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Field work on Precambrian anorthosite and contact rocks,
Smithson Bjerge, Inglefield Bredning, North-West Greenland

A. Nutman

This report gives an account of geological investigations and 1:25000 scale mapping of
Precambrian rocks of Smithson Bjerge, at the head of Inglefield Bredning, about 150 km
north-east of Thule Air Base. Previous work on this area was restricted to a few days of
reconnaissance work in 1971 and several helicopter landings in 1975 (Dawes, 1972, and
personal communication, 1978). Table 1 gives the principle geological eveJ;lts of the area and
results of the mapping are given in outline in fig. 8.

Geological Divisions
Qaqujårssuaq anorthosite

The northern half of the area is underlain by a generally uniform anorthosite body.
Hornblende,Iocally with cores of pyroxene, is the dominant ferromagnesian mineral, garnet
also occurs locally. The ferromagnesian minerals often occur with fine-grained plagioc1ase as
groundmass to recrystallised plagioc1ases 5 to 50 mm in diameter, a relation interpreted as a
relict igneous texture. Cyc1ic variation in the proportions of ferromagnesian mineral content
is fairly common, giving the rock a moderately well-defined compositional banding.

More than 90 per cent of the anorthosite complex is true anorthosite, the remainder being
leucogabbro and subordinate gabbro. Leucogabbro is most abundant about 1 to 2 km from
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Table 1. Principle geological events of the Thule area

(1) Intrusion of east-west trending dolerite dykes (youngestJ

(2) Fracturing

(3) Intrusion of pegmatite and microgranite sheets

(4) Deformation producing upright warps (D,)

(5) Deformation (D,) producing shearing and flattening on D, S
fabric. and widespread retrogression

(6) Intrusion of garnet amphibo1ite dykes?

(7) Granu1ite-amphibo1ite metamorphism (possib1y starting during 9)
and deformation Dl to produce recumbent structures

(8) Intrusion of amphibo1ite dykes

(9) Intrusion of the Qaqujarssuaq anorthosite and perhaps
contemparaneously of the Heilprin Gletscher Camplex

(10) Formation of early comp1ex consisting af supracrustal sequence
and multiphase orthogneisses

the southern boundary of the complex where it forms discontinuous horizons up to 100 m
thick. Alternations of anorthosite and leucogabbro are normally stratiform, but blocks of
anorthosite up to 2 m across occur locally in leucogabbro and vice versa. Some leucogabbro
horizons show colour-index grading, but there is no obvious pattern in the facing of the
grading. Some of the field relations listed above suggest that crystal accumulation processes
operated during the crystallisation of the anorthosite. The leucocratic aspect of the rocks at
the southern contact suggests that this is the upper margin of the anorthosite body on
Smithson Bjerge.
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Fig. 8. Geological sketch map of Smithson Bjerge, Inglefield Bredning, North-West Greenland.
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Amphibolite dykes

Hundreds of discontinuous, melanocratic amphibolite dykes, usually less than 1 m thick,
intrude the anorthosite as sporadically distributed swarms. A few similar dykes cut the
metasedimentary rocks and orthogneisses south of the anorthosite. Dykes are often irregular
with cuspate margins or f1ame-like apophyses, a morphology suggesting a low ductility
contrast between the host and the magma at time of emplacement. Elsewhere lithologically
similar dykes with regular margins are discordant to primary compositional banding in the
anorthosite, indicating a rigid host. Both varieties of dyke pre-date development of foliation
during early recumbent folding.

Several amphibolite dykes, up to 15 m thick, occur near the southern margin of the
anorthosite. These have unfoliated, garnet amphibolite cores and flaggy, non-garnetiferous
margins. They are regarded as younger than the early recumbent folding.

Envelope rocks

Orthogneisses and supracrustal rocks occur south of the Qaqujarssuaq anorthosite and are
referred to collectively as the envelope rocks to the anorthosite.

Supracrustal rocks

Half of the envelope rocks are supracrustal rocks which may correlate with supracrustal
rocks overlying basement gneisses on the north side of lnglefield Bredning (P. R. Dawes,
personal communication, 1978). They form a well-Iayered sequence with compositional
banding usually in the range of 0.1-2 m.

Commonest lithologies are pelitic and semipelitic gneisses with quartz+feldspar+biot
ite+garnet±sillimanite or hypersthene mineralogy. Graphite was occasionally observed.
Ironstones in discontinuous horizons (up to 20 m, but usually less than 2 m thick) form less
than 5 per cent of the sequence. 'Silicate facies' ironstones, with quartz+garnet+iron
oxide+hornblende±hypersthene±iron sulphide mineralogy are dominant.

Multiphase orthogneisses

Tonalitic and granodioritic multiphase orthogneisses form a large unit in the south of the
area. There is general parallelism of boundaries between different phases due to the original
mode of formation of the complex by successive horizontal sheeting and also due to tectonic
flattening. Most of the gneisses are resinous brown and have granulite facies mineralogy.

