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Abstract

Garde, A. A. 1997: Accretion and evolution of an Archaean high-grade grey
gneiss — amphibolite complex: the Fiskefjord area, southern West Greenland.
Geology of Greenland Survey Bulletin 177, 115 pp.

The Fiskefjord area in southern West Greenland, part of the Akia tectono-stratigraphic terrane,
comprises a supracrustal association and two groups of grey quartzo-feldspathic orthogneises
¢. 3200 and 3000 Ma old. The supracrustal association forms layers and enclaves in grey gneiss
and may comprise two or more age groups. Homogeneous amphibolite with MORB-like but LIL
element enriched tholeiitic composition predominates; part, associated with cumulate noritic and
dunitic rocks, represents fragments of layered complexes. Heterogeneous amphibolite of likely
submarine volcanic origin, (basaltic) andesitic amphibolite, leucogabbro-anorthosite, and minor
pelitic metasediment occur. Disruption by magmatic and tectonic events and geochemical alte-
ration have obscured primary origin: the supracrustal association may represent oceanic crust.

Grey orthogneiss of the tonalite-trondhjemite-granodiorite (TTG) association was generated
during continental accretion at ¢. 3000 Ma, most likely by partial melting of wet and hot tho-
leiitic basaltic rocks subducted in a convergent plate setting. Most dioritic gneiss is ¢. 220 Ma
older. A 3040 Ma dioritic to tonalitic phase, enriched in P,Os, Ba, Sr, K, Pb, Rb and LREE, pro-
bably was derived from metasomatised mantle.

Intense deformation and metamorphism accompanied the 3000 Ma magmatic accretion.
Thrusts along amphibolite-orthogneiss contacts were succeeded by large recumbent isoclines,
upright to overturned folds, and local domes with granitic cores. Syntectonic granulite facies
metamorphism is thought to be due to heat accumulation by repeated injection of tonalitic magma.
Strong ductile deformation produced steep linear belts before the thermal maximum ceased,
whereby folds were reorientated into upright south-plunging isoclines. Two large TTG com-
plexes were then emplaced, followed by granodiorite and granite.

Post-kinematic diorite plugs with unusually high MgO, Cr and Ni, and low LIL and immo-
bile incompatible element contents, terminated the 3000 Ma accretion. Hybrid border zones
and orbicular textures suggest rapid crystallisation from superheated magma. The diorites most
likely formed from ultramafic magma contaminated with continental crust.

Widespread high-grade retrogression preserved a granulite facies core in the south-west; to
the east the retrogressed gneiss grades into amphibolite facies gneiss not affected by granulite
facies metamorphism and retrogression. LIL elements were depleted during granulite facies met-
amorphism and reintroduced during retrogression, probably transported in anatectic silicate melts
and in fluids. Rb-Sr isotope data, and relationships between retrogression, high-strain zones and
granite emplacement, show that retrogression took place shortly after the granulite facies met-
amorphism, before terrane assembly at ¢. 2720 Ma, probably by movement of melts and fluids
into the upper, marginal zone of granulite facies rocks from deeper crust still being dehydra-
ted. Retrogression during Late Archaean terrane assembly was in narrow reactivated zones of
ductile deformation; in the Proterozoic it occurred with faulting and dyke emplacement.

Geochemical data are presented for Early Proterozoic high-Mg and mafic dykes. A rare 2085 Ma
microgranite dyke strongly enriched in incompatible trace elements was formed by partial
anatexis of Archaean continental crust.

Author’s address:
Geological Survey of Denmark and Greenland, Thoravej 8, DK-2400 Copenhagen NV, Denmark.
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Introduction

Much of the Archaean crust presently exposed on Earth
is traditionally considered to belong to either of two
major associations: low-grade granite—greenstone terrains
and high-grade grey gneiss — amphibolite terrains (e.g.
Windley, 1984; Passchier, 1995). There is growing evi-
dence from both types of associations that ‘plate tec-
tonics’ in some form was important at least as early as
the middle Archaean. Granite—greenstone terrains can
provide detailed information about volcanic and sedi-
mentary environments and upper crustal structure, but
they may represent specific geotectonic settings where
only rather thin continental crust was developed (e.g.
Shackleton, 1995), and arguably they do not contain
any remnants of oceanic crust (Bickle et al., 1994).
There is also new evidence from geophysical studies
that most greenstone belts do not extend deep into the
underlying continental crust (de Wit & Ashwal, 1995).
By contrast, high-grade grey gneiss — amphibolite ter-
rains represent environments where thick Archaean
continental crust was rapidly accreted, and the upper-
most crust therefore quickly removed by isostatic uplift
and erosion. These terrains display the results of mid-
crustal metamorphic and tectonic processes, but their
supracrustal rock associations are commonly rather
poortly preserved. The grey gneiss — amphibolite terrains
are sometimes interpreted as the root zones of gran-
ite—greenstone terrains, and it is as yet uncertain if they
comprise fragments of oceanic crust.

The Fiskefjord area examined in this paper is a type
example of a middle Archaean high grade grey gneiss
— amphibolite terrain. An early development of supra-
crustal rocks was followed by magmatic accretion of
quartzo-feldspathic rocks in two separate episodes, the
first of which took place at around 3200 Ma. A second
major episode at ¢. 3000 Ma was short-lived but resulted
in the establishment of thick continental crust and sub-
sequent mid-crustal differentiation, and was accom-
panied by major metamorphic and tectonic activity.

The Fiskefjord area (Figs 1, 2) is located in the north-
ern part of the Archaean block, southern West Greenland
(Bridgwater et al., 1976; Kalsbeek & Garde, 1989),
which is bounded by the Proterozoic Nagssugtogidian
and Ketilidian orogens to the north and south, respec-
tively. The Fiskefjord area forms a large part of the Akia
terrane (Friend et al., 1988a), see Fig. 2, which is jux-
taposed to the south-east against the Akulleq terrane

Maniitsog/
Sukkertoppen

Akia
terrane

65°N

Akulleq
terrane

Tasiusarsuaq
terrane

Archaean
block

/-
o e

Fig. 2. Positions of three Archaean tectono-stratigraphic terranes:
Akia, Akulleq and Tasiusarsuaq in the northern part of the
Archaean block of southern West Greenland (inset map), with
frame showing location of the Fiskefjord area in the southern
part of the Akia terrane. The terranes were assembled around
2750-2650 Ma. D = Disko Bugt. N and K mark the position of
the Proterozoic Nagssugtoqgidian and Ketilidian orogens, respec-
tively. See the main text for discussion and references.

in Godthabsfjord (McGregor et al., 1991). The north-
ern boundary of the Akia terrane has not been identi-
fied in the field, but recent isotope work suggests that
it is located south-east of Maniitsoq (Friend & Nutman,
1994). Plate 1 shows a simplified geological map of the
Fiskefjord area, and Fig. 1 shows place names.

The geological history of the Fiskefjord area, sum-
marised in Table 1 together with pertinent isotopic age
data, comprises the following main stages: (1) forma-
tion of mafic, ultrabasic to ultramafic and minor pelitic
supracrustal rocks, perhaps in an oceanic environment;
(2) magmatic accretion of large volumes of first dioritic
and then dioritic, tonalitic, trondhjemitic and grano-



Table |. Magmatic, tectonic and metamorphic events in the Fiskefjord area, southern West Greenland

Igneous activity Tectonic events Metamorphism Isotopic age data Reference
Middle Archaean

Oceanic? supracrustal

association

Accretion of Nordlandet Early deformation of 3221 %13 Ma, This paper
dioritic gneiss precursors supracrustal association and SHRIMP zircon U-Pb

(number of phases unknown) dioritic gneiss Nordlandet dioritic gneiss

Second (oceanic?) Folding and thrusting within Early thermal event c. 3180 Ma, SHRIMP zircon This paper

supracrustal association?

Accretion of Qeqertaussaq
diorite precursors (number
of intrusive phases unknown)
Accretion of main grey
gneiss precursors
(numerous intrusive phases)

Continued magmatic crustal
accretion

Intrusion of mesoperthite
granite sheets

Intrusion of trondhjemitic
and granitic rocks

Intrusion of Finnefjeld
gneiss complex (few large
intrusive phases, four of
which identified)

Middle to Late Archaean

Intrusion of Taserssuaq
tonalite complex (few and
large intrusive phases)

Intrusion of Igananguit
granodiorite

Intrusion of Qugssuk granite
and related granite sheets,
e.g. in northern Nordlandet

Intrusion of post-kinematic
diorite plugs, mainly in

the north-western part

of the area

the supracrustal package

Assembly of Nordlandet
dioritic gneiss,
dioritic-tonalitic-trondhjemitic
gneiss (each with supracrustal
enclaves), and possibly larger
supracrustal bodies

Thrusting at high crustal levels
along amphibolite — grey gneiss
contacts (e.g. on Angmagssi-
viup nund)

Midterhgj phase of deformation
(recumbent isoclinal folds) in
central Fiskefjord area and
possibly on Tovqussap nuna

Smalledal phase of deformation
(widespread recumbent, E-W
trending isoclinal folds)

Pakitsoq phase of deformation
(widespread upright to
overturned, S-plunging folds)

Early doming, e.g. on
Tovqussap nuna and
south of Fiskefjord

Ductile deformation in linear
N-S trending high strain zones

Ductile deformation along the
south-eastern margin of the
Finnefjeld gneiss complex

Doming

Formation of
Igananguit dome

Localised doming
Localised ductile deformation
along N-S trending zones

End of regional
deformation

(?granulite facies)

Prograde
metamorphism

Granulite facies
conditions possibly
reached in the southern
and western parts of
the Fiskefjord area

Granulite facies
metamorphism
outlasting Pakitsoq
phase of deformation

Late stage of granulite
facies metamorphism

Widespread high-grade
(regional) retrogression

Local granulite facies
conditions reached in
western Taserssuaq
tonalite complex

Local retrogression
caused by granite
emplacement

Auto-retrogression in
diorites; possibly also
affected by regional
retrogression

U-Pb, Nordlandet dioritic gneiss

3112 +40 Ma?, w.r. Pb-Pb
(composite from several units)
3044 +7 Ma,

SHRIMP zircon U-Pb
Qegertaussaq diorite

2954 +120 Ma, w. r. Rb-Sr
Amphibolite facies grey
gneiss, Qugssuk

3137 £172 Ma, w. r. Rb-Sr
Grey gneiss, inner Fiskefjord

3067 '8 Ma, zircon U-Pb
3058 £123 Ma, w. r. Rb-Sr
3034 +134 Ma, w. r. Rb-Sr
Finnefjeld gneiss complex

2982 +7 Ma, zircon U-Pb
2882 +36 Ma, w. r. Rb-Sr
2930 +100 Ma, w.r. Rb-Sr
Taserssuaq tonalite complex

2935 + 240 Ma, w. r. Rb-Sr
3092 +48 Ma (?), w. r. Pb-Pb
Igananguit granodiorite

2969 +32 Ma, w. r. Rb-Sr
2842 +85 Ma, w. r. Rb-Sr
Qugssuk granite

+12

3017 Zij5 Ma, zircon U-Pb
(zircons interpreted as
cogenetic). Rb-Sr data,
Post-kinematic diorite

Garde (1989a,
1990),
This paper

Garde (1989a,
1990)

This paper

Garde (1990)

This paper

Garde et al.
(1986)
This paper

Garde et al.
(1986)
This paper

Garde et al.
(1986)
This paper

Garde (1991)

This paper



Table |. Magmatic, tectonic and metamorphic events in the Fiskefjord area (continued)

Igneous activity Tectonic events Metamorphism Isotopic age data Reference
Late Archaean
Pegmatite intrusion? Terrane assembly Renewed local ¢. 2720 Ma McGregor
Reactivation of high-strain retrogression along etal (1991),
zones reactivated zones Friend et al.
(1996)
Pegmatite intrusion? Thermal event ¢. 2500 Ma, plagioclase, Gardeet al.
(Intrusion of Qérqut granite titanite, apatite, Rb-Sr (1986)
complex in Akulleq terrane) Taserssuaq tonalite complex
Proterozoic
Intrusion of N-S trending Faulting along the Fiskefjord Localised retrogression c. 2200 Ma, w. r. Rb-Sr Bridgwater
high-Mg and related dykes, fault and a related conjugate along dykes and faults ~ SHRIMP zircon U-Pb et al. (1995)
followed by mafic dykes in system of NE- and High-Mg and mafic dykes Nutman et al.
other directions WNW-trending faults (1995)
Intrusion of microgranite Weak thermal event 2085"3; Ma, zircon U-Pb This paper
dyke at Qugssuk Microgranite dyke at Qugssuk
Weak thermal event ¢. 1690 Ma, epidote and Garde et al.
biotite Rb-Sr (1986)

Taserssuaq tonalite complex

Note the concentration of events at ¢. 3000 Ma, with overlapping ages. Specific listed events need not be synchronous over the entire area.

w. r. = whole rock.

dioritic grey orthogneiss and related rocks at ¢. 3225
and c¢. 3040-2980 Ma, probably in convergent plate-tec-
tonic environments, and culmination of associated duc-
tile deformation and high-grade metamorphism (Garde,
19892, 1990); (3) partial remobilisation of newly formed
grey gneiss, leading to the emplacement of sheets and
domes of younger granitoid rocks (Garde er al., 1986);
(4) emplacement of local post-kinematic diorite plugs
(probably at c¢. 3000 Ma, Garde, 1991), which mark the
end of regional Archaean deformation and metamor-
phism in the Akia terrane. (5) Towards the end of the
Archaean (at around 2720 Ma) the Akia terrane was
amalgamated with other terranes in the Godthabsfjord
region (Nutman et al., 1989; McGregor et al., 1991,
Friend et al., 1996) and became part of the Archaean
craton of southern West Greenland. (6) In the Early
Proterozoic, contemporaneously with Nagssugtoqidian
and Ketilidian orogenic activity north and south of the
Archaean craton, block faulting occurred along the
NE-SW trending Fiskefjord fault and related faults. Mafic
dykes were emplaced, and thermal episodes resulted
in injection of rare acid dykes of crustal anatectic ori-
gin (Kalsbeek & Taylor, 1983; this paper) and resetting
of Rb-Sr biotite ages (Garde et al., 1986).

The present study is based on investigations in the
Fiskefjord map area (Garde, 1989b) with its predominant
grey orthogneiss and amphibolite, and in two adjacent
areas: an inland area to the north-east within the Isukasia
map area (Garde, 1987) that includes a younger granitic

dome, and a coastal area to the north-west (Marker &
Garde, 1988). In the latter area the border zone is exposed
between the orthogneiss—amphibolite terrain and the
Finnefjeld gneiss complex, a large composite tonalitic
pluton that also post-dates the formation of the grey
gneisses. The field work was carried out in the period
1980-1987 during a systematic mapping project by the
Geological Survey of Greenland (Garde & McGregor,
1982; Garde, 1984, 1986; Garde et al., 1983, 1987; Marker
& Garde, 1988).

Previous geological investigations include an early
coastal reconnaissance of West Greenland by Noe-
Nygaard & Ramberg (1961) and — within the Fiskefjord
map area — detailed studies of Tovqussap nuna and
adjacent areas (Berthelsen, 1951, 1960, 1962), and the
area west of Qugssuk (Lauerma, 1964). Besides, Sgrensen
(1953) carried out a detailed petrographic study of ultra-
basic rocks at Tovqussap nuna. In the 1970s B. F. Windley
undertook a coastal reconnaissance survey along
Fiskefjord and adjacent fjords in preparation for the
1:500 000 map sheet Frederikshab Isblink — Sgndre
Stromfjord (Allaart, 1982), and the exploration company
Kryolitselskabet @resund A/S carried out an extensive
geological and geophysical mineral exploration pro-
gramme. Dymek (1978, 1984) and Pillar (1985) studied
metamorphism at Lange west of Tovqussap nuna and
in the southern part of the Fiskefjord area, respectively
(and elsewhere in the region), and Riciputi et al. (1990)
determined peak metamorphic conditions in Nordlandet.



Supracrustal rock association:

field characteristics and petrography

Amphibolite of presumed volcanic origin and related
basic and ultrabasic intrusive rocks, besides very minor
pelitic metasediments, form an important component
of the Fiskefjord area and constitute about 10 per cent
of the outcrop. For convenience these lithologies are
collectively referred to as the supracrustal rocks in the
following, although this is not strictly correct. The
supracrustal rocks form both layers and enclaves of
very variable size in most parts of the dioritic, tonalitic
and trondhjemitic orthogneiss, and the intrusive rela-
tionships of the latter rocks (described later) show that
the supracrustal rocks as a whole are older than the
grey gneiss, although they may well consist of origi-
nally independent sequences of different age.

Supracrustal rocks in the Fiskefjord area have been
referred to in previous papers as equivalent to Malene
supracrustal rocks in the adjacent Godthabsfjord region.
All supracrustal rocks of supposed Middle Archaean age
in the latter region were originally called the Malene
supracrustal rocks by McGregor (1969), although he
realised that they might belong to more than one group.
Subsequent dating of Malene metasedimentary rocks
(Hamilton et al., 1983; Schigtte et al., 1988) showed that
they comprise several Middle to Late Archaean age pop-
ulations. At about the same time it was discovered that
the Godthabsfjord region consists of several terranes
with different histories and different ages, and the term
‘Malene supracrustal rocks’ is no longer used.

None of the supracrustal rocks in the Fiskefjord area
have been dated, and their preservation as scattered,
fragmented layers and rafts in younger rocks compli-
cates an assessment of their mutual relationships and
stratigraphy. In addition, the post-magmatic history of
the supracrustal rocks with repeated deformation and
metamorphism as enclaves in the grey gneiss has oblit-
erated most primary structures and hindered geo-
chemical identification of their origin due to likely
element mobility (see p. 21). Besides, some supracrustal
rocks were not surveyed in detail due to limited time
available in the field. Therefore this account is not
entirely comprehensive.

For descriptive purposes the supracrustal rocks of
the Fiskefjord area can be divided into two main groups.
Homogeneous, in places porphyroblastic amphibolite
forms the bulk of the supracrustal rocks with addi-

10

tional leuco-amphibolite, heterogeneous calc-silicate-
bearing amphibolite and minor pelitic metasediment.
The second group comprises various ultrabasic rocks.
Some ultrabasic bodies have outcrop dimensions of 2-3
km and occur as ovoid or lens-shaped mega-enclaves
in either amphibolite or orthogneiss. They predomi-
nantly consist of dunite and peridotite and locally dis-
play rhythmic magmatic layering. Other ultrabasic and
noritic rocks form stratiform, up to a few hundred
metres thick bodies overlain by thick sequences of
homogeneous amphibolite. Collectively the latter rocks
outline at least two layered intrusive complexes, the
largest of which is more than 25 km long in its pre-
sent deformed state.

Homogeneous amphibolite

The most common amphibolite forms homogeneous,
fine- to medium-grained, granulite facies rocks with
plagioclase, hornblende, ortho- and clinopyroxene (the
pyribolites of Berthelsen, 1960), and equivalent pla-
gioclase-hornblende rocks in amphibolite facies in the
easternmost part of the Fiskefjord area. Accessory biotite
and magnetite-ilmenite intergrowths may occur in rocks
of both facies, and titanite is present in some amphi-
bolite facies rocks. Finely disseminated iron sulphide
(less than one per cent) is common, and chalcopyrite
has occasionally been observed. The amphibolite com-
monly has a moderate to strong tectono-metamorphic
schistosity, combined with distinct rodding and horn-
blende lineation in hinge zones of larger folds. Mineral
textures observed in thin section may be equigranular,
but hornblende commonly developed a preferred pla-
nar or linear orientation during regional deformation.
Pyroxene-bearing amphibolite may be variably retro-
gressed, whereby hypersthene is partially altered to
fibrous orthoamphibole or replaced by symplectitic
hornblende-quartz aggregates, and clinopyroxene
replaced by epidote-clinozoisite. In some samples the
latter mineral also forms coronas around, or completely
replaces hornblende. Chemical aspects of this retro-
gression are examined in a later section.

The homogeneous amphibolite forms layers up to
several hundreds of metres thick (rarely up to ¢. 2 km)



Fig. 3. Homogeneous amphibolite cut by
numerous thin quartzo-feldspathic sheets.
10 km east of the head of Fiskefjord.

Fig. 4. Homogeneous medium-grained
amphibolite with hornblende-blastic
texture. East coast of Qugssuk, ¢. 5 km
from the head of the fjord.

in the orthogneiss, and in its present state of preser-
vation it generally appears to be very uniform, with-
out lithological variations that can be ascribed to origin
or mode of emplacement (Fig. 3). However, particu-
larly in the lower grade, eastern part of the area there
are local porphyroblastic varieties (Fig. 4) characterised
by scattered hornblende or plagioclase crystals up to
¢. 1 ecm, which may be pseudomorphs of porphyritic
magmatic precursors. In this area a ¢. 500 m thick hori-
zon of homogeneous, leucocratic, grey, fine-grained
amphibolite also occurs adjacent to a more mafic amphi-
bolite layer. The homogeneous and porphyroblastic

amphibolites may have originated as volcanic flows or,
more likely, as subvolcanic intrusive rocks (see p. 15).

Heterogeneous amphibolite

Thin horizons of heterogeneous, commonly calc-silicate-
bearing amphibolite as well as pelitic metasediment
alternate with homogeneous amphibolite in some parts
of the Fiskefjord area. Such rocks occur in the western
part of the peninsula east of Qugssuk, at the head of
Qugssuk, east of the ridge Ulamertoq north of Qugssuk,



Fig. 5. Heterogeneous amphibolite with a ¢. 1 m thick calc-sili-

cate horizon rich in diopside and garnet. The competent calc-
silicate horizon is broken up into ¢. 50-80 cm large, in places
folded, boudins and thinner slabs, which show anticlockwise rota-
tion. 10 km north-east of Ulamertoq.

on both sides of central Fiskefjord in the vicinity of the
embayment Suversoq, at Tovqussaq (west of Tovqussap
nund), and north of Tovqussap nuna. The heterogeneous
amphibolite mainly forms horizons up to a few metres
thick with decimetre-sized lenses and irregular patches
or, in strongly deformed varieties, distinct centimetre-
thick bands of diopside, calcic plagioclase, hornblende,
garnet and epidote besides local scapolite or calcite
(Fig. 5). Other varieties of heterogeneous amphibolite
consist of alternating layers a few centimetres to decime-
tres thick with variable proportions of hornblende,
pyroxene and plagioclase (Figs 6, 7). Some of the het-
erogeneous, commonly calc-silicate-bearing amphibo-
lite resembles strongly deformed varieties of pillowed
lava sequences described from other parts of West
Greenland (e.g. Hall & Hughes, 1982; Chadwick, 1990;
McGregor, 1993). Besides, the common occurrence of
heterogeneous amphibolite interlayered with pelitic
metasediment also indicates a submarine extrusive,
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Fig. 6. Heterogeneous, thinly banded amphibolite cut by suc-

cessive phases of diorite (right of the hammer) and tonalite, and
subsequently folded. 8 km east of Ulamertoq.

rather than subaerial or intrusive origin. Other units
such as shown in Fig. 7 may originally have been tuffs
or tuffites.

A different type of heterogeneous, banded amphi-
bolite contains thin seams of quartz and pyrrhotite and
forms rusty-weathering zones a few metres thick within
homogeneous or calc-silicate-bearing amphibolite.

Bengaard (1988) described rare matrix-supported
amphibolitic conglomerate or agglomerate, poor in calc-
silicate minerals, in the Suversoq area south of inner
Fiskefjord. Also calc-silicate-banded amphibolite and
micaceous metasediment are present in this area. South
of outer Fiskefjord there are local occurrences of another
type of strongly deformed fragmental amphibolite con-
sisting of closely packed, up to ¢. 1 m long, cigar-shaped
or flattened lenses with diffuse margins to an indistinct
quartzo-feldspathic matrix (Fig. 8). This type of fragmental
amphibolite may represent strongly deformed pillow
lava, or it could be an unusual type of agmatite.



Fig. 7. Succession of strongly deformed,
heterogeneous amphibolite with
horizons of leuco-amphibolite, perhaps
meta-andesitic tuff or tuffite. 7 km east
of Ulamertoq.

Fig. 8. Strongly deformed fragmental
amphibolite consisting of closely packed,
up to ¢. 1 m long, cigar-shaped or
flattened lenses with diffuse margins to
an indistinct quartzo-feldspathic matrix.
South of outer Fiskefjord, ¢. 7 km north-
east of Itivneraq.

Ultrabasic rocks

Large dunitic bodies

Several ovoid or lens-shaped ultrabasic bodies associ-
ated with amphibolite occur in the Fiskefjord area, the
largest ones being 2-3 km long (Plate 1). Two of them,
north-east of Fiskevandet and north-east of Tasiussar-
ssuaq, are embedded in amphibolite and largely con-
sist of granular, medium-grained dunite, olivine-rich
peridotite and smaller irregular bodies of orthopyroxene-
rich peridotite with a gradational transition into the
dunitic rock. Well-developed rhythmic magmatic lay-
ering of olivine and orthopyroxene (locally of olivine
and chromite) has been observed in both of these bod-
ies. A third ultrabasic body occurs ¢. 5 km west of the
head of Fiskefjord just north of 65°, at the boundary
between amphibolite and leucocratic orthogneiss. It is
in part covered by a lake and may be longer than the

c. 1 km long outcrop. Like the two other ultrabasic
bodies it consists predominantly of dunite, but its north-
ernmost part adjacent to the amphibolite also contains
noritic rocks. Irregular sheets of granite up to ¢. 100 m
thick cut the ultrabasic bodies (see p. 14).

A fourth, large ultrabasic body is located 5 km east
of Ulamertoq, forming a 1 by 1.5 km large enclave in
grey orthogneiss (Fig. 9; Plate 1) at the northern tip of
a ¢. 100 m thick amphibolite layer. This was investigated
in some detail, and a sketch map is shown in Fig. 10.
The ultrabasic body has a partial shell of biotite- and
garnet-rich metasediment with thin bands of amphibo-
lite and leuco-amphibolite. The orthogneiss host just
south of the ultrabasic body contains numerous metre-
sized and larger rafts of amphibolite, biotite schist and
ultrabasic rock, which dip steeply inwards to the cen-
tre of the body and commonly outline tight N-plung-
ing small scale folds. The ultrabasic body predominantly
consists of granular, very uniform, medium-grained
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Fig. 9. Large, pale brown ultrabasic body c¢. 5 km east of Ulamertoq, viewed towards the west. The ultrabasic body mostly consists

of granular dunite and forms a mega-enclave in the orthogneiss. Part of the body is covered by many small lakes.

dunitic rock with pale brown weathering colours. Variable
proportions of ortho- and clinopyroxene may be pre-
sent and locally dark green spinel or chromite. Thin
veins of hydrated phases such as anthophyllite, tremo-
lite, chlorite and phlogopite are quite common (Fig. 11).
In the southern, most olivine-rich part of the body there
are small areas where centimetre-scale indistinct chromi-
tite layering occurs in the dunite; the chromite occur-
rence was investigated in the 1970s by Kryolitselskabet
Aresund A/S, but it was found to be of no economic
interest.

The north-eastern part contains ultrabasic rocks which
are less magnesian (Fig. 10). Red-brown weathering
harzburgite and locally orthopyroxenite with ¢. 2 cm
large pale brown equidimensional, poikilitic ortho-
pyroxene covers an irregular area of ¢. 250 by 600 m.
This is bounded to the north-east by a 150 by 500 m
large sheet of grey-brown weathering, medium- to
coarse-grained norite consisting of calcic plagioclase and
magnesian orthopyroxene with accessory hornblende
and phlogopite. There are also small pods of granular,
medium-grained, greenish brown weathering clinopy-
roxene-rich rocks. These different rock types generally
have gradational contacts; their orientations are diffi-
cult to determine due to their gradational nature and
the flat topography, but moderately steep to subverti-
cal contacts appear to be common.

Distinct magmatic layering with orientations vary-
ing from flat-lying to almost vertical has been observed
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locally along the contacts. A ¢. 40 m thick norite lens
300 m from the southern end of the ultrabasic body is
separated from the dunite by a subvertical, metre-thick
layer of coarse-grained orthopyroxenite, followed
towards the norite by several parallel, few centimetres
thick, alternating layers of orthopyroxenite and pla-
gioclase-rich leuconorite (Fig. 12). The adjacent dunite
contains several series of parallel, 0.5-2 c¢m thick, pale
pyroxene-bearing horizons (Fig. 11), traceable over a
few metres.

The ultrabasic body contains several irregular sheets
and pods of white to pale pinkish granite, which are
up to ¢. 150 m thick (Fig. 10). The granite sheets locally
cut into the surrounding grey gneiss but are essentially
confined to their ultrabasic host. The granites, which
are probably of local anatectic origin, appear to have
been emplaced along fractures in the competent ultra-
basic body during regional deformation. Similar gran-
ites are also present in the other large ultrabasic bodies
of the Fiskefjord area.

Layered complexes with stratiform ultra-
basic and noritic rocks

Two large, layered complexes consisting of ultrabasic,
noritic and metagabbroic rocks are embedded within
supracrustal rocks. One complex extends for ¢. 25 km
in N=S direction across central Fiskefjord, from west of



Quagssugtarssuaq through Suversoq and northwards to
the embayment Kulik. Another occurs at Sangmissup
nuni, north-east of Tovqussap nuni (Plate 1). Their
exact boundaries have not been located as it is not
known how much of the overlying homogeneous
amphibolite they comprise. These kilometre-sized bod-
ies of ultrabasic rocks may be fragments of larger lay-
ered complexes.

The best preserved complex, that across Fiskefjord,
consists of elongate lenses and layers of olivine-rich
ultrabasic rocks which either pass laterally or grade
upwards into norite which, in turn, is overlain by
homogeneous amphibolite (see also Bengaard, 1988).
The ultrabasic and noritic rocks together form dis-
continuous, 10-50 m (locally up to ¢. 150 m) thick
sheets along the base of a major unit of massive, homo-
geneous amphibolite (Fig. 13). This amphibolite out-
lines an elongate, doubly-plunging synform with
closures south-west of Quagssugtarssuaq and north
of Kulik. The ultrabasic and noritic rocks occur both
along the flanks and in the two hinge zones of this
fold; the longest norite sheet can be traced for at least
15 km.

Most of the exposed lower boundary of the layered
complex comprises intrusive or tectonic contacts with
grey orthogneiss, and both the orthogneiss and ultra-
basic-noritic rocks are commonly appreciably deformed
along them. In places a ¢. 10 m thick layer of flaggy,
strongly schistose, biotite- and garnet-rich pelitic sed-
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Fig. 10. Sketch map of the ultramafic body east of Ulamertoq.

iment occurs along the lower contact of the layered com-
plex. At one locality Bengaard (1988) observed little-
deformed norite cutting compositional banding in the
metasediment, suggesting an intrusive relationship. At
the mouth of Suversoq steep isoclinal folds occur in the
layered complex and adjacent supracrustal rocks, includ-
ing thin horizons of ‘infolded’ metasediment. These
folds pre-date the emplacement of the surrounding
orthogneiss.



Fig. 11. Magmatic layering in olivine-rich
ultrabasic rock, and a tremolite-phlogo-
pite-diopside vein. Ultrabasic body east
of Ulamertoq.

Fig. 12. Layered orthopyroxenite and
plagioclase-rich leuconorite. Ultrabasic
body east of Ulamertoq.

In the field the norite typically appears as a sugary,
grey, very homogeneous rock, not unlike homogeneous
tonalitic-dioritic granulite facies orthogneiss, but rare
igneous layering consisting of metre-thick orthopyroxene-
rich horizons alternating with norite has also been noted.
Whereas contacts between dunitic and noritic rocks are
sharp or gradational over less than ¢. 5 m, the bound-
aries between the noritic rocks and overlying homo-
geneous amphibolite is typically very gradual, with
transitions over several tens of metres marked by increas-
ing hornblende.

The norite has metamorphic textures. Orthopyroxene
mostly forms equidimensional, ¢. 2-5 mm large anhedral
grains, commonly replaced by up to 1-2 mm green horn-
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blende in rounded embayments. Matrix calcic plagioclase
(about An) forms large anhedral grains (up to 10 mm)
with frequent tiny hornblende inclusions. Metamorphic
equilibrium is suggested by common triple junctions
between plagioclase, orthopyroxene or hornblende, and
by the absence of mineral zoning.

The deformed margins of the norite bodies contain a
distinct schistosity. Elongate, poikiloblastic orthopyrox-
ene crystals up to 10 mm, intergrown with hornblende
and subordinate pale brown phlogopite, are orientated
parallel to schistosity and surrounded by a mosaic of
equant to elongate plagioclase grains. The orthopyrox-
ene grains are commonly composite, consisting of smaller
lensoid domains with slightly different optical orientations.



Fig. 13. Dunitic ultrabasic rock (left, marked u) overlain by grey norite (at the lake, marked n) and homogeneous amphibolite in the
far distance (marked a). West of Quagssugtarssuaq, 5 km south-east of Serquartup ima.

Origin of the ultrabasic and noritic rocks

Komatiites in the sense of Arndt (1994) — volcanic,
commonly spinifex-textured rocks of picritic to ultra-
basic composition, crystallised from previously super-
heated magmas, have so far not been identified within
the Archaean block of southern West Greenland,
although Hall (1980) described ultrabasic pillow lavas
from the Ivisartoq area in southern West Greenland.
However, komatiites are common constituents of many
Mid Archaean supracrustal sequences and may also
comprise cumulate rocks. For instance, in the gener-
ally well preserved Late Archaean Norseman—Wiluna
Greenstone Belt, Yilgarn Block, Western Australia (Hill
et al., 1990), the thickest komatiitic flows can com-
monly be demonstrated to have differentiated, and they
may contain cumulate dunitic rocks at their bases,
which may rarely reach thicknesses up to a couple of
hundred metres. The ultrabasic volcanic units very com-
monly alternate with basaltic units of similar thickness.

All the larger ultrabasic bodies in the Fiskefjord area
predominantly consist of granular, medium-grained,
olivine-rich, locally chromite-bearing dunitic rocks, in

which magmatic layering and orthocumulus textures are
fairly common features. There is a common association
with noritic cumulates and, west of Quagssugtarssuaq
there is a thick overlying sequence of homogeneous
amphibolite. In spite of strong deformation and flattening
which has resulted in disruption of the ultrabasic bod-
ies (e.g. south of Quagssugtarssuaq) rather than tectonic
repetition, some of them retain thicknesses in the order
of 1 km. The available observations from the Fiskefjord
area thus suggest that the large ultrabasic bodies are
cumulate rocks which were formed at the bases of
large magma chambers. This is also supported by geo-
chemical data (see p. 24) but is difficult to substanti-
ate because the apparent absence of spinifex-textured
rocks or pillowed lavas in the ultrabasic rocks is not
positive evidence that there are no volcanic compo-
nents among them: former spinifex textures might have
been destroyed by high-grade metamorphism and
strong penetrative deformation. On the other hand
olivine-rich ultrabasic rocks are very competent and
resistant to deformation if not hydrated, and do not read-
ily recrystallise even at granulite facies metamorphic
conditions.



Fig. 14. Coastal exposure of leucogabbroic to gabbroic enclave
in granulite facies orthogneiss, on a small island 5 km south-south-
west of Atangmik.

Anorthosite and leucogabbro

Anorthosite and leucogabbro are commonly associated
with Archaean supracrustal sequences in West Greenland
(e.g. Myers, 1985) and also occur in the relatively poorly
exposed south-western part of the Fiskefjord area, form-
ing the continuation of a larger unit in Nordlandet (see
McGregor, 1993). At the outer coast south-east of Tkatua,
leucogabbro is associated with a large body of amphi-
bolite in the core of a major refolded fold. Along both
flanks of this fold the unit continues as several parallel,
up to about 1 km wide tracts of closely packed leuco-
gabbroic and gabbroic enclaves in dioritic and tonalitic
gneiss, and similar enclaves occur sporadically e.g.
around outer Fiskefjord (Plate 1; Fig. 14). The leuco-
gabbro is mostly a medium-grained, pale, homogeneous
rock consisting of calcic plagioclase and hornblende
with granoblastic metamorphic texture. Smaller units of
medium- to coarse grained anorthosite and leucogab-
bro associated with amphibolite were described by
Berthelsen (1960) from Tovqussap nuni and also occur
on a small island north-west of this peninsula.

The anorthosite and leucogabbro occurrences in the
Fiskefjord area may be members of disrupted layered
complexes, but it has not been possible to demonstrate
this in the field.

Fig. 15. Biotite-garnet-
sillimanite schist with
flattened, up to ¢. 50 cm
long calc-silicate lenses, and
cut by thin sheets of garnet-
bearing granite which is
presumably of local anatec-
tic origin (see the main text).
North coast of the island
Igdlut, ¢. 5 km south of
Patok.



Fig. 16. Folded biotite schist with local
anatectic vein of garnet-bearing granite;
note the dark selvage rims. East coast of
Qugssuk, ¢. 3 km from the head of the
fjord.

Metasediments and altered felsic
volcanic rocks

Metasediments are volumetrically very insignificant
among the supracrustal rocks. They form thin, dis-
continuous horizons of fine- to medium-grained rocks,
commonly strongly schistose with characteristic rusty
brown weathering colours (Fig. 15). They exclusively
occur within or along the margins of amphibolite, or
along ultrabasic bodies. Pelitic schists are most com-
mon and consist of plagioclase, quartz, biotite, com-
monly garnet, and in places additional sillimanite or
cordierite. Thin anatectic sheets of garnet-bearing gran-
ite (granulite s.s., Berthelsen, 1960), are commonly
associated with the pelitic schists (Figs 15, 16). Fine-
grained, brownish-grey, quartzo-feldspathic rocks of
intermediate composition are locally intercalated with
biotite-garnet schist or occur adjacent to amphibolite
and ultrabasic rocks. These rocks may be closely related
to leuco-amphibolite as suggested by their composi-
tion (see p. 24) and are probably of volcano-sedi-
mentary origin. Quartzite or quartz-rich clastic rocks

are almost absent from the metasediments of the
Fiskefjord area.

On a small island off the outer coast ¢. 2 km north
of Kangakasik, less than 1 m thick horizons of garnet-
and magnetite-rich siliceous rocks are intercalated with
biotite-garnet-cordierite schist. Berthelsen (1960) and
Dymek (1984) described magnetite-diopside-quartz
rocks from Langg west of Tovqussap nuni, associated
with cale-silicate rocks and biotite-garnet schist. These
rare rock types are interpreted as chemical metasedi-
ments (silicate facies iron formation).

Cordierite- and anthophyllite-cummingtonite-rich
siliceous rocks form a significant proportion of the thin
supracrustal horizons in the south-western part of the
Fiskefjord area (between Tkatua and Oquimiap taserssua
and west of Natsigdlip tasia), which also include impure
quartzites. Sporadic cordierite-bearing supracrustal rocks
also occur, e.g. at Tovqussap nuni (Berthelsen, 1960).
Similar rocks in the Godthabsfjord region have been
interpreted by Beech & Chadwick (1980) and Dymek
& Smith (1990) as hydrothermally altered siliceous
metavolcanic rocks.



