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INTRODUCTION 

This account is concerned with the part of the West 
Greenland Archean gneiss complex centered around 
Godthabsfjord and extending from lsukasia in the 
north to south of F~ringehavn. The special significance 
of this region for understanding crustal genesis in the 
early history of the Earth includes the following. 

(1) Extensive outcrops of 3800-3400 Ma rocks can 
provide some direct evidence of conditions and 
processes that operated on the Earth in the early 
Archean, but the ways in which primary characteristics 
have been modified by later deformation, metamor-
phism, and chemical changes must first be taken into 
account. 

(2) The rocks exposed are the products of two major 
phases of accretion of continental crust, at 3800-3700 
Ma and 3100-2900 Ma. The main features of these two 
accretion phases are similar, but careful study of the 
least modified rocks may reveal differences that can be 
attributed to changes in the Earth in the intervening 
period. 

(3) The combination of excellent exposure over an 
extensive area, relatively detailed geological mapping of 
much of the region, and a considerable volume of 
isotopic and other geochemical data gives special 
insight into processes that operated at moderately deep 
levels of the crust in the Archean. Of particular interest 
is the effect of late Archean granulite facies metamor-
phism on early Archean rocks, especially the extent to 
which isotope systems were disturbed and reset. Similar 
processes may well have partly or wholly destroyed 
evidence of more ancient components of other high 
grade terrains. 

Stratigraphic relations and the first-order elements of 
the chronology were first worked out during the late 
1960s, mainly within the area of the Qorqut 1:100,000 
geological map sheet (64 V 1 S). Field mapping of this 
sheet extended from 1965 to 1979 and much of it was 
of a reconnaissance nature only, based on coastal 
outcrops and rather widely spaced traverses inland. 
Part of the N ordlandet peninsula, the Qorqut granite 
complex between Qorqut and Sulugssugutip kangerd-
lua, the peninsulas and islands between the mouths of 
Godthabsfjord and Ameralik, and some areas on the 
south side of Ameralik were mapped in greater detail. 

The Buksefjorden 1:100,000 map sheet (63 V 1 N) to 
the south was mapped in considerable detail between 
1972 and 1977 (Chadwick and Coe, 1983). Most of the 
sheet was mapped on a scale of 1:20,000, while the 
N arssaq peninsula and the islands around Qil{mgarssuit 
were mapped at 1:10,000. Our field studies and those of 

Sharpe(1915) show that the full extent of early Archean 
rocks is not shown on the Buksefjorden mapsheet. 
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Field mapping for the Ivisartoq (64 V 2 N) and 
Isukasia (65 V 2 S) 1:100,000 map sheets in the 
northeastern part of the region was carried out from 
1981 to 1983. Mapping was less detailed than for the 
Buksefjorden sheet but benefited from advances in 
understanding of the regional geology that had been 
made in the 1970s. Both sheets are in the process of 
compilation and drafting. Mapping is in progress for 
the Fiskefjord 1:100,000 map sheet (64 V 1 N) north of 
the Qorqut sheet. The !sua supracrustal belt and 
adjacent gneisses have been mapped in considerable 
detail by G.G.U. geologists and will be published at 
1:40,000. 

The Frederikshab Isblink-S~ndre Str~mfjord 
1:500,000 geological map sheet is based on the 1:100,000 
map sheets for the whole ofthe area south of 64°N and 
for the area of the Qorqut sheet. The remainder of the 
map area was compiled from helicopter and coastal 
reconnaissance in 1976-1978. It does not include the 
results of mapping for the Ivisartoq, lsukasia, and 
Fiskefjord 1:100,000 sheets. No further regional 
mapping has been done since helicopter reconnaissance 
in 1976 within the Kapisigdlit 1:100,000 map sheet area 
(64 V 2 S), east of the Qorqut sheet. The geology of this 
part of the region is relatively poorly known. 

This account does not attempt to be an exhaustive 
review of all work carried out on the geology of the 
region. Rather, it attempts to summarize aspects of the 
geology and some recent speculations on its significance 
that can be of interest in the context of early crustal 
genesis. Earlier papers and ideas are referred to only 
where they have not been superseded by later work. The 
geology of the Godthabsfjord region is extremely 
complex and still far from properly understood. We 
apologize if the reader becomes lost at times in the 
details of what follows. We often get lost ourselves. 

EARLY ARCHEAN 

An older complex of rocks in the Godthabsfjord 
region was separated from younger rocks initially on 
the basis of a single field criterion: that they contain 
very abundant tabular bodies of amphibolite derived 
from basic dykes to which the name Ameralik dykes 
was given (McGregor, 1973). Amphibolites derived 
from basic dykes are rare or absent in other lithologic 
units in the region, and these units were presumed to be 
younger than the Ameralik dykes. Subsequent isotopic 
studies showed that the units with abundant Ameralik 
dykes or, in the Isukasia area, cut by less deformed 
Tarssartoq dykes, which are at least in part equivalent 
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to the Ameralik dykes, were all formed between about 
3800 and 3400 Ma (references elsewhere in this volume). 

Early Archean rocks, intercalated with younger 
rocks, have been recognized with certainty within a 
tract that extends for 200 km from the margin of the 
Inland Ice at Isukasia to the outer coast south of 
Faeringhavn. To the southeast, early Archean units are 
disrupted by increasing amounts of mid-to late Archean 
gneisses, and they become more difficult to recognize 
because of more intense late Archean modification. In 
particular, late Archean granulite facies metamorphism 
partly erased field evidence for separating early 
Archean gneisses from younger rocks and destroyed the 
early Archean isotopic signature (see below). Early 
Archean rocks extend farther south and southeast than 
is indicated on the 1:500,000 and the Buksefjorden 
1:100,000 map sheets. Rocks that we consider on the 
basis of field criteria to be early Archean crop out to 
within 4 km of the bead of Buksefjorden and south as 
far as Tinissaq (Chadwick et al., 1974) and the islands 
at the mouth of Sermilik (Figure I). Here they make up 
only a relatively small proportion of the geology. 

Early Archean rocks may be present locally north-
west of the Godtbabsfjord region. Hall ( 1977, 1985) noted 
banded iron formation and other lithologies that 
suggest early Archean rocks near the margin of the 
Inland Ice 80 km NNE of Isukasia. Rocks that resemble 
Amitsoq gneisses and Ameralik dykes form part of 
Tovqussap nuna, north of the mouth of Fiskefjord. 

Early Archean rocks in northern Labrador (see 
Collerson et al., 1982, for references) resemble the early 
Archean rocks in the southern part of the Godthabsf-
jord region, and they probably formed parts of the same 
complex before the opening of the Labrador sea. 

In West Greenland the early Archean rocks are best 
preserved in the Isukasia area, which is described 
separately (Nutman and Rosing, this volume). Through-
out the remainder of the tract where they have been 
recognized, their primary characters have been severely 
modified by mid- to late-Archean plutonic activ-
ity: intense deformation, intrusion of voluminous 

granitoid magmas, and high-grade metamorphism. The 
early Archean rocks in the Godthabsfjord region 
outside the Isukasia area comprise the Akilia associa-
tion of supracrustal and basic to ultrabasic intrusive 
rocks and the younger and much more voluminous 
Amitsoq gneisses that intrude them. 
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AKILIA ASSOCIATION 

Fragments of older rocks occur throughout the 
region within the Amitsoq gneisses. Except for the 
rocks of the Isua supracrustal belt, they are all grouped 
for convenience under the term Akilia association 
(McGregor and Mason, 1977). The range of Akilia 
lithologies is similar throughout the region and there 
are similarities with especially the lowest part of the Isua 
supracrustal sequence. There is no indication that rocks 
of more than one age group are involved. It seems most 
probable that the Isua supracrustal belt and all of the 
Akilia supracrustal rocks are parts of a single sequence 
that was "exploded" by intrusion of the parents of the 
Amitsoq gneisses. 

Individual bodies of Akilia rocks range in size from 
very small up to mappable units hundreds of meters 
thick that can be followed for kilometers. Especially 
extensive units crop out northeast of Qorqut and 
between the lsukasia area and the head of 
Godtbabsfjord. 

Nutman (1980) grouped Akilia rocks SSW of the 
mouth of Ameralik into (1) an early assemblage of 
interlayered amphibolites, banded iron formations, and 
felsic gneisses of probably volcanic and sedimentary 
origin; (2) massive leucogabbroic rocks intrusive into 
(1); and (3) layered ultramafic rocks. 

Rapid variations occur within the rocks of group (1), 
which is dominated by basic lithologies. These comprise 
layered mesocratic amphibolites with Fe-rich tholeiitic 
affinities and rocks that range from pyroxene-bearing 
amphibolites to clinopyroxenites. The pyroxene-
bearing layered basic rocks have high MgO, Cr, and Ni 
and low Al20 3, Ti02, and N a20. McGregor and Mason 

Fig. 1. Geological sketchmap of the southern part of the GodthAbsfjord region and the northern part of the Fiskena::sset 
region; ( 1) Belt of rocks not affected by granulite facies metamorphism in the late Archean; (2) Mid-Archean supracrustal 
and anorthositic rocks; (3) Early Archean rocks, mainly Amltsoq gneisses; (4) Areas with early Archean rocks extensively 
intruded by mid- to late Archean gneisses; (5) mid- to late Archean gneisses (Nuk gneisses and equivalents); (6) Qorqut 
granite complex; (7) Areas with granulite facies mineral assemblages; (8) Localities with mineralogical evidence (relic 
orthopyroxene) of late Archean granulite facies metamorphism in rocks mainly retrogressed to amphibolite facies; (9) 
Localities with textural evidence of late Archean granulite facies metamorphism in retrogressed rocks; (10) Post-
granulite facies deformation belts; (II) Approximate position of original late Archean prograde granulite-amphibolite 
facies boundaries. 
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(1977) concluded that they were chemically comparable 
to the komatiitic association but considered it possible 
that at least some were of cumulate origin. No primary 
igneous textures are preserved in them. Nutman et al. 
(in preparation) question whether any of these rocks 
crystallized from komatiitic liquids and suggest that all 
or most of them are derived from tholeiitic magmas in 
which olivine and orthopyroxene had accumulated. 

The metasedimentary rocks are mostly quartz-rich 
pyroxene-, amphibole-, magnetite-, and garnet-bearing 
rocks in which graphite, biotite, molybdenite, and 
carbonate occur locally. They are interpreted as derived 
from varieties of banded iron formation with possible 
associated chert. Less common are rusty-weathering 
biotite-garnet-feldspar gneisses, locally associated with 
quartz-rich gneisses, that are thought to be derived from 
acid to intermediate volcanics or from feldspathic 
detrital sediments. Some quartz-rich layered rocks 
appear to be the result of secondary introduction of 
silica. 

The leucogabbroic rocks of group (2) form sheets 
intruded into the volcanic-sedimentary sequence. 
Locally there is poorly developed layering interpreted 
as of primary igneous origin, for example, on SE 
Qillmgarssuit where this unit contains anorthositic 
layers. The composition of fine-grained homogeneous 
varieties may to a first approximation be that of liquids 
and resembles strongly fractionated "komatiitic" liquid 
compositions. 

The ultramafic rocks (3) are mainly meta-peridotites. 
Olivine has been partly or completely hydrated and 
occurs as relics associated with pyroxene, tremolitic 
amphibole, talc, serpentine, and phlogopite. These 
rocks are interpreted as derived from cumulate facies of 
the layered basic rocks. 

Extensive units of Akilia association rocks between 
the mouth of Ameralik and the head of Godtbabsfjord 
have not been studied in any detail and could well repay 
investigation. 

AMITSOQ GNEISSES 

This term is used for all quartzofeldspathic gneisses 
in the Godtbabsfjord region that contain abundant 
amphibolites derived from basic dykes or that, in the 
Isukasia area, are cut by Tarssartoq dykes. Wherever 
these rocks have been studied isotopically between 
Stor~, in Godthabsfjord, and the islands northwest of 
the mouth of Buksefjorden, as well as in the lsukasia 
area (references in Nutman and Rosing, this volume), 
they have yielded early Archean ages by Pb I Pb and 
Rb I Sr whole rock isochron methods (Black et al., 
1971; Moorbath et al., 1972; Griffin et al., 1980) and 

by U I Pb and Thl Pb zircon methods (Baadsgaard, 
1973). Sample suites used in the earlier isotopic studies 
were collected before the polygenetic nature of the 
Amitsoq gneisses was investigated in detail. Later 
studies of better preserved rocks from the Isukasia area 
(Baadsgaard, 1983, and unpublished data), show that 
the various phases that make up the Amitsoq gneisses 
were intruded episodically over a period between 3750 
and 3400 Ma. The approximate Rb I Sr and Pb J Pb 
whole rock isochrons obtained from the mixed suites 
collected in the late 1960s and early 1970s are probably 
to a considerable extent the result of high-grade 
metamorphism, reaching granulite facies grade in the 
south, that affected most of the Amitsoq gneisses ca. 
3600 Ma ago (Griffin et al., 1980). 

Most of the Amitsoq gneisses are highly deformed, 
layered grey gneisses, commonly with abundant thin 
pegmatitic layers. Layered gneisses of this type are seen 
in the Isukasia area to be the products of intense 
deformation of polyphase parents that include an early 
tonalitic suite intruded 3750-3700 Ma ago, a granitic 
suite intruded into the tonalitic gneisses at ca. 3600 Ma, 
and minor pegmatitic sheets emplaced around 3400 Ma 
(Nutman and Rosing, this volume). The intense 
deformation erased original discordant contacts 
between the different phases and smeared out individ-
ual bodies into thin concordant layers. In many places 
it was accompanied by metamorphic differentiation 
and segregation of pegmatitic material into discrete thin 
layers. Thus most of the Amitsoq grey gneisses outside 
the least deformed part of the Isukasia area have lost 
almost all of their primary characters. Homogeneous 
phases that preserve some primary characters do occur 
locally outside the Isukasia area in small areas of low 
strain. 

South of the mouth of Ameralik, a geochemically 
distinct iron-rich suite of augen and ferrodioritic 
gneisses makes up - 30% of the Amitsoq gneisses 
(Nutman et al., 1984). These rocks are generally more 
homogeneous and preserve more primary features than 
grey gneisses in the same area. Contacts between them 
and the grey gneisses are everywhere concordant, but 
several lines of evidence suggest that the iron-rich suite 
was intruded as sheets into the layered grey gneisses. 

The ferrodioritic gneisses occur as strips within the 
augen gneisses. Locally they grade into augen gneisses 
over several tens of meters, but elsewhere they form 
sharply bounded inclusions within them. The two 
lithologies are interpreted as having been emplaced 
more or less contemporaneously. The augen gneisses 
form sheets up to 200m thick that can be traced for as 
much as 15 km. Their composition ranges from dioritic 
to granitic with potassic granodiorite most abundant. 



Granodioritic and granitic varieties contain abundant 
augen derived from microcline megacrysts. In the least 
deformed rocks these megacrysts are up to 2 em long 
and may be randomly oriented. Compositional layering 
is interpreted as deformed igneous layering. 

Geochemical studies suggest that the parents of the 
augen gneisses were the products of mixing of granodi-
oritic melts of deep crustal origin with fractionated 
basic melts of mantle origin. The ferrodiorites are 
interpreted as strongly fractionated, crystallized parts 
of basic intrusions that were carried up to higher crustal 
levels within the heterogeneous plutons. The Amitsoq 
iron-rich suite resembles post-orogenic granitic com-
plexes from younger epochs such as the mid-
Proterozoic rapakivi granite suites. 

Homogeneous tonalitic gneisses that appear to be 
younger than the layered grey gneisses form discrete 
mappable bodies on some islands south of the mouth of 
Ameralik. Their relations to the iron-rich suite are not 
known. Sheets of trondhjemitic and granitic gneiss up 
to 20 m thick cut rocks of the iron-rich suite and 
adjacent layered grey gneisses. They are only a very 
minor component of the Amitsoq complex and are 
interpreted as crustal melts of local origin. 

EARLY ARCHEAN GRANULITE FACIES 
MET AMORPHISM 

Granulite facies mineral assemblages are preserved 
very locally within rocks of the Akilia association and 
the Amitsoq iron-rich suite on islands northwest of the 
mouth of Buksefjorden (Griffin et al., 1980). We have 
found relic textures that we consider to have formed 
under granulite facies conditions in Amitsoq gneisses 
and inclusions in them between the Telt¢>eme,just south 
of F~ringehavn, and Qorqut in Godthabsfjord. All of 
these localities are outside the terrain affected by 
granulite facies metamorphism in the late Archean (see 
below). There is no evidence of granulite facies 
metamorphism in intercalated Malene supracrustal 
rocks. 