The multiphase gneiss - supracrustal rock boundary is straight for 10 km, but due to
non-exposure of the actual contact, its nature is uncertain. In the cliffs along the southern
margin of the area multiphase orthogneisses alternate with supracrustal rocks. The nature of
the relationship between the supracrustal rocks and multiphase orthogneisses will be
discussed in detail elsewhere.

Heilprin Gletscher Complex

Intimately associated acid and basic meta-intrusive rocks form the Heilprin Gletscher
Complex which intrudes supracrustal rocks in the south and west of the area. This complex
may correlate with the Kap York meta-igneous complex (Dawes, 1975). Although generally
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highly deformed, components of the complex are locally well-preserved. Three main phases
of injection, all closely related in time, were identified in the Heilprin Gletscher Complex;
ferrodiorite/gabbro, pink granite and fine-grained leuco-amphibolite/diorite.

In areas of low deformation the ferrodiorite/gabbro locally shows igneous layering of
similar attitude to layering in host supracrustal rocks, suggesting intrusion of the parent
magma as subhorizontal sheets. Granulite facies cores are locally preserved in basic rocks of
the complex. Where least deformed, the pink granite is porphyritic, with randomly
orientated alkali feldspar megacrysts up to 2 cm long. Deformation progressively transforms
the granite into a flaggy paie gneiss. This granite could be equivalent to deformed granites
on Harward Øer (Dawes, 1976).

The ferrodiorite/gabbro occurs as enclaves in, or is intersheeted with, the pink granite,
suggesting that the multiphase orthogneisses belong to this suite. Of infrequent occurrence,
but widespread, are thin dykes of pyroxene-garnet-bearing, apatite-rich leuco-amphibo
lite/diorite that post-date the other lithologies of the Heilprin Gletscher Complex.

Relationship between the anorthosite and its envelope

In the supracrustal rocks close to the anorthosite there is an increase in amount of
pegmatite neosome and a decrease in distinction of the compositional banding, which finally
disappears apart from disrupted ironstone horizons. Mafic Iithologies comparable with those
of the Heilprin Gletscher Complex occur at the anorthosite contact where they may be
gradational with, intruded by, or intrusive into the anorthosite. This variety of relations
suggests almost contemporaneous intrusion of the Qaqujårssuaq anorthosite and the Heil
prin Gletscher Complex. Locally, polymict igneous breccias occur at the contact, blocks of
diorite and gabbro and rust y banded gneisses occuring in an anorthosite matrix. This igneous
brecciation pre-dates the early recumbent folding. Inhomogeneous orthogneisses containing
blebs of anorthosite occur locally. These relations are interpreted as being due to back-vei
ning of envelope rocks into the anorthosite. A few ironstone enclaves also occur in the
anorthosite near to the contact. These relations suggest that the boundary between the
anorthosite and envelope rocks is igneous (however it is locally tectonised).

Late minor intrusions

Undeformed pink microgranite and pegmatite sills and north-south trending dykes occur
sporadically throughout the area. East-west trending, slightJy altered, dolerite dykes with
chilled margins were intruded later. The dolerite dykes are non-porphyritic with a sub-ophi
tic texture in their centres. Locally they exploit pre-existing fraetures with a general
north-south trend.

Quaternary deposits

Quaternary silts with ice-rafted boulders form a platform in the west of the area. As
semblages of foraminifera from these silts indicate a cold, shallow water, marine to brackish
environment, with some specimens possibly being transported to the site of deposition (J. W.
Murray, personal communication, 1979).
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Structural and metamorphic history

All lithologies apart from late minor intrusions are intensely deformed and have am
phibolite or granulite facies mineral assemblages, although incomplete retrogression under
greenschist facies conditions is widespread. The earliest recognisable phase of deformation
(Dl) gave rise to recumbent structures with east-west trending fold axes, and LS tectonites.
Dl was synchronous with high grade metamorphism. D z at lower grades, with retrogression,
gave rise to flauening and shearing on the Dl O fabric. Late minor upright warps D 3 with
north-south trending axes, deform earlier fabrics. Dl resulted in intense flauening except in
the hinges of D l folds. Stretching in the D l fold axjal direction is indicated by a mineral
lineation and elongation of 'tennis ball' plagioclases in leucogabbro into rods coaxial with D l

fold axes. As the anorthosite-envelope boundary occurs in the hinge of one or more Dl
structures, primary relationships have escaped severe Dl flauening. The sense of these and
other D l structures indicate closure of a large Dl structure 'upwards to the south'.

Amphibolite facies minerals grew during D h but at present it is uncertain whether granu
Iite facies assemblages are older than or synchronous with Dl,

The final structural event gave rise to joints and minor faults including a north-south set
and a conjugate system whose orientation suggests the maximum compressive stress was
orientated north-south.
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