Supracrustal rock association: geochemistry

The analysed samples were collected from many dif-
ferent enclaves of supracrustal rocks mostly in the
northern part of the Fiskefjord area (Plate 1; Fig. 17);
the groups correspond to those introduced in the pre-
vious descriptions. The large geographical coverage is

considered to provide a reasonable overview of rock
compositions, although limited knowledge about pri-
mary relationships between various types of supracrustal
rocks, uncertain correlation between geographically
separate units, and absence of radiometric age deter-
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minations suggest that the analyses may well represent
several originally independent sequences.

Modification of original compositions

The compositions of the supracrustal rocks are likely
to have been modified from those of their original pre-
cursors at various stages of their geological history.
Ampbhibolite precursor magmas may have been con-
taminated during their emplacement, e.g. by assimila-
tion of crustal rocks, and their products affected by
hydrous sea floor alteration. Subsequent metasoma-
tism may have occurred during late diagenesis, during
the emplacement of sialic magmas while the conti-
nental crust was building up around the supracrustal
association, during prograde metamorphic dehydration
reactions, and during localised retrogressive rehydra-
tion. Only the latest of possible alteration events can
now be examined directly; obviously examples of pris-
tine amphibolite precursors are not available for com-
parison. However, in contrast to the grey gneiss (Garde,
1990 and pp. 55-65), metasomatic changes associated
with retrogressive hydration do not seem to have been
significant in the case of the amphibolites. Geochemical
data from homogeneous amphibolites (Appendix 1)
include averages of 22 amphibolites with granulite
facies parageneses and 9 similar rocks with textural
evidence of partial rehydration. The two groups have
almost identical compositions, except that the latter
group has higher contents of trivalent iron and volatiles
(about 1.0 and 0.5 per cent, respectively), and perhaps
slightly different LREE (see below). Elements like K, Na,
Rb, Sr, and Pb, which were mobile in intermediate and
leucocratic orthogneisses in the Fiskefjord area during
both the prograde granulite facies event and the sub-
sequent retrogression (Garde, 1990; this paper), occur
in similar concentrations in granulite facies and partially
retrogressed amphibolites. A likely explanation is that
whereas retrogression of intermediate orthogneisses
was commonly complete and involved total replace-
ment of pyroxene by secondary amphibole and biotite,
retrogression in most amphibolites was incomplete,
biotite was rarely involved, and a stable hydrated phase
(mainly hornblende) that could accommodate LIL ele-
ments was present throughout the process.
Nevertheless, both the LIL elements and Ca show large
variations in the amphibolites (see below), and several
LIL elements occur in concentrations that are higher than
in unaltered modern basaltic rocks of common geo-
tectonic settings (see p. 25). Besides the LIL elements
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Fig. 18. (a) Alkali index v. AL,O; (after Middlemost, 1975).

(b) Variation diagrams of Na,O and K,O v. SiO, of homogeneous
amphibolite, Fiskefjord area, illustrating its tholeiitic character.
Locations of samples in Fig. 17; analytical details in Appendix.

Ca is also known to be mobile in many diagenetic envi-
ronments (e.g. during interaction with sea water or car-
bonate rocks). In addition LIL element exchange may
have occurred later between the supracrustal rocks and
their orthogneiss hosts. It is therefore likely that amphi-
bolite compositions have been modified by secondary
processes, especially with regard to the high and vari-
able concentrations of LIL elements and Ca presented
below.
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Fig. 19. AFM diagram (Na,O + K,O, FeO + Fe,O;, MgO) of
amphibolites from the Fiskefjord area. Alkali element meta-
somatism may have shifted some samples of homogeneous
amphibolite into the calc-alkaline field. See Fig. 17 for locations
of samples and Appendix for analytical details.
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Fig. 20. Jensen diagram (Jensen, 1976) of amphibolites from the
Fiskefjord area. Note the absence of samples in the field of
basaltic komatiite. See Fig. 17 for locations of samples and
Appendix for analytical details.
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Amphibolites

Homogeneous amphibolite

The most widespread amphibolite group, homogeneous
amphibolite, has a tholeiitic, basaltic major element
composition (average c. 50.4 wt.% SiO,, 15.2% Al O,
10.4% total FeO, 8.4% MgO, 9.9% CaO, 2.7% Na,O and
0.6% K,O; Appendix 1). Despite granulite facies meta-
morphism most samples are significantly hydrated (loss
on ignition about 1%, compared to less than 0.5% in
modern unaltered basaltic and gabbroic rocks). Most
oxide compositions of homogeneous amphibolite are
fairly uniform (Appendix 1), except CaO and K,O which
have relative standard deviations of ¢. 20 and 50%,
respectively.

Variation diagrams of (a) alkali index v. Al,O; and
(b) Na,O and K,O v. SiO, (Fig. 18) illustrate the gen-
eral subalkalic character of the homogeneous amphi-
bolites, irrespective of whether some K,O has been
added or removed during diagenesis and metamor-
phism. On the AFM diagram (Fig. 19) a small majority
of the homogeneous amphibolites plot in the tholeiitic
field but do not show significant iron enrichment,
whereas the leucocratic group (see section below) plots
in the calc-alkaline field; in this plot the alkali content
(i.e. possible alteration) is rather critical. The same divi-
sion is more pronounced in the Jensen plot (Fig. 20),
which is insensitive to mobile elements. None of the
amphibolites are sufficiently magnesian to plot in the
field of basaltic komatiite.

The trace element composition of homogeneous
amphibolite (Appendix 1) is somewhat variable but
generally basaltic: Cr, V and Ni are high (150-400 ppm),
most lithophile elements low to moderate, and LIL ele-
ments low. Some elements like Y, Zn, V, Ga and Sc occur
in very similar concentrations in most samples, whereas
mobile elements like Rb, Ba and Sr show substantial
variations, as noted above. Representative samples of
homogeneous amphibolite have REE contents at about
10 times chondritic levels (Fig. 21a—b), with some vari-
ation in the LREE: most samples are unfractionated or
weakly enriched in LREE, whereas a couple of gran-
ulite facies samples are weakly LREE depleted.

Leuco- and eastern amphibolite

Most rocks mapped as leuco-amphibolite are more fel-
sic than the homogeneous amphibolite, with major ele-
ment concentrations in the general range between basalt



and andesite (Appendix 2). Their trace element com-
positions are broadly similar to those of homogeneous
amphibolite. However, their variations in Rb, Ba and
Th are larger, they have higher concentrations of LREE
(Fig. 21¢), Ta and Nb, and lower concentrations of
compatible elements like Cr and Ni. The most acid
leuco-amphibolite samples have strong geochemical
similarities with some rocks mapped as metasediment
and with the most basic members of dioritic orthogneiss
(see p. 24; p. 51; Appendix 5).

Two samples placed in this group (GGU 289166 and
289205, Appendix 2; GGU = Grgnlands Geologiske
Undersegelse) belong to amphibolite facies amphibo-
lite from the easternmost part of the Fiskefjord area,
which at the present erosion level has escaped gran-
ulite facies metamorphic conditions (Garde, 1990). Their
compositions resemble leuco-amphibolite with regard
to most trace elements. Although their SiO, contents
of ¢. 50% are comparable to that in homogeneous
amphibolite, they are more aluminous (AL,O; above
17% compared to ¢. 15% in homogeneous amphibo-
lite), less magnesian, and one of them considerably
more sodic (4.4% Na,O). The concentrations of most
trace elements resemble those in leuco-amphibolite.
Collectively these differences from homogeneous amphi-
bolite are unlikely to stem from their different meta-
morphic histories, and the two eastern amphibolites
are therefore tentatively correlated with the leuco-
amphibolite in spite of the higher SiO, contents of the
latter group.

Heterogeneous amphibolite

Four analyses (Appendix 2) of heterogeneous amphi-
bolite with calc-silicate parageneses (formerly pillow
lavas?) suggest that both major and trace element con-
centrations are highly variable in this group.
Concentrations of some elements are outside the ranges
found in homogeneous and leuco-amphibolite. Total
FeO and especially MgO are low (averages of 9.19%
and 3.8%), and two of the samples are also distinctly
aluminous with 17.8 and 21.0% Al,O;. The CaO con-
tents are very high (12.8-14.7%) and interpreted as due
to exchange with carbonates on the sea floor or dur-
ing diagenesis. Both field observations and the avail-
able geochemical data for the heterogeneous
amphibolites suggest that they have been subject to
much more severe alteration of their original compo-
sitions than the other amphibolite groups; these sam-
ples are therefore omitted from the geochemical plots.

1000 —
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. 4 289189
| o 278748 W 283649 » 339198
® 278758 O 278849 v 339508 a
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100 = variably retrogressed
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| e 289120  a 328542 b
O 289141 & 339509
1 T T T T T T T T
1 La Ce Nd Sm Eu Th Yb Lu
7 Leuco-amphibolite
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Fig. 21. Chondrite-normalised REE diagrams of three groups of
amphibolites from the Fiskefjord area. Normalisation factors used
for this and subsequent diagrams are from Nakamura (1974). All
elements analysed by INNA; see Fig. 17 for sample localities and
Appendix for analytical details.

Metasediments

The most common group of metasediments, biotite
schist (+ garnet, + sillimanite) is represented by four
typical samples from different parts of the Fiskefjord
area (Fig. 17), which have a variable composition
(Appendix 3). Two samples (GGU 289046 and 339926)
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Fig. 22. Chondrite-normalised REE diagrams (Nakamura, 1974)
of (a) norites and (b) ultramafic rocks from the Fiskefjord area.
All elements analysed by INNA (see Appendix). See Fig. 17 for
sample localities.

have FeO* concentrations above 13%, whereas two
other samples are similar to leuco-amphibolite or mafic
diorite. The rocks have very variable Al,O; contents from
¢. 10.7 to 19.5%; none are siliceous or calcareous. Most
trace elements occur in intermediate abundances; Rb,
Zr, Zn, Cu and V are relatively high, and Sr, Ba, and
the REE relatively low compared with mafic diorite or
leuco-amphibolite.

Three of four analysed rocks in another group of sup-
posed metasediments, fine-grained quartzo-feldspathic
rocks associated with amphibolite, have a major ele-
ment composition which resembles both the most fel-
sic leuco-amphibolite and dioritic grey gneiss (compare
Appendix 3 with Appendices 2 and 5). A fourth sam-
ple (283361) is more siliceous (68.1% SiO,). The trace
element composition of the quartzo-feldspathic metased-
iments is similar to that of leuco-amphibolite or dior-
ite, except for lower Sr and higher Rb, Th and Zr
contents. The fine-grained quartzo-feldspathic rocks
are easily distinguished petrographically from dioritic
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orthogneiss, but their chemical compositions suggest
that they may have been derived from andesitic igneous
rocks without much alteration by physical or chemical
surface processes, and they are therefore probably of
volcanic or volcaniclastic origin.

Norite

The noritic rocks (Appendix 4; Fig. 17) contain ¢. 50%
SiO,, 17-21% Al,O5, and are both magnesian and cal-
cic (¢. 11-16% MgO and 7.5-11% CaO). Ni, V and Cr
range from tens to several hundreds of parts per mil-
lion. Total FeO is low, and Na,O, K,O and lithophile
and LIL trace elements are very low (except for meta-
somatic? Rb in the range c¢. 10-30 ppm in three sam-
ples). A chondrite normalised REE plot (Fig. 22a) shows
that REE abundances are close to chondrite or mantle
values and that the patterns are generally unfraction-
ated; the small positive Eu anomalies are interpreted
as related to the large proportion of plagioclase in all
norites. GGU 339163 which is enriched in LREE also
has 31 ppm Rb, 9 ppm Pb and 139 ppm Ba (Appendix
4), indicative of mild metasomatism. The major and
trace element compositions of the norites strongly sug-
gest that they were formed as orthopyroxene-plagio-
clase cumulates which only trapped very small
proportions of intercumulus melt.

Ultrabasic and ultramafic rocks

The geochemistry of units described in the field as
ultrabasic rocks suggests that these are also cumulate
rocks, like the norites (Appendix 4). They are calcic and
highly magnesian (up to 28.3% MgO) and low in Al,O;
(1.2-9.9%). However, their major element geochem-
istry suggests some contamination or metasomatism, and
some are not truly ultrabasic — SiO, ranges between 45.6
and 54.1% (unusually high for olivine-rich ultramafic
rocks), and besides, Fe,O; almost equals FeO in some
samples. The Ni, V and Cr levels are high to very high,
but most other trace elements occur in very low con-
centrations. Their REE patterns (Fig. 22b) resemble
those of the norites but with slightly higher levels; the
most siliceous (and metasomatised?) sample GGU
283710 has the lowest total REE content but a relative
LREE enrichment.
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Fig. 23. Amphibolites from the Fiskefjord area plotted on the
Ti-Zr=Y tectonomagmatic discrimination diagram (Pearce &
Cann, 1973; A + B: low-K tholeiites, B: ocean floor basalts and
island arc tholeiites, B + C: calc-alkaline basalts, D: within-plate
basalts).

Anorthosite

One sample from the large leucogabbro-anorthosite
association in the western part of Nordlandet, collected
at the outer coast in the southern part of the Fiskefjord
area (Fig. 17), was analysed (Appendix 4). Its compo-
sition, compared with a typical anorthosite from the
Fiskenaesset complex, southern West Greenland
(Appendix 4), shows that it clearly belongs to the cal-
cic ‘Archaean’ anorthosite association (Ashwal & Myers,
1994), which occurs in most parts of the Archaean in
West Greenland. Also the small occurrences of leuco-
gabbro at Tovqussap nuna belong to this association
(Berthelsen, 1960).

Comparison of the amphibolites with
modern basaltic rocks

A comparison of average homogeneous amphibolite
geochemistry with compositions of modern basaltic
rocks in various plate tectonic settings (using compi-
lations of data from several sources published by Wilson,
1989) indicates that the homogeneous amphibolite most
closely resembles tholeiitic ocean floor basalt or island
arc tholeiite. The match with modern basalts from both

settings is close for most major elements (SiO,, Al,O3,
total FeO, MgO and Na,0), although the homogeneous
amphibolite has lower TiO, and CaO and significantly
higher K,O contents. However, the latter two oxides
were also shown above to be the most variable. Among
the trace elements Rb, Ba and Sr (which are also very
variable) are a poor match with both of the two mod-
ern basalt groups.

In terms of the Ti—Zr-Y discrimination diagram (Fig.
23) most samples of homogeneous amphibolite plot in
the field of ocean floor basalts or island arc tholeiites,
but a few samples plot outside any recognised field.

Spider diagrams of representative amphibolite sam-
ples normalised to normal, or N-type MORB (Fig. 24a—c)
and REE diagrams (Fig. 21) can be used for a more spe-
cific comparison with modern normal, enriched and
depleted MORB, island arc tholeiite, and ocean island
alkali basalt (Fig. 24d). The homogeneous amphibolite
plots show a clear pattern (irrespective of partial ret-
rogression), except for the previously noted variations
of mobile incompatible elements, in which they are
variably enriched. Most samples are moderately depleted
relative to MORB in immobile incompatible elements
like P, Zr, Hf, Ti and Yb, whereas a few (represented
by GGU 278849) are slightly enriched in some of the
latter elements. There is no Nb anomaly, but a clear
enrichment of Sc, Cr and Ni in some samples. Chondrite
normalised REE diagrams of homogeneous amphibo-
lite (Fig. 21a-b) show a general similarity to MORB
with flat REE curves at ¢. 10 x chondrite values, and in
some samples a weak LREE depletion as in modern N-
type MORB (e.g. Schilling et al., 1983).

Collectively the immobile incompatible, REE, and
compatible element compositions of the homogeneous
amphibolite are considered likely to reflect the origi-
nal composition of their precursors to a large degree,
and it may thus be argued that they have several gen-
eral characteristics which resemble normal MORB (the
horizontal line in Fig. 24d). In other respects they more
resemble island arc tholeiites — namely in terms of their
enrichment of LIL elements and depletion of immobile
incompatible and moderately compatible elements,
including Ti. However, these deviations from MORB are
not as large as observed in modern island arc tholei-
ites. Besides, the homogeneous amphibolites differ
noticeably from modern island arc tholeiites by their
absence of a Nb anomaly and positive Cr and Ni anom-
alies. In addition the LIL element enrichment may be
secondary as previously noted.

The composition of the homogeneous amphibolites
does not preclude that they might be back-arc tholei-
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ites, a favoured interpretation of some Phanerozoic
ophiolite complexes preserved within the continents
(e.g. Saunders et al., 1979), but this is difficult to assess
on the basis of geochemistry alone; due to very vari-
able contamination back-arc tholeiites do not possess
unique geochemical signatures (e.g. Wilson, 1989).
Notwithstanding geochemical considerations, modern
back-arc spreading seems to occur only where the sub-
ducting oceanic lithosphere is old, dense and cold
(Furlong et al., 1982) — an unlikely plate-tectonic sce-
nario in the Archaean.

The leucocratic amphibolites have geochemical affini-
ties to more evolved and aluminous recent basaltic rocks:
their compositions resemble those of basaltic andesites
and andesites from modern island arc settings, although
they lack a distinct negative Nb anomaly. In the Ti-Zr-Y
diagram (Fig. 23) they plot in the calc-alkaline basalt field,
and representative samples show more variation on the
MORB-normalised spider diagram (Fig. 24¢) than the
homogeneous amphibolites (Fig. 24a—b). Besides, the
variation in LIL elements is more pronounced than in
the homogeneous amphibolite, and there is an enrich-
ment of several incompatible immobile elements but
no Cr or Ni enrichment compared to MORB. Also the
REE pattern (Fig. 21c) with its weak LREE enrichment
indicates a calc-alkaline affinity.

Fig. 24. MORB-normalised spider diagrams.

(a—c) Amphibolites from the Fiskefjord area. The samples have
affinities both to MORB and island arc tholeiites; the large vari-
ation in LIL elements is interpreted as mainly due to metasomatism.
Normalisation factors from Pearce (1983), except Sc¢, Cr and Ni
from Taylor & McLennan (1985, p.274). Th, Ta, Ce, Hf, Sm, Yb
and Sc analysed by INNA, other elements by XRF (see Appendix
for details). Fig. 17 shows sample localities. (d) Modern volcanic
rocks (Sun, 1980) for comparison with Fig. 24a—c. OAB = ocean
island alkali basalt, IAT = island arc tholeiite.



Magmatic accretion of grey gneiss precursors, contem-
poraneous structural evolution, and late-tectonic granite

domes and sheets

Outline of the main orthogneiss units
and their structural and metamorphic
evolution

Prior to systematic work in the Fiskefjord area in the
1980s the orthogneisses of the Akia terrane north of
Godthabsfjord were only poorly known; an overview
of previous work was given in the introduction. Allaart
(1982) made a general distinction between amphibo-
lite facies and granulite facies (enderbitic) rocks, and
recognised two large homogeneous tonalite complexes
north and north-east of Fiskefjord, the Taserssuaq tonalite
and Finnefjeld gneiss complexes. Earlier, Macdonald
(1974) and especially Reed (1980) had studied dioritic
and leucocratic gneisses in Nordlandet. During the sub-
sequent systematic survey of the Fiskefjord area in the
1980s the quartzo-feldspathic rocks of intrusive mag-
matic origin were resolved into several groups of pro-
gressively younger and more leucocratic rocks which
are described in the following sections.

The ¢. 3220 Ma Nordlandet dioritic gneiss (ion probe
zircon age data shown in Fig. 25 and discussed below),
which contains enclaves of an even older supracrustal
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association, is the earliest nucleus of continental crust
that has been identified in the Akia terrane (Table 1).
It forms most of Nordlandet south of the Fiskefjord
area, and underlies large tracts in the southern part of
the Fiskefjord area (Plate 1). The remainder of the grey
gneiss is dominated by ¢. 3000 Ma old grey, K-poor,
amphibolite facies tonalite-trondhjemite-granodiorite
(TTG) orthogneisses and their brown granulite facies
equivalents, and also comprises younger dioritic rocks.
Besides there are local sheets of mesoperthite-bearing
(granulite facies) granitic gneiss. The orthogneiss pro-
toliths were emplaced into the older assemblage of
supracrustal rocks and Nordlandet dioritic gneiss, and
deformed and metamorphosed during a major event
of continental crustal accretion at ¢. 3000 Ma.

Most orthogneiss precursors intruded as sheets of vari-
able dimensions. Their emplacement was accompa-
nied by regional deformation, which comprised at least
two phases of isoclinal folding followed by a phase of
upright folding and development of N-S trending straight
zones contemporaneously with granulite facies meta-
morphism (see p. 41). Two large dome-like massifs
were emplaced in the area. The Taserssuaq tonalite

Fig. 25. SHRIMP U-Pb zircon data from
Nordlandet dioritic gneiss, GGU 283672
(3221 £ 13 Ma, with a number of younger
ages at ¢. 3180 Ma) and Qeqertaussaq
diorite, GGU 339223 (3044 + 7 Ma). Sample ~ 0.70
localities are shown on Fig. 52 (analyst A. P.
Nutman, using Sri Lankan zircon SL13 as

standard. See Compston et al., 1984 and

Friend & Nutman, 1994 for details of the 0.60
analytical procedure). The zircons in sample
283672 have very low U contents of 15-50

ppm, but the analysed crystals were large

2800

enough that a normal count rate could be 0.50
obtained with a large beam diameter
(¢. 25W). The 3221 + 13 Ma age is derived

from a weighted mean of 27Pb/2%Pb ratios,

206pp/238Y

/ 283672 NE Nordlandet 3221 + 13 Ma
/ 339223 Fiskefjord 3044 + 7 Ma
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complex was emplaced syn-granulite facies metamor-
phism, as its western parts display evidence of retro-
gression from granulite facies parageneses; most of the
complex occurs north-east of Fiskefjord where granulite
facies conditions were never reached at the exposed
level. Second, the Finnefjeld gneiss complex to the
north-west appears to entirely post-date granulite facies
metamorphism in that area. The Igananguit granodiorite
and the Qugssuk granite (Garde et al., 1986), two suites
of granitic rocks in the north-eastern and eastern part
of the Fiskefjord area, were formed by melts generated
from older orthogneiss and emplaced after the gran-
ulite facies and main deformation events.

A brief overview of the Archaean metamorphic evo-
lution of the Fiskefjord area, described in detail later,
follows here as introduction to the field descriptions.
Granulite facies metamorphism occurred at ¢. 3000 Ma
over most of the Fiskefjord area, except its eastern and
northernmost parts. The granulite facies metamorphism
was thermal and probably caused by heat accumulated
during the continuous injection of tonalitic magma into
the growing continental crust (McGregor et al., 1986;
Garde, 1990), a mechanism that had previously been
suggested by Wells (1979, 1980) for the neighbouring
Buksefjorden area. The central and northern parts of the
Fiskefjord area were subsequently partially or com-
pletely retrogressed from the granulite facies. Most of
the orthogneiss in these areas has disequilibrium amphi-
bolite facies mineral textures, whereas the mafic to ultra-
mafic rocks of the supracrustal association are much less
affected by the retrogression. Garde (1989a, 1990, 1991)
showed that both granulite facies metamorphism and
retrogression were accompanied by migration of par-
ticularly LIL elements in the orthogneisses, and sug-
gested that much of the retrogression took place very
soon after the culmination of granulite facies meta-
morphism. The pervasive retrogressive event was
followed by younger, at least in part Proterozoic retro-
gression localised along narrow ductile shear zones,
along brittle faults, and along the margins of mafic dykes.

Grey orthogneiss, Taserssuaq tonalite
and Finnefjeld gneiss complexes

Dioritic gneiss
Dioritic, quartz-dioritic and mafic tonalitic gneiss (shown
as dioritic and mafic dioritic gneiss by Garde, 1987,

1989b) constitutes most of the south-western part of the
Fiskefjord area and continues southwards into the
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Nordlandet area (McGregor, 1993, fig. 5); in the following
it is referred to as the Nordlandet dioritic gneiss.

Sensitive high-resolution ion microprobe (‘SHRIMP’)
U-Pb analysis of very clear, pale pinkish, euhedral to
slightly corroded zircons in a sample of dioritic gneiss
collected in north-eastern Nordlandet (GGU 283672)
gave a 2Pb-2Pb age of 3221 + 13 Ma (Fig. 25); the
analyses were performed by A. P. Nutman at the National
University of Australia. A cluster of younger ages was
also obtained from morphologically similar zircons in
GGU 283672, suggesting a thermal event at ¢. 3180 Ma.
A whole rock Pb-Pb isochron age of 3112 + 40 Ma, based
on samples of both Nordlandet dioritic gneiss, amphi-
bolite facies grey gneiss and Igananguit granodiorite,
was previously published by Garde (1989a); regres-
sion of the dioritic gneiss samples alone gives a simi-
lar age with a much larger uncertainty. The ¢. 3220 Ma
protolith age of the Nordlandet dioritic gneiss is sup-
ported by data from the southernmost part of the Akia
terrane; A. P. Nutman and H. Baadsgaard (personal
communication, 1995) obtained SHRIMP zircon ages of
3235 £+ 9 Ma and 3193 + 7 Ma from two samples of
dioritic gneiss collected on the mainland 5 km north-
east of Nuuk, and in southern Nordlandet ¢. 8 km north-
west of Nuuk. Zircons in the latter sample contain
metamorphic overgrowths dated at 3014 + 7 Ma.

In the south-western part of the Fiskefjord area the
Nordlandet dioritic gneiss appears to form three
¢. 10-15 km wide N-S trending bodies, which are sep-
arated by 1-4 km wide linear tracts of tonalitic
orthogneiss and amphibolite that probably represent the
cores of steep, isoclinal folds (as suggested by fold clo-
sures to the south, see McGregor, 1993, fig. 5); the lat-
ter rocks may originally have been intercalated with the
dioritic gneiss along early thrusts. The northern part of
the Nordlandet dioritic gneiss, south of central Fiskefjord,
is intruded by, and folded together with tonalitic
orthogneiss in a complex fashion (Garde et al., 1987).
Smaller bodies of dioritic gneiss, which may or may not
be part of the ¢. 3220 Ma Nordlandet dioritic gneiss,
occur in most other parts of the Fiskefjord area (an am-
phibolite body north-east of Sangmissup nuna (Plate 1)
was incorrectly shown as dioritic gneiss by Garde,
1989b). Where primary field relationships are preserved,
the dioritic gneiss is intruded and commonly agma-
tised by more leucocratic gneiss. The diorite itself can
locally be observed to truncate supracrustal amphibo-
lite, but enclaves of supracrustal amphibolite in the
dioritic gneiss have only locally been observed; they
are difficult to distinguish on weathered outcrops of gran-
ulite facies rocks and may therefore be much more



Fig. 26. Granular, medium-grained
granulite facies metadiorite with
indistinct quartz-plagioclase migmatitic
network. 2 km west of central Quagssip
taserssud.

Fig. 27. Partially retrogressed granulite
facies dioritic gneiss with vertical
schistosity and rare leucocratic veins.
N-S trending dioritic unit, 2 km due
north of the head of Fiskefjord. The
penetrative schistosity was developed
before or during granulite facies
metamorphism, and subsequent growth
of retrograde amphibole and biotite was
not accompanied by renewed deforma-
tion. The locality lies along the northern
extension of the Qugssuk—Ulamertoq
zone (Fig. 44) and shows that the
development of this N=S trending high
strain zone preceded retrogression.

common than hitherto recognised. In certain areas trains
of rounded, up to metre-sized, fragmented gabbroic
and leucogabbroic enclaves (Fig. 14) are readily dis-
tinguished in the field by their specks of white calcic
plagioclase. Some of these enclaves can be traced for
many kilometres and outline large refolded folds
(McGregor, 1993; see p. 41).

Fresh outcrops of granulite facies dioritic gneiss may
locally display several intrusive phases (Garde, 1990),
but it typically appears as a very homogeneous, dark,
brownish weathering, medium-grained and granular
rock with a weak quartzo-feldspathic network (Fig.
20). South of outer Fiskefjord the dioritic gneiss com-
monly possesses a weak to distinct schistosity formed
by platy quartz and elongate aggregates of mafic min-

erals with equilibrium granulite facies textures. In this
area the schistosity is in places folded on metre-scale,
south-plunging, upright to overturned folds probably
belonging to the Pakitsoq phase (see p. 41). Figure 27
shows another example of dioritic gneiss with vertical
(granulite facies) schistosity from the northern exten-
sion of the N=S trending Qugssuk-Ulamertoq zone,
which is described below.

A geochemically distinct group of dioritic gneiss, the
Qegqertaussaq diorite (see p. 51), is restricted to the
peninsula Qegqertaussaq and its vicinity in central
Fiskefjord, where it forms common enclaves of very vari-
able size in tonalitic-trondhjemitic gneiss (Fig. 28; see
also Plate 1 and Garde, 1989b). In the field the Qeqer-
taussaq diorite is indistinguishable from dioritic gneiss
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Fig. 28. Enclave of dioritic gneiss (Qeqertaussaq diorite) in
tonalitic orthogneiss. The rocks are retrogressed, with develop-
ment of blebby texture. North-eastern end of Tasiussarssuaq.
Photo: S. B. Jensen.

Fig. 29. Thin section of retrogressed dioritic gneiss (Qeqgertaussaq

diorite) with typical blebby texture: aggregates of spongy blue-
green amphibole (after orthopyroxene) and sheaves of olive-
brown biotite. GGU 328527, 5 km west-south-west of Kilik.
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Fig. 30. Thin section of partially retrogressed dioritic gneiss
(crossed polarisers), showing mesoperthite feldspar and clino-
pyroxene with secondary biotite overgrowths. The preservation

of mesoperthite (exsolved from granulite facies intermediate
alkali feldspar) shows that recrystallisation during the retro-
gression was incomplete. GGU 328583, east coast of island at
the head of Tasiussarssuaq.

in other parts of the Fiskefjord area. The Qeqertaussaq
diorite is considerably younger than the Nordlandet
dioritic gneiss and is an early member of the main
phase of grey gneiss; a SHRIMP Pb-Pb zircon age of
3044 + 7 Ma was obtained from a sample (GGU 339223)
collected opposite Qeqertaussaq at the south coast of
Fiskefjord (Fig. 25; analyst A. P. Nutman). The zircons
in this sample are light brown, euhedral or with par-
tially rounded terminations, without obvious cores or
rims, and contain 100-200 ppm U.

Granulite facies dioritic gneiss mainly consists of pla-
gioclase, quartz, hypersthene, hornblende, iron-tita-
nium oxides and commonly diopsidic clinopyroxene;
fox-red biotite is also quite common. Textures in thin
section suggest all ferromagnesian minerals to be in
metamorphic equilibrium. Part of the dioritic gneiss is
partially or completely retrogressed and contains irreg-
ular intergrowths of quartz and secondary blue-green
amphibole, which commonly has lower contents of
alkali elements and titanium than the granulite facies
hornblende (Garde, 1990; see p. 59). Sheaves of sec-
ondary green or light brown biotite are likewise low
in titanium. In thin section the Qeqertaussaq diorite
resembles other dioritic gneiss members, except that
appreciable amounts of K-feldspar may occur and acces-
sory apatite is much more common. Figures 29 and 30
display typical disequilibrium retrogression textures in
Qeqertaussaq diorite.



Fig. 31. Amphibolite facies biotite gneiss
with tight folds. In spite of strong
deformation, the textural details of
polyphase magmatic emplacement have
been preserved. Coastal outcrop at the
north-eastern end of Bjornegen.

Fig. 32. Retrogressed tonalitic gneiss
with irregular quartzo-feldspathic
network. Patches of secondary amphi-
bole and biotite preferentially occur
along the leucocratic segregations. Small
island in inner Fiskefjord, 3 km south-
east of Kalik.

Fig. 33. Polyphase, partially retrogressed
orthogneiss with blebby texture devel-
oped both in the leucocratic and more
mafic parts of the rock. 7 km north-east
of Ulamertoq.
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Fig. 34. Thin section of amphibolite facies hornblende-biotite
orthogneiss; the ferromagnesian minerals are subhedral and in
textural equilibrium, without signs of retrogression. GGU 289276,
east coast of Qugssuk.

Fig. 35. Partially retrogressed granulite facies orthogneiss; ortho-
and clinopyroxene are variably replaced by amphibole and
biotite. GGU 278787, 8 km east of Ulamertoq.

Fig. 36. Complete ‘high-grade’ retrogression in GGU 278787
(same thin section as in Fig. 35) with secondary, both euhedral
and sieve-textured hornblende, and secondary biotite which in
part also has sieve texture.
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Tonalitic gneiss

The tonalitic orthogneiss which constitutes most of the
Fiskefjord area typically forms tens of metres to a cou-
ple of kilometres thick composite sheets and layers in
earlier supracrustal rocks and dioritic orthogneiss.
Tonalitic orthogneiss in amphibolite facies (not retro-
gressed from granulite facies) at the east coast of
Qugssuk has yielded a Rb-Sr whole-rock errorchron
of 2954 + 120 Ma and the above mentioned compos-
ite Pb-Pb whole-rock age of 3112 + 40 Ma (see Garde,
1989a and pp. 79-81 for details). The tonalitic ortho-
gneiss is broadly contemporaneous with the Taserssuaq
tonalite complex, from which a conventional U-Pb zir-
con age of 2982 + 7 Ma was reported by Garde ef al.
(1986; Table 1).

The tonalitic gneiss comprises numerous members
of variable size and composition, which were succes-
sively emplaced into each other; much of the orthogneiss
is polyphase even on outcrop scale. This is most easily
recognised in the eastern amphibolite facies part of the
area, where original boundaries between successive
intrusive phases with slightly different colour indices
are sharp and well preserved even where the rocks
are strongly deformed (Fig. 31). Elsewhere the exten-
sive recrystallisation accompanying first granulite facies
and then retrogressive metamorphism has led to the
development of blebby texture and more or less effec-
tively destroyed such earlier lithological details (see
Figs 32, 33; Garde, 1990, and discussion of blebby tex-
ture p. 81).

The tonalitic orthogneiss is generally medium-grained
and composed of quartz, plagioclase (around An,s,
commonly antiperthitic), minor interstitial K-feldspar,
hornblende brown biotite or both, and accessory apatite,
zircon, and magnetite-ilmenite intergrowths or pyrrhotite
(Fig. 34). Granulite facies equivalents commonly con-
tain both hornblende and hypersthene. In retrogressed
gneiss hypersthene is variably replaced by fine-grained
intergrowths of blue-green amphibole and quartz, and
sheaves of secondary pale brown or green biotite com-
monly overgrow the iron-titanium oxides; large varia-
tions in the completeness of retrogression may be
observed even within one thin section (Figs 35, 30).
Occasionally two morphologically and composition-
ally different phases of biotite have been observed in
retrogressed grey gneiss, typically in the form of sheaves
of brown biotite a few millimetres large and much
smaller interstitial flakes of greenish biotite with very
low titanium contents (see section on geochemistry).
The presence of two different biotite generations may



suggest that more than one episode of retrogression
occurred in parts of the area.

A distinctive field type of homogeneous tonalitic
gneiss, characterised by relatively coarse grain size and
conspicuous clots of retrograde amphibole and biotite,
occurs on Qeqertaussaq and west of Serquartup ima
around central Fiskefjord. This rock type forms a roughly
equidimensional body more than 5 km in diameter,
although its exact boundaries have not been delineated
and are partly concealed by the fjord. In terms of tex-
ture and general field appearance it resembles retro-
gressed, relatively mafic parts of the Taserssuaq tonalite
complex described below, and like this complex it may
have been emplaced late amongst the tonalitic
orthogneisses. Another variety of partially retrogressed
grey gneiss, mainly of granodioritic composition, occurs
around the head of Fiskefjord and north of Tovqussap
nuni (Plate 1; Garde, 1989b). This variety has charac-
teristic purplish weathering colours and was described
as ‘purple gneiss’ by Berthelsen (1960). It is not certain
if the purple colour is related to a particular composi-
tion, a particular stage of retrogression, or both.

The tonalitic orthogneiss commonly contains metre-
sized enclaves of its host rocks, especially within a few
hundred metres from the margins of larger bodies of
supracrustal rocks. This spatial association suggests that
most enclaves were only transported over short distances
within the tonalite magmas. The most common enclaves
are composed of amphibolite, but in the vicinities of
the previously described layered complexes and around
Ulamertoq both amphibolite and ultrabasic or ultra-

Fig. 37. Flat-lying sheets of syn-
kinematic granitic gneiss
(mesoperthite granite) with
discordant margins to dioritic
gneiss. 1 km south of Quagssip
aldnguata tasé in the central part
of the Fiskefjord area.

mafic enclaves occur in the gneiss. Both dioritic and
tonalitic orthogneisses in the south-western part of the
Fiskefjord area, and on northern Tovqussap nuni, con-
tain numerous enclaves of leucogabbro and anorthosite.
South of Igdlutalik, an inlet of outer Fiskefjord, there
are very common elongate diorite enclaves in the
tonalitic host, probably derived from neighbouring
dioritic bodies.

Trondhjemitic gneiss

Certain areas up to a few square kilometres are dom-
inated by trondhjemitic, biotite-bearing orthogneiss.
However, in most places this lithology could not be
clearly differentiated in the field from the main phase
of tonalites. One such area is located west of the head
of Fiskefjord, where trondhjemite sheets up to ¢. 500 m
thick were emplaced into supracrustal amphibolite and
subsequently participated in repeated folding. Other,
similarly deformed sheets occur at the outer coast south
of Fiskefjord. Like the adjacent tonalitic gneiss these
trondhjemites display distinct recrystallised, blebby tex-
tures although the mafic, mainly biotitic, clots are few
and far apart. Trondhjemite emplacement, deformation
and metamorphism matches that of the surrounding
tonalitic gneiss, and the trondhjemites are believed to
be cogenetic with the tonalitic gneiss. Other trond-
hjemites form the cores of late, elongate dome-like
structures up to a few kilometres in size, for example
north of Qorngualik south of outer Fiskefjord.
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Fig. 38. Isochron diagrams of not previously published Rb-Sr data.
(a) Taserssuaq tonalite east of Qugssuk, (b) Finnefjeld gneiss,
and (¢) Qugssuk granite east of Qugssuk (See also Table 1). The
data set is listed in Table 2.
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Trondhjemitic rocks also occur within the granulite
facies dioritic gneiss in the south-western part of the
Fiskefjord area, usually as thin sheets. Biotite is normally
the only mafic mineral, but dark antiperthitic plagio-
clase and smoky blue quartz suggest pre- or syn-gran-
ulite facies emplacement. Similar rocks occur further
south in Nordlandet, where they have been termed
Kua granulite (Macdonald, 1974) and Imartuneq gran-
ite complex (Reed, 1980). Both the latter author and
McGregor (1993) suggested that they are products of
partial anatexis during granulite facies metamorphism.

Granodioritic and granitic gneiss

Small bodies of leucocratic granodiorite and granite, most
of which have been emplaced before or during the
granulite facies event, occur in the central and west-
ern parts of the Fiskefjord area. The granitic rocks most
commonly form sheets of very variable thickness (from
a few centimetres to maximum c. 1 km), which are
locally discordant to gneissic foliation in their host
rocks. They have frequently been emplaced more or
less concordantly along boundaries between amphibolite
and orthogneiss (e.g. on Tovqussap nuna and south-
west of Quagssip aldnguata tasé), as sheets subparal-
lel to earlier foliation in dioritic gneiss (Fig. 37), or they
form irregular bodies within tonalitic or dioritic gneiss
(e.g. south of outer Fiskefjord). An elongate, ¢. 2 km
long granite dome occurs at Oqimiap taserssua. Around
the sound Piatdq north of Tovqussap nunia granodi-
oritic and granitic rocks constitute larger areas that may
represent continuations of the largest sheets on north-
ern Tovqussap nuni. The granitic rocks are medium
grained and biotite-bearing and have granular, equidi-
mensional mineral textures suggesting more or less
complete solid state recrystallisation. They either con-
tain mesoperthite feldspar (indicative of crystallisation
above the alkali feldspar solvus, i.e. under granulite
facies conditions), or feldspar mosaics of antiperthitic
plagioclase and microcline (probably also recrystallised
from an intermediate alkali feldspar precursor). Biotite
is concentrated in rare aggregates a few millimetres
large, and magnetite is a common accessory.

