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Abstract

The Malene supracrustal rocks form large enclaves in the late Archaean Nilk gneisses
within an area of at least 36 000 km2 on the west coast of Greenland, and have been repeat
edly deformed and metamorphosed under amphibolite facies conditions. Stream sediment
sampling has shown that scheelite occurs in the supracrustal enclaves throughout the area. It
occurs stratabound in amphibolites, micaceous quartzites, siliceous cordierite-bearing meta
sediments and tourmalinites.

A detailed geological map has been made of the central part of Store Malene mountain
close to Nuuk. Banded metavo1canic Malene amphibolites and siliceous cordierite-bearing
metasediments contain stratiform tourmalinites, often with appreciable scheelite, in addition
to common accessory tourmaline. The tourmaiinites predate the earliest recognisable phase
of deformation as well as prominent simple pegmatites.

The tourmaline probably originated as primary sea floor precipitates, and the primary or
diagenetic tourmaline crystals were later overgrown with tourmaline during metamorphism.
The scheelite and tourmaline are probably syngenetic and of submarine exhalative origin,
and boron complexes may have played a role in transporting tungsten in hot brines.
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Introduetion

Until recently tourmaline and scheeIite occurrences
were mostly regarded as being of granitic pedigree. It
has, however, been increasingly recognised that both
minerals also occur stratabound in geologic settings
which strongly indicate syngenetic relationships, and
with submarine exhalative origins (Ethier & Campbell,
1977; Hall & Maucher, 1967; Maucher, 1965; Slack et
al., 1984; Taylor & Slack, 1984; Plimer, 1980, 1983a).
Recently, the suggestion that tourmaline ean be a pri
mary mineral precipitated on the sea floor gained fur
ther support from the discovery of fine-grained tourmal
ine in Archaean stromatolites in the Swaziland se
quence, Barberton Mountain Land (Byerly et al., 1986).
The concept of tungsten precipitation in subaqueous en
vironments has also been substantiated by the discovery
of tungsten-rich sea-floor manganese nodules (Kunzen
dort & Gwozdz, 1984).

Stratabound tourmaline is frequently associated, and
is co-genetic, with stratabound massive sulphide depos
its (Ethier & Campbell, 1977; Taylor & Slack, 1984;
Plimer, 1980, 1983a). Furthermore, stratabound sche
elite and/or tin deposits are often associated with tour
maline-rich rocks (Plimer, 1983b). It has thus been sug
gested that tourmaline ean be used as a guide in pro-

specting for stratabound scheeIite and/or tin and/or
stratabound massive sulphide deposits (Taylor & Slack,
1984; Plimer, 1983b). While this is undoubtedly true,
there is one major problem in using tourmaline as a
tracer mineral in that it is very difficult (and sometimes
virtuaIly impossible) to recognise fine-grained tourmal
ine in a dark coloured rock during field work, and be
cause tourmalinites may even be mistaken for amphi
bolites. Future field work may reveal that tourmalinites
are not as rare as hitherto believed.

In 1982 scheelite was found in the Godthåbsfjord area
(Appel, 1983a). During the folIowing years the pres
ence of a tungsten provinee in southern West Greenland
was revealed (Appel, 1986a) and a dose association be
tween tourmaline and scheelite estabIished (Appel,
1985a). During the field season of 1985 the Department
of Mineral Resources (P. W. U. A.) and Department of
Precambrian Geology (A. A. G.) of the Geological Sur
vey of Greenland (GGU) carried out a joint project to
produce a detailed stratigraphic and structural map of a
small area of Malene supracrustal rocks (Plate 1); this
induded further investigation of the scheelite-bearing
horizons found in this part of the supracrustal belt and
the discovery of the scheelite-bearing tourmalinites.

General geology

The first major event in the Archaean history of the
Godthåbsfjord area was the deposition of the Isua su
pracrustal rocks c. 3800 Ma ago (Moorbath et al., 1975;
see Nutman, 1986 for further references). The main
outcrop of these supracrustal rocks is at Isukasia ap
proximately 150 km north-east of Nuuk, where they
form a c. 15 km wide arcuate endave within the slightly
younger Amitsoq gneiss. Similar, but smaller, supra
crustal remnants, the so-caIIed AkiIia association en
daves, are found in the Amitsoq gneisses throughout
the Godthåbsfjord area. The Isua-Akilia rocks com
prise basic and acid metavoIcanic rocks together with
thin horizons of carbonates and metapelites (Nutman et
al., 1983). Copper sulphides, stratabound tourmaline
and scheelite were observed associated with an iron
formation in these supracrustal rocks (Appel, 1979,
1980, 1985b).

The next major event in the Nuuk area was the de
position of some of the Malene supracrustal rocks and
the subsequent intrusion of a large anorthosite complex

(fig. 1). Both these units postdate the intrusion of the
Amitsoq gneisses, but their exact ages are unknown.
Apparently some of the Malene rocks also postdate the
Nilk gneisses (L. Schiøtte, personal communication,
1987), see beIow. The supracrustal rocks form extensive
outcrops up to several hundred metres wide and several
kilometres long throughout the Nuuk area. The Store
Malene mountain north-east of Nuuk, which has been
studied in detail by the present authors, is the type 10
cality for the Malene supracrustal rocks (McGregor,
1973). The Malene supracrustal rocks and the anortho
sites were deformed and metamorphosed 2800-3000 Ma
ago, contemporaneously with the emplacement of the
Nilk gneisses (Moorbath & Pankhurst, 1976; Taylor et
al., 1980). The last major rock-forming event in the
Nuuk area was the intrusion of the Q6rqut granite com
plex (Friend et al., 1985) c. 2550 Ma ago, which forrned
by anatexis of the older gneisses. See also Bridgwater et
al. (1976), Chadwick & Coe (1983) and McGregor et al.
(1986) for general accounts of the geology in the region.
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Geology of Store Malene

General geology

Malene supracrustal amphibolites and metasediments
at the Store Malene mountain c. 5 km east of Nuuk are
characterised by several horizons of tourmalinites, sche
elite-bearing rocks and rust zones with pyrrhotite and
small amounts of chalcopyrite. The area has been sub
jected to repeated late Archaean deformation and am
phibolite facies metamorphism, as well as massive peg
matite injection.

Store Malene mountain consists of late Archaean (c.
3000-3050 Ma) Nfik tonalitic orthogneisses, which are
intercalated with early Archaean (c. 3750 Ma) Amitsoq
gneisses of similar composition, and Malene supracrus
tal rocks with a supposed age intermediate between
those of the Amitsoq and Nfik gneisses. The contacts
between the Nfik and Malene rocks at Store Malene are
tectonic or strongly modified by shearing, whereas there
is ample evidence that the Nfik gneisses intruded Mal
ene units elsewhere in the Godthåbsfjord area.

The central part of Store Malene was mapped at a
scale of 1:7500 (Plate l). The field mapping was supple
mented by geological photogrammetry at GGU and the
Institute of Surveying and Photogrammetry, Copenha
gen, using both conventional vertical aerial photographs
and 24 x 36 mm colour slides taken by A. A. G. with an
ordinary hand-held small frame camera (Dueholm &
Garde, 1986).

Along the ridge of the mountain the supracrustal
rocks form a c. 500 m thick, NE-SW striking tectonic
segment, dipping at moderate to steep angles to the
north-west (Plate l), and bounded by Nfik gneisses on
both sides. The lower half of the supracrustal segment is
composed of pelitic, Mg and Al-rich siliceous parag
neisses intercalated with thin volcanic amphibolites,
whereas the upper half consists of a variety of mafic
metavolcanic rocks and minor intermediate volcanose
dimentary rocks. It is not known whether the sequence
is inverted or right way up, since no primary way-up
criteria have been found. Tourmaline-bearing rocks and
tourmalinites are characteristic components of the
metasedimentary as well as the metavolcanic rocks
within the central part of Store Malene (Plate l).

Metavolcanic and pelitic Malene rocks in the vicinity
of Store Malene, which may once have been part of the
same original volcanosedimentary pile, have been de
scribed in detail from the islands of Qilangårssuit in the
Buksefjorden area south of Godthåbsfjord (Beech &
Chadwick, 1980) and from southern Rypeø immediately
south of Store Malene (Dymek et al., 1983). Recent
U-Pb ion probe age determinations of single zircon

grains from quartz-rich clastic Malene metasediments
on western Rypeø indicate an age of deposition after c.
2800 Ma (L. Schiøtte, personal communication, 1987).
It therefore appears that the Malene rocks comprise at
least two units, one ofwhich postdates Nfik magmatism.

In the Malene rocks on the island of Simiutat and in
the Narssaq and Ivisårtoq areas (fig. 1) inconspicuous
horizons of iron-formation occur. A peculiar feature of
this iron-formation is its high content of trace elements
notably tungsten, molybdenum, tin, copper and zinc
(Appel, in press).

Malene metasediments and intercalated thin
amphibolites

Rocks of sedimentary origin form the lower, north
east half of the supracrustal segment of Store Malene
(Plate l). They are intercalated with very thin bands of
dark green, often garnet-bearing, amphibolites which
are considered to be metamorphosed basic tuffs (see be
low).

A large proportion of the metasediments is exposed
on steep south-east facing mountain sides with difficult
access, and it has not been possibIe to subdivide the
metasediment lithologies throughout the area shown on
Plate 1. Precise correlation is complicated by internal
isoclinal folds which have repeated part of the se
quence. In addition, the most competent siliceous mem
bers located between more ductile micaceous schists
have been disrupted and pulled apart during deforma
tion.

The metasediments include a variety of schists and
gneisses in shades of paIe yellowish grey, grey, brown
grey and brown weathering colours. There are biotite
rich pelitic schists, anthophyllite-cordierite-bearing
magnesian schists, and siliceous, magnesian and alumin
ous paragneisses rich in cordierite and quartz.