Mafic augen gneisses with partly retrogressed 
granulite facies mineral assemblages from a small island 
west of the mouth of Buksefjorden give well-fitted Rb I 
Sr and Pb I Pb whole rock isochrons that yield dates of 
3560 ± 140 Ma and 3625~:~; Ma, respectively (Griffin et 
al., 1980). This shows that the granulite facies meta-
morphism occurred no later than ca. 3600 Ma ago, since 
granulite facies metamorphism is normally accompan-
ied by movement of U and Rb. Zircons from Akilia 
association rocks affected by early granulite facies 
metamorphism from a number of localities yield a 
concordia intersection age of 3587 ± 38 Ma, while 

zircons from the !sua supracrustal belt yield a concordia 
intersection age of 3813~i! Ma (Baadsgaard et al., 1984 ). 
There is no reason to believe that the Akilia rocks are 
younger than those of the !sua supracrustal belt, and the 
Akilia intercept age is considered to be the result of 
resetting of the zircons by the early granulite facies 
metamorphism. Zircons from Amitsoq gneisses af-
fected by early granulite facies metamorphism from 
localities south of the mouth of Ameralik yield U-Pb 
and Thl Pb concordia intercept ages of 3600 ± 50 Ma 
and 3550 ± 85 Ma, respectively (Baadsgaard, 1973; 
recalculated with new constants by Baadsgaard et a/., 
1976). Four of the six samples were from the iron-rich 
suite, one was from a late sheet cutting augen gneiss and 
one was from a late homogeneous tonalite. A Lu/Hf 
age of 3550 ± 220 Ma was reported by Pettingill and 
Patchett (1981) for a collection of Amitsoq gneiss 
samples belonging almost entirely to the iron-rich suite 
and closely associated late phases. 

Intrusive suites that are chemically similar to the 
Amitsoq iron-rich suite are commonly closely asso-
ciated in time and space with granulite facies metamor-
phism, for example the 2800 Ma Ilivertalik augen 
granite suite in the Fisken~sset region to the south (see 
below). The Amitsoq iron-rich suite is restricted to 
areas affected by the ca. 3600 Ma granulite facies 
metamorphism and it is likely that the two phenomena 
were connected. 

By 3600 Ma the continental crust of which the early 
Archean rocks in this region formed a part was at least 
20 km thick, had a geothermal gradient of 30° Cf km 
(Griffin et a/., 1980) and had developed a chemical 
stratification through anatexis and movement of 
granitic magmas to higher crustal levels. This early 
Archean sial thus had many features in common with 
sialic crust that stabilized later in the Earth's history, 
particularly toward the end of the Archean. 

AMERALIK DYKES 

This term is used for the abundant tabular bodies of 
massive, homogeneous amphibolite derived from basic 
dykes that occur within early Archean rocks in the 
GodthAbsfjord region. Less deformed, unbroken basic 
dykes, at least in part equivalent to the Ameralik dykes, 
that cut early Archean rocks in the Isukasia area are 
termed Tarssartoq dyke (Nutman et al., 1983). 

Ameralik dykes occur every few meters or tens of 
meters across the strike in most outcrops of early 
Archean rocks outside the Isukasia area. Tarssart6q 
dykes in the least deformed parts of the lsukasia area 
are much more widely spaced. This probably reflects 
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telescoping of the rocks by more intense deformation 
outside the Isukasia area. Most Ameralik dykes are less 
than 2m thick, while Tarrssartoq dykes are commonly 
20-100 m thick. The contacts of most Ameralik dykes 
have been rotated by intense deformation into concor-
dance with the layering of the enclosing rocks. Most 
Ameralik dykes are strongly folded and broken up. 

There is no compelling reason to believe that the 
Ameralik dykes are all genetically related or that they 
were intruded within a relatively short period of time. 
Chadwick (1981) grouped Ameralik dykes between the 
mouths of Buksefjorden and Ameralik into a number of 
different types on the basis of field and petrographic 
characters. A small proportion of Ameralik dykes, 
shown by rare intersections to be among the older 
dykes, contain white plagioclase clots that in some of 
the least modified dykes are seen to be derived from 
euhedral megacrysts of calcic plagioclase. The plagio-
clase clots are commonly concentrated in trains nearer 
one margin of the dykes, suggesting flotation in 
nonvertical bodies (Nutman, 1980). We have not 
observed comparable plagioclase clots in any other 
basic lithology in the region and have found them to be 
a particularly useful indicator of highly modified 
Ameralik dykes and thus of early Archean units. 
However, Chadwick et al. (1983) reported plagioclase 
aggregates in a small number of metamorphosed basic 
dykes in the Ivisartoq area that they considered to be 
younger than Ameralik dykes. Our investigations of the 
field relations of these dykes show that they can be 
distinguished from Ameralik dykes. 

The chemistry of Ameralik dykes between the 
mouths of Buksefjorden and Ameralik was studied by 
Chadwick (1981) and that of a compositionally more 
restricted collection of Ameralik dykes, including 
Tarssartoq dykes, from the whole region by Gill and 
Bridgwater (1976, 1979). Most of the dykes have low-K 
tholeiitic affinity but are commonly iron-rich. How-
ever, mafic and ultramafic dykes also occur (Chadwick, 
1981; Gillet al., unpublished data). 

The Ameralik dykes cut rocks that 3600 Ma ago 
formed part of a body of sialic crust with typical 
continental thickness. Gill and Bridgwater ( 1979) 
pointed out that there were no recent examples oflow-K 
tholeiitic magmas intruded into the interior of a large 
sialic crustal segment, except where there was rifting in 
the initial stages of sea-floor spreading. The Ameralik 
dykes were intruded after ca. 3400 Ma (the age of 
Isukasia area Amitsoq pegmatites) but before intrusion 
ofthe first Niik gneisses ca. 3100 Ma ago. They may well 
have been intruded toward the end of this period, after 
the continental mass that included the Amitsoq gneisses 

had been thinned tectonically and by erosion, near what 
subsequently became the rifted margin of a continent. 

MALENESUPRACRUSTALROCKS 

This term is used for all mid-Archean supracrustal 
rocks (formed at the surface, i.e., of sedimentary or 
volcanic origin) in the Godtbabsfjord region. 

1. Stratigraphic Relations 

It was originally thought that Malene supracrustal 
rocks were not cut by basic dykes like the Ameralik 
dykes (McGregor, 1973). Metamorphosed basic dykes 
have subsequently been found cutting some Malene 
lithologies, although they are not nearly as abundant as 
Ameralik dykes within the early Archean rocks 
(Chadwick, 1981; Friend and Hall, 1977). The apparent 
scarcity of amphibolites derived from basic dykes 
within the basic Malene units may be more apparent 
than real, since deformation and metamorphism would 
have transformed most basic dykes into thin, concor-
dant layers of homogeneous amphibolite. Amphibolites 
derived from basic dykes are absent or rare in most 
Malene metasedimentary units. 

The chemical similarity of basic dykes cutting Malene 
supracrustal rocks and of homogeneous Malene 
amphibolites to the most common types of Ameralik 
dykes has been considered to support the idea that at 
least some of the Ameralik dykes were feeders to the 
lower, basic part of a Malene sequence laid down on a 
basement of Amitsoq gneisses (Chadwick, 1981; 
Nutman and Bridgwater, 1983). However, these 
chemical similarities are common to the majority of 
Archean basic rocks in other terrains and other 
situations, including many greenstone belts (Gil/, 1979; 
Gill and Bridgwater, 1979). 

Malene supracrustal units enclosed in Am!tsoq 
gneisses are very extensive, even where they are quite 
thin. Contacts with Amitsoq gneisses that are not 
modified by the intrusion along them of Niik gneisses, 
pegmatites, etc. are generally concordant and sharp. At 
least some Malene-Amitsoq contacts are modified 
thrusts, since Malene lithologies are cut out when 
followed along them (Chadwick and Nutman, 1979), 
and successive Malene units within the composite 
Malene-Amitsoq pile have different lithological 
associations (McGregor, 1973). Northeast of 
Godtbabsfjord, Malene amphibolites in which the way-
up is indicated in places by little-deformed pillow-lava 
structures are overlain stratigraphically by Amitsoq 
gneisses (Hall and Friend, 1979; Chadwick, 1985). One 



of the contacts between these two units must therefore 
be a thrust, yet there is no mylonitization or brecciation 
and S fabrics are no more intense than in the gneisses 
and Malene rocks distant from the contact. In places 
there is a thin layer of biotite schist with quartz nodules 
along the contact. 

Chadwick and Nutman (1979) and Nutman and 
Bridgwater (1983) have argued that certain contacts 
between Malene and Amitsoq units on the islands 
between the mouths of Ameralik and Buksefjorden are 
parts of a deformed unconformity. This is based on the 
following: (a) The presence of thin units of brown, 
micaceous gneiss and quartz-rich lithologies between 
Malene amphibolites and Amitsoq gneisses. These can 
be followed for hundreds of meters along parts of the 
contact and are interpreted as being derived from basal 
sediments (arkoses, detrital quartzites, and cherts) that 
were deposited on a basement of Amitsoq gneisses. 
(b) Lack of veining, intense shearing, mylonitization, or 
interdigitation along the generally sharp contact. (c) 
Several lines of evidence that suggest that the Malene 
amphibolites lie stratigraphically below the Al-rich 
paragneisses that are the other major component of the 
Malene unit on the southern islands. (d) Local trunca-
tion of migmatitic veins in Amitsoq gneisses by sharp 
contacts to Malene amphibolites. This evidence is 
compatible with the interpretation that these Malene 
units were laid down as a cover sequence on a basement 
of Amitsoq gneisses, but it does not prove it. It remains 
a possibility that all Malene-Amitsoq contacts are 
thrusts. 

Malene paragneisses on Rype~ have REE patterns 
and abundances (Dymek eta/., 1983; McLennan eta/., 
1984) that suggest derivation from rocks like the 
tonalitic gneisses that are the dominant lithology in 
both the Amitsoq gneisses (O'Nions and Pankhurst, 
1974; Nutman eta/., 1984) and the type Nuk gneisses (J. 
G. Arth, unpublished data). Sm/Nd characteristics of 
two samples of the Rype~ paragneisses do not indicate 
contributions to the parent sediments from early 
Archean rocks (Hamilton eta/., 1983). As yet unpub-
lished ion probe studies at Cambridge University have 
identified early Archean zircons in Malene parag-
neisses, but indicate that the provenance of the 
sediments also included contemporaneous (felsic?) 
igneous rocks. 

2. Lithologies 

(a) Amphibolites are the most abundant lithology. 
Deformation has been so intense in most places that 
primary structures have been destroyed or modified 

beyond recognition. Pillow structures are preserved on 
Ivisartoq both in amphibolites and in subordinate, but 
intimately associated ultramafic horizons (Hall, 1980, 
1981). Here, as elsewhere in the West Greenland 
Archean (e.g., Myers, 1978), intense deformation of 
basic pillow lavas and associated pillow lava breccias 
and agglomerates produced finely layered ("striped'') 
amphibolites such as those that make up about half of 
the Malene amphibolites in other areas. A common 
variety of striped amphibolite has discontinuous layers 
and lenses that contain varying proportions of horn-
blende, diopside, and epidote in addition to plagioclase, 
and locally also garnet, scapolite, and carbonate. In the 
Ravns Star~ supracrustal belt in the southern part of 
the Fiskemesset region similar rocks can be followed 
into pillow lavas in which the pillow centers have been 
altered to Ca-rich compositions (Friend, 1975). Larger 
bodies of calc-silicate-rich (skarn) lithologies occur 
locally within Malene amphibolite units. For example, 
layers of diopside-scapolite-epidote-sphene rocks are 
common in the Malene unit at N arssaq south of the 
mouth of Ameralik. It is reasonable to assume that the 
striped Malene amphibolites are mainly derived from 
basic volcanic parents, many or all of which were 
erupted under water. 

Concordant sheets of homogeneous amphibolite, 
some rich in garnet, that are interlayered with the 
striped amphibolites are assumed to be derived from 
thick basic flows, sills, or dykes that have been rotated 
into concordance by deformation. 

Hall ( 1980, 1981) found a continuum in the chemistry 
of the pillowed Malene rocks on Ivisartoq from 
tholeiitic to basaltic and pyroxenitic komatiite compo-
sitions, while Chadwick (1981) reported low-K tholeii-
tic chemistry for homogeneous Malene amphibolites 
between the mouths of Buksefjorden and Ameralik. 

(b) Ultramafic rocks occur as sheets and pods within 
Malene amphibolite units and rather commonly along 
their contacts with Amitsoq gneisses. They are most 
extensive west of the thick Malene unit on Sadel~ and 
Bj~rne~en in Godtbabsfjord where this unit is intruded 
by N uk gneisses. No detailed studies of these rocks have 
been reported. 

(c) Quartz-garnet-sillimanite and quartz-cordierite-
anthophyllite gneisses form what is interpreted as the 
stratigraphically higher part of the Malene unit on the 
islands northwest of the mouth of Buksefjorden (Beech 
and Chadwick, 1980). Quartz-garnet-sillimanite 
gneisses associated with thin, nonpersistent units of 
marble, green mica gneiss and gedrite-magnetite rock 
overlie Malene amphibolites and locally contain 
structures interpreted as cross-bedding. They are in turn 
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overlain by quartz-rich cordierite-anthophyllite-mica 
gneisses that contain lenses and thin layers of cordierite-
anthophyllite-staurolite rocks. What may well be the 
same unit crops out on the east side of the type Malene 
unit on Store Malene and the islands to the south. 
Similar rocks form part of a thick unit of Malene 
paragneiss in central Ameralik (Roberts, 1979). 

These gneisses are generally depleted in CaO, Na20, 
and K20 and enriched in MgO and Al20 3 compared 
with all common sediment types. They have very high 
contents of incompatible trace elements such as Y, Zr, 
and Nb reflected in high contents of zircon and niobian 
rutile (Dymek, 1983). Some combination of processes 
that reworked altered mafic volcanic rocks may have 
been involved in their genesis. Beech and Chadwick 
(1980) discussed the chemistry of these gneisses in 
considerable detail and concluded that the parent 
sediments could have been mixtures of quartz and Mg-
rich clay minerals. On the basis of zircon morphologies, 
they suggested a detrital origin for the quartz. Higher 
iron contents and the presence locally of disseminated 
magnetite and gedrite-magnetite lenses suggest precip-
itation of additional iron in the parent sediments of the 
quartz-garnet-sillimanite association. 

(d) Mica-rich and quartzofeldspathic metasedi-
ments of probably detrital origin form part of several 
Malene units. Quartz-plagioclase-biotite gneisses with 
smaller quantities of sillimanite, muscovite, microcline, 
and garnet that crop out on Rype¢> have been described 
in some detail by Dymek et al. (1983). No primary 
sedimentary structures have been recognized, but the 
considerable lithological variation and general arkosic 
composition were considered to indicate heterogeneous 
sedimentary protoliths, possibly alternations of sandy, 
silty, and muddy sediments in a near-shore 
environment. 

A lens of graphite-bearing mica schist enclosed in 
Malene amphibolites on the north side of Kobbefjord 
has REE and other chemical characteristics that suggest 
derivation of the parent sediments from basic igneous 
material like the protoliths of the Malene amphibolites 
(McLennan et al., 1984). Rusty-weathering garnet-
mica-graphite-bearing gneisses on northern Stor¢> in 
Godtbabsfjord make up one of the largest bodies of 
Malene paragneisses. Their trace element chemistry 
suggests a mixed source of mafic volcanics with felsic 
volcanics and/or tonalitic gneisses (McLennan et a/., 
1984.). 

3.Age 

A minimum age for the type unit of Malene supra-
crustals is given by the fact that on southeast Bj¢>r-

ne¢>en this unit is intruded by tonalitic Nuk gneisses that 
have yielded zircon ages of 3070 and 3020 Ma (Baads-
gaard and McGregor, 1981). 

Rb/Sr whole rock dating of Malene supracrustal 
rocks yielded a scatter between 2500 and 2800 Ma 
reference isochrons (unpublished Oxford U nviersity 
data). Zircons from Malene metasediments have given 
a wide range of ages between 2580 and 2960 Ma 
(Baadsgaard, 1976), which like the Rb I Sr systematics, 
are considered to be the result of metamorphism. 