Local granitic rocks within the granulite facies areas
(e.g. south-west of Kingigtoq) post-date the peak meta-
morphic event and may be contemporaneous with syn-
or post-retrogression granitic rocks in the eastern part
of the Fiskefjord area (see pp. 45—48).



Taserssuaq tonalite complex

The Taserssuaq tonalite complex is a large, homoge-
neous, late-tectonic body akin to the grey gneiss. It
was first identified during reconnaissance mapping
(Allaart et al., 1977) and was briefly described by Garde
et al. (1983), Kalsbeek & Garde (1989) and Nutman &
Garde (1989). The complex covers more than 1500 km?
in the Isukasia area (Garde, 1987) and the north-east-
ern part of the Fiskefjord area. It forms an important
element in the evolution of the Akia terrane, and a
summary description is presented here. Garde et al.
(1986) interpreted a zircon U-Pb age of 2982 + 7 Ma
(analyst R. T. Pidgeon, Western Australian Institute of
Technology) as the age of intrusion. Rb-Sr data (Garde
et al., 1986) gave a whole rock age of 2882 + 36 Ma
(initial ¥’Sr/%Sr = 0.7017 + 0.0002, MSWD = 1.57), and
Rb-Sr mineral isotopic data indicated thermal events at
¢. 2500 and 1700 Ma. The Rb-Sr age was interpreted
by Garde et al. (1986) as probably reflecting mobility
of Rb associated with retrogression, as suggested by
Kalsbeek & Pidgeon (1980) for orthogneisses in the
Fiskenaesset area, southern West Greenland (see also
pp- 79-81). A subset of samples from the Rb-Sr data
set discussed above, collected from predominantly gra-
nodioritic rocks in the southernmost part of the com-
plex east of Qugssuk, gives an age of 2930 + 100 Ma
(initial 87Sr/%°Sr = 0.7020 + 0.0008, MSWD = 5.00), see
Table 2 and Fig. 38a. These samples do not appear to
have been subject to retrogression.

The Taserssuaq tonalite is locally discordant to the
host grey gneiss, although most boundaries are ambigu-
ous or transitional, and its emplacement post-dates
early grey gneiss — amphibolite folds. The western
boundary zone possesses a steep but commonly indis-
tinct schistosity developed during syn-emplacement
deformation (Garde er al., 1983). The interior of the com-
plex generally has a weak flat-lying S fabric and is less
deformed than its margins and the surrounding gneiss.
Nutman & Garde (1989) presented evidence that the
Taserssuaq tonalite complex is mushroom-shaped and
was emplaced in a diapiric fashion.

Most of the complex consists of homogeneous
tonalitic rocks; granodioritic and granitic members occur
in addition to tonalite in its southern part. This part of
the complex also contains lensoid enclaves and sheets
of homogeneous or indistinctly layered, medium-
grained, hornblende-bearing dioritic and gabbroic rocks,
which vary in length from decimetres up to ¢. 2 km.
Their chemical compositions (see p. 65) suggest that
most of them are cogenetic with the tonalite complex;

Table 2. Rb-Sr whole rock data for Finnefjeld gneiss
complex, Taserssuaq tonalite complex and Qugssuk granite

Rb ppm Sr ppm 87Rb/®Sr 87Sr/ 86Sr
Finnefjeld gneiss complex
339638 47 323 0.415 0.7203
339644 27 38l 0.209 0.7108
339645 44 459 0.272 0.7138
339647 53 354 0.430 0.7205
339648 56 323 0.500 0.7237
339650 38 360 0315 0.7156
339652 53 414 0.376 0.7179
339655 48 466 0.295 0.7148
Taserssuaq tonalite complex
283315 79 488 0.479 0.7200
283319 128 139 2.693 0.8157
283321 90 281 0.944 0.7433
283328 80 328 0.692 0.7318
283334 76 163 1.399 0.7612
283340 72 325 0.640 0.7286
283341 55 506 0.327 0.7155
283372 45 540 0.245 0.7131
283373 60 572 0.304 0.7145
Qugssuk granite
283322 104 104 2.974 0.8258
283350 126 159 2316 0.8031
283367 105 414 0.736 0.7335
283375 167 268 1.815 0.7765
283376 87 358 0.701 0.7339
283377 142 85 4.973 0.9064
283378 133 60 6.693 0.9800
283379 147 132 3.259 0.8393

Analytical methods as described by Garde et al. (1986); the preci-
sion of Rb/Sr measurements is within c. 1% (20), and of ¥'Sr/*Sr
measurements better than 0.0002 (20). See also Fig. 38.

the absence of such rocks in the neighbouring grey
gneiss supports this interpretation.

A shallowly dipping compositional layering of igneous
origin can locally be seen within the central part of the
complex. The layering is defined by modal variations
of hornblende and plagioclase and may stretch over hun-
dreds of metres. Such layering, which is not usually
found within sheeted grey gneiss of similar composi-
tion, indicates that individual batches of Taserssuaq
tonalite magma had more time to differentiate during
crystallisation and were therefore larger than the batches
of magma that formed the earlier sheets of grey gneiss.
In addition to local igneous layering the complex is char-
acterised by subhedral, 1-2 c¢cm large feldspar crystals
set in a medium-grained quartzo-feldspathic matrix
with granitic texture, and scattered, few millimetres
large hornblende-biotite aggregates. A small part of the
complex east of lake Taserssuaq carries granulite facies
parageneses (Allaart, 1982), and some areas within the
central and particularly the western parts of the com-
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Fig. 39. Thin section of biotite-bearing Taserssuaq tonalite in

amphibolite facies. Small irregular biotite grains along the mar-
gins of larger biotite grains indicate partial retrogression of the
primary amphibolite facies paragenesis. GGU 289287, 7 km
north-east of the head of Qugssuk.

plex commonly have recrystallised, blebby textures
indicative of retrogression from granulite facies. Growth
of secondary biotite was also observed in some rocks
with primary amphibolite facies parageneses (Fig. 39),
which suggests that the effects of retrogression extended
beyond the area formerly of granulite facies.

In summary, the Taserssuaq tonalite complex is in
many ways similar to the surrounding grey gneiss but
was intruded relatively late and in larger batches.
Inclusions of supracrustal rocks are uncommon, but
there are cogenetic dioritic and gabbroic enclaves.

Finnefjeld gneiss complex

The Finnefjeld complex was first described by Berthelsen
(1957, 1962), who studied its north-western boundary
area. The main part of the complex is located in the
Maniitsoq (Sukkertoppen) district to the north, but its
south-eastern margin reaches down into the Fiskefjord
area (Plate 1). No precise age has so far been obtained
from the Finnefjeld gneiss complex; the field evidence
seems to suggest that it may be younger than the
Taserssuaq tonalite complex. A conventional U-Pb zir-
con age of 3067 9 Ma was obtained from a sample col-
lected 3 km south-east of Sisak (GGU 339641: one
concordant and two discordant size fractions of light
brown, idiomorphic to slightly corroded crystals, B. T.
Hansen, personal communication, 1990). A Rb-Sr whole-
rock age of 3058 + 123 Ma (initial ¥Sr/*°Sr = 0.7012 +
0.0007, MSWD = 4.7), obtained by S. Moorbath, University
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of Oxford, from samples scattered along the mainland
coast, was reported by Garde (1990). A second Rb-Sr
data set from samples collected around Sisak in the
southern part of the complex is very similar (3034 + 140
Ma, initial ¥St/%6Sr = 0.7017 + 0.0007, MSWD = 0.83),
see Fig. 38b and Table 2. Pb-Pb whole rock analysis of
12 samples collected on the island Talerulik gave a best
fit line of 2700 *3%) Ma, MSWD = 20.74, model u1 = 7.59
(P. N. Taylor, personal communication, 1987); this data
set is difficult to interpret but may suggest an isotopi-
cally inhomogeneous source, contamination with
unradiogenic Early Archaean lead during magma emplace-
ment, or later Pb metasomatism, or both.

The interior parts of the Finnefjeld gneiss complex
are only poorly known from helicopter reconnaissance
(Allaart et al., 1978) and from unpublished surveys dur-
ing mineral exploration by Kryolitselskabet @resund A/S.
Its southern boundary zone on the mainland north of
Tovqussap nuna and adjacent islands along the north-
ern boundary of the Fiskefjord map area were sur-
veyed in detail by Marker & Garde (1988) who revised
earlier interpretations of the complex.

The Finnefjeld gneiss complex resembles the
Taserssuaq tonalite complex in several ways. Both
complexes consist of a number of large, generally
very homogeneous intrusions of predominantly
tonalitic rocks which locally preserve igneous layer-
ing, and which were emplaced into already folded and
metamorphosed units of supracrustal rocks and Middle
Archaean grey gneiss. The main difference between
the two complexes is that the Finnefjeld gneiss clearly
post-dates the granulite facies event. It has indis-
putable intrusive contacts with grey gneiss and
supracrustal rocks, and in the south-eastern border
zone transects their common large-scale structures at
large angles (Plate 1; Marker & Garde, 1988, fig. 2).
Four intrusive phases were identified, all of which have
equilibrium amphibolite facies parageneses without
signs of earlier granulite facies metamorphism or per-
vasive retrogression; Fig. 40 shows a typical lithology.
Marker & Garde (1988) noted, however, that the com-
plex also contains local older gneissic enclaves with
a more complex history. The latest intrusive phases
of Finnefjeld gneiss are granodioritic to granitic in
composition and constitute a hybrid border zone
along the grey gneiss, which probably includes par-
tially remobilised material derived from the latter
rocks.

Whereas the south-eastern hybrid border zone itself
is an area of low strain, several NNE- to NE-trending
zones of strong deformation occur inside the complex,



Fig. 40. Typical exposure of homogeneous, medium-grained
Finnefjeld gneiss with elongate plagioclase aggregates set in a
granitic matrix. 500 m north of Sisak.

e.g. on the island Talerulik and in the mainland north
of Sisak (Fig. 41). These high strain zones have a dis-
tinct steep to vertical schistosity, commonly combined
with tight upright small-scale and larger folds and a shal-
low south to south-westerly plunging mineral or inter-
section lineation parallel to fold axes. Marker & Garde
(1998) tentatively concluded that these structures were
developed in a NW-SE compressional stress field dur-
ing or soon after intrusion in an overall transpressional
setting. A component of transcurrent simple shear may
also have been present.

Emplacement mechanisms of tonalitic
magma

Nutman & Garde (1989) discussed emplacement mech-
anisms of grey gneiss and Taserssuaq tonalite. They
noted that the supracrustal rocks were intruded first by
sheeted grey gneisses and then by the domal Taserssuaq
tonalite complex. At early stages of magmatic accretion,
the tonalitic magma would be emplaced into shallow,
cool supracrustal rocks with up to about 5 wt% water,
and would exploit hydraulic fractures. If the fractures
were formed in an environment of extension or mod-
erate compression, the intrusive sheets would be shal-
low or moderately inclined, assuming subhorizontal
orientation of the maximum stress. Subsequent larger
batches of magma such as those forming the dome-
shaped Taserssuaq tonalite or Finnefjeld gneiss com-
plexes would be intruded into sialic crust that was
already thickened, drier (c. 1 wt% water), but now also
much hotter and more ductile.

Fig. 41. NNE-trending high strain zone in Finnefjeld gneiss about
1.5 km north of Sisak with tight upright folds and axial planar
pegmatite.

Structural evolution

A general picture of the deformational history that
accompanied magmatic accretion of middle conti-
nental crust in the Fiskefjord area — sheets of grey
gneiss, large tonalite complexes, and late granites —
can be acquired by integrating observations in dif-
ferent parts of the area. Around central and outer
Fiskefjord interleaved supracrustal rocks and grey
orthogneiss outline well-exposed interference pat-
terns between two or three sets of superimposed folds.
In other parts of the area interference patterns have
been modified by prominent younger, N-S trending
high strain zones, and by domes with cores of younger
granites. Other parts of the area, those underlain by
the Taserssuaq tonalite and Finnefjeld gneiss com-
plexes, have not been subject to strong penetrative
deformation.

Interpretation is complicated because most struc-
tures in the Fiskefjord area are products of both semi-
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Fig. 42. Complex relationship between supracrustal amphibolite

and polyphase orthogneiss, produced by both igneous processes
(the splitting and interfingering nature of the intrusive leucocratic
rock) and solid-state ductile deformation (isoclinally folded
amphibolite screen and s-shaped small-folds in right part of the
picture). 8 km east of Ulamertoq.

crystalline deformation during magma emplacement
and subsequent solid state deformation, as can com-
monly be observed on outcrop scale (Fig. 42). Besides,
it has been demonstrated both in the field and
experimentally that several successive events of defor-
mation are not always necessary to produce super-
imposed folds. For example, Ramberg (1967) and
Wikstrom (1984) have shown by experiments and
field studies that ‘synchronous refolding’ can occur,
for instance, by diapiric movements in ductile rocks,
or by interaction between gravity-induced diapiric
structures and contemporaneous folding in response
to a lateral stress field. However, for reasons given
below it is plausible that at least three separate phases
of folding involving grey gneiss have occurred in the
Fiskefjord area.
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Distribution of supracrustal rocks within
the orthogneiss

Much of the deformation history of the Fiskefjord area
is monitored by the distribution and shapes of bodies
of amphibolite and related supracrustal rocks, which
form structural markers in the otherwise rather mono-
tonous orthogneiss. These patterns also reflect the pri-
mary relationships between the two groups of rocks as
discussed elsewhere.

In most of the Fiskefjord area, namely where tonalitic
and trondhjemitic orthogneisses predominate, older
supracrustal rocks form up to about 20 per cent of the
outcrop (Plate 1). In some of these areas, for instance
north of Qugssuk and on Tovqussap nuna, they form
many kilometres long, multiply folded layers which are
linked with each other through complex fold structures
that also incorporate the intercalated intrusive ortho-
gneiss. In other areas such as north of outer Fiskefjord,
amphibolite and related rocks mostly occur as separate
enclaves ranging between a few centimetres and sev-
eral kilometres in length.

Supracrustal rocks are less common in the large tracts
of dioritic orthogneiss that constitute most of the main-
land south of Fiskefjord and Nordlandet farther south.
The Taserssuaq tonalite and the Finnefjeld gneiss com-
plexes appear to be largely without such enclaves,
although their margins have in some places intruded
and agmatised supracrustal units.

Outline of principal structural elements

The structural elements in various parts of the Fiskefjord
area that together mark its structural evolution may
well be representative of the entire Akia terrane. The
north-western, north-eastern and south-eastern parts
of the area are all characterised by complex, multiply
folded outcrop patterns, frequent changes in the ori-
entations of structural elements, and structures up to
about 10 km in size (Berthelsen, 1960; Lauerma, 1964;
Garde, 1986; Garde er al., 1987). These structures
appear to have been developed during the early phases
of the ¢. 3000 Ma continental crustal accretion. The
central and southern parts are dominated by some-
what larger structures in the lithologically very homo-
geneous, granulite facies areas of c¢. 3220 Ma
Nordlandet dioritic gneiss. The dioritic rocks contain
sporadic trains of small leucogabbroic and other inclu-
sions, which outline large recumbent folds, e.g. north
of Oqumiap taserssua. As in the above mentioned



areas these recumbent folds are folded by smaller
upright folds (see p. 41).

Several other tracts are characterised by prominent,
N-S trending structure with distinct steeply dipping
schistosity, subhorizontal linear elements and large iso-
clinal folds. Some of these N-S trending high strain
zones occur along the margins of dioritic gneiss units
in the southern part of the area. Another, major high
strain zone follows the west coast of inner Godthabsfjord
and continues northwards through the head of
Fiskefjord; this zone was established before or during
the granulite facies event, with later reactivation. Still
others occur in the peninsula east of Qugssuk, where
they separate areas of open and variable structure. The
Finnefjeld gneiss complex contains several NNE-trend-
ing high strain zones close to its south-eastern margin
which may possibly be related to the above structures
although they are younger (see p. 45).

Several dome-shaped structures were developed late
in the structural evolution; most have cores of leuco-
cratic tonalite, trondhjemite or granite. Lauerma (1964)
described the almost 10 km large Ipernat dome west
of Nangissat, and Berthelsen (1950) mapped a smaller
one around Qaersup ilua in the western part of
Tovqussap nuna. Other domes or partial domes with
cores of leucocratic orthogneiss occur at Qegertaussaq,
south of Oqumiap taserssua, at Quagsugtarssuaq, and
north of Narssarssuaq. The Igadnanguit granodiorite (see
p. 45) forms a ¢. 20 km long, NNE-trending compos-
ite dome ¢. 10 km north-east of the head of Fiskefjord.

Early phases of deformation on Tovqussap
nuna

Berthelsen (1960) published a detailed account of the
structural evolution of Tovqussap nuni in the north-
western part of the Fiskefjord area and recognised four
main phases of deformation. The first two, the Midterhgj
and Smalledal phases, resulted in large recumbent iso-
clinal folds with NW-, and ENE- to NE-trending axes
respectively. The Tovqussap dome, a prominent struc-
ture in the western part of Tovqussap nuni, was inter-
preted to have formed by a combination of several
factors, including both antiformal folding of earlier
structures and (?diapiric) movement of material towards
the top of the structure. Berthelsen placed the dome-
forming episode after the two first phases of defor-
mation. The subsequent Pakitsoq phase resulted in a
series of conspicuous upright to overturned, open to
tight folds of moderate size with SE- to S-plunging

axes. Their wavelengths are ¢. 2-3 km (much shorter
than those of the recumbent folds), their hinge zones
are more angular, and they were commonly accom-
panied by a new axial planar foliation and mineral or
rodding lineation. The Pakitsoq phase of deformation
took place contemporaneously with the culmination
of metamorphism under granulite facies conditions.
Berthelsen (1960) did not discuss the possibility of
‘synchronous refolding’, but the above mentioned dif-
ferences between the Smalledal phase of recumbent
folds and the Pakitsoq phase of upright folds suggest
that this possibility is unlikely.

Berthelsen’s structural analysis led him to assume
that Tovqussap nuni originally consisted of a con-
formable, around one kilometre thick pile of
supracrustal rocks. This was a reasonable conclusion
at the time, considering the prevailing conceptions
about the origin of grey gneiss; it was not widely recog-
nised until a decade later that the bulk of Archaean
grey gneisses are of intrusive igneous origin (e.g.
McGregor, 1973). The granitic rocks on Tovqussap
nuni were interpreted by Berthelsen (1960) as formed
by in situ granitisation, not as (late) intrusive bodies.
Berthelsen (1960, p. 212) was aware that part of his
structural analysis would fall apart if some or all of the
isoclinal fold closures he had described or interpreted
could instead be shown to be the tips of wedge-shaped
intrusions. However, the geological map (Plate 1 in
Berthelsen, 1960) that forms the basis for his analysis
is very accurate and mostly covers well-exposed ground.
Accordingly, a substantial part of the structural evolu-
tion he proposed for Tovqussap nuna can be recog-
nised with appropriate modifications in much of the
Fiskefjord area.

One element that warrants revision or at least com-
menting is Berthelsen’s (1960, p. 147) earliest, Midterhgj
phase of deformation. Berthelsen based the Midterhg;j
phase on an interpretation of one apparent isoclinal
fold closure outlined by an amphibolite with a core of
leucocratic gneiss, and another inferred, unexposed clo-
sure, both located in the upper flank of a later fold.
The Midterhgj phase was only recognised in the east-
ern part of Tovqussap nuni, and in view of the intru-
sive origin of the rock in the core of Berthelsen’s
supposed isoclinal closure, it is unlikely that the
Midterhgj phase exists here. However, an early phase
of deformation with isoclinal folds of similar orienta-
tion has later been documented from central Fiskefjord.
These folds were refolded during two events which
match Berthelsen’s Smalledal and Pakitsoq phases (see
the following sections).
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Fig. 43. (@) Superimposed folding north-east of Ttivneraq, south of outer Fiskefjord. Axial surfaces of N-S trending folds belonging to
the Pakitsoq phase are marked as (2) and have shallow south-plunging axes. These folds are superimposed on an earlier set of over-
turned to recumbent isoclinal folds (1), which also have south-plunging axes but originally had E-W trending axial surfaces.

(b) Stereographic projections of poles to layering and schistosity from the northern and southern parts of the area. In both subareas
the poles show considerable scatter relative to a constructed great circle but indicate a persistent southerly axial plunge.

(o) Strike and dip measurements of layering and schistosity within two hinge zones of the early folds (phase 1) suggest that also the
early folds had southerly axial plunges.
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Thrusting of orthogneiss and amphibolite
on Angmagssiviup nund prior to isoclinal
Jfolding

In the western part of Angmagssiviup nuna, M. Marker
(personal communications, 1987, 1995) mapped an up
to ¢. 200 m thick, compositionally banded amphibolite
— grey gneiss sequence (Garde, 1989b). The banded
sequence consists of tonalitic gneiss in granulite facies
and retrogressed to amphibolite facies with closely
spaced, parallel bands of amphibolite on a scale of
centimetres to decimetres, and the composite rock has
distinct schistosity. The banded sequence can be fol-
lowed through isoclinal fold closures belonging to the
earliest phase of folding (see below) and is interpreted
by M. Marker as having resulted from tectonic mixing
of orthogneiss and amphibolite units during early thrust-
ing at a shallow crustal level. The banded sequence is
thus considered to represent the earliest episode of
deformation that comprises both the supracrustal asso-
ciation and the ¢. 3000 Ma grey gneiss.

Refolded folds around central and outer
Fiskefjord

Garde et al. (1987) described two areas between
Igdlutalik and Tasiussarssuaq north of central Fiskefjord,
and south-west of Serquartup ima south of central
Fiskefjord, where early isoclinal folds with amplitudes
of several kilometres are folded by a second set of
large, flat-lying, E-W trending isoclinal folds. These are
in turn refolded by upright, NE-SW trending open folds
with smaller wavelengths (in the order of 1-2 km) and
shallow NE-trending doubly plunging axes. Garde et
al. (1987) ascribed these folds to three successive phases
of deformation, which closely correspond to the
Midterhgj, Smalledal and Pakitsoq phases of Berthelsen
(1960).

Other early isoclinal folds occur, for instance, in
granulite facies Nordlandet dioritic gneiss west of
Qorngualik; it is possible that the earliest structures in
this region predate the c¢. 3000 Ma crustal event.
McGregor (1993, fig. 5) described a large synclinorium
with a width of ¢. 15 km south-west of Natsigdlip tasia
(in the border area between the Q6rqut and Fiskefjord
map areas), the northern part of which refolds an iso-
clinal fold outlined by trains of leucogabbroic inclusions
west of Qdrngualik. The synclinorium is refolded by a
series of asymmetric south-plunging folds with wave-
lengths less than 1 km, which are contemporaneous with

the ¢. 3000 Ma granulite facies metamorphism and can
be correlated with folds of the Pakitsoq phase further
north.

The Pakitsoq phase of upright to overturned, NE-SW
to N-S trending folds with wavelengths less than ¢. 5 km
is recognised in most parts of the Fiskefjord area. Figure
43 shows an example east of Itivneraq, outer Fiskefjord.
Here, folds of the Pakitsoq phase with south-plunging
axes refold recumbent folds with similar fold axis ori-
entations. Garde et al. (1987) described NNW-trend-
ing structures with apparent domes and basins in the
north-western part of the Fiskefjord area, e.g. north-
west of Tasiussarssuaq. These are now interpreted as
folds belonging to the Pakitsoq phase with axial cul-
minations and depressions controlled by pre-existing
structures.

North—south trending bigh strain zones

Several localised N-S and NNE-trending, steep to ver-
tical zones of relatively late high strain occur in the
central and eastern parts of the Fiskefjord area. The most
prominent is the Qugssuk—Ulamertoq zone (Fig. 44).
This runs along the west coast of Qugssuk, continues
northwards towards Fiskefjord along the eastern shoul-
der of the ridge Ulamertoq, and from there follows the
head of Fiskefjord further north into the Isukasia map
area (with a dextral offset of ¢. 2 km along the
Proterozoic Fiskefjord fault, see p. 85). The zone largely
comprises orthogneiss of tonalitic and dioritic compo-
sition, several large amphibolites, and a prominent,
¢. 25 km long and up to ¢. 800 m wide layer of dioritic
gneiss which crosses Fiskefjord. Some of the thickest
amphibolite bodies in the Qugssuk—Ulamertoq zone
outline large upright isoclinal folds with steep to ver-
tical limbs. Their fold axes plunge ¢. 15° S, and fold
axis-parallel hornblende lineation is common. In the
hinge zones small scale, recumbent, shallow south-
plunging isoclinal folds are outlined by amphibolite
interleaved with thin orthogneiss layers. The latter folds
are believed to predate the upright isoclinal folds.
Besides, small, more or less symmetrical isoclinal folds
with subvertical axial surfaces occur in the limbs of the
regional folds; these folds could be either reorientated
earlier folds or parasitic to the regional folds.

A large part of the orthogneiss within the zone is ret-
rogressed and has an irregular quartzo-feldspathic net-
veining and a diffuse, undeformed, blebby texture of
secondary, centimetre-sized biotite-amphibole patches
(e.g. Fig. 32). Areas of granulite facies tonalitic gneiss
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Fig. 44. (@) Simplified map of the Qugssuk—Ulamertoq zone, a N=S trend-
ing zone of high strain in the eastern part of the Fiskefjord area estab-
lished during the ¢. 3000 Ma granulite facies event. (b) Inset map of the

area east of Ulamertoq.



Fig. 45. Partially retrogressed grey gneiss
with indistinct quartzo-feldspathic network.
Qugssuk—Ulamertoq zone 200 m west of
the head of Fiskefjord.

Fig. 46. Retrogressed orthogneiss with
folded enclave of amphibolite. The
strong planar fabric of the retrogressed
orthogneiss in the central part of the
picture suggests syn-retrogression
deformation in this zone. East coast of
island in inner Fiskefjord c. 5 km east of
Kalik.

with equigranular mineral textures, which have par-
tially or completely escaped retrogression, cover irreg-
ular areas up to several square kilometres in size inside
the Qugssuk—Ulamertoq zone (Fig. 44). Also, some
parts of the dioritic gneiss layer that crosses the inner
part of Fiskefjord have retained granulite facies para-
geneses and may have a distinct (granulite facies) schis-
tosity (Fig. 27), whereas other parts (e.g. just west and
south of Fiskefjord) have secondary amphibolite facies
textures developed during static retrogression (Fig. 45).

The Qugssuk—Ulamertoq zone also contains local nar-
row tracts of retrogressed orthogneiss, a few decimetres
to tens or hundreds of metres wide, with a distinct late
schistosity that affects the retrograde biotite-amphibole
patches (Fig. 46). In these tracts the thin quartzo-felds-

pathic veins commonly visible in retrogressed gneiss are
reorientated and parallel to the new schistosity. Likewise,
observations by V. R. McGregor (personal communica-
tion, 1995) along the western coasts of Godthabsfjord
and Qugssuk indicate that ductile deformation proceeded
there after the onset of retrogression.

The relationships described above between map-
and outcrop-scale structures and granulite facies and
retrogressive textures in the Qugssuk—Ulamertoq zone
indicate that its pervasive N-S structural grain, includ-
ing the apparent transposition of earlier folds into
upright isoclines, was developed while granulite facies
conditions still prevailed.

The Qugssuk—Ulamertoq zone and related N-S trend-
ing structures are believed to have formed principally
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in response to E=W compressional forces. Subhorizontal
elongation is indicated by the common mineral lin-
eation and shallow south-plunging orientations of fold
axes. It is possible that this elongation was also related
to a transcurrent component, but no direct evidence for
this has been observed. The previously mentioned
NNE-trending zone of strong deformation in the south-
eastern part of the Finnefjeld gneiss complex is possi-
bly related to the N-S trending high strain zones. Its
trend is a little different and it post-dates granulite facies
metamorphism, but it may overlap in time with late
movements of the N=S zones and has a similar ele-
ment of subhorizontal stretching.

McGregor et al. (1991) and McGregor (1993; personal
communication, 1995) suggested that the high-strain zone
along the western part of outer Godthabsfjord and Nuuk
town is continuous with the Qugssuk—Ulamertoq zone,
and that both developed after the assembly of the Akia
and Akulleq terranes at around 2700 Ma. While the
Qugssuk—Ulamertoq zone appears to have been re-
activated in connection with the terrane assembly, the
available field evidence clearly suggests that it came into
existence at about 3000 Ma under granulite facies meta-
morphic conditions.

Late granitic domes and sheets

Garde et al. (1986) described the Igananguit granodi-
orite (formerly Igananguit pink gneiss) and Qugssuk
granite, two younger granitoids that crop out in the
eastern part of the Fiskefjord area (age data follow
below). Coastal outcrops of granitic rocks belonging to
the Qugssuk granite were already shown on the map
by Noe-Nygaard & Ramberg (1961). The Iganinguit
granodiorite is confined to a composite dome west of
the lake Taserssuaq. The Qugssuk granite mainly forms
steep sheets conformable with the pre-existing NNE-
trending regional structure on both sides of Qugssuk
(Plate 1; Garde, 1989b), although there are also dome-
like structures in the northern part of its outcrop area.
Both the granitoids were emplaced after the peak of
granulite facies metamorphism and associated partial
retrogression, after the accretion of tonalitic crust had
ceased at least in this part of the Akia terrane.
Granite sheets similar to the Qugssuk granite were
also emplaced into an area of ¢. 5 km? south-east of
Quagsstp taserssua, hosted by granulite facies dioritic
gneiss. Like the Qugssuk granite described below, also
these granite sheets are medium to fine grained and have
granitic textures with dispersed biotite and two feldspars

(not mesoperthite as in syn-granulite facies granites).
The granite sheets are discordant to gneissic foliation
in the dioritic host rock, which is bleached and recrys-
tallised by retrogression along the granite contacts.

Garde et al. (1986) and Garde (1989a) presented
limited geochemical data indicating that the granitoids
are much more evolved than the grey tonalitic gneisses,
and approach minimum melt compositions. With sup-
port from field evidence and isotopic data these authors
and Garde (1990) suggested that the late granitoids
were derived by partial melting of source rocks simi-
lar to the grey gneiss and Taserssuaq tonalite. Granite
geochemistry is discussed on p. 72.

Igandnguit granodiorite dome

The Iganinguit granodiorite dome is a ¢. 20 by 10 km
large composite dome located west of Taserssuaq in
the south-western part of the Isukasia map area (Plate 1;
Figs 47, 48).

The dome has a NNW-trending long axis and is
asymmetric: its western flank is much steeper (dipping
about 75°) than the eastern flank (dipping 20—40°, Fig.
47). The granodiorite which forms the interior of the
dome was emplaced into a host consisting of interlay-
ered and previously folded amphibolite and dioritic to
tonalitic orthogneiss. The dome itself is bounded along
most of its circumference by a 100-500 m thick layer
of amphibolite, which also separates it in the south-east
from the Taserssuaq tonalite complex; the position of
the north-eastern margin of the dome is only approx-
imately known (S. B. Jensen, personal communication,
1984).

The presence of more or less concentric horizons of
amphibolite inside the Igdndnguit dome suggests that
the granodiorite was in part intruded as separate sheets.
In the southern and western parts of the dome, screens
of tonalitic gneiss flank internal amphibolite layers, and
a 5 km long, bifurcated layer of dioritic gneiss occurs
in its central part. The amphibolite and older gneiss hori-
zons and trains of inclusions bring out the internal
structure of the dome (Fig 47). It consists of a ¢. 5 km
wide northern dome which is separated from a twice
as large southern dome by a shallow depression west
of Igananguit. The southern dome itself consists of sev-
eral smaller domes, which merge southwards into a
single south-plunging structure (Fig. 48).

The granitoid rock in the interior of the dome is
mostly undeformed but has a distinct schistosity in the
immediate vicinity of the older gneiss and amphibolite

45



Fig. 48. North-facing slopes in the southern part of the Igandnguit dome. An interior, ¢. 200 m thick amphibolite layer in the central

and right parts of the picture (labelled a), which dips away from the observer, outlines the shape of the dome. Other internal bound-

aries with similar orientations are also marked.

horizons. In spite of this strong foliation its intrusive
character into the latter horizons is locally well exposed,
and the amphibolites were already strongly deformed
before they were intruded by the granite magma.
Particularly in the north-western marginal part of the
dome the granodiorite commonly contains rafts of
amphibolite; some of these rafts are tightly folded with
the granodiorite, and the orientations of these (syn-
intrusion?) folds suggest shortening perpendicular to the
margins of the dome. This is also apparent from Fig.
49 which displays a section perpendicular to the inclined
north-western marginal zone of the dome: an amphi-
bolite horizon is intruded by the granite, and the result-
ing granodiorite-amphibolite agmatite stretched out in
directions parallel to the margin.

The Igdnanguit granodiorite is a fine- to medium-
grained, homogeneous and white to buff or pink-
coloured granite to granodiorite (see section on
geochemistry for composition), typically with small,
evenly dispersed biotite flakes. It locally grades into
coarse pegmatitic varieties and is in places cut by white
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or pinkish pegmatite. Under the microscope the unde-
formed granite has a more or less equigranular mosaic
texture of ¢. 1-3 mm large subhedral grains of quartz,
microcline, weakly antiperthitic plagioclase, scattered,
¢. 1 mm large euhedral biotite grains, and occasional small
pockets of myrmekitic quartz-feldspar intergrowths.
Apatite and zircon are common accessories. There are
local signs of minor recrystallisation. The granitic tex-
ture with evenly dispersed, small biotite flakes,
myrmekite, and absence of mesoperthite show that the
Iganinguit granodiorite was emplaced under amphi-
bolite facies conditions and has not been retrogressed
from granulite facies. This is taken as independent tex-
tural evidence that the Igadnanguit granodiorite is younger
than the surrounding grey gneiss, most of which has
blebby textures indicative of retrogression from granulite
facies. Former granulite facies conditions in the area are
also indicated by the common presence of ortho-
pyroxene-bearing amphibolite.

As mentioned above there are several structures in
the Fiskefjord area that may either be domes formed



Fig. 49. Deformed marginal zone of the Igandnguit granodiorite
with elongate amphibolite rafts. North-western margin of the

Igdnanguit dome, 9 km west of Taserssuaq.

by injection of magma or diapiric movement, or dome-
like structures formed due to superimposed folding. The
Igananguit dome is interpreted as a magmatic or diapiric
structure because it consists of a characteristic granitic
lithology which is largely undeformed except at its mar-
gins, and is younger than the Taserssuaq tonalite com-
plex and multiply deformed grey tonalitic gneiss which
it intrudes.

The Igananguit granodiorite is about 3000 Ma old.
Field relationships and metamorphic textures presented
here show that it is younger than the surrounding grey
gneiss and Taserssuaq tonalite complex, but Rb-Sr and
Pb-Pb isotopic investigations have given very impre-
cise results. Field observations revealed that the
Iganinguit granodiorite commonly contains millime-
tres to centimetres thick biotite-rich wisps which most
likely represent restite material from its source, and the
possibility must be considered that the granodiorite is
not isotopically homogeneous. Regression of 12 sam-
ples analysed for Rb-Sr gave an apparent age of 2935

Fig. 50. Amphibolite agmatite with numerous sheets of tonalite,

granite and pegmatite (predominantly Qugssuk granite). South-
facing cliff opposite the north-eastern end of Bjornegpen.

+ 240 Ma (initial ¥Sr/%Sr = 0.7021 + 0.004, MSWD =
9.6). The best fit for six of these samples, collected
within an area of 1 km?, was 3013 + 190 Ma (initial
87Sr/88r = 0.7013 + 0.0008, MSWD = 1.98) (Garde et
al., 1986). Pb isotopic analysis (P. N. Taylor, personal
communication, 1986) resulted in a well-fitted isochron
of 3092 + 48 Ma with a model p1 value of 7.56 for 11
samples (U1 values around 7.5 are normal for Middle
Archaean orthogneisses in West Greenland). However,
this result is heavily dependent on a single very radi-
ogenic sample (GGU 278880). Omitting this sample
the age is 3023193 Ma, model p1 = 7.47. The Pb-Pb iso-
topic data are further discussed on p. 79.

Qugssuk granite

The Qugssuk granite (Garde, 1984; Garde et al., 1986)
straddles the boundary between grey gneiss retro-
gressed from granulite facies and the Taserssuaq tonalite
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Fig. 51. Qugssuk granite (left) cutting strongly deformed, retro-

gressed grey gneiss with small elongate amphibolite enclaves.
See discussion in the main text. North coast of Qugssuk.

pluton north and east of Qugssuk. It is a medium-
grained, white to pale pinkish leucocratic biotite gran-
ite which may grade into coarse pegmatitic varieties.

A whole-rock Rb-Sr isochron age of 2969 + 32 Ma,
initial #7St/%Sr = 0.7020 + 0.0003, MSWD = 1.09, was
obtained by Garde er al. (1986). A younger but less pre-
cise Rb-Sr age was obtained from eight samples col-
lected from granite sheets on the peninsula east of
Qugssuk. These data points plot along a best-fit line
with an age of 2842 + 85 Ma, with a relatively high ini-
tial 87Sr/%Sr ratio of 0.7040 + 0.0009, and MSWD = 6.32
(Fig. 38c; Table 2). Pb isotopic data discussed by Garde
(1989a, 1990) and on p. 79 suggest open-system behav-
iour of lead.

Unlike the Igianianguit granodiorite, the Qugssuk
granite has been emplaced mainly as anastomosing
sheets up to a few metres or tens of metres thick, gen-
erally with steep or subvertical orientations roughly
parallel to the orientations of the host rocks (Fig. 50).
The granite also forms much thicker (up to ¢. 1 km)
sheets that have been intruded into the marginal zone
of the Taserssuaq tonalite complex east of Qugssuk, and
into a major amphibolite unit north of Qugssuk.
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Particularly in the latter area there are large, homoge-
neous outcrops devoid of older enclaves, and here a
couple of small dome-like structures occur.

Fig. 51 shows an example of the intrusive relation-
ship between a sheet of Qugssuk granite and retro-
gressed grey gneiss at the north coast of Qugssuk. The
interpretation by Garde (1990, p. 670) that the granite
cuts pre-existing retrogressive textures in the grey gneiss
may be true; alternatively the granite itself was the
cause of retrogression, which was brought about by
hydrous fluids liberated during solidification of the
granite (see p. 77 ff.).

Terrane assembly

The Archaean crust in the Godthabsfjord region con-
sists of several terranes with different ages, lithologies
and tectonic and metamorphic histories (Friend et al.,
1988a); the Akia and Akulleq terranes and their com-
mon tectonic boundary (Fig. 2) were first described by
Friend et al. (1988b). Their assembly is the latest
Archaean event known to have affected the Akia ter-
rane. The Ivinnguit fault that forms the terrane bound-
ary is a NE-trending, subvertical to moderately
WNW-dipping, 10-15 m thick mylonite zone, which is
best exposed on the coasts of south-eastern Bjgrnegen
and Sadelg in outer Godthabsfjord (McGregor et al.,
1991). The terrane boundary straddles the south-east-
ern corner of the Fiskefjord map area (Fig. 2).