Biotite schists predominate both in the lower part of
the supracrustal segment and towards its middle, where
they alternate with amphibolites. The biotite schists are
generally fine to medium-grained, grey-brown, with
variably intense schistosity. They vary in composition
and may grade into quartz-rich semipelites. Garnet is
common as large flattened crystals, locally up to several
centimetres in size. Common mineral parageneses are
biotite-quartz-plagioclase ± K-feldspar and biotite
garnet-quartz-plagioclase. Rounded (?detrital) zircons,
euhedral tourmaline, apatite and magnetite are com
mon accessories. In thin section quartz and feldspar
form thin fine-grained layers separated by biotite (-gar
net)-rich layers. In many instances late muscovite and



chlorite have grown along the axial plane c1eavage of Dz
folds (see below) discordant to the F l foliation.

The magnesian, aluminous and siliceous rocks occur
mainly in the central area of the metasediments in the
lower part of the supracrustal segment and are less per
sistent laterally than the biotite schists. Their colour
varies from ash-grey to yellowish grey (cordierite- and
sillimanite-bearing rocks), and brown-grey (anthophyl
lite-eordierite ± garnet-bearing rocks). They are gen
erally coarser and more homogeneous than the biotite
schists, and normally have a gneissic layering rather
than a schistose fabric. Local, very coarse-grained para
gneisses contain steel grey cordierite augen several cen
timetres in diameter in the siliceous matrix.

The paragneisses are characterised by quartz segre
gations parallel to the planar fabric, ranging in thickness
from a few millimetres to a centimetre. These segre
gations predate the injection of the pegmatites as well as
the latest (Dz) phase of deformation, and seem to have
formed at the peak of the earliest phase of metamor
phism (Ml' see below). In the most silica-rich, quartz
cordierite gneisses, these segregations form a distinct
undulating, lensoid layering affected by post-segrega
tion deformation. Common peak-metamorphic para
geneses are anthophyllite-eordierite-biotite-quartz
tourmaline ± plagioc1ase, cordierite-biotite-sillim
anite-quartz-tourmaline ± plagioc1ase ± garnet, and
cordierite-biotite-quartz, in addition to almost pure
quartzite. Tourmaline is very common, particularly in
the cordierite-anthophyllite paragneisses where it is of
ten a rock-forming phase. It typically occurs throughout
the rock along narrow zones or as thin (millimetre scale)
layers with preferred orientations parallel to the foli
ation, in patterns similar to those often forrned by sil
limanite or anthophyllite. Tourmaline is concentrated
locally in larger tourmalinite lenses and trains of lenses
(see below).

Textures in thin section show two successive stages of
deformation. In cordierite-bearing rocks, cordierite ty
pically forms smeared-out lensoid aggregates, one to
several millimetres in size, often surrounded by thin
sheaths of chlorite and set in a matrix dominated by
strained quartz. Prismatic crystals of anthophyllite, sil
limanite and/or tourmaline, which are concentrated in
c10sely spaced layers, are frequently fractured and
pulled apart as aresult of Dz deformation after the peak
of metamorphism.

Thin dark green bands of homogeneous, fine to me
dium-grained amphibolite often very rich in red-brown
garnet occur throughout the metasediments. The am
phibolites are normally only about 20 cm thick or less,
but a few are up to several metres thick. They are
persistent laterally and appear to be concordant with

7

lithologicallayering in the metasediments. Their bound
aries with the metasediments are well-defined but typ
ically blurred and gradational over a few centimetres.
They consist of dark green hornblende (1-2 mm in size,
c. 60 per cent of the rock) and andesine-labradorite
plagioc1ase (An4()-{js), variable amounts of euhedral or
flattened garnets with inc1usions of quartz and magne
tite, minor diopside and interstitial quartz. They are
often found in the immediate vicinity of tourmaline-rich
metasediments and tourmalinites, whereas they only
rarely contain scheelite. The amphibolites are of vol
canic origin and may have been mafic tuffs.

The amphibolite bands reveal small isoc1inal folds
which are otherwise difficult to detect in the massive
and uniform quartz-cordierite gneisses. The folds ap
pear to be contemporaneous with larger Dz isoc1inal
folds (see below and fig. 2) which postdate pegmatite in
jection. In the hinge zones of these folded amphibolites

100 m

Fig. 2. Cliff-face with isoclinally folded pegmatites (bounded
by heavy lines) and metasediments in the lower part of the
Malene segment. Locality A on Plate 1. The folds are almost
symmetrical with nearly horizontal axes and are SE-vergent.
View towards north-east.



8

the garnets are rotated and flattened parallel to the axial
surfaces. In nearby folded tourmalinites individual tour
maline prisms are bent and partially reorientated paral
lel to the fold axes. The Dz folding therefore postdated
not only garnet but also tourmaline growth.

Malene amphibolites

The upper part of the Malene segment consists of
various amphibolites. The lowermost thick amphibo
lites, which occur in the middle of the segment, are in
tercaiated with members of biotite (-garnet) metasedi
mentary schists, which are lacking higher up in the seg
ment towards the north-west. The amphibolites are
strongly deformed with a well-developed foliation; no
way-up criteria or primary features (such aspillowed
structure) other than lithologicallayering features have
been identified with certainty.

The amphibolites are mafic, fine-grained, foliated
hornblende-plagioclase rocks with hornblende predomi
nating over plagioclase; they may grade into almost
pure hornblendites. The greater part of the amphibo
lites are ramified with abundant centimetre scale layers,
lenses and subconcordant veinlets of diopside accompa
nied by plagioclase, sphene, garnet, calcite, local scapo
lite and secondaryepitaxial epidote.

The amount of calc-silicate rocks in the amphibolites
at Store Malene is large but variable, and it has not been
possibie to present more than a qualitative indication of
calc-silicate amphibolites (Plate 1). There are several
zones of irregularly striped, paie green and white di
opside-plagioclase (-epidote) rocks which contain thin
layers and boudins a few centimetres in size of black
fine-grained hornblendite. These zones alternate with
amphibolite sensu stricto where subordinate, centi
metre-sized calc-silicate lenses and veinlets only amount
to 5-10 per cent of the rock. The calc-silicate and am
phibolite sensu stricto zones have lateral extents of tens
to hundreds of metres and thicknesses an order of mag
nitude less. Obviously the deformation must have
strongly modified their original geometry.

In amphibolites rich in calc-silicate minerals, local
thin (1-3 cm) layers of calcite marble are screened from
amphibolite sensu stricto by reaction rims a few cen
timetres thick of diopside, calcic plagioclase and sphene
(and rarely scapolite). We believe that the calc-silicate
rocks are produets of metamorphic reactions between
primary mafic volcanic rocks and intercalated carbo
nates, the latter stilllocally preserved as impure marble.
The marble or calc-silicate banded amphibolite asso
ciation may have been derived from either pillowed ba
salt flows or breccias extruded onto peiagic calcareous

sediments, or drusy carbonate filling cavities between
and within pillows (Garrison, 1972).

At Store Malene there are occasionallensoid bodies
of homogeneous amphibolite up to 50 m thick. In the
least deformed varieties a medium-grained spotted tex
ture of hornblende crystals set in a plagioclase matrix is
discernible. These rocks are interpreted as former gab
broic sills.

Near the middle of the supracrustal segment where
the amphibolites alternate with biotite-garnet schists,
there are two distinct rusty hornblende- and iron-rich
amphibolite horizons. They are characterised by quartz
banding on a scale of centimetres, abundant red-brown
garnet, often very high contents of tourmaline (see be
low), magnetite, ilmenite and lesser pyrrhotite. Small
calc-silicate lenses may be present but are not typical.

At the top of the supracrustal segment, near the
north-eastern end of the mapped area, there is a hori
zon of paie grey amphibolite mainly composed of mag
nesium-rich amphibole and plagioclase.

Ultramafic rocks occur only at the upper boundary of
the supracrustal segment, where they form a thin (1-3
m) layer of green schist at the tectonic contact with the
Nuk gneiss. This schist consists of varying proportions
of tremolite/actinolite, orthoamphibole, antigorite and
talc. An isoclinally folded body of metaperidotite and
dunite with tectonic contacts with the host gneiss is situ
ated 400 m north-west of the supracrustal segment; it
probably represents the unaltered equivalent of the ul
trabasic schist.

Within the amphibolites there are several thin (0.2-2
m) persistent beds of paie grey intermediate gneiss. The
rocks are homogeneous, fine-grained, and consist of ap
proximately equal proportions of quartz and plagioclase
(Anzo, optical determinations) with c. 5 per cent evenly
dispersed biotite, occasionally minor K-feldspar or
small garnets, and accessory zircon and ilmenite. Sul
phides are absent. The paie grey gneiss beds do not re
semble any of the metasedimentary lithologies that
form the lower half of the segment, and their com
position and mode of occurrence as thin persistent
markers within the mafic volcanic rocks suggest they
were intermediate pyroclastic rocks.

Pegmatites

Large pegmatites are prominent in the central part of
Store Malene where they stand out as ridges within the
Malene rocks along the crest of the mountain (Plate 1,
fig. 3). All the pegmatites of mappable size appear to
belong to the same phase. They owe their present com
plicated outcrop patterns to dextral shear, folding and
faulting superimposed on their intrusive shapes (see be-
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Fig. 3. Malcnc supracrustal rocks and de

forrned pegmalites at Store Malenc. Vicw
towards north-east.

low). The folIowing sections deal with the relations of
the pegmatites to the supracrustal rocks (in particular
lhe tourmalinc-bearing rocks) and the structural and
metamorphic evolution of the Store Malene area. It is
argued that the pegmatites postdate the tourmalines.

The pegmatites consist of coarse-grained quartz, al
kali feldspar, biotite and local muscovite, but lack tour
maline and scheelite. The pegmatites reach lengths of

about one kilo metre and are as much as 100 m in thick
ness. They are commonly erushed. They were intruded
mainlyas inelined sill-Iike tabular bodies parallel to lith
ologieal layering in their hosts, particularly along
sheared boundaries between markedly different lithol
ogies. Preferred locations are along the lower contact
between supraerustal rocks and gneiss, along bound
aries of competent silieeous and eordierite-rieh mem
bers in the lower part of the supraerustal segment, and

between micaceous metasediments and amphibolites in
lhe middle of the segment. Thcse relations suggest that
the pegmatite sills were intruded into aetive shear zones
between layers with contrasting competence.