4. Depositional Environment 

There is a larger variety of lithologies and more rocks 
of sedimentary origin in the mid-Archean supracrustal 
rocks in the Godtbabsfjord region than in most other 
parts of the West Greenland Archean. Most of the 
Malene supracrustal rocks, including amphibolites of 
basic volcanic origin, appear to have been laid down 
under water. The chemistry of the best preserved 
Malene basic rocks is similar to that of mid-Archean 
supracrustal amphibolites in the southern part of the 
Fiskennaesset region (Friend eta/., 1981) where there is 
no evidence of early Archean rocks. Supracrustal rocks 
of dominantly basic volcanic origin are the oldest rocks 
recognized in the Fiskenaesset region and have been 
interpreted as fragments of Archean oceanic crust 
(Rivalenti, 1976; Weaver et a/., 1982). Friend et a/. 
( 1981) suggested that the Malene supracrustal rocks in 
the Godtbabsfjord region may have been primitive 
oceanic material that overlapped onto the margin of a 
continent made of Amitsoq gneisses. Nutman and 
Bridgwater (1983) suggested that some of the Malene 
units may have been deposited on a thinned Am'itsoq 
basement in a zone of ensialic rifting. This is remarked 
on further in the section below on mid-Archean crustal 
structure. 

ANORTHOSITIC COMPLEXES 

Anorthositic rocks, strongly broken up by later 
gneisses, occur semicontinuously for more than 150 km 
from the outer coast at Tre Br¢ldre through Kangerd-
luarssoruseq (Faeringehavn), outer Buksefjorden, 
Ameralik, ltivdleq, Kapisigdlit kangerdlua, Stor¢1, and 
Kangiussap nuna to Ilulialik in inner Godthabsfjord. 
Although the anorthositic rocks along much of this 
tract have been reduced to thin slices and trains of 
inclusions in the gneisses, it is probable given the large 
strains suffered subsequently, that they could be all 
derived from a single layered intrusive sheet. Anortho-
sitic rocks northeast of the head of Ameralik (Nut man, 
1982) may also be part of the same sheet. 



Where they have not been modified by later intru-
sions, the contacts of the anorthositic complex are with 
Malene supracrustal rocks, or, northeast of the head of 
Ameralik, with Malene supracrustal rocks and Amitsoq 
gneisses (Nutman, 1982). In the Godth!bsfjord region 
no intrusive contacts have been found. Meta-
anorthosite and meta-leucogabbro are the most 
abundant lithologies, with rare gabbros and melagab-
bros, now amphibolites. These amphibolites contain 
layers of olivine-hornblende ultramafic rocks. Relic 
igneous cumulate textures are commonly preserved in 
the less deformed leucogabbros. Only the anorthositic 
rocks in the Tre Br¢>dre and F~ringehavn areas have 
been studied in any detail (Sharpe, 1975; summarized 
by Chadwick and Coe, 1983). 

Anorthositic rocks in the Fisken~sset region crop . 
out within an area some 40 km wide and at least 100 km 
long. They are considered to be parts of a single layered 
sheet, termed the Fisken~sset Complex, that was 
intruded into submarine basic volcanic rocks and 
subsequently broken up by granitic (s.l.) sheets, now 
gneisses, and complexly folded (see Myers, 1981 and 
1985a; for recent summaries of the geology and 
literature). Windley (1970) likened the Fisken~sset 
anorthositic rocks to lunar anorthosites and suggested 
that they might be part of the Earth's primordial crust. 
Windley and Smith (1976) compared them with early 
cumulate rocks in calc-alkaline batholiths of Cordille-
ran type. Neither of these interpretations has been 
supported by subsequent work. The Fisken~sset 
Complex is now considered to be a layered tholeiitic 
cumulate that is genetically related to the basic volcanic 
rocks into which it was intruded (Weaver et al., 1981; 
Myers, 1985a). The primary magma is deduced to have 
been a moderately aluminous tholeiitic basalt, which 
may have been generated by hydrous fusion of pre-
viously depleted mantle and which underwent crystal 
fractionation under low pressure conditions (Weaver et 
al., 1981). 

The southernmost outcrops of the Godth!bsfjord-
Buksefjorden anorthositic complex are 55 km from the 
nearest outcrops of the Fisken~sset complex. There are 
many similarities between the two. One notable 
difference is that chromitites are a characteristic feature 
of the Fisken~sset complex throughout its extent but 
have not been observed in the Godthabsfjord-
Buksefjorden anorthositic rocks. 

Anorthositic rocks with relic coarse-grained cumu-
late textures crop out extensively on western Nord-
landet. They were intruded into dominantly basic 
supracrustal rocks and are extensively broken up by 
later intrusive rocks of dioritic and trondhjemitic 
compositions. Meta-leucogabbro rather than meta-
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anorthosite is the dominant lithology, and there may be 
a transition in composition between these and the 
dioritic gneisses that intrude them. Together with their 
country rocks, the Nordlandet leucogabbros preserve 
granulite facies mineral assemblages, locally statically 
retrogressed to amphibolite facies. They appear to be a 
different, possibly calc-alkaline, association from the 
Fisken~sset and Godthabsfjord-Buksefjorden 
complexes. 

Lead isotopic data have been reported for anortho-
sites on Stor¢> and Ivnajuagtoq, inner Godthabsfjord, 
by Gancarz (1976) and for anorthosites from Buksef-
jorden, Faeringehavn, Ameralik, and western Nord-
landet by Taylor et al. (1980). The Pb isotopic 
charcteristics of these anorthosites are similar to those 
of the gneisses that enclose and intrude them (see under 
Nuk gneisses). 

Although the Godthabsfjord anorthositic rocks do 
not preserve as many primary features as those in parts 
of the Fisken~sset region, they are the next most 
extensive, varied, and well preserved rocks of this type 
in the West Greenland Archean. Potentially the best 
areas for further study are Stor¢> in Godthlibsfjord and 
the nunataks Akugdlerssuaq (Nutman, 1982) and 
Nunatarssuk east of the head of Godthlibsfjord. The 
west Nordlandet leucogabbro complex has been 
mapped on a scale of 1:20,000 but has not been studied 
in any detail. 

NUK GNEISSES 

The term Nuk gneisses is used for all quartzofeldspa-
thic gneisses (deformed granitoid intrusives) in the 
Godthlibsfjord region that do not contain Ameralik 
dykes and that intrude and migmatize Amitsoq 
gneisses, Malene supracrustal rocks, and the layered 
anorthositic complexes (McGregor, 1973). It is now 
apparent that the Nuk gneisses include at least two 
distinct and probably unrelated generations of rocks. 

1. Pre-2900 Ma Gneisses 

The type Nuk gneisses, those first mapped by 
McGregor (1973), crop out on the western parts of the 
peninsulas between Godthlibsfjord and Ameralik and 
on islands to the SSW. They extend north through the 
islands of Sadel¢> and Bj¢>rne¢>en. The oldest phases are 
massive, homogeneous, dioritic gneisses that were 
subsequently intruded by voluminous, polyphase, 
tonalitic gneisses. The youngest major phases are 
granodiorites that form thick, homogeneous sheets and 
the cores of diapiric domal antiforms as well as the 
matrix of amgatitic units. Smaller bodies of trondhje-
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mitic gneiss cut the other lithologies. Intrusive relations 
and primary igneous textures are best preserved on 
eastern Sadel¢>, Bj¢>rne¢>en, and northwestern Stor¢>. To 
the west and south the type Nuk gneisses were affected 
by intense ductile deformation in a late, NNE-SSW-
trending linear belt. 

The best isotopic dates obtained on the type Nuk 
gneisses are U 1 Pb zircon concordia intersection dates 
of 3070 and 3020 Ma on early tonalitic phases from 
southeastern Bj¢>rne¢>en and of 2980 and 2940 Ma on 
homogeneous, tonalitic gneisses from Nuuk (Godtbab) 
town (Baadsgaard and McGregor, 1981), and a RbiSr 
whole rock isochron age of 2860 ± 90 Ma (Sri = 0. 7022 
± 0.0003) on a single, thick unit of massive, granodio-
ritic gneiss on the east coast of Bj¢>rne¢>en (Taylor eta/., 
1980). Other specimens from the type Nuk gneisses in 
Nuuk town give younger and more discordant zircon 
ages (Baadsgaard and McGregor, 1981) and a RbiSr 
whole rock isochron age of 2770 ± 170 Ma (Moorbath 
and Pankhurst, 1976; recalculated by Taylor et a/., 
1980). These younger ages are considered to reflect 
disturbance of the isotopic systems, associated with 
subsequent tectonothermal events. 

A U I Pb zircon concordia intercept age of 2982 ± 7 
Ma (Garde et a/., 1985) shows that the Taserssuaq 
tonalite, northwest of the head of Godthabsfjord, falls 
within the age range of the type Nuk gneisses. The 
Taserssuaq tonalite (originally called the Taserssuaq 
granodiorite) is a rather homogeneous, but multiphase, 
weakly foliated intrusion that crops out over an area of 
more than 1500 km2
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A reconnaissance study of the chemistry of the type 
Nuk gneisses was reported by McGregor (1979), who 
suggested that the more voluminous phases could be the 
products of partial melting of metabasaltic rocks such 
as the Malene amphibolites. Further work on their 
chemistry is in progress at Leicester University. 

The quartzofeldspathic gneisses on the Nordlandet 
peninsula west of Godthabsfjord (Macdonald, 1974; 
Reed, 1980) are not included within the Nuk gneisses 
because their relations to the type Nuk gneisses across 
the fjord are uncertain. Except for a few late sheets of 
diorite, granodiorite, and pegmatite, all of the rocks on 
Nordlandet have or have had granulite facies mineral 
assemblages. There has been widespread, patchy, static 
retrogression to amphibolite facies. Supracrustal rocks 
are much less abundant on southern N ordlandet than 
in most other parts of the West Greenland Archean and 
are highly broken up by the gneisses. They become 
progressively more common and form more continuous 
units toward the north. No early Archean rocks have 
been recognized on Nordlandet. The Pb analyzed from 
Nordlandet gneisses and leucogabbros is not contami-

nated by a less radiogenic Amitsoq-type component as 
is Pb in Nuk gneisses and anorthositic rocks that are 
intercalated with early Archean rocks (Taylor et a/., 
1980). Granulite facies gneisses and leucogabbros from 
Nordlandet and from Sukkertoppen, 120 km to the 
north, have yielded a Pb I Pb whole rock isochron age 
of 3000 ± 70 Ma (Taylor eta/., op. cit.). This is taken 
to date the granulite facies metamorphism but shows 
that the Nordlandet gneisses are probably about the 
same age as the type Nuk gneisses. 

The earlier and most abundant gneiss phases on 
southern and western Nordlandet are mainly dioritic in 
composition. They are strongly veined by leucocratic 
material that appears to be the product of local anatexis 
of the diorites. Later gneiss phases are coarse-grained, 
leucocratic trondhjemites and tonalites and rare 
granodiorites. They occur as sheets that break up the 
older rocks into agmatites and as large, massive bodies, 
in places forming the cores of diapiric domal structures. 
Their intrusion post-dated deformation of the dioritic 
gneisses. Minor late plagioclasites, composed of 85-
90% andesine with hornblende and biotite, are closely 
associated with basic lithologies, of which they may be 
anatectic products. 

2. Post-2800 Ma Gneisses 

Dykes of younger trondhjemitic and granitic gneiss 
within the type Nuk gneisses are termed Qarusuk dykes 
(McGregor eta/., 1983). One such dyke on southeastern 
Bj<,)rne<,)en has yielded a U I Pb zircon concordia 
intercept age of 2660 Ma (Baadsgaard and McGregor, 
1981 ). Granodioritic to granitic gneisses of similar age 
are more extensive in inner GodtMbsfjord ( Coe and 
Robertson, 1982; Robertson, 1983; Brewer et a/., 1984) 
and major, mappable units of late Archean granodio-
ritic gneiss south of Ameralik may belong to this group. 
At present the distribution of this group of gneisses is 
uncertain. The age determinations available are mainly 
in the range of 2600-2700 Ma. 

It is now apparent that earlier collections of rocks 
that have been used for isotopic studies of Nuk gneisses 
(Moorbath and Pankhurst, 1976; and some of the 
suites considered by Taylor eta/., 1980, 1984) are mixed 
suites that include some post-2800 Ma gneisses. The 
collections from the Buksefjorden map sheet area 
comprise older Nuk phases, post-2800 Ma gneisses, and 
probably also some Amitsoq gneisses, that were 
affected by late Archean granulite facies metamorphism 
and subsequent retrogression (see below). Conse-
quently, some of the conclusions reached in these 
studies can no longer be accepted at face value. 



Taylor et al. (1980) found that Pb in Nuk gneisses and 
anorthosites, within the part of the region where early 
Archean rocks have been recognized, contain variable 
proportions of anomalously unradioactive Pb that they 
interpreted as derived from early Archean, Am1tsoq 
gneiss-type continental crust. The samples with the 
highest proportions of Amitsoq-type Pb are probably 
all from the younger (2700-2600 Ma) gneisses. Sm/Nd 
analyses reported by Taylor et al. (1984) indicate a 
contribution ofNd from low-Sm/Nd crustal sources for 
some of the same samples that show contamination 
with Amitsoq-type Pb. Most of the samples used in this 
study are from the younger gneisses. The Pb, Nd, and 
other chemical charcteristics (McGregor et al., 1983) of 
these rocks together indicate an origin by partial 
melting of sialic crustal rocks that included a substantial 
early Archean component. High, variable alkali 
contents and very variable trace element chemistry in 
the Qarusuk dykes suggest they crystallized in a fluid-
rich environment and therefore their chemistry must be 
regarded as controlled by both igneous and hydrother-
mal processes. 

Mid to late Archean gneisses like the Nuk gneisses are 
by far the most abundant rocks in the West Greenland 
Archean. They occur mainly as folded sheets that split 
up sequences of mid-Archean supracrustal and anor-
thositic rocks and, in the Godthabsfjord region, also 
early Archean rocks. The great lateral extent and 
concordant form of the gneiss sheets is in part the result 
of extreme attenuation by deformation, but is in part 
also a primary feature. It appears that the Nuk-type 
magmas were commonly intruded as sheets along active 
thrust planes between and within units of older rocks 
and that differential movement of the walls of the sill as 
the magmas solidified caused many of them to crystal-
lize with gneissic textures (McGregor, 1979; Myers, 
1978, 1984). 

MID-ARCHEAN CRUSTAL STRUCTURE 

The following model is suggested by V.R.M. as a 
possible explanation of many features of the central 
part of the West Greenland Archean: Mid-Archean 
oceanic crust made up of basic volcanics with subordi-
nate anorthositic cumulate complexes and locally 
derived sediments was carried toward a continental 
mass of early Archean rocks beneath which it descended 
in some form of subduction zone. Detrital sediments 
derived from the early Archean rocks and from 
contemporaneous, subduction-related intermediate to 
acidic volcanics were deposited on the basic volcanics 
as they approached the continental margin. Slices of the 
composite supracrustal sequence were intercalated 
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tectonically with the early Archean rocks in the deeper 
parts of the continent, while mainly basic rocks were 
flaked off and underplated the continent (Weaver et a!, 
1982). Dioritic, tonalitic, and granodioritic magmas 
generated by partial melting associated with subduction 
rose and were emplaced along active thrusts mainly in 
the deeper parts of the pile. There was a tendency for 
denser, more mafic magmas to accumulate at deeper 
levels. 

According to this model, differences from area to 
area in the proportions of the early and mid-Archean 
lithological associations could be explained in terms of 
different crustal levels: 

1. The shallowest level now exposed is in the 
Isukasia area, which is made up entirely of early 
Archean rocks. Mid-Archean supracrustal and intru-
sive rocks are absent. 

2. A deeper level is preserved in the tract through 
Godthabsfjord where mid-Archean (Malene) supra-
crustal and anorthositic rocks are intercalated with 
early Archean rocks. Mid-Archean (type Nuk) intru-
sives comprise subequal amounts of tonalitic and 
granodioritic compositions. 

3. Much of the Fiskenll':sset region and northern 
N ordlandet represent a deeper level still, interpreted in 
this model as below the base of the early Archean 
continent. The oldest rocks are mid-Archean basic 
supracrustal rocks with oceanic affinities and anortho-
sitic cumulates. These are subordinate in volume to 
mid-Archean intrusives. 

4. The deepest level now exposed is on southern 
Nordlandet. Early Archean rocks are absent and there 
are only minor amounts of mid-Archean supracrustal 
rocks derived almost exclusively from basic volcanics. 
The dominant rocks are mid-Archean leucogabbroic to 
dioritic intrusives together with trondhjemitic rocks 
formed by partial melting of the diorites under granulite 
facies conditions. 