The timing of terrane assembly is poorly constrained
but occurred in the interval between c. 2800 Ma (the
age of Ikkatoq gneisses in the Akulleq terrane which
are cut by the Ivinnguit fault) and c. 2720 Ma (the ages
of granite sheets that cut several terrane boundaries,
McGregor et al., 1991; Friend et al., 1996). Thus, a
SHRIMP zircon U-Pb age of 2712 + 9 Ma was reported
by Friend et al. (1996) from a Qarusuk dyke at the type
locality on Bjgrnegen close to the south-eastern mar-
gin of the Akia terrane. However, no such dykes have
so far been observed in the Fiskefjord area, and it is
uncertain how far the effects of the terrane assembly
can be traced north-west of the terrane boundary itself.

McGregor et al. (1991) and McGregor (1993) described
a NNE-SSW zone of strong ductile deformation con-
tinuous with the Qugssuk—Ulamertoq high strain zone
along western Godthabsfjord, which according to these
authors postdates the juxtaposition of the Akia and
Akulleq terranes. However, as discussed above, at least
the Qugssuk—Ulamertoq high strain zone itself was
established prior to the assembly of the two terranes.



Geochemistry of grey gneiss, tonalite complexes

and granitic rocks

The grey gneiss and granitoid rocks were originally
separated into a number of mappable units based on
their field relationships, mineralogical composition,
colour and texture. These field divisions are largely
supported by geochemical work presented here,

although compositional overlaps were found especially
between the dioritic and tonalitic-trondhjemitic groups.
In addition, the analytical work revealed the presence
of a distinct group of dioritic gneiss not recognised in
the field, namely the Qeqertaussaq diorite which occurs
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Fig. 53. Locations of analysed samples of tonalitic-trondhjemitic grey gneiss in the Fiskefjord area.

within an area of ¢. 300 km? around central Fiskefjord
(Fig. 52).

Figures 52 and 53 show sample locations of the main
groups of grey gneiss, and Fig. 54, a series of quartz—K-
feldspar—plagioclase ternary diagrams (Streckeisen,
1976), gives a first overview of the range of composi-
tions. In Fig. 54 the bulk of the grey gneiss and most
samples from the Finnefjeld and Taserssuaq complexes
plot in the tonalite-trondhjemite and granodiorite fields;
the grey gneiss also comprises rocks in the quartz-
dioritic and dioritic fields. The Igananguit granodiorite
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and Qugssuk granite largely plot in the granodioritic
and granitic fields, respectively.

Figure 54 is based on chemical analyses using the
cation norm calculation, with the modification that
biotite is introduced when hypersthene and K-feldspar
appear together in the norm (6hy + 5or = 8bi + 3qz).
Except for the presence of amphibole in some rocks
the modified cation norm provides fair estimates of the
modes, since orthopyroxene and K-feldspar only rarely
occur together. This formal approach to classification
gives a reasonable impression of present modal com-
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Fig. 54. Quartz—K-feldspar—plagioclase ternary diagrams (Streckeisen, 1970) for Archaean quartzo-feldspathic intrusive rocks in the
Fiskefjord area, based on modified cation norm calculations from chemical analyses (see the main text for explanation). (a) Grey
gneiss, (b) Finnefjeld gneiss and Taserssuaq tonalite complexes, (¢) Igandnguit granodiorite and Qugssuk granite.

positions, but due to element mobility during meta- by very high P,Os, LREE, Sr and Ba contents (see
morphic processes it does not reflect the original igneous below).
mineral compositions of all rocks in question. The common dioritic gneiss, which comprises both

amphibolite facies, granulite facies and retrogressed
samples, occurs over most of the Fiskefjord area (Fig.
52). Its major and trace element variations against SiO,
are continuous with those displayed by tonalitic-trond-
hjemitic grey gneiss (described in detail below), if the
The grey gneiss covers a large range of compositions latter are extrapolated to lower SiO, values (compare
from dioritic rocks with less than 55 wt.% SiO, to trond- Figs 55 and 56 with Figs 59 and 60). Besides, amphi-
hjemitic rocks with over 75% SiO,; the presentation of bolite facies, granulite facies and retrogressed samples

Common dioritic gneiss and
Qegertaussaq diorite

geochemical data follows these two large field groups: of common dioritic gneiss show some characteristic
dioritic gneiss (with less than ¢. 65% SiO,) and tonalitic- mutual differences (also found in the tonalitic-trond-
trondhjemitic gneiss (with more than ¢. 63% SiO,). hjemitic gneiss, see p. 55), namely, low concentrations
Fifty-eight rock samples described in the field as of LIL elements in granulite facies rocks, large varia-
dioritic gneiss (sample locations in Fig. 52) range tions of these elements in retrogressed rocks, and high
from c. 51 to 65% SiO, (Appendixes 5, 6; Fig. 55). They Ba and Sr contents in some retrogressed rocks. However,
consist of diorite, quartz diorite and mafic tonalite, the relatively small number of samples, the somewhat
as well as a few mafic diorites which composition- erratic distribution of SiO, contents among them, and
ally resemble andesitic leuco-amphibolites of the the limited number of sample localities make it diffi-
supracrustal rock association. The dioritic gneiss com- cult to establish if there are systematic differences in
prises two groups with distinctly different geochem- major element compositions between the three sub-
ical signatures (Figs 55-58): a large group of common groups, such as those demonstrated below for the
dioritic gneiss with general geochemical characteris- tonalitic-trondhjemitic gneiss.
tics similar to those of the tonalitic-trondhjemitic The second group, the ¢. 3050 Ma Qeqertaussaq
gneiss (which besides the c¢. 3220 Ma Nordlandet diorite, consists of a group of dioritic, quartz dioritic
dioritic gneiss may also comprise ¢. 3000 Ma old and mafic tonalitic enclaves in tonalitic-trondhjemitic

rocks), and the Qeqertaussaq diorite characterised grey gneiss. These enclaves all possess the same dis-
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tinct geochemical signature and are located around the
peninsula Qeqertaussaq in central Fiskefjord (with a dex-
tral offset of ¢. 3 km across Fiskefjord by the Proterozoic
Fiskefjord fault). The Qeqertaussaq diorite is variably
retrogressed but may contain partially preserved hyper-
sthene. In the field these rocks are indistinguishable from
retrogressed members of the common dioritic gneiss,
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of dioritic grey gneiss from the Fiskefjord area. Note LREE enrich-
ment in the Qeqertaussaq diorite. All elements analysed by INNA
(see Appendix). See Fig. 52 for sample localities.

and likewise form early and commonly fragmented
components of the grey gneiss. However, the Qeqer-
taussaq diorite is clearly geochemically different from
the common dioritic gneiss including its retrogressed
samples, being enriched in P,Os, LREE and several LIL
elements but depleted in HFS (high field strength) ele-
ments (Appendix 0; Figs 55-58) relative to rocks of the



former unit with similar SiO, content. The Qeqertaussaq
diorite has low TiO,, FeO*, MgO, CaO, Cr and Ni con-
tents and low Mg/Fe ratios, whereas it has very high
contents of especially P,Os, Pb, Ba, Sr and LREE, and
relatively high contents of Na,O, K,O, Pb, Rb and other
LIL trace elements. Zr and Y occur in similar concen-
trations as found in the common dioritic gneiss. Fig. 58
displays the strong REE fractionation of the Qeqertaussaq
diorite and its distinct positive LREE anomaly compared
to common dioritic gneiss. The HREE contents of both
groups of dioritic gneiss are significantly higher than
in the tonalitic-trondhjemitic grey gneiss (compare Figs
58 and 62).

Tonalitic-trondhjemitic grey gneiss

Major and trace element variation diagrams against SiO,
based on 122 samples (Figs 59, 60), as well as mantle-
normalised spider diagrams and chondrite-normalised
REE diagrams of representative samples (Figs 61, 62),
illustrate the chemical composition and variation of the
tonalitic-trondhjemitic gneiss. Sample localities are
shown on Fig. 53, and representative compositions and
bulk averages are listed in Appendixes 7-8. The figures
also highlight compositional differences between amphi-
bolite facies (un-retrogressed) rocks, granulite facies
rocks, and retrogressed rocks (also in amphibolite facies,
but with disequilibrium mineral textures and compo-
sitions).

The major element compositions of the three groups
of tonalitic-trondhjemitic gneiss (Appendixes 7, 8) are
typical for intermediate to acid rocks of the tonalite-
trondhjemite-granodiorite (TTG) suite (see e.g. reviews
by Condie, 1981 and Martin, 1994), and plotted against
SiO, (Fig. 59) most major element oxides only display
moderate scatter, suggesting that the rocks may have
been formed by similar magmatic processes. However,
both Na,O and K,O and several LIL trace elements
show large variations in the retrogressed gneiss (see
below). Besides, Fig. 59 suggests that the granulite
facies gneiss group has higher FeO*, MgO and CaO and
lower Al,O;, Na,O and K,O concentrations than the two
other groups, and FeO* and MgO appear to be more
variable in retrogressed gneiss than in the amphibolite
and granulite facies groups.

In order to investigate if these apparent differences
between gneisses with different metamorphic facies
are statistically significant, covariance tests between the
three groups of grey gneiss were performed for all
major element oxides against SiO, (major elements

recalculated to 100%), whereby the silica content of
each sample could also be taken into account. The test
confirmed that the differences are all significant at the
99% confidence level (F-values above 7.50, critical F 9
= 4.78), except for TiO, and P,0O5 where there is no
significant difference (F-values of 0.80 and 0.74 respec-
tively). A linear relationship between each major ele-
ment oxide and SiO, was assumed in the covariance
tests; this is not true for K,O, but Fig. 59 itself shows
that the differences in K,O are very large.

Amphibolite facies, granulite facies and retrogressed
orthogneiss have different LIL trace element composi-
tions, and examples of Rb and Pb are plotted against
SiO, in Fig. 60. Amphibolite facies gneiss has normal,
and granulite facies gneiss very low concentrations of
these elements compared to average Archaean TTG
from the literature sources quoted above. Retrogressed
gneiss has lower LIL element concentrations than amphi-
bolite facies gneiss, but there are large variations irre-
spective of SiO, content. Sr and Ba show different
distributions (Fig. 60). Compared to average ‘Archaean
TTG’ (Sr = 454 ppm, Ba = 690 ppm, Martin’s, 1994, com-
pilation), the concentrations are normal to low in both
amphibolite facies gneiss and granulite facies gneiss
(average amphibolite facies: Sr = 382 ppm, Ba = 691
ppm; granulite facies: Sr = 417 ppm, Ba = 430 ppm,
Appendix 7). However, in retrogressed gneiss both Sr
and Ba concentrations are above average Archaean
TTG (average 692 and 809 ppm, respectively, Appendix
8). A few of the latter samples have Sr and Ba con-
centrations above c. 900 and 1500 ppm together with
high concentrations of P,0s, LREE and other LIL ele-
ments (see below); these samples all occur within the
area of the Qeqertaussaq diorite and are shown with
open squares on Figs 59 and 60. Each of the elements
La, Ce, Zr and Y (Fig. 60) is quite variable but occurs
within similar limits in the three groups of grey gneiss,
except in the just mentioned LREE-enriched samples of
retrogressed gneiss.

In mantle-normalised spider diagrams (Fig. 61) all
three groups of tonalitic-trondhjemitic gneiss show pro-
gressive enrichment from the least to the most incom-
patible lithophile elements relative to primordial mantle,
but with negative deviations from this curve of the HFS
elements Nb and to a lesser degree Ta and Ti. In addi-
tion, retrogressed and particularly granulite facies
gneisses show very substantial negative Rb and Th
anomalies. The overall pattern of amphibolite facies
gneiss closely resembles that of average Archaean grey
gneiss (Fig. 63, using Martin’s, 1994, compilation), and
is comparable to the patterns of some younger calc-

55



0.5

20

18

16

14

12

T T T T T
_ e Amphibolite facies gneiss
- TIOz Ca0 | , Retrogressed gneiss
B + Granulite facies gneiss
n o Retrogressed gneiss (high Sr, Ba)
[ ]
o o T T T T
o -
++ +
Fo 4 + ccf)’_'_+:> o ° o 3
° o+
o 2 on.% §-|a.+o ° 5 ° @-5+o °+ oo
B &e o%’. - Y * 88 - 2 o 8 Ry 090, °
Godnd 88, ols 0% 3
P X s o0 & _m €, O *+1”00 o
e © 0® g ® o o §b % @ PO Q
| | * 20’ ° FBhRe" 00
T t T Q T - R SECL)
° % o
Al,O3
- | ; | ; |
T y T y T
| Na20 ° o
| ° o o cl)j. od .o 0‘@2‘2:0 g
o =] o o ®
. ° o L % mao. °08% °& "¢
°1 A 0;‘ R % %R o+n’;ﬂé3 B oS ©° 'o‘g §0+3$° *
+% o &R + e e Q +
- noﬂcg & 063_’0% ° |t + + o°_,9+++ O *+d +e . o
*+ @ °
o, ° 4 °
4 —
- #ﬁa. C? o ° L4
| . | . | | . | . |
T f T f T T f o | U
FeO* K-O
- ° )
- ° °
o o o
[e]
o -
O+ o o o [}
o+ * + Cee
Be *o o Lt | o oo o
o °° o o . %.% o o
oono.o.o&*' + *o o % g o0 0°033> oe ©
B To o Fo 0N L ° §®o ’EPGE? © £98%0 pp o
. ;.n) q@}% o o © 8 o +°+ . 000 o4 +++ooo ® o
OMO @ % ©° b o, °++ 08 oo+
| ; | 9 o | | ; | ; |
T y T y T T y T y T
B MgO P205
- - s
+* 58 o oo
o  + o = S o°
° & 9t g o + . tE © oo o .
> o K SiO, ° T e B SiOz
| o8 8 .Sa’ o 4 . L o o o ‘o Odaty e
egiogd o o e ;gg,g?ﬁm
~°g§%§g+°%° 0% 0 00 % B ©
I . I ® M ol I . I H D b
65 70 75 65 70 75

0.4

0.2
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analysed by XRF (see Appendix for details). See Fig. 53 for locations of samples.
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Fig. 61. Spider diagrams of tonalitic-trondhjemitic grey gneiss,
Fiskefjord area, normalised to primordial mantle (normalisation
factors from Sun & McDonough, 1989). XRF and INNA analy-
ses, see Appendix. See Fig. 53 for locations of samples.

alkaline suites (e.g. review by Tarney & Jones, 1994).
The spider diagrams from the Fiskefjord area also bring
out the low concentrations of all LIL elements in gran-
ulite facies gneiss, and show the very variable con-
centrations of most LIL elements and high concentrations
of Sr and Ba in the retrogressed gneiss.
Chondrite-normalised REE diagrams (Fig. 62) show
strong fractionation. In all three groups of tonalitic-
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Fig. 62. Chondrite-normalised REE diagrams (Nakamura, 1974)
of tonalitic-trondhjemitic grey gneiss, Fiskefjord area. All ele-
ments analysed by INNA (see Appendix). Locations of samples
in Fig. 53.

trondhjemitic gneiss the LREE are strongly enriched,
whereas HREE concentrations are close to chondrite val-
ues (average LaN/YbN values for amphibolite facies,
granulite facies, and retrogressed gneiss are 27.3, 12.8
and 38.9, respectively). Y is also low (Fig. 60); this pat-
tern is typical for most Archaean TTG suites but less
common in younger calc-alkaline orogenic granitoids.
All analysed samples of retrogressed gneiss have a dis-
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Fig. 63. Mantle-normalised spider diagram of average Archaean
TTG (Martin, 1994) for comparison with grey gneiss (Fig. 61) and
the Finnefjeld and Taserssuaq complexes (Fig. 71).

tinct positive Eu anomaly, which appears to be less
common in the two other groups

Mineral chemistry

Representative microprobe analyses of mafic minerals
and feldspars from three metamorphic groups of grey
gneiss are shown in Tables 3 and 4, and Table 5 shows
similar analyses from the Qugssuk granite. The gran-
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Fig. 64. TiO, plotted against Na + K in hornblende and actino-
litic hornblende from amphibolite facies, granulite facies, and ret-
rogressed grey gneiss. Amphiboles from retrogressed gneiss have
a large range of TiO, and Na + K contents, which in part over-
lap with those of amphibolite and granulite facies hornblendes.
The data may suggest two different events of retrogression. See
Table 3 for analytical details.

ite may be considered equivalent to amphibolite facies
grey gneiss in terms of the relationships between min-
eral compositions and metamorphic facies. Systematic
variations in the compositions of amphibole and biotite,
especially TiO,, Al", Na and K in amphibole, and TiO,
in biotite, show that retrogression occurred under very
variable (amphibolite facies) temperature and pressure

Count
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Amphibolite facies gneiss
and Qugssuk granite
Granulite facies gneiss
and mesoperthite granite

Fig. 65. Distribution of TiO, contents in biotites from amphibo-
lite facies grey gneiss and granite, granulite facies grey gneiss
and mesoperthite granite, and retrogressed grey gneiss. Note
that many biotite grains in retrogressed gneiss have relatively high
TiO, contents (also these grains being sheaf-like and retrograde),
and that amphibolite and granulite facies gneiss may also con-
tain a few biotite grains with very low TiO, contents; the latter
are small secondary grains which were probably formed during
late retrogression. See Table 3 for analytical details.
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Table 3. Representative mineral compositions, amphibolite and granulite facies grey gneiss

GGU Amphibolite facies Granulite facies

No 289272 289276 289277 289272 289276 289272 289276 278738 278738 278756 278738 278754 278756 278754 278754 278738 278754 278756
Mineral bt 7-10 bt 28-36 bt 71-73 hbl 11-12 hbl 18-27 pl 17-18 pl 7-10 bt25  bts 19-20 bt 11+14 hbl 58-60 hbl 35-38 hbl 19-22 opx 39-42 cpx 43-46 pl 14  pl31-34 pl 7-10
SiO, 36.76 36.68 36.14 44.38 44.26 60.13 59.26 35.47 36.46 37.16 43.50 43.40 43.59 52.41 51.97 59.95 60.39 60.91
TiO, 2.60 3.25 2.67 0.89 1.00 0.0l 0.0l 3.78 3.01 3.24 1.95 1.89 2.34 0.07 0.19 n.d. 0.12 0.02
Al,O; 15.43 I15.11 16.61 9.92 10.28 24.04 24.4| 15.31 15.44 15.69 10.40 10.07 10.02 0.88 1.86 25.04 24.83 24.43
FeO 18.18 18.55 18.65 16.54 16.69 0.05 0.05 19.09 17.47 17.37 16.45 14.98 15.89 25.76 10.70 0.06 0.08 0.15
MnO 027 0.24 0.26 0.38 0.38 0.02 0.11 0.02 0.11 0.17 0.15 0.74 0.37

MgO 11.98 11.81 10.48 10.52 10.56 0.03 0.03 11.06 13.08 12.18 10.52 11.53 11.04 19.50 12.53 n.d. 0.0l 0.09
CaO 0.02 0.02 0.04 11.88 11.99 6.39 6.65 0.08 n.d. 0.08 11.47 11.91 11.76 0.65 2211 6.36 7.06 6.44
Na,0O 0.25 0.02 0.08 I.11 1.24 8.00 7.45 0.06 0.06 0.02 1.26 1.33 1.43 n.d. 0.61 7.92 753 7.62
K,O 9.39 9.64 9.53 1.08 1.10 0.23 0.23 9.55 9.73 9.35 1.34 1.36 1.27 n.d. n.d. 0.38 0.49 0.60
c 003 o002 o003 nd nd 005 _

Sum 9491 95.34 94.49 96.70 97.50 98.88 98.09 94.42 95.36 95.16 97.00 96.64 97.49 100.01 100.34 99.71 100.51 100.26
Ofor CI 0.01 0.0l 0.0l 0.00 0.00 0.0l

FeO' 13.65 13.78 13.39 12.80 13.73 25.76 8.47

Fe,O;' o o 2321 323 o o o 340 242 2.40 0.00 2.48

Sum'  94.90 95.33 94.48 97.02 97.82 94.42 95.36 95.15 97.34 96.88 97.73 100.01 100.59

Ba 2000 3000 160 190 120 270 8200 2000 7400 380 340 350 60 115 580 350 590
Sr n.d. n.d. n.d. nd. 500 650 n.d. n.d. n.d. n.d. n.d. n.d. n.d. nd. 830 630 590
Rb 790 610 n.d. n.d. n.d. n.d. n.d. n.d. 190 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Si 2.80 2.79 2.78 6.67 6.60 2.71 2.69 2.74 2.76 2.8 6.52 6.52 6.51 1.99 1.94 2.68 2.68 2.71
Al 1.39 1.36 1.50 1.76 1.81 1.28 1.31 1.39 1.38 1.40 1.84 1.78 1.76 0.04 0.08 1.32 1.30 1.28
Ti 0.15 0.19 0.15 0.10 0.11 0.00 0.00 0.22 0.17 0.18 0.22 0.21 0.26 0.00 0.0l 0.00 0.00 0.00
Fe?* 1.16 1.18 1.20 1.71 1.72 0.00 0.00 1.23 111 1.10 1.68 1.61 1.71 0.82 0.26 0.00 0.00 0.01
Fe3* 0.37 0.37 0.38 0.27 0.27 0.00 0.07

Mn 0.02 0.02 0.02 0.05 0.05 0.00 0.0l 0.00 0.0l 0.02 0.02 0.02 0.0l

Mg 1.36 1.34 1.20 2.35 2.35 0.00 0.00 1.27 1.48 1.37 2.35 2.58 2.46 1.10 0.70 0.00 0.00 0.01
Ca 0.00 0.00 0.00 1.91 1.92 0.31 0.32 0.0l 0.00 0.01 1.84 1.92 1.88 0.03 0.88 0.30 0.34 0.31
Na 0.04 0.00 0.0l 0.32 0.36 0.70 0.66 0.0l 0.0l 0.00 0.37 0.39 0.41 0.00 0.04 0.69 0.65 0.66
K 0.91 0.94 0.93 0.21 0.21 0.0l 0.0l 0.94 0.94 0.90 0.26 0.26 0.24 0.00 0.00 0.02 0.03 0.03
cl 000 000 000 000 000 000
Sum 7.83 781 7.79 15.44 15.48 5.01 4.99 7.82 7.85 7.76 15.46 15.5 15.5 4.00 4.00 5.0l 5.00 5.00
Charge 2.47 2.48 2.39 23 23 8 8 2.37 242 243 23 23 23 6 6 8 8 8
A+B pos 244 248 2.46 2.56 2.54

Or 1.27 1.31 2.14 2.74 34|
Ab 68.53 66.13 67.79 64.08 65.85
An 30.20 32.56 30.07 33.18 30.74

n.d.=not detected

Locations of samples are shown in Fig. 53.The microprobe analyses were carried out on the Jeol 733 Superprobe at the Geological Institute, University of Copenhagen. For major elements the
probe was operated at |15 kV and |5 nA with a slightly defocused beam, using crystal spectrometers for data collection. Natural silicates and oxides of end-member compositions were used as
standards, and an on-line ZAF computer programme employed for data reduction. See Table 6 for analytical details regarding Ba, Sr and Rb.



Table 4. Representative mineral compositions, retrogressed grey gneiss

GGU Retrogressed

No 278751 278774 278815 289241 289241 278774 278815 289241 278774 289241 278751 278774 278815 28924I|
Mineral bt 37 bt 10-11 bt51-62 bt 57-64 bts 36-39 hbl 14-15 hbl 55-66 hbl 40-47 am 12-13 am 50-56 pl 35 pl 8-9 pl47-50 pl65-66
SiO, 36.65 3649 36.53 36.63 36.73 4427 43.58 45.90 45.04 45.93 60.70 61.23 61.70 60.81
TiO, 3.88 3.28 2.59 1.90 0.47 I.15 111 0.06 0.71 0.10 n.d. n.d. 0.03 0.02
AlLO; 16.70 15.60 15.74 16.71 17.04 10.17 10.23 8.97 10.16 9.29 24.75 24.47 23.95 24.04
FeO 17.50 18.20 19.07 17.94 16.60 18.32 19.00 16.50 17.00 16.68 0.06 0.16 0.05 0.10
MnO 0.16 0.14 0.23 0.22 0.17 0.24 0.44 0.42 0.28 0.45

MgO 10.89 11.56 11.19 11.56 12.73 10.56 9.51 11.54 11.07 11.27 n.d. n.d. 0.02 0.02
CaO n.d. n.d. n.d. 0.02 0.02 12.01 11.86 11.94 12.20 12.09 6.22 6.06 5.35 6.12
Na,O 0.03 0.09 0.04 0.05 0.03 1.30 1.35 0.88 0.96 0.87 7.89 8.42 8.58 7.89
KO 9.69 9.50 9.65 9.47 9.29 0.87 1.17 0.66 0.8l 0.70 0.22 0.54 0.19 0.19
Cl n.d. n.d. 0.05 0.08 0.04

Sum 95.50 94.86 95.09 94.58 93.12 98.89 98.25 96.87 98.23 97.38 99.84 100.88 99.87 99.19
Ofor Cl 0.00 0.00 0.0l 0.02 0.0l

FeO' 13.10 15.05 11.01 12.20 11.82

Fe,O5' 5.81 4.40 6.10 5.33 5.40

Sum’ 9550 94.86 95.08 94.56 93.11 99.47 98.69 97.48 98.76 97.92

Ba 10300 7460 2800 4180 2130 290 170 140 530 250 170 300

Sr n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 610 780 750 1090
Rb 370 80 320 150 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Si 2.76 2.78 2.80 2.79 2.82 6.51 6.52 6.79 6.62 6.78 2.70 2.71 2.74 272
Al 1.48 1.40 1.42 1.50 1.54 1.76 1.80 1.56 1.76 1.62 1.30 1.28 1.25 1.27
Ti 0.22 0.19 0.15 0.11 0.03 0.13 0.13 0.0l 0.08 0.0l 0.00 0.00 0.00 0.00
Fe?* 1.10 I.16 1.22 I.15 1.07 1.61 1.88 1.36 1.50 1.46 0.00 0.0l 0.00 0.00
Fe3* 0.64 0.50 0.68 0.59 0.60

Mn 0.0l 0.0l 0.02 0.0l 0.0l 0.03 0.06 0.05 0.04 0.06

Mg 1.23 1.32 1.28 1.31 1.46 232 2.12 2.54 2.43 2.48 0.00 0.00 0.00 0.00
Ca 0.00 0.00 0.00 0.00 0.00 1.89 1.90 1.89 1.92 191 0.30 0.29 0.26 0.29
Na 0.00 0.0l 0.0l 0.0l 0.00 0.37 0.39 0.25 0.27 0.25 0.68 0.72 0.74 0.69
K 0.93 0.92 0.94 0.92 091 0.16 0.22 0.13 0.15 0.13 0.0l 0.03 0.0l 0.0l
Cl 0.00 0.00 0.0l 0.0l 0.0l

Sum 7.74 7.80 7.82 7.81 7.84 15.43 15.51 15.27 15.34 15.29 4.99 5.03 5.01 4.99
Charge 243 2.40 2.39 247 2.45 23 23 23 23 23 8 8 8 8
A+B pos 243 251 227 2.34 2.29

Or 1.26 2.93 1.07 I.11
Ab 68.79 69.46 73.59 69.19
An 29.95 27.61 25.34 29.70

n.d.=not detected

Locations of samples are shown in Fig. 53. See Tables 3 and 6 for analytical details.

conditions. In Fig. 64 TiO, is plotted against Na + K (A
position) in amphiboles, and TiO, contents of biotites
are shown in Fig. 65. Biotite and hornblende in tex-
tural equilibrium with hypersthene (in granulite facies
gneiss) are the most TiO,-rich, biotite and hornblende
in amphibolite facies gneiss have intermediate TiO,
contents, and retrograde amphibole and biotite grains
(in retrogressed gneiss) have variably intermediate to
very low TiO, contents. Occasionally two successive
phases of retrograde biotite were observed in the same
rock, such as in sample 289241 NW of Qugssuk (Fig.
53) where a majority of brown biotite with intermedi-
ate TiO, contents forms large sheaves, and occasional

greenish biotite almost devoid of TiO, forms small inter-
stitial flakes (Table 4). A few secondary biotite grains
with very low TiO, contents have also been found in
amphibolite and granulite facies rocks (Fig. 65). Some
clearly retrograde, sheaf-like biotite aggregates and
spongy amphibole grains have titanium or Al*-alkali ele-
ment compositions which overlap with those of biotite
and amphibole in amphibolite facies gneiss not retro-
gressed from granulite facies, suggesting that part of the
retrogression in, e.g. sample 289241, took place at inter-
mediate to upper amphibolite facies conditions.
However, the large compositional variations of retro-
grade biotite and amphibole in the retrogressed gneiss

6l



Table 5. Representative mineral compositions, Qugssuk granite

GGU

No 278786 278797 278797 278808 278786 278797 278808 278786 278786 278797 278808
Mineral bt 23-27 bt 62 bts 64-67 bt 99-101 Kfs 31 Kfs 72-73 Kfs 95 pl 29 pl rim32  pl 68-69  pl 96-98
SiO, 36.88 36.56 37.43 36.90 64.79 64.44 64.39 64.05 68.31 63.45 63.23
TiO, 2.95 2.78 0.62 3.25 0.07 0.07 0.05 0.05 0.04 n.d. n.d.
AlL,O; 16.08 16.87 17.34 17.48 17.81 17.73 18.37 22.95 18.93 23.03 23.09
FeO 18.71 19.65 16.74 18.73 n.d. 0.03 0.05 0.05 n.d. 0.02 0.06
MnO 0.25 0.26 0.21 0.12

MgO 10.50 10.37 11.87 9.98 n.d. n.d. n.d. n.d. 0.02 n.d. n.d.
CaO n.d. 0.04 0.01 nd. n.d. n.d. nd. 4.24 0.59 4.68 4.72
Na,O 0.05 0.04 0.05 n.d. 0.67 0.79 0.60 9.49 11.59 9.13 9.13
K,O 9.84 10.01 9.63 9.81 15.95 15.76 15.65 0.21 0.10 0.15 0.36
Sum 95.26 96.58 93.90 96.27 99.29 98.82 99.11 101.04 99.58 100.46 100.59
Ba 600 1010 470 1740 2920 4860 7480 n.d. n.d. 140 120

Sr n.d. n.d. n.d. n.d. 260 340 530 210 n.d. 240 420
Rb 920 410 390 510 330 130 170 n.d. nd. n.d. n.d.
Si 2.81 2.76 2.85 2.77 3.01 3.01 3.00 2.81 3.00 2.80 2.79
Al 1.44 1.50 1.56 1.55 0.98 0.98 1.01 1.18 0.98 1.20 1.20
Ti 0.17 0.16 0.04 0.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe* 1.19 1.24 1.07 1.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe®*

Mn 0.02 0.02 0.01 0.0l

Mg 1.19 1.17 1.35 1.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.03 0.22 0.22
Na 0.0l 0.01 0.01 0.00 0.06 0.07 0.05 0.81 0.99 0.78 0.78
K 0.96 0.96 0.93 0.94 0.95 0.94 0.93 0.01 0.0l 0.01 0.02
Sum 7.78 7.82 7.8l 7.74 5.00 5.00 4.99 5.01 5.00 5.00 5.01
Charge 241 243 2.41 2.44 8 8 8 8 8 8 8
A+B pos

Or 94.00 92.92 94.49 I.15 0.55 0.84 1.98
Ab 6.01 7.08 5.51 79.28 96.73 77.29 76.25
An 0.00 0.00 0.00 19.56 2.72 21.88 21.77

n.d.=not detected

Sample locations shown in Fig. 68. See Tables 3 and 6 for analytical details.

may suggest prolonged retrogression during a long
period of cooling, or that more than one episode of ret-
rogression took place, as is also indicated by the pres-
ence of small biotite grains with low TiO, contents in
amphibolite and granulite facies gneiss.

Table 6 summarises microprobe analyses of Ba, Sr
and Rb and TiO, in various minerals from the three meta-
morphic groups of grey gneiss and a sample of Qugssuk
granite. Insofar as Ba, Sr and Rb do not form their own
mineral phases in the grey gneiss or granite, their
absolute concentrations in the analysed minerals are
obviously related to whole rock compositions. More
importantly the analyses provide information about Ba,
Sr and Rb distributions between coexisting minerals
and the different metamorphic groups. Ba preferen-
tially occurs in K-feldspar (c. 3000-12000 ppm), but also
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in biotite (¢. 2000-8000 ppm); amphibole and plagio-
clase may contain up to ¢. 600 ppm Ba. Sr is located
in feldspars (300-1100 ppm); the Sr content of plagio-
clase is approximately similar in the three facies groups.
Rb preferentially occurs in biotite (up to ¢. 900 ppm in
amphibolite facies biotite of grey gneiss and Qugssuk
granite, 150 ppm in retrograde biotite), but is notably
below the detection limit of 70 ppm in granulite facies,
high-titanium biotite, and also low in late secondary
biotite grains (sample 289241).

Mineral reactions and movement of granitic melts or
fluids during prograde and retrograde metamorphic
events are prone to have affected the distributions of
Ba, Sr and Rb in different ways. As shown above Ba
and Rb are especially accommodated in biotite and K-
feldspar (although in different proportions). Prograde



Table 6. Ba, S, Rb and TiO, contents of minerals from
orthogneisses in different metamorphic facies
and Qugssuk granite

Ba ppm Srppm Rbppm TiO,%
Detection limit (microprobe) 45 100 70 0.01

Amphibolite facies orthogneiss

289272 Whole rock 444 286 74 0.57
Biotite 2000 n.d. 790 2.60
K-feldspar 12100 440 175
Plagioclase 120 500 n.d.
Hornblende 160 n.d. n.d. 0.89

Granulite facies orthogneiss

278738 Whole rock 444 568 2 0.55
Biotite 8200 n.d. n.d. 3.78
Biotite (late) 2000 n.d. n.d. 3.01
Plagioclase 580 830 n.d.
Hornblende 380 n.d. n.d. 1.95

Retrogressed orthogneiss

278774 Whole rock 811 549 19 0.6l
Biotite 7300 n.d. 80 3.28
Plagioclase 250 780 n.d.
Hornblende 290 n.d. n.d. I.15

289241 Whole rock 383 668 | 0.36
Biotite 4180 n.d. 150 1.90
Biotite (late) 2130 n.d. n.d. 0.47
Plagioclase 300 1090 n.d.
Hornblende 140 n.d. n.d. 0.06

Qugssuk granite

278786 Whole rock 777 146 135 0.10
Biotite 600 n.d. 920 2.95
K-feldspar 2920 260 330
Plagioclase nd. 210 n.d.

n.d.=not detected

See discussion in the main text.

Analytical procedure: Ba, Sr and Rb were analysed with the
instrument described in the text to Table 3, operated at 25 kV with
a beam current of 300 nA, beam diameter c. 40 . In order to
minimise volatilisation due to the high beam current and long
counting times necessary for sufficient signal intensity, an automatic
step procedure was employed during the measurement. Each figure
quoted for Ba, Sr or Rb is averaged from one or a few groups of six
measurements, each consisting of four adjacent points, and
representing total counting times of 240 and 480 seconds at peak
and background positions. Under these analytical conditions the
calculated lower limits of detection were 45, 100, and 70 ppm (20)
for Ba, Sr and Rb, respectively. Baryte, strontianite, and rubidium
chloride were used as standards, with ZAF corrections as above. A
silica glass standard was used as blank for Sr and Rb. Ba contents
were empirically corrected for interference by Ti-Ka, where 1%
TiO,; gave an apparent concentration of 40 ppm BaO. Microprobe
measurements on leucite and sanidine from Italy using similar
analytical conditions agree well with PIXE measurements using
separates of the same minerals (J. Rensbo, personal communi-
cation, 1989).

granulite facies metamorphism with partial melting,
consumption of K-feldspar and removal of a melt frac-
tion can therefore be expected to have strongly influ-

enced the Ba and Rb contents of remaining biotite (see
p. 79). Plagioclase accommodates most of the Sr; mobil-
ity of Sr during prograde and retrograde metamorphism
must therefore have been linked with recrystallisation
of plagioclase.

Element distribution within retrogressed
tonalitic-trondbjemitic gneiss in the central
and northern parts of the Fiskefjord area

The observations that (a) the major element composi-
tions of amphibolite facies, granulite facies, and ret-
rogressed tonalitic-trondhjemitic gneiss are statistically
different, (b) the dioritic grey gneiss comprises a geo-
chemically and geographically distinct group with
(amongst other characteristics) very high Sr and Ba
contents around the peninsula Qeqertaussaq in cen-
tral Fiskefjord, and (¢) both Sr and Ba are among the
most variable elements in the retrogressed tonalitic-
trondhjemitic gneiss, together raise the questions as to
whether the latter group was originally a geochemi-
cally homogeneous population, and hence which ele-
ments were actually affected by metasomatism during
granulite facies and retrogressive metamorphic events.

The retrogressed gneiss is located in a wide inter-
mediate zone between granulite facies and amphibo-
lite facies areas and might therefore be expected to
show geochemical variation of mobile elements that
are related to sample location. This problem is diffi-
cult to handle with statistical methods alone, but can
be addressed with element distribution maps; how-
ever, the stream sediment survey from this region
undertaken by Steenfelt (1988) was not applicable due
to low sample density and because the stream sedi-
ments include all rock types within their catchment
areas.

Distribution maps of selected elements, based on
rock samples of retrogressed gneiss from the northern
part of the Fiskefjord area, are presented in Figs 66 and
67. Although the samples are not evenly distributed they
provide a visual estimate of variations in the concen-
trations of the chosen elements. For each element three
levels of concentration are shown, each comprising
approximately one third of the samples (oxide con-
centrations of major elements have been retained to
facilitate comparison with tables and variation dia-
grams).

Figure 66 shows geographical distributions of ele-
ments in the retrogressed tonalitic-trondhjemitic gneiss,
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Fig. 66. Distributions of P,Os, Sr, Ba and Ce in rock samples of retrogressed tonalitic-trondhjemitic gneiss in the central and northern

parts of the Fiskefjord area (oxide concentrations of major elements have been retained to facilitate comparison with tables and other

figures). Enrichment of all four elements only occurs within the area of the Qeqertaussaq diorite (ringed samples), suggesting a genetic

relationship rather than metamorphic effects in this area; see the main text for further discussion.

which are all strongly enriched in the Qegertaussaq
diorite. Only a few samples have high contents of all
four elements (ringed, Fig. 66), all of which occur in
the Qegertaussaq area. Several high values of Sr and
Ba also occur south of central Fiskefjord. Figure 67
shows the distributions of LIL elements which are all
strongly depleted in granulite facies grey gneiss and very
variable in retrogressed grey gneiss — although mostly
significantly lower than in the adjacent amphibolite
facies gneiss to the east (Appendixes 7, 8). Also these
elements are relatively enriched in the samples corre-
lated with the Qeqertaussaq diorite (ringed, Fig. 67). K
and Rb, which display fairly similar patterns, are also
high in the eastern part of the area, whereas Th has an
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erratic distribution. The Pb distribution resembles those
of Sr and Ba (Fig. 66).