Jn addition to the sills there are irregular transgres
sive pegmatite bodies and dykes, which emerge from
the siUs and are contemporaneous with them. These
pegmatites cut the Iithologieal layering and well-devel

oped foliation in their hosts, but thc pegmatites them
selves are also deformed and in many pIaces isoelinaIly
folded (see below). There are several examples of peg
matites that eut tourmalinites and tOUfmaline-bearing
metasediment. and amphibolites. Their intrusive eon
taets with both supraerustal rocks and Nfik gneisses and
their diseordant relations with the well-developed foli
ation show that they postdate the first major events of
deformation (Dl) in the area (see below).

Structural and metamorphic evolution of the Store Malene area

Pre-pegmatife deformation

The general strueture of the outer Godthåb fjord 
Kobbefjord area is described by MeGregor (1973) who
interpreted the main supraerustal segment at Store Mal
ene as an overturned isoclinal synform. See also geo
logieal map sheet 64 V.l S, Q6rqut (MeGregor, 1984).

Store Malene mountain is eompo ed of a sliee of su
pracrustal Malene rocks c. 500 m thiek sandwiehed be
tween Nfik gncisses, whieh trends NE-SW through the
peninsula and dips 45-6SO to the north-west. Along the

coast of Kobbcfjord south-east of the main supraerustal

segment there is a second band of Malene amphibolite
c. 50 m thiek, bounded to lhe south-east by Amltsoq
gnei s at the eoast. Several other slices of Malene am
phibolite and ultrabasic rocks less than 20 m thick oeeur
in the vieinity of the north-western boundary of the
main Malene segment (Plate 1).

Thc tectonic intercalation af Malene rocks alld
gneisses was aecompanied by Dl deformation and iso
elinal, perhaps multiple, folding on a seale af kilometres
(McGregor, 1973), development of penetrative foli
atioll (F,) and upper amphibolite grade mctamorphism

(Ml)·
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The presence of widespread deformed pegmatites at

Slore Malene enables a di tincton to be made between
pre- and post-pegmatite deformation (DI and D2). The
pegmatites cut well-foliated amphibolites and metasedi
ments, sometimes at right angles (Plate 1). The peg
matile are also diseordant to an intra- uk homogene

ou amphibolite dyke c. 200 m north-wesl of Ihe main

upracrustal segment, which cuts a thin Malene amphi
bolite sheet and Nuk gnei s at a low angle (Plate 1).
These relations show that the pegmatites postdate the
tectonic intercalation of supracrustal rocks and gneisses
and isoc\inal folding during D, deformation, as well as
the development of a penetrative foliation (F I) and ac
companying high amphibolite facies metamorphism

(MI)'

Post-pegmatite deformation

Deformation conlinued arter pegmatite injection.
Tight and isoc\inal fold with wavelengths ranging from
a few centimetres to about JOO m are common within
the Malene segment; their patterns vary depending on
their structural position. Most af the e folds postdate
the pegmatites.

In the present lower part of the Malene segment there

are many tight and isaclinal, symmelrical or almo I sy01

melrieal post-pegmatite fold; an unusually large exam
pIe is visible in fig. 2 (Iocality A, Plate 1). Fold axes in
this area plunge 0-20° to 015---D40° (Plate 1). Higher up
in the segment the folds are generally asymmetric and Z

-shapes predominate (viewed dawn plunge to Ihe norIh
eas!. figs 4-5). indicating shear in the direction W-NW
to E-SE. These folds also deform the pegmatites.

There is a charaeteri tic series af large asymmetric Z
folds along the norlh-west boundary af the Malene su
pracrustal segment (Iocalities B-E an Plale l). Their

Fig. 4. Tighl asymmetrie Z folds in Malene meta ediments, mi
nor pegmatites and boudinaged dark green amphibolite (stip
pIed). Vertieal. c. 3 m high exposure viewed towards north
east.

Fig. 5. Boudinaged tourmalinite (dark, on both sides of scale)
in Malene metasediments showing minor folds, Store Malene.
Seale is 10 em.

axes plunge 40-60° Io c. 300°. The e folds are located at
Ihe norlh-we tern ends of the thickest transgressive peg
matites and are interpreted as dextral shear folds. Ap
parently the thiek and eompetent pegmatites prevented
. hearing within the supraerustal strata they cut, and the
folding took plaee where strain locally aecumulated at
the contact between gneiss and supracru taj rock ju t
out ide the pegmatites.

Further away from the thick pegmatiles, progres ive
dextral shear within the upper part of the supraerustal
rocks ha resulted in rotation and internal deformation
af thinner Iransgressive pegmatite (e.g. localities F-H.

Plate l) into their present curved and roughly -S
trends. They are also locally offset by small dextral
fault (Ioealities F-G). The original orientation of the
transgrcssivc pegmatites seems Io have been E-W, an
orientation preserved in the little dcformed south-east
crn ends of the thiekest transgrcssive pcgmatilcs. The
E-W orientation i eonsistent with an interpretation of
the transgrcssive pegmatitcs as gianllension gashes, re
sponding to dextral shear.

It folio\\' from the foregoing that the post-pegmatite
deformation (02) had a signifieant eomponent af simple
hear, 010 t apparent in the upper part of the Malene

segment (cL small-sealc intcrnaJ Z fold and as ociated
mali dexlral fault , a ymmetrie fold at the upper eon

tact between supraerustals and gneiss and eurvcd, dc
fonned pegmatites). The nature af the DI deformation
i more uneerIain.

Microtextures in metasediments and amphibolites

Mierotextures in thi n eetions support the field evi
dence af two high-grade tectonom tamorphie evellts
(DI-M,. D,-M,) whieh were followed by partial loeal



static retrogression (M3). In general the parageneses
from the first event (of highest metamorphic grade) sur
vived well and were only partly retrogressed during the
M2 and M3 events. Metasedimentary rocks with two suc
cessive parallel foliations (Fl, Fz) have been described
above, and it was noted that tourmaline belongs to the
earlier one. The second event produced distinct, c10sely
spaced S-surfaces parallel to the earlier foliation.

The effects of two successive tectonometamorphic
events are also c1early illustrated by the thin garnet
amphibolite sheets in the metasediments. Their field re
lations (see above) show that D z deformation and fold
ing postdate both garnet and tourmaline growth. One of
these amphibolites is a c. 30 cm thick band occurring in
garnet-biotite schists at a locality where no folds occur.
In thin section (GGU 288231) green hornblende and
plagioc1ase in equal amounts form a well-foliated fine
grained matrix containing approximately equidimen
sional garnets up to 1 cm in diameter. The garnets con
tain small inc1usions of quartz and magnetite which are
arranged in parallel trains forming an angle of c. 90°
with the hornblende-plagioc1ase foliation. The outer
most millimetre of these trains curves 90° into paral
lelism with the matrix foliation, so that the trains of in
c1usions have sigmoidal shapes. The first and longest
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stage of garnet growth (Ml) seems to have taken place
under pure shear strain (apparently during Dl deforma
tion) when the garnets incorporated trains of inc1usions
parallel to matrix F) foliation. The strain then changed
to simple shear (Dz), during which the garnets were ro
tated 90° and the (Mz) rims grew with their curved trains
of inc1usions. No Mz recrystallisation of the matrix was
observed.

Within the thick amphibolites there are lithologies
with contemporaneous garnet and tourmaline. A rusty
amphibolite (GGU 288248) contains hornblende, gar
net, tourmaline, plagioc1ase (An4Z ' optical determina
tion), magnetite, quartz, and minor secondary biotite,
epidote, chlorite and muscovite. The amphibolite is
compositionally banded with 1-2 mm thick quartz-rich
layers and thicker hornblende-plagioc1ase-magnetite
layers. Garnets occur in the latter and are flat ellipsoidal
in shape, c. 5-10 mm long and strongly deformed. Cor
roded, zoned tourmaline prisms are associated with gar
nets which locally completely enc10se them, such that
the tourmaline prisms form flat aggregates. This texture
shows that tourmaline was contemporaneous with or
earlier than garnet and belongs to the (pre-pegmatite)
Ml paragenesis.

Timing of deformation, metamorphism and pegmatite intrusion at Store Malene

Recent age determinations of single zircon grains
from c1astic Malene rocks at western Rypeø (L.
Schiøtte, personal communication, see above) indicate
that the late Archaean evolution in Godthåbsfjord is
more complicated than hitherto believed.

No age determinations have been carried out at Store
Malene itself. Presuming that the supracrustal segment
at Store Malene predates the Nfik gneisses with which it
is tectonically intercalated, we propose the following
correlation between events at Store Malene and in the
Godthåbsfjord area. Zircons from Nfik gneisses at
Nuuk have yielded ages of 2980 and 2940 Ma (Baads
gaard & McGregor, 1981). Rb-Sr whole rock ages of
Nfik gneisses in the outer Godthåbsfjord area range
from 2980 to 2770 Ma (Taylor et al., 1980). These ages
probably reflect strontium rehomogenisation during
various stages of late Archaean deformation and recrys
tallisation of the gneisses. The latest, so-called 'straight
belt' Archaean deformation event, described from
Nuuk by McGregor et al. (1983) postdated the intrusion
of Qårusuk granitic dykes at south-eastern BjørneØen,

which have yielded an age of 2660 Ma (0-Pb zircon con
cordia intercept age, Baadsgaard & McGregor, 1981).
The Qarqut granite complex (Friend et al., 1985) which
was emplaced about 2550 Ma ago (Moorbath et al.,
1981), is unaffected by, and therefore younger than, the
straight-belt deformation.

