes at Majorqap qåva. The arrow indicates the original way up. a. Sub-unit 5.1 of the Upper Leuco
gabbro Unit. b. Sub-unit 4.2 of the Middle Gabbro nit.

large relict hornblendes in both comb layers (figs 56, 57, 58) and structureless peg
matite retain core of igneou hornblende rimmed by metamorphic aggregates of
fine grained hornblende and diopside.

The shapes of the pipes, their sharp contacts and lack of dilatiol1, suggest that the
pipes formed by magmatic drilling rather than metasomatic replacement. Transpor
ted xenoliths of host rocks provide further evidence of stoping and movement of
stoped fragments within the pipes. The growth of hornblende rather than pyrox
ene and the large size of many crystals suggest a high water vapour pressure in the
pipes. The alternations of mineral-graded and comb layers suggest that magma
with plagioclase phenocrysts was flushed through the pipes in pulses, perhaps asso
ciated with erratic propagation of cracks and magmatic drilling.

The absence of pipes from the Anorthosite Unit suggests that this unit was still
unconsoJidated when the pipes were emplaced (no pipes were seen in the Lower
Gabbro Unit, but this unit is poorly pre erved and is strongly deformed).
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TECTONIC STRUCTURES

Granitoid intrusions and thrusting

The quartzo-feldspathic gneisses, which now make up 80% of the region, were
intruded into the Fi kenæsset Complex and metavolcanic amphibolites as sub-eon
cordant sheets assoeiated with thrusting. The evidence of intrusion is widespread in
areas of low deformation where veins of granitoid rocks are locally discordant and
net-vein layers of the Fiskenæsset Complex and amphibolites. an a larger scale the
granitoid intrusion split the Fiskenæ set Complex and metavolcanic amphibolites
into thin layer and trains of inc1usions (fig. 59), some of which ean be followed
over well exposed ground for 30 km or more even when they are no more than 1 m
wide. Most thin layers and inc1usion trains are parts of individual stratigraphic units
af the Fiskenæsset Complex rather than mixtures of different parts of the anortho
site stratigraphy. Thc granitoid intrusions were thus emplaced as sheets, sub-con
cordant with the igneous stratification of the Fiskenæsset Complex (fig. 59), rather
than as large discordant plutons.

The widespread evidence of brittie fragmentation of the amphibolites and Fi ke
næs 'et Complex during thc emplacement of the gneiss (fig. 60), the lack of major
chemical reaction between fragments of amphibolite and anorthosite and the en
c10sing gneiss (fig. 61), and the presence of gneiss sheets separating previously ad
jacent layers of anorthosite, leave liule doubt that most of the gneis wa' intrusive
and was not derived by metasomatic alteration or remobili ation of older sed
imentary, voicanic or plutonic layers at the level now exposed.

!km

~ Amphibolite

c
B

A

Anollhosile D Gnelss

Fig. 59. Schematic section showing the magmatic-tcctonic tratigraphy forrned by the intrusion of sub
parallel granitoid sheets associated with thrusting into thc Fiskenæsset Complex (shown for simplicity
with only three hypothetical divisions A, B and C) and mctavoicanic amphibolite.
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Fig. 60. Anorthosite (whiIC)
fragmenled during lhe
synleelonie intrusion uf
quartzo-feldspathic gneiss
(grcy) at localily 2R.

In many places where the granitoid sheets cut at low angles aeross the Fiskenæs
set Complex, it ean be ·een that the granitoid shccts were emplaeed along activc
thrust zones whieh cut out or duplicated parts of the stratigraphy (figs Il, 62, 63).
Whcn these movement oecurrcd, the granitoict shects wcre more duetile than the
adjacent Fiskenæ·set Complex. Angular fragments of the eomplex were dctaclled
from both sides of the granitoid sheets and were disoriented. The granitoid shects
are strongly dcformed and have a planar fabrie parallel with their margins (fig. 64).