In summary, element distributions in retrogressed
tonalitic-trondhjemitic gneiss around Fiskefjord suggest
that a few samples in the Qeqgertaussaq area, and only
there, are geochemically related to the Qeqertaussaq
diorite by virtue of a combination of high P, LREE, Sr,
Ba, Pb, Rb and K. Moreover, Sr, Ba and Pb (and to
some extent K) are concentrated in the central part of
the area where retrogression is mostly pervasive. Rb and
to some extent K increase eastward towards the area
of amphibolite facies gneiss not affected by retrogres-
sion, whereas Th is erratic.
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Finnefjeld gneiss and Taserssuaq
tonalite complexes

The compositions of available samples from the south-
eastern parts of the Finnefjeld and Taserssuaq com-
plexes, respectively (sample localities shown on Fig.
68), both largely resemble those of amphibolite facies
grey gneiss (Appendix 9; Figs 69, 70). However, the com-
positions of available samples indicate some general dif-
ferences between the two complexes. The variation
trends of TiO,, MgO and FeO against SiO, appear to
be steeper for the Finnefjeld gneiss than for the
Taserssuaq tonalite complex, whereas the opposite is
the case for Al,O; and CaO. In addition, the Taserssuaq

tonalite complex comprises a relatively large granodi-
oritic to granitic group and only a few trondhjemites,
whereas the Finnefjeld gneiss complex mainly shows
a trondhjemitic trend above 70% SiO,. These features
indicate that partial melting or crystal fractionation
processes in the source regions of the two complexes
were not identical; a possible interpretation is that pla-
gioclase fractionation was more important in the evo-
lution of the Taserssuaq tonalite than in in the case of
the Finnefjeld gneiss complex (see p. 73).

Both complexes have somewhat variable trace ele-
ment compositions, with increasing LIL element con-
centrations in the most acid rocks. The concentrations
of LIL elements are never as low as in granulite facies
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Fig. 68. Locations of analysed samples, Finnefjeld gneiss complex, Taserssuaq tonalite complex and granitic rocks. Five additional

samples from the Taserssuaq tonalite complex were collected east of the map area.

grey gneiss, and the very high concentrations of e.g.
Sr and Ba encountered in the retrogressed grey gneiss
are only approached in a few samples.

Plotted on mantle-normalised spider diagrams (Fig.
71, representative samples from both complexes define
clear patterns which are similar to ‘average Archaean
TTG’ (Fig. 63) in general, and to Fiskefjord amphibo-
lite facies grey gneiss in particular (Fig. 61). The pat-
terns are fairly smooth, with high proportions and
relatively small variations of the mobile incompatible
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(LIL) elements, and with clear negative Nb, Ta and Ti
anomalies; however, Th and U are depleted in the
Finnefjeld gneiss. Sample no. 289208 of Taserssuaq
tonalite has very erratic concentrations of incompati-
ble immobile elements and is very high in LIL elements,
presumably due to metasomatism.

Also the REE patterns (Fig. 72) are comparable to
those of amphibolite facies grey gneiss, with LREE
enrichment, strongly fractionated curves, and some
samples showing a positive Eu anomaly. Figs 71 and



0.5

20

18

16

14

12

s Finnefjeld gneiss complex

L TiO _ CaO ;
. 2 a Taserssuaq tonalite complex
T T T T
A
L R _
A
A N .
a ab
- A, La Agjan - A,
A AL a A N
a b V. a .
A aaB" 'y £ a4y, ]
- AL 4 ‘ N S A
e A & AAA ‘4 A A
| | . I‘ * “tbt A A ‘
T I T I i T N A 7
Al;,03 4 I Ad
- ] L | L | y |
T I T I T I
a
s, Na,O -
A AA a A ‘A‘
A A A —
a a a A4 - sp08 fap a,
at » A 88 5 Ay A
la A A“ & AA - _ A a A AA
N AA A A A b a . N o
S S Y 3 %a VN
o A A A
4 a
A A
- A, 4 a4 ] A
a A
A A
A —
I I I I I a T a
A
FeO* K»O
A —
A O
a
2 a .
A
n | R R
A a
A, .
A a aA A
- a San A - A A .,
A Apg A 4 i
A
a \ 25 ha, A A b of, A:‘AA L a At AL a
a a ., A A A A AD N
- A a A — A A A
A‘ 4 n
A A A
A 4
- s
. | . | A | . | . | . |
T I T I T I T I T I T I
MgO P20s
o s | “a ]
A A
A
a A I A
- A — A 2 -
e a4 . sio > Lt sio
| |
s b B84 ‘y 2 w &8 s Aa . 2
- a a — A a A A Al an o a4 a-
N O NS
& Thy a A ah
. | . | P S . | . | . 4
65 70 75 65 70 75

0.4

0.2

Fig. 69. Major element variation diagrams against SiO, (wt. %), Finnefjeld gneiss and Taserssuaq tonalite complexes, Fiskefjord area.

See Appendix for analytical details. Sample localities shown in Fig. 68.
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72 include four hornblende- and plagioclase-rich dioritic
to gabbroic enclaves collected in the southern part of
the Taserssuaq tonalite complex (analyses in Appendix
9). The multi-element patterns of three of these sam-
ples resemble those of the Taserssuaq tonalite com-
plex, except that they have higher REE and Y contents
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Fig. 72. Chondrite-normalised REE diagrams (Nakamura, 1974)
of Finnefjeld gneiss and Taserssuaq tonalite complexes, Fiskefjord
area. All elements analysed by INNA (see Appendix). Sample local-
ities shown in Fig. 68.

and slightly less fractionated REE spectra than the
tonalite complex itself. Sample 283374 has an alto-
gether different composition and lower REE contents
combined with weak REE fractionation; it therefore
appears not to be related to the complex and could
be of supracrustal origin.
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Fig. 75. Chondrite-normalised REE diagrams (Nakamura, 1974)
of granitic rocks, Fiskefjord area. All elements analysed by INNA
(see Appendix). Sample localities shown in Fig. 68.

Granodiorite and granite

Four different groups of granitoid rocks have been
studied (sample locations shown on Fig. 68), namely
the late-kinematic (a) Igananguit granodiorite and (b)
Qugssuk granite bodies, (¢) a group of contemporaneous
amphibolite facies granite sheets emplaced into gran-
ulite facies dioritic gneiss in north-eastern Nordlandet
(referred to as ‘other granites’ on Fig. 68 and subsequent
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figures), and (d) synkinematic mesoperthite (granulite
facies) granite sheets in the central and western parts
of the Fiskefjord area. Representative and average chem-
ical compositions of the four groups of granitoid rocks
are presented in Appendixes 10-11.

Variation diagrams of major and trace elements against
SiO, (Figs 73, 74) show that groups a—c outline more
or less continuous compositional fields. Collectively
they are comparable to the most K,O-rich end mem-
bers of Taserssuaq tonalite, but clearly different from
the most acid members of the TTG suite of grey gneiss
(lower MgO, FeO* and CaO, similar or lower TiO, and
P,O5 contents, higher LIL trace element contents and
higher K,0/Na,O ratios). Their chondrite-normalised
REE patterns (Fig. 75) are highly fractionated and LREE-
enriched — even more so than in tonalitic-trondhjemitic
gneiss, with La >100 x chondrite and normalised La/Yb
ratios of ¢. 100. Sample 283377 of Qugssuk granite has
a different REE pattern and a large negative Eu anom-
aly, resembling the altered sample 289208 of Taserssuaq
tonalite.

As previously noted the mesoperthite granite has a
very felsic modal composition, almost entirely consist-
ing of quartz and variably exsolved ternary feldspar. It
has remarkably homogeneous major and trace element
compositions which only partially overlap with those
of the other granitoids (Figs 73, 74), and its relatively
small internal variations are interpreted as solely reflect-
ing variable modal proportions of quartz and feldspar.
Most elements show distinct correlations with silica,
which has a narrow range between c¢. 71 and 76 wt. %
SiO, (Figs 73, 74). The rocks are very low in MgO and
FeO* and high in Al,O;, and display a granitic trend
despite relatively low K,0/Na,O ratios. Sr contents are
very high, up to ¢. 1200 ppm, whereas Pb and Ba con-
tents (c¢. 20-30 and 1000-2000 ppm, respectively) are
comparable to those in groups a—c. Rb is low, rarely
exceeding 50 ppm, and also the Zr, Y and REE con-
tents (Figs 74, 75) are lower than in groups a—c. As in
the other granitoid rocks the two available REE spec-
tra from the mesoperthite granite are strongly frac-
tionated (Fig. 75); they display both positive and negative
Eu anomalies.

In terms of their major and trace element composi-
tions all four groups of granite are comparable to
Archaean I-type calc-alkaline orogenic granites, generally
assumed to represent partial melts of crustal igneous
precursors (e.g. Sylvester, 1994).



Discussion

Origin of tonalitic, trondbjemitic and
granodioritic magmas

Field observations, petrography and geochemistry sug-
gest that the amphibolite facies tonalitic-trondhjemitic
grey gneisses and the late-tectonic, mainly amphibo-
lite facies Finnefjeld and Taserssuaq complexes are the
least altered members of grey gneiss s./. in the Fiskefjord
area. In the preceding sections it was shown that the
compositions of these units strongly resemble average
Archaean TTG sensu Condie (1981) or Martin (1994),
specifically with respect to their low K,0/Na,O ratios,
low FeO* + MgO + TiO, and comparatively high Al,O,
contents, relative depletions in mantle-normalised Nb,
Ta and Ti compared to other elements, and highly frac-
tionated REE spectra. In addition the low initial ¥Sr/*°Sr
ratio of grey gneisses (¢. 0.7020, Table 1) implies a
short crustal residence before emplacement of their
igneous precursors. These geochemical features, taken
together, are now assumed by most authors to indicate
an origin by partial melting of an amphibolite source
with residual hornblende + garnet. Several experiments
(e.g. Winther & Newton, 1991; Rapp et al., 1991) have
shown that partial melting of a tholeiitic source at mod-
erate pressures can produce large amounts of TTG
melts — provided that the source is hydrated; besides,
hornblende + garnet + titanite are capable of retaining
HREE, Y, Nb, Ta and Ti in appropriate proportions to
account for their observed concentrations in the TTG
rocks (Saunders et al., 1980; Green & Pearson, 1987).
The wide range of major element compositions in the
TTG rocks indicate that the source magmas underwent
significant modification by crystal fractionation before
final emplacement. Dioritic and gabbroic plagioclase-
hornblende enclaves in both the Finnefjeld gneiss and
Taserssuaq tonalite complexes support this; it was shown
above that (at least) the latter are likely to be cogenetic
with the complex in which they are found. Besides, the
two distinct sample populations from the Taserssuaq
tonalite and Finnefjeld gneiss complexes show different
major element variation trends against SiO,, which are
compatible with different degrees of plagioclase and
hornblende fractionation in the two complexes.

Origin of common dioritic gneiss

The large proportion of mafic tonalite, quartz diorite
and diorite in the grey gneiss of the Fiskefjord area is

unusual compared with other parts of the Archaean
block of West Greenland and with most other Archaean
cratons, where dioritic or andesitic components are
uncommon. Part of the dioritic gneiss is significantly
older than the main TTG suite (Table 1). The less frac-
tionated REE patterns and moderate Nb, Ta and Ti
anomalies of the common dioritic gneiss compared to
the tonalitic-trondhjemitic gneiss might indicate that
the diorite melts were formed by unusually large degrees
of partial melting of the supposed amphibolitic TTG
source during an embryonic stage of continent forma-
tion. However, experiments have shown that bulk melt-
ing of amphibolite is not approached under realistic
lower crust or upper mantle temperature and pressure
conditions (e.g. Rapp et al., 1991; Winther & Newton,
199D). It is therefore more likely that the magmatic pre-
cursor to the common dioritic gneiss was generated in
a more complicated process, and that a significant com-
ponent of mantle was involved; the compositional over-
lap between the diorite and the most leucocratic
amphibolites of the supracrustal association might actu-
ally suggest this. Experiments e.g. by Green (1976)
have shown that quartz-saturated diorites can be pro-
duced by c¢. 25% hydrous melting of peridotite, and as
noted by Stern et al. (1989) natural diorite melts would
probably be somewhat less mafic than the experimental
melts, due to dissolved silica and LIL elements in the
natural hydrous fluids. Assuming that plate tectonic
processes were active in the Archaean (see p. 89), mag-
matic accretion of diorite could have taken place in a
convergent plate-tectonic scenario similar to that sug-
gested for modern island arc environments, with par-
ticipation of a mantle wedge which was fluxed by
hydrous fluids originating from the subducted slab.
Also this model would require a residue containing
hornblende + garnet = titanite in order to account for
the observed Y, HREE and HFS element depletion in
the dioritic gneiss.

Origin of the Qeqertaussaq diorite

As already shown the Qegertaussaq diorite and imme-
diately adjacent tonalitic gneiss have low TiO,, MgO,
FeO*, CaO, Nb, Cr, Ni and V contents, high to very high
Na,O, K,O, P,Os, Pb, Ba, Sr and LREE contents, and
relatively high K/Rb ratios compared with the common
grey gneiss or average TTG suites. Some of these char-
acteristics, notably enrichment of Sr and Ba, are also
known from other, more leucocratic basement rocks
elsewhere in West Greenland, namely from certain
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Archaean granitoids in the Disko Bugt region (A.
Steenfelt, personal communication, 1995) and from
Proterozoic orthogneiss units in the central part of the
Nagssugtogidian orogen (F. Kalsbeek, personal com-
munication, 1995). In terms of LIL element composi-
tions, but not with regard to compatible elements such
as Mg, Cr and Ni, the Qeqertaussaq diorite also resem-
bles some modern high-Mg andesites (sanukitoids,
Tatsumi & Ishizaka, 1982; bajaites, Saunders et al.,
1987), certain Caledonian lavas and granitoids of West
Scotland (Stephens & Halliday, 1984; Tarney & Jones,
1994), and Archaean sanukitoids and associated gran-
itoids described by Stern et al. (1989) from the Superior
Province in Canada. There are also clear similarities
with LIL element and P,Os-enriched, HFS element-
depleted (e.g. Nb, Ti) dioritic members of the Late
Archaean Skjoldungen alkaline igneous province in
southern East Greenland (Blichert-Toft er al., 1995).
Contrary to the Qeqgertaussaq diorite, most of the lat-
ter suites of rocks are late tectonic, interpreted by the
respective authors as having had a large component of
primitive or fluid-enriched mantle in their sources, and
hornblende fractionation is commonly supposed to
have taken place at some stage in their formation.
Blichert-Toft et al. (1995) argued that the Skjoldungen
province has a chondritic mantle signature rather than
having been derived from recycled older sediments.

Due to the low Mg/Fe ratios and low concentrations
of MgO, Cr, Ni and related trace elements in the
Qeqertaussaq diorite, an interpretation which implies
a large component of enriched mantle in the end prod-
uct, is not viable. Amphibolite melting is ruled out
because it is not supported by experimental data and
furthermore could not produce sufficiently high con-
centrations of, e.g. Sr and Ba, in the diorite. A purely
metamorphic origin of the anomalous composition of
the Qeqertaussaq diorite is also not favoured.

The Qegqertaussaq diorite probably had a multistage
origin, in which localised mantle metasomatism may
have played an important role prior to the formation
of a diorite melt. Assuming that the source of the
Qeqertaussaq diorite comprised a large mantle com-
ponent, it would have to be strongly enriched in P,Oq,
Sr, Ba, other LIL elements and LREE. It is considered
unlikely that this enrichment could have been achieved
during partial melting of the upper mantle, solely by
hydrous fluids released into the mantle from recycled
crustal sediments or amphibolites; a process of this
type might also be expected to have a more regional
influence than observed. However, more intense and
more localised mantle metasomatism may take place
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if the mantle comes into contact with carbonatite melts.
Experiments with dolomitic melts at upper mantle tem-
peratures and pressures (Green & Wallace, 1988) and
studies of carbonated mantle peridotite xenoliths in
volcanic rocks (e.g. Tonov et al., 1993) have shown that
ephemeral carbonatite melts in the upper mantle can
produce very effective LIL element and LREE enrich-
ment and HFS element depletion in spinel peridotite,
whereby enstatite is transformed to magnesian diop-
side or pargasite but Mg/Fe ratios remain largely
unchanged. Dolomitic carbonatite melts can coexist
with pargasite-bearing lherzolite at ¢. 25 kbar, 1000°C,
whereby extensive trace element exchange can take
place between carbonate and silicate phases, and new
LREE-enriched apatite can be formed. The HFS ele-
ments Ti, Nb and Ta are retained in the amphibole.
Subsequent decarbonation (without carbonatite magma
eruption) may occur from the metasomatised mantle
under pressures less than 21 kbar at 950-1050°C, and
could conceivably have taken place prior to partial
hydrous melting of the enriched mantle.

In support of the proposed localised mantle meta-
somatism prior to diorite formation it can be noted that
two carbonatites (one Late Archaean, one Late
Proterozoic) and a number of Late Proterozoic kim-
berlite dykes are known from the northern part of the
Archaean block in southern West Greenland adjacent
to the Fiskefjord area (Larsen & Rex, 1992). However,
it has not been established if this ‘carbonatite-kimber-
lite province’ can be extended back to the earliest his-
tory of the region.

Origin of the granitic rocks

It has been shown that the Igandanguit granodiorite,
Qugssuk granite and also the mesoperthite granite
sheets geochemically belong to the I-type of calc-alka-
line granites which are generally assumed to represent
late orogenic partial melts of crustal igneous precursors.

In his recent compilation of Archaean granites,
Sylvester (1994) subdivided Archaean calc-alkaline gran-
ites from eight cratons worldwide into two subgroups,
CA, and CA,, the former with higher mean Y, TiO,, FeO,
MgO, CaO, P,Os, Sc, V, Zr, REE and Ta, and lower
mean Na,O and Cr concentrations. He argued that the
quoted compositional differences are mainly due to
different crustal depths of the source areas (viz. pres-
sures of ¢. 6 and 10 kbar), where garnet and horn-
blende would only occur as restite phases to the group
CA,. He also argued that the CA, group, potentially



having had a greater distance available to rise in the
crust, would generally be more effectively separated
from restite minerals (and hence have the more felsic
composition of the two groups).

Except for Cr contents which are always very low
(1-20 ppm) all granite groups in the Fiskefjord area
would chemically belong to group CA, of Sylvester
(1994), with the mesoperthite granite providing the best
fit. It seems reasonable from granite field relationships

and P-T estimates of the granulite facies metamorphism
in the southern part of the Akia terrane (Reed, 1980; Pillar,
1985; Riciputi et al., 1990) that the granites could have
been melted from sources at pressures up to c. 10 kbar.
In addition, the fact that the granites have more frac-
tionated REE patterns than the grey gneiss supports the
idea that hornblende + garnet were important restite
phases, assuming that the granitic melts were indeed sep-
arated from a source of grey gneiss.

Granulite facies metamorphism, retrogression and
element mobility in grey gneiss

Granulite facies metamorphism

Granulite facies metamorphism extends over the
south-western part of the Akia terrane, including
Nordlandet and a large part of the Fiskefjord area,
whereas the easternmost part of the Fiskefjord area
(and of the Akia terrane) consists of upper amphi-
bolite facies rocks that have not experienced gran-
ulite facies metamorphism. Large tracts between these
two areas are variably retrogressed (Fig. 76). Whole-
rock Pb-Pb ages of 3000 + 70 Ma (Taylor et al., 1980)
and 3112 + 40 Ma (Garde, 1989a) obtained from
orthogneiss in Nordlandet and the eastern part of the
Fiskefjord area have been interpreted to date the
granulite facies metamorphism; a 2999 + 4 Ma SHRIMP
age of metamorphic zircon overgrowth in a garnet-
sillimanite-bearing metasediment from Nordlandet
just south of the Fiskefjord area (Friend & Nutman,
1994) firmly establishes that the peak of granulite
facies metamorphism occurred at ¢. 3000 Ma, i.e., it
culminated during or just after emplacement of the
main phase of grey tonalitic-trondhjemitic gneiss.
SHRIMP zircon data from Nordlandet dioritic gneiss
reported in Table 1 and Fig. 25 suggest that this unit
also experienced an earlier thermal event at ¢. 3180
Ma. The c¢. 3000 Ma granulite facies metamorphism
outlasted two phases of isoclinal folding and a phase
of upright, more open folding (the Pakitsoq phase,
Berthelsen, 1960) in the western and central parts of
the Fiskefjord area. Granulite facies metamorphism

appears to have overlapped with doming, and was
succeeded by localised ductile deformation and
emplacement of small granodiorite and granite plu-
tons and granite sheets in the northern and eastern
parts of the area.

Physical conditions of metamorphism

In Nordlandet the peak of metamorphism occurred
under P-T conditions of ¢. 850°C, 8 kbar (Reed, 1980;
Riciputi et al., 1990), and at Langg, a small island west
of Tovqussap nuna, ¢. 825°C and 8.3 kbar were reported
by Dymek (1984). Titanium-rich hornblende and biotite
appear to have been stable throughout the granulite
facies event in suitable rock types (Garde, 1990 and
this paper), indicating that complete dehydration did
not take place. According to Pillar (1985) and Riciputi
et al. (1990) granulite facies metamorphism took place
without free fluids, and fluid inclusion data from grey
gneiss in the Fiskefjord area seem to support this
(Garde, 1990). However, some aspects of the gran-
ulite facies rocks may be ascribed to fluid activity
during the granulite facies event, for instance horn-
blende-bearing mafic pegmatites on Nordlandet in
which ‘high-grade’ hornblende partially replaces
orthopyroxene (McGregor et al., 1986; McGregor, 1993);
also the geochemistry of granulite facies biotite (p. 63)
may suggest the former presence of metamorphic fluids
(see p. 78).
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Fig. 76. Distributions of granulite facies, amphibolite facies (not retrogressed from granulite facies), and variably retrogressed grey
gneiss in the Fiskefjord area modified from Garde, 1990, fig. 2, and locations of samples used for Pb-Pb and Rb-Sr isotope geochemical
study. The amphibolite facies areas comprise both grey gneiss east of Qugssuk, the Finnefjeld gneiss complex in the north-west, the
Igandanguit granodiorite in the north-east, and the Taserssuaq tonalite complex and Qugssuk granite north and east of Qugssuk.
Samples used for Pb-Pb isotope geochemistry (Fig. 78) are: Qugssuk granite, Igdndnguit granodiorite, amphibolite facies and retro-
gressed gneiss at Qugssuk, and Nordlandet dioritic gneiss (including GGU 289142 and 278752 north-east of the main outcrop).
Samples used for Rb-Sr isotope geochemistry and shown in Fig. 79 are: amphibolite facies and retrogressed gneiss from all localities,
and Qugssuk granite. Rb-Sr geochronology of the Iganinguit granodiorite is discussed on p. 47.

fjord region (within the Fiskefjord area including rocks

Phases Of metamo;pb ism from Langp — Tovqussap nuna and Qugssuk), described

Dymek (1978, 1984), who studied metamorphism of
supracrustal rocks from several parts of the Godthabs-
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a regional upper amphibolite to hornblende granulite
facies metamorphic event M1 and a regional retro-



gressive event M2, the latter within the stability field
of kyanite. Although his study was carried out before
it was realised that the Godthabsfjord region consists
of several terranes with different magmatic, tectonic
and metamorphic histories, his observations regarding
the M2 metamorphic phase are pertinent to the
Fiskefjord area. Dymek (1978, 1984) noted that the M2
event was very variably developed within a given out-
crop or even within a single thin section. When Dymek
(1978) first described the M2 event, no source for the
thermal input or water necessary for hydration was
proposed. In a subsequent paper Dymek (1984) sug-
gested a possible correlation of the M2 event with shear
heating and hydration along predominantly subverti-
cal high-grade shear zones of local and regional extent.

Cause of granulite facies metamorphism

Garde (1990) discussed several possible mechanisms
of the ¢. 3000 Ma granulite facies metamorphism in the
Fiskefjord area (emplacement of originally dry magma;
dehydration by CO, streaming; thermal metamorphism)
and in agreement with other workers cited above con-
cluded that the ¢. 3000 Ma granulite facies metamor-
phism was probably caused by heat accumulated during
continuous injection of tonalitic magma into the grow-
ing continental crust. This mechanism of thermal meta-
morphism by over-accretion had previously been
described in detail by Wells (1979, 1980) and applied
to ¢. 2800 Ma granulite facies metamorphism in the
Buksefjorden area south of Godthabsfjord (see also
Garde, 1990, p. 679).

Retrogression and element mobility

Garde (1989a, 1990, this paper) described progressive
changes on outcrop and microscopic scale during pro-
grade and retrograde metamorphism of grey gneiss and
presented evidence of element mobility during meta-
morphism. He showed that in the northern and cen-
tral parts of the Fiskefjord area most of the grey gneiss
(and to a lesser extent mafic and ultramafic supracrustal
rocks) has been partially or completely retrogressed
from granulite facies, mainly under static conditions, has
disequilibrium mineral assemblages and textures, and
contains amphibole and biotite which formed over a
wide range of amphibolite facies P-T conditions — in
places two secondary generations of biotite. Only the
eastern and northernmost parts of the Fiskefjord area

escaped granulite facies metamorphism. Here the
orthogneiss contains upper amphibolite facies meta-
morphic parageneses with equilibrium mineral tex-
tures. The original prograde amphibolite to granulite
facies boundary in grey gneiss is not preserved in the
Fiskefjord area, having been overprinted by retrogres-
sion. In West Greenland, outcrops of prograde amphi-
bolite to granulite facies transitions in grey gneiss
(resembling those in e.g. the Kabbaldurga quarry, South
India, Pichamuthu, 1960) have so far only been
described from the southern part of the Fiskenaesset
region south of Nuuk, within the Tasiusarsuaq terrane
(McGregor & Friend, 1992).

Timing and significance of retrogres-
sion, and mechanisms of element
transport

Field observations, conventional and isotope geo-
chemistry, mineral chemistry, and a ¢. 3000 Ma U-Pb
zircon age obtained from a post-kinematic diorite plug
emplaced during or after retrogression suggested to
Garde (1990, 1991) that much of the retrogression took
place very soon after the culmination of granulite facies
metamorphism. Garde (1990) proposed a mechanism
of retrogression whereby continuous dehydration and
partial melting under granulite facies P-7 conditions at
depth were accompanied by penecontemporaneous
retrogression slightly higher in the crust. Liberation of
aqueous fluids from the hydrous anatectic melts, as
they moved into the upper levels of granulite facies
orthogneiss and solidified, would lead to partial or
complete retrogression of previously dehydrated rocks,
as part of the same thermal event. Figure 77 schemat-
ically shows several stages of this development, whereby
dehydration and development of a diffuse anatectic
network were followed by local mobilisation of leu-
cocratic melts and recrystallisation with secondary
amphibole and biotite. Leucocratic veins only cen-
timetres thick may not have travelled far from their
source, but a similar process may have operated at a
scale of metres to a few tens of metres, as evidenced
by retrogression of dioritic gneiss immediately adja-
cent to granite sheets south-east of Quagssip taserssua.
In the case of the Qugssuk granite, which was emplaced
not long after granulite facies metamorphism and is
likely to have been derived by coalescing anatectic
melts formed during the 3000 Ma granulite facies meta-
morphism (Rb-Sr whole-rock ages 2969 + 32 Ma and
2842 + 85 Ma, Tables 1, 2; Fig. 38), no such halo of ret-
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Fig. 77. Schematic stages of grey gneiss
development in the Fiskefjord area
during granulite facies metamorphism
and ‘high-grade’ retrogression (modified
from Garde, 1990, fig. 16). (1) Polyphase
amphibolite facies gneiss, as shown in
Fig. 31. (2) Early stage of dehydration
and growth of orthopyroxene in cross-
hatched areas, and beginning of partial

melting (++). (3) Granulite facies stage

with diffuse quartz-plagioclase anatectic
network. Compare Figs 26 (undeformed)
and 27 (deformed). (4) Early stage of
retrogression; former orthopyroxene
grains become visible as secondary
amphibole-biotite blebs (stars) (compare
Figs 32 and 45). (5) Fully retrogressed
and recrystallised gneiss with blebby
texture, compare Fig. 33. (6) Retro-
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gressed gneiss intruded by syn- or post-
retrogression granite (compare Fig. 51).
For reasons unknown, the orthopyrox-
ene crystals (viz. blebby texture) may
preferentially be located in the quartzo-
feldspathic veins (Fig. 32), in the
surrounding rock (Fig. 27), or in both
positions (Fig. 33).

time —»

rogression can be identified. The granite sheets are
bounded to the west and north by retrogressed grey
gneiss which, except for islands of granulite facies
gneiss, extend many kilometres to the west, north and
north-east. Garde (1990) argued that the Qugssuk gran-
ite cuts, and is hence younger than, the blebby textures
in grey gneiss north of Qugssuk; alternatively V. R.
McGregor suggested (personal communication, 1995)
that the retrogression in the adjacent tonalitic-trond-
hjemitic gneiss could have been caused by fluids ema-
nating from the granite during its solidification. This is
further discussed below.

It was demonstrated in previous sections that both
granulite facies metamorphism and retrogression appear
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to have been accompanied by very significant migra-
tion of LIL elements in the orthogneisses. The migrat-
ing elements may have been transported both in
anatectic quartzo-feldspathic melts as suggested by
field observations and bulk geochemistry, in concen-
trated fluids (perhaps coexisting with the melts) as
suggested by low Rb contents of granulite facies biotite,
and in aqueous fluids released from the crystallising
quartzo-feldspathic melts. It was also shown that ret-
rogression took place under a large range of upper to
lower amphibolite facies P-T conditions, as evidenced
by disequilibrium mineral textures and the composi-
tions of retrograde amphibole and biotite (Garde,

1990).



155 T | T T T T I T
(22.954, 16.610) 5, +
207ph/204ph 0 Ma -7
150 — —
L 3112 +40 Ma, MSWD = 4.50 i
145 L e Amphibolite facies gneiss N
+ Nordlandet dioritic gneiss
| 3112 Ma o Retrogressed gneiss |
A Igananguit granodiorite
X Qugssuk granite
14.0 —
206pp/204pp
1 | 1 | 1 | 1 | 1 | 1
12 13 14 15 16 17 18

Fig. 78. Pb-Pb isochron diagram of grey gneiss and granitoid rocks from the Fiskefjord area (modified from Garde, 1990, fig. 13). The
3112 Ma age is calculated from samples of amphibolite facies grey gneiss at Qugssuk, Igininguit granodiorite and Nordlandet dioritic

gneiss (see also p. 28). The retrogressed grey gneiss and the Qugssuk granite both plot below the 3114 Ma line and have been con-

taminated with less radiogenic lead. Sample locations are shown in Fig. 76 (all samples of retrogressed gneiss were collected on the

north-west coast of Qugssuk). Analyst: P. N. Taylor.

In the Rb-depleted granulite facies samples from
which minerals were analysed, titanium-rich high-grade
(granulite facies) biotite with low Rb contents occurs
in equilibrium with hornblende and hypersthene (Tables
3, 6). Morphologically (and presumably composition-
ally) similar high-grade biotite is common in many
other granulite facies samples. In theory, this refractory
biotite, like phlogopite, should retain Rb in preference
to a granitic melt, and the observed Rb distribution is
therefore not well explained by granitic melt extraction.
Hansen & Newton (1995) described a similar pattern
of inverse correlation between Rb and TiO, in biotite
from an area of prograde amphibolite to granulite facies
transition in southern Karnataka, India. They inter-
preted the low Rb content of granulite facies biotite as
due to Rb extraction by a pervasive fluid with high
partitioning of Rb relative to biotite under granulite
facies P-T conditions — perhaps a concentrated, immis-
cible chloride-carbonate brine coexisting with a quartzo-
feldspathic melt.

Pb and Rb-Sr isotope data: further evidence
of mechanisms and timing of retrogression

Pb and Rb-Sr isotopic data from grey gneiss, [gananguit
granodiorite and Qugssuk granite in the eastern part

of the Fiskefjord area were reported by Garde (1989a,
1990). Isotopic ages were discussed in the section on
magmatic accretion, and additional Rb-Sr data are pre-
sented here. Regarding the U-Pb system, Garde (1990)
presented Pb-Pb whole rock data from grey gneiss and
granite (P. N. Taylor, personal communication, 1990)
showing that the lead isotopic compositions of retro-
gressed gneiss and Qugssuk granite are less radiogenic
than those of the other groups (Fig. 78; locations of sam-
ples Fig. 76). This pattern is evidence of open-system
behaviour of lead and also suggests contamination with
(?Early Archaean) unradiogenic lead during retrogres-
sion. The data also show that the lead source of the
Qugssuk granite was not isotopically homogenised.
As regards the Rb-Sr system, 10 samples of amphibolite
facies gneiss (not retrogressed from granulite facies)
define an errorchron of 2954 + 120 Ma (initial ¥Sr/*°Sr
= 0.7014 + 0.0004, MSWD = 6.85) (Fig. 79a and Garde,
1989a; sample locations Fig. 76). Retrogressed samples
from the north-western coast of Qugssuk plot along this
line but very near its origin (Fig. 79b). Other granulite
facies and retrogressed samples of grey gneiss from the
north-eastern part of the Fiskefjord area (Table 7) plot
a little above the 2954 Ma reference line but parallel to
it, despite some scatter in the data points (Fig. 79¢). A
regression of these points gives an apparent age of
3137 + 172 Ma, initial ¥Sr/*°Sr = 0.7017 + 0.0001, and
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MSWD = 2.20. If significant migration of Rb and Sr took
place during retrogression (as is strongly suggested by
Rb and Sr concentration data, petrography and mineral
compositions reported in previous sections), this must
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Fig. 79. Rb-Sr isochron diagrams for grey gneiss around Qugssuk
and inner Fiskefjord. Sample locations are shown on Fig. 76.
(a) Amphibolite facies gneiss 289272-289282 from the eastern
side of Qugssuk with a regression line (2954 + 120 Ma (20),
Sr;=0.7014 + 0.0003, MSWD = 6.85 for these points. Retrogressed
gneiss from the western side of Qugssuk (open circles) plots on
the same line but near its origin (error magnification is used in the
calculation of all 20 values; modified from Garde, 1990, fig. 12).
(b) Enlarged portion of (a) with an errorchron of 2903 + 290 Ma
(20), Sr; = 0.7018 + 0.0004 for the retrogressed gneiss samples NW
of Qugssuk, and two reference lines of 2954 Ma and 2530 Ma (esti-
mated Sr; = 0.7022) for comparison (see the main text).

(©) Rb-Sr isochron diagram for granulite facies and retrogressed
grey gneiss located around inner Fiskefjord. The diagram shows
data points from three groups of samples (Table 7): granulite facies
and retrogressed grey gneiss from the area south of Fiskefjord,
and a group of retrogressed, very leucocratic gneiss occurring
north of inner Fiskefjord; several samples lie within the
Qugssuk—Ulamertoq zone. The data points from both granulite
facies and retrogressed gneiss clearly show that their Rb-Sr iso-
tope systems were closed quickly after 3000 Ma ago. In spite of
some disturbance due to granulite facies metamorphism and ret-
rogression (and perhaps minor initial isotopic inhomogeneity)
their initial ¥St/*°Sr ratio remains low, and their apparent age is
not lowered; regression of the data points shown in Table 7 and
Fig. 79¢ gives an apparent age of 3137 + 192 Ma, initial ®’Sr/%°Sr
= 0.7016 £ 0.0001, and MSWD = 2.20.

have happened soon after closure of the Rb-Sr system
in its igneous precursor.

McGregor (1993) suggested that much of the retro-
gression in the eastern part of the Fiskefjord area was
related to major Late Archaean (¢. 2530 Ma?) deforma-
tion along the north-western coast of Qugssuk and the
Qugssuk—Ulamertoq zone (see p. 82), with potential dis-
turbance of the Rb-Sr system which would have affected
most or all of retrogressed gneiss samples referred to
above.

Field observations by the author in the Qugssuk—
Ulamertoq zone itself only suggest limited Late Archaean
deformation. Besides, disturbance of an isotopically
homogeneous Rb-Sr system significantly later than 3000
Ma would have resulted in a decrease of the apparent
age of the retrogressed gneiss, and would also have
increased the apparent initial ¥’Rb/*Sr ratio in the cases
of later isotopic homogenisation, or later addition of Rb
or crustal Sr. Such changes would be difficult to detect
in the retrogressed gneiss on the north-west coast of
Qugssuk due to their low Rb/Sr ratios, but they would
be apparent in the other groups south and north of inner
Fiskefjord. For instance, if isotopic homogenisation of



these retrogressed gneisses took place in a closed sys-
tem at 2530 Ma, an initial ®’St/*°Sr ratio of 0.7014 at 2954
Ma would have increased to c. 0.7022 at 2530 Ma (using
an average ¥’Rb/%Sr = 0.123). On Fig. 79c the data points
of granulite facies and (mainly) retrogressed gneiss from
the two latter areas are shown together with two refer-
ence lines of 2954 and 2530 Ma. The initial ®’Sr/*°Sr ratio
of the retrogressed gneiss (calculated value 0.7017 +
0.0001) actually does appear to be slightly higher than
that of amphibolite facies gneiss (initial ratio 0.7014 +
0.0004), but the apparent difference is very small and
within analytical error. In addition, the age is not reset;
an age older than 2954 Ma is actually indicated, as noted
above.

Significance of blebby texture

The two alternative interpretations of the field rela-
tionship between Qugssuk granite and retrogressed
gneiss presented above prompt a discussion of the sig-
nificance of blebby texture, commonly observed in ret-
rogressed gneiss whatever the cause of its retrogression.
V. R. McGregor (personal communication, 1995) pointed
out that a major part of the textural modification observ-
able in outcrops of retrogressed grey gneiss is likely to
have formed during the preceding granulite facies meta-
morphic event, whereby iron and magnesium derived
from the evenly distributed hornblende or biotite char-
acteristic of not previously retrogressed amphibolite
facies gneiss are concentrated in fewer and larger
orthopyroxene crystals or crystal aggregates (or garnet
in rocks of appropriate composition). This (granulite
facies) textural coarsening of mafic components only
becomes apparent in the field in the form of blebby
texture if and when the rocks are rehydrated, and fel-
sic and mafic minerals again become easily recognis-
able by colour. It may therefore be difficult to establish
the relative timing of granite emplacement and retro-
gression of an adjacent body of older rocks on textural
grounds alone (Fig. 51). However, in the case of the
Qugssuk granite, the age of granite emplacement would
provide a minimum age of retrogression, irrespective
of whether retrogression was caused by the granite or
had already taken place.