Correlation of the late Archaean evolution of the
Store Malene area with that in Godthåbsfjord hinges on
the timing of Dz deformation and partial Mz recrys
tallisation. Because of its proximity to Nuuk and its
similar north-eastern trend this deformation is conside
red to be contemporaneous with the straight-belt defor
mation in Nuuk town, i.e. about 2660 Ma and hence 01
der than the Qarqut granite complex. Accordingly the
deformed pegmatites at Store Malene are regarded as
pre-Qarqut. The preceding sillimanite-grade high am
phibolite facies metamorphism probably dates back to
the peak of metamorphism folIowing the intrusion of
the Nfik tonalitic gneisses about 3000 Ma ago (see also
Dymek, 1978, 1984).
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Tourmaline and tourmalinites

Field relationships

1"ourmaline is wide pread in the Malene supracrustal
rocks, occllrring as disseminated grains in metasedi
ments and banded amphibolites, and in concentrations
as tourmalinites.

Aeeessory tourmaline in the metasediments is com
mon, mostlyas scattered slIbhedral, often corroded
grains in quartzites, mieaceous quartzites. quartz-cor
dierite rocks, and sillimanite-cordierite rocks. In some
of the sillimanite-cordierite-rich metasediments thin
tourmaJine-bearing layers are found with more than 5
per cent tourmaline, and they can he traced continu
ously for well over a hundred metres along strike. In the
immediate vicinily of the Qorqut granite due east of
Store Malene and an Store Malene tourmaline is also
found as sub- to euhedral crystals up to 20 cm in size in a
peeuliar type ol' metasediment which consists only ol'
biotite and tourmaline in layers up tol m wide. Tour
maline in biolite schists rarely amounts to more than 5
per cent.

Tourmaline is found in the banded amphibolites as
scatterec!, millimetre sized, disseminated, anhedral
grains which are commonly concentrated in thin layers
parallel to the banding. Sulphide-rich horizons with up
to 30 per cent sulphides. mainly pyrrhotite and chal
copyrite, oecur in the amphibolites and contain small
amounts of tourmaline. The tourmalines in the amphi
bolites are ol'ten inconspicuous and difficult to recognise
in the fieid. Tourmaline-bearing banded amphibolites
have been found throughout the Malene supracrustal
rocks in the Godthåbsfjord area. In these banded am
phibolites tourmaline rare ly makes up more than a few
per cent of the rocks, with the exception of thin tour-

Fig. 6. Tourmalinite (dark) interlayered with Malene cordierite
sehist and with minor folds. Store Malene. Scale is 10 cm.

Fig. 7a-b. -\ourmalinite layer aboul 5 mm lhick along the lower
side of a competent layer of greenish Malene garnet amphi
bolite. jointed and rotated by O2 deformation. In the lower
right is seen a quartz-veined scheelite-bearing tOUTl11aJinite.
Tourl11alinites are dotted on fig. 7b. Seale is IO cm. Store Mal
ene.

maline-ri<.:h layers where the tourmaline eontent reaehes
up to 60 per cent (Appel, 1985a).

Severallayers o[ tourmalinite have been [ouno in the
Store Malenc area (Plate 1). This rock type consists ol'
over 50 per cent tourmaline together with quartz. pla
gioclase. sometimes .cheelite, and minor pyrrhotite and
chalcopyrite. The [ourmaline is black in hand specimen,
with a grain size of up to a few centimetres. The tour
malinites occur as lithostratigraphic horizons main)y in
cordieritc-anthophyllite-bearing metasediments (figs 6,
7).

The tourmalinite , which can be [("(Ked intermittently
for more than a kilometre. pinch and swell along strike
and arc locally up to 2 metres widc. Some af the tour
malinites have been cut by quartz veins up to a few cen
timetres wide (fig. 8) and by pegmalites. No sedimen-



rig. 8. Barren quartz veinlets intruding scheelite-bearing tour
malinite. Store Malene. Seale is IO cm.

tary structure', such a bedding, Ol' slump structures,

have been found in the tourmalinites, a has been repor

ted from tourmalinites in the Broken Hill area. Aus

tralia (Plimel', 1983a). The tourmalinites are dcformed

by the DI and 0 1 events together with the host meta

sediments (figs 6. 7) and locally have a pronounced lin
eation.
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The most prominent tourmalinite horizon oceurs

within an ash-grcy unit of cordierite-anthophyllite-rich

siliceous gneiss neal' the ba e of the supracrustal rocks

east of locality A (Plate I). Another occur in brown

biotite-garoet 'chist close to the middle of the segment.

1\s aiready mentioned, the tourrnalinites are often in
timately assoeiated with dark green, aften garnet-rich
amphibolitc bands, either in direct contact with them Ol'

within a few Inetres above Ol' below them.

Although the large majority of the tourmalinites in

the Malene supracrustal rocks are stratiform, some are
di 'cordant (fig. 9). These diseordant tourmaliniles are

up to a few metres long and up Io aboul 10 cm wide.

They are generally irregular, pinching and swelling in

the amphibolites. The discordant tourrnalinites consist

of blaek tourmaline together with plagioclase and loeal
minor amounts of quartz. The diseordant tourmalinites
were folded by the O 2 event, and were probably mobi

lised during the peak of MI metamorphism.

Pelrography

In thin seetion the tourmaline i generally green to
bluish green, locally with a brownish green tinge. It is
eommonJy zoned. a feature which is particularly well

devcloped in the tourmalinites and to a le ser extent in

the amphibolites. Most of the tourmalines in the meta

sediments are homogeneous.

Tourmaline in the tourmalinites is mostly subhedral,

with a sub- to euhedral bluish core surrounded by a dark
greenish rim (fig. 10). This inner rim often con ists of

very thin concentric lamelIae (fig. II). In many tourma

lines the inner rim is in turo surrounded by a light

greenish outer rim which is mostly homogeneous. but

sometimes has diffuse concentric lamelIae (fig. 11).
Tiny adjaeent grains of tourmaline have frequently eoa-

Fig. 9. Discordant. folded tourmalinite veins (white
\Vith dark du ter. left. (OP of piclure and right of
hammer) in Malene amphibolite. Store Malene.
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Fig. IO. ubhedral bluish tourmaline rimmed by dark grccnish
lourmaline. Planc polarized light. (GGU 329926).

Fig. 12. I{immcd tourmalinc broken up into mallcr fragment.
Planc polarized light. (GGU 329926).

lesced during the formation of the outer tourmaline
rims. In the tourmalinite there are mali but consistent
differences in chemical composition between the blui'h
care and the rims of the tOllrmaline' (see below).·

SlIbsequent to the growth of the inner rims, the tour
malinites were deformed, probably dllring D z, as a re
sult of wbich man y of the tourmajine grains were bro
ken up into smaller fragments (fig. 12). The tourmalines
in the lOurmalinites are often ex len ively replaced by
silicates such ilS plilgioclase. quartz and biotile. lhe re
plilcelllent clearly postdating the inner rim of the tour

malinc (fig. 13). Thc time relationship between the re

placelllent and deformation is ambiguous. Some re
placelllent lOok place after the deformation (fig. 18).
but somc appears to have taken place before or during

~ -ig. II. Bluish subhedral {Ourmaline eore rimmed by a dark
greenish inncr rim of eonecl1lrie I, mcllar tourmalinc. which is

in turn rimmed by a light green diffuse lamellar outer rim of

tourmaline. During the growth of tilc inncr rim. thc tourmaline
was broken up by deformation and subscqllcnlly 'hcalcd' by
dark grccnish tOllrmaline. Plane polarizcd light. (GGU
329926).
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Fig. 13. Replacernent uf rimmed tourmaline by plagioclase.
Planc polarizcd light. (GGU 329926a).

deformation. Figure 1] depicts an unusual example of

early deformation (possibly Dl) of tourmaline. A bluish
taurmaline care is rim med by dark greenish lamellar
tourmaline. During the formation of the dark greenish
rim, the tourmaline was broken up, but the two parts
were welded together by dark greenish tourmaline.

Subsequcntly the welded grain was rimmed by light
greenish slightly lamellar tourmaline. Most of the tour
maline grains, however, were broken up after formation
of the light greenish outer rim.

A very thin rim of secondary (?M:;) tourmaline

formed locally (fig. 14) after the latest O2 deformation.

This secondary tourmalinc is lighl green lo lighl bluish

in colour and apparently al o po tdates the repjacement
of tourmaline by plagioclase.

In amphibolites and in hornblcndilcs mO·l lourmal
ines display a weak zoning with homogeneous bluish
cores surroundecl by homogeneous green rims. How

ever, only minOf differences in chemical composition
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between lhe cares and rims were repOl·ted by Appel
(1985a). This lack of chemical zonation has been con

finned by the present investigation (see below). The

zoned tourmalines are in equilibrium with hornblende
and garnet and belong to the MI parageneses.

Tourmaline in micaeeous quartzites, mica schists and
siliceous corclierite-bearing metasediments are gener
ally anhedral and cli play no zoning (fig. 15). The tour

malines are often poikiloblastic with abundant inclus

ions of quarlz, and have often been extensively replaced
by quartz (fig. 15). Tourmaline has been found as small
inclusions in garnets within micaceous quartzites, and
locally the tOllrmaline inc!usians have a parallel align
ment, as describcd in an earlier section.

The association of scheelite and tourmaline so aften
encollntered in the field is also frequently found an a
microscopic seale, where tourmaline occurs toge ther
with scheelite and often also with magnetite (fig. 16).
Scheelite and tourrnaline are also frequently intergrown
(Appel, 1985a).

Fig. 14. Sccondary tourmalinc on rimmcd and broken up lOur·
maline. detail from rig. 12. Planc polarizcd light. (GGU

329926).
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Fig. 15. Poikiloblastic tourmaline enclosing quartz and partly
replaced by quartz in a miea sehi t. Plane polarized light.

(GG 329!l77).

Fig. 16. Tourmaline associated will1 seheelite (mottlcd. high rc
lief) and magnetitc in an amphibolitc. Plane polarized light
(GGU 329866).