LATE ARCHEAN PLUTONIC DEVELOPMENT 

Between 3000 and 2500 Ma the region was affected 
by a complex and as yet rather imperfectly understood 
sequence of deformation, metamorphism, generation, 
and intrusion of granitoid magmas and movement of 
especially minor and trace elements. 

1. Deformation 

The deformational history of much of the region has 
not been considered in detail. The best studied areas are 
the Isukasia area (Nutman and Rosing, this volume), 
the Ivisartoq area (Hall and Friend, 1979; Chadwick, 
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1985) and the peninsula and islands southwest of the 
mouth of Ameralik (Chadwick and Nutman, 1979). 
Chadwick and Coe (1983) summarized ideas on the 
structure within the Buksefjorden 1:100,000 map sheet. 

A strong, subhorizontal, planar fabric was probably 
developed widely in the mid-Archean, associated with 
thrusting that interleaved early Archean rocks with 
Malene supracrustal rocks and controlled the intrusion 
of some Niik gneiss parents. 

In most areas where there are good lithological 
markers, early recumbent isoclinal folds can be 
identified and are refolded by one or more generations 
of upright structures. However, fold phases or sequen-
ces of phases with similar styles were not necessarily 
synchronous from area to area. For example, in the area 
north of Fiskenresset large-scale recumbent folds were 
refolded by two sets of folds with steep axial surfaces at 
high angles to one another (Myers, 1978, l985b). All 
three phases pre-date granulite facies metamorphism at 
ca. 2800 Ma (see below). Between Ameralik and the 
head of Buksefjorden a major recumbent fold, the 
Inugssugssuaq nappe, that is refolded by large upright 
folds (Chadwick eta/., 1982) is interpreted by us as post-
dating late Archean granulite facies metamorphism. 

Late ductile deformation was concentrated in linear 
belts, some of which are indicated in Figure I. One such 
belt passes through the peninsula on which Nuuk town 
is situated and separates the granulite facies rocks of 
N ordlandet from rocks to the east that never reached 
granulite facies. The rocks in this belt have a strong, 
subvertical, planar fabric element parallel to the 
orientation of the belt as a whole and a strong linear 
fabric element that plunges in most places at moderate 
angles to SSW. Toward the south the deformation zone 
broadens and the planar fabric element becomes less 
pervasive, although the linear fabric element remains 
strong. South of the mouth of Ameralik the linear fabric 
is coaxial with sheath folds that have the form of 
flattened dunces' caps (Chadwick and Nutman, 1979). 
Structures in the linear belt are consistent with a dextral 
strike-slip component of displacement across the belt 
and a vertical component that brought up the rocks of 
Nordlandet with respect to those east of the belt. 

It is important to realize that most of the rocks in the 
West Greenland Archean have been affected by one or 
more episodes of intense ductile deformation that 
rotated earlier structures into parallelism and streaked 
out bodies of different lithologies. This produced 
regularly layered rocks (gneisses, amphibolites, meta-
anorthosites, etc.) from parents that may not have been 
layered at all. Myers (1978) has figured particularly 
clear examples of this process. 

2. Metamorphism 

The belt of rocks that crops out from Faeringehavn 
through much of Godthabsfjord to the margin of the 
Inland Ice in the Isukasia area (Figure 1) and that 
contains all the rocks that have yielded early Archean 
isotopic ages differs from the remainder of the northern 
part of the West Greenland Archean in that it did not 
reach granulite facies in the late Archean. 

Granulite facies metamorphism northwest of this belt 
appears to have occurred 3000-2950 Ma ago, about the 
same time as intrusion of the very voluminous Tasers-
suaq tonalite (see above under Nuk gneisses). Condi-
tions of 800°-850°C and 7-9 kb total pressure have 
been calculated for granulite facies rocks on southern 
Nordlandet (Reed, 1980) and 825°C and 8.3 kb for 
rocks a little north of Nordlandet (Dymek, 1984). 

South and southeast of the Godthabsfjord region 
there are areas with granulite facies mineral assemb-
lages separated by areas with amphibolite facies 
assemblages (see the I :500,000 geological map and 
Figure I). The age of the granulite facies metamorphism 
around Fisken~sset is given by: (a) A Pb/Pb whole 
rock isochron age of 2810 ± 70 Ma for four anorthositic 
rocks and one gneiss (Black et a/., 1973). (b) An 
essentially concordant age of 2790 Ma for a large 
euhedral zircon from an ultramafic pod. This zircon is 
considered to have crystallized during granulite facies 
metamorphism (Pidgeon and Kalsbeek, 1978). (c) A 
concordia intercept age of 2795 ~ 1 i Ma on zircons from 
the Ilivertalik granite, considered to have been em-
placed during granulite facies metamorphism (Pidgeon 
et al., 1976). Granulite facies metamorphism thus 
appears to be 150-200 Ma later here than northwest of 
Godthabsfjord. 

Some workers have assumed that the present 
granulite-amphibolite facies boundaries in the Fiske-
n~sset and Sermilik-Buksefjorden areas are close to the 
original prograde boundaries and that granulite facies 
metamorphism outlasted all major ductile deformation 
(Wells, 1976 and 1979; Myers, 1976 and 1978; Chad-
wick and Coe, 1984). Our own observations indicate 
that most of the amphibolite facies rocks betweeen 
Fiskanresset and a line that extends NNE through 
Kangerdluarssoruseq (Freringehavn) and central 
Ameralik (Figure I) originally had granulite facies 
assemblages but have been retrogressed. Retrogression 
was associated in many places with deformation and, at 
least in the north, with intrusion of the younger (post-
2800 Ma) suite of Nuk gneisses. 

Our conclusions are based on recognition of textural 
features related to crystallization of orthopyroxene that 



Fig. 2. Big-hornblende pegmatite in retrogressed gneisses 
with blebby texture, Kangimut sangmissoq, Ameralik. 

Fig. 3. Pegmatitic patches in mafic gneisses retrogressed 
from granulite facies, Amitsorssuaq, Buksefjorden. 

Fig. 4. Slightly deformed big-hornblende pegmatite in 
gneisses retrogressed from granulite facies, north coast of 
Buksefjorden. 

are preserved in relic form in rocks that have been 
retrogressed to amphibolite facies: 

(a) concentration of mafic minerals in gneisses of 
intermediate composition into open clusters, giving the 
rocks a characteristic "blebby" texture (Figure 2). 
Where retrogression was incomplete, the mafic clusters 
are seen to be secondary after orthopyroxene or garnet. 
Diffusely bounded pegmatitic patches were developed 
that in retrogressed gneisses have prominent, well-
separated mafic clots or large hornblende grains (Figure 
3). 

(b) Blurring of earlier structures in gneisses, for 
example, original sharp contacts between intrusive 
phases, produced nebulitic texture. Because of this 
process of textural homogenization it is not usually 
possible to separate components of different ages in 
quartzofeldspathic rocks that have been affected by 
granulite facies metamorphism. 

(c) Occurence, especially in intermediate gneisses, of 
discordant pegmatites with prominant large horn-
blendes (Figures 2 and 4). In places, the hornblendes 
can be seen to be secondary after orthopyroxene. The 
thinner big-hornblende pegmatites appear simply to be 
planar zones in which the gneisses were recrystallized to 
very large grain sizes. 

(d) Abundant mafic-rich pegmatitic patches and 
veins in basic lithologies (Figures 5, 6). These contrast 
with pegmatitic segregations formed in basic rocks 
under high amphibolite facies conditions that are 
typically very leucocratic (Figure 7). In places, however, 
mafic pegmatitic segregations with clinopyroxene or 
garnet formed under amphibolite facies conditions. 

(e) Small, replacive ultramafic veins and patches 
made up of orthopyroxene in unretrogressed areas and 
hornblende in retrogressed areas are common in basic 
lithologies (Figure 8). 

Some or all of these features are found in rocks that 
were partly or completely retrogressed from granulite 
facies under static conditions. We have been able to 
follow these clearly retrogressed rocks into areas where 
relic granulite facies textural features have been 
progressively modified and, finally, completely des-
troyed by deformation with the formation of a new 
foliation. 

The original prograde boundary (Figure I) between 
rocks affected by the 2800 Ma granulite facies metam-
orphism and those to the northwest in the belt through 
GodthAbsfjord that were not metamorphosed above 
amphibolite facies in the late Archean has been 
obscured by retrogression, intrusion ofthe later suite of 
Nuk gneisses and the Qorqut granite complex (see 
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Fig. 5. Mafic segregation pegmatites with orthopyroxene in 
pyribolite (granulite facies mafic rock), Tovqussap nuna. 

Fig. 6. Mafic pegmatite vein with orthopyroxene in 
pyribolite, Tovqussap nuna. 

below), major folding, and strong deformation in the 
late linear belts. 

Dymek (1978, 1984) discussed the polyphase meta-
morphism of the Malene suppracrustal rocks. The 
earliest and highest grade of metamorphism for which 
petrographic evidence is preserved at any locality 
ranges from middle amphibolite grade in a zone 
through western Godthabsfjord that includes Sadel¢1 
and Bjc,6rne9n to hornblende granulite grade on 
Nordlandet and north of the mouth of Fiskefjord. 
Metamorphism occurred almost entirely within the 
sillimanite stability field. It is probable that the highest 
grade assemblages date from different episodes of 
metamorphism in different places: early granulite facies 
metamorphism at 3000-2950 Ma northwest of 
Godthabsfjord; amphibolite facies metamorphism at 
ca. 2800 Main parts of the belt through Godthabsfjord; 

Fig. 7. Leucocratic, amphibolite-facies, segregation peg-
matite in amphibolite (Ameralik dyke), Praestefjord. 

Fig. 8. Replacive orthopyroxene patch in pyribolite, 
Tovqussap nuna. 

and metamorphism at 2700-2600 Ma in areas where 
there was complete recrystallization associated with late 
deformation, for example, in the linear belt through 
Nuuk town. 

In many places there is petrographic evidence of 
retrograde metamorphism under conditions where 
kyanite was stable and that Dymek interpreted as the 
result of renewed crustal heating and hydration. 

Amitsoq gneisses around and south of the mouth of 
Ameralik show considerable isotopic evidence of 
metamorphic crystallization in the period 2700-2500 
Ma. This is seen in Kl Ar and 40 Ar 139 Ar dates on 
hornblende (Pankhurst et al., 1973); U I Thl Pb dates 
on sphene, apatite, and allanite, RbiSr relations in 
hornblende, K-feldspar, apatite, allanite, and sphene 
(Baadsgaard et al., 1976); and by leachable Pb in 
feldspars that is considered to come from U-rich ) 



inclusions (Gancarz and Wasserburg, 1977). Limited 
open system behavior is indicated by considerable 
scatter of points on the Pb I Pb whole rock errorchron 
(MS WD = 21) and by specimens of mainly basic rocks 
that scatter about a 2700 Ma Rb I Sr reference isochron 
(Black et a/., 1971 ). The lower intercept with the 
concordia of the Akilia zircon chord suggests Pb loss 
during metamorphism at ca. 2500 Ma (Baadsgaard et 
al., 1984). 

Late Archean metamorphism was of moderate-P 
(Barrovian) type. Pressure estimates suggest depths of 
burial of 15-30 km for rocks now exposed and indicate 
thick continental crust in the late Archean (Wells, 
1979; Dymek, 1984). 

3. Element Mobility 

In common with many other granulite facies terrains, 
the rocks affected by late Archean granulite facies 
metamorphism in southern West Greenland are 
strongly impoverished in U, Th, Rb, and K (Kalsbeek, 
1974, 1976). The airborne radiometric survey (Secher, 
1976, 1977; Secher and Steenfelt, 1981) shows low 
levels of radioactivity, reflecting low contents of K, U, 
and Th, in areas where granulite facies mineral 
assemblages are still extensively preserved on Nord-
landet and in the area north of Fisken~sset (Figure 9). 
A belt with very low radioactivity extends NNE from 
the mouth of Sermilik through Buksefjorden to and 
beyond the middle of Ameralik. Most of the rocks in 
this belt now have amphibolite facies mineral assem-
blages, but there is widespread field evidence that they 
have been retrogressed from granulite facies. The 
western margin of the low radioactivity belt corres-
ponds to the position of the prograde granulite-
amphibolite facies boundary indicated by field evi-
dence. Areas with higher radioactivity to the southeast 
correspond at least in part to outcrops of more potassic 
rocks including the Ilivertalik granite (see below). The 
airborne radioactivity survey shows a belt with unusu-
ally high radioactivity immediately west of the original 
prograde granulite-amphibolite facies boundary, i.e., 
on the amphibolite facies side and presumably structu-
rally just above rocks affected by granulite facies 
metamorphism. In part, the high radioactivity reflects 
the outcrop of the Qorqut granite complex (see below) 
and other late granitic rocks, but Amitsoq gneisses 
within the belt and, in inner Godthabsfjord, Nuk 
gneisses also have high levels of radioactivity. The high 
radioactivity belt is relatively narrow south of Ame-
ralik, but widens to the northeast. This may be the result 
of late deformation, with attenuation of the belt in 

linear deformation zones to the south and repetition by 
folding to the northeast. 

The high radioactivity belt appears to be a zone of 
accumulation of elements including K, U, Th, Rb, and 
Pb that were expelled from deeper rocks affected by 
2800 Ma granulite facies metamorphism. Amitsoq and 
Nuk gneisses within the belt in inner Godthabsfjord are 
enriched in K, Rb, and Pb compared with their 
equivalents outside the belt, and Sr and Pb isotopes 
indicate that this enrichment could not have occurred 
much earlier than 2800 Ma (S. Robertson, personal 
communication). The enriched zone was probably the 
source region of granites formed by partial melting (? 
associated with renewed heating and influx of aqueous 
fluids) during the period 2700-2500 Ma. The largest 
volumes of late granites, e.g., the "main body" of the 
Qorqut granite complex (see below), may have been 
generated where the enriched zone had been thickened 
as a result of folding. 
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RbiSr, PbiPb, and SmiNd systems were reset in 
early Archean Amitsoq gneisses affected by 2800 Ma 
granulite facies metamorphism south of Godthfibsf-
jord. This is seen most clearly in specimens from 
Kangimut sangmissoq-Qasigianguit in Ameralik 
(Figure 1). Rocks that we confidently consider to 
include a large proportion of Amitsoq gneisses yield a 
Rb j Sr whole rock isochron age of 2770 ± 180 Ma with 
Sr; = 0.7019 ± 0.00005 and a SmiNd model age of ca. 
2800 Ma. The pattern of Pb isotopes in the samples is 
analogous to the pattern in the type Nuk gneisses, with 
between I% and 33% of an Amitsoq-type component in 
the Pb in 16 samples and about 49% in 2 samples 
(unpublished Oxford University data, S. Moorbath, 
personal communication). 

The obvious differences between the type Amitsoq 
gneisses in outer Ameralik and the gneisses at Kangimut 
sangmissoq-Qasigiimguit are the following: (a) The 
latter were recrystallized during the late Archean under 
granulite facies conditions and subsequently retro-
gressed to amphibolite facies, while the type Amitsoq 
gneisses were not metamorphosed above amphibolite 
facies in the same period. (b) The Kangimut 
sangmissoq-Qasigi{mguit unit of Amitsoq gneisses is 
enclosed in and probably to some extent also penetrated 
by Nuk gneisses. The type Amitsoq gneisses in outer 
Ameralik lie within a 1600 km2 tract of early Archean 
rocks interrupted only by thin units of Malene supra-
crustal rocks. Nuk gneisses penetrate the margin of this 
tract, but occur only very locally within it. 

The type Amitsoq gneisses retain early Archean Rb/ 
Sr, Pb/Pb, and Sm/Nd whole rock systematics (K. D. 
Collerson, personal communication). We conclude that 
resetting of these systems in the gneisses at Kangimut 
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sangmissoq-Qasigi{mguit is the result of processes 
associated with granulite facies metamorphism and 
subsequent retrogression. Proximity of Nuk gneisses 
may also have been a contributing factor. 

Kalsbeek and Pidgeon (1980) considered Rb/Sr 
isotope systematics of gneisses of Nuk type in the 
Fiskena!sset region for which zircon U /Pb results 
suggest ages of at least 2900 Ma. They found that the 
isotopic characters could be explained if the rocks had 
suffered large-scale Sr isotope homogenization after 
their emplacement, probably at ca. 2800 Ma, and small-
scale isotope homogenization during later 
metamorphism. 