Fig. 61. Undcfurmeu
fragmcnt uf leucugabbro
from the Lower
Lcucogabbro Unit in
q1l3rLzo-feldspalhic gneiss.
NOle the ab ence of any
marked chcmical reaclion
bctween lhe gneiss and
lellcogabbro. 5 km wcst of

localily 18.



a. Sectton 35. Tasiusså

60 SE

Fig. 62. Stratigraphic scctions from the southem belt of outcrops of
thc Fiskenæsset Complex showing a single stratigraphic sequence split
by granitoiu sheets and thrusts. The upwaru continuation of section 43
is shawn in sections 44 and 45 in fig. 34a. Ornament as in fig. 2.
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Fig. 64 li. Thin sheet of
strongly deformed granitoid
gneiss (gn) with fragment
of lellcogabbro, along a
thrllst plane between sub-
unit 5.3 of the Upper a
Leucogabbro Unit (above)
and sub-unit 4.2 of the
Middlc Gabbro Unit
(below) at Majorqap qava.
locality 18. Original way up
lowards bOltom of
pholograph. The effect of
this thru t in repeating part
of the stratigraphic scqllence
can be seen in fig. 11, of
which fig. 64a is part.
b. Strongly deformed
granitoid gneiss with marked
gneis osity and Icss
deformed fragments of
anorthosite at locality 46. b

Both the Fiskenæsset Comp/ex and metavolcanie amphiboJites are seen to have
been strongly deformed before they were fragmented by the intrusion of the gran i
toid sheets, beeause angular fragments of deformed anorthosite and amphibolite
oeeur as xenoliths in the granitoid sheets. Variation in the intensity of this early
deformation ean locally be mapped but, because of the extensive fragmentation of
the anorthosite and amphibolite and the eomplexity of later folding, the regional
-ignifieanee of these loeal variation in early deformation intensity are unknown_
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Fig. 63. Stratigraphic sections from the northern belt of
outcrops of the Fiskenæsset Complex showing a double

stratigraphic sequence split by granitoid sheets and thrusts,

near the hingc region .of a major Fl isociinal fold. Orna-
ment as in fig. 2. h_ Section 25.
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Regional fold structures

Thc igncous layering of the Fiskenæsset Complex and sub-parallellayers of am
phibolite and granitoid gneiss were foldcd during three major episodes of duetile
deformation Fl, F2 and F3 (Kalsbeek & Myers, 1973), post-dating the emplace
ment of the granitoid rocks. Each episode of deformation resulted in a complex se
quencc of fold and fabric dcvelopmcnt.

The first major folds, F1, are large scale recumbent isoc1inal structures and,
where they involve the Fiskenæsset Complex, the known stratigraphy and way-up
structures enable the facing directions of these folds to be determined (figs 65-67).
These structures were refolded twice into folds with steep axial surfaces at high an-

Fig. 65. Minor Fl fold, a

downward-facing anticline (lf
mincral-graded Jayering in
gabbro sub-unit 4.2 of thc

Middle Gabbro Unit at

Majorqap qava, locality 26.

Fig. 66. Major FI fold, a

downwanJ-facing syncline of
gabbro (black) - the lower

part of the Uppcr Gabbro
Unit, leucogabbro (grey) at

the top of thc Anorthosite
Unit, and anorthosite

(white) of the Anorthosite
Unit. A neal' profile section
vicwed from the SSE from

locality 32.
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gie to eaeh other. F2 folds are tight ar isaclinal, they impart the main (E-W) tee
tonic grain to the region (plate 2), and are associated with strongly marked planar
fabries.

F3 folds have vertieal axial surfaees that trend W-SE and plunge gently ar
moderately to the SE. It is the e F2 and F3 folds whieh form the main dame-an d
ba 'in interferenee patLerns af the region (plate 2). The F3 folds were eontempo
raneaus with early stages af the la t major metamorphic episode which formed am
phibolite facies a 'semblages over most af the region. Granulite faeies eonditions
wcre reached locally dase to Fiskenæsset town and, as this area is approaehed,
duetile deformation in F3 fold Iimbs i replaced by increasingly more brittie defor
mation and faulting.

The three main episodes af folding FI, F2 and F3 are well displayed at Majorgap
gava (platc l, fig. 67) where it ean be seen that the oldest strueture, FI, is an iso
e1inal syndine whith is refolded by a tight F2 synform and erossed by a number of
steep F3 folds. A similar Fl syndinal structure was postulated by Windley et al.
(1973) for the more dcformed part of the Fiskenæsset Complex an Qegertarssuat
siay (north), based on the symmetrieal repetition uf the overall stratigraphy and
using geoehemical trends as indicators of the original way-up.