Chemistry of the tourmalinite

Three tourmalinite samples from Store Malene have
been analysed for major and trace elements (Table 1).
In spite o[ the numerous papers dealing with tourmalin
ites and the numerous microprobe analyses of tourmal
ines in tourmalinites, no whole rock analyses of tour
malinites have been published, apart from one analysis
of an early Archaean tourmalinite in the Isua supracrus
tal belt, West Greenland (Appel, 1983b). The ehemistry
of the Malene tourmalinites compares fairiy well with
the Isua tourmalinite with the exception of magnesium
contents, which are high in the Malene tourmaJinites
compared with the Isua tourmalinite.

Chemistry af tourrna!ine

Tourmaline have been analysed with the microprobe
at the Geological In titute. University af Capenhagen.
It has been argued that some baron evaporates due to
the heat of the beam during microprobe analysis (Ethier
& Campbell, 1977). To refute this several analyses were

earried out an the same spots and the result were iden
tieal within analyticaI error.

The analysed tourmalines are from tourmalinites,
tourmaline-bearing amphibolites and mica schists to
gether with tourmalines [rom a quartz tourmaline peg
matite from Sermitsiaq (fig. 1). A total of 488 analyses
were made. The results are shown in Table 2-3 and are
plotted in fig. 17 together with microprobe analyses of
Malene tourmalines [rom a previous study (Appel,
1985a). The microprobe analyses revcal that the Malene
supracrustal tourmaline have a ehemieal com position
whieh is markedly different from granitc rclated tour
malines (Table 2, fig. 17). an the contrary, their Nap,
CaO, FeO and MgO contents resemble those of tour
malines of submarine exhalative origin elsewhere (Eth
ier & Campbel!, 1977; Slack, J982; Plimer. 19R3a; Tay
lor & lack. 19R4). The analyses also show that there
are only small differences in com position between dif
ferent tourmaline grains within each sample; these dif
ferences are non-systematic. In several Malene amphi
bolites and mica schist the tourmalines display little or



Table 1. Major and trace element compositions of three
tourmalinites, from Store Malene

GGU Sample No.

Si02

Ti02

AIP3
FeO·
MnO
MgO
CaD
Na20
K 20

P205
B20 3

l.oj. (980°C)

Trace elements ppm

Ni
Co
Cr
As
Ba
Au
Zr
V
Cu
Ga
Sr
Sn

329880

39.49
0.68

29.41
6.92
0.02
7.13
2.38
1.14
0.06
0.08
4.9
2.91

95.12

160
26
50
7

10
210

30
150
180
30

220
10

329918

45.14
0.65

27.91
4.29
0.04
5.53
4.91
3.06
0.11
0.02
2.0
1.84

96.13

89
22
68
2

74
5

33
162

7
19

320
6

329926

42.26
0.54

27.62
4.98
0.03
8.28
1.77
2.58
0.79
0.32
4.2
2.81

96.18

210
31
50
1

300
5

280
142

3
32

750
10
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no zoning and are homogeneous within analyticai error
or with very small core-rim differences (e.g. sample
329784 in Table 2). Examples of homogeneous tourmal
ines are shown in Table 2 and in Appel (1985a). The mi
croprobe analyses further indicate that there is only mi
nor variation in chemical composition of tourmalines
from one tourmalinite to the next (fig. 17) and from one
mica schist to the next, whereas there is considerable
compositional variation in tourmalines hosted in differ
ent amphibolites. Tourmalines in the mica schists are
generally more magnesium-rich (dravitic) than in the
amphibolites (fig. 17).

Three tourmaline grains from two tourmalinites
showing a particularly well preserved zoning were ana
Iysed along traverses from the bluish cores to the pe
ripheries of the outer light greenish rims. Only one set
of results is presented (Table 3, fig. 18) because the vari
ations in the three analysed zoned tourmalines were
found to be similar. The bluish core is homogeneous
and shown as a straight line in fig. 18. This homogeneity
of the cores has been confirmed by analysing tens of
tourmaline grains. There is a pronounced change in
chemical composition across the border between the
core and the inner rim. The contents of FeO, MgO,
Ti02 and CaO increase whereas Na20, AI20 3 and Si02

decrease. Outwards through the inner rim there are
small differences in chemical composition between the
individual thin lamellae, especiaIly in FeO. Across the
border between the inner and the outer rim there is a

The elements Si, Ti, AI, Fe, Mn, Mg, Ca, K and P were
analysed by XRF on glass dises. Na was analysed by wet
ehemical methods. Ba, Zr, V, Cu, Ga, Sn, Sr and B were
analysed by speetrographic methods and the remaining ele
ments in Table 1 by induced neutron activation. Loss on igni
tion (l.oj.) was determined after heating the samples to 980°C.
The most likely explanation for the low sums is that water in
the tourmaline was not completely removed during ignition.

c,o

Fig. 17. Tourmaline compositional plot Na20
FeO - MgO, CaO - FeO - MgO. The hatched
area shows the compositional field of granite
related tourmalines. The area enclosed by the
stippled line shows the compositional fjeld of
tourmalines of submarine exhalative origin from
Ethier & Campbell (1977), Plimer (1983a, b),
Taylor & Slack (1984) and Henry & Guidotti
(1985). Dots and circles are coexisting cores and
rims of zoned tourmalines in tourmalinites. Tri
angles are tourmaliiles from amphibolites.
Crosses are tourmalines from mica schists. In
verted triangles are secondary tourmaline rims.
Square indicates pegmatitic tourmaline.
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Table 2. Microprobe analyses of tourmalines from amphibolites, mica schists

GGU Sample No. 329926 329882 329926A 329926 329880 329784 329878 329877

NO.of Core (20) Rim (19) (46) Rims (33) Rims (33) Core (21) Rim (12) Core (15) Rims (15) (7) (32)
analyses Average Range Average Range Average Range Average Range Average Range Average Range Average Range Average Range Average Range Average Range Average Rang,

Rock type Tourmalinite Tourmalinite Tourmalinite Tourmalinite Tourmaiinite Mica qo.artzite Mica schist Micaschist

SiD2 36.43
35.51- 35.94

31.37 -
33.09

30.47-
36.37

35.00-
36.48

35.76-
36.48

35.93 -
35.82

35.08-
36.43

35.98-
36.36

36.20-
34.78 34.37 -

33.60
31.70

36.51 36.24 35.79 37.48 37.15 37.04 36.45 36.72 36.56 35.40 35.44

TiD2 0.19
0.12-

0.64
0.46-

0.64
0.48-

0.59 0.31- 0.63
0.45- 0.18 0.09- 0.71 0.33-

0.56
0.44-

0.48
0.44-

0.98
0.66-

0.83
0.61

0.34 0.75 0.92 0.78 0.74 0.35 0.97 0.77 0.52 1.07 1.13

AI20 3 31.63
21.23-

30.07
28.87 -

29.83
28.50-

30.20
29.48 - 30.07 29.33 - 32.03

31.32 -
30.91

30.44-
32.45

31.16-
32.17

31.89-
30.53 30.09-

31.14 29.94
31.84 30.48 30.91 31.48 30.75 32.76 31.48 34.18 32.32 31.13 32.48

er20 3 n.d. n.d. 0.00- 0.00- 0.00- n.d. n.d. ·0.00- 0.00- 0.00- 0.00
0.17 0.13 0.25 0.06 0.12 0.06 0.28

4.90-
5.98

4.53- 5.08-
5.19

4.40-
4.94

3.79- 5.78 5.35-
6.48

5.71-
5.34

5.03-
5.43

5.36-
6.06

5.62-
4.16 3.31

FeO 5.41 5.78 6.26 5.56 6.64 6.64 5.88 6.09 7.14 5.80 5.55 6.51 5.70

MnO
0.00- 0.00- 0.00- 0.00- 0.00- 0.00- 0.00- 0.00- 0.00- 0.01- 0.00
0.02 0.02 0.21 0.31 0.13 0.22 0.02 0.12 0.06 0.04 0.23

MgO 8.49
8.13 -

8.89
7.58-

8.30
8.03-

8.83
8.42-

8.83
8.00- 7.63

7.31-
7.88

7.24-
7.36

7.08-
7.48

7.41-
8.49

8.30-
8.75 8.30

9.10 9.16 8.67 9.25 9.08 8.21 8.35 7.70 7.62 8.71 9.30

CaO 0.89
0.85 -

1.60
1.43-

1.60
1.29-

1.60
0.81-

1.59
1.31- 0.66

0.54-
1.52

1.02-
1.22

1.07-
1.49

1.35-
2.27

2.11-
1.59

1.26
1.08 1.95 2.27 2.17 1.73 1.06 2.08 1.35 1.69 2.75 2.16

Kp 0.00- 0.00- 0.00- 0.00- 0.00- 0.00- 0.01- 0.00- 0.00- 0.00- 0.00
0.31 0.12 0.08 0.06 0.03 0.20 0.03 0.06 0.08 0.03 0.06

Na20 2.26
2.02-

1.98
1.56-

1.79
1.54-

1.96
1.66-

1.95
1.84- 2.10

1.91-
1.85

1.62-
1.71

1.58-
1.68

1.59-
1.43

1.22-
1.79 1.58

2.35 2.10 1.95 2.36 2.07 2.25 2.17 1.76 1.75 1.55 1.94
85.30 85.10 80.81 84.74 84.49 84.86 85.17 85.07 85.09 84.54 81.86