Grant and Hickman (1984) pointed out the lack of Sr 
isotopic evidence for a history prior to 2800 Ma in 
gneisses from the terrain affected by late Archean 
granulite facies metamorphism south of GodthAbsfjord 
and from what we interpret as the enriched zone in inner 
Godthabsfjord. They concluded that if the Nuk-type 
gneisses in this terrain were broadly cogenetic with the 
type Nuk gneisses that escaped granulite facies metam-
orphism, then addition of Rb, loss of Sr, and lowering 
of 87 Sr f 86Sr ratios through complete isotopic equili-
brium with a reservoir containing unradiogenic Sr were 
all required to account for the isotopic differences. 

CAUSE OF LATE ARCHEAN GRANULITE 
FACIES MET AMORPHISM 

Kalsbeek (1976) suggested that the depletion in U, 
Th, and Rb observed in granulite facies rocks in the 
northern part of the Fiskena!sset region might be the 
result of partial melting that produced granites such as 
the Ilivertalik granite complex and left a residue of 
hypersthene gneisses. The Ilivertalik granite complex 
crops out very extensively as thick folded sheets of 
homogeneous augen gneiss in the center of the terrain 
affected by 2800 Ma granulite facies metamorphism 
(Kalsbeek and Myers, 1973; Myers, 1976. See the 
I :500,000 geological map sheet). It is interpreted as 
intruded during granulite facies metamorphism (Pid-
geon et al., 1976). The parent lithology was granite with 
large potash feldspar megacrysts associated with 
smaller amounts of layered tonalite and diorite. Wells 
(1979) concluded that the chemistry of the granulite 
facies gneisses north of Sermilik did not support 
Kalsbeek's hypothesis. Field evidence does not indicate 
extensive partial melting and segregation of granitic 
melts at the present level of exposure during granulite 

facies metamorphism. The disruption of older litho-
logic units was not associated with granulite facies 
metamorphism, but with intrusion of the parents of the 
Nuk gneisses and equivalent rocks. 

Wells (1979) suggested that granulite facies metamor-
phism in the Buksefjorden area was the result of heat 
transferred to the crust by intrusion of the Nuk 
magmas. This view was based on acceptance at face 
value of Moorbath and Pankhurst's (1976) whole rock 
isochron ages of between 3000 and 2750 Ma for rocks 
collected as Nuk gneisses. It is now apparent that these 
dates reflect metamorphic or metasomatic processes 
rather than the intrusion of the Nuk parent magmas. 
Dates from outside the terrain affected by granulite 
facies metamorphism (the type Nuk gneisses in western 
Godthabsfjord and gneisses in the southern part of the 
Fiskenaesset region; Pidgeon and Hopgood, 
1975; Pidgeon and Kalsbeek, 1978) indicate that the 
parents of the bulk of the gneisses in this part of the 
West Greenland Archean were intruded before 2950 
Ma. However, isotopic data show that granulite facies 
metamorphism in the Fiskenaesset region occurred at, 
or at least continued until ca. 2800 Ma. It is clear from 
Well's (1980) calculations that heat transported to the 
crust by Nuk-type magmas before 2950 Ma would have 
been lost by conduction before 2800 Ma. 
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The mechanism suggested by Wells does not seem 
appropriate for the granulite facies metamorphism 
south of GodthAbsfjord, but it may possibly explain the 
granulite facies metamorphism northwest of GodtMbsf-
jord, which present data suggest occurred shortly after 
or at the same time as the intrusion of later phases of 
the type Nuk gneisses and the Taserssuaq tonalite. 
Some differences between granulite facies metamor-
phism on either side of Godtbabsfjord are summarized 
in Table 1. 

A possible model for the 2800 Ma granulite facies 
metamorphism south of Godthabsfjord is that it was 
caused by an influx of heat and fluids from the mantle, 
possibly through intrusion of basic magma near the 
base of the crust. The llivertalik granite complex could 
be the product of melting of deep crustal rocks by a 
mechanism like that proposed for the Amitsoq iron-rich 
suite (Nutman et al., 1984), with which it has chemical 
similarities. Fluids migrating upwards through the crust 
could have caused extensive recrystallization to 
orthopyroxene-bearing assemblages with the textural 
features noted above. They could be the agents that 
moved U, Th, K, Rb, and Pb out of the rocks that 

Fig. 9. Radiometric map of the Godthabsfjord region and the northern part of the Fiskennaesset region, based on 
airborne gamma-spectrometric survey from Secher and Steenfelt (1981). Values in counts per second. 
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Table 1. Comparison of late Archean granulite facies metamorphism northwest and south of Godthabsfjord 

NW of GodtMbsfjord 
(N ordlandet-Qugssuk) 

S of GodthAbsfjord 
(Buksefjorden-Sermilik-Fiskena:sset) 

Age: 3000-2950 Ma Age: ca. 2800 Ma 

"Blebby" gneisses, big-hornblende 
pegmatites rare or absent 

Extensive textural modification produced "blebby" and nebulitic tex-
tures in gneisses and (retrogressed) big-hornblende pegmatites 

Extensive partial melting under 
granulite facies conditions 

Limited partial melting under granulite facies conditions 

No rapakivi-type granites Associated with intrusion of rapakivi-type Ilivertalik granite suite 

No high radioactivity belt along 
original prograde boundary to the 
east in Qugssuk 

High radioactivity belt enriched inK, U, Th, Rb, Pb along original 
progade boundary to the northwest 

developed granulite facies assemblages and into the 
enriched zone above the prograde granulite-
amphibolite facies boundary. They could be the cause 
of movement of Sr and fractionation of the REE. Rb, 
Pb, U, and the light REE may have been reintroduced 
during subsequent retrogression (Bridgwater et a/., 
1985). 

QORQUT GRANITE COMPLEX 

Late, essentially post-tectonic granites crop out 
within a belt that extends from the mouth of Buksef-
jorden NNE through Qorqut and 0 m{map suvdlua into 
inner Godthabsfjord. These rocks are now termed the 
Qorqut granite complex (Brown and Friend, 1980; 
Brown eta/., 1981), having originally been called the 
Qorqut granite (McGregor, 1973). The largest area of 
continuous outcrops of granite (referred to as the "main 
body" of the complex) lies between Ameralik and 
Kapisigdlit kangerdlua (Figure 10) and is made up of a 
very large number of discrete sheets with abundant 
enclaves and rafts of country rocks (Figure 11 ). 

Samples from the northern part of the "main body" 
yield a U I Pb zircon concordia intercept age of 2530 ± 
30 Ma (Baadsgaard, 1976). Moorbath et a/. (1981) 
reported Rb I Sr and Pb I Pb isotopic data on a varied 
suite of Qorqut granites from localities over a distance 
of 28 km from Ameralik to Sulugssugutip kangerdlua. 
Twenty-three whole rock samples yield a Rb I Sr 
errorchron (MSWD = 3.2) age of 2530 ± 30 Ma, with 
a high Sr; value of 0.7081 ± 0.0008, and a PbiPb 
errorchron (MWSD = 3.2) age of 2580 ± 80 Ma with 
an apparent J.1. 1 value of 6.2. For an assumed mean 

emplacement age of 2550 Ma, four of the samples yield 
ENd values in the range of -6.7 to -8.1 with T cHuR model 
ages of ca. 3000-3100 Ma (Taylor et a/., 1984). The 
isotopic systematics are consistent with an origin by 
anatexis of mixed sialic crustal rocks that had generally 
high Rb I Sr ratios and that included a considerable 
proportion of U-depleted, early Archean gneisses. 

The Qorqut granite complex between Qorqut and 
Sulugssugutip kangerdlua is described by Friend et a!. 
( 1985). The chemistry and petrogenesis of the granites 
in this area have been studied by Perkins (1984), whose 
data and conclusions are reported below. Further work 
on the overall form and internal structure of the "main 
body" is in progress at Oxford Polytechnic University 
(Davies, in preparation). 

The "main body" of the complex is made up mainly 
of hypidomorphic granular, nonporphyritic granites 
with very subordinate granodiorites. The granites have 
been divided into three groups on the basis of field and 
petrographic characteristics: 

Group 1: leucocratic granites, often containing 
biotite schlieren and lamellae. 

Group 2: grey granites, essentially homogeneous 
biotite granites. 

Group 3: composite granites, comprising granite with 
pegmatite and composite aplogranite-granite 
pegmatite. 

Based on the distribution of these granite types and 
the included country rock enclaves, the "main body" 
has been divided into five zones, the characteristics of 
which are summarized in Table 2 and their distribution 
shown in Figure 10. 
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The lower zone is dominated by group I inhomogene-
ous granites which are the earliest phases in the 
complex. At the western end of Qorqut the leucocratic 
granites contain enclaves of Amitsoq and Nuk gneisses 
that have been modified by anatexis. There is a range 
of metatexites and diatexites (Figures 12, 13) in these 
modified enclaves. 

Much of the inhomogeneity and schlieric nature of 
the leucocratic granites is due to the break-up of the 
metatexites and the formation of inhomogeneous 
diatexites. Much of the biotite in the granites appears 
to be derived from biotite(± plagioclase) melanosomes. 
The chemistry of the granites is consistent with their 
being mixtures of nonminimum melts and biotite-rich 
restites. The leucocratic granites have the characteris-
tics of cotectic melts in equilibrium with quartz, 
plagioclase, and K-feldspar from an environment where 
P 8 ,0 approached PtotaJ· Thus the upward movement of 
these granites was restricted by the negative slope of the 
granite solidus. 

Grey granites predominate in the intermediate zone 
and the gneiss enclaves they contain have not been 
modified by anatexis. They are interpreted to have 
moved some distance above their zone of generation 
and to have become more homogeneous. Most of the 
chemical variation, including that of the REE (Figure 
14), in the group 1 and 2 granites could have been 
produced by batch melting of a mixture of crustal 
gneisses in which biotite was the major ferro-magnesian 
phase and melted incongruently. Melting models 
cannot produce the high Rb values unless the source 
rocks were enriched in Rb. The field, petrographic, and 
REE evidence suggests crystallization of the group 3 
composite granites from H20-rich fluids. 

All the granites analyzed plot within the projection of 
the 685°C isotherm in the granite system at P8 ,0 = P 
total= 5 kbar (Figure 15), the lowest pressure for which 
comprehensive data is available (Winkler, 1979). By 
lowering P8 ,0 to around 3 kbar, complete agreement 
with the petrographic data could be obtained. 

The field, petrographic, chemical, and isotopic 
evidence thus all support an origin for the granites of the 
"main body" by partial melting of a mixure of Amitsoq 
and Nftk gneisses within the enriched zone above the 
late Archean prograde granulite-amphibolite boun-
dary. The MSWD of 3.2 for the Rb/Sr errorchron 
reported by Moorbath et al. (1981) indicates a high 
degree of homogeneity of Sri over a distance of 28 km 
in the "main body" granites at the time of their 
emplacement. This is surprising considering that the 
proportion of Amitsoq to Nuk gneisses in the source 
region probably varied considerably over the distance 
sampled. The intrusion of the complex as many small 
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Fig. 11. Vertical section through about 2000 m of the 
Qorqut granite complex in the vicinity of Sagdlia. The upper 
zone is drawn from photographs of the 1493 m mountain, the 
intermediate zone from the mountains north of the Qorqut 
hotel and the lower zone from Ujara. 

pulses of magma makes the possiblity of homogeniza-
tion of Sr isotopes by convective mixing appear most 
unlikely. 

Undeformed to weakly foliated granites and pegmat-
ite sheets crop out extensively in inner Godthabsfjord, 
but are more patchily distributed over a broader area 
than to the south (Friend and Hall, 1977; Coe and 
Robertson, 1982; Brewer et al. 1983, 1984). The larger 
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Table 2. Summary of the characteristics of the five zones of the Q6rqut granite complex 

Lower zone: Comprised of dominantly leucocratic granite that contains modified enclaves and some unmodi-
fied rafts of country rock all cut by sheets of biotite granite and recut by a few sheets of compo-
site granite. 

Intermediate zone: Comprised of dominantly grey biotite granite of various types that occur as cross-cutting 
sheets, some of which include subordinate amounts of country rocks and with occasional hori-
zons dominated by country rocks, all of which are cut by composite granites, which are more 
common than in the lower zone. 

Upper zone: Comprised largely of country rocks as angular rafts enclosed within a network dominantly of 
sheets of grey biotite granite, the whole forming the host for numerous anastamosing sheets of 
composite granite that breaks up this host into lozenge-shaped blocks. 

Border zone: Comprised largely of angular blocks of country rocks enclosed within a network of leucocratic 
granites all of which may be cut by sheets of grey biotite granites. 

Distal zone: Occurring mainly at the NE and SE extremities of the complex and comprising sheets of com-
posite granite and pegmatite cutting country rocks. 

Fig. 12. Gneissose melanosome (lower right) giving way to 
banded matatexite comprising melanosome of biotite-rich 
layers and leucosome of felsic material. 

Fig. 13. Detail of the components of a metatexite showing 
the hypidiomorphic granular texture of the felsic layers and 
the biotite-rich melanosome. Note that while there is a 
prominent banding, the texture is not gneissic. 
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Fig. l4(a) REE pattern for group l granites; (b) Chondrite normalized REE patterns for seven group 2 
granites; (c) REE patterns for group 3 granites. 

outcrops are polyphase, sheeted networks. Rb/ Sr and 
Pb/Pb whole rock ages in the range 2615-2490 Ma 
confirm that these rocks are similar in age to the "main 
body'~ of the Qorqut granite complex. 

Rocks mapped at Qorqut granite south of the mouth 
of Buksefjorden (Sharpe, 1975) are affected by the 
deformation phase that is most intense in the linear belt 
just to the east. It is therefore probable that they are 
older ~han the Qorqut granite complex. 

POST -ARCHEAN EVENTS 

Proterozoic dolerite dykes are less common in the 
Godthabsfjord region than in most other parts of the 
West Greenland Archean. They have not been studied 
in det:ail and none of them have been dated. 

Th.e pattern of late faults in the region is interpreted 
as the result of predominantly simple shear deformation 
with t.he greatest principal compressive stress oriented 
Wto NW (Smith and Dymek, 1983). The Kobberfjord 
fault zone through central Godthabsfjord has a dextral 
transcurrent displacement of 5 km and a zone of 
def():rmation and strong alteration under greenschist 
facies conditions about 100 m wide. Quartz-rich 
mylonites were produced by intense ductile deforma-
tion- Proterozoic faulting, alteration, and related 
phenomena in the Isukasia area are discussed by 
Nut'?lan and Rosing (this volume). 

Thermal activity at 1550-1770 Ma is indicated by 
Rb 1 Sr dates from micas in Amitsoq gneisses from south 
of the mouth of Ameralik and from the Isukasia area 
(Bankhurst et al., 1973; Baadsgaard et al., 1976). A mild 
thermal event at 1150 ± 100 Ma is indicated by fission 
track ages from sphene, zircon, and allanite ( Gleadow, 
1978, and personal communication, 1982). 

Later intrusions are restricted to a few thin, E-W 
trending, deuterically altered basic dykes around the 
mouth of Ameralik, one of which has given a K/ Ar age 
of 57 Ma (Bridgwater, 1970), and thin lamprophyres 
and a kimberlite dyke near Faeringehavn, and the 
islands to the northwest. 
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Fig. 15. Analyzed samples from the Qorqut granite complex plotted with respect to the granite system projected from 
An onto the base of the tetrahedron. Isotherms on the cotectic surface are projected as dashed lines; also shown are 
the An contours on the quartz-plagioclase cotectic surface; Symbols: all solid symbols indicate samples that plot above 
the quartz-plagioclase cotectic surface, open symbols indicate those samples that plot below the surface. Triangles = 
migmatites; diamonds = group I granites; dots = group 2 granites; and stars = group 3 granites. 
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This brief account of the geology of the Isukasia area 
(Figure 1) is biased toward the main theme of the 
itinerary for the area: What has been established about 
the protoliths of the early Archean rocks of the area-
the !sua supracrustal belt and the Amitsoq gneisses? 
However, it cannot be stressed too much that central to 
this is the ability to be able to distinguish the structural, 
geochemical, and isotopic variations of the rocks when 
they formed from variations impressed upon them 
during tectono-metamorphic and metasomatic events 
of early Archean to mid Proterozoic age. Some aspects 
of this theme are touched upon here; other aspects are 
dealt with more fully by Rosing (1983). 

After a visit by a NATO study group to the area in 
1978 (Bridgwater et al., 1979), detailed field work was 
carried out in the area between 1980 and 1982 supported 
by GGU, the Royal Society, the Carlsberg Fund, and 
the Danish NRC. The aim of this work was to investi-
gate the lithological variation and the structural and 
metamorphic history of the !sua supracrustal belt and 
adjacent gneisses, so that specialized laboratory 
investigations could be interpreted on a firm geological 
basis. This field work was built on the regional mapping 
by the Kryolit Company of Copenhagen (which first 
discovered the belt in the mid 1960s), reconnaissance 
studies by GGU geologists (Bridgwater and McGregor, 
1974), and subsequent GGU mapping at 1:20,000 scale 
(Allaart, 1976). 