Causes of retrogression

Retrogression of high-grade terrains is conventionally
explained by later geological events which are unre-

Table 7. Rb-Sr whole rock data for
grey gneiss around inner Fiskefjord

Rb ppm Sr ppm 8Rb/®sr 87Sr/8sr
Granulite facies gneiss, south of inner Fiskefjord
278738 1.7 568 0.009 0.7019
278754 3.8 540 0.014 0.7020
278755 2.0 543 0.010 0.7018
Retrogressed gneiss, south of Fiskefjord
278751 29 456 0.175 0.7100
278806 28 381 0.206 0.7109
278814 32 581 0.149 0.7089
289104 14 923 0.046 0.7038
289126 14 1050 0.034 0.7033
289130 24 922 0.075 0.7050
Retrogressed gneiss, north of inner Fiskefjord
278702 52 1o 0.130 0.7076
278827 34 937 0.105 0.7059
278842 45 883 0.150 0.7083
278850 24 681 0.100 0.7061
278851 43 590 0.205 0.7103
278862 32 843 o.110 0.7065
283379 147 132 3.259 0.8393

See discussion in the main text and Fig. 79. Analytical methods as
described by Garde et al. (1986); the precision of Rb/Sr measure-
ments is within c. 1% (20) for samples with more than c. 5 ppm Rb,
and of ¥Sr/%Sr measurements better than 0.0002 (20).

lated to granulite facies metamorphism, for instance
along major thrusts or shear zones, whereby water is
introduced at a higher crustal level from underthrust
hydrated rocks. This was, e.g. suggested for the north-
ern boundary of the Tasiusarsuaq terrane in the
Godthabsfjord region (Friend et al., 1988b).

Was retrogression in the Fiskefjord area mainly related
to granulite facies metamorphism as suggested by Garde
(1990) and outlined above, or was it mainly caused by
various younger unrelated events? In the Fiskefjord
area later retrogression of country rock gneiss might be
surmised to happen during emplacement of post-gran-
ulite facies Archaean plutons such as the Finnefjeld
gneiss complex, adjacent to faults at the time of juxta-
position of the Akia and Akulleq terranes, during Late
Archaean ductile ‘straight belt’ deformation, and related
to Early Proterozoic dykes and faults (McGregor, 1993;
V. R. McGregor, personal communication, 1995;
McGregor et al., 1991). A fully satisfactory answer to
these questions is difficult to obtain, although the very
variable nature of retrogression as displayed by min-
eral assemblages, mineral chemistry and microscopic
textures may point to high-grade and low-grade retro-
gression operating successively and with variable inten-
sity in the same areas.
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The south-eastern boundary zone of the Finnefjeld
gneiss complex adjacent to grey and purple gneiss was
studied by Marker & Garde (1988); contact relation-
ships are complicated, with several different intrusive
phases; in places, granulite facies gneiss occurs quite
close to the margin of the complex. The northern and
interior boundary zones of the complex are not well
known, but earlier reconnaissance mapping indicates
that granulite facies gneiss occurs at or close to the
margins of the complex in these areas (Allaart, 1982).
In the view of the author, known field relationships do
not suggest that the emplacement of the Finnefjeld
gneiss complex caused widespread retrogression of the
surrounding grey gneiss — at least not at the exposed
level.

Retrogression along Late Archaean ‘straight belts’ of
ductile deformation was observed by McGregor et al.
(1991) and McGregor (1993) in a number of places in
the Godthabsfjord region, a possibility also mentioned
by Dymek (1984). One of these belts, supposed to be
¢. 2530 Ma old (McGregor, 1993), occurs along the
west coast of outer Godthabsfjord and continues into
the Qugssuk—Ulamertoq zone. Along with other ‘straight
belts” in the Qugssuk area McGregor envisaged it to
be a major cause of lateral fluid movement at a scale
of kilometres and concomitant retrogression of grey
gneiss in the eastern part of the Fiskefjord area. Contrary
to McGregor’s interpretation, it was shown above that
disturbance of Rb-Sr isotopic systems of this retro-
gressed grey gneiss must have happened close to 3000
Ma ago. It was also shown above that the pervasive
N-S structural grain of the Qugssuk—Ulamertoq zone,
including the transposition of earlier folds into upright
isoclines, was acquired while granulite facies condi-
tions still prevailed. Far from precluding localised Late
Archaean ductile deformation and fluid movement
along the Qugssuk—Ulamertoq zone, this observation
merely shows that late reactivation was not regionally
important in this area. Besides, notwithstanding that
pro- and retrograde granulite facies transitions are to
some extent lithologically controlled (see e.g. discus-
sion in Garde, 1990 p. 670), substantial parts of the more
leucocratic (tonalitic-trondhjemitic) tracts in eastern
Nordlandet south of the Fiskefjord area would sup-
posedly also have been affected by retrogression, if Late
Archaean lateral fluid infiltration at a scale of many kilo-
metres had taken place along this zone. This is not the
case.
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Effects of Proterozoic retrogression can be observed
in the field along mafic dykes and faults, but the retro-
gression is restricted to narrow subvertical zones a few
metres wide, or at the most a few hundred metres wide
along the Fiskefjord fault (a narrow fjord-parallel zone
of retrogression occurs in granulite facies gneiss where
the fault comes closest to the shores in outer Fiskefjord).
However, the Sr isotopic composition of retrogressed
gneiss shows that Proterozoic retrogression did not
have regional significance.

Conclusions

The widespread retrogression in the central and east-
ern parts of the Fiskefjord area had several causes. Some
Late Archaean and Proterozoic retrogression unrelated
to granulite facies metamorphism is readily visible at
small scale along late shear zones, faults, and at the mar-
gins of Proterozoic dykes. However, the author con-
tends that much of the retrogression is best explained
as related to ¢. 3000 Ma granulite facies thermal meta-
morphism. In spite of difficulty in assessing the precise
compositions of magmatic precursors to grey gneiss
there is strong geochemical evidence that both granulite
facies metamorphism and retrogression were accompa-
nied by mobility of LIL elements. The presence of gran-
ulite facies quartzo-feldspathic veins and syn- and
post-granulite facies I-type granites suggest that dehy-
dration melting of grey gneiss took place. Fluid activity
at granulite facies conditions is indicated from Rb geo-
chemistry of biotite. Petrography and mineral chemistry
suggest that retrogression took place under a range of
upper to lower amphibolite facies P-7" conditions, and
that there were perhaps two or more episodes of retro-
gression in some areas. Field relationships between the
Qugssuk granite and adjacent grey gneiss may be equiv-
ocal in terms of the age of retrogression, but Rb-Sr iso-
tope geochemistry of grey gneiss in this part of the
Fiskefjord area independently indicates that a large part
of the retrogression took place not later than ¢. 2950 Ma
ago. There is field evidence that also Late Archaean and
Proterozoic retrogression not related to granulite facies
metamorphism took place, but the author has not found
evidence of widespread, Late Archaean deformation
along the Qugssuk—Ulamertoq zone or other zones of
high strain in the Fiskefjord area, or of accompanying
fluid activity and retrogression with regional importance.



Post-kinematic diorites

Field and petrographic observations

About twenty individual bodies of post-kinematic dior-
ite range in outcrop size from a few square metres to
c. 1 km? (Garde, 1991, fig. 1), but more may be pre-
sent; they are not easily recognised in areas of gran-
ulite facies tonalitic or dioritic gneiss. Post-kinematic
diorites on Tovqussap nunia were first described by
Berthelsen (1960) who considered that they had formed
by replacement of their host rocks. Pillar (1985) inter-
preted small sheets and segregations of plagioclase-
rich rocks in the Nordlandet area as being con-
temporaneous with granulite facies metamorphism,;
some or all of these may also belong to the post-kine-
matic diorites. The post-kinematic diorites are unde-
formed and unmigmatised and intrude all other
Archaean lithologies, except that they are cut by very
rare ¢. 5 cm thick pegmatite veins of presumed Late
Archaean age. They are also cut by Proterozoic mafic
dykes. They form steep or inclined bodies of brown,
crumbling, homogeneous rocks (Garde, 1991, fig. 2);
their boundaries are up to a few metres wide and gra-
dational with the orthogneiss host rocks, and the mar-
ginal parts of their interiors commonly contain partially
resorbed country rock xenoliths.

The post-kinematic diorites have very variable modal
compositions and mineral textures, but individual bod-
ies appear to be fairly homogeneous. They consist of
hypersthene, diopsidic clinopyroxene, hornblende and
intermediate plagioclase in variable proportions, besides
local coarse-grained biotite (Berthelsen, 1960; Garde,
1991). The rocks typically consist of ¢. 0.5-0.8 cm large,
equidimensional hornblende crystals with inclusions
of pyroxene and plagioclase, set in a medium-grained
plagioclase matrix. Also granular, medium-grained pla-
gioclase-rich rocks occur, and rocks consisting of ran-
domly orientated, subhedral hornblende and pyroxene
or biotite, surrounded by plagioclase. A few of the dior-
ites have proto-orbicular textures (sensu Leveson, 1966)
or contain single (rarely multiple) shelled orbicules
(e.g. Berthelsen, 1960). The orbicular textures may indi-
cate crystallisation from a superheated magma (Vernon,
1985). Pyroxene and hornblende in some bodies are
mantled by up to ¢. 1 mm thick rims of homogeneous,
blue-green ?auto-metamorphic amphibole. However,
the post-kinematic diorites do not display retrograde

blebby textures of spongy amphibole-quartz inter-
growths or sheaves of secondary biotite, such as com-
monly found in the host grey gneiss. Textures of the
post-kinematic diorites are thus partially magmatic, par-
tially ?7auto-metamorphic, suggesting that they were
emplaced during or after the main retrogressive event.

Age
Garde (1991) reported a conventional U-Pb zircon age
of 3017 *19 Ma (B. T. Hansen, personal communication,
1990) from a diorite plug 3 km east-south-east of
Tartorssuaq. The zircon material in the analysed sam-
ple 339512 mostly consists of highly irregular crystals
and crystal fragments, but there are no signs of partial
resorption although the diorite magma was probably
superheated when it was emplaced (see below), and
the zircon age is practically concordant. The zircons are
therefore interpreted as having crystallised from the
diorite magma. It might be argued that this ¢. 3000 Ma
U-Pb zircon age represents the age of zircons inher-
ited from wall rock orthogneiss, and that the post-kine-
matic diorites themselves are much younger, perhaps
contemporaneous with the Nain plutonic suite (M.
Smith, personal communication, 1995) which intruded
the Archaean Nain province in Labrador at ¢. 1400 Ma.
However, the post-kinematic diorites cannot be young,
because Early Proterozoic dykes cut (some of) them.
Also, Rb-Sr isotopic data point to an Archaean age.
Strontium isotopic compositions were determined in
three samples of post-kinematic diorite (Table 8), like-
wise collected east-south-east of Tartorssuaq. Figure
80 shows the data plotted in a Rb-Sr isochron diagram
together with retrogressed gneiss from the north-west-
ern coast of Qugssuk (from Fig. 79b) and a 2954 Ma
reference line (the Rb-Sr age of amphibolite facies
gneiss at Qugssuk). The post-kinematic diorites plot
close to this line, and in spite of their low Rb contents
an Archaean age is indicated.

Geochemistry and interpretation

Garde (1991) described the unusual and very variable
chemical compositions of the post-kinematic diorites.
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Fig. 80. Rb-Sr diagram showing three samples of post-kinematic
diorite, a reference line of 2954 Ma, and samples of retrogressed
grey gneiss from the north-west coast of Qugssuk for compari-
son (see Fig. 79). The samples of post-kinematic diorite are indis-
tinguishable from the grey gneiss, indicating an Archaean age
of the diorites.
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Fig. 81. Chondrite-normalised REE diagram (using normalisa-
tion constants by Nakamura, 1974) of post-kinematic diorites
from the western part of the Fiskefjord area. Note the extremely
variable REE compositions.

The overall intermediate composition of the intrusives
is expressed by their silica contents in the range
52.5-58% SiO, (Garde, 1991, table 1). They have high

84

Table 8. Rb-Sr whole rock data for post-kinematic diorite

Rb ppm Srppm ¥Rb/sr &Sr/fsr Locality

Post-kinematic diorite

283703 13.8 409 0.098 0.7055 51°48°17"W, 64°47°38”"N
283706 3.6 863 0.012 07022 51°47°45"W, 64°47°51”"N
283746 0.6 839 0.002 07020 51°47°45"W, 64°47°51”"N

The samples were collected south-east of Tartorssuaq. See also Fig.
80. Analytical methods as described by Garde et al. (1986); the
precision of Rb/Sr measurements is within c. 1% (20) for samples
with more than c. 5 ppm Rb, and of ¥Sr/%Sr measurements better
than 0.0002 (20).

contents of compatible and mostly very low contents
of incompatible elements, and in several samples the
concentrations of, e.g. MgO, TiO,, P,Os, Cr and Ni
(high contents) and Rb, Nb and Zr (low contents) are
comparable to those normally found in ultramafic rocks.
REE contents are very variable. Individual samples have
widely different REE patterns normalised to chondrite
(Fig. 81); collectively the REE contents are higher than
in ultramafic rocks, and lower than in (most) dioritic
and tonalitic-trondhjemitic grey gneiss in the Fiskefjord
area (compare with Figs 22, 58, 62). On the whole, the
chemical compositions of the post-kinematic diorites
strongly suggest that they were derived from ultrabasic
magma with variable contamination or assimilation of
continental crustal material.

Garde (1991) noted a general similarity with a group
of post-kinematic noritic intrusions some 50 km north
of Fiskefjord, with which the post-kinematic diorites may
be genetically related. He also noted that the most pla-
gioclase-rich of the post-kinematic diorites are similar
in composition to leuconorite and anorthosite dykes in
the Nain province, Labrador, described by Wiebe (1979,
1990) to have been intruded as hot liquids above the
clinopyroxene-plagioclase cotectic, not as crystal
mushes. Garde (1991) concluded that the field rela-
tionships, modal mineralogy, textures and chemical
compositions of the post-kinematic diorites suggest or
are compatible with crystallisation from superheated
dioritic magmas. These magmas most likely formed by
contamination of hot ultrabasic melts, either with more
felsic magma, or by injection of water and assimilation
of felsic wall rocks as indicated by field observations
and geochemical data reported above.



Early Proterozoic events

The Early Proterozoic geological events in the Fiskefjord
area may be cratonic expressions of the contemporary
Nagssugtoqidian, Ammassalikian and Ketilidian oro-
genic events at the northern and southern margins of
the Archaean block (e.g. Watterson, 1978; Kalsbeek er
al., 1987, 1990; Chadwick & Garde, 1996). These events
are peripheral to the general topic of the present paper
and only an outline is presented.

Proterozoic igneous, structural and metamorphic
modification of the Archaean crust at the exposed level
was very limited. As elsewhere in the Archaean block
of southern West Greenland several generations of
mafic dykes were emplaced in the Fiskefjord area, and
a contemporaneous system of wrench faults was devel-
oped. A weak regional thermal event caused resetting
of epidote and biotite Rb-Sr and biotite K-Ar ages in
this and other parts of the Archaean craton (Garde er
al., 1986 and references therein). Besides, intrusion of
a few metres thick granitic dykes of continental crustal
origin at Qugssuk and Isukasia north-east of the
Fiskefjord area (Kalsbeek et al., 1980; Kalsbeek & Taylor.
1983) indicate that stronger localised heating also
occurred.

Faults

The Fiskefjord area contains a number of prominent dex-
tral, NE- to ENE-trending faults and a few conjugate sinis-
tral, WNW-trending faults which are best developed in
the eastern part of the area (Fig. 82). The faults are Early
Proterozoic in age; they are younger than the earliest,
¢. 2200 Ma old, N=S trending high-Mg and related dykes
(Bridgwater et al., 1995; Nutman et al., 1995) which they
offset, approximately contemporaneous with NE-trend-
ing MD dykes, and apparently older than the c. 2085
Ma old granitic dyke at Qugssuk (see p. 87).

The largest fault is the NE-trending Fiskefjord fault
with a dextral displacement of ¢. 5 km in the outer
part of Fiskefjord. The displacement diminishes towards
north-east, and at the head of the fjord the fault dis-
solves into a conjugate system of smaller NE- and
WNW-trending dextral and sinistral faults (Garde,
1987); their senses of displacement indicate that the
maximum stress vector had an approximately E-W
orientation. Towards Taserssuaq a new dextral fault

reappears along the line of the Fiskefjord fault and
probably continues under the lake and the glacier
Sermeq north-east of the Fiskefjord area (Garde, 1987).
At outer Fiskefjord the Fiskefjord fault is accompa-
nied by several smaller faults north of the fjord with
maximum displacements of about 1-2 km (Berthelsen
& Bridgwater, 1960; Garde, 1989b). Along these faults
and a similar fault south of the fjord ductile deformation
has locally taken place with the development of a few
metres thick zones of flaggy, variably chloritised rocks.
Other NE-trending faults occur, e.g. north of Tovqussap
nuni and east of Qugssuk; also in these areas lateral
displacement of mafic marker horizons in the coun-
try rocks suggest dextral fault movement in the order
of 1 km.

Most of the Proterozoic faults are bounded by nar-
row zones up to a few tens of metres wide, where
movement of hydrous fluids has caused low-tempera-
ture retrogression with growth of chlorite and mus-
covite, oxidation of iron sulphides and reddening of
feldspar.

Mafic dykes

Berthelsen & Bridgwater (1960), Bridgwater et al. (1985,
1995), Hall et al. (1985) and Hall & Hughes (1986, 1987)
have published detailed field and geochemical accounts
of mafic dykes in the southern Sukkertoppen, Isukasia
and Fiskefjord areas. The dykes comprise several groups.
An older N=S trending group of high-Mg and related
dykes (Appendix 12) predates the main period of fault-
ing (this group apparently also includes some NE-trend-
ing dykes listed in Appendix 13; Hall & Hughes, 1987).
Two younger tholeiitic groups trending ¢. 050° and
085° (Appendix 13) are contemporary with, or postdate
faulting and belong to the tholeiitic ‘MD’ dykes of south-
ern West Greenland (‘MD’ for metadolerite, Rivalenti,
1975; Bridgwater et al., 1976). One of the earliest dykes,
the N-S trending Pakitsoq dyke through Tovqussap
nuni (Berthelsen & Bridgwater, 1960), has been dated
at 2110 = 85 Ma by the whole-rock Rb-Sr method
(Bridgwater et al., 1995), and an early, likewise N-S
trending high-Mg dyke from the adjacent Isukasia area
has yielded a SHRIMP zircon U-Pb age of 2214 + 10
Ma (Nutman et al., 1995).

85



Taserssuaqx
¢ High-Mg N-S dykes O Microgranite dyke

+ Related N-S dykes ;é
A E-W dykes /‘/ Fault
X NE-SW dykes

>
s X 328229 o
AN _]
\&\%
& +/278778-79
)
A 289092
X 289093
. A 278810
Tovqussap __.—
nuna ~- 278812 X -
{ T
328147 ><
339196 339534 - .
- + 289115
Atangmik Czj A 289112
L6430 N v 3 283629 289116 ¢ 269155 \*Q 289229 4rof =
,{\0( 2892@
(9
. 283622
(,\9\(\ § 289271
0(? \C\?ﬂ K
)] ~.
S ~. d
d
0 e
Q
D
*" 7283384+90+94
Godthabsf/ord
?? 10 km
| sac30'N 52° W 51°‘30'W 51\°W

Fig. 82. Proterozoic faults in the Fiskefjord area, and locations of analysed samples of Proterozoic dykes.

The high-Mg dykes were first described by Berthelsen 1987, 1989b). Several of the new analyses come from

& Bridgwater (1960). Geochemical, mineral-chemical new sample localities of dykes described in previous
and isotopic data from these dykes have been published contributions, or they were collected from presumed
by Bridgwater et al. (1985, 1995), Hall et al. (1985) and continuations en echelon of previously described dykes.
Hall & Hughes (1986, 1987). Additional, previously Most of the dykes consist of variably altered pyrox-
unpublished major and trace element analyses of high- ene and plagioclase and have doleritic textures and
Mg and tholeiitic dykes in the Fiskefjord area are listed tholeiitic compositions, but several of the N-S trend-
in Appendix 12 with accompanying sample localities ing ones are olivine- or orthopyroxene-bearing or both
in Fig. 82; the dykes themselves are shown on the and boninitic to noritic in composition, with up to 21%

Isukasia and Fiskefjord 1:100 000 scale maps (Garde, MgO, high Cr and Ni, high Mg/Fe ratios, and also rela-
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tively high silica contents (Appendix 12; Hall & Hughes,
1987, Bridgwater et al., 1995). In addition to several high-
Mg N-S trending dykes Appendix 12 also contains
analyses of two N=S dykes from the central and east-
ern parts of the Fiskefjord area with SiO, contents of
¢. 56.5 % and MgO contents of only ¢. 5-6 %. In spite
of their low MgO contents both of these dykes proba-
bly belong to the high-Mg series. The dyke sampled
north-west of Usuk, which probably represents a south-
ern continuation of the Aornit dyke (Berthelsen &
Bridgwater, 1960; Hall & Hughes, 1987) has 1-2 mm
grains of composite pigeonite-augite primocrysts (like
those previously described from the high-Mg group of
dykes) and strongly zoned plagioclase laths with albitic
overgrowths, from which microcline has been exsolved.
The other sample is very fine grained but likewise
mainly consists of primary pigeonite-augite and pla-
gioclase. Compared with the tholeiitic E-W dykes both
dykes have higher K,O, Na,O, Ba, Sr and Rb contents,
and lower TiO, and FeO* contents, like the high-Mg
dykes themselves.

The high-Mg dykes only rarely show evidence of
interaction with their local wall rock, and for this and
other reasons Hall & Hughes (1987) argued that they
represent a distinct boninitic magma type and were
derived from depleted harzburgitic mantle which had
been metasomatised in the Late Archaean prior to melt
extraction. Contrary to this interpretation Bridgwater et
al. (1985, 1995) suggested that the high-Mg dykes were
derived from a primitive high-magnesium magma, which
was contaminated shortly before dyke emplacement
with components selectively extracted from the lower
crust. In this context it is interesting to note that post-
kinematic Archaean diorites south of outer Fiskefjord
have most likely obtained their apparent boninitic char-
acter by strong contamination with wall rock orthogneiss
(see previous section and Garde, 1991), which may
lend support to the second of the above interpreta-
tions of the origin of the high-Mg dykes by Bridgwater
et al. (1985, 1995).

Microgranite dyke at Qugssuk

An up to ¢. 5 m thick and apparently ¢. 8 km long micro-
granite dyke occurs in the Qugssuk area with outcrops
on both sides of the fjord; the dyke is homogeneous
and fine grained, with a pale greenish grey colour. It
was emplaced along a WNW-trending Proterozoic fault
which has a maximum sinistral displacement of ¢. 800 m
(Garde, 1989b) and is probably related to the above

1000 —
] Microgranite dyke
100 —
10 —
q o 289229
7 @ 289236
lLace Nd SmEu Tb Yb Lu
1 | | | | | | | |

Fig. 83. Chondrite-normalised REE diagram (using normalisa-
tion constants by Nakamura, 1974) of microgranite dyke north-
west of Qugssuk. The LREE enrichment is interpreted as inherited
from a source of Archaean grey gneiss; note the negative Eu
anomaly, which suggests retention of plagioclase in the source.
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Fig. 84. U-Pb concordia diagram, microgranite dyke north-west
of Qugssuk. Analyst: B. T. Hansen. See discussion in the main
text.

mentioned conjugate fault system. The dyke itself is not
visibly affected by faulting and is probably younger, hav-
ing exploited the weak zone of the fault during its
emplacement. It consists of microporphyritic biotite,
plagioclase, microcline and pseudo-hexagonal quartz
set in a very fine-grained matrix of the same minerals
and abundant accessory sphene and epidote, besides
apatite, zircon and iron oxide. The c¢. 0.5 mm large
pseudo-hexagonal quartz crystals commonly contain
euhedral plagioclase and apatite inclusions; microcline
forms subhedral, partially resorbed laths 0.5-3 mm long
with inclusions of small euhedral quartz and plagioclase
grains.

87



0.90 | | |

| 87g,86g; _ _ ,
- Microgranite dyke :

0.85 —

0.80

0.75 2085 Ma

87Rp/8Csr 1

Model Sr;=0.716
P TN ST |

0.70

0.0 10 2.0 3.0 4.0

Fig. 85. Rb-Sr isochron diagram, microgranite dyke north-west
of Qugssuk. The three samples, which all have high *’Sr/%Sr and
87Rb/%9Sr ratios, plot along a reference line of 2085 Ma (zircon
age, Fig. 84); the model initial #Sr/*Sr ratio of ¢. 0.716 indicates
an Archaean continental crustal source (the grey gneiss).

Chemical compositions of three samples collected on
either side of Qugssuk (Appendix 12) are very similar.
The samples are true granites strongly enriched in both
LIL trace elements and REE; compared to the nearby
Archaean Qugssuk granite (Appendix 10) their con-
centrations of several of these elements are much higher.
A REE spectrum from the dyke (Fig. 83) shows that the
REE are strongly fractionated; in this respect the micro-
granite resembles the Archaean country rock grey gneiss
and adjacent granitoid rocks (Figs 62, 75), but it has a
strong negative Eu anomaly (see below).

A conventional U-Pb zircon discordia age with a
lower intercept of 2085 22 Ma (B. T. Hansen, personal
communication, 1990; Fig. 84) was obtained from euhe-
dral, less than 100 pm long zircon crystals, which were
extracted from several small samples collected at two
adjacent outcrops of the dyke north-west of Qugssuk.
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Table 9. Rb-Sr whole rock data,
microgranite dyke at Qugssuk

Rb ppm Sr ppm 8Rb/BéSr 7Sr/BeSr
Microgranite dyke
289231 256 275 2.7367 0.7979
289237 255 280 2.6633 0.7968
289271 217 291 2.1822 0.7833

See also Fig. 85. Analytical methods as described by Garde et al.
(1986); the precision of Rb/Sr measurements is within c. 1% (20),
and of ¥Sr/%Sr measurements better than 0.0002 (20).

The age is not very precise and the upper intercept
of the discordia line at 3800 + 300 Ma may not have
geological significance; the data points might also
support a line with an upper intercept of ¢. 3000 Ma.

Three samples collected at both sides of the fjord
were analysed to determine the Sr isotopic compo-
sition of the dyke (Table 9). The three samples all have
high #7Sr/%°Sr and ¥7St/%Sr ratios (Fig. 85), and a model
initial %7Sr/%Sr isotopic composition of ¢. 0.716 at
2085 Ma was estimated using the zircon age as ref-
erence. This relatively high initial #7Sr/%°Sr ratio indi-
cates that the dyke probably originated as a partial
anatectic melt from a source of Middle Archaean
orthogneiss. The enrichment of LIL and REE elements,
as well as the strong negative Eu anomaly, further-
more suggest that only a small degree of partial melt-
ing took place; the strong fractionation between LREE
and HREE (Fig. 83) is interpreted as inherited from
the Archaean source. Within error the zircon age indi-
cates that the microgranite dyke was intruded con-
temporaneously with the regional episode of MD
dyke emplacement. It is considered likely that the
local heat source necessary to achieve the crustal
melting was a mafic or picritic magma related to this
episode.



Summary, discussion and conclusions

Recent developments in research of Archaean crustal
processes increasingly favour that ‘plate tectonics’ was
the principal geotectonic framework by the Middle
Archaean and possibly even before (e.g. Condie, 1994),
and this view forms a starting point for a discussion of
the origin and setting of the Fiskefjord supracrustal
association and orthogneisses. The two most important
recent advances towards a general acceptance of plate
tectonics in the Archaean are (a) a better understand-
ing of the architecture of orthogneiss complexes by
precise zircon dating supported by modern structural
analysis, and (b) the realisation based on geochemical
data and laboratory experiments that partial melting of
wet ocean floor basalts may have produced voluminous
Archaean tonalites and trondhjemites during subduc-
tion, if the subducted ocean floor was hotter than it is
at present (see p. 93). In contrast, the locus of origin
for more recent calc-alkaline magmas in convergent
plate settings is the mantle wedge above the subducted
oceanic plate.

Distinctive features of orthogneiss and
the supracrustal association in the
Fiskefjord area

The orthogneiss terrain of the Fiskefjord area, taken as
a whole, resembles many other Archaean high-grade
orthogneiss complexes in various parts of the world (e.g.
compilation by Martin, 1994). There is substantial field
evidence that the orthogneisses are younger than the
supracrustal rocks. Most of them form a typical tonalite-
trondhjemite-granodiorite (TTG) suite with felsic, pre-
dominantly sodic end members and only small volumes
of younger granites. Dioritic and mafic tonalitic rocks,
which are ¢. 200 Ma older than the main tonalites, rep-
resent an early continental nucleus (see Table 1).
Geochemically the tonalites and trondhjemites are char-
acterised by a fairly large range of major element com-
positions, negative Nb and Ta anomalies in spider
diagrams normalised to mantle abundances, and steep
chondrite normalised REE patterns with strongly
depleted HREE. The Qeqertaussaq diorite with its
unusual pattern of geochemical enrichment (much
weaker than, but reminiscent of lamproitic rocks) forms
a separate unit.

The early tonalitic orthogneiss precursors were
intruded into the supracrustal rocks as sheets, which
were subsequently multiply folded together with their
supracrustal host rocks in a tectonic regime dominated
by lateral forces. Subsequent tonalite-trondhjemite and
tonalite-granodiorite intrusions into the folded ortho-
gneiss—amphibolite associations formed large, com-
posite, dome-shaped plutons, which only rarely contain
supracrustal enclaves but in places carry fragments of
cogenetic hornblende-plagioclase cumulate rocks. In
addition, much smaller domes with cores of trond-
hjemitic compositions were formed. The accretion of
orthogneisses culminated with thermal granulite facies
metamorphism, and both this and subsequent wide-
spread retrogression severely disturbed the LIL element
contents of the orthogneisses. After the culmination of
deformation and metamorphism the orthogneisses were
partially remobilised, giving rise to localised sheets and
small domes of granodioritic and granitic rocks that are
contemporaneous with or postdate the retrogression.

It was shown above that homogeneous amphibolite
is the most common member of the supracrustal asso-
ciation in the Fiskefjord area — notwithstanding the
notion that the association may comprise more than one
originally independent sequences intruded by ¢. 3220
and, in turn, 3000 Ma orthogneiss precursors. The chem-
ical composition of the homogeneous amphibolite
resembles that of modern ocean floor basalt except for
a variable enrichment of mobile incompatible elements
(illustrated by Sr, K, Rb, Ba, and Th on Fig. 24) and a
lower TiO, content. The enrichment of mobile LIL
elements in homogeneous amphibolite relative to mod-
ern MORB is likely to have been caused by con-
tamination after emplacement and is probably not a
primary feature. The supracrustal association contains
fragments of large layered complexes which include
cumulate noritic and ultrabasic rocks, but whereas ultra-
basic lava is known from other parts of the Archaean
craton of West Greenland (see next section), komati-
itic rocks or high-magnesium basalts have not been
recognised in the Fiskefjord area. Sheeted dyke com-
plexes have likewise not been found; they may how-
ever be present but not recognised due to deformation
and metamorphism. Metasediments are very insignifi-
cant, and quartz-rich clastic rocks are almost absent; fur-
thermore, no basement to the supracrustal rocks has
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been identified. In spite of their poor and fragmented
state of preservation the supracrustal rocks thus pos-
sess some similarities with ophiolite complexes.

Middle to Late Archaean supracrustal
rocks in adjacent terranes within the
Archaean block of southern West
Greenland

Only a relatively small part of the Middle to Late Archaean
supracrustal rocks in southern West Greenland have
been investigated in detail, especially with regard to their
geochemistry. Summaries of such studies have been pre-
sented by Rivalenti (1976) and Hall et al. (1990); see
also references in Kalsbeek & Garde (1989). The
supracrustal sequences are all dominated by tholeiitic
amphibolites, but they occur within terranes of differ-
ent ages (magmatic accretion of their orthogneiss hosts
spans from c. 3050 to 2800 Ma) and some contain sig-
nificant components of metasedimentary rocks. They
are thus not directly comparable. The thickest and most
complete sequences comprise both pillowed ultrabasic
metavolcanic rocks and tholeiitic metabasalts besides
other supracrustal rocks. In the Tasiusarsuaq terrane they
occur at Ravn Storg and Bjgrnesund (Fiskenaesset
region), and in the Akulleq terrane at Ivisartoq north-
east of Godthabsfjord (Andersen & Friend, 1973; Hall,
1980; Friend et al., 1981; Chadwick, 1986, 1990; Hall et
al., 1987). Isortuarssup tasia, a thinner and geograph-
ically more restricted sequence in the Fiskenaesset
region, was studied by Stecher (1981). The geochem-
ical study by Weaver et al. (1982) at Qeqertarssuatsiaq
in the same region mostly comprised amphibolites of
gabbroic origin associated with anorthositic rocks. The
Fiskenaesset region also contains small volumes of
andesitic and more leucocratic metavolcanic rocks (‘grey
amphibolite”), which may have formed in an island arc
setting (Wilf, 1982). Along the south-eastern margin of
the Akia terrane a ¢. 2 km thick sequence dominated
by amphibolites and possibly including komatiitic
supracrustal rocks occurs on the Nuuk peninsula, Sadelg
and Bjornegen in outer Godthabsfjord (Bridgwater et
al., 1976, Olsen, 1986; Appel & Garde, 1987; McGregor,
1993). Primary structures such as pillow lavas are fairly
common in all these supracrustal rocks, the metamor-
phic grade is lower (middle to upper amphibolite facies),
and most of them are more complete and less deformed
than those preserved in the Fiskefjord area. However,
a gradual transition from a coherent ‘greenstone belt’
sequence into fragmented supracrustal rocks in a ‘high-
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grade grey gneiss —amphibolite’ setting can be observed
at Bjgrnesund (Andersen & Friend, 1973; Garde et al.,
1991).

As in the Fiskefjord area, a basement to the supra-
crustal rocks has not been identified anywhere in the
above mentioned areas. The supracrustal rocks in the
Fiskenaesset region are intruded by Middle to Late
Archaean orthogneisses and also tectonically inter-
leaved with them, and the Ivisartoq supracrustal rocks
have been tectonically juxtaposed against early Archaean
Amitsoq gneisses (Hall & Friend, 1979; Chadwick, 1985,
1986). It was furthermore shown by Hall (1982) on
chemical grounds that the Ivisartoq metabasalts are
unrelated to the Ameralik dykes, a major mafic Archaean
dyke swarm that has intruded the nearby Early Archaean
Amitsoq gneiss.

The chemical compositions of the tholeiitic meta-
basalts at Ivisartoq and in the Fiskenzesset region resem-
ble that of the homogeneous amphibolite in the
Fiskefjord area with respect to most major and trace ele-
ments, and it may be significant that they also have rel-
atively low TiO, contents (see Hall et al., 1990, p. 2506).
The main difference is the much lower LIL element
content (e.g. K,0O < 0.30% and Rb <15 ppm) in most
of the former rocks (Weaver et al., 1982; Hall et al., 1990),
which is regarded by the author to reflect a more pris-
tine state of preservation than in the Fiskefjord area.
Friend et al. (1981) and Hall et al. (1990) discussed
possible chemical affinities of the basic metavolcanic
suites at Ivisartoq, Ravn Storg and Isortuarssup tasia to
modern tholeiitic basalts in various settings. They con-
cluded that the metabasalts all have similar tholeiitic com-
positions, and although their chemistry alone does not
indicate a direct affinity to any particular modern tholei-
ite setting, their field settings suggest an origin as ocean
floor basalts. Regarding the amphibolites at Qeq-
ertarssuatsiaq, Weaver et al. (1982) concluded on the
basis of trace element data that an ocean floor setting
is the most likely of several possible tectonic environ-
ments.

Discussion

Archaean upper mantle and oceanic crust

Both the field setting of the Fiskefjord amphibolites
and their geochemical similarity with modern MORB —
with the above mentioned qualifications — are com-
patible with an origin as ocean floor basalts. The same
is true for other amphibolite-dominated supracrustal



sequences in West Greenland. However, despite the
recent trend towards a general acceptance of plate tec-
tonics in the Archaean, unquestionable ocean floor
sequences of Archaean age have not yet been identi-
fied (see p. 92), and it has not been settled if Archaean
MORB had a composition similar to that of modern
MORB. It is also still debated how important plate
tectonics were in the Archaean, and if Archaean plate-
tectonic processes were identical to those that are gen-
erally accepted to have operated since the Early
Proterozoic. In as much as any interpretation of the
supracrustal rocks in the Fiskefjord area must in the first
place be evaluated against their poor state of preservation,
it is not appropriate to introduce a lengthy discussion
of each of these problems. However, a few central points
are relevant in the present context.

One such point, which refers to the role of plate
tectonics in general, is how the elevated interior heat
production by radioactive decay in the Archaean earth
was expressed in crustal processes. The fact that the
metamorphic zonation of most Archaean continental
crust suggests a moderate geothermal gradient implies
that the excess heat from the mantle was channelled
to the surface elsewhere. Komatiites provide unequiv-
ocal evidence of formerly superheated ultrabasic magma
(probably from a deep mantle source), and are indica-
tive of localised ambient mantle temperatures at least
¢. 200° and perhaps up to 400°C hotter than in post-
Archaean times (e.g. Sleep & Windley, 1982; Jarvis &
Campbell, 1983; Campbell & Jarvis, 1984; McKenzie,
1984). It has also been assumed that the Archaean
oceanic crust was both hotter and thicker than at pre-
sent (Sleep & Windley, 1982; Bickle, 1986) due to a steep
geothermal gradient in the oceanic regions. The com-
mon assumption that the Archaean oceanic crust was
on the average much more short lived than today (due
to vigorous production of mantle-derived basaltic rocks)
implies that it was also generally hotter, simply because
cooling of the ocean floor is known to be a very slow
process (see e.g. Martin, 1986, 1993; Drummond &
Defant, 1990; Tarney & Jones, 1994). Some authors
have taken this view even further, suggesting that the
heat flow was so high that the uppermost part of the
Archaean mantle was not sufficiently rigid to support
plate-tectonic processes, and that the formation of con-
tinental crust — at least in the Early Archaean — took
place by vertical sagging from oceanic plateaus much
like those supposed to exist on Venus (Hamilton, 1993).
However, komatiites, with their direct evidence of ele-
vated Archaean mantle temperature, only make up a
small proportion of surviving Archaean supracrustal

rocks and are by no means ubiquitous in Archaean
supracrustal terrains. Campbell et al. (1989), Campbell
& Griffiths (1992) and others have suggested that while
hot plumes produced localised komatiites, much more
voluminous ocean floor basalts with MgO contents of
less than 12% were produced by passive upwelling
from mantle sources with ‘normal’ temperatures around
1300°C, located under mid-ocean ridges. In other words,
the high mantle temperatures related to komatiite pro-
duction need not have been characteristic for the
Archaean upper mantle as a whole, were not neces-
sarily reflected in elevated crustal geothermal gradi-
ents worldwide, and do not preclude the operation of
plate tectonics in the Archaean.