Number of ions on the basis of 49 positive charges

Si 5.98 5.95 5.78 6.01 6.04 6.01 5.93 5.97 5.65 5.81 5.74
AI 6.00 5.87 6.00 5.89 5.87 6.00 6.00 6.00 5.90 6.00 6.00
AI

'''j '''1

0.22

l'"
O"j 0"1

OOOj ." lFe 0.74

'''1

0.81

'''j
o~j 0.80 0.88 0.73 ."l 0.85 0.59

Cr
Mn 3.10 3.38 3.49 3.25 3.22 3.21 3.08 3.07 3.51 3.51
Mg 2.07 2.19 2.16 2.18 2.18 1.87 1.94 1.80 2.05 2.11 2.23
Ti 0.02 0.08 0.08 0.07 0.08 0.02 0.09 0.07 0.06 0.12 0.11
Ca 0.16 0.28 0.30 0.28 0.28 0.12 0.27 0.21 0.25 0.41 0.29
Na 0.72 0.64 0.61 0.63 0.62 0.67 0.59 0.54 0.51 0.46 0.59

Tourmalines have been analysed with the Jeol super 733 microprobe, Geological Institute, University of Copenhagen, operated
10 microns apart.

drastic decrease in iron content and a smaller decrease
in Ti02 and CaO, whereas the contents of MgO, Na20,
AI20 3 and Si02 increase. The chemical composition ap
pears to be constant through the outer rim with the ex
ception of Si02 and FeO. Si02 shows small apparent
variations but a constant average, whereas FeO shows
somewhat larger variation and a decreasing trend to
wards the periphery of the rim. an a 'large' scale
through the particularly well zoned tourmalines from
the core outwards, MgO, Ti02 and CaO increase
whereas Na20 and Si02 decrease. The FeO and AI20 3

contents exhibit a more complex behaviour. FeO con
tents are generally highest, and AI20 3 contents lowest in
the inner rim compared with the core and outer rim.
Figure 18 furthermore shows a near perfect positive cor
relation between Ti02 and CaO and a negative correla
tion between CaO and Na20. Similar results were ob-

tained by analysing a large number af tourmaline grains
with less pronounced zoning (Table 2, fig. 17).

Two sets of microprobe analyses were carried out on
the post-deformational (post-D2) thin secondary tour
maline rims (Table 2, fig. 17). The secondary bluish
tourmaline (329926A) is remarkable in containing vir
tually no titanium, whereas the very light green second
ary tourmaline (329926, fig. 14) has normal titanium
contents. However, the most remarkable feature of the
secondary tourmalines is that their composition very
closely resembles the composition of the bluish cores of
the zoned tourmalines.

The tourmalines in amphibolites and in thin tourmal
inites hosted in amphibolites contain detectable
amounts of chromium, whereas no chromium was de
tected in the tourmalines of sediment hosted tourmalin
ites and in the metasediments (Table 2).

Scheelite occurrences

Prospecting for scheelite in ultra violet light has been
carried out within a selected area at Store Malene as tra
verses and local detailed investigations (Plate 1). Sche
elite has been found in a variety of Malene supracrustal
rocks, such as banded amphibolites, calc-silicate bear
ing amphibolites, hornblendites, tourmalinites and mica

schists. Trace amounts of scheelite have been found in
the gneisses enclosing the supracrustal rocks, but so far
no scheelite has been found in any of the pegmatites.

The most frequent occurrence of scheelite is within
banded amphibolites. The scheelite-bearing banded
amphibolites are up to 4 m wide and have been traced



19

and tourmalinites from Malene supracrustal rocks on Store Malene

329815 329926 329926A 329837 329919 329919A 329866 329899 224781

(16) (4) (6) Core (15) Rim (12) Core (23) Rims (IO) (4) (23) (33) (25)
Average Range Average Range Average Range Average Range Average Range Average Range Average Range Average Range Average Range Average Range Average Range

Mica schist Tourmalinite Tourmalinite Tourmalinite Tourmalinite AmphiboIite Amphibolite Amphibolite Pegmatite

34.75 33.80- 36.06 34.92 36.42 36.04-
35.65

35.40- 35.23 34.13- 34.78 34.16- 35.73
35.53-

36.61 36.06- 35.46 34.77 - 35.83 34.70-
Si0236.30 36.97 36.10 36.28 35.37 35.86 37.01 36.15 37.12

0.44 0.35 - 0.58 0.05 0.44 0.08- 0.83 0.68- 0.76 0.69- 0.99 0.25- 0.78 0.59- 0.77 0.63- 0.88 0.73- 0.23 0.06-
Ti020.54 0.71 1.09 1.01 1.18 0.93 0.97 1.18 0.28

31.96 31.29 - 31.59 31.98 30.58 29.44-
29.71 29.54- 30.48 29.50- 29.49 29.21-

30.04
29.48 - 28.55 28.06- 29.53 28.53 - 32.86 32.57 -

AI2O)33.18 31.93 30.07 31.16 31.33 30.77 29.21 30.71 33.24
0.00- 0.45 0.01-

0.19
0.08- n.d. n.d. 0.22

0.20- 0.44 0.19- 0.00- 0.00- er2O)0.16 1.33 0.48 0.23 1.25 0.06 0.59

3.42 3.19-
4.18 4.11 4.70 4.33-

5.29
5.09-

6.24
5.24-

6.81
5.11-

6.97
6.76-

6.23
5.70-

6.36
5.85 -

8.70
8.16-

3.90 5.05 5.81 7.24 7.22 7.05 6.58 7.00 9.15 FeD

0.00- 0.00- 0.00- 0.00- 0.00- 0.01- 0.00- 0.00- 0.00-
0.08 0.04 0.03 0.08 0.03 0.04 0.18 0.36 0.54 MnO

8.80 8.55- 8.90 8.46 9.01 8.52- 9.46 9.00- 8.14 7.56- 8.15 8.05- 8.10
7.77- 9.20 8.95 - 8.31 7.94-

4.74
4.57- MgO9.02 9.29 9.62 8.30 8.44 8.34 9.31 8.59 5.06

1.63 1.46 - 0.66 0,62 0.61 0.25- 2.46 1.75 - 1.37 1.20- 2.04 0,78-
1.83 1.60- 2.50 2.14- 1.76 1.48- 0.18

0.12-
CaD1.84 0.83 2.70 1.74 2.58 2.29 2.93 2.30 0.22

0.00- n.d. n.d. 0.00- 0.00- 0.00- 0.00- 0.00- 0.00- K,O0.04 0.16 0.02 0.01 0.08 0.04 0.06

1.75 1.61- 2.32 2.32 2.55
2.46-

1.58
1.45 -

1.98 1.90- 1.84 1.47- 1.78 1.58- 1.52 1.30- 1.73 1.45-
2.25

2.17-
Na201.83 2.66 1.94 2.10 2.20 1.88 1.72 2.08 2.28

82.75 84.29 82.46 84.76 85.17 84.20 84.10 85.45 85.82 84.03 84.79

5.83 5.95 5.88 6.00 5.90 5.90 5.88 5.93 6.04 5.96 5.98
6.00 6.00 6.00 5.94 5.80 6.00 5.87 5.88 5.55 5.85 6.00

O"l O"l ""l '"'l
'''l

0.48 0.58 0.58

OM l
'''l

0.87

O, l 0" l OM}
'"'l

1.21
0.06 0,02 0.03 0.06

3.35 3.10 3.17 3.08 3,61 3.27 3.51 3.43 3.72 3.40 2.91
2.20 2.19 2.12 2.21 2.33 2.03 2,05 2.00 2.26 2.08 1.18
0.06 0.07 0.01 0.05 <J. IO 0,10 0.13 0.10 0.10 0.11 0.03
0.29 0.12 0.11 0,11 0.43 0.25 0.37 0.33 0.44 0.32 0.03
0.57 0.74 0.76 0.82 0.51 0.64 0.60 0.57 0.49 0.56 0.73

at 15 kV and 20 nA with wollastonite, olivine and hematite as standards. All microprobe analyses are averaged double analyses

with intervals for more than 1 km along strike. The
scheelite occurs as millimetre-sized grains disseminated
or concentrated in thin layers arranged parallel to the
banding of the amphibolites. In addition, there are
small scheelite-bearing quartz veins and veinlets which

are locally discordant on a small scale, but are evidently
older than the main deformational events in the area.
Scheelite is also locally found as centimetre-sized por
phyroblasts and as joint coatings. Several of the sche
elite-bearing banded amphibolites contain small

Table 3. Microprobe analyses through a zoned tourmaline

Analysis point 4 10 11 12

No. of analyses 2 2 2 2

Zone OUTERRIM INNERRIM CORE

SiO, 35.63 35.49 35.72 35.60 35.81 35.56 35.54 35.72 35.70 35.75 35.64 36.08

Ti02 0.63 0.60 0.63 0.78 0.66 0.76 0.70 0.55 0.54 0.61 0.55 0.22

AI,O, 29.99 29.85 29.82 29.88 29.84 29.65 29.43 29.72 29.86 29.63 29.75 31.29

FeO 4.68 5.05 4.96 5.55 5.00 6.08 6.14 5.49 5.67 5.35 5.57 5.18

MgO 8.84 8.82 8.72 8.55 8.63 8.42 8.29 8.57 8.46 8.56 8.56 8.06

CaO 1.73 1.68 1.65 1.53 1.53 1.82 1.67 1.66 1.53 1.63 1.67 0.86

Nap 1.82 1.86 1.86 1.96 1.87 1.75 1.90 1.98 1.92 1.88 1.89 2.14

83.32 83.35 83.36 83.85 83.34 84.04 83.67 83.69 83.68 83.41 83.63 83.83

Number of ions an the basis of 49 positive charges

Si 5.98 5.97 6.00 5.97 6.01 5.97 5.99 6.00 6.00 6.01 5.99 6.01

AI 5.94 5.92 5.91 5.91 5.91 5.87 5.85 5.88 5.91 5.88 5.90 6.00

AI '''}Fe O~}
'''l 'w} ''"} 'w} O"} ,,,} ,n}

''"} O"} o'"} 0.72

Mg 2.21 3.25 2.21 3.30 2.18 3.26 2.14 3.29 2.16 3.22 2.11 3.39 2.08 3.34 2.14 3.28 2.12 3.27 2.15 3.27 2.14 3.30 2.00 3.04

Ti 0.07 0.08 0.08 0.10 0.08 0.10 0.09 0.07 0,07 0.08 0.07 0.03

Ca 0.31 0.30 0.30 0.27 0.28 0.33 0.30 0.30 0.28 0.29 0.30 0.15

Na 0.59 0.61 0.61 0.64 0.61 0.57 0.62 0.64 0.63 0.61 0.62 0.69

Traverse marked A - B in fig. 18: GGU sample No 329926.
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amounts of scattered sulphides, mainly pyrrhotite and
chalcopyrite. Locally, however, there are up to 1 m
wide zones with up to 25 per cent sulphides (pyrite, pyr
rhotite, chalcopyrite and molybdenite), and often small
amounts of scheelite. In the banded amphibolites milli
metre-thick layers of tourmaline occur, and scheelite is
frequently associated and locally intergrown with the
tourmaline (Appel, 1985a). The scheelite in the banded
amphibolites displays strong bluish fluorescence indica
ting very low contents of molybdenum.