The !sua supracrustal belt is a 35-km-long tract up to 
4 km wide surrounded by and locally intruded by 
Amitsoq gneisses. It consists of complexly folded, 
highly deformed middle to upper amphibolite facies 
rocks patchily retrogressed under lowermost amphibo-
lite to greenschist facies conditions. Mafic, ultramafic, 
felsic, and quartz-rich inclusions occur throughout the 
known outcrops of the Amitsoq gneisses and are 
included under the term Akilia association (McGregor 
and Mason, 1977). The !sua supracrustal belt and the 
Akilia association probably are derived from a single 
volcano-sedimentary sequence that was fragmented 
upon intrusion of the Amitsoq gneisses (e.g., Baads-
gaard et al., 1984). Throughout much of the area the 
Amitsoq gneisses are also highly deformed, but in the 
central gneisses (Figure 1) there is a region of low 
deformation in which igneous characters of different 
phases of the Amitsoq gneisses are locally well 
preserved. 

The area's long and complex tectonometamorphic 
history of events can be divided into episodes using a 
combination of dyke chronology, isotopic, and petro-
logical studies (Table 1). The earliest dykes, the ca. 3700 
Ma Inaluk dykes, intrude the earliest (tonalitic) 
components of the Amitsoq gneisses but are themselves 
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cut up by the injection of the younger (granitic and 
pegmatitic) phases of the Amitsoq gneisses of the area 
(Nutman et al., 1983). In areas of low late Archean 
deformation, strongly deformed early Archean mafic 
rocks have coarse-grained metamorphic segregations 
and are cut by virtually undeformed mid-Archean 
Tarssartoq (Ameralik) dykes (Table 1) devoid of 
metamorphic segregations. This shows that the area 
was affected by regional amphibolite facies metamor-
phism in the early Archean. Late Archean and Proter-
ozoic metamorphic imprints are marked to very strong 
in the area (Rosing, 1983). Much of the early Archean 
gneiss complex was already highly deformed when the 
mid-Archean Tarssartoq dykes were intruded. Within 
the central gneisses the Tarssartoq dykes locally retain 
igneous textures and mineralogy but elsewhere are 
recrystallized to form lineated hornblende-
amphibolites that in the !sua supracrustal belt and the 
gneisses to the south locally contain garnet. After 
regional ductile deformation and amphibolite facies 
metamorphism the area was cut by pegmatite dykes at 
ca. 2550 Ma (Baadsgaard et al., 1985). Thus the post-
Tarssartoq-dyke amphibolite facies metamorphism(s) 
and associated strong deformation are correlated with 
deformation and metamorphism in the other parts of 
the Godthabsfjord region that were contemporaneous 
with and perhaps related to intrusion of the Nuk 
gneisses and younger crustally derived granitoids 
between ca. 3050 Ma and 2600 Ma (e.g., Baadsgaard 
and McGregor, 1981; Robertson, 1983; McGregor et 
al., 1983). Members ofthe Proterozoic dyke swarms of 
West Greenland are found in the Isukasia area. They are 
locally cut by shear zones, in which they develop 
lowermost amphibolite to greenschist facies assemb-
lages but are otherwise undeformed. Detailed petrolog-
ical studies and isotopic interpretations have shown 
that the !sua supracrustal rocks locally recrystallized 
and severely reacted with hydrous fluids during a 
Proterozoic amphibolite facies event at ca. 1800 Ma and 
that kyanite developed in shear zones late in the area's 
development (Rosing, 1983). This means that, added to 
the complication of nearly total recrystallization in the 
late Archean, kyanite-bearing assemblages in the !sua 
supracrustal belt (in the vicinity of Proterozoic shear 
zones) cannot be used with certainty to determine > 
3600 Ma thermal gradients in the supracrustals (see 
Boak and Dymek, 1982). Fluid movement and recrys-
tallization at ca. 1800 Ma is probably associated with 
major faulting concentrated in the western part of the 
area (e.g., Nutman, 1982). Kalsbeek et al. (1980) 
recorded a ca. 1600 Ma old granite dyke that cuts the 
!sua supracrustal belt. 
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Table 1. Chronological sequence in the Isukasia area 

(10) (youngest) Injection of basic dykes and crustally derived granite sheets. Faulting under lowermost amphibolite facies 
to greenschist facies conditions, and metasomatism. 1600 to 2100 Ma. 

(9) Intrusion of pegmatites; ca. 2550 Ma. 

(8) Development of a strong banding with local isoclinal folding (only recognized in the south of the area) followed by 
linear belts of strong deformation interspersed with southerly plunging folds with wavelengths of up to more than 10 
km. Amphibolite facies metamorphism. Local intrusion of granitic-granodioritic sheets. 2600 to 3100 Ma. 

(7) Intrusion of Tarssartoq dykes, probably equivalent to the Ameralik dykes in Godthabsfjord; ca. 3200 Ma. 

(6) Deformation giving rise to upright folds. 

(5) (c) Intrusion of pegmatic gneisses (ca. 3400 Ma) and thin trondhjemitic sheets. (b) Intercalation of supracrustal and 
gneiss units. (a) Deformation to produce a strong banding, most important inthe south. It is possible that a, b, and c 
were contemporaneous. 

( 4) Intrusion of the white gneisses; 3650-3600 Ma. 

(3) Intrusion of the Inaluk dykes. 

(2) Intrusion of the grey gneisses. This group probably includes early thin tonalitic sheets discussed in Nutman et a/. 
(1983). Isoclinal folding of supracrustal rocks (I) may have occurred during intrusion of the grey gneisses; 3750-3700 
Ma. 

(1) (oldest) Formation of the Isua and Akilia association supracrustal rocks and intrusion of basic and ultramafic rocks 
into them; ca. 3800 Ma. 
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ISUA SUPRACRUSTAL BELT 

The Isua supracrustal belt (Figure I) is the largest 
fragment of ca. 3800 Ma sedimentary and volcanic 
rocks known. As it comprises the oldest rocks so far 
discovered, it has attracted considerable interest and 
detailed research on important aspects of crustal 
evolution. Because of the antiquity of these rocks and 
their significance to the study of the early crust, it is 
tempting to present information from them as giving 
definitive answers. However, the strong modification of 
these rocks since their formation means that they are 
not nearly so well preserved as somewhat younger 
sequences, such as those in Western Australia. Indispu-
table sedimentary structures are only preserved in 
exceptional exposures and are in all cases markedly 

deformed. The most reliable age of deposition of the 
Isua supracrustal rocks is 3812~i! Ma (Baadsgaard et 
al., 1984; U/Pb concordia intercept for zircons from 
sediment derived from acid volcanic rocks). The Rb-Sr, 
Pb-Pb, and Sm-Nd systems give ages of over 3600 Ma 
but are disturbed by several periods of Archean and 
Proterozoic metamorphism (Rosing, 1983). A sum-
mary of early studies of the Isua supracrustal belt is 
given by Nutman et al. (1984). 

Early studies showed that the belt consists of layered 
supracrustal units of detrital, chemical sedimentary, 
and volcanic origin interdigitated with Mg-Al-rich, 
massive chlorite leucoamphibolites (the garbenschiefer 
units), and ultramafic units (dunites, peridotites, and 
their hydrated and carbonated equivalents). A coherent 
stratigraphy (Sequence A) has been established through-

Fig. 1. Geological sketchmap of the Isukasia area. Localities of A-G are described in the text. (l) Undifferentiated 
cover: (2) Proterozoic dyke, (3) Tt-Mid Archean Taserssuaq tonalite, 3 Bgn Archean banded gneisses; (4) Tarssartoq 
dykes; (5) Amitsoq gneisses; (6) A6 felsic formation; (7) AS calc-silicate formation; (8) A4 upper banded iron formation; 
(9) A3 variegated schist formation; (10) A2 lower banded iron formation; (11) AI amphibolite formation; (12) 
Undifferentiated A3-Al; (13) B2 mica schist formation; (14) Bl felsic formation; (15) garbenschiefer amphibolite; (16) 
ultramafic rocks; (17) Akilia association inclusions; (18) foliation/compositional layering; (19) fault; (20) late Archean 
(2550 Ma) pegmatite. 
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out the length of the !sua supracrustal belt and is shown into: (in ascending order) Bl felsic formation and B2 
to be repeated about isoclinal folds (Nutman et til., mica schist formation (Figure 2). The way-up of these 
1984). It is impossible to estimate original thicknesses sequences is based on facing determinations on graded 
of individual units because of strong deformation. layers of felsic metasediment. A full description of the 
Excluding units of garbenschiefer and ultramafic rocks, stratigraphy is given by Nutman et al. (1984). 
the supracrustal sequences total less than 1 km. The The !sua supracrustal sequences (and Akilia associ-
garbenschiefer and ultramafic units transgress litholog- ation units of the area) are dominated by interlayered 
ical divisions in the supracrustal sequence, and the sediments of diverse parentage, and altered, banded 
garbenschiefer contains inclusions or screens of basic rocks of igneous parentage (Figure 2; Table 2). 
metasedimentary rocks. Both these lithologies are Unaltered igneous rocks are rare apart from those that 
interpreted as intrusions into a volcano-sedimentary are clearly of intrusive origin. Supracrustal units show 
sequence. Sequence A is divided into formations marked lateral variation in their lithotype and chemical 
designated by the dominance at different stratigraphic composition. All terriginous sediments are interpreted 
levels of the sequence by different lithologies: (in as derived from volcanic sources. There is no field or 
ascending order) AI amphibolite formation, A2 lower isotopic evidence that older sialic basement or emerging 
banded iron formation, A3 variegated schist formation, granite plutons contributed to the clastic material. The 
A4 upper banded iron formation, A5 calc-silicate felsic rocks were probably derived from dacites that 
formation, and A6 felsic formation. Likewise, Sequence underwent alteration (possibly subaerial weathering) at 
B (restricted to the eastern part of the belt) is divided the time of deposition. Layered amphibolites are 

Table 2. Representative analyses Isukasia area early Archean supracrustal rocks 

Sample 225996 292107 158497 67690 58526c 167655 171756 175554 117988a 

Si02 50.01 87.19 13.74 57.34 66.56 60.92 45.58 49.85 38.84 
Ti02 l.l7 0.04 n.d. 0.39 0.51 0.67 0.22 0.31 0.03 
A120 3 13.76 n.d. 0.05 16.59 16.34 15.45 15.33 17.08 0.38 
Fe20 3 10.87 l.l8 10.97 0.77 2.19 2.01 0.16 1.73 
FeO 15.34 4.07 7.55 3.16 4.29 7.31 9.47 6.00 
MnO 0.26 0.11 0.59 0.40 0.07 0.14 0.18 0.25 0.12 
MgO 5.52 0.76 16.80 2.64 1.21 2.46 16.30 10.40 48.90 
CaO 10.21 0.34 28.22 0.85 2.96 6.08 7.83 7.71 0.09 
Na20 1.94 0.01 n.d. 0.29 1.63 2.43 0.78 1.36 n.d. 
K20 0.36 0.10 0.01 1.37 5.86 2.72 0.07 0.10 n.d. 
LOI 0.83 2.50 0.22 2.20 0.94 0.92 4.65 1.88 3.27 
C02 35.06 0.65 l.l6 

Total 99.50 99.40 100.11 100.67 100.84 99.52 100.30 98.59 99.45 

Rb 1 2 n.d. 65 145 120 n.d. 4 n.d. 
Sr 90 n.d. 23 30 75 55 55 61 n.d. 
Ba 34 6 60 84 430 182 21 n.d. 27 
y 27 2 9 5 10 16 n.d. 
Zr 4 113 164 175 18 28 n.d. 
Pb 10 26 l 9 1 
Th 1 
Cu n.d. 38 n.d. 55 n.d. 16 n.d. 
v 274 9 98 73 137 
Ni 29 35 6 205 23 85 540 160 3975 
Cr 55 28 20 500 65 155 1090 279 1040 

225996- banded amphibolite, upper part of amphibolite formation; 292107- silica-rich banded iron formation, western 
part of the upper banded iron formation; 158497 -carbonate rock with calc-silicate layers, upper part of the calc-silicate 
formation; 167690- garnet-mica schist, upper part of the mica schist formation; 158526c -layered felsic rock, felsic 
formation of sequence A; 167655 -layered felsic rock, felsic formation of sequence B; 171756 and 175554- mafic and 
felsic garbenschiefer amphibolite unit, respectively; 117988a - metadunite. All these rocks come from the lsua 
supracrustal belt. 
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interpreted as derived from basic tuffs or from altered 
basalt and are predominantly of high-Fe tholeiite 
affinity. Mica schists are interpreted as derived from 
either weathered basic rocks or from basic tuffs that 
interacted with water at the time of deposition. The 
presence of graded bedding and chemical sediments 
such as banded iron formation and carbonates through-
out the succession favors that at least some deposition 
was subaqueous. Water depths are unknown, but 
features such as lateral facies changes and possible flat 
pebble conglomerate units favor shallow water condi-
tions with occasional shoals. The intimate association 
of chemical sediments with terriginous material occurs 
on all scales down to that of individual beds. Bouma-
type layering preserved in some of the felsic sediments 
shows that deposition of some of them was from 
turbidite flows. 

The presently favored model for the Isua depositional 
environment (Nutman et a/., 1984), is of a predomi-
nantly submarine volcanic area. There is no evidence 
that the sequence formed on a basement of older sialic 
crust. Water depths for a least part of the time were 
shallow. The topography was subdued apart from 
volcanic centers. Intermittent volcanic activity and 
associated instability produced clastic sediments, which 
alternate and in some cases coincide with deposition of 
chemical sediments. 

AMITSOQ GNEISSES 

Amitsoq gneisses envelop the Isua supracrustal belt 
(e.g., Bridgwater and McGregor, 1974; Nutman et al., 
1983). Deformation in the gneisses is heterogeneous, 
such that they range from a weakly deformed, poly-
phase, sheeted meta-igneous complex to strongly 
banded or schlieric gneisses in which individual phases 
can no longer be identified with certainty (similar 
banded gneisses form at least 80% of the early Archean 
outcrop in West Greenland). In parts of the Isukasia 
area the regional early tonalitic gneisses and granitic 
gneiss sheets are virtually undeformed and preserve 
their intrusive characters. These are the best preserved 
very early Archean plutonic rocks known. 

Published isotopic studies of Amitsoq gneisses from 
the Isukasia area are mostly based on the highly 
deformed, generally well banded lithologies close to the 
Isua supracrustal belt. Using the Pb-Pb and Rb-Sr 
systems, ages of ca. 3750 to 3600 Ma have been obtained 
from them with crustal residence prior to 3600 Ma of 
not more than 200 m. y. suggested (e.g., M oorbath eta/., 
1972). Recent Sm-Nd, U-Pb, and Rb-Sr studies based 
on suites comprising individual phases of Amitsoq 
gneisses (Hamilton et a/.,1983; Baadsgaard eta/., 1983 

and personal communication, 1982, 1984) do not give 
evidence that any phase of the gneisses is older than the 
Isua supracrustal belt. They suggest that the early grey 
tonalitic phases are ca. 3750 Ma old, the intrusive white 
granite sheets are ca. 3650 Ma old, and that a younger 
group of pegmatites separated in the field are ca. 3400 
Ma old. Thus the sequence of intrusion of different 
phases of Amitsoq gneiss spanned as long as 400 Ma 
(Table 1). 

The least deformed Amitsoq gneisses occur in the 
core of the central gneisses (Figure I), which is the best 
area for investigating these rocks. Even the best 
preserved of the gneisses have been subject to some 
recrystallization and isotopic disturbance during the 
late Archean and Proterozoic events (P.N. Taylor, 
unpublished Pb-Pb data; Baadsgaard, 1983; and 
unpublished Rb-Sr, Pb-Pb, Th-Pb, and U-Pb data). 
The two main groups of gneiss (older, tonalitic grey 
gneisses and younger, granitic white gneisses) are 
separated in time by intrusion of mafic dykes (the 
Inaluk dykes; Table 1). The chronology given in Table 
I is probably applicable for the generally much more 
deformed gneisses south of the Isua supracrustal belt, 
because in augen of low deformation there, grey 
gneisses are cut by Inaluk dykes and then by white 
gneisses (Nutman, 1982). 