Also the chemical evolution of the upper mantle in
the early part of the Earth’s history is uncertain (e.g.
review by Bickle, 1990). Early to Late Archaean komati-
ites from several parts of the world are variably
depleted in LREE and other incompatible elements
and have positive éNd values (e.g. Collerson et al.,
1991; Bennett et al., 1993), and a similar but less
marked depletion occurs in associated tholeiitic basalts
(e.g. Sun & Nesbitt, 1978; Campbell et al., 1989).
Although some of these rocks may have experienced
later geochemical disturbance, this indicates that
MORB-like, moderately depleted mantle had formed
already by the Early and Middle Archaean, and is con-
sidered by some authors to have been a common
source of mafic and ultramafic rocks. However, as
pointed out, e.g. by Arndt (1994), komatiitic rocks are
probably not an adequate sample medium for con-
temporaneous upper mantle. Besides, some komati-
ites and basalts in Archaean greenstone belts show
evidence of crustal contamination, commonly in the
form of high-MgO rocks which also have high con-
tents of SiO, and incompatible elements and negative
Nb anomalies, or they contain xenocrystic zircons of
continental crustal origin. The evidence of contami-
nation impedes estimates of the compositions of both
the Archaean mantle itself and its direct melt products.
The matter is further complicated by widely differing
estimates of (a) the growth rate of the early conti-
nental crust (reviewed by Taylor & McLennan, 1985)
and hence the net amount of overall mantle deple-
tion during the Archaean, and (b) the patterns of
Archaean mantle convection. The latter has an impor-
tant bearing on the effectiveness of its contempora-
neous chemical homogenisation (e.g. Bickle, 1990;
Campbell & Griffiths, 1992) and (as stated above)
whether komatiites can be used at all for estimates of
upper mantle composition (Arndt, 1994). In conclu-
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sion, the composition of Archaecan MORB may not in
all respects have been close to that of modern MORB.
Controversy about the recognition of ancient oceanic
crust in Archaean cratons adds to the uncertainty about
Archaean crustal evolution in general and the role and
nature of plate tectonics in particular, and is illustrated
by a recent paper by Bickle et al. (1994). These authors
examined a number of extensively studied Archaean
greenstone belts in the world: the Belingwe greenstone
belt in the Zimbabwe craton, the Barberton greenstone
belt in the Kaapvaal craton, the Kambalda and other
greenstone belts in the Yilgarn and eastern Pilbara cra-
tons of Western Australia, and various greenstone belts
in the southern Slave and Superior provinces of Canada
including the Abitibi belt. All of these greenstone belts
have been or are currently interpreted as (containing)
remnants of oceanic crust, but for various reasons they
were all rejected as such by the above cited authors.
Several of the examined greenstone successions have
(arguably) been laid down on a continental basement
(some contain basal conglomerates), others show signs
of contamination by continental crust during their ascent
or emplacement, others again contain thick sequences
of shallow-water sedimentary rocks, and none contain
complete ophiolite sequences (as defined by the
Geological Society of America, Anonymous, 1972).
Bickle et al. (1994) concluded that although no indis-
putable fragments of Archaean oceanic crust have yet
been found, it probably did exist. This conclusion is
probably fairly representative for the current state of
the debate, although there are also strong proponents
that some Archaean greenstone belts do indeed rep-
resent ocean floor sequences (e.g. de Wit et al., 1987;
Kusky & Kidd, 1992). Bickle et al. (1994) suggest that
the search for Archaean ophiolite complexes should
continue in other tectonic environments such as for
instance the Fiskenaesset region in the high-grade
Archaean block of West Greenland. However, it has been
shown above that an inherent problem with this sug-
gestion is the progressively more fragmentary preser-
vation and likelihood of chemical alteration associated
with the most high-grade supracrustal sequences.

Generation of Archaean continental crust

Contrary to the situation in those Archaean greenstone
belts where komatiites attest to very high mantle tem-
peratures of their source areas, most Middle Archaean
high-grade cratons do not provide evidence of elevated
geothermal gradients, neither in the continental crust
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itself nor in its underlying mantle. This is true for the
regions of Early Archaean Amitsoq gneiss within the
Akulleq terrane immediately adjacent to the Akia ter-
rane (e.g. McGregor et al., 1991) and is also well doc-
umented in other, younger parts of the Archaean block
of southern West Greenland (see Kalsbeek, 1976, ref-
erences to general descriptions in Kalsbeek & Garde,
1989, and thermal modelling by Wells, 1979, 1980).

It has long been known that some orthogneiss ter-
rains in Archaean continental cratons have chemical
compositions that differ in several important respects
from those of their Proterozoic and younger counter-
parts. Most, but not all intermediate and felsic plutonic
rocks in Archaean cratons are characterised by calcic
to sodic TTG suites and a relative scarcity of true gran-
ites (e.g. in Scotland, Weaver & Tarney, 1981, and east-
ern Finland, Martin, 1987), whereas younger orthogneiss
suites are calc-alkaline with common granitic end mem-
bers. Another example of these general differences has
recently been beautifully displayed by Steenfelt (1994)
in her compilation of regional stream sediment data from
West and South Greenland: the major boundary between
the orthogneisses in the Archaean craton of southern
West Greenland and the Lower Proterozoic Ketilidian
orogen to the south with its large calc-alkaline Julianehab
batholith stands out on the regional K and Ca plots of
stream sediment compositions. The Ketilidian batholith
has distinctly higher K,O and lower CaO than the adja-
cent Archaean orthogneiss — at least at the crustal lev-
els now exposed north and south of the boundary.
Steenfelt’s data (1994 and personal communication,
1995), however, also show that there are exceptions to
this pattern; some members of the Archaean
orthogneisses in the Disko Bugt region and in the
Nagssugtoqidian orogen have high K,0/Na,O ratios
and are relatively low in Ca, whereas the opposite is
the case for juvenile Proterozoic rocks in the Nagssug-
togidian orogen.

In addition to their characteristic major element com-
positions, Archaean orthogneisses generally have steep
REE patterns with a strong depletion of HREE, upward
curving HREE ends and absent or weak Eu anomalies
(e.g. Taylor & McLennan, 1985; Martin, 1994). This is
also true for the West Greenland Archaean (e.g. O’Nions
& Pankhurst, 1974; Compton, 1978) and, as already
shown, the Fiskefjord area in particular — except that
retrogressed grey gneiss members have distinct posi-
tive Eu anomalies. The generally favoured interpreta-
tion of these REE patterns is that the TTG magmas left
a residuum rich in hornblende and garnet, which
retained the HREE.



The different compositions of Archaean and younger
granitoids have suggested to many authors (e.g. Martin,
1987, 1993, 1994; Arkani-Hamed & Jolly, 1989;
Drummond & Defant, 1990) that they were formed by
different processes: Proterozoic and younger magmas
of calc-alkaline affinity are produced at destructive plate
margins by a multistage process that begins with par-
tial fusion of the mantle wedge above the subducted
(or underplated) ocean floor. The fluids necessary to suf-
ficiently lower the mantle solidus are liberated from the
cold subducting slab by solid state dehydration. Typical
Archaean TTG suites were not formed by this process,
because the ultimate partial melt products from the
mantle are too potassic and have different trace ele-
ment characteristics, e.g. flat REE curves. Conversely,
recent experiments by Rapp et al. (1991) and Winther
& Newton (1991) have convincingly demonstrated that
partial melting of hydrous low-K tholeiitic basalt can pro-
duce tonalites and trondhjemites in one stage with major
element compositions closely comparable to those of
real rocks, while leaving a hornblende- and garnet-bear-
ing residuum (see also van der Laan & Wyllie, 1992).
Winther & Newton (1991) showed that this is possible
at temperatures and pressures that can be realistically
reached in a hot subducted slab of ocean floor (Arkani-
Hamed & Jolly, 1989); it is an important prerequisite for
the production of TTG melts that the basalt source being
subducted is sufficiently hydrated, as otherwise smaller
amounts of granitic melts are produced at higher tem-
perature and pressure. Alternatively the appropriate
physical conditions for partial melting could be met in
the lower part of a tectonically thickened pile of hydrated
(ocean floor) basalt. The former of these two alterna-
tives seems to be the most attractive one, both in the
light of the common speculation that the Archaean
oceanic crust was young and hot (e.g. Drummond &
Defant, 1990), and when compared with modern ana-
logues. Thus Martin (1993) drew attention to the situa-
tion in south Chile where subduction of very young
ocean floor is spatially related to the production of
andesitic lavas with HREE depletion similar to that found
in Archaean TTG suites (Stern et al., 1984a, b).

Isotopic and tectonic evidence of Middle to
Late Archaean plate tectonics in southern
West Greenland

Two decades ago Bridgwater et al. (1974) emphasized
the role of horizontal tectonics in Archaean crustal
thickening and juxtaposition of different lithologies.

The paper was mainly based on observations from the
Godthabsfjord and Fiskenaesset regions. These authors
also suggested as a working hypothesis that the under-
lying driving force was horizontal movements in the
mantle, perhaps related to plate-tectonic processes.
Nevertheless, in order to account for observed radio-
metric ages within a given geographical region it was
then commonly assumed that in the Archaean, crustal
processes might last well over 200 million years in so-
called crustal accretion and differentiation superevents
(CADS, Moorbath, 1976) which had no direct modern
analogues.

Between 1985 and 1988 it was realised with the aid
of precise zircon age determinations and modern struc-
tural analysis (Friend et al., 1987, 1988a; Nutman et al.,
1989) that the region south of Godthabsfjord contains
several Archaean blocks or tectono-stratigraphic ter-
ranes (sensu Coney, Jones & Monger, 1980) which have
different ages, consist of different lithologies, and have
different magmatic, structural and metamorphic histo-
ries which each took place during relatively short peri-
ods of time. Studies elsewhere in southern West
Greenland (Nutman er al., 1993; Friend & Nutman,
1994; Nutman & Kalsbeek, 1994) and in other Archaean
cratons (e.g. Nutman, 1991; de Wit et al., 1992; Williams
et al., 1992; Myers, 1995) have subsequently indicated
that the prior existence of many individual terranes in
Archaean cratons is probably the rule rather than the
exception. The accretion and differentiation of Archaean
continental crust is now envisaged to have taken place
in individual, relatively quickly developed terranes or
microcontinents, with the implication that ‘plate tectonics’
in some form was active and important at least from
the Middle Archaean.

Archaean geotectonics

Some aspects of Archaean crustal igneous and tec-
tonic processes are now well understood. As just out-
lined, the terrane concept provides strong evidence
of Archaean plate tectonics, although only small vol-
umes of new crust were formed during the juxtapo-
sition itself. There is also substantial, and in the view
of the present author convincing experimental evi-
dence, supported by geochemical modelling and com-
patible with field observations, that new Archaean
continental crust (tonalites, trondhjemites and grano-
diorites) was generated by subduction and partial
melting of wet tholeiitic ocean floor basalts; the process
differs from modern accretion of calc-alkaline island
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arcs and continental batholiths, which form by man-
tle melting.

Other important facets of Archaean geotectonics are
still not resolved. There is disagreement about the com-
position and thermal structure of both the Archaean
upper mantle and oceanic crust, first of all because no
indisputable sample of Archaean oceanic crust has yet
been identified anywhere in the world, and because it
is not known if komatiites were natural products of
the major processes that formed the oceanic crust, or
exceptions created by localised hot mantle plume activ-
ity. In addition, the very high production of new con-
tinental crust in most Archaean cratons in the short
interval between approximately 3000 and 2750 Ma
requires an explanation.

Plate-tectonic scenario of the Fiskefjord
area

The field relationships, compositions, ages and struc-
tural evolution of most orthogneiss and related rock units
in the Fiskefjord area are compatible with and sug-
gestive of a convergent plate-tectonic environment.
These rocks (tonalitic-trondhjemitic grey gneiss and
tonalite complexes) have compositions which are con-
sistent with an origin from subducted oceanic crust by
melting of hydrated basaltic rocks and modified by
subsequent crystal fractionation in the lower crust; man-
tle components are only likely to have been directly
involved in the genesis of the Nordlandet dioritic gneiss
and the Qegertaussaq diorite precursors, but in differ-
ent ways.

The early structures in the grey gneiss, subhorizon-
tal(?) thrusts and two or several phases of recumbent
isoclinal folds, would comply with conditions formed
by lateral stress fields which might be expected in pro-
gressively deeper levels of a convergent plate margin.
Possible directions of plate motion and subduction
would be broadly east—west during the main, Smalledal
and Pakitsoq phases of deformation. The succeeding
emplacement of large dome-shaped plutonic complexes
and development of vertical structures, broadly con-
temporaneously with and succeeding the peak of meta-
morphism, may have been achieved at a stage when
subduction was ceasing, the production of new conti-
nental crust had culminated, and the accumulation of
heat in the middle part of the new crust reached its max-
imum and declined.

Remobilisation of part of the earlier formed
orthogneisses and emplacement of localised granitic
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rocks then took place, perhaps associated with con-
temporary redistribution of mobile elements in the
deeper part of the crust. The narrow linear high-strain
zones with horizontal structures, which form a long-
lived structural element in the evolution of the Fiskefjord
area, may have developed in response to a gradual
change from convergence of the inferred plates to trans-
current motion along an approximately north—south
path, where the crust was still sufficiently ductile.

The intrusion of post-kinematic diorite plugs is not
interpreted as directly related to plate-tectonic processes
but was more likely due to subsequent underplating
by ultramafic magma and apparently linked to the for-
mation of the norite belt in the adjacent area to the north.

While the plate-tectonic scenario outlined above for
the orthogneisses in the Fiskefjord area and their struc-
tural evolution is in part based on positive evidence
(especially referring to the geochemistry of the TTG
suites), the origin of the supracrustal association is
much more speculative. The heterogeneous and homo-
geneous amphibolites, partially preserved layered mafic-
noritic-ultrabasic rocks, and sporadic metasediments
may represent fragments of one or more ophiolite
sequences, but remnants of a sheeted dyke complex
have not been identified, and cherty layers are so far
not known. There may have been more than one group,
separated in time by the accretion of the Nordlandet
dioritic gneiss. Further, it has not been firmly established
how much of the homogeneous amphibolite has been
derived from extrusive volcanic rocks, subvolcanic sills,
sheeted dyke complexes, layered complexes, or com-
binations of these possibilities.

The homogeneous amphibolite was probably chem-
ically altered during or after its emplacement, but impor-
tant geochemical similarities with better preserved
Archaean tholeiitic metabasalts from neighbouring
regions can still be recognised. However, even the ori-
gin of the latter rocks has not been proven — partly
because of their likely contamination and metasomatic
alteration, and partly because the detailed composition
of a hypothetical Archaean MORB is not known.
Nevertheless, the author favours the opinion that the
supracrustal rocks in the Fiskefjord area represent relict
oceanic crust, due to (1) the fact that no basement of
continental crust has been identified (coupled with
widespread evidence that the supracrustal rocks have
been intruded by the orthogneiss precursors), and (2)
the nature and in particular great scarcity of metased-
iments.

The simple plate-tectonic model presented above
requires that early intrusions of orthogneiss precursors



would have to be emplaced into oceanic crust. Xenoliths
and fragments of mafic supracrustal rocks are actually
present both in dioritic and tonalitic grey gneiss, but
the picture is complicated by the fact that some of the
dioritic gneiss represents an earlier continental nucleus.
Furthermore, in the absence of age determinations of
the supracrustal units, still more complicated tectonic
scenarios could easily be advanced.
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Appendixes

All samples listed in Appendixes 1-13 are GGU sam-
ples (GGU = Grgnlands Geologiske Undersggelse).

Analytical procedures. Major element analysis at the
Geological Survey of Greenland; most elements by XRF
on fused glass disks, except Fe,Oj by titration and Na,O
by atomic absorption spectrometry. Trace elements
analysed by XRF on pressed powder pellets at the
Geological Institute, University of Copenhagen (analy-
sts J. C. Bailey and J. Christensen). Further details con-
cerning the analytical methods, and information about
detection limits and precision of the XRF methods at
these laboratories can be found in Blichert-Toft et al.

(1995).

1: INNA at Activation Laboratories Ltd., Canada (‘rese-
arch grade’ analyses). In some samples Th, La, Ce and
Nd were analysed by both INNA and XRF on pressed
powders. For these elements the INNA method has
lower detection limits and a better precision at low
concentrations. Otherwise agreement between the two
sets of analyses is good (generally within 10%), and no
corrections to the results obtained by either method have
been made. Where these elements appear in figures dis-
playing geochemical data, the accompanying text to the
first figure indicates which analytical method was used.
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Appendix |. Chemical compositions of homogeneous amphibolites from the Fiskefjord area

GGU Retrogressed Granulite facies all samples granulite facies retrogressed

No 289141 289120 278758 339508 278849 average s.d. average s.d. average s.d.
(n=31) (n=22) (n=9)

SiO, 47.64 49.45 50.74 51.34 55.66 50.43 2.62 50.88 272 49.33 2.09

TiO, 0.62 0.73 0.54 0.46 0.78 0.67 0.15 0.64 0.11 0.76 0.20

AlL,Os 15.06 14.61 14.19 15.58 17.09 15.17 1.04 15.44 I.11 14.53 0.43

Fe,O; 3.44 432 2.82 241 233 3.14 0.95 2.84 0.78 3.87 0.98

FeO 732 7.34 7.36 5.6l 5.36 7.59 1.31 7.63 1.48 751 0.82

FeO* 10.42 11.23 9.90 7.78 7.46 10.42 1.61 10.19 1.65 10.99 |.44

MnO 0.18 0.20 0.15 0.15 0.11 0.17 0.03 0.17 0.03 0.19 0.02

MgO 10.42 7.71 10.16 9.42 6.65 8.39 0.89 8.35 0.75 8.50 1.23

CaO 10.88 10.57 9.36 9.31 7.15 9.94 1.92 9.72 2.10 10.48 1.35

Na,O 2.15 2.75 2.98 351 3.77 2.67 0.59 274 0.63 2.49 0.45

K,O 0.54 0.58 0.76 0.83 0.42 0.57 0.32 0.60 0.35 0.48 0.19

P,Os 0.03 0.05 0.04 0.08 0.17 0.09 0.05 0.09 0.05 0.09 0.05

l.o.i. _L.él _1.34 0.98 091 035 112 0.38 0.97 0.34 _1.49 0.15

Sum 99.89 99.65 100.08 99.61 99.84 99.96 0.37 100.06 0.35 99.71 0.29
(n=26) (n=19) (n=7)

Rb 9 33 77 5 | 9 14 10 16 5 4

Ba 108 Il 178 29 193 150 115 157 122 130 99

Pb | | 3 9 4 3 3 3 3 3 2

Sr 113 161 182 311 417 177 106 182 113 163 90

La 9 5 I 8 6 5 6 5 7 4

Ce 9 10 23 I 10 9 10 10 I 4

Nd 7 8 3 I I 8 5 8 5 8 2

Y 17 19 14 13 17 18 4 18 3 17 6

Th <l <l <l <l <l <l <l <l

Zr 41 40 37 42 123 59 35 60 39 56 23

Nb 2 37 3 3 4 3 [ 3 2 3 |

Zn 83 104 59 82 69 9l 16 88 14 98 19

Cu 25 57 I 9 41 44 57 34 44 70 82

Co 75 62 74 57 48 68 8 68 9 67 8

Ni 219 148 142 143 90 146 50 145 49 150 58

\ 214 260 229 177 16l 232 52 225 50 252 57

Cr 571 317 690 697 236 409 182 405 196 419 149

Ga 14 17 14 16 22 18 5 18 2 20 10
(n=13)

Cst 0.2 0.2 0.2 0.2 0.2 0.3 0.1

Hf + 1.0 1.0 0.6 1.0 32 1.1 0.8

Sct 311 37.8 363 31.2 235 354 6.7

Tat <0.3 <0.3 <0.3 <0.3 <0.3

Th t 0.2 0.4 0.8 0.7 0.1 0.4 0.3

Ut 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Lat 38 5.0 43 10.4 10.6 6.1 3.6

Cet 9 12 9 21 20 12.8 6.3

Nd + 5 7 5 10 I 72 3.1

Smt I.51 1.83 1.37 223 2.75 1.89 0.55

Eu t 0.60 0.64 0.58 0.7 0.88 0.68 0.14

Tb 0.4 0.5 0.4 0.4 0.6 0.5 0.1

Yb t 1.7 2.02 1.78 1.51 1.84 2.00 0.36

Lut 0.21 0.27 0.22 0.20 0.23 0.26 0.05

Representative analyses, grand average, and averages of 22 amphibolites with granulite facies parageneses, and of nine amphibolites with textural

evidence of partial rehydration. Sample localities are shown in Fig. 7.
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Appendix 2. Chemical compositions of various amphibolites from the Fiskefjord area

GGU Leuco-amphibolite Eastern amphibolite Heterogeneous amphibolite

No 339180 278792 278835 289199 average s.d. 289205 289166 278848 278744 278788 289204
(n=8)

SiO, 53.05 55.92 59.19 63.80 57.23 4.80 48.60 50.24 47.17 49.57 51.43 53.40

TiO, 0.86 0.87 0.73 0.50 0.77 0.26 0.55 0.87 0.30 111 0.62 0.85

AlLO; 18.39 16.78 17.40 17.09 16.96 1.56 18.78 17.33 20.98 14.59 15.41 17.80

Fe,O; 2.67 1.97 1.28 1.21 2.49 1.34 1.94 3.59 4.02 5.22 2.26 1.45

FeO 5.24 6.43 6.24 3.22 4.83 1.22 6.74 6.91 4.96 8.75 6.03 5.28

FeO* 7.64 8.20 7.39 431 7.07 1.85 8.49 10.14 8.58 13.45 8.06 6.59

MnO 0.12 0.11 0.11 0.06 0.12 0.03 0.15 0.18 0.18 0.22 0.16 0.13

MgO 4.69 3.89 3.66 2.24 3.67 0.82 7.56 5.39 3.67 3.55 4.87 3.09

CaO 8.34 7.22 4.94 5.18 7.30 2.13 11.50 9.79 14.52 12.80 14.62 14.67

Na,O 2.05 4.02 4.50 431 3.78 0.95 2.55 3.98 2.20 3.04 2.70 1.92

K,O 0.32 1.13 0.8l 1.06 0.83 0.38 0.36 0.63 0.72 0.42 0.33 0.13

P,Os 0.27 0.25 0.15 0.13 0.24 0.15 0.08 0.16 0.22 0.07 0.13 0.07

l.o.i. 144 092 054 062 _1.02 0.47 1.24 .18 093 1.06 .52 .52

Sum 97.44 99.51 99.55 99.42 99.21 0.72 100.05 100.25 99.87 100.40 100.08 100.31

Rb | 34 6 42 25 26 3 2 20 2 2 2

Ba 322 291 275 352 327 160 13 68 221 57 179 16

Pb 7 6 <l 6 6 3 2 <| <| 4 7 5

Sr 726 340 340 490 478 225 226 259 204 123 583 191

La 20 31 I 16 30 21 13 16 26 <| 12 7

Ce 53 32 21 29 48 35 I 25 26 8 30 16

Nd 31 43 I 12 27 17 6 14 15 7 17 10

Y 16 22 13 50 22 12 | 23 16 33 16 180

Th <| <| <l <l <| <l <| <l <| <|

Zr 73 136 152 89 111 44 50 83 42 65 53 83

Nb 4 6 5 4 6 2 4 5 2 3 4 4

Zn 97 8l 56 57 83 25 70 121 78 165 73 80

Cu 51 5 <l I 18 16 8 <] 6 35 15 36

Co 4?2 11 63 40 48 20 57 68 52 88 55 69

Ni 58 49 52 17 52 24 144 57 21 65 151 94

\'% 159 133 122 58 129 44 157 168 190 323 181 158

Cr 49 166 145 39 115 102 346 110 32 148 488 194

Ga 22 20 20 21 20 3 18 18 15 19 12 19

Cst 0.4 1.4 0.2 0.2 0.2

Hf + 1.4 3.3 38 1.3 2.0

Sc t 19.8 18.6 17.6 28.3 27.7

Tat 0.5 0.4 0.4 0.3 0.6

Th 0.3 39 0.1 0.8 1.2

Ut 0.1 0.8 0.1 0.1 0.3

La t 21.8 28.1 10.8 5.7 11.6

Cet 44 51 20 13 25

Nd + 26 23 I 7 12

Smt 4.88 4.49 224 1.7 2.82

Eu 1 1.47 1.42 0.88 0.62 091

Tb + 0.7 0.7 0.4 0.4 0.5

Yb t 1.59 2.36 1.3 1.83 2.39

Lu t 0.21 0.3 0.18 0.28 0.3

Representative samples and average of leuco-amphibolite, and examples of eastern amphibolite and heterogeneous amphibolite. Sample localities are shown in Fig. 17.
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Appendix 3. Chemical compositions of metasediments
from the Fiskefjord area

GGU Quartzo-feldspathic metasediment Biotite schist

No 289161 289191 289163 283361 289046 339573 283718 339926
SiO, 61.04 6135 62.03 68.08 50.08 57.16 61.53 6237
TiO, 0.54 1.24 0.55 0.36 1.28 0.79 0.44 1.34
AlLO; 15.89 15.66 15.62 16.68 15.30 19.52 16.71 10.68
Fe,O3 1.38 3.05 1.36 0.38 8.50 5.45 1.70 4.69
FeO 3.87 4.72 451 2.21 891 5.69 4.17 9.20
FeO* 5.11 7.47 5.73 2.55 16.56 10.60 570 1342
MnO 0.10 0.11 0.10 0.05 0.19 0.13 0.08 0.10
MgO 3.56 2.35 3.90 1.06 4.12 4.30 4,07 7.92
CaO 6.54 4.69 5.63 3.29 3.62 2.27 6.30 1.38
Na,O 3.76 3.95 3.73 4,52 2.60 2.05 3.03 1.64
K,O 1.6l 1.70 1.02 2.70 1.97 1.46 0.47 0.21
P,O5 0.15 0.18 0.14 0.13 0.24 0.06 0.15 0.07
l.o.i. 066 073 064 025 3.20 1.54 _1.06 0.86
Sum 99.10 9973 99.23 99.72 100.01  100.41 99.70 100.46
Rb 58 94 22 83 72 44 2.4
Ba 518 245 544 589 226 536 67

Pb 10 10 9 25 22 5 6

Sr 215 191 235 279 60 208 22

La 25 18 23 31 7 5 7
Ce 40 39 30 58 29 I 12
Nd 17 22 15 25 17 3 9

Y 14 34 12 6 31 14 58
Th 4 7 2 8 <| | 4
Zr 137 188 119 113 134 63 97
Nb 6.7 8.6 5 4.1 79 3 43
Zn 72 101 8l 63 384 165 98
Cu 8 19 <l 13 115 95 <I
Co 51 49 59 18 82 155 112
Ni 70 34 58 7 7 302 64

\" 9l 184 95 33 249 342 185
Cr 146 14 161 I 28 643 0
Ga 17 21 19 19 21 25 28

Sc 12 19 13 5 46 92

Sample localities are shown in Fig. |7.
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Appendix 4. Chemical compositions of norite, ultramafic rocks and anorthosite from the Fiskefjord area

GGU Norite Ultramafic rocks Anorthosite

No 339922 289145 339163 278710 339164 average s.d. 328286 339564 328269 339538 289109 283710 average s.d. 339501 125763
(n=5) (n=6) Fiskenasset

SiO, 49.09 4943 49.62 498l 50.41 49.67 0.49 45.63  47.25 4747 4947 50.50 54.09 49.07 17.29 47.13  48.97

TiO, 0.19 0.07 0.11 0.11 0.12 0.12 0.04 0.29 0.39 0.67 0.53 0.51 0.09 0.41 3.04 0.21 0.12

AlL,O3 19.36  20.76  20.24 17.74 16.75 18.97 1.69 7.17 9.91 6.42 6.08 7.18 1.24 6.33 2.60 29.74 314l

Fe,O3 1.76 1.51 2.01 0.89 2.80 1.79 0.70 6.00 5.07 4.27 436 3.1 0.80 3.94 2.47 0.00 0.25

FeO 7.25 4.10 4.10 6.76 4.60 536 1.52 6.71 6.29 9.05 7.80 8.45 3.86 7.03 2.55 2.73 0.75

FeO* 8.83 5.46 591 7.56 7.12 6.98 1.34 12.11 10.85 12.89 11.72 11.25 4.58 10.57 3.97 2.73 0.97

MnO 0.18 0.12 0.15 0.15 0.15 0.15 0.02 0.21 0.20 0.26 0.22 0.22 0.16 0.21 3.12 0.06 0.03

MgO 11.81 11.43 10.76 13.97 15.94 12.78 2.14 28.28 18.52 13.83 18.50 13.71 19.79 18.77 7.17 2.21 0.90

CaO 9.82 10.75 10.05 9.29 7.45 9.47 1.25 522 10.03 14.90 10.80 13.44 16.82 11.87 4.77 15.31 14.63

Na,O 0.96 1.09 1.69 0.80 .16 1.14 0.34 0.12 0.95 1.41 0.96 1.41 0.51 0.89 2.88 1.88 1.79

K,O 0.04 0.29 0.65 0.09 0.54 0.32 0.27 0.07 0.16 0.43 0.54 0.23 0.02 0.24 3.1 0.29 0.46

P,Os 0.05 0.0l 0.05 0.00 0.05 0.03 0.02 0.04 0.07 0.09 0.05 0.04 0.02 0.05 3.18 0.05 0.10

lo.i. 0.74 0.59 0.87 0.82 0.75 0.75 0.11 0.76 1.25 1.30 0.78 .35 2.02 1.24 2.74 058 044

Sum 101.25 100.15 100.29 100.43 100.7I 100.57 0.43 100.49 100.09 100.09 100.10 100.15 99.42 100.06 0.35 100.19  99.85

Rb | 16 31 | 13 12 13 3 6 4 35 26

Ba 23 27 139 23 47 52 50 39 70 30 93 33

Pb 2 | 9 <l <l 2 4 2 2 | 5 5

Sr 54 64 63 43 6l 57 9 4?2 31 71 149 83

La <2 1l

Ce 5 18

Nd <2 <2 2 <2 <2 <2 5 8 6 | 6

Y 5 2 3 4 3 3 | 10 16 15 4 2

Th <| <| <| < <| <| <| <| <| | 3

Zr 10 5 12 4 1l 8 4 31 52 34 12 6

Nb | | | | | | 0 2 5 3 2.1 <]

Zn 60 40 47 47 62 51 9 87 117 92 34 8

Cu <2 9 <2 <2 <2 2 4 47 20 22 5 17

Co 78 65 53 74 71 68 10 90 109 83 55 13

Ni 134 203 102 192 247 176 58 655 98I 237 57 25

\' 153 89 113 152 142 130 28 188 180 252 70 28

Cr 109 399 173 263 949 379 337 2340 1860 1170 101 232

Ga 4 Il 12 13 9 10 4 13 14 I 18 21

Cst <0.2 0.5 1.5 <0.2 1.0 <0.2 <0.2 <0.2 0.6 <0.2 <0.2 <0.2

Hf + <0.2 <0.2 0.4 0.2 0.2 03 0.1 0.4 0.6 1.1 0.6 0.9 <0.2 0.6 0.4

Sct 388 21.1 27.0 333 31.6 304 6.7 22.6 30.9 49.1 21.5 45.4 41.4 35.2 11.8

Tat <0.3 <0.3 <0.3 <0.3 0.3 <0.3 <0.3 <03 <03 03 <0.3 <0.3 <03

Tht <0.1 0.1 0.9 0.1 <0.1 0.2 0.4 <0.1 0.2 0.1 0.2 0.2 0.1

Ut <0.1 <0.1 0.3 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

La t 0.6 0.8 3.3 0.7 1.0 1.3 .1 1.8 2.4 3.8 53 3.7 1.7 3.1 1.4

Cet 2 2 5 2 2 3 1.3 4 6 9 14 10 4 8 4

Nd + | | 2 <l | | 0.7 2 4 6 9 6 | 5 3

Sm 0.26 0.15 0.28 0.23 0.18 0.22 0.05 0.6 0.87 1.84 2.2 1.54 0.18 1.21 0.78

Eu t 0.21 0.14 0.16 0.14 0.14 0.16 0.03 0.22 0.45 0.8 0.87 0.51 0.07 0.49 031

Tb 0.1 0.1 0.1 <0.1 0.1 0.1 0.1 0.2 0.2 0.5 0.5 0.3 0.0 0.3 0.2

Yb ¢ 0.90 0.38 0.54 0.62 0.38 0.56 0.21 0.86 .16 1.54 1.52 1.40 0.25 1.12 0.50

Lu 0.12 0.05 0.07 0.08 0.06 0.08 0.03 0.12 0.17 0.19 0.19 0.18 0.03 0.15 0.06

Sample localities shown in Fig. 17. Anorthosite sample GGU 125763 from the Fiskenzsset complex, southern West Greenland (Ashwal & Myers, 1994) shown for comparison.
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Appendix 5. Chemical compositions of dioritic grey gneiss, Fiskefjord area

GGU Amphibolite facies Granulite facies Retrogressed
No 283366 289273 283331 289272 average s.d. 283630 283672 289160 283673 average s.d 283680 278752 278711 278767 average  s.d
(n=7) (n=20) (n=10)
SiO, 5798 5850 6240 6325 60.67 232 5263 5629 57.63 6326 57.13 3.71 55.06 6139 6236 6363 6049 26l
TiO, 0.89 0.55 0.62 0.57 0.63 0.12 I.10 1.01 0.65 065 079 0.19 1.05 0.60 0.58 063 071 0.17
ALO; 1889 1692 1609 1543 1653 1.17 19.07 1935 1542 1592 1695 1.29 1697 1486 1577 1586 1624 0.95
Fe,0; 235 1.42 1.42 1.33 .54 039 4.06 3.69 2.60 230 313 1.02 3.19 1.78 1.67 1.89 210 049
FeO 3.96 4.58 4.04 3.99 429 038 5.14 3.78 5.25 422 463 0.92 5.87 4.12 4.04 369 440 0.64
FeO* 6.08 5.86 532 5.19 567 043 8.79 7.10 7.59 629 746 1.64 8.74 5.72 5.54 539 629 1.0l
MnO 0.09 0.11 0.10 0.10 0.10 0.0l 0.13 0.12 0.14 0.12 0.14 0.03 0.15 0.09 0.09 008 0.1 0.02
MgO 2.07 4.23 3.07 323 342 075 3.53 226 5.25 264 378 1.22 4.26 4.70 3.13 246 344 085
CaO 6.16 6.47 553 5.12 587 052 7.95 7.11 6.96 5.53 7.66 1.15 7.56 4.79 5.15 519 580 090
Na,O 5.05 4.40 4.19 3.88 423 040 5.02 4.93 422 396 410 0.60 3.49 3.50 4.10 448 396 046
K,O 1.43 1.41 1.38 1.78 I.51  0.14 0.27 0.75 0.76 0.63  0.64 0.20 0.96 1.59 091 0.97 113 024
P,Os 0.28 0.19 0.20 0.17 020 0.04 0.30 0.24 0.10 012 0.7 0.06 0.15 0.13 0.16 0.14 0.8 0.04
loi, 044 051 045 044 048 004 105 033 050 039 059 038 103 133 106 054 087 037
Sum 99.59 9930 9949 9929 9947 0.I18 10025 9986 9948 9973 99.72 0.24 99.73 9888  99.02 9956 9942 0.30
(n=5)
Rb 42 74 58 2 <l 2 7 2 4 3 24 60 13 12 28 16
Ba 384 444 420 33 349 243 218 263 237 163 304 397 335 377 361 84
Pb 9 10 9 I 8 9 5 6 7 3 8 3 4 3 6 4
Sr 409 286 351 48 669 428 217 220 283 143 220 326 415 390 335 94
La 21 28 24 3 Il 14 13 10 13 3 16 23 18 18 18 3
Ce 39 43 38 3 27 28 20 22 28 8 35 47 36 33 34 8
Nd 19 21 17 5 18 16 13 Il 16 4 22 26 17 19 19 4
Y 13 15 14 | I 17 16 13 19 6 25 24 16 10 20 7
Th 5 7 4 2 2 | <l <l 2 | 3 | | <l | |
Zr 82 120 Il 20 19 256 137 80 19 68 251 161 112 9l 137 49
Nb 5.7 72 6.4 0.6 3.1 6.5 4.4 29 5.8 2.0 9.7 9.5 6.2 6.8 75 1.3
Zn 74 65 71 7 103 75 84 67 89 19 6 67 67 8l 78 16
Cu 6 <l 4 3 102 31 0 44 21 23 26 10 10 <l 13 8
Co 37 31 33 2 41 41 64 56 55 12 47 42 45 70 49 13
Ni 82 56 67 10 25 17 124 40 55 27 53 85 50 26 52 22
\% 112 90 103 12 188 93 127 104 138 42 236 98 86 71 109 47
Cr 195 160 175 18 13 12 172 42 8l 55 87 253 110 65 123 78
Ga 18 15 17 | 22 22 18 17 20 2 21 19 16 18 19 2
Sc 15 14 15 | 17 13 19 14 21 7 25 16 12 19 6
(n=5) (n=6) (n=3)
Cst 22 20 23 0.2 <0.1 <0.1 <0.1 0.1 0.1 <0.1 <0.1 <0.1 <0.I <0.1
Hf + 2.8 23 28 0.5 4.6 2.6 2.0 3.0 0.9 48 36 22 35 1.3
Sct 14.6 12.6 14.0 1.1 14.4 18.7 13.7 18.0 38 15.9 12.6 10.4 13.0 28
Tat 0.0 0.5 0.5 0.3 0.4 0.8 <0.3 0.4 03 0.5 0.5 <0.3 0.3 0.3
Th 1.7 6.3 28 1.9 0.0 0.0 0.1 0.3 0.4 0.9 1.4 0.4 0.9 0.5
Ut 0.0 1.1 0.6 0.4 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.I  <O0.1
Lat 20.2 255 22.1 2.0 12.2 10.1 1.2 12.8 28 21.5 17.2 18.5 19.1 22
Cet 35 43 38 4 23 19 18 24 6 43 31 35 36 6
Nd + I5 17 16 2 12 10 9 13 4 23 I5 16 18 4
Sm 2.84 3.1 295 0.15 277 2.18 192 284 0.78 4.64 2.87 276 342 1.06
Eu t 0.93 0.86 091 0.04 1.09 0.80 074 094 0.15 0.90 091 0.8l 0.87 0.06
Tb 1 0.3 0.4 04 <03 0.4 0.5 04 0.5 0.1 0.7 0.6 0.4 0.6 0.2
Yb 1.17 1.31 .25  0.05 1.39 1.51 1.28 1.78 0.50 222 1.77 0.97 1.65  0.63
Lu t 0.15 0.17 0.16 0.0l 0.18 0.19 0.16 023 0.06 0.26 0.27 0.13 022 0.08

Representative samples and averages of all analyses (amphibolite facies, granulite facies and retrogressed). Sample locations in Fig. 52.
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Appendix 6. Chemical compositions, Qeqertaussaq diorite, Fiskefjord area