Calc-silicate banded amphibolites generally only con
tain small amounts of scheelite. In these rocks the
scheelite occurs as disseminated millimetre-sized grains,
small porphyroblasts and joint coatings. Small epidote
scapolite rich boudins locally contain appreciable
amounts of scheelite, mainly centimetre-sized grains
with a white fluorescence indicating small contents of
molybdenum.

Scheelite has furthermore been found in hornblen
ditic rocks as disseminated grains up to 5 cm across.
These scheelite-bearing hornblenditic layers are locally
rich in scheelite, but are mostly thin and impersistent.

In some of the tourmalinite horizons on Store Malene
scheelite has been found in high concentrations,
whereas other tourmalinites are barren. The scheelite in
the tourmalinites, locally amounting to as much as 15
per cent, is found interstitial to the tourmaline together
with plagioclase. The scheelite is massive to semimas
sive and displays a bluish to white fluorescence indica-

ting molybdenum contents of up to 0.3 per cent. The
scheelite-bearing tourmalinites are up to 1 m wide and
ean be traced with intervals for more than 1 km along
strike. Several of these tourmalinites are cut by quartz
veins up to 10 cm wide (fig. 8), but the quartz veins do
not contain scheelite. The tourmalinites are hosted in
cordierite-rich metasediments, which are locally garne
tiferous. These metasediments sometimes contain small
amounts of scheelite as millimetre-sized disseminated
grains, as small porphyroblasts and as joint coatings.

In the gneisses enclosing the Malene supracrustals
rare scheelite occurrences have been found. This sche
elite is mainly found as massive scheelite in veins and
veinlets up to a few centimetres wide and a few tens of
centimetres long. Scheelite-bearing veins and veinlets in
gneisses have so far only been found in the immediate
vicinity of supracrustal rocks. The scheelite in the
gneisses displays a white to yellowish fluorescence in
dicating molybdenum contents of up to about 5 per
cent. White fluorescent scheelite has also been found as
joint coatings in the intra-Nuk dyke shown on Plate 1,
where it cuts a Malene amphibolite sheet.

No systematic sampling, such as drilling or chip sam
pling across the scheelite-bearing horizons, has been
carried out. Locally drilling and blasting has been car
ried out in sulphide-rich layers before sampling. How
ever, it is not yet possible to present information of
grades or tonnages of scheelite-bearing horizons.

Genesis of the tourmaline and the tourmalinites

The discussion of the genesis of tourmaline in the
Malene supracrustal rocks ean conveniently be subdi
vided into:

1. When and how was the tourmaline formed?
2. What is the likely source of the boron?
3. From which precursor mineral was tourmaline

formed?

The tourmaline occurs as an accessory mineral in
banded amphibolites and in a variety of Mg-rich meta
sediments. Tourmaline also occurs as a rock forming
mineral in the tourmalinites where it locally constitutes
more than 60 percent of the rock, the balance being
made up of plagioclase, quartz, occasional scheelite and
biotite, and minor pyrrhotite and chalcopyrite. The
tourmalinites occur as lithostratigraphic units up to two
metres wide and traceable for more than one kilometre
along strike. Field and petrographic evidence shows
that the tourmalinite horizons predate the prominent

pegmatites at Store Malene and were affected by the
earliest phase of deformation (Dl)' and that the tour
maline crystals were formed prior to at least the latest
phase of deformation (Dz) of the supracrustals: the
tourmalines (bluish cores and inner dark green rims)
were in metamorphic equilibrium with the Ml metamor
phic garnet, hornblende and plagioclase. The replace
ment phenomena described above show that the tour
malines were formed prior to some quartz and biotite. It
ean thus be concluded that the tourmaline was formed
at an early stage of metamorphism and deformation of
the supracrustal rocks and prior to some of the rock
forming minerals. The tourmaline is therefore without
doubt stratabound, and the tourmalinites are generally
stratiform. The rare occurrences of smal1 and local dis
cordant tourmalinites ean be ascribed to metamorphic
mobilisation.

The tourmalines in the amphibolites and metasedi
ments are either homogeneous or display only a weak
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eveni, giving ri e IO the bluish lourmaline core', formed
homogeneous 'odium-rich, calcium-poor tourmalines
wilh high contents of aluminium and silicon and fairly
low contents of titanium (fig. 18). The e lourmalines of

len oceur as sub- to euhedral grains. This growth.stage
may have preceded the DI-MI tectonometamorphic
event.

Fig. 18. Microprobe 'lraverse' across a zoned tourmaline bro
ken ur by deformation and then partly replaced by plagioclase;
it was subsequently overgrown by a thin dark rim of seeondary
tourrnaline (GGU 329926). Analyses given in Table 3.

zoning, and the chemical composition of lhese tourmal
ines closely resembles the chemistry of the inner rims of
the zoned tourmalines in the tourmalinites ( ee below).
This indicales that no gross change in chemical com
position of the tourmalines took place during melamor
phism or during post-metamorphic events. The latter is

well documented by the large tourmaline crystals

(329815 Table 3 & fig. 17) which occur in mica schists

within a few metre from the Q6rqul granite (fig. 1). In
spite of lhe proximity to the Q6rqut granite the e tour
malines have no granitic affinities (fig. 17). On lhe con
trary they have the highest proportion of dravite re
corded in any af the Malene supracrustal lourmalines.

The lack of pronounced zonation of the tourmalines in
the amphibolites and mica sehisls is suggested to be a
metamorphic phenomenon whereby lhe tourmalines
were partIl' or eompletely homogenised probably eon
temporaneousJy with minor exehange of ions between

the tourmalines and adjoining minerals such as amphi

boje and plagioclase. There are, however, differences in
chemical composition between tourmalines in amphi
bolite and those in eordierite-quartz mela edimenl. The
amphibolite are enriched in chromium and the lOur
maline forrned in amphiboliles are chrome-bearing.
The metasediments are often fairly rich in magnesium
but with low chromium contents, and lhe lourmalines
formed in the metasedimenl . are more dravilic and con
lain less ehromium than the amphibolite tourmalines.
Whelher lhe chemical eharacteristics are primary or
melamorphic is an open question.

The tourmalines in the tourmalinites display a well

pre erved zonalion with a homogeneous core and two
sets of rims with delicale lamellae, showing that these
tourmaline had a eomplex growth history which was
nol obliterated by metamorphi m. lt is presumabJy due
to the peculiar chemical and mineralogical eomposition

of tourmalinites that lhe complex texlures in tourmal

ines survived in the tourmalinites and not in the meta
sediment and amphibolites. In these rocks there were
very Iimited possibilities of metamorphic exchange of
ions sueh as iran, magnesium and titanium between
lourmaline and adjacent minerals (plagioclase and
quartz), wherea there were ample opportunities of ex

ehange of these ions in amphibolites and biotite schi ts.

thier & Campbell (1977) and Taylor & Slack (19 4)
de eribe tourmalines with well preserved zoning in mas
sive sulphides. and ascribe the lack of homogenisation
lo the peculiar malrix (in their cases mas 'ive sulphides),
which 'isolated' the zoned tourmaline from metamor
phic alteralion.

The zoned tOllrmalines in lhe lourmalinites display a
series of tOllrmaline forming cvents which took place
under varying condilions. The first tourmaline forming
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The second tourmaline forming event, which created
the inner dark greenish horizons mainly in cordierite
anthophyllite-bearing metasediments (figs 10, 11), took
place under different chemical conditions, and the tour
malines (viz. inner rims) from this stage contain appre
ciably higher amounts of FeO, MgO, TiOz and CaO,
and lower contents of NazO, Alz0 3 and SiOz than the
homogeneous core. The fluids supplying material for
formation of the inner tourmaline rim must often have
changed composition as shown by the delicate lamelIae
with varying compositions. This stage ean be correlated
with the high-grade Ml metamorphism.

The third tourmaline forming event created the
outer, only slightly lamellar, rims. This event took place
under a decreasing supply of iron, coupled with a some
what higher supply of magnesium and calcium. The
conditions during which the outer tourmaline rims were
forrned appear to have been stable, as witnessed by the
few and diffuse lamellae, as well as the regular decrease
in FeO and a corresponding regular increase in MgO
and CaO (fig. 18) through the outer rim. This event may
be contemporaneous with Dz-Mz deformation and
metamorphism.

The fourth and last tourmaline forming event pro
duced thin secondary rims on fragmented tourmalines
(fig. 14), with a composition virtuaIly identical to the
first forrned tourmaline (fig. 18). This final tourmaline
forming event obviously took place after deformation
and at a waning stage of metamorphism of the su
pracrustals, that is atter Mz and Dz. The chemical com
position of this secondary tourmaline depicts the chem
istry of a metamorphic tourmaline forrned in equilib
rium with plagioclase and quartz, thus having low
contents of iron, magnesium and titanium. The NazO/
CaO ratio of the secondary tourmaline was probably de
termined by partition coefficients of these elements in
coexisting plagiodase and tourmaline. This late second
ary tourmaline has no bearing on the genesis of the
tourmalines and tourmalinites, and will not be conside
red further.