The F2 synform at Majorqap gava extends westwards through the anorthosite
outcrops on Qeqertarssuatsiaq (north) (plate 2). It similarly extends eastwards
through Sinarssuk untii it i folded northwards by a major F3 fold and is obscured
by the inland ice eap (plate 2). Throughout this region uutcrops af the Fiskenæs 'et
Complex show a repeated stratigraphy and are parts af the hinge region af a major

Majorqap qåva

I
F2"1<~ _

NW I :(---__ --- SE
',\/ ,- ..., ,, ,, ,

Grædefjord F1 ""', ----_ -----__ Bjørnesund

~ "I~
500~l~~

~ Granitoid gneiss n UL pper } Fiskenæsset Complex \::::\::':'.:,1 Amphibolite_ ower

Fig. 68. Simplified cross-section of the Fi kenæ set region through Majorqap qava, relating the northern
(Qeqertarssuatsiaq - Majorqap qava - Sinarssuk) and southern (Kangårssuk - Tasiusså - Qagsse 
BjØrneslInd) belts of outcrops of the Fiskenæsset Complex as parts of a refolded major FI recumbent
syncline. For convenienee of pre entation, the Fiskenæsset Cornplex is divided into a lower part consist
ing of the Lower Gabbro to Middle Gabbro Units, and an upper part consisting of the Upper Leuco

gabbro IO pper Gabbro nilS,



~ Granitoidgneiss

D Anorthosite Unit

~ Upper Leucogabbro Unit
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t=:..-===--==~=-__

50"W

500m

o

Fig. 67. Simplified geojogicai map and cross seclion of the Majorqap qava outcrop of the Fiskenæsset
CompJex showing the major fold structures.
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F1 recumbent syncline (fig. 63). In contrast, most of the Fiskenæsset Complex out
cropping in a second major belt to the south from Kangarssuk eastwards through
Tasiussa, Qagsse and north and east of BjØrnesund (plate 2) appears to be part of a
single stratigraphic sequence which is inclined to the south-east and is the right way
up (fig. 62). This southern belt could be interpreted as the lower limb of the major
recumbent syncline at Majorqap qava (fig. 68). In detail the structure is much more
complicated because of the disruption of the Fiskenæsset Complex by granitoid in
trusions and thrusting before F1, and later refolding of the recumbent F1 folds by
major F2 and F3 folds.

DISCUSSION AND CONCLUSIONS

A number of conclusions ean be drawn from the field evidence and petrography
on the nature of the magma and its crystallisation as the Fiskenæsset Complex.

The structures and textures of the Fiskenæsset Complex indicate that this layered
intrusion forrned by both the deposition of crystals and crystal growth in situ from a
magma. The initial composition of this magma cannot be determined as most rocks
are cumulates which need not have been derived from a single magma in a closed
chamber, and no unequivocal chilled phase is known. The Lower Gabbro Unit may
largely represent achilled phase of the initial magma, but this unit is thoroughly re
crystallised and disrupted by granitoid veins and is thus poorly preserved. The ty
pical rocks of this unit are, however, broadly similar in composition to the metavol
canic amphibolites which form the host rocks of the intrusion. These metavo1canic
rocks, which range in composition from tholeiitic basalt to alkali olivine basalt and
basaltic komatiite (Rivalenti & Rossi, 1975; Rivalenti, 1976; Friend et al., 1981),
may provide the best available indication of the composition of the magma(s) from
which the Fiskenæsset Complex was derived. This interpretation is also favoured
by Weaver et al. (1981) on the basis of the trace element geochemistry of the Fiske
næsset Complex and associated amphibolites on Qeqertarssuatsiaq (north), but
contrasts with the calc-alkaline affinities suggested for the magma by Windley et al.
(1973) and Windley & Smith (1976). A tectonic model which explains both the gen
eration of the Fiskenæsset Complex and its subsequent incorporation as tectonic
slices within granitoid gneisses is outlined in fig. 69 and is described in more detail
by Myers (1981).

There is abundant evidence of crystal settling and magmatic currents in the Fi
skenæsset Complex, including mineral-graded trough layers of various composi
tions, cross-bedding, and the depression of fine grained layers by large crystals at
the base of undeforrned overlying layers. The origin of mineral-graded layers in
gabbro is less clear. Similar layers occur in the Skaergaard Intrusion and were first
interpreted by Wager & Deer (1939) as the result of crystal settling and current ac-
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Basalt • Anorthoslle [[[ll Gneiss ~ Basic magma

Fig. 69. Schematic section showing a teclonic model for the gencration of layered anortho ite intru. ions

such a thc Fi kenæs et Complex together with tholeiitic volcanic rocks at an oceanic spreading centre

(lefl). On the right, the model shows how these rocks could . ubsequently have been interleaved by
tIlrusting with granitoid magmas derived by ubduction processes beneath the edgc of a continel1tal
pia te. The model shows an carly stage uf these processes.