The grey gneisses are tonalites apart from rare 
granodiorites and quartz diorites (Figure 3; Table 3). 
They form about 70% of the central gneisses. They are 
polyphase, consisting of rafts of mafic tonalite occur-
ring in more voluminous pale tonalite. A plausible 
origin for the protoliths of the grey gneisses would be 
partial melting (at depth) of basic rocks like those in the 
Isua supracrustal belt and Akilia association. Where 
least deformed they have a schlieric biotite banding and 
are plagioclase phyric. Hornblende, which is present 
only in more mafic units, lies within the schlieric biotite 
fabric and coexists with biotite. Sericitization of 
plagioclase, rimming of hornblende by either pale 
amphibole or fine-grained biotite, local breakdown of 
biotite to white mica, and also overgrowths of epidote 
and zoisite are widespread. These features are attrib-
uted to events ranging in age up to the mid-Proterozoic. 
Locally, grey gneisses cut by Inaluk dykes contain 
inclusions of Akilia association (McGregor and Mason, 
1977) or Isua-type supracrustal rocks (Nutman eta/., 
1983). Sheets of tonalitic gneisses intrude the lsua 
supracrustal belt (Moorbath et al., 1977) and other 
supracrustal units in the area. These sheets are inter-
preted as equivalent to the regional grey gneisses. Grey 
gneiss sheets are sparsely distributed through most of 
the Isua supracrustal belt and other large supracrustal 
units in the area, even where they lie adjacent to units 
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dominated by grey gneisses. Contacts of supracrustal 
units not complicated by intrusion of ca. 3400 Ma 
pegmatites are sharp, with biotite banding in the grey 
gneisses parallel to the contacts. These contacts are 
interpreted as early to middle Archean faults, possibly 
rotated thrusts (Nutman, 1984). 

The Inaluk dykes are sparsely distributed and intrude 
the grey gneisses. Inaluk dykes have not been found in 
the major supracrustal units such as the Isua supracrus-
tal belt, but at two localities agmatized mafic amphib-
olite, probably of supracrustal origin, is cut by them. 
Inaluk dykes (Table 3) are fine-grained, mafic, biotite-
and hornblende-bearing, dioritic intrusions normally 
less than 2 m wide, that in the least deformed parts of 
the central gneisses are steeply inclined. They com-
monly have irregular, cuspate margins, suggesting that 
they were plutonic dykes. There are several bands of 
coarse-grained, clinopyroxene-bearing mafic amphibo-
lite that are up to 100m wide and are generally heavily 
agmatized by pale gneisses, that may be intra-Arnitsoq 
mafic-ultramafic intrusions, perhaps related to the 

Inaluk dykes. The Inaluk dykes are interpreted as being 
derived from fractionated basic melts of mantle origin. 

The white gneisses are a polyphase swarm of anas-
tomosing sheets generally less than 25 m thick that cut 
the grey gneisses. In the northeast of the central gneisses 
they coalesce to form a single lens that underlies about 
I 0 km2

, whose center is devoid of grey gneiss inclusions. 
In contrast, white gneisses are particularly scarce in the 
northeast of the central gneisses. Overall, the white 
gneisses form about 30% of the central gneisses and a 
lower percentage of the gneisses south of the Isua 
supracrustal belt. The white gneisses are medium to 
coarse biotite, muscovite granites that grade into 
potassic granodiorite locally (Figure 3; Table 3). There 
are some pegmatite veins that preceded intrusion of the 
large volumes of granitic white gneisses, and pegmatite 
also occurs as selvages to granitic white gneiss sheets. 
Biotite is less than 10% modal and forms a crude 
gneissosity, accentuated in some cases by elongate 
biotite-rich smears up to 5 mm thick. 
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Table 3. Representative analyses of Amitsoq gneisses 

Sample 237000 236991 236966 236955 236949 229472 292192 236961 236928 

Si02 64.12 68.02 71.72 72.64 47.45 74.16 67.10 69.31 71.70 
Ti02 0.47 0.41 0.27 0.17 0.95 0.01 0.39 0.35 0.24 
Al20 3 14.76 15.22 14.60 14.40 11.31 14.25 15.94 15.50 14.40 
Fe20 3 2.22 1.29 0.40 0.25 3.42 n.d. 0.80 0.67 0.42 
FeO 5.12 2.66 1.46 0.99 8.90 0.44 2.69 3.01 2.36 
MnO 0.08 0.04 0.03 0.02 0.23 0.01 0.06 0.06 0.04 
MgO 1.25 1.17 0.45 0.25 10.64 0.01 0.99 0.75 2.81 
CaO 4.51 3.66 1.86 1.45 9.60 0.85 2.52 2.98 2.36 
Na20 3.77 4.62 4.02 3.94 1.65 2.24 4.65 4.87 4.34 
K20 1.92 1.41 3.74 4.73 2.77 6.30 2.88 1.47 2.21 
LOI 0.92 0.71 0.71 0.54 1.26 0.15 0.86 
C02 
P20s 0.21 0.14 0.08 0.06 0.51 0.1 0.13 0.11 0.07 

Total 99.35 99.35 99.34 99.44 98.69 98.42 99.01 99.08 100.88 

Rb 64 87 141 116 69 225 154 192 119 
Sr 267 263 224 118 189 70 340 191 195 
Ba 334 199 626 567 2054 270 551 
y 26 20 6 7 28 n.d. 10 12 9 
Zr 158 169 212 151 89 18 160 167 129 
Pb 12 17 27 28 11 110 31 18 24 
Th 1 4 16 18 6 4 5 5 11 
Cu 29 16 6 2 26 n.d. 8 
v 46 35 20 12 223 1 33 
Ni 6 2 n.d. n.d. 126 2 10 
Cr 15 14 4 3 598 7 21 
La 19.2 16.9 45.2 39.6 37.2 
Ce 40.0 38.6 91.7 56.7 83.7 
Nd 20.1 16.2 
Sm 4.92 4.24 3.64 3.12 10.20 
Eu 1.65 0.926 0.728 0.580 2.73 
Gd 
Tb 0.754 0.436 0.251 0.179 0.844 
Dy 
Er 
Yb 1.80 1.33 0.205 0.336 1.400 
Lu 0.242 0.187 0.092 0.200 
Hf 4.12 4.35 5.63 4.13 3.61 

237000- Mafic grey gneiss, southern central gneisses; 236991 -typical grey gneiss, southern central gneisses; 236966 and 
236955 - typical white gneisses, northern central gneisses; 236949 - Inaluk dyke, northern central gneisses; 229472 -
banded gneiss, ca. 5 km south of the Isua supracrustal belt; Grey gneiss inclusions in white gneisses, 236961 -distinct 
margins; 236928 - blurred margins 

In the core of the central gneisses (where deformation is preserved in the white gneisses that is not seen in the 
is least), the white gneisses are predominantly gently grey gneisses. The characteristics of the white gneisses 
inclined and commonly break up the grey gneisses into described above suggest that they were intruded at the 
lozenge-shaped rafts. It is likely that in this low present level of exposure as inclined sheets (dipping less 
deformation area the white gneiss sheets have not been than 40°), synchronous with lateral displacements. 
significantly rotated since their intrusion. Inaluk dykes Commonly grey-white gneiss contacts are slightly 
are commonly displaced laterally across white gneiss blurred with a thin biotite-rich selvage. Grey gneisses 
sheets, and where least deformed, a schlieric flow fabric that occur as inclusions in or close to very large units 



of white gneisses are coarsely recrystallized. In extreme 
cases, inclusions take on a ghost-like appearance. Some 
chemical changes to the grey gneisses during intrusion 
of the white gneisses include LREE enrichment, HREE 
depletion, and enrichment of Pb, Th, and Rb (Nutman 
and Bridgwater, unpublished data). The composition of 
the white gneisses shows that they could be early stage, 
low temperature melts. The host of the white gneisses 
is -80% grey gneisses and -20% supracrustal rocks 
consisting of amphibolites with subordinate ultramafic 
rocks, felsic gneisses, mica schists, metaquartzites, and 
banded iron formation. Thus a possible origin for the 
white gneisses is partial melting (at depth) of predom-
inantly grey gneisses, with a minor contribution from 
supracrustal felsic rocks and mica schists. 

The pegmatitic gneisses are leucocratic, muscovite-
and biotite-bearing quartzofeldspathic sheets ranging 
from granite to quartz-albitite in composition. 
Although generally coarse grained, some sheets contain 
garnetiferous microgranite that grades into the more 
typical pegmatite material. They are a volumetrically 
unimportant component of the gneiss complex and 
generally occur as sheets less than a few meters thick. 
Thicker units occur along some lithological boundaries, 
such as the borders of the Isua supracrustal belt, where 
they commonly have a flaser texture. It is possible that 
the pegmatitic gneisses were intruded during a period of 
deformation, with movement concentrated into certain 
zones, such as the boundaries of supracrustal units 
(Nutman, 1984). The pegmatitic gneisses may have 
originated from granitic magma, which interacted with 
alkali-bearing fluid and country rocks during crystalli-
zation, to give rise to the Na-enrichment trend. Rb-Sr 
isotopic studies of separate units of pegmatitic gneisses 
from the Isua supracrustal belt (Baadsgaard et a/., in 
preparation) show that they have the same age within 
error (ca. 3400 Ma) but markedly different initial 87Sr/ 
86Sr values (in one case, more than 0.8!). 

Banded gneisses with a well-developed biotite 
foliation are the dominant gneiss lithology adjacent to 
and south of the Isua supracrustal belt. They are 
generally finer grained than their less deformed white 
and grey gneiss equivalents in the central gneisses, 
probably due to their greater degree of deformation 
during recrystallization under amphibolite facies. The 
banding of these gneisses comes from two main sources. 
First, a large scale (generally over 50 mm) banding is 
caused by intense deformation that has reduced the grey 
and white components to more or less parallel bands, 
with obliteration of intrusive relations. Second, there is 
a smaller scale banding and lensoid structure in the grey 
gneiss components. This is a partial separation into 
biotite-rich melanosome and quartzofeldspathic 

leucosome, probably the result of recrystallization 
under upper amphibolite facies metamorphism. 

Strongly banded gneisses from early studies in the 
area (mostly Bridgwater, unpublished) have a wider 
spread of composition than the grey gneiss samples 
from areas of lower deformation (Figure 3), and form 
a "calc alkali" tonalite-granite variation trend (see also 
McGregor, 1979). There are now more than 60 samples 
of single-phase grey and white gneisses from the area. 
None of these samples fall in the 'granodiorite gap' of 
Figure 3, where many banded gneisses plot. This 
suggests that the variation trend of the banded gneisses 
could be due to mechanical mixing of grey gneisses 
veined by white gneisses and by metamorphic segrega-
tion, during early and late Archean amphibolite facies 
metamorphism. These processes allow samples of a few 
kilograms to contain several bands of grey and white 
gneisses or to be heterogeneous due to some degree of 
segregation into granitic leucosome and mafic 
melanosome. 

The early Archean gneiss complex of the Isukasia 
area demonstrates that the oldest known continental 
crust is of polyphase, polygenetic igneous origin. The 
grey gneisses show that at the start of the geological 
record the juvenile 'continental' crust was of typical 
Archean common tonalite composition. It is possible 
that the white gneisses formed by partial melting of 
sialic crust dominated by rocks resembling the presently 
exposed grey gneisses. High heat production from 
radioactive decay in the early Archean, tectonic uplift 
of crustal segments, or increase in H20 content in the 
source region are all possible contributary factors to 
initiate partial melting deep in the crust, generating the 
white gneisses. The white gneisses are ca. 100 Ma 
younger than the grey gneisses. They are probably 
products of reworking of early Archean sialic crust by 
partial melting. The somewhat younger pegmatitic 
gneisses probably record further purging upwards of 
low temperature melting fractions of the crust, and their 
wide variation in composition is attributed to modifica-
tion of granitic melts by interaction with their country 
rocks and with fluids. The grey gneisses, white gneisses, 
and pegmatitic gneisses were intruded over a span of ca. 
400 Ma. There is no compelling evidence that their 
formation should be grouped together as a single 
protracted 'super-event.' 

ISUKASIA AREA LOCALITY DESCRIPTIONS 

The amount that can be seen in the lsukasia area in 
mid-June is highly dependent on how much winter 
snow is left lying. For this reason, several localities of 
interest that are on NW -facing slopes are omitted since 
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there is almost I 00% chance that they are under 
snowdrifts. Furthermore, restrictions are imposed by 
the landing requirements of the large helicopter used on 
this excursion. Several localities demonstrate rocks of 
the lsua supracrustal belt. The Amitsoq gneisses are 
shown where they are virtually undeformed and then 
traced out into areas where they are progressively 
modified by early and late Archean tectonometamor-
phic events. Rocks very strongly affected by Protero-
zoic metasomatism close to the Ataneq fault are shown, 
and Akilia association rocks are visited. 

Stop A (short stop) 

The main lithology at this stop is the garbenschiefer 
amphibolite unit-a high Al-Mg metagabbro that 
intrudes the interlayered metavolcanics and metasedi-
ments of the Isua supracrustal belt. The garbenschiefer 
here is a chlorite-bearing rock with a moderately well-
defined S fabric. Within it are lenses and pods of rusty 
weathering garnet-biotite schist. These are probably 
modified inclusions of pelite. Cutting these rocks is a 
superficially well-preserved Tarssart6q dyke. It is 
virtually undeformed and has large plagioclase mega-
crysts concentrated near its eastern side. However, 
petrographic, geochemical, and isotopic data (Wagner, 
I982) show the dyke to be recrystallized and altered. 
Very little plagioclase is left in the groundmass of the 
dyke, but scapolite is abundant, with associated strong 
enrichment of the dyke in Cl. The Rb-Sr and Pb-Pb 
isotopic characters of the dyke are somewhat different 
in two traverses across it, less than I 00 m apart 
(Wagner, I982). The data point to recrystallization and 
alteration of the dyke in the Proterozoic. This story of 
Proterozoic alteration has been well documented in this 
part of the Isua supracrustal belt by field, petrographic, 
and isotopic studies of the garbenschiefer unit by 
Rosing (1983). Looking east from this locality, the 
western part of the central gneisses can be seen. Note the 
large, warped, in places slightly podded, Tarssart6q 
dykes. 

Stop B (short stop) 

This stop shows strongly altered rocks just above the 
southeasterly-dipping mid-Proterozoic Ataneq fault. 
Basic rocks are transformed into (locally crenulated) 
chlorite-amphibole-albite schists. Alteration is so 
intense that it can be hard to distinguish between the 
garbenschiefer unit, banded supracrustal amphibolites, 
and Tarssart6q dykes. An ultramafic unit in the vicinity 
has been altered in places to soapstone. Carbonate-
bearing veins are common. The strong alteration here 

is correlated with movement on the Ataneq fault. 
Alteration of this type (although generally not so 
severe) is noted throughout the area. For example, the 
banded iron formation outcrop at Isukasia and the 
rocks immediately to the southwest overlie a Protero-
zoic fault of lesser displacement than the Ataneq fault. 
Retrogression under uppermost greenschist facies, 
carbonate, and quartz-veining are common close to 
these faults. Even where faulting is not apparent (e.g., 
Stop A), partial retrogression under lowest amphibolite 
to uppermost greenschist facies is common, with 
associated changes of trace element and isotopic 
chemistry. 

Stop C (long stop) 

At this locality in the northern part of the central 
gneisses we see some of the best preserved Amltsoq 
gneisses. Polyphase (3750-3700 Ma), grey metatonal-
ites with a gneissose fabric are cut through by numerous 
sheets of (3650-3600 Ma) metagranite and associated 
pegmatite (white gneisses), which have shallow to 
moderate inclinations to the north. Steeply dipping 
Inaluk dykes, cut by the white granite and pegmatite 
sheets occur. Due to the low degree of deformation in 
the area since ca. 3600 Ma, intrusive relations between 
the Am'itsoq phases are well preserved and local 
interaction between the grey tonalites and the white 
granites can be seen. The gneisses in this general area are 
virtually free of supracrustal inclusions. Tarssart6q 
(Ameralik) dykes in this area are undeformed and retain 
igneous textures. 

Stop D (long stop) 

This stop is a traverse over sequence B of the Isua 
supracrustal belt (Figure 1), from its contact with the 
central gneisses in the west to its contact with sequence 
A in the east. A garbenschiefer amphibolite unit occurs 
at the western edge of the felsic formation. Sequence B, 
particularly its western margin, is intruded by pegma-
titic sheets. Some of these have been dated at ca. 3400 
Ma (Baadsgaard et al., in preparation). Except for these 
sheets, the contact between the central gneisses and 
sequence B is sharp and cuts across the stratigraphy of 
the sequence (Figure I); grey gneiss sheets in the 
supracrustal rocks are rare. 