In summary, the tourmalines contain light blue cores
which may well predate, and dark green inner rims
which are contemporaneous with, the high-grade Ml
metamorphic event which produced the garnets, plagio
dase and amphiboles in the amphibolites. The outer
light greenish tourmaline rims are tentatively correlated
with the Dz-Mz events.

The next question concems the origin of the tourmal
ines. The traditional interpretation of tourmaline-rich
rocks is that they are epigenetic and of granitic ped
igree. This explanation is dearly inadequate for the
Malene tourmaline-rich rocks in spite of the presence of
pegmatites. Arguably the chemical composition of tour-

malines in amphibolites could be partly altered by (pre
pegmatite Ml) metamorphic re-equilibration, but as
shown above their field relations and petrography also
indicate a non-granitic pedigree. Furthermore the
chemical composition of the tourmalines in tourmalin
ites at Store Malene is markedly different from peg
matitic tourmalines elsewhere (Table 2 & fig. 17). The
possibie genetic models for the tourmalines are then:
(a) detrital, (b) evaporitic-sabkha, (c) authigenic di
agenetic, or (d) submarine exhalative.

Tourmaline is a common placer mineral and tourmal
ines of detrital origin in metamorphic rocks have been
described by Schneider & Lehman (1977) and Henry &
Guidotti (1985). A detrital origin, however, is not likely
for the Malene tourmalines since they do not occur to
gether with any of the other characteristic placer miner
als. The dose association between tourmaline and sche
elite also predudes a detrital origin for the tourmalines.

Tourmalines ean be forrned by metamorphism of
rocks deposited in an evaporitic-sabkha environment.
In metamorphosed evaporitic-sabkha type rocks miner
als such as anhydrite and scapolite are common (Serdy
uchenko, 1975; Kwak, 1977). The absence of anhydrite
and the scarcity of scapolite in the Malene tourmaline
rich rocks show that an origin of these rocks from evap
orite-sabkha sediments is not likely. The same interpre
tation ean be argued from the high Alz0 3 contents and
the low CaO, NazO and KzO contents of the Malene
tourmaline-rich rocks, compared with presumed meta
evaporites from the Aldan shield (Serdyunchenko,
1975).

An authigenic-diagenetic origin would imply that the
Malene tourmalines were forrned by diagenesis and
metamorphism of boron-rich days. Clay minerals, es
pecially illite, may contain up to 1000 ppm boron ab
sorbed from sea water (Reynolds, 1959, 1965; Lerham,
1966; Harder, 1970). Some of the Malene metasedi
ments contain up to five per cent tourmaline, and it
would thus not require unrealistic amounts of boron
rich days in the original pelites and pelitic sandstones to
yield about five per cent tourmaline during diagenesis.
An authigenic-diagenetic origin for the tourmaline in
the Malene mica schists and sillimanite-cordierite-rich
metasediments is thus considered possible. However,
this would imply that boron was fixed in an insoluble
form before or at the onset of diagenesis, as otherwise
boron would have been removed by dewatering at the
beginning of prograde metamorphism. The most likely
insoluble phase in which boron could be trapped is tour
maline.

The tourmalinites and the tourmaline-rich layers in
the amphibolites, however, are more enigmatie. The
tourmalinites contain two to five percent boron (Table



1), and the tourmaline-rich layers in the amphibolites
probably contain similar or higher amounts of boron.
These boron contents are twenty to fifty times higher
than the maximum of about 1000 ppm boron found in il
lites. It would thus require extensive and very thick
layers of boron-rich days in order to supply the amounts
of boron necessary for formation of the tourmalinites
and the tourmaline-rich layers in amphibolites. An au
thigenic-diagenetic origin for these tourmalines is thus
unrealistic. An authigenic-diagenetic genetic model fur
thermore neither complies with the frequent occurrence
of scheelite in the tourmaline-rich lithostratigraphic
horizons, nor with the chemistry (low Alz0 3 contents)
of the tourmalinites.

No information is available on the boron contents of
submarine exhalations. However, hot springs are
known to contain appreciable amounts of boron in sol
ution. Hot springs in Italy contain 35 ppm boron (Gar
bato, 1961) and more than 900 ppm boron has been re
corded in hot springs in New Zealand (White, 1981). It
must therefore be considered likely that brines of sub
marine exhalative origin can carry considerable
amounts of boron in solution. The dose association of
tourmaline with scheelite in the Malene supracrustals
indicates that they are cogenetic. The dose spatial rela
tionship and the geochemical similarities (see below)
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between the Malene scheelite mineralisation and the
iron-formation, which is of submarine exhalative origin,
indicate that the scheelite and hence the tourmaline is of
submarine exhalative origin.

It is thus conduded that the tourmaline in the tour
malinites and in the tourmaline-rich layers in amphi
bolites are of submarine-exhalative origin, and that the
most likely tourmaline precursor was tourmaline,
forrned directly by precipitation on the sea-floor in re
stricted basins from boron-rich tungsten-bearing brines.
Similar genetic models have been established for tour
malinites in the Broken Hil! area (Plimer, 1983a) and
for tourmalinites in the Appalachians and the Cordillera
of Canada (Ethier & Campbell, 1977; Taylor & Slack,
1984; Slack et al., 1984). Equivalent primary tourmal
ines have recently been found in stromatolites in the
Archaean Swaziland system (Byerly et al., 1986). It is
possibie that the boron enrichment in the submarine
exhalative brine was partly derived from leaching of au
thigenic boron in underlying days in a volcanic-hydro
thermal convection cello The peculiar chemical com
position of the Malene cordierite paragneisses (Beech &
Chadwick, 1980) suggests extensive leaching of other el
ements induding Ca, Na and K, in addition to Mg en
richment.

Genesis af the scheelite

The genetic model for the scheelite occurrences must
encompass the folIowing features:

1. Scheelite commonly occurs in banded amphibolites
of presumed extrusive and tuffaceous origin.

2. Scheelite-bearing supracrustal units can be traced
for tens of kilometres along strike.

3. Scheelite is common in folded quartz veins and
veinlets within amphibolites.

4. Scheelite is often dosely associated with thin tour
maline-rich layers in amphibolites and with stratiform
tourmalinites.

5. Scheelite, locally associated with tourmaline, oc
curs sparsely disserninated in micaceous quartzites.

6. Bluish fluorescent scheelite is generally stratiform
and found as disserninated grains and mil!imetre-thick
'Iayers' arranged parallel to the banding of the host
rock. Molybdenum-bearing white to yellowish fluor
escent scheelite occurs as centimetre-sized porphyro
blasts, as joint coatings and in veinlets in a wide variety
of rock types such as amphibolites, metasediments, ul
trabasic rocks and gneisses.

7. Scheelite has not been found in any of the large de
forrned pegmatites in the Store Malene area.

8. Tungsten in the amphibolites is positively corre
lated with zinc, lead an4 gallium, whereas the correla
tion tungsten-molybdenuIh is weak and no correlation
has been established between tungsten, copper and tin
(Appel, 1986b).

9. The Malene iron-formation is highly enriched in
tungsten, zinc, copper, molybdenum and tin (Appel, in
press).

Field observations and microscopic evidence show
that the scheelite is generally stratabound and locally
stratiform within the Malene supracrustal rocks. The
dose association of scheelite and tourmaline indicate
that they are probably cogenetic and coeval. The latter
indicates that the scheelite was forrned at an early stage
of the history of the Malene supracrustals, possibly dur
ing early metamorphism and/or diagenesis. Folded sche
elite-bearing quartz veinlets are often found in amphi
bolite horizons. It is suggested that the scheelite mi
grated into these quartz veins and veinlets during early
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metamorphism. These features predude any genetic re
lationship between the scheelite occurrences and the
Q6rqut granite. The molybdenum-bearing scheelite
veinlets are attributed to metamorphism, whereby sche
elite was mobilised into the surrounding rocks. During
migration molybdenum was incorporated in the sche
elite.

The scheelite-bearing Malene amphibolites and the
Malene iron-formation contain enhanced amounts of
zinc, lead, gallium, copper, molybdenum and tin, and
there is a strong positive correlation between tungsten
zine, tungsten-Iead and tungsten-gallium. These corre
lations indicate cogenetic relationships between tung
sten and zinc, lead and gallium (Appel, 1986b). The
dose spatial association of tungsten with boron also
suggests that these two elements are cogenetic. The
tungsten and boron are of submarine exhalative origin
and were carried in solution in the same brines which
supplied the base metals and sulphur, and iron and
silicon for the iron-formation. These brines also carried
small amounts of tin in solution which was later precip
itated in the iron-formation.

The precipitation of the material carried in solution in
the hot brines was governed by local pH-Eh conditions
as well as sea-floor topography. The iron-formation pre
cursor was precipitated in restricted basins whereas the
scheelite apparently was precipitated over very large
areas, as indicated by the extensive, generally low
grade, scheelite-bearing banded amphibolites and meta
sediments found in the Godthåbsfjord area. Moreover,
local conditions, possibly early diagenetic hydrothermal
convection systems, favoured precipitation of higher
amounts of scheelite usually accompanied by tourmal
ine, as depicted by the scheelite-bearing tourmaline-rich

layers in amphibolites and in the tourmalinites on Store
Malene.

It is concluded that the scheelite in the Malene su
pracrustal rocks is syngenetic and that the scheelite pre
cursor (probably scheelite) was chemically precipitated
on the sea-floor contemporaneously with the precipita
tion of the tourmalinites and the iron-formation, and
with the deposition of the amphibolites partly of tuffa
ceous origin. It ean also be concluded that the tungsten
is of submarine exhalative origin. The dose association
between tungsten and tourmaline indicates that boron
complexes might have played a role in transporting the
tungsten in the submarine exhalative brines, an expla
nation which has been put forward for similar occur
renees in the Broken Hill area (Plimer, 1983a).
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Plate 1. Geological map at scale 1:7500 covering the central part of the Store Malene mountain.
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