tion. Recently, howcvcr, McBirncy & Noyes (1979) reinterpreted these layers as
formed by a mechanism of oscillatory nucleation and diffusion-controlled crys
tallisation in situ. This mechanism may explain the origin of intermittent, poody
dcfined mineral-graded layers of gabbro of great lateral extent in uniform gabbro,
'uch as occur in the lower sub-unit 4.1 of the Fiskenæsset Complcx. But this mech
anism alone cannot explain the origin of similar but more clearly defined, mineral
graded layers of gabbro re tricted to narrow vertical columns of trough layer in
sub-unit 4.2 and cannot bc applied to the intermittent trough layers of peridotite in
leucogabbro of the Lower and Upper Leucogabbro Unit·.

In discussing the Skaergaard Intrusion, McBirney & oyes (1979) question
whether minerals in most large igneous intrusions grew rapidly enough to sink Ol'
float faster than the advancing front of solidification. This generalisation may not
apply to much of the Fi kenæsset Complex in which there i abundant direct evi
dence of crystal settling and current action. Evidence of rapid crystal growth is
shown by the 'snaw-f1ake' structures and abundant large hollow plagioclase crystal
in the Upper Leucogabbro and Anorthosite Units, and many cumulus minerals
throughout the complex are unu ually large. The combined evidence suggests that
a major part of the Fiskenæsset Complex formed by the gravitational settling of in
dividual cumulus crystals (especiaIly olivine, plagioclase, pyroxene and chromite),
clusters af crystals (especially plagioclase), and giant poikilitic crystals (especially
plagioclase enclosed by pyroxene).

The composition of minerals in the Middle Gabbro Unit are distinctly different
from those in other parts of the intrusion (Myers & Platt, 1977), and this unit ap
peal' to represent the influx of a second batch of magma with higher MgO/FeO ra
tio (Myel's, 1975a, J975b) than the magma which formed the underlying Lower
Gabbro, Ultramafic and Lower Leucogabbro Units (fig. 2). The leucogabbros of
the Lower and Upper Leucogabbro Units are broadly similar to each other. This
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could indicate that they crystallised from a single (first) magma, intruded by a sec
ond magma which crystallised as the Middle Gabbro Unit between the aiready con
solidated Lower Leucogabbro Unit and overlying remaining first magma (which
subsequently crystallised as the Upper Leucogabbro and Anorthosite Units). This
interpretation is not considered likely as the second magma, based on the com
position of the minerals it crystallised, is likely to have been hotter than any re
maining first magma. An alternative explanation is that the Upper Leucogabbro
and Anorthosite Units are differentiation products of the same, second, magma
which forrned the Middle Gabbro Unit. The structures and rock types at the bot
tom of the Upper Leucogabbro Unit indicate a major episode of physico-chemical
instability and supercooling. This suggests a third alternative, that the Upper Leu
cogabbro and overlying units were derived from a third major influx of magma,
similar to the first, which was emplaced on top of the second magma towards the
end of consolidation of the Middle Gabbro Unit.

The occurrence of the relatively thin (540 m) Fiskenæsset Complex over the
whole Fiskenæsset region (plate 2) in folded layers with first fold amplitudes in ex
cess of 20 km confirms the interpretation that the first major folds were recumbent.
It also indicates that the region as a whole only represents a relatively thin layer of
the Earth's crust which was individually thickened by tectonic distortion, thrusting
and folding, detached from underlying and any overlying layers. The absence of
major ultramafic bodies in the region suggests that, if the Fiskenæsset Complex was
derived by crystal fractionation from a tholeiitic magma, then an associated ultra
mafic residue was at sufficient depth not to have been brought to the presently ex
posed crustal level during recumbent folding and thrusting. Therefore such an ul
tramafic component probably lay in a lower crustallayer or sank back to the man
tIe, perhaps during the intrusion of the enormous volume of granitoid material
which engulfs the Fiskenæsset Complex. Any alkali-rich portion which would have
forrned during fractionation of the Fiskenæsset Complex from a tholeiitic magma
may be part of, and not easily distinguished from, the flood of granitoid intrusions
which make up most of the Fiskenæsset region.
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Plate 1. Geological map of the Majorqap qåva outcrop of the Fiskenæsset Complex.

Plate 2. Simplified geological map of the Fiskenæsset region showing the outcrop and structure of the
Fiskenæsset Complex and the location of measured sections 1-47. Tbese numbers are also used as 10
cality numbers to locate observations or photographs in the vicinity of the measured sections.
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