BI felsic formation consists of generally fine-grained 
felsic rocks layered on a 20-IOO mm scale. Graded beds 
are locally preserved. Garnetiferous mica schist units 
occur throughout the formation, increasing in fre-
quency eastwards. To the east, B2 mica schist formation 
outcrops, forming a scarp. Predominant are chlorite + 



biotite + garnet + quartz schists that locally contain 
staurolite, kyanite, carbonate, graphite, and tourma-
line. The schists have a faint, but regular layering on all 
scales. lnterlayered are some units of magnetite banded 
iron formation, graphite schist, amphibolite, and 
ultramafic schist. 

The contact between sequences A and B is a fault with 
the same orientation as the Ataneq fault in the west of 
the area. Alteration is common in its vicinity. For 
example, rocks of B2 mica schist formation show 
chloritization of garnet and development of a crenu-
lated schistosity of muscovite locally overgrown by 
tourmaline. 

StopE (short stop) 

This locality shows somewhat more deformed 
Amitsoq gneisses than at locality (C). Strain is mostly 
early Archean, but with an added component since the 
Tarssartoq dykes were intruded. Note the 'steepening-
up' of layering in the gneisses and rotation toward 
parallelism of originally strongly discordant lnaluk 
dykes. Clinopyroxenic amphibolite with subordinate 
banded grey amphibolite occurs as a train of inclusions, 
enshrouded in pegmatitic gneiss. These amphibolites 
are probably of supracrustal origin. Note textures in the 
grey gneisses locally, which suggest a small degree of 
metamorphic segregation during or prior to intrusion of 
the white gneisses. The Tarssartoq dykes at this locality 
commonly retain igneous textures but are slightly 
deformed and commonly have altered margins. 

Stop F (long stop) 

The purpose of this stop is to show a broad selection 
of lithologies present in sequence A of the lsua 
supracrustal belt. Formations upper A3 to A6 (Figure 
2) are present as are strongly deformed garbenschiefer 
and ultramafic units. Pegmatite and grey gneiss sheets 
are locally present. The sequence of lithologies is 
corrugated by numerous (2700-2600 Ma) steeply 
plunging 'Z' folds with a strong fold-axial lineation and 
is disrupted locally by tectonic slides. A6 is dominated 
by the felsic nodule lithology. This is most spectacularly 
developed in the core of a fold on a headland and 
superficially resembles deformed conglomerate. How-
ever, following this unit onto the southern limb of the 
fold, the pods are seen to be disrupted layers in the 
sedimentary protolith (this is best seen when the level of 
the lake is low). Also well displayed here is the 
carbonate-rich facies of AS, finely laminated A4 banded 
iron formation, and AS amphibolites with horizons of 
quartz-garnet-staurolite rock (AS being partly included 

within the garbenschiefer unit). These outcrops show 
the supracrustal rocks with a fairly typical state of 
preservation, demonstrating how deformed and recrys-
tallized they are. The Tarssartoq dykes are folded or 
podded and consist of hornblende-amphibolites that in 
some cases contain garnet. This shows the extent of late 
Archean recrystallization in the Isua supracrustal belt, 
which, taken as a whole, seems to have been a zone of 
high strain in the late Archean, relative to the adjacent 
gneisses. 

Stop G (medium stop) 

At this stop we look at Amitsoq gneisses and 
Tarssartoq dykes, a Proterozoic fault, and a unit of 
Akilia association rocks. The Amisoq gneisses and 
Tarssartoq dykes have been so strongly affected by late 
Archean deformation that the dykes are everywhere 
subconcordant to the layering of the gneisses. Note that 
there are also units of deformed, post-dyke granitoid in 
the vicinity. As yet it is unknown if these are 30S0-2900 
Main age or younger. The Proterozoic fault is parallel 
to the Ataneq fault, about I km to the west, and dips 
at -4S0 to the southeast. Note retrogression and 
discoloration of the gneisses in the fault. Total 
movement is reverse, with a dextral component. A unit 
of Akilia supracrustal rocks is truncated by the fault. 
Lithologies include layered amphibolite gneisses, 
banded amphibolite, banded iron formation, ultra-
mafic lenses, and a unit of chloritic amphibolite that 
bears strong resemblance to the garbenschiefer unit of 
the Isua supracrustal belt. As a package, this supracrus-
tal unit may represent upper AI to A3 formations of the 
Isua supracrustal belt, inclusive of the garbenschiefer 
unit. The western margin of the unit and the gneisses 
adjacent to it have been affected by very strong, pre-
Proterozoic-faulting ductile deformation. Banded 
amphibolites veined by late Archean granitoids that 
form the western half of the unit are transformed into 
mica schists containing granitic nodules that superfi-
cially resemble deformed conglomerates in places. 
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AMERALIK-BUKSEFJORDEN AREA 
LOCALITY DESCRIPTIONS 

Localities in this section (on Figure 4) are given in no 
particular order. There are opportunities to visit these 
localities either on the way to or on the return from 
Fa:ringehavn, or on day excursions out from Nuuk/ 
Godthab, as weather and time dictate. 

A. Simiuta 

Eastern unit of Malene rocks and adjacent Amitsoq 
banded gneisses. On Simiuta there are several units of 
Malene supracrustal rocks separated from each other 
by typical Am.itsoq banded gneisses. Contacts between 
most of these units are exploited by late Archean 
gneissose granite and pegmatite sheets. The contacts of 
the eastern unit, however, are free of the intrusive 
sheets. These contacts are generally sharp, although in 
places there is difficulty in placing the contact within a 
meter. Banding in the adjacent Amitsoq gneisses and 
Malene supracrustal rocks is concordant. The litholog-
ical sequence across the section is Amitsoq banded 
gneisses, layered quartzite, massive quartzite (meta-
chert?) with mica schist, banded amphibolite with 
ultramafic pods, massive quartzite with mica schist, 
layered quartzite, and finally Am.itsoq banded gneiss. 
This repetition is probably due to isoclinal folding, with 
the amphibolites lying in the core of the fold. Thickness 
of the Malene units varies considerably along strike, 
probably due to heterogeneous strain, and tectonic 
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Fig. 4. Geological sketchmap ofthe outer Ameralik, northwestern Buksefjorden area. A toG, localities described in the 
text; (I) Akilia association; (2) Amitsoq banded grey gneisses; (3) Amitsoq iron-rich suite, mostly granodiorite; (4) 
Malene supracrustal rocks; (5) Ugpik metadolerite; (6) Nuk gneiss; (7) late Archean deformed granitoids; (8) late Archean 
undeformed granitoids, probably correlating with the ca. 2550 m.y. Qorqut granite complex; and (9) Proterozoic fault. 
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slides are identified locally. The layered quartzites are 
aluminous and contain zircon. Layering is continuous 
laterally with respect to its thickness. The massive 
quartzites are coarse-grained and have a vague layering 
defined by flecks of amphibole. They are interpreted as 
slightly impure metacherts. The associated mica schists 
are faintly layered and consist mostly of biotite and 
chlorite, with some quartz and feldspar. Locally, they 
have knots of greenish weathering (Cr-rich?) white 
mica. These rocks are Fe-, Mg-, Ni-, and Cr-rich and are 
interpreted as sediments derived by weathering of 
penecontemporaneous basic volcanic rocks. The 
banded amhibolites contain some clinopyroxene or 
garnet-bearing units. Their color index varies greatly. 
Their scale of layering ranges upwards from 1 em thick. 
They are interpreted as derived from unspecified basic 
volcanic rocks. Within them are large pods of peridotite 
and its hydrated equivalents. They are interpreted as 
olivine-pyroxene cumulate facies to layered flows or 
sills within the basic volcanic succession. 

The layered quartzites are a rare Malene lithology. 
They are interpreted as a fairly mature clastic sediment 
derived from Amitsoq basement. The contact between 
the quartzites and the Amitsoq gneisses shows no 
evidence of great tectonic displacement (unlike some 
other Malene-Amltsoq contacts) and could be a 
deformed unconformity. As yet there are no isotopic 
data from these quartzites or zircons separated from 
them. 

B. NW Coast of Narssaq Peninsula 

Augen gneisses of the Amitsoq iron-rich suite. On the 
point the augen gneisses that form most of the iron-rich 
suite are much better preserved than normal. They 
consist of more or less randomly oriented microcline 
megacrysts in a matrix of quartz, plagioclase, micro-
cline, and mafic minerals. The mafics are commonly 
concentrated as 'clots' of biotite and hornblende that 
also contain apatite, zircon, sphene, and magnetite/ 
ilmenite. The augen gneisses, where least deformed, 
range from a completely isotropic rock, to a rock with 
a faint igneous (?) layering defined by slight concentra-
tions of biotite and hornblende, to a very heterogeneous 
rock containing irregular concentrations of mafic 
minerals. There are also quartzofeldspathic and 
amphibolite inclusions, several of which are mantled by 
concentrations of the mafic clot material. Several 
Ameralik dykes can be seen cutting the augen gneisses. 
Going westwards along the coast of the inlet there is a 
progressive increase of late Archean strain in the augen 
gneisses. This is shown by development of a marked 
foliation, and modification of the microcline mega-
crysts into smears parallel to the new foliation. In the 

field, the end-product resembles more closely the 
Amltsoq banded gneisses than their undeformed 
'granitic' equivalent. This is a good example to indicate 
the problems of trying to distinguish different litholo-
gies in the gneiss complex when they are strongly 
deformed. Banded gneisses to the east are also strongly 
deformed. S fabrics in the rocks on either side of the 
contact are concordant. 

C. SE Qilangarssuit 

Here there are augen gneisses and ferrodiorites of the 
Amitsoq iron-rich suite, Amitsoq banded gneisses, an 
atypical Ameralik dyke, and evidence of early Archean 
granulite facies metamorphism. The augen gneisses 
here were first described by Giesecke between 1806 and 
1813! The ferrodiorite body and dyke were described in 
detail by Berthelsen. The banded grey gneisses occur 
within the iron-rich suite unit and away from the coast 
(Figure 4) contain a raft of Akilia association layered 
ultramafic rocks. The ferrodiorite is fairly homogene-
ous. Its core is isotropic and retains early Archean 
granulite facies assemblages. Toward its margins it is 
more deformed and it develops a moderately strong 
foliation and is retrogressed to a well foliated 
hornblende-plagioclase-quartz rock. On its east side the 
ferrodiorite was first cut by an ultramafic dyke and then 
by a plagioclase-phyric Ameralik dyke. The 
plagioclase-phyric dyke is slightly layered and, away 
from the shore, is virtually undeformed. It contains 
metamorphic segregations, however, with a morpho-
logy generally restricted to rocks that have undergone 
granulite facies metamorphism (see other sections of 
this guide). Toward the shore (southwards), this dyke is 
more deformed, so that it is thinned, develops a distinct 
foliation, and also the pegmatite segregations in it are 
more deformed. All the other Ameralik dykes in the 
vicinity (away from the ferrodiorite with early Archean 
granulite facies preserved) do not show any textural 
evidence of having been metamorphosed to granulite 
facies, although the Amitsoq gneisses they cut com-
monly have strongly deformed blebbly textures, 
suggesting they were once metamorphosed to granulite 
facies. If the segregations seen in the dyke that cuts the 
ferrodiorite are indicative of recrystallization in low 
PH 0 conditions, then this could reflect response to low 
PH' 0 retained in the core of the ferrodiorite with its early 
Ar~hean granulite facies assemblages during regional 
late Archean amphibolite facies metamorphism. 

D.lngnerssuartUt 

A wide variety of pre-Amitsoq Akilia association 
'supracrustal' rocks is displayed on this group of 



islands. There is an early interlayered sequence of 
banded iron formation lithologies (mostly quartz-
pyroxene-amphibole-magnetite rocks) and banded 
amphibolites with subordinate ultramafic rocks, 
quartz-biotite-sulphide gneisses, and felsic gneisses. 
The banded amphibolites (interpreted as derived from 
basic volcanic rocks) and the metasediments are 
interlayered on a scale that ranges from less than 1 m 
to more than 50 m. There are some units of 'interme-
diate' material, such as biotite and garnet-bearing 
banded iron formation and quartz-rich amphibolites. 
The geochemistry of the best preserved amphibolites 
suggests they are predominantly of Archean picrite-Fe 
tholeiite affinity. These rocks are cut by thick units of 
locally discordant leucoamphibolite that are in places 
faintly laminated or plagioclase-rich. Homogeneous 
varieties of these rocks have geochemical affinities with 
some strongly fractionated komatiitic liquids. 

Relict early Archean granulite facies assemblages are 
locally preserved. On the northern side of the island 
there are thin, post-Ameralik dyke grey sheets. These 
may be equivalent to lithologically similar 2600-2700 

Ma grey sheets known throughout the Godthftbsfjord 
area and to the south. Such sheets form a negli-
gible proportion of the outcrop of the area shown in 
Figure 1. 

E. Eastern Qagssissagdlit 
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Pale, biotite-schlieric granitic gneiss intrudes Amit-
soq banded gneisses as subconcordant sheets. Amitsoq 
gneisses in the granites take on a ghost-like appearance. 
Isotopic studies of these rocks are in progress, but Rb-
Sr data for similar sheets more or less along strike on 
western Simiuta could be interpreted as showing they 
are late Archean in age with a high initial 87 Sr f86Sr 
ratio. Sheets of this type form perhaps 5% of the 
outcrop of the area shown in Figure 4. 

F. Rypet$ 

Two units of Malene metasedimentary gneisses 
outcrop on the southern side of Rype¢> (Figure 4). The 
northern unit consists of sillimanite-garnet-biotite-

TABLE Chronological sequence in the Ameralik-Buksefjorden area 

10) Metamorphism at 1500-1600 Ma that caused partial recrystallization and is recorded in Rb-Sr mineral ages. 

9) Intrusion of basic dykes (Mds), faulting with retrogression under greenschist conditions. 2000-1800 Ma. 

8) Intrusion of post-tectonic granites and pegmatite sheets-broadly contemporaneous with the 2550 Ma Qorqut granite 
complex of GodtMbsfjord. 

7) Ductile deformation under amphibolite facies conditions. Formation of linear belts of intense deformation and 
elongate basins and domes. Intrusion of granitoid sheets 2800-2550 Ma. 

6) Thrusting and isoclinal folding. May have been associated with intrusion of Nuk gneisses (3100-2900 Ma) seen in 
the northwest of the area, or could be somewhat younger. 2800 Ma granulite facies metamorphism common 
in other parts of the region are not recorded in the area covered by Figure 4. 

5) Deposition of sediments and formation of (submarine?) basic volcanic rocks with related subvolcanic intrusions-
Malene supracrustal rocks. related subvolcanic intrusions include anorthosite-gabbro complexes that do not 
outcrop in the area covered by Figure 4. 

4) Intrusion of basic dyke swarms-Ameralik dykes. 

3) Metamorphism culminating in granulite facies conditions ca. 3600 Ma. Intrusion of predominantly granodioritic 
augen gneisses and also ferrodiorites. Amitsoq iron-rich suite. 

2) Intrusion (syntectonic?) of voluminous tonalitic magmas (Amitsoq banded grey gneisses) ca. 3750 Ma? Injection of 
pegmatite and granite sheets, deformation and metamorphism. 

l) Extrusion of basic and subordinate felsic volcanic rocks, deposition of chemical sediments and subordinate felsic and 
pelitic sediments, an intrusion of gabbroic sheets to form the Akilia association. Correlated with the ca. 3800 
Ma. Isua supracrustal rocks. 
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quartz-plagioclase paragneisses, with associated 
quartzite containing flecks of biotite and J or amphibole. 
This lithology commonly occurs as trains of pods and 
probably represents boudinaged layers rather than 
deformed quartz conglomerate units. The southern unit 
consists of a similar sequence of paragneisses on its west 
side, with banded amphibolites containing ultramafic 
lenses to the east. Within both units there are pale grey 
to pale brown weathering quartzofeldspathic units that 
lithologically resemble late Archean (post 2800 Ma) 
intrusive granitoids found in the area. In the field they 
can easily be taken to be part of the supracrustal 

sequence. The paragneisses have been interpreted by 
various groups as meta-arkoses. Recent unpublished 
data (Cambridge) show that Amitsoq zircons are 
present in these rocks, suggesting that they were derived 
(at least in part) by weathering of Amitsoq gneisses. The 
only exposed contact between Amitsoq gneisses and 
metasediments on the island is the eastern margin of the 
northern unit. The rocks in this contact show ductile 
deformation, making the original relationship between 
the Amitsoq gneisses and the Malene supracrustal rocks 
here uncertain. 