GGU (Variably retrogressed)
No 328565 328563 328567 339223 339224 average s.d.
(n=22)
SiO, 55.16 56.77 58.14 59.40 64.75 58.84 3.35
TiO, 0.97 0.68 0.65 0.6l 0.38 0.62 0.20
Al,O4 18.05 17.84 17.41 16.94 16.95 17.47 0.79
Fe,O; 3.80 3.19 291 2.60 0.90 2.39 0.83
FeO 3.57 3.35 3.29 3.34 2.41 3.19 0.73
FeO* 6.99 6.22 591 5.68 3.22 5.34 1.28
MnO 0.11 0.12 0.12 0.12 0.07 0.10 0.02
MgO 3.12 3.59 3.24 3.02 1.96 3.0l 0.64
CaO 6.29 5.77 5.87 5.76 4.02 5.54 0.99
Na,O 5.45 5.76 4.94 5.34 5.34 5.21 0.61
K,O 1.19 1.45 1.46 0.94 0.95 1.61 0.81
P,Os 0.63 0.25 0.37 0.36 0.27 0.38 0.10
loi 102 091 072 08 102 08 026
Sum 99.35 99.67 99.12 99.25 99.01 99.21 0.60
Rb 10 10 10 4 4 17 14
Ba 755 896 1400 1560 1690 1465 8l
Pb 17 18 19 14 12 18 8
Sr 1050 1190 1200 1100 980 1240 290
La 40 38 46 40 43 52 27
Ce 101 85 95 78 83 106 48
Nd 59 40 47 40 34 51 20
Y 25 16 16 15 5 16 5
Th 2 2 2 <l 2 5 8
Zr 115 65 110 114 9l 120 27
Nb 9.0 5.4 5.4 43 2.0 4.9 1.7
Zn 115 100 94 88 71 90 13
Cu 51 13 33 15 27 26 16
Co 34 40 35 4| 42 39 8
Ni 30 42 18 20 17 31 16
\'% 123 128 124 115 50 103 29
Cr 17 39 29 25 18 40 26
Ga 25 21 22 20 19 21 2
Sc 14 15 17 14 23 14 4
(n=5)
Cst <0.1 <0.1 <0.1 <0.1 0.5 0.1 0.2
Hf + 3.1 1.7 3.5 2.0 2.0 2.5 0.8
Sct 12.4 15.2 14.2 13.2 13.9 13.8 1.1
Tat 0.5 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3
Tht 0.7 1.5 0.4 0.5 0.9 0.8 0.4
Ut <0.1 <0.1 <0.1 <0.1 <0.1 0.2 0.4
Lat 45.0 415 48.2 434 50.5 45.7 3.6
Cet 87 75 79 72 74 77 6
Nd 45 34 37 34 29 36 6
Sm 1 8.66 5.78 6.24 6.18 4,08 6.19 1.64
Eu T 2.11 1.90 1.72 1.69 1.28 1.74 0.31
Tb 0.9 0.7 0.7 0.7 0.4 0.7 0.2
Yb 1.93 1.41 1.35 1.29 0.30 1.26 0.59
Lu 0.24 0.19 0.19 0.17 0.05 0.17 0.07

Representative samples and average of all analyses. The Qeqertaussaq diorite is enriched in P,O;, LREE and
several LIL elements but depleted in high field strength elements relative to dioritic grey gneiss. Sample
locations in Fig. 52.
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Appendix 7. Chemical compositions of amphibolite and granulite facies tonalitic-trondhjemitic grey gneiss, Fiskefjord area

GGU Amphibolite facies Granulite facies
No 339558 283347 289278 283343 289280 289279  average s.d. 278754 339551 278756 339550 328250 339528  average s.d.
(n=19) (n=19)
SiO, 65.06 67.99 69.41 72.07 73.92 7473 71.04 261 62.19 63.99 66.53 70.93 7236 73.45 69.22 4.20
TiO, 0.71 0.39 0.13 0.19 0.06 0.05 0.25 0.15 0.71 0.48 0.51 0.35 0.29 0.17 0.35 0.17
ALO; 1649 16.36 17.24 15.68 13.98 14.24 15.48 1.01 17.03 17.07 16.47 14.52 15.67 14.17 15.64 1.17
Fe,O3 0.30 0.82 0.36 0.21 0.17 0.15 0.36 0.22 1.74 1.21 1.25 1.80 0.33 1.19 1.07 0.50
FeO 3.05 2.12 0.97 0.96 0.55 0.56 1.37 0.68 3.99 297 2.82 1.99 0.84 1.09 2.09 0.91
FeO* 3.32 2.86 1.29 I.15 0.70 0.70 1.69 0.77 5.56 4.06 3.95 3.6l I.14 2.16 291 1.26
MnO 0.04 0.05 0.03 0.04 0.01 0.02 0.03 0.0l 0.08 0.08 0.05 0.06 0.03 0.03 0.06 0.02
MgO 1.29 0.97 0.44 0.38 0.08 0.08 0.57 0.37 2.34 2.56 1.47 0.93 0.41 0.49 1.24 0.73
CaO 3.12 3.60 327 2.00 1.32 1.09 2.52 0.91 5.66 5.35 4.65 3.75 3.36 3.48 4.10 0.89
Na,O 4.40 4.66 5.48 5.80 2.89 4.67 471 0.68 4.78 4.45 4.83 4.05 4.38 4.35 4.49 0.35
K,O 3.66 1.40 1.84 1.74 5.83 4.03 2.65 1.47 0.74 0.31 0.6l 0.35 0.79 0.51 0.68 0.27
P,Os 0.25 0.13 0.04 0.06 0.02 0.02 0.08 0.05 0.20 0.18 0.15 0.11 0.03 0.07 0.12 0.05
loi. 088 024 Ol  OIl 006 006 024 024 033 05 04l 030 021  0I18 036 0l6
Sum 99.26 9873 99.32 99.25 98.89 99.70 99.27 0.35 99.79 99.16 99.75 99.15 98.69 99.19 99.41 0.33
(n=18)
Rb 135 8l 40 99 114 94 8l 26 4 <l 2 <l 2 | 4 10
Ba 1490 449 411 453 1100 273 691 361 328 313 512 355 8l6 364 430 189
Pb 30 15 15 24 37 32 22 7 2 5 8 6 13 8 7 2
Sr 371 381 728 475 250 183 382 146 540 586 559 227 921 287 417 266
La 146 19 3 14 7 3 27 36 13 13 10 7 9 10 13 5
Ce 290 46 4 17 10 5 47 68 37 17 ) 16 14 18 24 9
Nd 99 14 3 8 7 3 17 23 23 8 10 6 4 7 I 5
Y 28 6 2 6 2 2 6 6 9 5 4 4 <l | 7 7
Th 35 16 | 6 16 4 12 9 <l <l <l <l 3 2 | 2
Zr 387 159 42 80 37 13 122 88 141 119 109 228 185 124 134 46
Nb 12.0 4.6 25 33 1.2 3.6 4.0 2.6 6.5 |.4 3.0 1.7 0.9 1.0 3.1 2.1
Zn 65 66 23 49 5 12 39 17 79 68 60 52 19 41 53 17
Cu 38 8 3 <l <l 3 6 8 18 4 I 4 10 5 12 14
Co 47 I 21 16 23 30 31 24 58 69 72 152 56 143 9l 43
Ni 8 7 4 5 4 2 6 3 27 35 I 6 5 3 14 12
v 50 32 12 I 2 0 17 13 73 66 43 36 29 14 36 20
Cr 18 I I 8 4 4 10 7 53 54 26 9 4 6 21 18
Ga 22 19 17 22 13 14 17 3 21 21 18 14 14 12 17 3
Sc | 5 <l | <l <l 2 2 10 6 2 | 5 3
(n=9) (n=7)
Cst 1.7 0.6 20 0.7 0.4 1.6 1.6 <0.2 <0.2 <0.2 <0.2 <0.2 0.1
Hf + 38 1.6 3.0 1.4 0.9 2.6 1.2 2.1 20 1.8 4.1 23 0.8
Sct 4.1 24 1.9 0.8 1.6 28 1.5 9.3 82 55 4.4 73 2.5
Ta t 0.5 0.3 <0.3 0.5 0.9 0.4 0.3 0.4 <0.3 <0.3 <0.3 <0.3 <0.3
Th 11.0 0.3 36 12.9 1.5 6.3 52 <0.2 <0.2 <0.2 <0.2 0.0 0.1
Ut 1.0 <0.1 1.2 1.0 0.6 0.6 0.5 <0.1 <0.1 <0.1 0.4 0.1 0.2
Lat 17.6 4.1 17.0 13.1 5.0 14.7 8.5 17.0 8.8 13.9 1.3 12.8 3.1
Cet 47 6 26 24 6 26 15 33 15 22 16 22 7
Nd I 3 I 10 3 9 4 16 6 10 6 10 4
Sm 1 1.91 0.52 1.60 I.14 0.31 1.39 0.65 3.10 1.24 1.77 0.83 1.78 0.80
Eu 0.6l 0.34 0.40 0.43 0.23 0.46 0.13 0.98 0.68 0.69 0.95 0.84 0.13
Tb 0.2 0.1 <0.1 0.1 0.1 0.1 0.1 0.4 0.2 0.3 0.2 0.3 0.1
Yb 1 0.44 0.18 0.33 0.18 0.13 0.36 0.26 0.80 0.47 0.38 0.71 0.67 0.29
Lut 0.08 0.03 0.06 0.02 0.00 0.05 0.04 0.10 0.06 0.05 0.1 0.09 0.04

Representative samples and averages of all analyses. See Fig. 53 for sample localities.



601

Appendix 8. Chemical composition of retrogressed tonalitic-trondhjemitic grey gneiss, Fiskefjord area

GGU Retrogressed High P,Os, S, Ba, LREE All retrogressed

No 289247 289126 289246 289245 289130 339199 289243 average s.d. 328508 339941 328504 328538 339225 328523 average  s.d. average s.d.
(n=82) (n=6) (n=88)

SiO, 6458  66.71 6833 7004 7059 7257 7452 7026 287 64.62 6536  66.84 6780 6849 6967 67.13 1.91 70.05 291

TiO, 0.45 0.29 0.40 0.31 0.15 0.13 0.15 028 0.14 0.38 0.34 0.32 0.33 0.30 0.24 0.32 0.05 0.28 0.13

ALO;  17.99 17.07 1631 16.15 16.18 1586 14.24 15.97 1.05 16.03  l6.11 16.57 16.58  16.67 16.19  16.36 0.28 15.99 1.02

Fe,O;  0.89 0.97 1.03 0.53 0.47 0.00 0.27 0.63  0.56 1.67 0.98 0.91 1.04 0.10 0.24 0.82 0.58 0.64 0.56

FeO 245 1.63 1.89 1.64 0.63 0.6l I.15 .30 072 1.99 2.00 1.29 1.57 1.43 0.92 1.53 0.42 1.32 0.71

FeO* 3.25 2.50 2.82 2.12 1.05 0.6l 1.39 1.87 1.09 3.49 2.88 2.11 251 1.52 1.14 227 0.87 1.90 1.08

MnO 0.05 0.03 0.05 0.04 0.0l 0.02 0.03 0.03  0.02 0.09 0.08 0.04 0.05 0.03 0.03 0.05 0.03 0.03 0.02

MgO 1.71 1.32 I.13 0.94 0.50 0.38 0.58 075 045 1.63 2.10 1.62 1.53 1.02 0.8l 1.45 0.47 0.80 0.48

CaO 4.83 3.25 431 393 2.26 2.99 3.08 3.16 0.84 3.69 3.18 342 3.23 3.38 2.63 3.26 0.35 3.17 0.8l

Na,O 5.21 5.59 5.17 5.24 5.43 5.49 4.66 503 059 4.92 5.00 5.77 5.06 5.68 5.35 5.30 0.36 5.05 0.58

KO 0.83 1.35 0.48 0.71 1.92 0.95 0.88 1.31 0.6l 342 341 2.01 1.36 1.02 2.71 2.32 1.03 1.38 0.69

P,Os 0.10 0.16 0.12 0.07 0.04 0.07 0.06 0.10  0.06 0.24 0.26 0.22 0.19 0.17 0.13 0.20 0.05 0.10 0.06

loi. 027 051 021 018 040 047 I3 038 020 062 045 047 057 079 040 055 O.l4 039 020

Sum 99.37 9888 9942 9978 9858 9955 99.75  99.19  0.54 99.30 9927  99.48 9931 99.07 9932 9929 0.13 99.19 0.53

Rb I 14 3 4 24 10 19 17 15 87 72 36 7 3 52 43 34 19 18

Ba 457 818 375 454 1430 369 616 747 424 1590 2000 1540 1330 1640 1850 1658 237 809 474

Pb 12 15 8 I 13 12 13 14 6 33 37 25 15 15 25 25 9 15 6

Sr 630 1050 558 683 922 654 496 662 244 1160 1130 1220 988 1020 1130 1108 88 692 262

La I 39 13 13 13 6 10 16 I 35 67 44 26 21 20 36 18 17 12

Ce I5 65 16 19 23 14 16 26 19 68 131 79 47 35 31 65 37 29 23

Nd 8 25 6 8 9 5 5 I 7 32 54 33 22 14 I 28 16 12 9

Y 3 4 | | <l | 2 3 4 15 15 6 3 | 2 7 6 3 4

Th 5 5 2 2 <l | | 3 3 8 16 7 | <l 4 6 6 3 3

Zr 84 114 121 9l 71 63 52 108 67 103 141 105 67 47 84 9l 33 107 65

Nb 2.7 20 23 24 1.3 2.1 1.4 22 1.8 4.6 6.2 2.9 22 1.5 22 33 1.8 23 1.8

Zn 58 56 53 39 27 24 32 39 17 75 59 48 55 36 28 50 17 40 I8

Cu 15 18 8 3 <l 8 9 8 8 16 21 I5 15 17 23 18 3 9 8

Co 31 39 28 28 31 72 29 66 33 9l 55 68 55 53 86 68 17 66 32

Ni 18 10 10 9 <l 3 2 6 5 I 28 27 17 7 9 17 9 6 6

\ 51 30 33 21 12 7 13 23 14 67 48 36 44 30 21 41 16 24 15

Cr 19 8 16 7 4 12 5 9 8 14 40 31 27 8 13 22 12 9 9

Ga 19 21 17 18 20 I5 15 18 2 24 21 19 20 16 18 20 3 18 2

Sc 5 3 3 2 <l 2 I 2 2 9 7 4 8 8 2 6 3 2 2
(n=8)

Cst 0.5 <0.2 <0.2 <0.2 0.3 0.1 0.2

Hf + 2.0 2.6 23 1.8 |.4 1.8 0.5

Sct 4.9 32 22 1.1 |.4 3.1 23

Tat 0.4 0.6 0.7 <0.3 0.8 0.5 0.3

Tht 0.2 0.0 0.2 0.3 0.5 0.3 0.3

Ut <0.1 <0.1 0.2 <0.1 <0.1 <0.1 0.1

Lat 12.7 12.7 14.7 7.6 13.4 12.2 23

Cet 20 18 19 12 17 17 4

Nd 8 7 6 4 5 6 3

Smt 1.30 0.87 0.77 0.66 0.69 094 057

Eu t 0.68 0.64 0.71 0.36 0.64 066 0.18 Representative samples and averages of ordinary retrogressed tonalitic-trondhjemitic

Tb + 0.1 0.1 0.1 0.1 0.1 0.1 0.1 grey gneiss and a group with high P,Os, Sr; Ba, LREE, etc. at central Fiskefjord, related to

Yb ¢ 0.27 0.19 0.20 0.09 0.15 0.21 0.14 the Qegertaussaq diorite (see the main text and Appendix 6). Sample localities shown in

Lu t 0.04 0.02 0.03 0.02 0.03 0.03 0.02 Fig. 53.
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Appendix 9. Chemical compositions of Finnefjeld gneiss and Taserssuaq tonalite complexes, Fiskefjord area

GGU Finnefjeld gneiss complex Taserssuaq tonalite complex Mafic enclaves (Taserssuaq)
No 339643 339638 339633 339641 339650 average s.d. 288616 283372 283317 278811 289103 289208 average s.d. 283329 283381 average s.d.
(n=34) (n=30) (n=5)
SiO, 61.89 64.20 6689 6940 74.12 68.63 422 5796 6274 6753 7062 7230 74.08 6753 5.17 4995 5462 5287 2.12
TiO, 0.79 0.72 0.47 0.44 0.28 0.40 0.21 0.30 0.49 0.36 0.29 0.34 0.15 043 0.20 1.39 0.85 0.88 0.35
ALO; 16.30 16.33 16.07 15.52 13.99 15.68 1.10 15.97 19.11 16.77 1494 1345 1345 15.69 1.99 16.59 17.69 15.41 426
Fe,0O; 1.50 1.38 1.00 0.88 0.19 0.76 0.50 1.48 0.86 0.69 0.84 1.05 0.28 1.18 0.63 3.80 2.25 2.60 0.70
FeO 4.08 3.53 2.48 2.05 1.48 2.05 1.23 449 2.33 2.19 1.41 1.57 0.90 207 0.96 6.94 5.45 6.02 0.6l
FeO* 5.43 4.77 3.38 2.84 1.65 2.73 1.65 5.82 3.10 2.8l 2.17 2.52 I.15 3.13 1.41 10.36 7.48 8.36 1.19
MnO 0.09 0.08 0.06 0.05 0.03 0.05 0.03 0.12 0.05 0.05 0.03 0.05 0.04 0.06 0.03 0.16 0.13 0.14 0.02
MgO 2.84 1.74 1.52 1.23 0.69 1.29 0.96 6.03 1.72 1.39 0.54 0.71 0.26 1.31 1.09 4.72 4,08 6.25 3.42
CaO 3.98 4.14 3.68 3.38 2.69 3.24 1.20 6.14 5.18 3.80 2.40 1.83 0.80 3.17 1.54 827 7.40 8.85 1.86
Na,O 423 4.90 4.63 4.59 4.99 451 0.65 3.90 5.53 4.72 4.11 3.73 3.69 439 0.70 3.72 4.20 3.36 1.34
K,O 2.09 1.73 1.89 1.68 1.72 227 1.24 1.59 1.42 1.6l 3.25 3.85 5.04 2.64 1.29 1.74 1.54 1.40 0.42
P,Os 0.22 0.26 0.18 0.16 0.10 0.15 0.07 0.04 0.09 0.10 0.10 0.10 0.03 0.14  0.09 0.54 0.33 0.33 0.17
lo.i. 081 _0.64 072 032 0.32 051 0.23 LI5S 0.26 0.24 0.54 035 036 051 033 077 061 067 0.07
Sum 98.82 99.65 99.60  99.70 100.61 99.5 0.41 99.17 9978  99.45 99.07 9933  99.08 99.10 0.28 98.58 99.14 98.77 0.38
(n=17;Rb, Sr,Y, Zr, Nb: n=29)
Rb 66 47 46 43 38 57 25 62 45 77 76 8l 141 73 40 47 46 37 12
Ba 1270 967 8l 775 976 876 511 428 414 1010 427 677 387 624 770 463 238
Pb I 12 15 13 14 18 7 16 15 13 19 17 4 8 6 8 2
Sr 519 323 388 359 360 462 199 437 540 466 420 187 65 396 202 721 704 597 240
La 20 21 8l 14 14 20 14 9 19 30 44 39 30 63 43 45 19
Ce 46 38 47 25 28 39 20 15 32 34 87 74 62 113 8l 82 37
Nd 24 18 23 10 Il 18 10 9 17 17 35 29 21 49 38 39 15
Y 9 9 12 5 2 9 8 19 9 5 8 Il 18 12 8 24 16 17 4
Th 2 <l 5 | 4 5 4 6 5 3 9 9 6 6 <I 4 3
Zr 187 217 153 116 126 121 47 62 94 79 102 195 108 154 98 100 99 90 23
Nb 52 49 4.8 4.5 3.3 43 2.6 5.9 6.2 32 4.6 7.6 5.9 5.8 34 11.0 5.9 6.3 3.2
Zn 90 82 70 59 38 53 26 47 57 39 39 59 23 121 88 93 20
Cu 20 22 14 7 7 13 8 3 Il 10 5 I 8 62 15 70 71
Co 48 4] 50 56 80 64 24 14 15 95 78 40 4?2 40 31 40 Il
Ni 28 8 13 12 6 Il 13 15 15 5 8 7 4 42 44 159 239
\'% 104 69 53 43 26 43 30 50 40 18 7 31 19 235 158 183 32
Cr 37 8 25 13 8 21 40 12 15 10 <l 7 4 19 24 152 264
Ga 22 19 21 18 15 18 3 23 18 17 16 19 4 20 21 18 5
Sc Il 20 13 5 2 7 7 5 4 5 6 4 21 17 26 13
(n=5) (n=5) (n=3)
Cst 0.6 0.4 0.7 0.6 0.7 0.6 0.1 0.9 2.0 0.6 0.3 0.9 0.6 1.1 1.0 1.1 0.1
Hf + 5.1 53 4.5 2.9 2.2 4.0 1.4 3.0 24 2.0 33 2.7 0.5 3.0 2.9 3.0 0.2
Sct 9.2 18.7 12.5 4.6 1.7 9.3 6.7 6.3 52 2.9 4.0 4.4 1.4 21.6 17.5 20.1 2.3
Tat <0.3 <0.3 0.4 <0.3 0.3 0.1 0.2 1.1 0.6 <0.3 0.4 0.5 0.4 0.6 0.3 0.5 0.2
Th t 1.7 0.6 2.6 1.0 2.3 1.6 0.8 1.5 33 32 8.1 42 2.5 55 2.5 4.1 1.5
U+t 0.7 <0.1 <0.1 0.2 <0.1 0.2 03 0.9 0.6 0.7 0.4 0.6 0.2 03 0.5 0.7 0.5
La t 22.1 25.5 32.1 17.5 19.9 234 57 8.8 20.9 31.7 47.9 28.7 14.7 67.8 44.8 59.5 12.7
Cet 38 44 53 31 29 39 10 17 36 49 89 49 27 124 8l 107 23
Ndt+ 16 20 23 12 10 16 5 8 15 18 36 19 10 54 37 46 9
Sm 2.66 3.09 3.83 1.80 1.04 2.48 1.09 2.25 1.95 2.62 6.01 3.06 1.67 8.08 5.87 7.11 1.13
Eu 0.94 I.16 0.87 0.80 0.71 0.90 0.17 0.73 0.57 0.85 0.68 0.71 0.10 2.41 1.63 2.02 0.39
Tb 0.4 03 0.4 0.2 0.1 03 0.1 0.3 0.2 0.3 0.7 0.3 0.3 0.9 0.6 0.7 0.2
Yb t 0.85 0.74 0.99 0.45 0.29 0.66 0.29 0.65 0.29 0.60 1.21 0.60 0.39 2.44 1.42 1.86 0.53
Lu 0.11 0.10 0.13 0.07 0.05 0.09 0.03 0.07 0.04 0.09 0.15 0.07 0.05 0.28 0.19 0.23 0.05

Representative samples and averages of all analyses. See Fig. 68 for sample localities.



Appendix 10. Chemical compositions of Igananguit granodiorite and Qugssuk granite, Fiskefjord area

GGU Igdnanguit granodiorite Qugssuk granite
No 278880 278883 278890 289059 average s.d. 289194 278786 283377 283378 average s.d.
(n=8) (n=27)
SiO, 67.04 69.40  69.89 7083 70.04 227 70.58 75.30 7750 7829 73.69 2.38
TiO, 0.41 0.25 0.39 0.28 029 0.12 0.27 0.10 0.15 0.14 0.17 0.07
Al,O3 16.98 15.97 15.21 15.36 1554 079 15.43 13.30 12.08 11.73 14.08 1.43
Fe,O3 0.73 0.62 0.76 0.83 065 0.29 0.21 0.23 0.33 0.51 0.35 0.25
FeO 2.18 1.13 1.41 1.17 1.31 0.64 1.20 0.88 0.53 0.32 0.83 0.32
FeO* 2.84 1.69 2.09 1.92 189 087 1.39 1.09 0.83 0.78 1.41 0.39
MnO 0.04 0.03 0.03 0.02 0.03 0.0l 0.0l 0.01 0.02 0.02 0.02 0.01
MgO 1.09 0.70 0.84 0.62 073 0.35 0.58 0.05 0.05 0.05 0.30 0.19
CaO 3.44 2.49 2.33 2.12 232 0.75 1.97 1.22 0.6l 0.58 1.56 0.66
Na,O 5.34 493 4.78 471 473 040 3.85 3.24 291 2.86 3.64 0.77
K,O 1.33 2.92 2.61 3.15 2.96 1.12 4.40 4.92 5.18 497 4.28 111
P,O5 0.15 0.21 0.16 0.11 0.14  0.05 0.09 0.01 0.02 0.02 0.04 0.03
loi. 046 049 047 026 043 024 033 008 006 004 022 02
Sum 99.19 99.14 9888 9946  99.1 0.21 98.92  99.34 99.45 99.53 99.18 0.28
(n=16;Rb, Sr, Y, Th, Zr, Nb: n=25)
Rb 48 54 78 44 70 22 83 135 142 133 105 32
Ba 317 1030 1630 1810 1183 507 777 287 197 1032 858
Pb 17 19 20 22 21 5 25 20 18 23 5
Sr 507 475 538 537 474 66 667 146 85 60 282 185
La 19 20 52 39 29 14 21 39 27 25 14
Ce 21 16 70 48 37 22 31 65 53 45 28
Nd 13 8 22 16 14 5 12 30 20 17 10
Y 5 3 4 2 4 2 3 3 11 10 6 7
Th 7 <l 15 12 9 6 12 12 14 12 6
Zr 99 84 258 148 138 62 136 113 93 90 118 43
Nb 4.9 1.8 3.9 1.9 3.2 1.6 2.0 1.4 35 4.3 3.4 2.5
Zn 60 30 45 33 36 17 16 11 10 20 10
Cu 37 8 9 8 10 11 3 7 <l 8 I
Co 92 106 71 95 97 21 233 22 17 42 59
Ni 3 4 5 4 4 2 4 4 <l 4 2
\'% 37 20 21 20 20 13 8 3 3 7 5
Cr 17 6 13 10 8 5 5 4 3 6 4
Ga 21 17 17 17 7 3 13 14 14 14 2
(n=6) (n=5)
Cst 0.8 0.2 0.4 <0.2 0.4 0.3 0.3 0.3 0.8 0.4 0.2
Hf + 2.7 1.5 5.6 3.6 32 1.5 2.8 2.3 35 3.0 0.8
Sct 5.0 1.8 2.8 2.0 2.6 1.4 2.0 1.2 1.2 1.5 0.5
Tat 0.6 0.4 <0.3 <0.3 0.3 0.3 <0.3 <0.3 0.6 0.1 0.3
Th 9.6 0.7 14.2 14.0 1.2 6.5 9.1 13.4 9.2 12.3 33
Ut 0.8 <0.1 0.8 <0.1 0.3 0.4 0.5 0.5 0.5 0.6 0.1
La t 28.4 20.1 77.4 62.9 484 238 38.6 339 433 45.2 10.2
Cet 46 30 106 96 70 32 56 52 70 69 18
Nd 19 12 29 30 22 7 17 17 29 24 7
Sm 2.92 1.67 3.17 3.29 272 0.65 2.09 2.59 441 2.99 0.90
Eu 1 0.59 0.79 0.84 0.96 078 0.14 0.74 0.56 0.40 0.6l 0.14
Tb 0.2 0.2 0.3 0.2 0.3 0.1 0.2 0.2 0.5 0.3 0.1
Yb 0.38 0.28 0.47 0.25 034 0.09 0.25 0.33 0.69 0.37 0.18
Lu ¢ 0.05 0.04 0.05 0.03 0.04 0.0l 0.02 0.04 0.10 0.04 0.03

Representative samples and averages of all analyses belonging to Igdnanguit granodiorite and Qugssuk granite (groups a and b in the
main text). See Fig. 68 for sample localities.
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Appendix | |. Chemical compositions of various granitic rocks, Fiskefjord area

GGU Other granites (amphibolite facies) Mesoperthite granite

No 283664 283682 283686 283683 average s.d. 283715 289156 289159 289153 average s.d.
(n=8) (n=16)

SiO, 68.14 7149 7249 7356 71.94 1.80 70.67 72.15 73.70 7568 7253 1.28

TiO, 0.12 0.29 0.21 0.15 0.22 0.07 0.15 0.15 0.11 0.02 0.14 0.07

Al,O; 1868 15.20 14.38 14.43 15.27 1.54 17.14 15.24 13.66 13.55 15.46 0.96

Fe,O; 0.15 0.24 0.34 0.38 0.43 0.44 0.00 0.48 0.41 0.15 0.21 0.19

FeO 0.40 1.37 1.08 0.66 1.05 041 0.65 0.48 0.88 0.34 0.59 0.27

FeO* 0.54 1.59 1.39 1.00 1.43 0.71 0.65 091 1.25 0.48 0.78 0.32

MnO 0.02 0.03 0.03 0.03 0.03 0.0l 0.02 0.0l 0.0l <0.0l 0.02 0.0l

MgO 0.32 0.77 0.47 0.32 0.48 0.18 0.25 0.37 036 0.06 0.32 0.14

CaO 3.39 2.92 1.77 1.26 2.17 0.71 227 1.83 1.06 1.62 1.93 0.38

Na,O 5.88 4.00 3.42 3.62 4.09 0.84 6.17 5.13 3.16 2.71 4,94 1.07

K,O 1.56 1.95 4.0l 4.28 3.00 .11 1.88 2.50 4.85 433 2.75 0.96

P,Os 0.03 0.11 0.08 0.06 0.08 0.03 0.05 0.04 0.05 0.0l 0.06 0.03

loi. 019 034 068 060 036 020 o1l 028 051 031 024 0

Sum 98.89 9870 9896  99.35 99.12 0.28 99.36 98.66 98.76 98.78 99.18 0.32

Rb 31 34 108 107 67 32 13 39 105 65 45 26

Ba 796 3620 1490 1130 1587 929 1830 980 1500 2470 1455 425

Pb 19 13 29 21 21 6 23 22 28 25 23 4

Sr 578 603 280 196 445 333 1151 800 381 396 792 253

La 10 28 48 22 27 15 9 13 34 9 13 7

Ce 24 51 94 48 52 24 17 22 53 3 22 13

Nd 8 17 33 17 19 8 7 9 21 4 9 5

Y 2 2 6 5 4 2 | | 4 <| | |

Th 7 Il 29 20 16 9 3 4 14 | 4 3

Zr 426 244 188 115 203 107 43 77 139 90 70 35

Nb 0.8 <0.8 3.3 2.2 2.0 1.4 0.8 1.0 1.3 0.8 1.0 0.7

Zn 15 28 36 19 28 8 18 32 26 3 27 14

Cu 8 21 5 8 9 6 14 2 4 <I 9 6

Co 4| 40 77 43 6l 24 101 51 74 134 94 29

Ni 6 8 4 4 5 2 2 5 7 5 4 2

\'% 7 26 14 9 15 6 7 8 15 9 9 4

Cr 3 12 14 8 10 5 8 4 4 <I 4 4

Ga 22 13 14 15 15 3 15 17 14 13 17 2

Sc 2 2 3 3 3 | 2 <l <I <I | |

(n=2)

Cst <0.2 <0.2

Hf + 1.5 3.9 5.4

Sct 0.4 1.1 1.5

Tat <0.3 <03

Th 0.2 14.9 15.1

U+t <0.1 0.6

La t 12.9 46.3 59.2

Cet 23 84 107

Nd 8 30 38

Smt 0.92 3.42 434

Eu T 0.42 0.53 0.9

Tb + 0.1 0.2 03

Yb 0.12 032 0.44

Lu t <0.03 0.05 0.05

Representative samples and averages of all analyses belonging to amphibolite facies granite sheets in north-eastern Nordlandet
(group c in the main text) and mesoperthite (granulite facies) granite sheets (group d). See Fig. 68 for sample localities.
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Appendix 12. Chemical analyses of High-Mg and other dykes in the Fiskefjord area

GGU High-Mg N-S dykes Related N-S dykes Microgranite dyke
No 339196 339105 283629 339534 339148 328172 289116 328143 289155 289115 278778 278779 289229 289236 289271 average
Pikitsoq Feeder E Feeder E Feeder E Feeder E Feeder W Sister W Sister E Sister NW of Usuk  Narssarssuaq Qugssuk
SiO, 53.21 5234 5191 51.55 52.00 51.34 53.70 53.79 50.86 56.51 56.80 56.51 69.19 69.25 6891 69.12
TiO, 0.46 0.42 0.34 0.40 0.39 0.54 0.46 0.47 0.50 0.57 0.59 0.58 0.56 0.54 0.58 0.56
AlL,O3 10.95 12.31 8.85 10.29 9.98 8.52 10.97 11.47 8.35 14.82 14.74 14.73 14.45 14.42 14.38 14.42
Fe,O; 258 2.66 2.34 3.13 2.18 2.11 2.44 231 222 201 0.87 1.33 .12 1.01 1.21 I.11
FeO 7.02 6.39 6.72 6.03 6.97 7.95 7.50 731 7.95 6.65 8.15 7.75 1.96 1.97 1.97 1.97
FeO* 9.34 8.78 8.83 8.85 8.93 9.85 9.70 9.39 9.95 8.46 8.93 8.95 297 2.88 3.06 297
MnO  0.17 0.15 0.17 0.16 0.16 0.18 0.16 0.17 0.16 0.14 0.14 0.14 0.04 0.04 0.04 0.04
MgO 14.74 13.70  21.08 18.49 17.84 17.27 13.30 12.79 1831 6.29 4.97 4.98 0.69 0.66 0.65 0.67
CaO 730 8.2l 5.93 6.82 6.77 7.83 749 777 7.04 829 8.59 8.59 1.96 1.97 1.97 1.97
Na,O 1.85 2.13 1.45 1.83 1.75 1.74 1.99 1.96 1.72 2.62 3.02 2.83 3.6l 3.66 326 3.51
K,O 077 0.63 0.50 0.55 0.59 0.59 0.69 0.73 0.59 0.99 1.29 1.25 4.86 4.84 4.92 4.87
P,Os 0.11 0.11 0.08 0.10 0.10 0.08 0.09 0.10 0.07 0.10 0.12 0.11 0.14 0.14 0.16 0.15
l.o.i. 1.18 1.23 0.79 0.84 1.33 129 _1.20 1.22 _1.44 _0.88 076  _1.00 022 022 022 022
Sum 100.34 100.28 100.15 100.20  100.06 99.44 99.99  100.10 99.21 99.87  100.04  99.80 98.81 98.70 98.27 98.61
Rb 23 13 13 13 15 20 18 28 40 39 251 256 212 240
Ba 325 317 251 280 260 314 239 378 427 437 1280 1260 1570 1370
Pb 7 6 2 4 6 3 4 5 2 4 27 27 20 25
Sr 255 248 I55 192 180 248 198 312 314 318 270 280 283 278
La 13 13 I I 9 21 13 17 19 14 150 142 141 144
Ce 26 21 15 15 17 23 6 29 26 38 294 279 274 282
Nd I3 9 6 7 8 I 8 14 15 21 110 102 103 105
Y 10 9 8 10 9 12 9 14 ) 14 44 41 43 43
Th 3 I 2 2 4 <I 3 4 2 3 33 36 31 33
Zr 6l 61 51 59 60 64 58 82 94 93 481 473 526 493
Nb 3.0 35 1.3 29 27 34 3.0 43 4.7 42 22.0 22.0 24.0 227
Zn 98 75 69 72 77 76 72 67 77 75 42 30 43 38
Cu 56 40 46 32 34 58 801 60 52 55 2 I 14 9
Co 77 69 17 88 88 74 94 60 6 94 19 I5 19 18
Ni 456 479 934 738 698 274 69 62 60 65 10 9 ) Il
\% 165 152 131 144 143 166 151 158 165 170 32 33 32 32
Cr 1730 1460 2860 2270 2450 1300 3220 226 86 89 Il 10 10 10
Ga 15 17 I 13 12 16 13 21 20 21 20 22 21 21
Sc 28 26 22 21 26 24 19 23 3 3 4 3
Cst <2 <2 <2
Hf 14 15 145
Sct 42 4.6 44
Tat <3 <3 <3
Th 24 28 26
Ut 27 25 26
Lat 170 170 170
Cet 280 290 285
Nd + 100 100 100
Sm 12 12 12
Eu 1.6 1.6 1.6
Tb § 1.4 1.6 1.5
Yb t 3.44 3.40 342
Lut 0.45 0.43 0.44

Dyke names by Berthelsen & Bridgwater (1960) are used where appropriate, or the nearest place name (Fig. |) is indicated. Locations of samples are shown in Fig. 82.
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Appendix |3. Chemical analyses of NE-SW and E-W trending mafic dykes in the Fiskefjord area

GGU NE-SW dykes E-W dykes

No 328228 328229 328151 278836 283622 328147 278812 289093 278713 289092 328219 278810 289112 283384 283390 283394
Kangeq Eqaluk Blabeer Fiskefjord Narssarssuaq Inner Fiskefjord S Kangeq Qugssuk NofUsuk Tasiussaq

SiO, 51.44 51.07 53.18 5292 4924 4962 5334 52,67 50.11 4964 49.99 50.15 5097 5030 4995 50.10

TiO,  1.05 0.88 2.21 2.37 1.59 1.37 0.62 0.60 1.74 1.49 1.56 1.00 .11 2.25 2.08 2.27

AlLO; 9.25 7.99 13.73 13.13  14.50 14.05 13.41 13.80 12.70 1282  13.46 14.33 14.23 12.69 12.80 12.65

Fe,O; 237 2.38 3.8l 4.56 3.47 3.20 2.29 1.55 3.37 2.33 2.66 1.95 2.63 2.55 1.91 2.36

FeO 9.65 9.31 9.95 1043 1.2l 11.22 7.61 7.57 12.31 12.14 1190 10.18 10.63 13.94 14.14 14.28

FeO* |1.78 11.45 13.38 1453 1433 14.10 9.67 8.97 15.34 1424  14.29 11.94 13.00 16.24 15.86 16.40

MnO  0.19 0.20 0.18 0.19 0.21 0.22 0.16 0.16 0.23 0.23 0.23 0.21 0.21 0.25 0.25 0.25

MgO 10.89 13.62 3.6l 3.71 6.03 7.32 9.81 8.75 5.63 6.31 5.96 6.63 6.09 5.01 5.52 491

CaO 10.17 10.49 7.70 7.69 9.13 8.69 9.23 10.08 9.68 10.05 9.72 11.71 10.27 9.26 9.47 9.16

Na,O 238 1.96 2.50 2.6l 2.35 2.14 1.99 1.94 2.29 2.13 1.99 1.87 2.23 2.36 2.34 2.30

K,O 1.01 0.74 1.09 1.00 0.59 0.48 0.52 0.48 0.6l 0.63 0.56 0.28 0.52 0.90 0.77 0.93

P,Os; 0.15 0.12 0.49 0.50 0.28 0.22 0.08 0.08 0.17 0.15 0.16 0.07 0.14 0.25 0.21 0.25

loi. _1.08 123 LIl 1.07 1.42 132 098  2.06 1.43 173 1.28 1.78 1.03 1.55 1.57 1.59

Sum  99.63 99.98 99.56 100.18 100.02 99.84 100.04 99.74 100.27  99.65 9948 100.16 100.06 101.31 101.01 101.04

Rb 19 12 12 15 17 11 12

Ba 523 238 243 300 224 70 252

Pb 3 | 4 <| 2 <l 4

Sr 380 204 192 199 198 120 227

La 31 16 16 Il 14 | 12

Ce 57 18 23 23 24 3 18

Nd 37 I 11 16 16 I 13

Y 33 15 15 29 25 22 21

Th 2 3 3 <l 2 <l 3

Zr 166 65 67 106 89 59 70

Nb 7.3 2.9 3.8 9.1 6.9 3.9 5.6

Zn 156 80 77 124 118 106 89

Cu 21 86 99 192 391 94 89

Co 78 78 57 71 77 86 69

Ni 38 194 174 6l 71 60 46

\% 383 194 192 412 377 291 289

Cr 39 676 490 89 135 160 97

Ga 26 17 15 19 17 19 20

Sc 28 30 4?2 35

Dyke names by Berthelsen & Bridgwater (1960) are used where appropriate, or the nearest place name (Fig. |) is indicated. Locations of samples are shown in Fig. 82.



Plate 1 (In pocket). Simplified geological map of the Fiskefjord area.
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